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- SUMMARY AND CONCLUSIONS 

SCOPE  OF WORK 

This   repor t   conta ins   the   resu l t s  of t he   geo techn ica l   and   g round  

wa te r   s tud ie s   ca r r i ed   ou t  by Colder  Associates at Hat  Creek during 1982. 

The  work comprised  the  following: 

o Assessment of the  geology on the  east s i d e  of the p i t  i n  re- 
l a t ion   t o   t he   d ive r s ion   t unne l   i nves t iga t ion   r e su l t s .  

o Assessment  of t h e   s t r u c t u r a l   d a t a   o b t a i n e d   f r o m   p r e v i o u s  
d r i l l i n g   t o   e s t a b . l i s h  a zonation of the  east s ide  of t h e   p i t .  

o Reassessment of t h e   g e o t e c h n i c a l   b a s i s   f o r   t h e   p i t   s l o p e   d e -  
sign. 

o Assembly and reassessment of a l l  the  ground water d a t a  accum- 
u l a t ed   s ince  1978. 

o Execution of a geophysical   survey  to   invest igate   the  depth of 
t h e   s u r f i c i a l   d e p o s i t s   i n   t h e   n o r t h e a s t  of t h e   p i t .  

o Ground water explora t ion  by d r i l l i n g   t o   a s s e s s   t h e   d e e p   g l a -  
c i a l   d e p o s i t s  of the northeast   bur ied  channel .  

o Reworking of the  1978 estimates of ground  water   inf low  to   the 
2240 MW P i t  and assessment of t h e   i n f l o w   t o  the 800 MW P i t ;  
dewatering  designs.  

GEOLOGY OF EAST SIDE OF PIT 

I 

Data  acquired  from the t u n n e l   i n v e s t i g a t i o n   t o  the east of the p i t  

[Golder  Associates,  1982(A)]  has  permitted a c l e a r e r   u n d e r s t a n d i n g  of 

the  geology of t h e   e a s t e r n   e s c a r p m e n t ,   b u t   h a s   o n l y   a s s i s t e d   i n   t h e  

understanding of t he   geo log ica l   r e l a t ionsh ip  between those  rocks and the  

Medicine  Creek  Formation t o  .the west t o  a l imited  extent .   However ,   the  

rock mass s t r e n g t h  of the  escarpment   indicates   that   the   rocks  should  not  

pose a hazard to the proposed  2240 MW P i t   w h i c h  would  be  excavated a t  
f l a t   s l o p e   a n g l e s .  

w Golder Associates 
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Structural   data   acqu: t red  f rom  previous  dr i l l ing has been  analyzed 
and an attempt has been made t o  zone the east s i d e  of the p i t   w i t h i n  the 
l i m i t a t i o n s  of the   da ta .  

GEOTECHNICS 

A re -appra isa l  has been made of some of t h e   g e o t e c h n c i a l   a s p e c t s  
of t h e   p r o j e c t  which r e q u i r e d   f u r t h e r   c l a r i f i c a t i o n .   T h e s e   i n c l u d e d :  
rock   s t rength ,   se i smic   ana lys i s  of the  waste dumps, p i t   s l o p e   s t a b i l i t y  
and a comparison with the Panama Canal  slopes.  

A complete  re-analysis was ca r r i ed   ou t  on all the t r iax ia l  tests 
performed by Golder  Associat:es on the   c lays tone /s i l t s tone   sequence .  The 
t r e n d s   i n d i c a t e d   i n  the p r e v i o u s   r e p o r t s   w e r e   d e m o n s t r a t e d  much more 
c l ea r ly .  'pwo s t r eng th  envel.opes  can  be drawn: f o r   t h e   b r e c c i a t e d  sam- 
p l e s  c' = 0 MPa, 0' = 16'; for the s t ruc ture less   samples  c' = 0.38 MPa, 
0' = 20". When the  proportl .on of these  mater ia ls   can be a s ses sed   i n  any 
p a r t i c u l a r   s l o p e  wi th in  the. p i t ,  i t s  s t a b i l i t y  can be  computed  more 
r e l i ab ly   t han   h i the r to .  

The s t a b i l i t y  of the  Medicine  Creek  waste dump h a s   a l r e a d y   b e e n  
analyzed  under seismic l o a d i n g   u s i n g   p s e u d o - s t a t i c   s t a b i l i t y   a n a l y s e s ;  
t h i s   r e p o r t   c o n t a i n s   t h e   r e s u l t s  of s i m i l a r   s t u d i e s  on the Houth Meadows 
dump. The l o w e s t   s t a t i c   f a c t o r  of safety  using  conservat ive  assumptions 
is  2.08. A f a c t o r  of s a fe ty  of 1.0 i s  achieved  with a ho r i zon ta l   ea r th -  
quake  accelerat ion of 0.05 g ,  assuming l i q u e f a c t i o n  of foundation si l ts .  
Such silts would need t o  be removed if shown t o  be p r e s e n t .   A n a l y z i n g  
t h e  dump for   displacements  by the  Newmark method, using an a c c e l e r a t i o n  
as above, a downstream movement of 0.6 t o  1.0 m could  be  expected.  By 
comparison  with  the  behaviour of E l  I n f i e r n i l l o   a n d  L a  V a l l i t a  D a m s  in 
Mexico under  loading imposed by a magnitude 7.6 event ,   the  Houth Meadows 
r e t a i n i n g  embankment should  suffer   acceptably small displacements fo r  an 
event of t ha t   s i ze .  

An independent  evaluation of Golder Associates' geotechnical  work 
has  been  carried our by Professors  P. Rowe of Manchester U n i v e r s i t y   a n d  
N. Morgenstern of t he   Un ive r s i ty   o f   A lbe r t a .   Bo th   have   endor sed   t he  

approach  taken,   have  largely  agreed  with  the  conclusions  and  have made 
recommendations f o r  the fu tu re .  

Golder Associates 
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The r e p o r t   r e i t e r a t e s   t h e   f a c t o r s  upon   wh ich   t he   geo techn ica l  

des ign  of the   s lopes  is based  and recommends a ca re fu l   f l ex ib l e   app roach  

to   excavat ion .  Due a t t e n t i o n   m u s t   b e   g i v e n   t o   t h e   g e o l o g y ,   m a t e r i a l  

s t r e n g t h ,  ground  water  conditions  and rate of excavation. 

Analogies are drawn with the experience of the Panama Canal   f rom 

the   bene f i t  of a v i s i t   t o  t h e  s lopes  there .  

GROUND WATER 

uil 

The piezometric  data  accumulated  over  the  period 1976-82 has  been 

put  onto  computer f i l e  t o  f ,aci l i ta te  future  use.  Piezometer  hydrographs 

have  been p lo t t ed  and  va1ue:s f o r   h y d r a u l i c   c o n d u c t i v i t y   r e c a l c u l a t e d  

where i t  is  a p p a r e n t   t h a t   s t a b i l i z a t i o n  had no t   ye t   occu r red .   Rev i sed  

piezometric  contours  have h e n  drawn f o r  bedrock and s u r f i c i a l   d e p o s i t s .  

Abnormally  low piezometr ic   : levels   in  two p i e z o m e t e r s   c l o s e   t o   t h e   b u r n  

zone  probably  indicate  negative  pore  pressures  developed on unloading of 

t he   a r ea  by burning. The p iezometr ic   head   d i s t r ibu t ion   remains   l a rge ly  

unchanged  from  1978 but   the   heads   a re   s l igh t ly   lower   in  some cases. 

An explora t ion  program i n   t h e   b u r i e d   v a l l e y   i n   t h e   n o r t h e a s t   o f  

t h e   p i t  area was c a r r i e d  out:  by geophysical  survey and d r i l l i n g .  It was 
shown that the glacial  depos i t s  i n f i l l i n g  tha t  va l ley  had hydraul ic  con- 

d u c t i v i t i e s   i n   t h e   r a n g e  of ~ . O X ~ O - ~  t o   9 . 0 ~ 1 0 ~ ~  m/sec. For th i s   reason ,  

screened wells were no t   i n s t : a l l ed   fo r  test pumping as planned. 

Based on t h e   r e - e v a l u a t i o n   o f   t h e   h y d r o g e o l o g i c a l   p a r a m e t e r s ,  

bedrock  inflows  to the 2240 MW P i t  in  Year  35 are a n t i c i p a t e d   t o  be i n  

the  range of 1.7 x 10-1 t o  1.25 x m3/sec; s u r f i c i a l   i n f l o w s   t o   t h e  

same p i t  would l i k e l y  be approximately 5.7 x l.0-3 m3 /sec. Inflows from 

t h e   s u r f i c i a l s  would be reduced  f rom  that   calculated  in  1978 d u e   t o   t h e  

absence of seepage  f rom  the  previously  proposed  divers ion  canal   and  the 

lower  recorded  permeabili ty  from  the  northeast   area.  A rev ised  mine de- 

watering  arrangement is presented. 

Golder Associates 
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For  the  800 MW Scheme, 35-year  bedrock  inflows  are  anticipated  to 

be i n   t h e   r a n g e  of 3.2 x t o  2.4 x m3/sec and t o t a l   s u r f i c i a l  

f lows 3.4 x m3/sec. A mine dewatering  plan is presented. 

High t r ans i en t   i n f lows   a r e   l i ke ly ,   bu t  would probably be of shor t  

dura t ion .  They would most l i k e l y  be a s s o c i a t e d   w i t h   f a u l t s   o r   c l o s e l y  

jo in ted   zones  which a r e   d i f f i c u l t   t o   p r e d i c t .  

FURTHER WORK 

Most of t he   fu r the r  work requi red   for   des ign  would  be car r ied   ou t  

i n   t h e   e a r l y   p h a s e s  of excavation when good  exposures   would  be  avai l -  

ab le .  However, it has been recommended by Professor  Rowe t h a t   d e t a i l e d  

t e s t ing   be fo re   des ign  be car r ied   ou t  on l a r g e   d i a m e t e r   s a m p l e s ;   t h e s e  

could be obtained from a d i t s   o r   l a r g e   d i a m e t e r   a u g e r   h o l e s .  When t h e  

p r o j e c t   a c t i v i t i e s   a r e  resumed, it is recommended tha t   cons ide ra t ion   be  

given  to   this   appraoch.  

We thank you for   the   oppor tuni ty  of c a r r y i n g   o u t   t h e s e   f u r t h e r  

s t u d i e s  on the  Hat  Creek  Pr,oject. We have p l e a s u r e   i n   s u b m i t t i n g   t h i s  

f i n a l   r e p o r t .  

GER/NAS/RSG/sek 

822-1524B 

G.E. Rawlings, P.  Eng. 

f N.A. Skermer, P. Eng. 

/ @  
?R.S. Guiton 
1: 
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1.0 INTRODUCTION 

1.1 General 

The geotechnical  and. hydrogeological   update   program  was  under-  

taken   to   reassess  the d a t a  on the Hat Creek No. 1 Coa l   Depos i t   (F igu re  

1) p r io r   t o   t he   f i na l   eng inee r ing   des ign  of the  2240 MW Scheme. 

During  the  implementation of t h i s  program, the  Hat Creek   P ro jec t  

was delayed  due  to  reduced  load  growth  forecasts. This r e s u l t e d   i n   t h e  

p lanned   program  be ing   cu t   due   to   budget   cons t ra in ts   imposed  by B.C. 

Hydro. 

The fol lowing work was planned;  those  sections  actually  completed 

a r e   i d e n t i f i e d :  

- Geophysical  survey - completed 

- Ground water   explorat ion - 50 per  cent  completed 

- Ground water mon i to r ing  wells - d e s i g n   l a r g e l y   c o m p l e t e d ;  

contract   preparatdon and i n s t a l l a t i o n   n o t   c a r r i e d   o u t  

- G e o l o g i c a l ,   h y d r o l o g i c a l   a n d   g e o t e c h n i c a l   r e a s s e s s m e n t  - 
completed as far  as  possible  within  reduced  budgets 

- Excavation of c lay  t rench (F)  - el iminated 

A f t e r   t h e   i n i t i a l   p l a n n i n g  of t h i s  work f o r   t h e  2240 MW Scheme, 

i t  became necessary  to  consider  the  geotechnical,   hydrogeological,   and, 

in some cases ,   environmental   aspects  of a reduced  development ,   the  800  

MW Scheme. Separate  budgets were e s t a b l i s h e d   f o r  some s e c t i o n s  of th i s  

work and  they have been  reported on sepa ra t e ly  (i.e. ash dump seepage;  

p i t   d ra inage ;   c reek   d ivers ions ;  seismic ana lys i s ) .  Other aspec ts  of the 

800 MW Scheme are included in t h i s   r e p o r t .  

Y 

Y Golder Associates 
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1.2 Objectives  of 1982 Field  Studies  

The ob jec t ives  of t h i s  s t u d y   a s   s e t   o u t  a t  t h e   p r o p o s a l   s t a g e  

were as   fol lows:  

- Reassessment of the  dewater ing  aspects  of t he   p i t   i nc lud ing  a 

r i s k   a n a l y s i s  of po ten t ia l   in f lows  

- Assessments of t h e  movements which  might  develop i n   t h e  East 

P i t  Slopes and t h e   p o t e n t i a l   r i s k   t o   d i v e r s i o n   s t r u c t u r e s  

s i t e d   c l o s e   t o   t h e   p i t  

- P l a n n i n g   f o r   t h e   f u t u r e   l o c a t i o n   o f  a t r e n c h   ( F )   i n t o   t h e  

Medicine  Creek  Formation  claystone  (subsequently  deleted) 

- Assembly of the   geologica l  and geotechnica l   da ta   co l lec ted   to  

d a t e   f o r   s l o p e  and embankment s t a b i l i t y   p u r p o s e s   a n d   c o n s i -  

d e r a t i o n  of the r o l e  of s t r u c t u r e s   i n   s l o p e   s t a b i l i t y .  

1 . 3  Methods of Work 

Figure 2 shows the v a r i o u s   a c t i v i t i e s   p l a n n e d   f o r   t h e   u p d a t e d  

program.  Those a c t i v i t i e s  which were d e l e t e d   o r   r e d u c e d  i n  scope  are 

i d e n t i f i e d .  

The program of work ac tua l ly   ca r r i ed   ou t  was as follows: 

'@. 

u3 

d 

- Assembly and asse,ssment of all t h e  ground  water  data accumul- 

a t ed   s ince  1978. This p r imar i ly   r e l a t ed  t o  the  rout ine  piezo-  

metric masurements made  by BCH but  it a lso  i nc luded   t he  re- 

s u l t s  of the Construct ion Water  Supply Inves t iga t ion   (Go lde r  

Associates ,  19828) 

- Execution of a geophysical  survey by Geo-Physi-Con t o   i n v e s -  

t i ga t e   t he   dep th  of s u r f i c i a l   d e p o s i t s  i n  t h e   n o r t h e a s t   o f  

t h e   p i t  and t o   e s t : a b l i s h ,   w h e r e   p o s s i b l e ,   t h e   l o c a t i o n  of 

f a u l t s  

Golder Associates 
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Considerat ion oE various  designs of  monitoring well fo r   s t ag -  

e d   i n s t a l l a t i o n  i n  the ear ly   phases  of the   p ro jec t  

L e t t i n g  of c o n t r a c t s   f o r   g r o u n d   w a t e r   e x p l o r a t i o n  i n  the 

nor th  and nor theas t  of t h e   p i t s   ( c u r t a i l e d   t o  50 per   cent)  

Assessment of the  geology on t h e   e a s t  of t h e   p i t ,   t h e   t u n n e l  

i n v e s t i g a t i o n   r e s u l t s   a n d   t h e   r e s u l t s  of t h e   g r o u n d   w a t e r  

f i e l d  work to   de t e rmine   t he   l ong- t e rm  s t ab i l i t y  of t h e  East 

P i t   s l o p e s  

Rework the 1978 e s t ima tes  of p i t   i n f lows  

Assess t h e   s t r u c t u r a l   g e o l o g i c a l   d a t a   o b t a i n e d   f r o m   c u r r e n t  

and e a r l i e r   c o r i n g  programs i n   t h e   e a s t   s i d e  of t h e   p i t  

Produce a s t ruc tu ra l   zona t ion  of t h e   p i t  where appl icable  

C o n s i d e r   t h e   i m p l i c a t i o n s  of  t h e   s t r u c t u r a l   d a t a   f o r   p i t  

s l o p e   s t a b i l i t y .  

Some of t he   p l anned   p rograms   su f fe red   due   t o   t he   cu r t a i lmen t ;  

most  were  completed s a t i s f a c t o r i l y ,  however. It was poss ib le   to   reor ien-  

t a t e  some  of t h e  work t o  good advantage. For example,   use was made of 

two external geotechnica l   consul tan ts ,   Professor  N. Morgens te rn   o f   t he  

Univers i ty  of Alberta  and Professor  P.  Rowe of the U n i v e r s i t y  of Man- 

ches t e r   i n   t he   r ev iew of the  previous  geotechnical work. Mr. G. Rawlings 

was able   to   ex tend  a v i s i t   t o  Panama f o r  o t h e r   p u r p o s e s   i n   o r d e r   t o  

spend time examining  the  geotechnical  problems of the Panama Canal. 

1.4 Work Carr ied  Out Since 1978 S tud ie s  

cal 

w 

Y 

Mining geotechnical  work on the   project   has   general ly   been  sparse  

i n   t h e   p e r i o d  1978/82. The .main programs ca r r i ed   ou t  at  the  s i te  during 

that  period  were  the  following: 

- Power p l a n t   i n v e s t i g a t i o n  (Klohn  Leonoff  Consultants) 

- Diversion  canal   and 'dam  invest igat ion (HEDD) w 
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- Tunnel   divers ion  invest igat ion  (Golder   Associates)  

- Construct ion water supply  investigation  (Golder  Associates) 

- Seismici ty   s tudy and capab le   f au l t   i nves t iga t ion  (Klohn Leon- 

off  Consultants) 

Of t h e s e   s t u d i e s ,  t:he  power p l a n t   i n v e s t i g a t i o n   h a s   p r o v i d e d  

l i t t l e  da ta  of u se   i n   t h i s   upda te   r epor t .  The cana l   d ivers ion   inves t iga-  

t ions  have  yielded some per ipheral   information and t h e   t u n n e l   d i v e r s i o n  

has provided some important   geotechnical   resul ts .  The cons t ruc t ion  water 

supply  study  reached some in te res t ing   conclus ions   which   have   been   used  

i n  t h i s   m r k .  The ana lys i s  of t he   s e i smic i ty  at  Hat  Creek has i n t e r f aced  

with the des ign  of the eng inee red   s t ruc tu re   i n  and around the p i t ;  th i s  

is cons ide red   fu r the r   i n   t he  body of the   repor t .  
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2.0 GEOLOGY 

2.1 General 

The geology of p i t   s l o p e s  has not been r e a s s e s s e d   t o   t h e   e x t e n t  

o r ig ina l ly   an t i c ipa t ed .  It was envisaged that  the r e s u l t s   f r o m  a l a r g e  

sca le   excavat ion  i n  the claystone would b e   a b l e   t o  be e x t r a p o l a t e d   t o  

t h e   o t h e r   s l o p e s   l i k e l y   t o  be excavated   in  the same f o r m a t i o n  by means 

of a re-examination of the core and a r eas ses smen t   o f   t he   ea r l i e r  t es t  

r e s u l t s .  As the   c laystone  excavat ion was unable   to  be c a r r i e d   o u t ,   t h i s  

exe rc i se  was not   possible .  However, a r eappra i sa l  was made of the   s t ruc-  

tural   data   a l ready  accumulated from the   ea s t e rn   p i t   s lopes .  In addi t ion ,  

the   da ta   ob ta ined  from t h e   d i v e r s i o n   t u n n e l   i n v e s t i g a t i o n   t h r o u g h   t h e  

eastern  escarpment  has  been  assessed  in  relation  to  the  proposed  slopes.  

2.2 Geology  of the East   Side of t h e  P i t  

The r epor t  on the Rat Creek Divers ion   Al te rna t ives   (Golder  Asso- 

c i a t e s ,  1982)  describes  the  geology  to  the east of the 2240 MU P i t  mar- 

g ins  as deduced  from the 1902 f i e l d   i n v e s t i g a t i o n s .  The d e t a i l e d   s t u d i e s  

did  not  extend beyond the  proposed  tunnel  portal  areas. 

The east and northeas , t   areas  of t h e   p i t  were inves t iga ted  by geo- 

physical   survey (Geo-Physi-Con, 1982) t o   d e f i n e  the ex ten t  of the  buried 

g lac ia l   channel .  It was an t i c ipa t ed  that d a t a  would a l s o  be accumulated 

on the  bedrock materials. Although it p r o v e d   p o s s i b l e   t o   i d e n t i f y   t h e  

coal  sequence, it d i d   n o t . p r o v e   t o   b e   p o s s i b l e   t o   l o c a t e  the e a s t e r n  

limit of the  Medicine  Creek  Formation  or  position a b o u n d a r y   f a u l t   ( i f  

i t  is present) .  The bedrock  surface was well defined. 

The r e l a t ionsh ip  between the  Medicine  Creek  Formation as s e e n   i n  

DDH 77-815 and the  interbedded  claystones,   sandstones and conglomera tes  

Golder Associates 
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seen   fu r the r  east i n  DDH 77-816 and DDH 75-36 i s  obscure .  A boundary 

f a u l t  may not  be necessary,  a facies   var ia t ion  seems  more  l ikely.   The 

presence of a well-rounded b a s a l   c o n g l o m e r a t e   a b o v e   t h e   a n d e s i t i c  se- 

quence in DDH 77-816 supports  the view that the Medicine  Creek  deposi ts  

are overs tepping   andes i t ic   rocks  of Coldwater  Formation  age o r   e a r l i e r .  

However, it seems mch m r e   l i k e l y  that a boundary f a u l t   m u s t   s e p a r a t e  

t h e s e   r o c k   t y p e s   f u r t h e r   s o u t h   i n   t h e   v i c i n i t y  of DDH 78-839 and DDH 78- 

841. 

2 .3  Geological   Structure  

The r o l e  of g e o l o g i c a l   s t r u c t u r e   i n   s l o p e   s t a b i l i t y  of Hat Creek 

i s  a much argued  question. It is known t h a t  it would  be  an  important  

f a c t o r  on the  bench s c a l e ,  i ts r o l e   i n   t h e   o v e r a l l   p i t   s l o p e   s t a b i l i t y  

would  depend on t he   a t t i t ud , e  and con t inu i ty  of t he   s t ruc tu res .  Moreover, 

the  concept of depressur iza t ion  is heavily  dependent on the   permeabi l i ty  

of the ground which is r e l a t e d   t o   s t r u c t u r e .  

A reasonable  assumpt:lon can be made of t h e   s t r u c t u r e   i n   t h e   p i t  

s lopes   fo r   t he  Hat Creek Coal Formation  and  the  Coldwater  Formation  be- 

cause  bedding is general ly   recognizable   in   those  rocks.   Bedding  cannot  

genera l ly  be recognized  in  .the  Medicine  Creek  Formation  although  discon- 

t i n u i t i e s  are ex tens ive ly   recorded   in  the core. In orde r   t o  make an  es- 

t imate  of  how the  structures  in  the  Medicine  Creek  claystones  might  dip,  

histograms  have  been drawn :€or t h e   s t r u c t u r a l   d a t a   r e c o r d e d   i n   c o r e s  

f rom  ho le s   d r i l l ed  on t h e   e a s t   s i d e   o f   t h e   p i t   w h i c h   e n c o u n t e r e d   t h e  

claystones.  

T h i s  data has been  assembled on computer f i l e  and a program writ- 

ten to  provide  histograms of var ious selections of data. The histograms 

of s ign i f i cance  are d i scussed   i n   Sec t ion  2.4 
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S t r u c t u r e s  of importance t o   o v e r a l l   s l o p e   s t a b i l i t y  (i.e., exclu- 

d i n g   l o c a l  bench f a i l u r e s )  which c o u l d   c o n s t i t u t e   f a i l u r e   p l a n e s   m u s t  

d i p  at  angles less than the s lope  angle .  The s l o p e   a n g l e   c u r r e n t l y  re- 

commended fo r   u se   i n   t hose   ma te r i a l s  is 20 degrees;  i t  i s  l i k e l y   t o  be 

i n c r e a s e d   i n   p r a c t i c e   i f  i t  can be demonstrated  that  steeper a n g l e s   a r e  

f eas ib l e .   S t ruc tu res   o r i en ted   ou t  of the  pi t   s lopes  with  angles   between 

t h e   r e s i d u a l   f r i c t i o n   a n g l e  and the   s lope   ang le   a r e  of s ign i f icance .  The 

d i f f i c u l t y  in considering  such f l a t  angles  is t h a t   t h e y   p a r t l y   f a l l   i n t o  

t h e  same range of angles  as  core  breaks  produced  during  drilling.  During 

coring  in   such weak mater ia ls ,   rotat ional   breaks  develop  a t   angles   near-  

l y  normal to   the   core  axis, these   can   eas i ly  be confused  with  low  angle 

bedding or  j o i n t s .  For t h i s   r ea son ,  when m a n i p u l a t i n g   t h e   s t r u c t u r a l  

d a t a ,  where t h e r e  is a preponderance of r e a d i n g s   i n   t h e   r a n g e   8 0   t o  85 

degrees   o r  85 t o  90  degrees  (angles measured wi th   r e f e rence   t o   t he   co re  

axis)  they  have been omitted.  In a d d i t i o n   t o   p r o v i d i n g  a m i s l e a d i n g  

p i c t u r e  of the   jo in t   angles : ,  a l a r g e  number of d r i l l i ng   b reaks   a l so  ser- 
ves  to  obscure  concentrations of o ther   da ta  at s t e e p e r   d i p s   ( e . g . ,  see 

p l o t s  of DDH 76-801). 

Without or ien ted   core ,  it is n o t   p o s s i b l e   t o   m e a s u r e ,  or es t i -  

mate,   dip  directions.   During  the f irst  g e o t e c h n i c a l   f i e l d   p r o g r a m   i n  

1976, a t tempts  were made to   or ient   the   core   using  the  Chris tensen-Huge1 

core b a r r e l  and the  Crae l ius  Core Or i en te r .   Ne i the r   p roved   t o  be suc- 

cessful   because of the weakness of the rocks. 

It is therefore   apparent  that  without good rock  exposures  to  pro- 

v ide   cont ro l ,   deduct ions  on the r o l e  of s t r u c t u r e  i n  t h e   p i t   s l o p e s  i s  

a t  b e s t  vague. If in  later yea r s ,  but p r i o r   t o  opening up the p i t ,  it is 

declded that f u r t h e r   s t r u c t u r a l   d a t a  is requi red  i n  the Medic ine   Creek  

c lays tones ,  it is recommended that one of the fo l lowing   methods  of in- 

v e s t i g a t i o n  be considered: a l a r g e  open  trench, a large  diameter  bucket- 

augered  hole,  or an a d i t .  Any  of these methods  would y i e l d   s t r u c t u r a l  

d a t a  and permit  large  diameter  sampling  of materials below t h e   p h r e a t i c  

surface.  
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2.4 Discussions of the  Histograms 

The histograms of d i scon t inu i ty   d ip   va lues   fo r  the  e a s t   s i d e  of 

t h e   p i t  are shown on Figures  3 t o  17. A summary of t h e   c o n c e n t r a t i o n s  

of   da ta  is given on Table 1.. 

It i s  apparent   tha t  some t r e n d s   e x i s t .   I n   t h e   s o u t h e a s t  of t h e  

p i t  area, very similar conc:entrations  appear  in DDH 76-801, DDH 76-821 

and DDH 77-841. The r e s u l t s  from DDH 78-867  show some f e a t u r e s   i n  com- 

mon. It is l i k e l y ,   t h e r e f o ' r e ,   t h a t   t h i s   c o u l d   r e p r e s e n t  a s t r u c t u r a l  

block  with similar d i p   o r   j o i n t   o r i e n t a t i o n s   t h r o u g h o u t .   I f   t h e   m a j o r  

d ip   concent ra t ion  of 16 t o  20 degrees  were r e l a t e d   t o   d i s c o n t i n u i t i e s  

dipping  towards  the  northwest, i t  cou ld   have   cons ide rab le   imp l i ca t ions  

f o r   p i t   s l o p e   i n s t a b i l i t y  in t h a t  area. 

Major concent ra t ions   in  DDH 76-815 and DDH 77-843 are s imi la r   bu t  

a r e   s t e e p e r  and a re  less l i k e l y   t o  be of prime  significance.  

Concentrat ions  in  DDH 77-846 and DDH 78-870 i n   t h e  east to   north-  

east s e c t o r  of t h e   p i t  are evident ,   but   the   data  is n o t   p l e n t i f u l .  The 

high  incidence of s t eep ly   d ipp ing   j o in t s   i n  DDH 78-870 may be due t o  the 

proximity of the   F inney   Faul t   in   tha t  area. 

Figure  18 shows t h e   a r e a s   i n   t h e  east p i t   s l o p e s  where s t r u c t u r a l  

d ips  are similar and   they  may b e   i n t e r p r e t e d   b r o a d l y  as s t r u c t u r a l  

zones.  Further  confirmation would  be required,  however, s ince   d ip   d i rec-  

t ions   a re   l ack ing .  

Y 

Y 
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TABLE 1 

Summary  of  Discontinuity  Dip  Values 

Drillhole 
Concentrations  Measured 

to  Core  Axis  Comments 
(Dip  values) 

DDH 77-841 

DDH 77-843 

DDH 76-801 

DDH 76-821 

DDH 78-867 

DDH 76-815 

DDH 76-816 

DDH 78-870 

DDH 77-846 

( 1 6  - 20)  
7 0  - 74  

( 4 6  - 5 0 )  
40 - 44 

( 1 6  - 2 0 )  
7 0  - 7 4  

( 1 6  - 20)  
7 0  - 7 4  

( 1 0  - 1 4 )  
76 - 80 

( 4 0  - 50)  
40 -50 

( 2 6  - 4 0 )  
50 - 64  

( 8 0  - 8 4 )  
6 - 10 

( 2 6  - 34)  
56 - 64  

( 2 8  - 32)  
58 - 62 

( 4 0  - 3 6 )  
50 - 54 

( 2 6  - 3 4 )  
56 - 64 

( 3 0  - 3 4 )  
56 - 60 

( 2 0  - 24)  
66 - 7 0  

( 3 0  - 34)  
56 - 60 

( 1 6  - 20)  
7 0  - 7 4  

56 - 64  
( 2 6  - 34)  

( 3 0  - 2 6 )  
60 - 64 

40 - 44 
( 4 6  - 5 0 )  

56 - 60 
( 3 0  - 34)  

76 - 80, 
( 1 0  - 1 4 )  

7 0  - 7 4  
( 1 6  - 20)  

Similar  to DDH 76- 
801, DDH 76-821 

Could  be  close  to 
faults  which  offset 
Finney  Fault. Simi -  
lar  to DDH 76-815 

Similar  to DDH 77- 
841, DDH 76-821 

Similar  to DDH 76- 
801, DDH 77-841 

Some  similarity  to 
DDH 77-841 

Main  concentration 

843 
similar  to DDH 77- 

Disregard  angled 
hole 

Also 20 - 30   (60  - 
7 0 ) .  Could  be  close 
to Finney  Fault 
considering  concen- 

diping  joints 
tration  of  steeply 

available. 
Only  limited  data 
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3.0 GEOTECHNICS 

3.1 General 

Reappraisal  of the  mining  geotechnical .   aspects   of   the  Hat Creek 

Project   has   been  concentrated  in   areas ,  namely: 

- Rock s t r e n g t h  

- Seismic  analysis  of waste dumps 

- Review of p i t   s l o p e   s t a b i l i t y  

- Comparison with Panama Canal  slopes 

Although no addi t iona l   rock   s t rength   da ta   has   become  ava i lab le ,  

it was cons idered   usefu l   to   reappra ise   the   p rev ious   in te rpre ta t ions ,  es- 

pec ia l ly   w i th   t he   bene f i t  of an ex terna l   consul tan t ' s   comments ,   to   see  

i f   t hey   cou ld   y i e ld  any fur ther   in format ion  on the  behaviour of the mat- 

erials. 

A d e t a i l e d   a n a l y s i s  of the  Medicine  Creek  Waste Dump s t a b i l i t y  

under seismic loading has been   r epor t ed  on e l sewhere   and  i s  a t t a c h e d  

herewith  as  Appendix A. D w  t o   t he  much g r e a t e r   i m p o r t a n c e   p l a c e d  on 
the  Houth Meadows  Dump  by t h e   8 0 0  MW Scheme (no Medicine  Creek dump 

would  be r e q u i r e d   f o r  t h i s ) ,  t he  e f f e c t  of seismic l o a d i n g  on that  

s t r u c t u r e  has a l s o  been  ana:lyzed  and i s  i nc luded   i n   t h i s   r epor t .  

Some a n a l y s i s  of t h e   s t r u c t u r a l   d a t a   c o l l e c t e d   f r o m   c o r e d   h o l e s  

i n   t h e   e a s t   p i t   s l o p e s  in e a r l i e r   y e a r s   h a s  been a n a l y z e d   ( s e e   S e c t i o n  

2). It is  c o n s i d e r e d   i n   t h i s   s e c t i o n   w i t h   r e g a r d   t o  i t s  r o l e   i n   s l o p e  

s t a b i l i t y .  

The f i n a l   p a r t  of t h i s   s e c t i o n   o f   t h e   r e p o r t   b r i n g s   t o g e t h e r  

these   var ious   geotechnica l~   aspec ts  of the  2240 MW p i t   t o g e t h e r   w i t h   t h e  

ex te rna l   consu l t an t ' s  comments and the  review of the  Panama Canal  slopes 

made  by G.E. Rawlings in   February  1982  during a f i e l d   v i s i t ,   t o   p r o d u c e  

the   f ina l   p re-des ign   appra isa l  of t h e   p i t   s l o p e   s t a b i l i t y .  A b r i e f  re- 

view of t h e  800 MW p i t   s l o p e s  has already  been made and t h i s  is included 

as Appendix B. 
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3.2  Rock St rength  

3.2.1  Coal 

No f u r t h e r   t e s t i n g  of t he   coa l  was car r ied   ou t ,   bu t  a re-analysis  

of the  1977 d a t a  was  made 'by c a l c u l a t i n g   s t r e s s e s  on t h e   f a i l u r e   p l a n e s  

of  the  specimens. The r e s u l t s   t e n d e d   t o  show a c u r v i - l i n e a r   s t r e n g t h  

envelope   bu t ,   wi th in   the   s t ress   range   under   cons idera t ion ,  i t  could  be 

closely  approximated by an envelope  represented by 0' = 40 degrees   and  

cohesion  c '  15 p s i  (0.1034 MPa). This   data  was used  in t h e   a n a l y s i s  

of the  proposed  800 MW p i t   s l o p e s  (see Appendix  B). 

3.2.2 Clays tone lSi l t s tone  

A deta i led   re -ana lys i s  of all t h e   t r i a x i a l  t e s t s  tha t   had   been  

performed on the   c l ays tone / s i l t s tone   s equence   i n   bo th   t he  1976  and  1978 

l a b o r a t o r y   t e s t i n g  programs  (Golder  Associates  1977,  1978) was perform- 

ed.  Doubtful test da ta  was discarded. Only tests on which the  specimens 

had f a i l e d   a l o n g   c l e a r l y   i d e n t i f i e d   f a i l u r e   p l a n e s   w e r e   r e - e x a m i n e d .  

S t resses   a long   these   fa i lure   p lanes  were computed a n d   t h e   r e s u l t s  were 

p l o t t e d   i n   t h e   f o r m  of s h e . a r   s t r e n g t h ,   n o r m a l   s t r e n g t h   e n v e l o p e s  as 

shown on Figure 19. Both drained and undra ined   t r i ax ia l  compression test 

da ta  was ana lyzed .   Brecc ia t ed   s amples  were d i f f e r e n t i a t e d   f r o m  the 

s t r u c t u r e l e s s  specimens. The- r e s u l t s   i n d i c a t e  that  the s t r e n g t h s  of 

these materials are independent of the ma te r i a l   t ype ,  i .e. whether the 

samples are from the Coldwater  Formation  or the  Medic ine   Creek  Forma- 

t ion.   This   conclusion was a r r ived  at  previously  and i s  covered  i n  the 

Golder   Associates   report ,  1978. A few samples  sheared  along  planar  dis- 

c o n t i n u i t i e s  and these stand. out  from  the mass of the r e s u l t s ,  e.g. in  

the 1976  program, a sample of the Medicine  Creek  Formation f a i l e d   a l o n g  

a smooth s l i c k e n s i d e d   f a i l u r e   p l a n e   c l o s e  t o  r e s i d u a l  shear s t r e n g t h .  

S imi l a r ly ,  i n  the 1978  program, two fu r the r   p l ana r  shears occurred. 

m 
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The main conclusion  from  the  analysis is t h a t  two c lear ly   def ined  

s t rength  envelopes can be drawn,  one f o r   t h e   s t r u c t u r e l e s s   ' i n t a c t '  mat- 

erial ,  and ano the r   fo r   t he   b recc ia t ed   ma te r i a l .  The s t r e n g t h   e n v e l o p e s  

can be closely  approximated by an angle  of f r i c t i o n  of @' = 16 d e g r e e s  

and  zero  cohesion  for the 'brecciated  samples, and 0' = 20 degrees   and  a 

cohesion of 55 p s i  (0.38 Ml?a) for   the   s t ruc ture less   samples .   Depending  

upon the d i s t r i b u t i o n  of these ma te r i a l s  within any  one p a r t i c u l a r   p i t  

s l o p e ,   t h i s   d a t a  would p r o v i d e   a n   i m p r o v e d   b a s i s   f o r   r e a s s e s s i n g   t h e  

s t a b i l i t y  of that p a r t i c u l a r   s e c t i o n   o f  the p i t .   F u t u r e  work on t h e  

s t rength  parameters   should  take  into  account   the  considerat ions of Pro- 

f e s s o r  P.W. %we as d iscussed   in   Sec t ion  3 . 4 .  

This la rge ly   accords   wi th   the   conclus ions  of t h e   1 9 7 8   s t u d y   i n  

which the lower bound or  envelope shown on Figure   19   was   s e l ec t ed  on a 

more judgemental basis. This r e a n a l y s i s   s u b s t a n t i a t e s   t h a t  work. 

3.3  Seismic  Analysis - Waste Dumps 

The s t a b i l i t y  of MedFcine  Creek waste dump was ana lyzed   under  

d ear thquake   loading   us ing   pseudo-s ta t ic   s tab i l i ty   ana lyses .  The work was 

c a r r i e d   o u t   i n  1981  and it  was reported by le t ter  t o  B.C. Hydro on Nov- 

ember 16th,  1981, see copy a t t a c h e d   i n  Appendix A. It was concluded  that 

f o r  an acceptab le   fac tor  of s a f e t y  of 1.5, t h e  seismic c o e f f i c i e n t   t h a t  

could be t o l e r a t e d  would  be 0.11 which  would be comparab le   t o   abou t  a 

magnitude 6.5 earthquake. T h i s  was f o r   t h e  maximum volume dump proposed 

! 

Jri 

e*i 

i n  Medicine  Creek as outlinecd i n   o u r  1978 r epor t .  

wi 
S u b s e q u e n t l y ,   f u r t h e r   a n a l y s e s  were c a r r i e d   o u t  on the Houth 

Meadows waste dump using  the same techniques. The ana lys i s  was computed 

using  Sarma's method (Geotechnique, 1973). The f o l l o w i n g   r e s u l t s   w e r e  

obtained. 
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The l o w e s t   s t a t i c   f a c t o r  of s a f e t y  was 2.08. This  assumes a mas- 

s i v e   s l i p   s u r f a c e   t h r o u g h  the b a s e  of t h e  waste a n d   t h a t  the 

foundation silts had l i q u e f i e d   f o r  a d i s t a n c e  of 1200 m behind  

the  sand and g rave l   r e t a in ing  embankment. The o the r   s t r eng th  par- 

ameters are as assumed f o r   t h e  Medicine  Creek waste dump e x c e p t  

that   beneath  the  sand and g r a v e l   r e t a i n i n g  embankment the  founda- 

t ion   s t rength   parameter  was assumed t o  be 0' = 27 degrees and c = 

0. These are very  conservative  assumptions. 

A f a c t o r  of s a f e t y  of 1 .O was reached at  a seismic c o e f f i c i e n t  of 

0.053, i.e. a hor izonta l   ear thquake   acce le ra t ion   o f   about  5 p e r  

cent   g rav i ty .  Such a. condi t ion would correspond  to  something  less 

than a magnitude 6 earthquake. However, the   ana lys i s  was carried 

out   €or   the maximum volume waste dump i n  Houth Meadows, which has 

a c r e s t   e l e v a t i o n  of 1005 m. It a l s o  assumes l i que fac t ion  of the  

foundat ion silts. I:E the   foundat ions   d id   no t   l iquefy ,   the   fac tor  

o f   s a fe ty  of the embankments  would be similar t o   t h a t   c a l c u l a t e d  

f o r   t h e  Medicine  Creek dump. Fur ther   inves t iga t ion  of the  embank- 

ment foundat ions would be needed a t   t h e   d e s i g n  stage. If  it were 

e s t a b l i s h e d   t h a t  s i l ts  and f ine   sands  of a s u f f i c i e n t l y  low  den- 

s i t y  such that they  could  l iquefy were p r e s e n t ,   o v e r - e x c a v a t i o n  

of the  foundation  might be necessary.  

Pseudo-static  ana1yse:s  are  only an i nd ica t ion  of t h e   s t a b i l i t y  of 

an embankment under   t rans ien t   loading .   Disp lacements   dur ing   an  

earthquake are a mre important  measure of  embankment behaviour .  

The displacement method of ana lys i s  was out l ined  by  Newmark (Geo- 

technique,  1965). Appl.ying his method t o  these embankments, assu- 

ming a maximum acce le ra t ion  of 0.5 g and a ve loc i ty  of 30 inches/  

sec, we have   ca lcu la ted   tha t   the   embankment   might   sh i f t   in   the  

downstream d i r e c t i o n  i n  the   o rder  of 0.6 t o  1.0 m. This  could be 
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assoc ia ted   wi th  small v e r t i c a l   c r e s t   s l u m p i n g .   C l e a r l y ,   t h e s e  

o rde r s  of displacement would  be accep tab le   un le s s   fu r the r   s tud ie s  

show tha t   t he   s eve r i ty  of earthquakes  assumed a t  Hat Creek are 

l i k e l y   t o  be much l a r g e r  i n  t h e   d i s t a n t   f u t u r e .  

Useful  information on the  behaviour of high embankments of simi- 

lar   design  under   ear thquake  loading is provided by t h e   d i s p l a c e -  

ments  measured a t   t h e  E l  I n f i e r n i l l o  and La V a l l i t a  Dams i n  Mexi- 

co  during an earthquake on March 14th,   1979.  The  magnitude of 

the  ear thquake was 7.6, the e p i c e n t r a l   d i s t a n c e  was  87 km t o  E l  

I n f i e r n i l l o  Dam and 108 km t o  La V a l l i t a  Dam. Both d a m s  are high 

rockf i l l   s t ruc tures   composed   of  dumped r o c k f i l l   o u t e r   s h e l l s ,  

compacted s a n d   a n d   g r a v e l   i n n e r   z o n e s ,   a n d   c l a y   c o r e s .   B o t h  

s t r u c t u r e s   r e t a i n   w a t e r  and are founded on a l l u v i a l   s o i l s .  Due t o  

earthquake  shaking and slumping of the c r e s t s  of t h e  dams, t h e  

observed free board  losses  were  13 cm and 5 cm at  E l  I n f i e r n i l l o  

and La V a l l i t a  Dams, respec t ive ly .  A t  E l  I n f i e r n i l l o ,  the  s i d e  

s lopes  of the dams were 1.75 ho r i zon ta l   t o  1 v e r t i c a l   a n d  at  L a  

V a l l i t a ,  the s ide   s lopes  were 2.5 h o r i z o n t a l   t o  1 v e r t i c a l ,   t h e  

same as proposed  for  the  waste dump r e t a i n i n g  embankments a t  Hat 

Creek. E x t r a p o l a t i n g   t h i s   b e h a v i o u r ,   t h e r e f o r e ,  i t  would seem 

that even i f  the  clay  waste  behind the r e t a i n i n g  embankment were 

t o  l iquefy  completely i n  an ear thquake ,   the   re ta in ing  embankments 

ought   to   suf fe r   acceptab ly  small d i s p l a c e m e n t s   f o r  a t  l e a s t  a 

magnitude of 7.5 earthquake.  These are ten ta t ive   conclus ions  and 

a mre re f ined   ana1ys i . s   shou ld   be   unde r t aken   du r ing   t he   f i na l  

des ign   s tages  of the   p ro jec t .  

The 1982 s t u d i e s  by Klohn  Leonoff  on the p resence   o f   capab le  

f a u l t s  have n o t   i n d i c a t e d  any p o t e n t i a l l y   d a m a g i n g   s t r u c t u r e s  

(personal  communicatio:n) a t   t h e   s i t e .  The s e i s m i c   m o n i t o r i n g  

s t a t i o n   e s t a b l i s h e d   i n  1981 i s  cont inuing  to   record.  

Gtolder Associates 
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3 . 4  Review  of P i t   S l o p e   S t a b i l i t y  

3 . 4 . 1  Planned  Program 

A t  t he   ou t se t  of the  1982 f i e l d  program,  Golder   Associates  were 

requested by BCH t o  review the ques t ion  of p i t   s l o p e   s t a b i l i t y   p a r t i c u -  

l a r l y  w i t h   r e l a t i o n   t o  ground  water  control  and  the  concept of dep res -  

s u r i z a t i o n  by excavation, see Volume 1, Sect ion 6 and Volume 6 ,  Appendix 

15 of  Golder  Associates  report  (1978). We responded i n   d i s c u s s i o n s   a t  

various  meetings  held  with B.C. Hydro and by le t ter  d u r i n g   t h e   p e r i o d  

January  to March,  1982. 

The b a s i s  of our  proposals was threefo ld :  

That p i t   s l o p e   s t a b i l i t y   i s s u e s   s h o u l d  be reviewed by independent 

ou ts ide  s o i l  mechanics  consultants,   Professor N.R. Morgenstern of 

the   Univers i ty  of Al'berta and Professor  P.W.  Rowe  of t h e   U n i v e r -  

s i t y  of Manchester,  England,  both of whom are acknowledged  auth- 

o r i t i e s  on s h e a r   s t r e n g t h   a n d   s t a b i l i t y   a s p e c t s  of c l a y s   a n d  

sha les .  

That  the  concept of depressur iza t ion  should be t e s t e d  by excavat- 

i ng  a la rge   excavat ion   in to   the   c lays tone  of the Medicine  Creek 

Formation and measuring  the  pore water p r e s s u r e   r e s p o n s e   u s i n g  

p r io r   i n s t a l l ed   p i ezomete r s   l oca t ed  beneath the  excavation. 

That   the   in  s i t u  s t r u c t u r e  of the  Medicine  Creek  Formation  should 

be  examined e i the r   i n   an   excava t ion  i n  the va l l ey  bottom,  or i n  a 

l a r g e   d i a m e t e r   a u g e r   h o l e   o f  a d i a m e t e r   s u f f i c i e n t   t o  a l l o w  

access, or via an explora tory   ad i t .  Samples of t h e   f o r m a t i o n   t o  

be t aken   fo r  shear s t r e n g t h   t e s t i n g .   R e - a n a l y s i s  of e x i s t i n g  

s t r e n g t h  test d a t a   t o  be undertaken. 

Golder Associates 



December,  1982 

__ 

15 822-1524 

Because of budget r e s t r i c t i o n s   o n l y  a l imi t ed  amount of  work  was 

ca r r i ed   ou t   i n   t hese  areas.. A prel iminary  discussion was held  with Pro- 

fessor  Morgenstern on January  24th,   1982,  in Edmonton; h i s   op in ion  after 

a l i m i t e d   b r i e f i n g  was t h a t   f u t u r e   e f f o r t s  might be directed  toward  ob-  

t a i n i n g  a more d e t a i l e d   p i c t u r e  of the geology of the var ious  formations 

pa r t i cu la r ly   i n   t he   s i l t s tone /c l ays tone   s equences .  He re ferenced   usefu l  

exp lo ra t ion  work t h a t  was b e i n g   c a r r i e d   o u t   i n   t h e   c l a y s t o n e s  of t h e  

Bearpaw  Formation i n   A l b e r t a ,  see Kaiser, Mackey and Morgenstern  (1982). 

It was i n t e n d e d   t o   c o n t i n u e   d i s c u s s i o n 6   w i t h   P r o f e s s o r   M o r g e n s t e r n   i n  

persuing  proposed item (c)  above. However, as it was decided  subsequent- 

l y  not to   cons ider   the   excavat ion  of t e s t  shafts o r   a d i t s ,  no f u r t h e r  

d i scuss ions  were he ld  and no r e p o r t s  or l e t t e r s  were i ssued  by Professor  

Morgenstern  in   connect ion  with our discussion.  

However, desp i te   the   cu t   backs   in   the   sca le  of the  work, we were 

s t i l l  able   to   take  advantage of Professor  Rowe be ing   in   Western   Canada  

during May 1982. After a s i te  v i s i t ,   d i s c u s s i o n s  were he ld   i n  Vancouver 

and he subsequent ly   considered  fur ther  data on t h e   p r o j e c t  i n  t h e  U.K. 

The opinions of Professor  Rowe are presented i n  Appendix C and are com- 

mented on in   Sec t ion  3.4.2. 

A deta i led   p roposa l  for t e s t i n g   t h e   c o n c e p t   o f   d e p r e s s u r i z a t i o n  

w a s  presented  verbal ly  t o  B.C. Hydro on January  28th,  1982, and later by 

le t ter ,  b u t   t h i s  proved t o  be t o o   e x p e n s i v e   a t   t h i s   j u n c t u r e ,   a n d   t h e  

work was postponed. The scheme w a s  later reduced in scale a n d   r e i n t r o -  

duced to monitor the behaviour of coa l   t rench  "D" t h a t  was extended   jus t  

i n t o  the Medicine  Creek  Form,ation i n  the f a u l t e d   s y n c l i n e  a t  the west 

end of the  trench.  Eventual.ly,  only a v i s u a l   e x a m i n a t i o n  of t h e   v e r y  

l imited  exposures  of the  Medicine  Creek  Formation was able   to  be made. 

3.4.2 Comments of Professor  Rowe's Report 

Professor  P.W. Rowe of Manches te r   Univers i ty   v i s i ted   the  s i t e  i n  

May, 1982;  he  inspected  cores, was shown around t h e   t r e n c h   e x c a v a t i o n s  
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and  examined the   l ands l ide  areas. He was  accompanied on h i s   v i s i t  by 

N.A. Skermer  and G.E. Rawlings of Golder   Associates .   Golder   Associates  

geotechnica l   repor t s   da ted  1977  and  1978  were s u b s e q u e n t l y   s e n t   t o   h i m  

f o r  review. 

Rowe's assessment of our work is d e s c r i b e d   i n  h i s  le t ter  r e p o r t  

of  September  3rd,  1982,  enc:losed as Appendix C .  I t  w i l l  be s e e n   t h a t  

Rowe agrees   that   the   concept  of d e p r e s s u r i z a t i o n  i s  c o r r e c t ,   b u t   t h e  

ques t ion  at  i s s u e  is how long   t ha t   dep res su r i za t ion   can  be r e l i e d  upon 

t o  assist in s l o p e   s t a b i l i t y .  He p o i n t s   t o   t h e   p r e s e n c e   o f   t h i n   c o a l  

l a y e r s   o r   p a r t i n g s   w i t h i n   c . l a y s t o n e   d e p o s i t s   a n d   s u g g e s t s   t h a t   t h e s e  

might  have a much higher   permeabi l i ty   than  the  surrounding  c laystone and 

therefore   could   l ead   to  a reduct ion  of negative  pore  pressures and s l i d -  

i ng  on such  layers .  The p r e s e n c e   a n d   t h e   c o n t i n u i t y   o f   t h e s e   l a y e r s  

ought   therefore   to  be i n v e s t i g a t e d   i n  mre d e t a i l   i n  any f u t u r e   s t u d i e s  

t h a t  are undertaken. With respect  to  the  ground  water  conditions  Profes- 

sor   Morgens te rn   po in ted   ou t   in   January   tha t   he   would   expec t   d i f fe ren t  

pore  pressures  at  d i f f e r e n t   l e v e l s   i n   t h e   s l o p e  and that   these  would  be 

con t ro l l ed  by s t ruc ture .   This  is similar t o  Rowe's s ta tement  w i th  res- 

pect   to   the  pore  pressures  :in the   coa l  seams. 

Rowe agrees   that   whi le  mass s t r e n g t h  of t he   ma te r i a l  would con t ro l  

s lope   f a i lu re s ,   d i scon t inu i t i e s   a long   wh ich   t he  water p r e s s u r e s   c o u l d  

dominate  might i n   t u r n   a f f e c t   s t a b i l i t y .  With regard   to   the   s t rength  of 

the ma te r i a l s ,  Rowe f e e l s  that f o r   p r e s e n t   f e a s i b i l i t y   p u r p o s e s ,   t h e  

strength  parameters  have  been  adequately  defined, at least as fa r  as is 

p rac t i cab le   w i th   t hese   ma te r i a l s .  However, he s u g g e s t s   t h a t   f o r   f i n a l  

des ign  and before   mining  operat ions  s tar t ,  test techniques  could  be  de- 

veloped  which would s u i t   t h e   p a r t i c u l a r  stress condi t ions of t h i s  s i t e .  

The best way t o  do t h i s  might be t o  form a r e s e a r c h   p r o g r a m   i n i t i a l l y ,  
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and Rowe has   ou t l i ned   t he   t ype   o f   s tud ie s   t ha t   he   wou ld   f avour .  The 

t e s t i n g  would  be carr ied  out   very  s lowly  and,   c lear ly ,   such  work  would 

be be t t e r   ca r r i ed   ou t  by a un ive r s i ty   r a the r   t han  a c o m m e r c i a l   t e s t i n g  

organizat ion.  A t  a f u t u r e   d a t e ,  we would recommend tha t  c o n s i d e r a t i o n  

be   g iven   t o   t he   t e s t ing   a long   t he   l i nes   t ha t  he  has  suggested. 

3 .4 .3  Summary  of P i t   S l o p e   S t a b i l i t y   R e s u l t s   t o  Date 

u 

ri 

Y 

Golder  Associates have  recommended p i t   s l o p e   a n g l e s   f o r   b o t h  the 

2240 MW and  800 MW p i t   d e v e l o p m e n t s .   T h o s e   a n g l e s   r e p r e s e n t   a v e r a g e  

angles   to  which we cons ider   the   p i t s   could  be developed  and a r e   p r i m a r -  

i l y   f o r   t h e   b a s i s  of mine planning. A t  any p a r t i c u l a r   l o c a t i o n ,   t h e   p i t  

slope  might be mre or  less than  the  overal l   angles   current ly   recomend- 

ed for a cer ta in   mater ia l .   Deta i led   geologica l   s t ruc tures  may give rise 

t o   i n s t a b i l i t y   a n d   r e s u l t   i n  a f l a t t e n i n g   o f   t h e   s l o p e ;   e l s e w h e r e ,  

s t ronge r   ma te r i a l s  may lead  to  an overa l l   s teepening  of the  slopes.  The 

s t a b i l i t y   i n   t h e   p i t  would be  an  ongoing  consideration as mining  devel-  

ops  and t h e  mine p lan  must  be s u f f i c i e n t l y   f l e x i b l e   t o  cope with it. 

The s t u d i e s   c a r r i e d   o u t  by G o l d e r   A s s o c i a t e s   o v e r  the p e r i o d  

1975/82 on t h e  Hat Creek Pro jec t ,  have  demonstrated that p i t   s l o p e   s t a -  

b i l i t y  would depend on the   fo l lowing   aspec ts :  

- geology - including  rock material, degree of w e a t h e r i n g / a l -  

t e r a t iodso f t en ing ,   s t ruc tu re   ( e spec ia l ly   shea r ing   o r   b recc i -  

a t i o n )  

- m a t e r i a l   s t r e n g t h  

- ground water condi t ions  

- rate of excavation 

The success ive   geo log ica l   and   geo techn ica l   excava t ions  a t  Hat 

C r e e k   h a v e   c o l l e c t e d   s u f f i c i e n t   d a t a   f o r   t h e   g e o l o g y   t o  be b r o a d l y  
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d e s c r i b e d ;   t h e   d e t a i l  i s  &ill e l u s i v e   b e c a u s e  of t h e   s t r u c t u r a l   a n d  

l i tho logica l   complexi ty .  The geology,  as known, i s  a d e q u a t e   f o r   f e a s i -  

b i l i t y  and ea r ly   des ign   s tud ie s .  The d e t a i l   c a n   o n l y  be a p p r e c i a t e d  

f rom  ac tua l   excavat ions   o r   l a rge  scale methods of i n v e s t i g a t i o n   ( a d i t ,  

large  diameter  auger  hole,   trench, etc.). 

The ranges of materi.al s t r e n g t h s   a r e  now adequately bounded. Act- 

u a l   s t r e n g t h s   i n   s i t u  would be dependent on a knowledge of t h e   d e t a i l e d  

geology. There is much mre t o  be known about  the  behaviour of the  mat- 

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

ground  water  situations.  Again, it will only be appropr ia te  t o  ca r ry   ou t  

t h i s  work hen   l a rge   d i ame te r   s amples  are ava i l ab le  and t h e   r e p r e s e n t a -  

t i veness  of the  samples  can be apprec ia ted  by mans   o f  a l a r g e   e x c a v a -  

t ion .  A m a t e r i a l   s t r e n g t h  test research  program  should  eventually be es- 

t ab l i shed   t o  form  the  basis of a p i t   s l o p e   s t a b i l i t y   m o n i t o r i n g  program. 

Ground water condi t ions   a re  paramount. It has been shown concep- 

tua l ly   (Golder   Assoc ia tes ,  1978) t h a t  the s t a b i l i t y  of the s lopes  in  the 

s h o r t  term (at least) would .be dependent on the  development  of  negative 

pore  pressures  on unloading.  Professors Rowe and Morgenstern  have  sub- 

s t a n t i a t e d   t h i s  from t h e i r  own howledge  of low p e r m e a b i l i t y   m a t e r i a l s  

i n   a c t u a l   s l o p e s .  The degree  to  which  that   process is a po ten t   f ac to r   i n  

s l o p e   s t a b i l i t y  is dependent on the  rate of d i s s i p a t i o n  of t hese   nega -  

t i v e   p r e s s u r e s ,   t h a t  is the rate at which  the  water  could be  sucked i n t o  

the sys t em  to   equa l i ze  the negat ive   p ressures  and even tua l ly   t o  re-esta- 

b l i sh   pos i t i ve   po re   p re s su res .  The r a t e  of d i s s i p a t i o n  would be  depen- 

dent  both on the geology of t h e  s lope   and  the c h a n g e s   o f   p e r m e a b i l i t y  

with time. Professor  Rowe fe (e l s   t ha t   t he   f i ne r   e l emen t s  of t h e  s t ra t i -  

graphy  could  dominate  this  process. 

The rate of e x c a v a t i o n  i s  a l s o  of i m p o r t a n c e   b e c a u s e   r a p i d  

excava t ion   and   s t eep   s lopes   wou ld   r e su l t  i n  the   deve lopmen t  of h igh  
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s t r e s s e s   i n   t h e s e   s l o p e s .   S e v e r e   c r e e p ,   c r e a t i n g   s h e a r   p l a n e s  a t  o r  

near r e s i d u a l  shear s t r e n g t h ,   c o u l d   o c c u r .   C o n v e r s e l y ,   t h e  material 

c o u l d   d i l a t e   u n d e r   t h e   h i g h   s t r e s s e s   a n d   d e v e l o p   h i g h   n e g a t i v e   p o r e  

pressures   producing greater s t a b i l i t y .  A program of f u r t h e r   t e s t i n g  a t  

the   des ign   s tage ,  augmented by an observational  approach on c u t   s l o p e s ,  

would be required.  

It i s  appa ren t ,   t he re fo re ,   t ha t   t he   s t ab i i t y  of the   s lopes  i s  not 

jus t   dependent  on the inhe ren t   p rope r t i e s  of the  materials f o r m i n g   t h e  

s lope ,   bu t   a l so  on the  sequence  of  excavation and the  control   of   ground 

and su r face  waters. 

It i s  agreed by all t he   expe r i enced   geo techn ica l   eng inee r s  who 

have  been  involved  with  the  Hat  Creek  Project  that   the  geotechnical pro- 

blems a re  of cons ide rab le   i n t e re s t  and have great s i g n i f i c a n c e   f o r   t h e  

s t a b i l i t y  of a major  excavation. Materials of h i g h   p l a s t i c i t y   a n d  low 

permeab i l i t y ,   r e f l ec t ing   t he   h igh   p ropor t ion  of expans ive   c lay   minera ls  

(montmor i l lon i tes )   a re   no t   normal ly   encountered   in   l a rge  open p i t  mines. 

Unfortunately,  Hat Creek is wi thou t   pa ra l l e l  i n  s c a l e  and  complexity and 

hence  analyses are tenuous. The p r o j e c t s  which  provide  the  best  examples 

a r e   t h e  Panama Canal, the Centralia Mine i n  Wash ing ton   S t a t e ,   and  t h e  

foundat ions of the  dams in   Saska tchewan   and   t he  Mid-West U . S . A . ;  a l l  

have  proved  to be  troublesome. 

It must be  emphasised t h a t  the open p i t  at Hat Creek is l i k e l y   t o  

abound in   geo techn ica l  problems. They a r e   u n l i k e l y   t o  be i n s u p e r a b l e  

providing a planned,   f lexible   approach i s  adop ted   i n   wh ich   due   cogn i -  

zance is g iven   to   the   geotechnica l   aspec ts   descr ibed   here .  
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3.5 Panama Canal  Slopes 

3.5.1 General 

It has  been  noted i n  p r e v i o u s   r e p o r t s   t h a t   t h e  Panama  Canal i s  

the closest   analogy  that   can be found i n  the l i t e r a t u r e   t o   t h e   p r o p o s e d  

excavat ion a t  Hat Creek  (Golder  Associates,  1978). The rocks are of com- 

pa rab le   s t r eng th  and pe rmeab i l i t y ;   t hey   a r e   ben ton i t i c   i n   pa r t ;   t hey  are 

s t r u c t u r a l l y   d i s t u r b e d ;  and t h e y   a r e   o v e r l a i n  by a v o l c a n i c   s e q u e n c e .  

Because of t h e  number of s1:ides that  have  developed i n  those  excavations 

both  during  construct ion and subsequently,  there  has  been much published 

on the  problem. A s  Golder  Associates had a p r o j e c t   i n  Panama i n   e a r l y  

1982,  one of the   au thors  of t h i s   r e p o r t  (G.E. Rawlings) was able   to   t ake  

advantage of that s i t u a t i o n   t o   v i s i t   t h e   c a n a l .  It was pa r t i cu la r ly   r e -  

quired to  compare the  mater ia ls   being  engineered on the  two p ro jec t s  and 

t o   s e e  if t h e r e  were techniques or approaches  being  used  in Panama which 

could  useful ly  be employed a t  Hat Creek. 

3.5.2 Material Descr ipt ion 

The g e n e r a l i z e d   s t r a t i g r a p h i c   s e q u e n c e  i s  shown on Tab le  2. 

S l ides   have   deve loped   w i th in   mos t  of t h e  s e d i m e n t a r y  or  tu f faceous  

sequences,   but  they are considerably more common i n   t h e   C u c a r a c h a   a n d  

Culebra  Formations.   Detailed  stratigraphic  sequences  for  those two for-  

mat ions  are  shown on Figure 20. The r o c k s   i n   t h e   c a n a l   c u t s  are now 

poorly  exposed  because  they weather so quickly; the v o l c a n i c   r o c k s  re- 

main as r e s i s t a n t   b l u f f s .  Co,res  were general ly   not   avai lable   and  would 

probably  have k e n   i n  a poor  condition  due  to  drying  out. The bes t  expo- 

su res  were t o  be found i n   t h o s e  areas cu r ren t ly   k ing   excava ted   (u sua l ly  

by sc rape r ) .   Sys t ema t i c   geo log ica l   desc r ip t ions   o f   t he  materials are 

general ly   lacking.  There is d i f f i c u l t y  i n  reconciling the d e s c r i p t i o n s  

made by d i f f e r e n t   p e o p l e   o v e r   t h e   l o n g   h i s t o r y   o f   t h e   c a n a l ;  Banks 

(1978) and Banks et  al (1975)  have t r i e d  t o  p i e c e   t o g e t h e r   t h e   v a r i o u s  

data.  
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(Andesitic  tuff and tuff  breccia) 

L A  BOCA  FORMATION 
(Tuffaceous  siltstone, sandstone, conglomerate, 

and limestone) 

CUCARACHA  FORMATION 
(Tuffaceous shale. siltstone. sandstone, and conglomerate) 

CULEBRA  FORMATION 
(Tuffaceous  siltstone, sandstone, conglomerate, 

and limestone) 

LAS CASCAOAS FORMATION 
(Dacitic tuff, tuff  breccia  and  welded  tuff,  and  andesite or dacile) 

BAS OBISPO FORMATION 
(Volcanic  conglomerate and breccia) 

(Soil and rock) 
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The role  of s t r u c t u r e  has been of par t icular   importance  to   engin-  

eers t r y i n g   t o  back-analyze the   fa i lures   a long   the   cana l .   S l ickens id ing  

i s  obviously  present at  some h o r i z o n s ,   b u t   a p p e a r s   t o  be  more common 

c lose r   t o  bounding fau l t s .   S l ickens id ing   can   a l so   deve lop  on sampl ing  

and care has   to  be t aken   i n   dea l ing   w i th   ma te r i a l s   fo r   t e s t ing .  

The few sequences  that  were seen  in   exposures  were h i g h l y   s t r a t i -  

f i e d  and bedding was the  predominant  discontinuity.  The s h a l e s  showed 

s t r o n g   f i s s i l i t y   i n   d i s t i n c t i o n   t o  the l a r g e l y   s t r u c t u r e l e s s   c l a y s t o n e s  

of Hat Creek.  According t o   t h e  Panama Canal Commission (PCC) personnel,  

these  sequences  could  be  regarded as t y p i c a l   o f   t h e   f o r m a t i o n s  as a 

whole. The sequences  appear  to  resemble the %uffaceous  sequences of the  

Eastern  Escarpment/Medicine  Creek  area  rather  than  the Hat C r e e k   b a s i n  

i tsel f .  

3.5.3 Ground Water 

Studies  on the ground water have been made t o  a l i m i t e d   e x t e n t   i n  

the  past .   Piezometr ic   data  has been obtained and  monitoring on a rout ine  

bas i s   has  been car r ied   ou t .  This has s ince  been d iscont inued .   Ground 

water con t ro l  has b e e n   a t t e m p t e d   p r i m a r i l y  by t h e   u s e  of h o r i z o n t a l  

d ra ins .  Its success was never   ent i re ly   proven and i t  has now been   d i s -  
continued. Lime i n j e c t i o n  is no longer   p rac t iced .   Curren t ly ,   there  i s  
no systematic   masurement  of ground water for   ana ly t ica l   purposes .  

3.5.4 S l o p e   S t a b i l i t y  

(a)  Panama Canal 

The assessment and con t ro l  of s l o p e   s t a b i l i t y  is now c a r r i e d   o u t  

on a pragmatic  basis.  Experience is that r a p i d   f a i l u r e s  do n o t   o c c u r ,  

and  hence m n i t o r i n g   t o  check on acce le ra t ing  movements i s  a s a t i s f a c -  

tory  procedure  providing that  the su rve i l l ance  is regular.  Simple,  cheap 

methods are preferred.  Poor-boy probes  and EDM survey  are   the  techniques 

r e l i e d  upon. 
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Drainage is  e s s e n t i a l  t o  t h e   s t a b i l i t y  of the   s lopes  (mean annual 

r a i n f a l l  i s  70 inches) .  The prevent ion of i ng res s  of water by means  of 

tab le   d ra ins   behind  the s lopes  and F r e n c h   d r a i n s   a c r o s s  the s l o p e s  i s  
prefer red .  

When acce le ra t ing  movements are i n d i c a t e d ,   s t a b i l i z a t i o n  is effec- 

ted  by means of unloading by excavation of the  upper  slopes. Few o t h e r  

sho r t  term methods a re   ava i l ab le .  It is  n o t   p o s s i b l e   t o   b a c k - a n a l y z e  

t h e s e   f a i l u r e s  with the   da ta  which i s  ava i lab le .  It must be recongnized, 

however, t h a t  many of the mt3st  t roublesome  areas   have  a l ready  been  cut  

back to   s t ab le   s lopes   ove r  .the  long  span of remedial  works on the   canal .  

The following comments a r e  made on t h e   g e o t e c h n i c a l   s u r v e i l l a n c e  

of the  Panama Canal  slopes: 

- PCC c u r r e n t l y  h a c ;  two separa te  teams cove r ing   t he   geo log ica l  

and geotechnical   aspects  of the  slopes.   This is u n d e s i r a b l e  

and   imprac t ica l ;   the  two d i s c i p l i n e s   s h o u l d   b e   i n t e g r a t e d  

i n t o  one opera t ion ;   the   gaps   in   the   da ta   p rove  this. 

- More s t r u c t u r a l   d a t a  i s  needed,  especially as i t  is consider- 

e d   t h a t   t h e   f a i l u r e  mode is  dependent on s t ruc tu re .  Geophy- 

s i c a l   s u r v e y   c o u l d   b e   u s e d   t o   d e f i n e   t h e   b r o a d   s t r u c t u r a l  

zones. 

- More p iezometers   a re   requi red   to   def ine  the piezometric  pres- 

s u r e s   i n   t h e   s l o p e s .  

- T e r r e s t r i a l  photogrammetry  could  be  employed f o r   m o n i t o r i n g  

and geotechnical  mapping. 

(b) Hat Creek 

The  movement monitoring  techniques  used on the  Panama Canal  could 

a l s o  be employed a t  Hat Creek. It is l i k e l y   t h a t  a p r a c t i c a l   p r a g m a t i c  

approach would u l t ima te ly  be used when the mechanisms of s l o p e   s t a b i l i t y  

are ful ly   understood.  Quick and cheap  methods are l i k e l y   t o  be neces-  

sary.  
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Drainage  has  already  been  identified as being  fundamental   to   the 

Hat Creek slopes.  However, due to   t he   l a rge   d i f f e rence   i n   p rec ip i t a t ion  

between  the two areas, the   ex ten t  of loca l   d ra ins   might   be  less a t  Hat 

Creek. 

The expe r i ence   a t  Panama of s l ides   be ing   s low-moving  i s  u s e f u l  

da t a   t o   app ly   t o  Hat Creek. This has been  suggested by Golder  Associates 

i n   t h e   p a s t  and by Professor  Rowe more recent ly ;  i t  is now subs tan t ia ted  

in p r a c t i c e  by the  Panama Cana l   ana logy .   However ,   s t ruc tu ra l   con t ro l  

would d i f f e r ;   t h e r e   a r e   l i k e l y   t o  be more c i r c u l a r   f a i l u r e s  at Hat  Creek. 

Whether l a r g e   s t r u c t u r a l l y   c o n t r o l l e d   s l i d e s  would a l so   occur  is an  open 

question;  with  our  present  knowledge, it would seem t o  be u n l i k e l y   b u t  

c lose   su rve i l l ance  would  be r equ i r ed   t o   ve r i fy   t h i s .  

In  summary, it can be s t a t e d   t h a t  our knowledge of the Hat Creek 

geotechnics is at l e a s t   a s  good as tha t  on the  Panama Canal, and i n  many 

respects (ground  water  for  example)  vastly better. Our knowledge of the 

g e o l o g i c a l   s t r u c t u r e   f o r   g e o t e c h n i c a l   a n a l y s i s   a t  Hat C r e e k   r e q u i r e s  

more c l a r i f i c a t i o n  which wi l l   on ly  be ava i l ab le  when l a r g e   e x c a v a t i o n s  

are made. However, s t ruc tur ' e  is not   the  dominant   feature   that  i t  i s  on 

the Panama Canal. 
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4.0 GROUND WATER 

4.1 Previous Work 

The 1977  and  1978  Golder Assoc ia tes '   geotechnica l   repor t s  on t h e  

Hat  Creek P ro jec t   p re sen ted   de t a i l s  of t he   ove ra l l   hydrogeo logy  of the 

Hat Creek  Valley.   Generally,   three  hydrogeological  units were recogniz- 

ed ,  the s u r f i c i a l   d e p o s i t s ,  the coa l ,  and the  Tertiary  sedimentary  rocks 

above  and below the coal.  Recent ground water e x p l o r a t i o n   a s s o c i a t e d  

w i t h   t h e   d r i l l i n g  of wel l s  f o r  cons t ruc t ion  water supply  purposes (Gol- 

der   Assoc ia tes  1982A) has   p rovided   addi t iona l   in format ion  on the   hydro-  

geology  of   the   sur f ic ia l   mat :e r ia l s   in   the  area of Hat  Creek  and  Marble 

Canyon. 

T h r e e   s u r f i c i a l   a q u i f e r s  were e n c o u n t e r e d   i n   t h e   M a r b l e  Canyon 

area; they were grouped  under the Marble Canyon Aqui fer   Sys tem  and  are 

bel ieved  to  be i s o l a t e d  from t h e   p i t  area. Near the   conf luence   o f   Ha t  

Creek and Houth  Creek a shal low  aquifer  (Hat Creek  Alluvial   Aquifer) was 
i d e n t i f i e d  by the   i nves t iga t ion ;  i t  is separated by a t h i c k   s i l t y   c l a y  

aquiclude from a deep  sand and g rave l   aqu i f e r  (Hat Creek   Aqu i fe r ) .  It 

i s  be l ieved   tha t   the  Hat Creek  Aquifer was a p r o b a b l e   e x t e n s i o n   o f   t h e  

B u r i e d   V a l l e y   A q u i f e r   i d e n t i f i e d   i n   t h e   1 9 7 8   r e p o r t   l o c a t e d   t o   t h e  

no r theas t  of the p i t .  

Further  ground water s t u d i e s  were undertaken  during  1982 i n  con- 
nect ion   wi th   the   d ivers ion   s tud ies .  Where a p p r o p r i a t e ,   t h e s e   r e s u l t s  

a r e   i nc luded   i n  this  report ,   but   they are a l so   cove red   i n  the r e p o r t  on 

the  Diversion  Study  (Golder  A:ssocia'tes,  October 1982B). 

4.1.1 Scope of Work 

In order   to   recons ider  the q u a n t i t y  of dra inage   in to  the proposed 

p i t  and cr i t i ca l ly   rev iew  da ta .   p rev ious ly   ob ta ined   the   fo l lowing   hydro-  

geo log ica l  work was car r ied   ou t :  

(1) Reassessment of ex is t ing   p iezometr ic  and permeabi l i ty   data  
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(2)  Evaluation of t he   hydrogeo log ica l   r eg ime   i n   t he   a r ea   t o   t he  

nor theas t  of t he   p i t   ( g l ac io - f luv ia l   channe l )  

(3)  Re-assessment of p i t   i n f l o w s  and dewatering  requirements. 

4.2 Reassessment  of  Existing  Data 

4.2.1 Piezometric  Levels 

Piezometers  to  monitor  ground water l e v e l   f l u c t u a t i o n s  were in- 

s t a l l e d   d u r i n g   t h e  hydrogeol!ogical f i e ld   i nves t iga t ion   be tween  1976 and 

1978. Regular  readings of ground  water  levels  have  since  been  recorded 

by BCH s t a f f  and submitted t:o Golder  Associates  for  processing. A t o t a l  

of 295 piezometers   (3/4- inch  diameter   s tandpipes   and  pneumatics)   have 

been  nmnitored  for the pas t  4 t o  5 y e a r s  with the  data   being  used manu- 

a l l y   t o   p l o t  ground  water  hydrographs.   In  order  to  facil i tate  manipula- 

t i o n  of the   resu l t s ,   Golder   Assoc ia tes  have  developed a computer s torage  

and r e t r i eva l   sys t em and p lo t t ing   rou t ine   to   p roduce   hydrographs  as re- 

quired.  Appendix D (Volume 2)  contains  computer  plots of these piezome- 

ter hydrographs. 

Analysis of the  ground water hydrographs  indicates  both  long-  and 

short-term  changes  in  ground  water  regime  at   the site. Areas of  ground 

water recharge (downward hydraul ic   g rad ien t )  and  ground water d i s c h a r g e  

(upwards  hydraulic  gradient)   can be iden t i e i ed .  The ground  water   f low 

p a t t e r n  in and around the p i t   a r e a   c a n   b e   d e t e r m i n e d   f r o m   t h e s e   p l o t s  

and has been  used i n  the assessment of p i t   in f lows .  

It was noted   tha t  many of t he   s t andp ipe   p i ezomete r s   i n s t a l l ed   i n  

low permeability  bedrock in  t h e  earlier d r i l l i n g  programs  had  not  stabi- 

l i z e d  with i n   s i t u  ground water pressures  due t o  the phenomena  of time 

lag  (Hvorslev,   1951).   For  the low permeability  bedrock at the Hat Creek 

s i te  (hydraul ic   conduct iv i ty  .L x t o  1 x  m/sec),  the time re- 

qu i r ed   fo r  up t o  90 pe r   cen t   equa l i za t ion  of water l e v e l s   f o r   3 / 4 - i n c h  

diameter   s tandpipes  is es t ima ted   t o  be up t o  6 y e a r s .   T h e r e f o r e ,   o n l y  

now are many of t h e   s t a n d p i p e   p i e z o m e t e r s   r e f l e c t i n g   t r u e   p i e z o m e t r i c  
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l e v e l s .  With this i n  mind,, it was necessary  to   prepare a revised  piezo- 

metric su r face  map f o r  bedrock  materials and s u r f i c i a l   d e p o s i t s   t o   i n d i -  

c a t e   t h e   d i r e c t i o n  and gradien t  of  ground water f low  in   t he   p i t  areas. 

The bedrock  piezomet:ric  surface map (Figure  21) is a combina t ion  

o f   da t a   f rom  wi th in   va r ious   l i t ho log ic   un i t s   and ,  as s u c h ,   r e p r e s e n t s  

only a generalized  two-dimensional  flow  pattern. The map does  not  indi- 

c a t e   t h e   v e r t i c a l  mvement of ground water t h a t  is o c c u r i n g   w i t h i n  re- 

charge  or  discharge  zones.   In  general ,   the map shows l i t t l e  change  from 

t h a t  produced for the Golder  Associates '  1978 Repor t ,   a l t hough  many of 

the  piezometers  have shown head  changes in   excess   o f  5 m o v e r   t h e  time 

period.  These are pr imari ly   piezometers   completed  in   l i thologies   with 

pe rmeab i l i t i e s  less than 1 x m/sec. The da ta  from the 1982  program 

for   the   d ivers ion   tunnel   (Golder   Assoc ia tes ,   1982B)   has   been   used   to  

prepare  contours   for   the east s i d e  of t he   p i t .  The contour map i n d i c a t e s  

a s t eep   hydrau l i c   g rad ien t   i n  this a r e a   b u t   t h i s  may be due t o   t h e   f a c t  

that   these  piezometers   are  s t i l l  s t a b i l i z i n g   f o l l o w i n g   i n s t a l l a t i o n   a n d  

do n o t   r e f l e c t   t h e   t r u e   i n   s i t u   p i e z o m e t r i c   e l e v a t i o n s .  

The p i ezomete r   i n  D:DH76-150, c o m p l e t e d   w i t h i n   t h e   s i l t s t o n e ,  

sandstone,   conglomerate   uni . t   (Tcl)   of   the   Coldwater   Formation  in   the 

a rea  of t he   no r thwes t   p i t   s lope  i s  reco rd ing   an   appa ren t ly   anomolous  
p iezometr ic   e leva t ion  of approximately  795 m. Analysis of the hydrograph 

f o r   t h i s   p i e z o m e t e r   i n d i c a t e s   t h a t   n e a r   s t a b i l i z a t i o n  of t he   g round  

w a t e r   l e v e l  has been  reached.  Piezometer RH77-61A-2, 100 m d i s t a n t  from 

DDN76-150, is i n d i c a t i n g  a piezometr ic   e levat ion of approximately  810 m. 
This  piezometer has no t   ye t   s t ab i l i zed  and appears   to  be approaching  the 

piezometr ic   level   recorded i n  DDH76-150. These p i e z o m e t r i c   e l e v a t i o n s  

a r e  some 60 t o   6 5  m below neighbouring  piezometers, RH77-61A-1 and 3 and 

DDH76-808-1. These  piezomet:ers are completed  within  the same s i l t s t o n e ,  

sandstone,  conglomerate  (Tcl.)  unit  but at  d i f f e r e n t   h o r i z o n s   a n d   i n d i -  

cate near   s tab i l ized   p iezometr ic   e leva t ions  between  859  and  872 m. 
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Geo log ica l ly ,   t h i s  area in   the   nor thwes t  of t h e   p i t  is u n d e r l a i n  

by a Tert iary  rock  sequence  that   d ips   eastward and is over la in   by  up t o  

50 m of overburden. The overburden i s  predominantly till and i s  under -  

l a in  by burn  zone material. It is c o n s i d e r e d   p o s s i b l e   t h a t   b u r n i n g   o f  

t he   coa l  at ou tc rop   r e su l t ed   i n   un load ing   o f   t he   unde r ly ing  material; 

the   r educ t ion   i n  normal  load is l i k e l y  to  have  produced  an expans ion  of 
the  material and an  immediate  decrease in   po re  water p r e s s u r e .  Due t o  

the  low hydrau l i c   conduc t iv i t i e s  of the  bedrock,  these  reduced  piezome- 

t r i c   p r e s s u r e s  have   no t   ye t   equa l i s ed   t o   t he   h ighe r   p re s su res   obse rved  

in  neighbouring  piezometers.  This could  be a p r a c t i c a l   e x a m p l e   o f  the 

process  which it i s  an t i c ipa t ed  would be c r u c i a l   t o   t h e   s t a b i l i t y  of the  

s lopes   ( see   Sec t ion  3.4.2). 

Figure 22 p resen t s  a contoured map of t he   p i ezomet r i c   su r f ace  of 

t h e   s u r f i c i a l  materials over   the mine si te,  inc luding   1982  da ta   and  in- 

formation from the  1981 cons t ruc t ion  water supply  program. It is seen 

tha t   t he   gene ra l   d i r ec t ion  of ground  water   f low  in   this  area i s  t o   t h e  

north-northwest   or   north  under  a h y d r a u l i c   g r a d i e n t   o f   a p p r o x i m a t e l y  

0.025. This f i g u r e  shows very l i t t l e  change  from the Golde r   Assoc ia t e s  

1978  Report. 

An examination of the  individual  piezometer  hydrographs (Appendix 

D) provides  the fo l lowing   conc lus ions   r ega rd ing   t he   sho r t - t e rm  g round  

wa te r   f l uc tua t ions  at  the Hat Creek site. 

(1) Bedrock  and  overburden  piezometers i n  the Medicine  Creek and Tra- 

chyte  Hills area show seasona l   f l uc tua t ions  of approximately 2 m. 

Highest  ground water leve ls   a re   recorded   in   June /Ju ly   wi th  lowest 
l e v e l s   i n   F e b r u a r y   t o  May. There is a rap id  rise i n  ground water 

l e v e l s ,   i n d i c a t i v e  of a r e l a t i v e l y   h i g h   p e r m e a b i l i t y   i n   t h e   e a r l y  

summer (per iod of ground water recharge)   probably  associated  with 

t h e  snow melt followed 'by a slow  decline  thoughout  the summer and 

autumn and winter,   due I:O release of ground  water  from  storage. 
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Shal low  piezometers   in   bedrock  in   the  north  central   area  of  the 
p i t   n e a r  Houth  Creek show a s i m i l a r   s e a s o n a l   v a r i a t i o n ,   w i t h  a 

l a t e   w i n t e r  minimum. and  spring/summer maximum. Indi rec t   recharge  
from Hat Creek d u r i n g   h i g h   f l o w s   a n d   r e c h a r g e   a s s o c i a t e d   w i t h  
snow melt is probably   respons ib le   for   the  rise i n  ground l e v e l s .  
Permeabi l i ty   t es t ing   in   these   p iezometers   ind ica tes  a r e l a t i v e l y  
high k of between 1 x t o  1 x m/sec. 

It was earlier r epor t ed   t ha t  a seasona l   f l uc tua t ion  of up t o  3 m 
was s e e n   i n  many piezometers. Closer examination of t h e   i n d i v i -  
dua l   hydrographs   revea ls   tha t   s tandpipe   p iezometers   comple ted   in  
low pe rmeab i l i t y   l i t ho log ie s   ( c l ays tones ,   s i l t s tones ,   and   coa l s ,  
k < 1 x m/sec)  have  not shown any s i g n i f i c a n t   f l u c t u a t i o n s  
over  the  5-year  monitoring  period.  Several  pneumatic  piezometers, 
comple t ed   w i th in   s imi l a r   l i t ho log ie s   have   i nd ica t ed  a s e a s o n a l  
f l uc tua t ion   i n   p i ezomet r i c   l eve l s  of between 0.5 and 3 m. However, 
with a reading   reso lu t ion  of +0.5 m ,  t h e i r   s e n s t i v i t y   t o   d e t e c t  
seasonal  changes is l imited.   Professor  Rowe considers  i t  poss ib le  
tha t   t he   s easona l   r e sponse   obse rved  may be d u e   t o   p r e s e n c e  of 
small permeable f ractures   within  the  bedrock  (see Appendix C). 

- 

A number of p iezometers   loca ted   e i ther   in   the  Houth Meadows area ,  
or nor th  of t he   p roposed   p i t ,  showed a s i g n i f i c a n t   d e c l i n e   i n  
ground  water  levels  during la te  summer 1981 (see  Table 3 ) .  During 
autumn 1981, some p:tezometers showed only   par t ia l   recovery ,  while 

o thers   cont inued   to   dec l ine  and as of spr ing   1982  none  of t h e s e  
piezometers had recovered  to   spr ing  1981  levels .  

The d e c l i n e   i n  ground water l e v e l s   i n   t h i s  area is  c o n s i d e r e d   t o  
be  due to   the pumping of Well PW1 (screened  within the Hat Creek 
Aquifer)  during July 1981 as p a r t  of the   cons t ruc t ion  water sup- 
ply program. The pump test da ta  and the  response of the  piezome- 
ters i n  Hat Creek and Houth Meadows provides  valuable  hydrogeolo- 
g i ca l   i n fo rma t ion   fo r   t he   unde r s t and ing  of t he   g round  water re- 
gime i n   t h e   s u r f i c i a l  and  bedrock materials t o  t h e   n o r t h   o f  the 
proposed  pit. 
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TABLE 3 

Summary of Piezometric  Data 
Hou.th Meadows/Hat Creek 

u 

w 

Piezometric Piezometric 

December 1981 
Piezometer Level  Level  Decline in 

No. June 1981 Water  Level Lithology 
(m) (m) (m) 

DDH76-813-1 840.8  831.0* 9.8 Sand  and gravel 
DDH77-829-1 846.7 842.1 4.6 Limestone 
DDH77-831-1 867.9  866.5 1.4 Limestone 
DDH77-834-1 840.7 
DDH77-835-1 840.4 
DDH77-835-1 841.1 

836.9 
836.3 
837.5 

3.8 Limestone 
4.1 Limestone 
3. 6 Silty  sand 

I 

w 
* Recorded in August 1981. 
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Figure  23 shows the wells d r i l l e d   i n   t h e   n o r t h e a s t  area, w h i l e  

Figures  24 and  28 show hydrogeo log ica l   c ros s - sec t ions   a long   t he  

Hat Creek v a l l e y   i n  the area of t h e   n o r t h e r n   p i t  r i m  and  Houth 

Meadows. Piezometr ic   information  both  before  and a f t e r  pumping of 

Well PWI, where ava i l ab le ,  i s  included on these  sect ions.   Figure 

29 shows contours o.n the   base  of t h e   s u r f i c i a l   d e p o s i t s   i n   t h e  

same area drawn on t he   bas i s  of t h e   d r i l l i n g  and geophysical  sur- 

vey. It is seen  th.st   during  the pre-pumping per iod,   the  piezome- 

t r ic  l e v e l   i n   t h e  H a t  Creek aqu i f e r  was above  ground s u r f a c e  re- 

s u l t i n g   i n   f l o w i n g   c o n d i t i o n s   i n  Wells OW4 and PW1. Well PW1 was 

pumped f o r  a per iod of e ight   days at  a r a t e  of 420 U.S. gpm (26.5 

l/s) and r e s u l t e d   i n  a drawdown of approximately 30 m i n   t h e  well 

and a drawdown of 1'3.5 m i n  OW4 a t  a rad ius  of 21.5 m. S t ab i l i za -  

t i o n  of water   l eve ls   wi th in  Wells PW1 and OW4 d id   no t   occu r   du r -  

ing   the  pump test. :Following the   ce s sa t ion  of pumping, both wells 

recovered  slowly  taking up t o  two weeks to   recover   to  90 per   cent  

of o r ig ina l   s t a t i c   wa te r   l eve l s .   P i ezomete r  DDH 76-813-1 i n s t a l -  

l ed   wi th in   sands  and gravels  approximately  350 m from PW1 indica-  

ted  a p iezometr ic   l eve l   in   the   middle  of August  1981,  9.8 m lower 

than   in   June  1981 (see  Table   3) .   Previous  years '   monitor ing (1977 

t o  1980)   had   no t   ind ica ted   any   s ign i f icant   f luc tua t ions  at  t h i s  

time of year.  Since pumping of Well PW1 ceased on Ju ly   28 th ,   the  

August reading i n  pf.ezometer DDH 76-83-1 reflects a par t ia l ly  re- 

covered  piezometr ic   level .  It is determined  from  distance/draw- 

down c a l c u l a t i o n s   t h a t  the maximum drawdown induced i n   t h i s   p i e -  

zometer  due t o   t h e  pumping of PW1 could  have  been  14 m. 

Piezometer DDH 76-8L4-2 located  approximately 750 m from Well PW1 

(see  Figures   23 and  24) showed l i t t l e  change  from  June  to  August, 

1981. It is est imated  f rom  dis tance/drawdown  calculat ions  that   i f  

th i s   p iezometer  had been  completed i n  material i n   d i r e c t   h y d r a u -  

l i c  connect ion  to   the well, a drawdown response  of   approximately 

8 m would  have  been r eco rded .  It is  c o n s i d e r e d   t h a t  a d i r e c t  

hydrau l i c   connec t ion   be tween   t he   s ands   and   g rave l s   p re sen t  in 
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borehole DDH 76-814 and t h e  Hat Creek  aquifer  does  not exis t .  A 
r e l a t i v e l y  impermeable l aye r  of s i l t y  s a n d   a n d   c l a y   d e t e c t e d   i n  
borehole DDH 76-813 (see   F igure  24) l i k e l y   r e s t r i c t s  movement  of 
ground  water  between the two zones. 

Piezometer DDH 76-814-1 i s  l o c a t e d  i n  t h e   s i l t s t o n e / s a n d s t o n e  
Coldwater  Formation  (Tcl). The water l e v e l   i n   t h i s   p i e z o m e t e r  
h a s   d e c l i n e d   s i n c e   i n s t a l l a t i o n  i n  1977, dec l in ing   approx ima te ly  
0.5 m from  June  to  August 1981. The decl ine  f rom  June  to   August  
1981 is not   considered  due  to   the pumping of Well PW1, but  due t o  
s t a b i l i z a t i o n  of t h e   p i e z o m e t e r  water l e v e l   w i t h  the i n  s i t u  
ground water p res su res   fo l lowing   i n s t . a l l a t ion   ( s ee   g round  water 
hydrographs i n  Appendix D). 

During la te   1981/ear ly   1982,   the water l e v e l   i n   p i e z o m e t e r  DDH 

76-813-1 recovered  to  approximately 80 per   cen t  of the pre-pump- 
ing   l eve l .  A t  th is ,  time, Well OW4 was flowing at  between  20  and 
30 U.S. gpm (1.3 t o  1.9 l/s) a t  the   su r f ace  due t o  a drawdown  of 
approximately 3 m at t h e  well head. Well PW1 was no t   f l owing  a t  

the   su r f ace   due   t o   t he   i n s t a l l a t ion  of above  ground  casing. It is 
ca l cu la t ed   t ha t   t he   na tu ra l   ove r f low of Well OW4 would r e s u l t   i n  
a drawdown  of approximately 2.8 m at  a rad ius  of 350 m ,  based on 
the   t ransmiss iv i ty   ob ta ined  from the   ea r ly  pump test da ta  of Well 
PW1. This would therefore   account   for   the  less than   fu l l   r ecove ry  
of the water l eve l   i n   p i ezomete r  DDH 76-813-1. Bas ing  t h e  same 

c a l c u l a t i o n  on t h e   t r a n s m i s s i v i t y   o b t a i n e d   f r o m   t h e  l a t e r  pump 
test da ta  from Well. PW1, a minimal drawdown would have  been  indu- 
ced by the  overflow of Well OW4. I n   t h i s   c a s e ,  the less t h a n   f u l l  
recovery of the  water l e v e l  cou ld   be   due   t o   r emova l   o f   g round  
water from storage, .  The slow rate of recovery of b o t h  Well PW1 
and OW4 fol lowing pump t e s t i n g   i n d i c a t e s  a l i m i t e d   r e c h a r g e   t o  
t h i s   a q u i f e r .  

Figure 25 p resen t s  a hydrogeologica l   sec t ion   approximate ly  west 
t o  east from  Houth Meadows to  Hat Creek. It is seen   t ha t   t he  pump 
t e s t ing   i n f luenced   p i ezomet r i c   l eve l s   w i th in  the s u r f i c i a l s   a n d  
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limestone  bedrock :in this  area.  The  earliest  available  water  lev- 

el  readings  followfhg  pump  testing  are  for  December 1981, some 5 

months  after  pumping had ceased,  see  Table 3. These  water  levels 

probably  represent  partially  recovered  piezometric  levels. The 

response  of  piezometers  within  both  the  silty  sand  and limestone 

bedrock  indicates I I  hydraulic  connection  between  these zones and 

the  Hat  Creek  aquifer.  Piezometric  levels  within  the silty  sand 

and  limestone  have  not  fully  recovered  to  the  pre-pump test  lev- 

els  reflecting  the  slow  rate  of  recharge  to both units and  con- 

tinual  overflow  from Well OW4. It  is recommended that further 

testing  and  more  widespread  monitoring  should  be  carried  out  when 
a  permanent  pump  ia  installed  in  Well  PW1  to  assess  the regional 

drawdown  within  the  Hat  Creek Aquifer  and limestone underlying 

Houth  Meadows. 

4.2.2 Permeability  Data 

As a  result  of  the  non-equalization of water  levels  in standpipe 
piezometers  completed  in  low  permeability  materials,  it  was  necessary  to 

re-evaluate  some  of  the  permeability  tests  detailed  in  the 1978 report. 

It was  found  that  earlier  analyses had assumed stabilized  ground water 
levels  which  have  not  been.  substantiated  by  the subsequent  monitoring. 
The  currently  recorded  levels  are in many  cases  lower  than  the  projected 
equilibrium  levels.  Following  a  check  of al.1 permeability tests  previ- 

ously  carried  out,  it  was  seen  that  a  total  of 17 of  the  rising  and  fal- 

ling  head  permeability  tests  required  re-analysis. For this  re-analysis, 

the  currently  recorded  ground  water  level  was  taken  where  it  was  consid- 

ered  that  it  represented  the  stabilized  ground  water  level.  Where  it  was 

considered  that  stabilization  had  not  been  reached, then the projected 

stabilized  ground  water  level  was  used  in  the  analysis.  The  remainder of 

the  permeability  data  collected  during previous  programs  does not re- 
quire  re-analysis and is  considered representative of the lithologies 

tested.  The  revised  estimates  of  hydraulic  conductivities for  the  bed- 

rock  materials  are  used  to  assess  ground  water  inflow  into  the proposed 

pits  (see  Sections 4.4 and 4.5). 
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The re-analysis  included  data  from  piezometers  located  in  various 

l i t h o l o g i c   u n i t s ,  inc1udin.g: 

i) Medicine  Creek  'Formation - (upper   s i l t s tone /c lays tone  - Tcu) 

i i )  Hat  Creek CoalFormation - (A-zone s i l t s t o n e  and c o a l  - Tcc) 

iii) Coldwater  Forma.tion - (lower  si l tstone-sandstone-conglomerate 

- Tcl)  

iv)  Coldwater  Formation - (conglomerate - Tcol) 

The data was analysed  according  to   the  Hvorslev method. The re- 

s u l t s  of the   cur ren t   re -ana lys i s ,   toge ther   wi th   the   p rev ious ly   ca lcu la-  

ted   va lues  of hydraul ic   conduct iv i ty  are presented   in   Table  4 .  

In general ,   the   reassessment  of the  permeabi l i ty  test data   resul-  

t e d   i n  a calcuated  hydraul ic   conduct ivi ty  one t o  two orders  of magnitude 

lower  than  the 1978 estimates.   Table 5 p re sen t s  a summary  of all f a l l i n g  

head tests ca r r i ed   ou t  on lxdrock  uni ts   a t   the   Hat   Creek site, including 

those  obtained from the re-analysis.   In  general ,   there  does  not  appear 

t o  be a s i g n i f i c a n t  change i n   t h e   o v e r a l l  median value of hydraul ic  con- 

d u c t i v i t y   f o r   e a c h   l i t h o l o g i c   u n i t  compared with  the 1978 r epor t .  

4.3  Data  Acquired  from 11982 Program 

4.3.1 Glacio-fluvial  Channel 

A north-south  t rending  glacio-f luvial   channel  was i d e n t i f i e d   i n  

the 1978 r epor t   a s   be ing   p re sen t ,   unde r ly ing   t he   no r theas t  area of t h e  

proposed  pit .  A drawing  presented  in   the 1978 repor t   (Drawing  2 "Con- 

t o u r s  on t h e  Base of the Sur f i c i a l   Depos i t s " )   i nd ica t ed  a deep  but   wide 

'low' i n  the top of the bedrock  surface,   extending  north-south wi th  the 

valley  deepening  northward. The th ickness  of s u r f i c i a l  material w i t h i n  

t h i s  zone was proved t o  be at  least 180 m ( b o r e h o l e  DDH 78-870).  The 

ma te r i a l  was ident i f ied   as   in te rbedded   grave l ,   sand  and silt. T i l l s  were 

o f t e n  shown t o  be present   a t   the   base of the  buried  val ley.   Fal l ing head 

permeabi l i ty  tests c a r r i e d   o u t   i n  DDH 78-870 i n d i c a t e d   t h e   h y d r a u l i c  

conduct iv i ty  of the  material to   range between 1.2 x m/sec and  5.7 x 

10-9 m/sec. 
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TABLE 4 

Summary of Hydraulic  Conductivity  Re-analysis 

Piezometer 
No. 

Hydraulic  Conductivity  (m/sec) 
Li thologic   Uni t  1978 Report  Recalculation 

Medicine  Creek  Formation: 

DDH78-870-1 
DDH78-867-1 

Clayey  Siltstone  (Tcu) 
Clayey  S:Lltstone  (Tcu) 

DDH77-846-1 
DDH77-843-1 Sandstone  (Tcu) 

Sanstone  (Tcu) 
DDH76-815-1 S i l t s t o n e  (Tcu) 

Hat Creek  Coal  Formation: 

DDH77-236-1 Sandstone 
A-Coal (Tcc) 

A-Coal (Tcc) 
Claystone 

- 

DDH77-256-1 

Coldwater  Formation: 

DDH76-150-1 

DDH77-240-1 

DDH78-865-2 

DDH78-865-3 

DDH77-842-1 
DDH77-851-1 
DDH77-849-2 
DDH77-849-1 
DDH78-868-1 

Sandstone 
S i l t s t o n e   ( T c l )  
Sandstone 
S i l t s t o n e   ( T c l )  
Si l ts tone,   Sandstone 
Conglomerate  (Tcl) 
Sands tone, 
S i l t s t o n e   ( T c l )  
Conglomerate  (Tcol) 
Conglomerate  (Tcol) 
Sandstone  (Tcs) 
Conglomerate  (Tco2) 
Sandstone 
S i l t s t o n e  

Cache Creek  Formation: 

DDH78-858-1 Sandstone! 

1.0 x 10-12 
1.9 x 10-11 

1.1 x 10-10 
1.8 x 

1.5 x 

1.4 x 

8.8 x 

4.5 x 10-9 

No ana lys i s  

3.7 x 10-10 

1.3 x 

1.4 x 10-10 

3.4 x 10-11 

3.7 x 10-10 

3.8 x 

8.5 x 

8.7 x 

9.3 x 10-13 
8.8 x 

4.1 x 
1.6 x 

4.0 x 

2.8 x 

4.8 x 

8.9 x 10-13 

1.0 x 10-12 

4.6 x 

4.9 x 10-12 

2.6  x 
1.5 x 
4.4 x 10-12 
7.4 x 10-13 
1.3 x 

1.0 x 10-11 



TABLE 5 

Summary of Results of Falling  Head  Tests on Bedrock  Units 

Lithologic  Number  Hydraulic  Conductivity  Range  (m/sec) 
Unit of Tests  From  To  Median  Value 

Medicine  Creek  Formation: 

Upper  Siltstone 
Claystone  (Tcu) 

Hat  Creek  Formation: 

A Zone  Siltstone 
and  Coal  (Tcc) 

B  Zone  Coal  (Tcc) 

and  Coal  (Tcc) 
C  Zone  Siltstone 

D Zone  Coal  (Tcc) 

Coldwater  Formation: 

Lower  Siltstone-Sandstone 
Conglomerate  (Tcl) 

Conglomerate  (Tcol) 

Cache  Creek  Formation: 

Limestone 

Greenstone 

Tertiary  Basalt 

1 '7 

!5 

3 

1 3 

1 :I 

8.8 x 10-13 

2.8 x 

2.0 x 10-7 

3.0 x 

5.0 x 

1 ti 9.0 x 10-13 

4 2.6 x 

7 1.2 x 10-9 

5; 4.0 x 

5' 2.3 x 

1.0 x 10-6 

2.6 x 

5.0 x 10-7 

3.0 x 

1.0 x 10-6 

1.0 x 10-7 

1.3 x 10-10 

1.0 x 10-4 

5.0 x 10-7 

1.8 x 10-6 

4.0 x 10-11 

3.0 x 

4.0 x 10-7 

1.4 x 

6.0 x 

3.0 x 10-l1 

5.0 x 

3.0 x 

1.8 x 10-7 

7.0 x 10-9 



December,  1982  33 822-1524 

Subsequent well d r i l l i n g   f o r   t h e   C o n s t r u c t i o n  Camp Water  Supply 

i n  1981 i d e n t i f i e d  a sandy  gravel  aquifer (Hat Creek  Aquifer)  up  to 45 m 

th i ck   i n   bo reho les  PW1 and OW4 i n  Hat Creek v a l l e y   t o   t h e   n o r t h   o f   t h e  

proposed  pi t .   This   aquifer  was encountered at  a p p r o x i m a t e l y   e l e v a t i o n  

770 m but was not   fu l ly   pene t ra ted .  The boreholes were both   sc reened   in  

t h i s   a q u i f e r  and pump test .ed a t  r a t e s  of  between  113 t o  420 U.S .  gpm 

(7.1  and 26.45 11s). FoUowing the pump t e s t i n g   o f  Wells PW1 and  OW4, 

i t  was sugges t ed   t ha t   fu r the r   i nves t iga t ion  be car r ied   ou t  on the  ground 

water regime i n   t h i s  area to   ascer ta in   whether   there   could   be   any   ad-  

verse  ground  water  impact on t h e  open p i t   (Golder   Assoc ia tes  1982A) as a 
r e s u l t  of the  presence of t ha t   aqu i f e r .  

The 1982 ground water inves t iga t ion  program was t h u s   d e s i g n e d   t o  

provide a m r e   d e f i n i t i v e   u n d e r s t a n d i n g  of hydrogeological  conditions  to 

the   nor th  and nor theas t  of the  proposed  pit .  A s taged program cons is t ing  

of geophysical  surveys,  well d r i l l i n g  and analysis   of   ground  water   hy-  

drographs  (see  Sect ion 4.2.1) was undertaken  to  define  both  the  geometry 

of t h i s   a q u i f e r  and the   po ten t i a l  g round   wa te r   i n f low  in to   t he   p i t .  A 

geophysical  survey,  conducted by Geo-Physi-Con was run on t h e   n o r t h   a n d  

e a s t  sides of the proposed p i t   t o   d e f i n e   t h e   e x t e n t  of t he   g l ac io f luv ia l  

channel   and  to   a id   in   the  locat ion of b o r e h o l e s   d e s i g n e d   t o   i n t e r s e c t  a 

maximum thickness  of overburden. The r e s u l t s  of the   geophys ica l   survey  

have  already  been  presented  separately t o  BCH (Geo-Physi-Con, 1982). 

The d r i l l i n g  program fol lowing  the Geo-Physi-Con geophysical  sur- 

vey was planned so t h a t  if d r i l l i n g   i d e n t i f i e d   s i g n i f i c a n t   g r o u n d  water 
f lows,  well screens  could be i n s t a l l e d   i n  the boreholes and the  complet- 

ed wells pump tes ted .  The d r i l l i n g  of two boreholes was c a r r i e d   o u t  by 

Drillwell Enterprises  Ltd.   of  Duncan, B.C. ,  under  the s u p e r v i s i o n  of 

Golder  Associates  during  June 1982. The boreholes were loca ted   c lose   to  

t h e   n o r t h e a s t   p i t  rim as shown on Figure  23  and  were  dri l led by the air- 
r o t a r y  method.  Both boreholes were s t a r t e d  in 254- (10-inch)  diameter, 

then  reduced  to 203-mm (8-inch)  diameter  at 42.8 m (140 f t ) .   S o i l  sam- 

p l e s  or rock   cu t t i ngs  were col lec ted   every  3 m (10 f t )   f o r   d e s c r i p t i o n .  

Golder Associates 
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Borehole RH 82-102 was d r i l l e d   t o  a t o t a l   dep th   o f   201 .3  m (660 

f t )  and  encountered  bedrock at  190.8 m (626 f t) .  Borehole RH 82-103 was 

d r i l l e d   t o  189.0 m (620 f t )   w i t h   b e d r o c k   e n c o u n t e r e d  a t  175.6 m (576 

f t ) .   In   bo th   boreholes ,   bedrock  was i d e n t i f i e d   a s  a c l a y e y   s i l t s t o n e .  

The s u r f i c i a l   d e p o s i t s   c o n s i s t e d  of s i l t y  sand  and  gravel  with  layers of 

s i l t  and c lay .   Immedia te ly   over ly ing   bedrock   in   bo th   boreholes  was a 
dense   c l ayey   s i l t y   s and  and grave l  till. The two boreholes are both  lo- 

c a t e d   i n   t h e   v i c i n i t y  of borehole DDH 78-870 d r i l l e d   i n  an ear l ie r  pro- 

gram. The log  from th i s   bo reho le   i nd ica t e s  a similar sequence  t o  t h a t  

proved i n   t h e  two boreholes   d r i l l ed   th i s   year .   F igure  28  shows a hydro- 

g e o l o g i c a l   c r o s s   s e c t i o n   i n   t h i s  area of t h e   p i t .  

A s  no s i g n i f i c a n t  ground  water   f lows  or   highly  permeable   zones 

were e n c o u n t e r e d   d u r i n g   d r i l l i n g ,   t h e   b o r e h o l e s  were c o m p l e t e d   w i t h  

s tandpipe  piezometers   ra ther   than well s c r e e n s ;  no d e p o s i t s   w o r t h y   o f  

screening and pump t e s t i n g  were found. One piezometer was i n s t a l l e d   i n  

RH 82-102 and two i n  RH 82-103. The p i e z o m e t e r s   c o n s i s t e d  of a 1.2-m 

(4- f t )   long ,  25-mm (1-inch)   diameter   s lot ted PVC t i p   a t t a c h e d   t o  a 19-mm 

(3/4-inch)  diameter PVC standpipe.  Gravel was used as a f i l t e r   a r o u n d  

t h e   t i p s  and a s   b a c k f i l l  between  piezometer   locat ions.   Bentoni te   seals  

were u s e d   t o   i s o l a t e   t h e   p i e z o m e t e r s   i n   d i f f e r e n t   z o n e s   i n   t h e   b o r e -  

holes.  

Hydraul ic   conduct iv i ty   t es t ing  was ca r r i ed   ou t  in  p iezometers  RH 

82-102-1 and RH 82-103-1 i n  September  1982. No t e s t i n g  was c a r r i e d  o u t  

i n  RH 82-103-2 s i n c e  this piezometer was blocked  1.6 m be low  the   su r -  

face .  The cause of the  blockage is unknown. P r i o r   t o   t e s t i n g ,  piezome- 

t e r s  were moni tored   per iodica l ly   in   o rder   to   de te rmine   s tab i l ized   p iezo-  

metric l eve l s .  The tes t ing   involved   pour ing  a s l u g  of water down t h e  

s tandpipes  and  monitoring  'the  decay of water l e v e l s   u n t i l   a p p r o x i m a t e l y  

80  per  cent of the  excess   head  had  diss ipated.  The d a t a  was a n a l y s e d  

accord ing   to   the  method described  in  Hvorslev  (1951).  

Golder Associates 
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Analysis of the   da t .3   ind ica tes   the   hydraul ic   conduct iv i ty   o f   the  
tes ted   mater ia l ,   p redominant ly   s i l ty   sand  and g r a v e l ,   t o  be between 9 x 
IO-' m/sec and 10 x mlsec. Table 6 summarizes t h e   d e t a i l s  of the  
t e s t i n g .  

The logs  of the  boreholes  and d e t a i l s  of the   p iezometer   ins ta l la -  
t i o n s   a r e   i n c l u d e d   i n  Appendix E. 

The r e s u l t s  of the  geophysical  and hydrogeological   invest igat ions 
c a r r i e d   o u t   i n   t h e   n o r t h  an.d n o r t h e a s t   a r e a s  of t h e   p i t  now p r o v i d e  a 
more de ta i led   unders tanding  of geology  and  ground w a t e r   r e g i m e   i n   t h i s  
area.  It is seen that t h e   g l a c i o f l u v i a l   c h a n n e l   d e e p e n s   n o r t h w a r d s   i n  
t h i s  area of t h e   p i t  and then   appea r s   t o   swing   no r th -nor thwes t   t o  co- 
alesce wi th  a second  bedrock  channel in  t h e  area o f   t he   con f luence   o f  
Houth  Creek and Hat Creek (see Figure  29) .   In   the  area of the nor theas t  
p i t  rim, d r i l l i n g   h a s  prove,d  up t o  190 m of overburden.   Dri l l ing  in   the 
Hat  Creek  Valley,  north of t he   p i t ,   d id   no t   fu l ly   pene t r a t e  the overbur- 
den; a thickness  of at least  116.7 m (PW1) being  proved. The geophysical 
survey   ind ica ted  an  overburden  thickness of a t  l e a s t  120 m i n   t h e  area 
of Well PWI. 

The overburden i n f i l l h g   t h e  two channels i s  s e e n   t o  be   o f   d i f -  
fering  composition. In t he   a r ea  of t he   no r theas t   p i t   s lope ,   ove rburden  
i s  p r i n c i p a l l y  a s i l t y  sand and g r a v e l   w i t h   o c c a s i o n a l   l e n s e s   o f   s i l t y  
clay. Overlying  bedrock,  boreholes DDH 78-870, RH 82-102 and RH 82-103 
i d e n t i f i e d  a till laye r   ( c l ayey   s i l t y   s and  and g rave l )   be tween  4 . 9  and 
15.8 m th ick .  The s u r f i c i a l   s i l t y  sand  and  gravel  can be t r a c e d   n o r t h -  
wards  from  the p i t  and appears  to  pinch  out and g rade   i n to  a s i l t y   c l a y  
with  thin  f ine  sand  laminae.  The s i l t y   c l ay   w i th   f i ne   s and  is underlain 
by coarse  sand  and  gravel (H,at Creek  Aquifer) composed predominant ly   of  
limestone  fragments. It is cons idered   tha t  the coarser   mater ia l   found at  
depth i n  the Hat Creek Valley is p robab ly   de r ived   f rom  e ros ion   o f  the 

l imes tone   a rea   to  the west of the p i t ,  whereas the s i l t y  sand and grave l  
ma te r i a l s   p re sen t  in  the nor theas t   p i t   s lope   p robab ly  are the r e s u l t  of 
e ros ion  of weaker volcanic   outcrops  to   the  eas ' t  of t h e   p i t .  

'Golder Associates 
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TABLE 6 

Pll Summary of Hydraulic  Conductivity  Testing, 1982 Program 

u 
G:Z::>:Ek Gravel Pack Conductivity 

Piezometer Ti me Diameter of Hydraulic 

( secs )  (m) (mlsec) 
w 

RH82-102-1 2.3 0.203 9 x 10-7 

id RH82-103-1 215 3.6 0.203 2 x 10-7 
1 I 

Y 



d 
December, 1982 36 822-1524 

J 

/ 

. w  

rl 

as, 

PJ 

rol 

ir) 

From the   ev idence   ava i lab le ,  it appea r s   t ha t   t he  Hat Creek  sand 
and g rave l   aqu i f e r  is of l imi t ed   ex ten t  and pinches  out as it approaches 
Houth Meadows and the northern  edge of the p i t .  The aqu i fe r  is ove r l a in  
i n  H a t  Creek by a thick  layer   (up  to   60 m) o f   i m p e r m e a b l e   s i l t y   c l a y .  
Recharge t o  the Hat Creek aqu i f e r  i s  l imi t ed  and a p p e a r s   t o  be p r i n c i -  
pally  derived  from downward leakage  from the s i l t y   s a n d  and  upward leak- 
age  from the l imestone i n  the Houth Meadows area. The pump test has sig-  
n i f ican t ly   impacted   the   p iezometr ic   l eve l   wi th in   th i s   aqui fe r   s ince  mon- 
i t o r i n g   i n d i c a t e s   t h a t   r e c o v e r y   t o  pre-pumping l e v e l s  has yet  to  occur.  

S u r f i c i a l   m a t e r i a l s   t h a t  will be  exposed i n   t h e   p i t   s l o p e s   t o   t h e  
no r th  and no r theas t  of t h e   p i t   a r e   p r i n c i p a l l y   s i l t y   s a n d s  and g r a v e l s ,  

interbedded  c lays ,  silts and f ine   s ands  and basa l  tills ( s e e   F i g u r e s  2 6  
and  27).  Evidence  from t h e  two b o r e h o l e s   d r i l l e d   i n   t h e   1 9 8 2   p r o g r a m  
(RH 82-102 and RH 82-103) ind ica tes   tha t   the   overburden   mater ia l s   in   the  
no r theas t   p i t   a r e   no t   l i ke ly   t o   y i e ld   l a rge   quan t i t i e s  of ground  water .  
Hydraul ic   conduct ivi t ies   determined  f rom  fal l ing head tests a re   be tween  
9 x m/sec and 1 x m/sec f o r   s i l t y  sand and gravel.  Recharge 
t o   t h e s e   m a t e r i a l s  is p r o b a b l y   v i a   i n f i l t r a t i o n  of p r e c i p i t a t i o n  on t h e  
e a s t e r n   s l o p e s  of the   va l ley  and seepage  from  the  underlying  bedrock. 

An unusual  feature  has  been  noticed in  t h e  two b o r e h o l e s   d r i l l e d  
i n  t h e   n o r t h e a s t   p i t   a r e a :  a flow of air o r   gas   i n t e rmi t t en t ly   emana te s  
from  the  casing  annulus  around the piezometers. An a n a l y s i s  (B. D u t t ,  
personal  communication) shows t h a t  it is composed pr imari ly  of CO2 with  
some minor c o n s t i t u e n t s ;   t h e r e  i s  no ind ica t ion  of  methane. It i s  be- 

l i e v e d   t h a t  it r e s u l t s  from  flow  through  air-permeable  material   from a 
zone of h ighe r   ex t e rna l   p ros su re   e i the r   h ighe r  or lower on t h e   h i l l s i d e  
to   t he   exp lo ra to ry   we l l .  It could be expected  to  have a p a t t e r n  of diur-  
ua l   va r i a t ion .  It i n d i c a t e s  a p e r m e a b l e   p a t h w a y   t h r o u g h   t h e   g l a c i a l  
depos i t s .  

4.4 2240 Mw P i t  
4.4.1 Pi t   Inf lows  

The p rev ious ly   de t a i l ed   hydrogeo log ica l   work   has   p rov ided   t he  
framework fo r   t he   c r i t i ca l   r ea s ses smen t  of the quan t i ty  of ground water 
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dra in ing   in to   the   p roposed   p i t .  Ground water inf lows   would   be   der ived  
from  the  bedrock materials exposed i n   t h e   p i t   s l o p e s   a n d   t h e   o v e r l y i n g  
s u r f i c i a l  materials. 

4.4.2 Bedrock  Inflows 

The re-evaluation of t he   pe rmeab i l i t y   da t a   fo r   t he   bed rock   un i t s  
i n d i c a t e s   t h a t   t h e  median h y d r a u l i c   c o n d u c t i v i t i e s   o f   t h e   b e d r o c k   t h a t  
would be exposed in   t he   p i t :   s lopes  would range  between 4 x m/sec 
and 3 x 10-11 m/sec.  Based on these   va lues ,  i t  is c a l c u l a t e d   t h a t  ground 
water   in f low  for   the   f ina l  35-year p i t  might  range  between 1.7 x 10-1 
m3/sec and 1.25 x 10-5 m3/s,ec. The f igure  for   bedrock  inf low of 1.7 x 

m3/sec  presented  in   the 1978 r e p o r t  was considered  the  average am- 
t i c ipa t ed   i n f low  fo r   t he  358-year p i t .  It is considered  that   the  bedrock 
inf lows would a t t a i n   t h e  upper bound i n f l o w   q u a n t i t i e s  on a long- te rm 
basis ,   but   for   design  purposes  i t  would  be advisable   to  select a sys t em 
to   hand le   t h i s   quan t i ty  of ground water inflow. 

Dur ing   t he   l i f e  of the p i t ,  bedrock  inflows would inc rease   t o   t he  
maximum quan t i ty   i nd ica t ed  above.  Table 7 presents   ranges of an t i c ipa t ed  
bedrock  inflows  for  interim.  pits   based on the  range of bedrock  hydraulic 
conduct iv i ty   p rev ious ly   s ta ted .  

TABLE 7 
Anticipated Bedrock Ground  Water Inflow - 2240 MW P i t  

Year Inflow m3/s 

Maximum  Minimum 
5 

15 
1.8 x 10"' 
6.0 x 

1.35 x 

25  1.3 x 10-1 
4.55 x 10-6 

35 1.7 x 10-1 
1.00 x 10-5 
1.25 x 10-5 

4.4.3 Sur f i c i a l   In f lows  

In   the   nor theas t   a re .a  of t h e   p i t ,   o v e r b u r d e n   e x p o s e d   i n   t h e   p i t  
s lopes  would be p r inc ipa l ly   g ranu la r  material inc luding   sand ,   g rave l  and 

Y 
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some s i l t y   c l a y .  A till layer up to   15 m t h i c k  is present  at  the  base of 

t h e   s u r f i c i a l s .  The sa tura ted   th ickness  of t h e   o v e r l y i n g   u n i t s   ( s i l t y  

sand  and  gravel) i s  estimated  as  between  35  and 40 m. From i n   s i t u   p e r -  

meab i l i t y   t e s t ing ,   hydrau l i c   conduc t iv i ty  of these un i t s   r ange  between 9 

x loe7 t o  6 x mjsec.  :he  ground  water  table  presently  slopes  gently 

to  the  northwest  under a gradien t  of 0.025, but a r e v e r s a l   i n   f l o w   d i r -  

e c t i o n  would occur when t h e   p i t  is opened up with  ground  water  flow  dir- 

ected  toward  the  pit .  It j.s c a l c u l a t e d   t h a t   t h e  ground  water   inf low  to  

the u l t i m a t e   p i t  might  reach a maximum of 1.8 x lob3 m3/sec a f t e r  35 

y e a r s   f r o m   t h e   s u r f i c i a l   s e d i m e n t s   t o   t h e   n o r t h   a n d   n o r t h e a s t   o f   t h e  

pi t .   Steady state inf lows   assoc ia ted   wi th   the   in te r im  p i t s  are shown on 

Table 8. These ca l cu la t ions  are based on a hydraul ic   conduct iv i ty   va lue  

of 1 ~ 1 0 - ~  m/sec and represent  maximum anticipated  f lows. 

TABLE 8 

Anticipated Ground Water  Inflows From S u r f i c i a l  
Sediments t o  North  and  Northeast - 2240 MW P i t  

5 
15 

35 
25 

4.0 x 10-5 
5.8 x 10-4 
1.8 x 10-3 
1.8 x 10-3 

The replacement of t h e  Hat Creek Diversion  Canal by a p ipe l ine  or 

a l i ned   t unne l  would reduce  the  estimated  ground  water  f low  derived  from 

s u r f i c i a l   s e d i m e n t s   t o  the e a s t  of the p i t  from  the  1978 estimate. It is 

es t ima ted   t ha t  ground water in f lows   i n to   t he  35-year p i t  would be reduc- 

from 9.6 x m3/sec as   nepor ted   in  1978 t o  5 x m3/sec. Table 9 

summarizes   the  calculated  s teady-state   inf lows  associated  with  the  in-  

terim p i t s .  It is  an t i c ipa t ( ed   t ha t   s t eady   s t a t e   i n f lows   t o   t he   p i t  would 

n o t   i n c r e a s e   a f t e r  25 y e a r s   s i n c e   t h e   c o n f i g u r a t i o n   o f   t h e   p i t   w i t h i n  

t h e   s u r f i c i a l s   t o  the east ,of the p i t  shows l i t t l e  c h a n g e   a f t e r  t h i s  

time . 
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TABLE 9 

Anticipated Ground Water  Inflows From S u r f i c i a l  
Mater ia l s  To East  of P i t  - 2240 Mw Scheme 

Year Inflow m3/s 

5 
15 
25 
35 

- 
1.2 x 10-5 
1.0 x 10-3 
5.0 x 10-3 
5.0 x 10-3 

To the   nor th  of t he   p i t ,   t he   sha l low Hat C r e e k   a l l u v i a l   a q u i f e r  

would be cut  by the p i t .  This aqu i f e r  would : i n i t i a l l y   d r a i n   i n t o   t h e   p i t  

a t  an  es t imated 1 x 10-3 m9/sec,   but   this   quant i ty  would decl ine  with 

time as   the   aqui fe r   d ra ins   nor thward .  The deep Hat Creek aqu i f e r  is not 

an t i c ipa t ed   t o   p rov ide  ground water in f low  in to   t he   p i t  due t o  i t s  l i m -  

i t ed   ex ten t .   In f low  to   the   south  of t h e   p i t  would show no change  from 

the   va lue   g iven   i n   t he  1978 Report  (4.5 x m3/sec)  and is not con- 

s ide red   t o   va ry   w i th  time. To t h e   w e s t   o f   t h e   p r o p o s e d   p i t ,   g r o u n d  

water inflow would show  on1.y small increases   with time from an estimated 

1 x m3/sec a f t e r  5 yea r s   t o  5 x m3/sec a f t e r  35 years .   Total  

s u r f i c i a l  g round  water   in f1 .o~   to   the   p i t  of 5.7 x m3/sec is a n t i c i -  

pa ted   for   the  35-year  devel.opment. 

A summary of the  average  ant ic ipated  ground  water   inf low f o r  t h e  

2240 MW P i t  is shown  on Fig:ure 30. This f i g u r e  was i n i t i a l l y   p r e s e n t e d  

i n   t h e  1978 report   but   has   been  a l tered  to   depict   the  better understand- 

ing  of t he   su r f i c i a l   s ed imen t s   t o   t he   no r th  and nor theas t  of the  propos- 

ed   p i t .  

It must be emphasized t h a t   i n   s p i t e  of c o n s i d e r a b l e   i n f o r m a t i o n  

obtained at  t h e  Hat Creek s i te ,  t h e r e  are s t i l l  u n c e r t a i n t i e s   r e g a r d i n g  

the   hydrogeo log ica l   cha rac t e r i s t i c s  of the  bedrock and overburden mater- 

ials;  t h i s  i s  only t o  be expected at  th i s   s t age   w i th   such   complex   geo -  

logy. In this  l i g h t ,  a range of an t i c ipa t ed  ground water in f lows   r a the r  
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than   ave rage   quan i t i t i e s  has been  presented f o r  bedrock  inflows. It i s  

a n t i c i p a t e d  that short-lived  ground water inf lows i n  e x c e s s  of a v e r a g e  

q u a n t i t i e s  are l ike ly   t o   occu r .  These short- l ived  inf lows are l i k e l y   t o  

be the r e s u l t  of the opening up of f a u l t s ,  more permeable  zones within a 

coal  sequence or the   presence of small permeable g r a v e l   p o c k e t s   w i t h i n  

the   ove rburden   no t   de t ec t ed .   du r ing   d r i l l i ng   and   pe rmeab i l i t y   t e s t ing .  

These  short-l ived  higher  inflows  might  result   in a g r e a t e r   q u a n t i t y   o f  

ground  water  entering  the F l i t  i n s t a n t a n e o u s l y   t h a n   a n t i c i p a t e d   i n   t h e  

dewatering  design. In o rde r   t o   coun te rac t   t hese   occas iona l   h ighe r   i n -  

f lows,   considerat ion must  be g i v e n   t o   s i z i n g   t h e   f a c i l i t i e s   t o   d e a l   w i t h  

these   even tua l i t i e s .  However, both  sedimentation and l eacha te  ponds are 

capable of s taged   increases   in  size. It is recommended tha t   t he   h igh  end 

of the  ranges of an t ic ipa ted   f lows  be  used and the  the  f lows be monitor- 

e d   i n   t h e   e a r l y   y e a r s   t o  check aga ins t   the   des ign   s torages .  The p i t  it- 

self could  act  as a sump where very   shor t   dura t ion  excess flows  could be 

s tored ,   thus   avoid ing   overs iz ing  pumps unnecessar i ly .  

4.4.4 Dewatering 

Previous  sect ions of t h i s   r e p o r t  have i d e n t i f i e d   a r e a s  of the  Hat 

Creek Coal P ro jec t  where a d , d i t i o n a l   h y d r o g e o l o g i c a l   d a t a   h a s   b e e n  ob- 

ta ined  during  the 1982 inve is t iga t ion .   In   th i s   sec t ion ,   the   reca lcu la ted  

average  anticipated  ground water in f lows   de t a i l ed   i n   Sec t ions  4.4.2 and 

4.4.3 are used  to  determine  the  dewatering  requirements for t h e   p i t .  

In  general ,  the quan t i ty  of ground water r equ i r ing  pumping is only 

s l i g h t l y  lower  than  that   presented  in   the 1978 repor t .  A flow  chart   in- 

dicat ing  dewater ing  requirements  and mine seepage  for  the 2240 MW P i t  is 

shown on Figure 30. I f   t h i s   s y s t e m  were a d o p t e d ,   t h e   e s t i m a t e d   s t e a d y  

state pumping from wells around the f i n a l   p i t   p e r i m e t e r  (2240 MW Scheme) 

would be 1.16 x m3/sec, A l imi ted   p ropor t ion  of ground  water would 

escape  the  dewatering  system and en te r   t he   p i t .   Th i s   quan t i ty  is estima- 

ted  as 7.4 x m3/sec and  would require   handl ing by in p i t   d r a i n s  and 

sumps. 
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The changes made to   t he  1978 dewater ing  design  are   pr imari ly  rela- 

ted  to   the  handl ing of ground  water   in f lows   f rom  sur f ic ia l   sed iments   to  

the nor th  and no r theas t  of the p i t .  The hydrogeo log ica l   d r i l l i ng  program 

c a r r i e d   o u t   i n   t h i s   a r e a   i d e n t i f i e d   s e d i m e n t s  of r e l a t i v e l y  low permeab- 

i l i t y   t h a t  were unsui tab le   for   sc reening  and pump t e s t i n g .   T h e r e f o r e ,  

the   use  of wells to  control.  ground water inf lows   f rom  th i s   a rea  i s  con- 

s ide red   unsu i t ab le  and  infl.ows would requi re   handl ing   v ia   in -p i t   sumps .  

Inflows  derived  from the H a t  Creek a l l u v i a l   a q u i f e r  from the nor th  would 

a l s o  be allowed  to  seep  int:o  the  pit  as wells a re   cons ide red   unsu i t ab le  

due  to   the  l imited  depth of t h i s   a q u i f e r  and the   f ac t   t ha t   i n f lows   f rom 

t h i s   d i r e c t i o n  would dec l ine   wi th  time due to  natural   drainage  northward 

of t he   aqu i f e r .  A cont ingency  for  some wells  should  nonetheless be made 

i n  the cost ing.  

To t h e   e a s t  of the  pi t ,   the   replacement  of the  Hat  Creek  Diversion 

Canal by a pipel ine  during  the  operat ional   phases   for   both schemes  would 

reduce  the  ground  water  inflows  presented  in  the  1978  report by approxi- 

mately  50  per  cent. No con t r ibu t ion  would  be  provided by the  recommended 

diversion  arrangement. The 1978 r e p o r t   i n d i c a t e s   t h a t   t h e   a n t i c i p a t e d  

ground  water  inflow  could be handled by a series of wells around  the  pi t  

perimeter.  In t h e   l i g h t  of t h e   h y d r o g e o l o g i c a l   i n v e s t i g a t i o n s   t o   t h e  

no r theas t  of t h e   p i t ,  wells might  not now be s u i t a b l e  as a means  of  de- 

watering.  Since no addi t ional   hydrogeological   information is a v a i l a b l e  

i n   t h i s   a r e a ,   t h e  wells presented   in   F igure  30 a r e   t e n t a t i v e .   F u r t h e r  

explora tory   wel l   d r i l l ing   could  be car r ied   ou t   dur ing   ear ly   cons t ruc t ion  

t o   t h e  east of t h e   p i t   t o  examine, i n  more d e t a i l ,   t h e   s u i t a b i l i t y   o f  

the  overburden materials fo r   s c reen ing  and well completion.  Assuming a 

well dewatering  system were f e a s i b l e ,   a n   a l l o w a n c e   h a s   b e e n  made f o r  

e i g h t  200- diameter wells spaced at  approximately  200 m centres .  

For  the areas to   the   south  and west of t h e   p i t ,   a n t i c i p a t e d  ground 

water inflow and necessary  dewatering  requirements  remain unchanged  from 

the 1978 r epor t .  The da ta  has been  re-evaluated  but i n  the absence  of  

more d e t a i l ,   t h e r e  is no j u s t i f i c a t i o n   f o r   r e v i s i n g   t h e  earlier p r e d i c -  

t i ons .  
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4.5 800 MW P i t  

4.5.1 P i t   I n f l o w s  

Ground water inflows; into  the  proposed  800 MW p i t  have  been cal- 

culated  based on similar hydrogeological  parameters  to  the  inflow  calcu- 

l a t i o n   f o r   t h e  2240 MW p i t .  Overall, inflows  to  the  800 MW p i t  are re- 

duced  due t o   s h a l l o w e r   d e p t h s   o f   p i t   a n d  less  exposure  of s u r f i c i a l  

ma te r i a l s   t o   t he   ea s t  and west of t he   p i t .  

Ground wa te r   i n f lows   t o   t he   u l t ima te   p i t   de r ived  from  bedrock a re  

a n t i c i p a t e d   t o   r a n g e  betwee.n 3.2 x m3/sec and  2.4 x m3/sec. 

Average  ground  water  inflows  from  bedrock  are  calculated as 1.7 x 
m3/sec. It is considered  prudent   to   base a dewatering  design on the 

h ighe r   f i gu re   s ince  mst of the   mater ia l   exposed   in   the   p i t   faces   would  

be coa l   wi th  a r e l a t ive ly   h ighe r   hydrau l i c   conduc t iv i ty   t han   t he  s i l t -  

s tones  and claystones.  Ground water   inf lows  der ived  f rom  bedrock  have 

a l s o  been calculated  based on interim  pit   developments.   This is presen- 

t e d  i n  Table 10. 

TABLE 10 

Anticipated Bedrock Ground Water Inflows - 800 MW P i t  

Year Maximum  Minimum 

m3/sec - 
5 3.0 x 10-3 2.7 x 10-7 

35 3.2 x 10-2 
1.2 x 10-6 

15  8.4 x 10-3 6.3 x 10-7 
25 1.6 x 10-2 

2.4 x 10-6 

Y 

Ground water inflow from the s u r f i c i a l   s e d i m e n t s  is a l s o   r e d u c e d  

due to   t he   p i t   con f igu ra t ion .  The shallow Hat  Creek a l l u v i a l   a q u i f e r  i s  

expected  to  provide 1.0 x m3/s in f low  to   t he   p i t .  This inflow would 

dec l ine   wi th   t ime as the  aquifer   drains   natural ly   northward.   Inf low from 

the   su r f i c i a l   s ed imen t s   t o   t he   no r th  and nor theas t   o f   the   p i t   would   be  

l i m i t e d   s i n c e  mst of t he   s a tu ra t ed  materials exposed a r e   a n t i c i p a t e d   t o  
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be t i l ls  and interbedded cl.ay, s i l ts  and f i n e  sands. Ground water inflow 
from t h i s   a r e a  is ca l cu la t ed   t o  be a maximum of 5.6 x m3/sec into 
the   u l t ima te   p i t .   I n f low from t h e   e a s t e r n   p i t   s l o p e s  i s  c a l c u l a t e d   t o  
be a maximum  of 2 x m3/s i n t o  the u l t ima te   p i t .  

To the   sou th  of t h e   p i t ,   t h e   a n t i c i p a t e d   g r o u n d   w a t e r   i n f l o w  
would not  be reduced  from t:he estimate provided   for   the  2240 Mw p i t  (see 
Sec t ion  4.4.3). This i s  ca, lculated as 4.5 x m3/sec. However, i n  
the smaller  scheme, the d ivers ion  dam f o r  the pipel ine  intake  would  be 
much c l o s e r   t o   t h e   p i t  and seepage  control  wells have   been   a l lowed   fo r  
a t  t h e  downstream t o e  of t h i s   s t r u c t u r e .  

On t h e   w e s t e r n   p i t   s l o p e s ,   t h e   s l i d e  zone would no t   be , in t e rcep t -  
ed by the   p i t   excavat ion  and in f low  wou ld   be   p r inc ipa l ly   de r ived   f rom 
t h e   s u r f i c i a l  materials. It is ca lcu la ted   tha t   in f lows  from th is   source  
would reach a maximum of 7 'x m3/s  after 35  years. 

Tota l  ground water inflow from s u r f i c i a l  materials s u r r o u n d i n g  
the  800 MW p i t  i s ,  therefom,   es t imated   to  be 3.4 x m/sec by the 35 
y e a r   p i t  development. 

4.5.2 Dewatering 

The dewatering  requirements  for  the 800 MW p i t   a r e   c o n s i d e r a b l y  
reduced  from the 2240 Mw pit: scheme. Much l o w e r   q u a n t i t i e s  of  ground 
water inf low  a re   an t ic ipa ted  as presented on the  mine seepage and  dewat- 
e r ing   f low  char t  (see Figure  31). Wells would only be r e q u i r e d   f o r   t h e  
s u r f i c i a l   m a t e r i a l s   s o u t h  of t h e   p i t  and f o r   t h e   b e d r o c k   w i t h i n   t h e   p i t  
area due t o   t h e  low in f low  quan t i t i e s .  It is e s t i m a t e d   t h a t   t h e   t o t a l  
quan t i ty  of water pumped from s u r f i c i a l s  would be 3.1 x m3/sec with 
t o t a l   s e e p a g e   i n t o   t h e   p i t   f r o m   t h e   s u r f i c i a l  materials of 3.4 x 

m3/sec.  Ground water inflow from  bedrock  seepage would require   handl ing 
e i t h e r  via e l l s ,  dra ins   o r  sumps. It would  be n e c e s s a r y   t o   i n t e r c e p t  
as much ground water as poss ib le   before  i t  e n t e r s   t h e   p i t   t o   m a x i m i z e  

the quan t i ty  of water which would not r e q u i r e  treatment. 
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5 . 0  FURTHER WORK REQUIRED - 

A t  the  time of wr i t i ng  (December 1982), the  Hat  Creek  Project  has 

been  placed on hold  and no f u r t h e r  programs are p lanned   in   the   foresee-  

ab le   fu tu re .  However, the Hat Creek coa l   depos i t s  are a major   resource 

and the re  can be no doubt t ha t   t hey  will eventua l ly  be e x p l o i t e d  by  one 

means or  another. 

There are many geotechnical  areas which  require   the  col lect ion of 

more da t a  and fur ther   analysis   with  possible   consequent   implicat ions  for  

design. However, it is now f e l t   t h a t   s u c h   f u r t h e r  work would be inappro- 

p r i a t e   u n t i l  a major  excavation i s  u n d e r t a k e n   f r o m   w h i c h   i n   s i t u   d a t a  

could be obtained on t h e  low p e r m e a b i l i t y   c l a y s t o n e s   a n d   s i l t s t o n e s .  

This  could be p a r t  of t h e   i n i t i a l   e x c a v a t i o n s   f o r   t h e   p r o j e c t   f o r  i t  

would su re ly  be cos t ly .  However, t he re  would be c o n s i d e r a b l e   i n t e r e s t  

i n   be ing   ab le   t o   ca r ry   ou t  some developmental work aspects  such as s lope  

monitor ing,   depressurizat ion and s l o p e   d r a i n a g e   p r i o r   t o   t h e   i n i t i a t i o n  

of t he   p ro j ec t .  

Professor  Rowe has recommended (see Appendix C) t h a t   l a r g e   d i a -  

meter samples  should be  obta.ined on which de ta i led   sophis t ica ted   l abora-  

t o ry   t e s t ing   cou ld  be c a r r i e d   o u t .  These s a m p l e s   w o u l d   a l s o   b e   b e s t  

obtained from major e x c a v a t i o n s   b u t   c o n s i d e r a t i o n   c o u l d  be g i v e n   t o  

ob ta in ing  them from a d i t s  or l a r g e   d i a m e t e r   a u g e r   h o l e s   p r i o r   t o   t h e  

commencement of the   p ro jec t .  

When the p ro jec t  is revived,  these aspec t s   shou ld   be   cons ide red  

along with the proposed  schedules. 

Golder Associates 



Y 

December,  1982 45 822-1524 

6.0 REFERENCES 

YI 

Y 

r) 

*II 

Y 

i 

J 

Y 

BANKS, D.C. et  a l ,  1975.  Study of Clay Sha le   S lopes   A long   t he  Panama 
Canal,  Report 3. Eng inee r ing   Ana lyses  of S l i d e s   a n d   S t r e n g t h  

Report S-70-9, U.S. Army Engineers,  Waterways Station,  Vicksburg, 
P rope r t i e s  of C lay   Sha le s   A long   t he   Ga i l l a rd   Cu t .   Techn ica l  

Miss. 

BANKS, D.C., 1978.  Study of Clay  Shale  Slopes  Along  the  Panama  Canal, 
Supplemental  Report. A R e a n a l y s i s   o f   t h e   E a s t   C u l e b r a   S l i d e ,  
Panama Cana l .   Techn ica l   Repor t  5-70-9, U.S. Army E n g i n e e r s ,  
Waterways Station,  Vicksburg, Miss. 

GEO-PHYSI-CON, 1982. Geophysical  Survey, Hat Creek   Coal   Pro jec t ,   June  
1982. 

GOLDER ASSOCIATES, 1977.   Repor t   to  B.C. Hydro  and  Power A u t h o r i t y ,  
Report No. 6 ,  Hat Creek Geotechnical  Study - Fina l   Repor t ,  March 
1977. 

GOLDER ASSOCIATES, 1978.  Hat  Creek P r o j e c t .   P r e l i m i n a r y   E n g i n e e r i n g  
Work - Geotechnical  Study. 1917178 F ina l   Repor t .  7101. 1 t o  6 ,  
December 1978,  Report No. V77363lV78338. 

GOLDER ASSOCIATES, 1982(A).  Report t o  B.C. Hydro and Power Authori ty  on 
Hat  Creek Construct ion Water Supply ,   Br i t i sh   Columbia .   January  
1982,  Report No. 812-1507. 

GOLDER ASSOCIATES, 1982(B).  Hat  Creek P r o j e c t ,   D i v e r s i o n   S t u d y ,   F i n a l  
Report, Review of D ive r s ion   A l t e rna t ives   fo r   800  MW and  2240 MW 
Schemes,  October 1982.  Vol. 1 and 2.  Report No. 822-1523B. 

HVORSLEV, M.J. ,  1951. Time Lag  and S o i l   P e r m e a b i l i t y   i n  Ground Water 
O b s e r v a t i o n s .   B u l l e t i n  No. 36 ,   Waterways   Exper iment   S ta t ion  
Corps of Engineers, 1J.S. Army, Vicksburg,  Mississippi.  

KAISER, MACKEY, and MORGENSTERN, 1982. In   press .  

NEWMARK, N.M., 1965. F i f t h  Rankine  Lecture - E f f e c t s  of Ear thquakes  on 
Dams and Embankments. Geotechnique Val.  15, pp 139-160. 

SARMA, S.K., 1973. Stabi1it :y  Analysis of Embankments and Slopes .  Geo- 
technique Vol. 23,  pp 423-444. 

Golder Associates 





&. E ~ E-. g L L E. t E 6 L I L I L c. s a. L 

FIGURE 2 

A C T I V I T I E S  PLANNED FOR 2240 $IW SCHEME 
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E/81/2049 

November 16th,  1981 

Dr. G.F. Lange, P.  Eng. 
Di rec tor  of Mining 
Thermal Div is ion  

P.O.  Box 12121 
B.C. Hydro and Power Authority 

555  West Has t ings   S t ree t  
Vancouver, B.C. 
V6B 4T6 

Re: Hat Creek P ro jec t  
Seismic  Design  Cri ter ia  

Dear S i r :  

T h i s   l e t t e r  summarizes o u r   f i n d i n g s  on p s e u d o - s t a t i c   s t a b i l i t y  
analyses  of major  waste dump s l i d e s  under  earthquake  loadings as s u g g e s t e d  

The objec t  of the  analyses  was to   provide Klohn  Leonoff  with  an i n d i c a t i o n  
i n   o u r  let ter of October  Sth,  1981, and l a t e r   v e r b a l l y   a u t h o r i z e d  by  you. 

of the   sens i t iv i ty   wi th   respec t   to   hor izonta l   ear thquake   acce le ra t ions .  

a cr i t ical  sect ion  through  the  south  abutment ,  see Figure 1 a t tached .   The  
We analyzed  the  Medicine  Creek waste dump on what is bel ieved  to  be 

maximum volume dump was analyzed,  al though I r e a l i z e   t h a t  your  present min- 
ing   p lan  calls f o r  a small-er  (and  therefore less c r i t i c a l )  dump in Medicine 

m. The sect ion  analyzed is shown on F i g u r e  2. The s l i p   s u r f a c e   p a s s e s  
Creek. Our a n a l y s i s  is for a r e t a i n i n g  embankment crest e l e v a t i o n  of 1200 

through  the  c lay  waste   a t   the   base of the  dump and  emerges  downhill  through 
the  foundat ions of the r e t a i n i n g  embankment. The input   s t rength  parameters  
for   the   c lay   was te   a re   as   g iven  on Figure l:l of   our   1978  report  Volume 1, 
and t h e   s t r e n g t h  of the  foundations  been  approximated by 0'=30  degrees, C ' =  
0. These l a t t e r   p a r a m e t e r s   r e p r e s e n t   p o s t - p e a k   s t r e n g t h   c o n d i t i o n s ,   a l -  
though I would l i k e   t o   c o n f i r m   t h e   r e s u l t s   f o r  tests car r ied   ou t  a t  h i g h e r  
normal s t r e s s e s   t h a n  we te.sted  previously.  We s h a l l   b e   w r i t i n g   t o  you i n  
tha t   connec t ion   i n  a s e p a r a t e  l e t t e r .  The a n a l y s i s  was computed  using 
Sarma's method (Geotechnique,  1973, No. 3).  The r e s u l t s   a r e  as follows: 

( a )  The lowest s ta t ic  f a c t o r  of s a fe ty  was 2.45. A m a s s i v e   s l i p  
invo lv ing   t he  whole of the  waste was more c r i t i c a l   t h a n  a 
smaller s l i p .  

(b) A f a c t o r  of s a f e t y  of 1.0 was reached   a t  a seismic c o e f f i c i -  
e n t  of 0.13, i.e. a hor izonta l   ear thquake   acce le ra t ion  of 13  
per   cen t   g rav i ty .  

GOLDER ASSOCIATES(WESTERNCANADA)LTD. -2ZIWEST8TH AVENUE,  VANCOUVER, BRITISH COLUMOIA,  CANADAVSY 1N5.  TELEPHONE(~4)879-9266.  TELEXM-M88W 
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As s t a t e d  by Terzag'hi  and later confirmed by Seed i n  his Rankine 
lecture  (Geotechnique,  1979, No. 3 ) ,  pseudo-static  analyses are a p p l i c -  
a b l e   f o r   s o i l   c o n d i t i o n s  where l a rge   po re   wa te r   p re s su res  do n o t   b u i l d  
up  and s u b s t a n t i a l   s t r e n g t h   l o s s e s  do not   occur   during  ear thquake  shak-  
ing.   Provided  that   the   waste   re ta ining embankments are properly  drained,  

a l lowed  for   in   the   foundat ion   rocks  by input ing  post-peak s t r eng th  para- 
these   condi t ions  will be s a t i s f i e d  at  Hat  Creek: s t r eng th  l o s s   h a s  been 

meters .   Seed  concludes  that   g iven  these  condi t ions  computed  displace-  
ments, f a r  most earthquakes  producing  embankment crest  a c c e l e r a t i o n s  
less than 0.75 g ,  will be a c c e p t a b l e .   S e e d   f u r t h e r   c o n c l u d e s   t h a t   t o  
ensure  acceptably  small  embankment d i sp l acemen t s ,   one   can   des ign   fo r  a 
f a c t o r  of s a f e t y  of 1.15, and the  fol lowing  design criteria: 

Magnitude 
Earthquake  Seismic  Design 

Coeff ic ien t  

6.5 
8.25 

0.10 
0.15 

- 

Referr ing  to   Figure  2 ,   you w i l l  s e   t h a t   f o r   a n   F S = 1 . 1 5 ,   t h e  

p a r a b l e   t o  an ear thquake  magni tude  just   in   excess  of 6.5. 
se i smic   des ign   coef f ic ien t   tha t   can  be t o l e r a t e d  is 0.11,  which i s  com- 

The quest ion  that   should be d i r ec t ed   t o   K lohn   Loenof f ,   t he re -  
f o r e ,  is whether  the maximum credib le   ear thquake   a t  Hat  Creek is much i n  
excess of 6.5. I f  it i s  no t ,   t he   ana lys i s  need  be c a r r i e d  no f u r t h e r ;   i f  
it i s  we should  perhaps  carry  out a more detai led  displacement   analysis .  

By copy of t h i s  l e t t e r  we are reques t ing   K lohn   Leonof f ' s   bes t  
es t imate  of the maximum credible   ear thquake.  

Yours  very  truly, 

GOLDER ASSOCIATES 

6 z  L"2 
N.A. Skermer, P. Eng. 

NAS/sek 
812-1543 

cc: Mr. R.G. Charlwood 
Klohn Leonoff  Ltd. 

Golder Associates 
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Ju ly   30 th ,  1982 

B.C. Hydro 
P.O.  Box 12121 
555 West Has t ings   S t r ee t  
Vancouver, B.C. 
V6B  4T6 

ATTENTION: Dr. G.F. Lange 
Director   of  WL* 

Re: Hat Creek P ro jec t  
800 MW P i t  __ 

Dear S i r :  

below our  recommendations f o r   p i t   s l o p e   d e s i g n   c r i t e r i a  and mine dewatering 
Fur the r   t o  our m e t i n g s  of J u l y   1 2 t h   t o  1 6 t h ,  1982, we summarize 

f o r  the proposed  alternati .ve 800 MW P i t .  The f i n a l   p i t   o u t l i n e  of the  pro- 
posed 800 MW is shown at tached.  

P i t   S lope   Des ign   Cr i t e r i a  

We have  re-examined i n  some d e t a i l   t h e   s t r e n g t h  test d a t a   t h a t  we 
u s e d   t o   a r r i v e  at  the   des ign   s lope   angles   g iven   in  our r epor t  - “ P r e l i m i n -  
ary  Engineering Work - Geotechnical  Study 1977 t o  1978“  (Golder  Associates, 
December 1978). The s lope  angles  recommended then were as follows: 

Sur f i c i a l   depos i t s   (o the r  than s l ide   deb r i s )   25”  
S l ide   deb r i s  16’ 
Coal 25O 
Medicine  Creek & Coldwater - Tcu and T c l  20” 

2000 MW P i t  and the  proposed  800 MW P i t ,   excep t  that s l o p e s  which l i e  en- 
Bas i ca l ly  we f e e l   t h a t   t h e s e  c r i t e r i a  r e m a i n   v a l i d   f o r   b o t h  the 

t i r e l y  in coal  and are   reasonably  wel l   drained,   could  probably be des igned  
a t  30  degrees.   This  condition would apply along t h e   s o u t h  wall where   t he  
coal   plunges  to  the south.  This  improvement is p a r t i a l l y  as a r e s u l t  of 
our  re-evaluation of t he   s t r eng th  of the   coa l   (a l though  fur ther  tests would 
need t o  be done on t h e  coal. f o r  f i n a l   d e s i g n ) .  I t  a l so  r e s u l t s   f r o m   t h e  
smaller s lope  height .  The 800 MW P i t  bottom is at e leva t ion  730 m compared 
t o  640 m f o r   t h e   o r i g i n a l  200 MW Scheme. 

GOLDER  ASSOCIATES(  WESTERN  CANADA)LTD. * 224 WESTBTHAVENLIE.  VANCOUVER. BRITISHCOLUMBIA, CANADAV5Y lNS.TELEPHONEI~)879-9266. TELEXCd”88MI 
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Applicat ion of t h e  above c r i t e r i a   t o   t h e   2 0 0 0  MW P i t   r e s u l t e d  

mentioned  report. Many of t h e   f i n a l   p i t   s l o p e s  were i n   C o l d w a t e r   a n d  
i n   t h e  recommended p i t   s l o p e   a n g l e s  shown on F i g u r e   1 2   o f   t h e   a b o v e  

Medicine  Creek  Formations. The r e su l t i ng   s lope   ang le  was 20 degrees.  

i n  coa l .  A s u b s t a n t i a l   t h i c k n e s s  of coa l  would o v e r l i e  the s i l t s t o n e s  
The 800 MW P i t  is d i f f e r e n t .  The f i n a l   s l o p e s   a r e   i n   g e n e r a l  

and claystones,   and i t  w o u l d   o f f e r  much i m p r o v e d   t o e   s u p p o r t   t o   t h e  
s l o p e s .  The s l o p e s   w o u l d   i n t e r c e p t  l i t t l e  of the Upper S i l t s t o n e  
(Medicine  Creek)  Formation. L i t t l e  or  no s l i d e   d e b r i s  would  be i n t e r -  

angles  could be designed f o r  a uniform 25 degree angle. 
cepted. As a r e s u l t ,  we are   recommending  that  t h e   o v e r a l l   p i t   s l o p e  

In a more ref ined  design,  it would  be n e c e s s a r y   t o   f l a t t e n   t h e  
s lope  on the  northwest   sect ,or   to  20 degrees ,   s ince   in   tha t   corner  of the 
p i t   t h e   f i n a l   s l o p e  be i n  Lower Claystone/Si l ts tone.  On t he   o the r   hand  
on the   south   wal l  of the  pi . t   the   angle   could be increased   to  30 degrees.  
Hence an  average  for  pre1im:inary  feasibil i ty  purposes of 25 d e g r e e s  a l l  
round is  probably  valid.  

The same dynamic s l o p e   c r i t e r i a ,  shown on Figure 16 of our 1978 
r e p o r t ,  would apply  to  the  proposed 800 MW P i t .  

The 800 MW P i t   shou ld   be   excava ted  i n  s u c h  a manner t ha t  it 
would not  preclude  excavation of the  2000 MW P i t  u t i l i z i n g   t h e   c o n c e p t  
of dep res su r i za t ion  by excavation. 

Dewatering Wells 

f o r  61 w e l l s   i n  t h e   s u r f i c i a l s  around  the  pi t   per imeter  and i n   t h e   s l i d e  
For the 2000 MW Scheme reported i n  1978, an allowance was made 

areas, 20 wells i n   t h e   c o a l  and 10   addi t iona l   observa t ion   wel l s .  

The 800 MW P i t  would no t   i n t e rcep t  the s l i d e  zones   and   there-  
f o r e  20 wells al lowed  for  i n  those areas could be el iminated.   Since  the 
800 MW P i t  is smaller, we would allow f o r  only  15 wells in the   coal .  The 
10 observa t ion  wells should be re ta ined .  

We would s u g g e s t   t h e r e f o r e   t h a t   y o u   a l l o w   f o r  a t o t a l  of 66 
w e l l s   i n   t h e  800 MW P i t .  

Yours  very  truly, 

GOLDER ASSOCIATES 

NAS/bjh 
822-1549 

Encl. 

Golder Associates 

N.A. Skermer, P. Eng. 
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PROFESSOR P. W. ROWE 
osc., F.I.O.E. 

YOUR REF E/82/964 

STYPERSON HOUSE, 
ADLINGTON, 

MACCLESFIELD,' 

S K I 0  4 J X .  

CHESHIRE, 

TEL: 0625 72170- 

4 Sept. 1982 

Messrs Golder Associ.ates,  (Western Canada ) Ltd, 
224 West 8th Avenue, 
Vancouver. 

V ~ Y  1 ~ 5  
British Columbia. 

Dear Sirs, 

Hat Creek Project. 

I have pleasure in enclosing my report on aspects of this site 
investigation and I tio hope that you may find  something in it 
constructive  towards any future work you may be called upon 
to  undertake. Also on instruction  from Mr. Skermer I enclose 
an account of fees and expenses  and  trust you find  these in 
order. 

I enjoyed the visit to Vancouver  immensely and regard it as a 
privilege  to have had the  opportunity  to discuss aspects of this 
major project with you. I understand  that  progress is likely  to 
be deferred during the recession but it may be that  this  period 
will be seen as a chance for you to extend your detailed 
research prior to the commencement of mining operations. 

Yours faithfully, 



PROFESSOR P. W. ROWE 
D.5C.. F.I.S.E. 

STYPERSON HOUSE, 

ADLINGTON, 

MACCLESFIELD, 

S K I 0  4 J X .  

CHESHIRE, 

-L: 0625 72170. 
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3 September, 1982 

Messrs  Golder  Associates, (Western Canada ) Ltd, 
224 West 8th Avenue, 
Vancouver, 
British Columbia. 
V ~ Y  1 ~ 5  

Dear Sirs, 

Hat Creek Project. Gstechnical Reassessment. 

During the period 18 - 21 May, 1982, I visited  the  site  with 
Mr Rawlings  and Mr Skermer. Subsequently I have  had the opportunity 
to read the 10 volumes of  your reports  dated 1977 and 1978, and 
I have the pleasure to comment on the subjects of ground water 
pressure  control and on. shear  strength properties. It will be 
appreciated that  wherea.s most if  not all of my remarks, which 
compliment your  reports, will be matters well known to you, 
they are  made to  enable me to provide the broad basis of my 
opinion. Reference to a. report e.g. Report 1977, Vol.1, page 34 
is denoted by R 77.1.34. 

Ground  Water Control. 

1. This is the dominant factor. Apart  from  affecting pore water 
pressure  directly it also controls  stability, and progressive 
failure or degree of softening and therefore it affects the 
shear  strength parameters to be relied upon. 

2. Depressurisation  is a certainty  as an immediate  response 
but how long can  it  be held ? This, and effective drainage, 
depends on mass permeability or cv, which in turn depends on 
the presence or otherwise of relatively permeable  horizons, 

however thin or discontinuous in places on plan they may be. 

3,  During the  site  visit I examined some  of the cores and  noted 
the presence of thin ca.rbonaceous or coal  layers  within  the 
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formations  labelled Tcl and Tcs. I agree that Tcl assumes  great 
importance ( R78.1.17 ). The excellent  detail shown in the logs 
confirms  the  presence of these  coaly  horizons. R77.1.34 indicates 
that coal ( in the major deposits ) has a permeability some 10 
times larger than the Coldwater Sediments and if this  applies 
only  approximately  to  the  coaly  layers  they would dominate 
ground water movement and pressure. The sandstones which would 
normally be expected  to have a similar effect appear to be 
of rather  low permeability  but I am :not certain that  this is 
so at  all horizons. 

4. Looking at  the  ground water levels as recorded on the 
cross sections the results appear rather as  if the water were 
free  to  move  about and. adopt  simple  overall seepage gradients 
but I have not had  the  time  to  sort out which were piezometers 
and which standpipes. I accept ( R78.1.51) that  only 0.5 to 2% 

o f  the  total  flow  moves  through  the  clastic sediments but of 
course we are concerned with rates off pressure  change in respect 
of stability rather than rates of flow  as may affect the 
handling of any drainage output. Re R78.1.49~ the  changes of 
3 m  head in 6 months due to  seasonal  erfects seems to me to be 
very significant,  bearing in mind  the small gradient  changes 
imposed. After depressurisation,  assuming firstly that  this 
could be applied rapidly, the  gradient and the gradient  change 
would be large between the claystone and any permeable  layers 
and much  larger absolute  changes in pressure  would occur. 
Alternatively, as excavation  takes place gradually, little 
depressurisation may hardly occur at all. 

5. Put another way, one would be surprised  to find any 
seasonal variation whatsoever within the  middle of a massive 
deposit of bentonitic  claystone/siltstone with k = 10 m/s 
or lower. Certainly  there is  no fluctuation in a puddle clay 
core of a dam, k = 10'" m/s, during a six month drawdown 
in a drought, and the core thickness is  small compared  to  the 
Tcl formation. So there  must be permeable  passages somwhere. 

6 .  Thus while I agree that slope failures would be controlled 
by  the strength of the mass rather than by  particular  discontin- 
uities, the latter may well affect the distribution of water 
pressures which in turn dominate  stability. 

4 
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7. R78.l.xvi shows that, in contrast  to  laboratory  specimen 
values of 1 m2/yr your judgement is that  the mass value cV 

is unlikely to exceed 100 m2/yr. Possibly the result ( R78.6.Al3-12 
of cv = 500 m2/yr ( range 134 - 2495 m2/yr) was disregarded 
due to high test stress gradients  and  questions of hydraulic 
fracture. Of course, k does tend  to  increase with decrease in 
effective stress and  whereas  this will occur with excavation 
it is only likely to be significant near the surface of the 
excavation, But  unless piezometers were located so as to  include 
the coaly  layers  and  analysed in relation to  the  geological 
structure of these  layers  the  interpretation  could  be  affected, 

8 .  These matters  affect how slow is 'I slow I' ( R78.1.68ii ) 
at Hat Creek. There are no coaly  layers in London Clay ( but 
see below ) nor  at the Panama Canal. If the  equivalent  mass 

CU were 500 to 1000 m2/yr,only up to 1 order of magnitude 
greater,the  expected field performance  would  be  very  different 
see R78.1.Fig.24. In view of R78.1.70 line 5 this  matter  might 
become critical and 1: believe it would be worthy of further 
study before R78.1.72  para. 3 could be relied on. 

9. Relief drains  connected to permeable  layers  have a much 
wider influence than in the  case of uniform  ground.  Conversely, 
permeable  layers untapped by drains or natural outlets cause 
greater uplift  and  irwtability  below  excavated  formations 
than in the case of uniform grpund. Consequently  the  existence 
and performance of any such permeable horizons is dominant on 
the mining operations, almost  irrespective of the rate of flow 
within any such layers, 

10. If relief wells are eventually used, presumably of small 
diameter acting as bleeder points,  they  would  preferably be 
drilled from the base of open trenches taken well below  the 
main formation  at any one stage in order to lower the  terminal 
pressure as far as is necessary. 

11. I see a need therefore  to include a field study of 
pore  pressure drawdown and distribution in the coaly horizons 
compared  to the claystone  during  any further field  pumping  tests. 
It may be necessary t'o enlarge  the hole with an expanding  bit 
when the coaly horizon is identified  to  ensure  good  response. 



4. 

Shear  Strength Parame.t-. 

12. The most reliable  values on any particular site for any 
particular ground water  regime and rate of construction  are those 
obtained by back analysis of field  slips  with field water pressure 
measurement. in the slip  surface  at the time of  slip. This has 
always  been  difficult to  achieve. Consequently an ongoing 
laboratory test research programme, ‘both  before and during 
mine operations,is essential for the  control and interpretation 
of field events. It could only  cost a very small fraction of the 
remedial measures to any  one slide. 

13. Good  progress  has been made already on shear testing 
within the practical limits of sampling to date, certainly to 
have identified objectives and to bracket the  likely limiting 
slopes for given groun’d water conditions. The  next  step would 
be to develop  testing techniques to suit the stress state and 
paths for this sit?  for samples  represenative of the geological 
structures  at a time ~ ? l l  before  mining  operations commence 
and to continue during  construction  when a greater variety and 
size of block  samples could become available from the base 
and  sides of the excavations. At that stage it will be most 
important that the testing techniques be  already developed and 
agreed so that relevant  data can  be  fed back to site as rapidly 
as possible, 

14. In broad outline  the techniques I would  favour  are as follows:- 
Sample size. U p  to 300 mm in view of the multiple fine fracture 
pattern  spacing in the claystone. At present the available 135 mm 
size  would be  useful f o r  development work. If a trial excavation 
were  made in the  Upper Siltstone/Claystone Tcu formation as 
proposed in Section 7 o:f the final report Vol.1 1998, large 
block  samples  could be ,taken then also. 
Stress State. The samples suffer triaxial unloading and one  should 
reload to the insitu  vertical total stress, estimated lateral 
stress  and measured water pressure. Equipment capable of 
applying cell pressures and  pore pressures of several 1000 kN/m2 
to specimens up to 300 DM is available  at Manchester. 
Stress Path. Both 9ttrizutial” and plane strain can be  applied 
but the triaxial path  with  decreasing  minor principal stress is 
most  likely to allow  simulation of the strain  softening process 
on samples of different  orientation of geological structure. 
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This should include stepped  changes in back pore pressure to 
simulate loss of suction. ( With a block  sample  the  specimen 
can be  orientated s o  R S  to  apply  the  principal  stresses in 
the  direction within the  slope.) 
Pore Pressures should be measured in the centre as  well  as  the 
base, keeping the  testing rate of strain low enough to ensure 
equilibrium. This uniformity of pore  pressure can be  achieved 
more readily using lubricated  end  platens. 
Creep is likely to be  accelerated by ground water level fluctuations 
which effect  could be included  but  would  take up a great  deal 
of testing time. One  tends  to  think of creep as a continuing 
strain at constant stress, but in this case the  field  movement 
with time is dominated  by  changes in pore  pressure  and  decrease 
in the  structural  interlock. However described,the  laboratory 
tests will take  time ( because of the  specimen size, the  low 
permeability  and need to keep pore pressures  uniform, for each 
back  pressure step.) Hence the specimen membranes would need a 
mercury  jacket  to  ensure  completely  against water migration. 
A single  large specimen might be  under test for 6 months  to 
1 year, quite apart  from  the  conventional  creep  observations 
under static  pore  pressure,  drained, or under undrained  conditions 
where pore  pressure  changes  are  part of the creep observations. 
Critical  State  tests o:n small remoulded  specimens. 
Residual Strength usin,E  the ring shear ( which for London  Clay 
gives about 20 lower tlhan the  repeated shear box movement ) . 
15. Having measured  c', !Zit at peak, critical state, and residual, 
one can adopt some intermediate stage such as critical state or 
the It fully softened I' condition ( an unfortunate  choice of 
description ) but  the  question in the case of a  fresh cut is 
how long will it stand ? Striin at  peak  causes  dilatancy  and 
suction increments, which delays the  progressive  action. The 
above tests would give the basic data. One also needs, inter alia; 
the geological structure and  permeability  distribution of the 
slope. For example, in London Clay there are pronounced  silt  beds 
in places; elsewhere  as in the  brown :fissured clay there are 
profuse silt and sand  intrusions within fissures, and in large 
masses  there are no permeable  features. These dominate  the rate 
of  softening. I know some areas of London Clay which have 
softened  and  slipped in one day in cut, and other regions where 



Bi the clay has stood for years. 

16. The basic steps I envisage are  as follows:- 

a) Finite element trial analyses to guide  the  distribution 
and build up of strains  below  the  slope, in relation to the 
geology and the proposed programme of  cut etc. 
b) Initial  estimate, and later  observations, of boundary water 
pressures in relation to the proposed drainage system. 
c) Field data to estimate the time for loss of developed  suctions, 
having  regard to the :permeability structure of the  strata. 
d) Using the above, d(esign undrained loading paths to measure 
the suction  induced in undisturbed representative specimens 
following the expected total stress paths and  initial ground 
water  levels through peak  to critical, and repeat  with stepped 
induced  losses of suction to simulate  data from ( a,b,c,) above. 
e) Feed  results of (d) into (a) and reiterate testing as 
necessary. 

17. In principle, this would lead to distributions of cf,gif 
and water pressure ( and  hence  strength ) in both space and 
time. In view of the v,ariations in the geology one would have 
to start by identifying the likely critical areas. 

18. If, during excavation, samples up to 1 m2 x 3 m could be 
taken one could study the rate of progressive  softening in a 
large  centrifuge,  as we have  at  Manchester, using artificial 
drains to accelerate the process in addition to the scale. 
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Surficial Pre-existing  Slip Surfaces. 

19. In addition to the imnortant drainage measures you  have 
proposed there will  be the new cut through the slip  leaving 
the new toe of the slip  over part of the circumference of 
operations. One  might  consider  cutting the slip material back 
and replacing  with granular backfill,  working in steps and 
stages so as not to induce  slip in the process, and cutting out 
the existing slip  plane  at  its  lowest level. 

I am well aware that this must  be a project of world  wide 
interest,and importance  both in coal  mining and in geotechnical 
engineering. If there sh.ould ever  be any small  contribution 
we could make at  Manchester you may be  sure of an active response. 

Yours  faithfully, p. Ld. p". 
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APPENDIX D 

COMPUTER  PLOTTED  PIEZOMETER  HYDROGRAPHS 



HAT CREEK WATER LEVEL  MONITORING - OBSERVATION WELL NO.RH-76-10 

T I !  

I 
I 37 

i 
7 1978 1982 

E 

0 -  P[EZO.NO. I 
LEGEND 

0 - PICZO. NO. 2 
n - PIEL0.N0.3 

Golder Associates 



HflT CREEK WATER LEVEL MONITORING - OBSERVflTION WELL NO.RH-76-11 

'0 - PICZO.NO. I 
LEGEND 

0 - PICZO.NO.2 
6 - PIFL0 .N0 .3  

Golder Associates 



HAT CREEK HflTER LEVEL MONITORING - OBSERVATION HELL NO.RH-76-12 
0 

LtGENO 
0 - PICZO.NO. 1 
0 -  PIEZO.NO.2 
A - PIEZO.NO.3 

Golder Associates 



HRT CREEK WATER LEVEL MONITORING - OBSERVATION  WELL  NO.RH-76-13 

7 1978 

D - PIEZ0.NO. 1 
LEGEND 

0 -  PICZO.NO.2 
A - PIEZO. NO. 3 

Golder Associates 



HAT CREEK WATER LEVEL  MONITORING - OBSERVATION WELL NO. RH-76- 14 

I I , I 

1982 

LEGEND 
0 -  PlEZO.NO. 1 
0 - PIC%O.NO. 2 
A - PIEZO. NO. 3 

Golder Associates 



HAT CREEK WATER LEVEL  MONITORING - OBSERVATION WELL 

r 
1977 

m r: 1978 

NO. RH-76- 16 

u 1982 

0 - PICZO.NO. 1 
LEGEND 

Golder Associates 



HAT CREEK WATER LEVEL MONITORING - OBSERVATION WELL NO.RH-76-16A 

I: 
~ 1981 

R 
1982 

0 - Plf:ZO.NO. I 
LEGENU 

0 -  PICZO.NO.2  

Golder Associates 



E ..~ E. .. E .. f. II E .  L~ E.. L L L f L L E ' L  R a 

HAT CREEK WATER LEVEL MONITORING - OBSERVATION  WELL  NO.RH-76-17 

i 
7 1978 

0 -  PIEZO.NO.1 
LEGEND 

0 -  P113ZO.NO.2 
A -  PIEZ0 .N0 .3  

Golder Associates 



HAT CREEK WRTER LEVEL MONlTORING - OBSERVRTION WELL NO.RH-76-18 

1982 

o - PIEZO. NO. I 
LEGEND 

0 -  PICZO.NO.2 
b - PICZO. NO. 3 

Golder Associates 



HAT CREEK WATER LEVEL MONITORING - OBSERVATION WELL NO.RH-76-19 

1977 1978 
:: :: 

~ I 
1982 

o - PIEZO.NO. I 
LEGENU 

Golder Associates 



HAT  CREEK WATER LEVEL MONITORING - OBSERVATION WELL NO. RH-76-20 

- PIEZO. NO. I 
LEGEND 

Golder Associates 



t iRT CREEK WRTER 

6 1977 1 

LEVEL MONITORlNG - OBSERVATlON WELL NO.RH-77-22 

8 
1 

1979 

O -  PICZO.NO. I 
LUXNO 

0 -  PITZO.NO.2 

Golder Associates 
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HAT CREEK WATER LEVEL MONITORING - OBSERVATION WELL 

E L E E. 

NO. RH-77-25 

c. 

LEGEND 
0 -  PlEZO.NO. I 
0 -  PICZO.NO.2 
6 - P I U O .  NO. 3 

Golder Associates 



HAT CREEK WATER LEVEL MONITORING - OBSERVATION  WELL  NO.RH-77-26 

0 -  PIEZO.NO. I 
LEGEND 

0 -  PICLO.NO.2 

Golder Associates 



HAT CREEK WATER LEVEL  MONITORING - OBSERVATION WELL NO.RH-77-27 

6 1977 
m 1982 

- P1EZO.NO. I 
LEGEND 

0 -  PIC%O.NO.L 
o -  PICZ0.N0.3 

Golder Associates 



HAT CREEK WATER LEVEL  MONITORING - OBSERVATION WELL NO.RH-77-28 

0 - PIC%O.NO. 1 
LEGEND 

0 -  PIC7.O.NO.2 
A - PIEZO.NO.3 

Golder Associates 



IiR'r CREEK WATER LEVEL MONITORING - OBSERVATION WELL NO. RH-77-45 

LEGEND 
0 - PIEZO.NO. I 
0 - PICZO. NO. 2 - PIEZO. NO. 3 

Golder Associates 



HAT CREEK WATER LEVEL  MONITORING - OBSERVATION WELL NO.RH-77-48 

0 - PlE2O.NO. 1 
LEGEND 

0 - PICLO.  NO. 2 
A - PICLO. NO. 3 

Golder Associates 



l iRT CREEK WATER LEVEL MON T TOR [ NG - OBSERVATION  WELL NO. RI i -77  -49 

1979 

0 - PIEZO.NO. I 
LEGEND 

o - PIEZO. NO. 2 

Goldet Associates 



HRT  CREEK WATER LEVEL MONITORING .- OBSFRVRTION WELL NO.RH-77-51 

E I '  

o - PICZO.NO. I 
LEGEND 

0 -  PICZO.NO.2 

Gofder Associates 



HRT CREEK WRTER  LEVEL  MONITORING - OBSERVATION WELL NO. RH-77-53 

o - PIEZO.NO. I 
LEGEND 

Golder Associates 



E...: a. E .  e. " E.. sr ! &. , e ,- 'E. ,,' @c .; .&..,I c 

- OBSERVATION WELL NO.RH-77-54A 

~ 1982 

o - PIEZO.NO. I 
LEGEND 

0 - PIEZO. NO. 2 
A - P I U O . N O . 3  

Goider Associates 



LEVEL  MONITORING - OBSERVATION  WELL  NO.RH-77-55 

Golder Associates 



HAT CREEK WATER LEVEL MONITORlNG - OBSERVATION  WELL  NO.RH-77-57 

1982 

u - PIEZO.NO. I 
0 -  PICZO.NO.2 
b - PIEZO.NO.3 

LEGENO 

Golder Associates 



HAT CREEK WATER LEVEL MONITORING - OBSERVATION WELL NO-RH-77-58 

0 -  PIEZO.NO. 1 
LEGEND 

Golder Associates 



HAT CREEK WATER 
0 

LEVEL  MONITORING - OBSERVRTION WELL NO.RH-77-59 

LEGEND 
0 - PIEZO.NO. I 

Golder Associates 



HRT CREEK WATER LEVEL  MONITCRING 

~ 1977 

I I 
1 1971 

1979 

OeSERVRTION WELL NO. RIi-77-60B 

0 -  PIC%O.NO. I 
LEGEND 

0 -  P[E%O.NO.L 
0 - PItXO.NO. 3 

Golder Associates 



HAT CREEK WATER LEVEL MONITORING - OBSERVATION WELL NO.RH-77-61A 

i982 

0 - PIEZO.NO. I 
LEGEND 

0 - PICZO.NO.2 
A - PIEL0.N0.3  

Golder Associates 



HAT CREEK w m m  LEVEL MONITORING - OBSERVATION WELL 

1 
1 .97i 

T 

NO. RH-77-62 

- PIEZO. NO. I 
LEGEND 

o - PIEZO.  NO.  2 
d - PIEZO. NO. 3 
+ - PIEZO. NO. 4 

Golder Associates 



LEGEND 
0 - PIEZO.MO. I 

Golder Associates 



t j R T  CREEK WATER LEVEL MONITORING - OBSERVATION WELL NO. RH-78-64  

0 - PIUO.NO.  L 
LEGEND 

o - PIC%O.NO. 2 
0 - PIEZO. NO. 3 

Golder Associates 



HAT CREEK WRTER LEVEL  MONITORING - OBSERVATION WELL NO.RH-78-65 

~ 1 7 1978 
1979 

0 -  PIEZO.NO. I 
LEGEND 

0 - PICLO. NO. 2 
A - PIEZO. NO. 3 

Golder Associates 



0 -  PICZO.NO. I 
LEGEND 

0 - PICZO.NO. 2 
A ~ PIEZ0.N0.3 

Golder Associates 
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HRT CREEK WATER LEVEL  MONITORING - OBSERVATION WELL NO.RH-78-67 

1980 1981 1982 

LEGEND 
0 - PIEZO. NO. 1 

Golder Associates 



HFiT CREEK WRTER LEVEL MONITOR[NG - OESERVRTION WELL NOeRH-78-68f7 
0 

LEGEND 
0 - PlEZO.NO. 1 
0 - PICZO.NO. 2 
0 -  PIEZ0.N0.3 

Golder Associates 



MAT CREEK WRTER LEVEL  MONITORING - OBSERVATION WELL NO.RH-78-69R 

0 - PIFZO.NO. I LEGEND 

0 - PICLO.NO. 2 
I PIEL0.N0.3 

Golder Associates 



HAT CREEK WATER LEVEL MONLTORING - OBSERVATION WELL NO.RH-78-70 

1979 1980 I981 

0 -  PIEZO.NO. L 
LEGEND 

0 -  PICLO.NO.2 

Golder Associates 



HRT CREEK WRTER LEVEL MONITORING - OBSERVRTION WELL NO.RH-78-71 

1979 

Golder Associates 



Golder Associates 



HRT CREEK WATER LEVEL  MONITORING - OBSERVflTION WELL NOoRH-78-74  

0 -  PIEZO.NO. I 
LEGEND 

Golder Associates 



HAT CREEK L.IATER LE.VEL  MONI'TORING - OBSERVATION  WELL  NO.RH-78-74A 
0 

LEGEND 
0 - PICZO-NO. I 
0 - PlCZ0.N0.2 
A - PIT%D. NO. 3 
+ - PIEZO. NO. 4 

~. ~ 

Golder Associates 



!-!AT CREEK  HATER  LEVEL MONITORING - OBSERVATION  HELL NO.RH-78-75 

0 - P IEZO. NO. 1 
LEG€NO 

0 -  PICZ0.N0.2 

Golder Associates 



HFlT CREEK WATER LEVEL MONITORING - OBSERVATION  WELL  NO.RH-78-76 

0 - PIEZO. NO. I 
0 - PICZO. NO. 2 - PIEL0.N0.3 

Golder Associates 



HAT CREEK WATER LE,VE.L MONITORING - OBSERVATION WELL NO. RH-78-77 

LEGEND 
o - PIEZO. NO. 1 

Golder Associates 



HAT CREEK WRTER LEVEL MONITORING - OBSERVATION WELL NO,ODH-76-134 
P 

0 -  PIEZO.NO. L 
LEGEND 

0 - PICZO. NO. 2 

Golder Associates 



HAT  CREEK WflTER LEVEL  MONITORING - OBSERVflTION WELL NO.DDH-76-137 
m 

LEGENO 
D - PIEZO. NO. I 

Golder Associates 



HAT CREEK WATER LEVE.L MONITORING - OBSERVATION WELL NO. DOH-76-141 

o - PIEZO. NO. I 
LEGEND 

Golder Associates 



- PIEZO.NO. 1 
LEGEND 

Golder Associates 



E - .  E.., c .  E ,... E I L L ~ . . .  li . E ., t...~ 

HAT CREEK WATER LEVEL  MONITORING 

8 1979 

0 - PlEZ0,NO. 1 
LEGEND 

Golder Associates 





E". E..:.. L~.. L.., E:.. 5: e .  ..I. & P. E.. L .~~ L.. E. E E_~. f P. E. c ". 

LEGEND 
0 - PIEZO. NO. I 
0 - PICZO. NO. 2 

Golder Associates 



Golder Associates 

0 -  PIEZO.NO. I 
LEGEND 



HAT CREEK WATER LEVE,L MONITORING - OBSERVATION  WELL NO.DDH-76-155 

0 - PIEZO. NO. 1 
LEGENO 

0 -  PIEZO.NO.2 

Golder Associates 



HAT CREEK WATER LEVEL  MONITORING - OBSERVATION  WELL NO.DDH-76-156 
0 

Golder Associates 

c ., 



HRT CREEK  WATER LEVEL MONITORING - OBSERVATION WELL NO.DOH-76-158 

1977 1978 

LEGEND - PIEZO.NO. I 

Golder Associates 



E..' E... e .  c .  f  el^... e 1. E t.. L K t E L E. c. e 

Golder Associates 



HAT CREEK WRTER LEVEL MONITORING - OBSERVATION WELL NO.DDH-76-161 
0 

7  1978 

0 - PlEZ0.NO. 1 
LEGEND 

0 -  PICZ0.N0.2 

Golder Associates 



- OBSERVATION WLL NO.DDH-76-168 

IO l! 1 1 

\ 

\ 

2 

0 - PICZO.NO. I 
LEGEND 

Golder Associates 



HAT CREEK WATER LEVEL MONITORING - OBSERVATION WELL NO.DDH-77-220 

9 1980 1982 

0 -  PIEZO.NO.1 
LEGEND 

Golder Associates 



HAT CREE.K  WRTER LEVE.L MONITORING - OBSERVATION WELL NO.DDH-77-224 

~ 1978 
1979 

0 - PIEZO.NO. I 
LEGEND 

Golder Associates 



0 - PIEZO. NO. I 
LEGEND 

Golder Associates 



Golder Associates 

0 - PIEZO. NO. I 
LEGENO 

0 -  PICZO.NO.2 



m,,, m E E :  E.~.~, L , ,  E .....,. K.., E . -  k.. 

HRT CREEK WATER LEVEL  MONITORING 

1979 

- OBSERVATION WELL NO.DDH-77-227 

1980 i I98 

e 

o - PIEZO. NO. I 
LEGENO 

Golder Associates 



- OBSERVATION WELL NO.DDH-77-230 

0 - PIEZO.NO. I 
LEGENO 

Golder Associates 



HAT CREEK WATER LEVEL  MONITORING - OBSERVATION  WELL  NO.OOH-77-236 

LEGEND - PIEZO. NO. I 

Golder Associates 



HAT CREEK WATER LEVEL MONITORING - OBSERVATION  WELL  NO.DDH-77-239 

~ 1978 

- PICZO.NO. 1 
LEGEND 

Golder Associates 



HAT CREEK WFITER LEVEL  MONITORING - OBSERVRTTON WELL NO,DDH-77-240 
0 

Golder Associates 



HAT CREEK WATER LEVEL MONITORING - OBSERVATION WELL NO.DDH-77-241 

Golder Associates 



HAT CREEK WATER  LEVEL  MONITORING - OBSERVRTION  WELL NO.DDH-77-246 

- PIEZO.NO. 1 
LEGEND 

Golder Associates 



MONITORING - OBSERVATION WELL NO.OOH-77-251 

LEGEND 
0 -  P1EZO.NO. I 

Golder Associates 



HAT CREEK WATER LEVEL MONITORING - OBSERVATION  WELL NO.DOH-77-252 

0 - PIEZO.NO. I LEGEND 

Golder Associates 



HAT CREEK WF1TER LEVEL  MONITORING - OBSERVATION  WELL  NO.DOH-77-253 

6 1977 

0 -  PIEZO.NO. I 
LEGENO 

Gokter Associates 



HAT CREEK WflTER LEVEL MONITORING - OBSERVRTION WELL NO.DOH-77-255 

~ 

~ 

1977 I '  I 

ti 
_I 1982 

- PIEZO.NO. 1 
LEGEND 

Golder Associates 



HAT CREEK WRTER LEVEL  MONITORING - OBSERVATION WELL NO.DDH-77-256 

1978 1979  1980 

D - PIEZO.NO. I 
LEGEND 

Golder Associates 



IinT CREEK WATER LEVEL MONITORING - OBSERVATION WELL NO.DDH-78-261 

- PIEZO.NO. I LEGENO 

Golder Associates 



HAT CREEK WATER LEVEL  MONITORING - OBSERVATION WELL NO.DDH-78-262 

1979 

LEGEND 
0 - PIEZO. NO. 1 

Golder Associates 



HAT CREEK WATER LEVEL MONITORING - OBSERVATION  WELL NO.DDH-78-281 

1979 

0 - PIEZO.NO. I 
LEGEND 

Golder Associates 



MONITORING - OBSERVATION WELL NO.DDH-78-282 

1982 

- PIEZO.NO. I LEGEND 

0 -  PIEZO.NO.2 

F 

Golder Associates 



HAT  CREEK WATER  LEVEL MONITORING - OBSERVATION  WELL  NO.DDH-78-284 

o - PIEZO.NO. 1 
LEGEND 

Golder Associates 



- PIEZO.NO. 1 
LEGEN0 

0 -  P I E K l . N O . 2  

Golder Associates 



I FCFNn 
0 - PIEZO.NO. 1 
0 -  PIEZ0.N0.2 
A - PIEZO.NO.3 

-, - - -. .- 

Golder Associates 
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HAT  CREEK WATER LEVEL  MONITORING - OBSERVATION WELL NO.DDH-76-801 

1976 1977 1978 1982 

- PIEZO.NO. I 
LEGEND 

Golder Associates 



HAT CREEK WATER LEVEL  MONITORING - OBSERVATION WE.LL NO.DOH-76-802 

1979 

Golder Associates 



HAT CREEK WATER  LEVEL  MONITORING - OBSERVATION  WELL  NO.DDH-76-803 

7 1978 

0 - PIEZO. NO. 1 
LEGEND 

0 - PICZO. NO. 2 

Golder Associates 



HAT CREEK WATER LEVEL MONITORING - OBSERVATION WELL NO.DDH-76-804 

0 - PIEZO. NO. I 
LEGEND 

0 - PIEZO. NO. 2 

Golder Associates 



HAT CREEK WATER LEVEL  MONITORING - OBSERVATION WELL NO.OOH-76-805 :: 
df 

1 
1977 

II 
1981 1982 

0 - PIEZO. NO. I 
LEGEND 

0 - PIEZO.NO.2 

Golder Associates 



HAT CREEK WATER LEVEL MONITORING - OBSERVATION  WELL  NO.DDH-76-806 

LEGEND 

Golder Associates 



HAT CREEK  WATER LEVEL MONITORING - OBSERVATION 

1980 

WELL  NO.DDH-76-807 

- PIEZO. NO. 1 
LEGEND 

Golder Associates 



o - PIEZO. NO. I 
LEGEND 

Golder Associates 



HAT  CREEK WATER LEVEL 

7 1978 

MONITORING 

1979 

- OBSERVATION  WELL NO.DDH-76-809 

1980  1981 1982 

LEGEND - PIEZO. NO. 1 
0 -  PICZO.NO.2 

Golder Associates 



HRT  CREEK  WRTER  LEVEL  MONITORING - OBSERVRTION WELL NO.DDH-76-811 

~ 

~ 1979 

E. 

PIEZO.NO. I 
LEGEND 

Golder Associates 



E .  E . E. E,.. E,,  t. lar." E- E 

- OBSERVRTION WELL NO.DDH-76-813 

~ 1980 

- P1EZO.NO. I 
LEGEND 

Golder Associates 



HAT CREEK WATER LEVEL MONITORING - OBSERVATION  WELL  NO.DDH-76-814 

LEGEND - PIEZO. NO. I 
o - PICZO. NO. 2 

Golder Associates 



E. E. I [ .  E . , . & , . .  E,. e, E.. &., E. L t..: E.. E. E . 
a,. 6 . ~  6. 

HAT CREEK WATER LEVEL  MONITORING - OBSERVATION WELL NO.DDH-76-815 

0 -  PIEZO.NO.1 
LEGEND 

Golder Associates 



HAT  CREEK WATER LEVEL  MONITORING - OBSERVATION WELL NO.DDH-76-816 
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- HYDROGEOLOGICAL LOGS 

1.0 INTRODUCTION 

The following  hydrogeological  logs summarize information on a l l  
boreholes where subsurface  hydrogeological  data  has been obtained. 

In o r d e r   t o  show a l l  d a t a   i n  a compact l og ,  it was necessary  to  
use a number of abbrevia t ions  and a s y m b o l i c   n o t a t i o n .  The f o l l o w i n g  
notes   expla in   these   abbrevia t ions .  The note  numbers r e fe r   t o   t he  numbers 
shown in   pa ren thes i s  at t h e  head of each column i n  the  logs.  

2.0 REFERENCE  ELEVATION 

All depth  measurements  are  given  in  metres  relative t o  surveyed 
ground l eve l .  

(1) Lithologic  Terminolc,gy Used i n  Logs 

Lithology of boreho1.e~   has   been   de te rmined   f rom  hydrogeolo-  
g i s t s '   f i e l d   d e s c r i p t i o n s  and i n t e r p r e t a t i o n  of geophysical logs (where 
app l i cab le ) .  
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3 .  Completed Constructiag 

a )  - Hole 

I 1  
i i  

i I 
I I 

I I 

I 
I 
I 

dri l led   hole   cas ing  removed 

dri l led   hole   cas ing   le f t   in   p lace  

dr i l l ed  open hole 

I I 

b)  Piezometer 

- Standard  Double Seal  Piezometer Arrangement 

Top Seal material ( i .e .  bentonite) 
Piezometer t i p  

334 @"Piezometer NO. 

depth to  centre of piezometer i n l e t  

gravel pack 

bottom sea l   mater ia l   ( i . e .   benton i te )  
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Standard  Top Seal  Piezometer  Arrangement 

w 

Y 

Y 

Y 

top seal  material (i.e. bentonite) 

sandlgravel  pack 

534  @“piezometer NO. 

4 e p t h  t o  centre of piezometer inlet 

piezometer tip 

end of borehole 

Type of Piezometer tiE: - perforated 25 ma 0 PVC pipe 
approx. 1.2 m l o n g ) ,  wrapped with 

permeable fabric. 

c) Types  of Backfill 

U 

Bentonite 

........... ........... ........... 
........... ........... ........... ........... ........... ,,,........ Cement Grout 

Y 

Gallder Associates 



Type of drilling ..... R!n.nOra?? ................ Coordinates: E...5.??3?8.! ........................ 
Rig ?u.~nu!.En!E.?4n 

surveyed 

Elevotion type: ollimeter 0 .................... N... .!p.?6?.??.:P from mop ..... ........................ 
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- 30 
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- 50 

- 60 

- 70 

- 80 

(2) (3) 
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I 
I 
- I 

i 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L" 203 m 

I 

D u r i n g   D r i l l i n g  T A f t e r   D r i l l i n g  I 

."-c-" 

a C o m m e n t s  

I 

L; NOTE: Srocketed numbers refer to notes preceding  the  logs 

Golder Associates 
Scale: L:so0 



(I1 12) * 
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T (2) (31 
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Y NOTE: Bracketed numbers refer to notes preceding the logs. 
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SUMMARY AND CONCLUSIONS 

B.C. Hydro has  proposed a c o a l - f i r e d  thermal power p l a n t   a n d  

a s soc ia t ed  open p i t  mine in   t he   Upper   Ha t   Creek   Va l l ey .   A l t e rna t ive  

power p l a n t   c a p a c i t i e s  of 800 MW and  2240 MW have  been  considered.  Since 

t h e  open p i t  would  be loca t ed   i n   t he   va l l ey  bottom a s t r i d e   t h e   p r e s e n t  

Hat Creek  channel, it would 'be n e c e s s a r y   t o   d i v e r t  Hat Creek  and i t s  

t r i b u t a r y  Finney  Creek  around the open p i t .   P rev ious   s tud ie s  by  Monenco 

Consul tan ts   Pac i f ic  and the  Hydroelectric  Design  Division of B.C. Hydro 

examined poss ib l e   d ive r s ion   a l t e rna t ives  and recommended a c a n a l  as t h e  

most  economical  arrangement. 

A canal  around the open p i t  mine cou ld   pose   ce r t a in   p rob lems ;  

l o c a l   i n s t a b i l i t y   o f   t h e   p l . t   s l o p e s   c o u l d   r e s u l t   i n   f a i l u r e  of t h e  

cana l ,   o r   i nc reased   po re   wa te r   p re s su res   i n   t he   p i t   s lopes ,   caused  by 

leakage  from  the  canal,  could. l e a d   t o   i n s t a b i l i t y .  The consequences  of 

canal   leakage  or   fa i lure   could be se r ious .  A s  a r e s u l t  of m i s g i v i n g s  

about   the  canal   divers ion,  th.e present   s tudy was au tho r i zed   t o  re-exam- 

ine   t he   a l t e rna t ives   w i th   pa r t i cu la r   emphas i s  on a t u n n e l   a r r a n g e m e n t ,  

s ince  it  a l s o   o f f e r e d   p o s s i b i l i t i e s   f o r  some p i t   s l o p e   d r a i n a g e .  The 

use of polyethylene  pipes was a l so   inves t iga ted .   Polye thylene   p ipe   has  

only   recent ly  become a v a i l a b l e   i n   d i a m e t e r s   l a r g e   e n o u g h   f o r   t h i s   u s e .  
During the course of the s tudy,  the pipeline  arrangement became increas-  

i n g l y   a t t r a c t i v e   b e c a u s e   o f  i t s  l o w e r   c o s t   a n d  i t s  s i m p l i c i t y ,   a n d  

the re fo re  i t  was i n v e s t i g a t e d   i n  some detail .  

After  considering  th,e  canal,   the  tunnel and the p ipe l ine  alter- 

nat ives ,   the   pipel ine  arrangement  was s e l e c t e d  as the recommended diver- 

s i o n  method for   bo th   the  800 IN and  2240 MW Schemes. Hat Creek  could  be 

d ive r t ed  by a smal l   d ivers ion  dam loca ted  a s h o r t   d i s t a n c e   u p s t r e a m  of 

t h e  open p i t .  A s e r i e s  of s ing le ,   l a rge   d i ame te r   f i b reg la s s   r e in fo rced  

pipe would convey the  water t o   t h e   p i t  rim, where t w i n ,   l a r g e   d i a m e t e r  

po lye thylene   p ressure   p ipes   (Sc la i rp ipe  or Driscopipe) would convey  the 

water around  the   eas t   s ide  of t h e   p i t  on the  excavated  slopes.  

Ciolder Associates 
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I n i t i a l l y ,   t h e   p i p e  would fo l low  the   p resent  Hat  Creek  channel. 
A s  t h e  open p i t  expanded, the  polyethylene  pipes  would be moved, one a t  
a time, o n t o   p i t  benches. Erom three t o   e i g h t  moves wou ld   be   r equ i r ed  
depending on the   p ro j ec t  size. Polyethylene  pressure  pipe is e x t r e m e l y  
tough and l igh tweight ,  and so it can be moved eas i ly .  Beyond t h e   p i t ,  a 
s e c t i o n  of f i b r e g l a s s   r e i n f o r c e d   p i p e   w o u l d   c a r r y   t h e   w a t e r   p a s t   t h e  
l e a c h a t e   l a g o o n s ,   t h e r e a f t e r   d i s c h a r g i n g   i n t o  the o r i g i n a l  Hat Creek 
channe 1. 

The principal   advantages of t h e   p i p e l i n e   o v e r   t h e   p r e v i o u s l y  
recommended c a n a l   a r r a n g e m e n t ,  o r  t h e   t u n n e l ,   w o u l d   b e   r e l i a b i l i t y  
aga ins t   seepage   or   fa i lure ,  and lower c o s t .   S i n c e  there would  be  two 
p ipes   a round  the   c r i t i ca l  open p i t   r e g i o n ,   s i m p l i c i t y   a n d   f l e x i b i l i t y  
would a l so  be  provided. 

The o v e r a l l   l e n g t h  of t he   va r ious   d ive r s ion   l ayou t s   cons ide red  
ranged  between  about  4,000 m f o r   t h e   s i m p l e s t   p i p e l i n e   a r r a n g e m e n t   f o r  
t h e  800 MW Scheme to  about  9:,000 m f o r   t h e   t u n n e l   a r r a n g e m e n t   f o r   t h e  
2240 Mw Scheme. 

The i n i t i a l  c a p i t a l   c o s t  of the recommended p i p e l i n e   d i v e r s i o n  
would be approximately $16 mi. l l ion  (1982  dol lars)   for   the  800 MW Scheme 
and  $19 m i l l i o n   f o r   t h e  2240 MW Scheme. This compares to  $ 2 6  m i l l i o n   f o r  
a canal  arrangement and $50 m i l l i o n   f o r  a tunnel   a r rangement .   S impler  
and more economica l   p ipe l ine   a r rangements   a re   poss ib le   and   these  were 
considered. Recommended arrangements  for  both  schemes  and  abandonment 
are   descr ibed.  

We thank you for   the   oppor tuni ty  of car ry ing   ou t  these s tud ie s .  
We have   p leasure   in   submi t t ing  this f i n a l   r e p o r t .  

Yours very   t ru ly ,  

GOLDER ASSOCIATES 

G.E. Rawlings, P. Fng. 

GER/bjh 
822-1523B 
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1.0 INTRODUCTION 

1.1 Background - 

B.C. Hydro has proposed a c o a l - f i r e  d thermal   power F t l an t   and  

a s soc ia t ed  open p i t  mine in   the   Upper   Hat   Creek   Val ley   be tween  Cache  

Creek and L i l l o o e t ,  B.C. The va l l ey   l i e s   app rox ima te ly  mid-way between 

the   Fraser   River   va l ley   to   the  west and the  Thompson River   val ley  to   the 

e a s t  and runs  roughly  south t.o north.  The e leva t ion  of the valley  bottom 

ranges between  approximately  800  and  1000 m. The Upper Hat Creek va l ley  

is broad, f l a t  and it is p resen t ly   u sed   ch ie f ly   fo r   ag r i cu l tu re .  

The ex is tence  of coal   deposi ts   in   the  region  has  been known f o r  
over a century and numerous attempts  have  been made t o   e x p l o i t  t he  re- 

source. The f i r s t  power p l a n t   f e a s i b i l i t y  and pre l iminary   envi ronmenta l  

impact   repor t s   for  a coal-f i red  thermal   plant  were ca r r i ed   ou t   i n   1975 .  

Since  then,  several   conceptual  design  studies  have been  completed.  Ini- 

t i a l l y ,   t h e  power p lan t   capac i ty  was t o  be 2240 MW with   240  MW of t h i s  

r equ i r ed   fo r  the p r o j e c t   o p e r a t i o n ,   l e a v i n g  a n e t   o u t p u t  of 2000 MW. 

However, i n   t he   sp r ing  of 1982, B.C. Hydro a l so   dec ided   to   inves t iga te  a 

sca led  down vers ion   wi th  a power p lan t   capac i ty  of 800 MW. This  l imited 

s c a l e   p r o j e c t  would be less   complex ,  l ess  c o s t l y ,   a n d   h a v e  a smaller 

open p i t  mine. 

The open p i t  f o r  the  proposed  project  would  be l o c a t e d  a t  t h e  

nor thern  end of the Upper Hat C r e e k   v a l l e y   i n   t h e  No. 1 Coal   Depos i t  

and,  depending on t h e   s c a l e  of t he   p ro j ec t ,  it would be about 1.6 km t o  

2.2 km i n  diameter, (see Drawing 1 ) .   Bo th   t he   800  MW and   the   2240 MW 

Schemes  would have a design  1J.fe of (about   35  years .  After this time, it 

might be d e c i d e d   t o   e x p l o i t   t h e   u l t i m a t e   r e s o u r c e   o f   t h i s   p i t ,   o r   t o  

e x p l o i t   t h e  No. 2 Coal  Deposit: a f e w  k i lomet res   south  of t h e   f i r s t   p i t  

upstream  in  Hat Creek. 

Y 
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Hat Creek itself is a. small, meandering  stream most of the  time, 

but  it is s u b j e c t   t o   o c c a s i o n a l   h i g h   f l o w s   d u r i n g   t h e   f r e s h e t   s e a s o n :  

t h e  peak  recorded 24-hour flow was 14.6 m /s i n   June  1964. Since the 

proposed  open p i t  mine  would  be l o c a t e d   a s t r i d e  Hat Creek ,   d ivers ion   of  

the creek  around  the  open  pit would  be required.  

3 

Previous  s tudies  recommended a canal  as the   p refer red   d ivers ion  

arrangement. However, because of concern   about   the   sa fe ty  of a c a n a l ,  

Golder  Associates were commissioned t o   c a r r y   o u t   t h e   p r e s e n t   s t u d y   t o  

re-examine the   d ive r s ion   a l t e rna t ives .  Sigma Engineering  Ltd.   provided 

the  hydrological  and hydraul ic   engineer ing  input   to   the work. 

1.2 Terms of Reference 

The o b j e c t i v e  of t h i s   s t u d y  was t o   r e - e x a m i n e   a l t e r n a t i v e  

arrangements   for   diver t ing Ha.t Creek  around  the open p i t .   S p e c i f i c a l l y ,  

the study was intended  to:  

- review  the use. of a c a n a l   f o r  the d ivers ion  of Hat Creek 

as recommended. i n   p rev ious   s tud ie s ;  

- i n v e s t i g a t e  th.e geotechnica l   aspec ts ,   hydraul ics  and ben- 

e f i t s  of improved p i t   s l o p e   s t a b i l i t y   i n   u s i n g  a t u n n e l  

f o r  the   d ivers ion  of Hat Creek: 

- inves t iga te   o ther   poss ib le   d ivers ion   a r rangements   for  Hat 

Creek; 

- e s t a b l i s h   t h e   t e c h n i c a l  and economic f e a s i b i l i t y  of each  

of  the above  di ivers ion  a l ternat ives;  

- recommend the  most suitable  diversion  arrangement.  

Golder Associates 
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I n i t i a l l y ,   t h e  study was conf ined   on ly   to   the  2 2 4 0  MW Scheme, 
bu t  later it was extended  to  include the 800  MW Scheme. 

1.3 Acknowledgements 

This   s tudy was undertaken  in   c lose  cooperat ion  with  the BCH Min- 
i ng  Department. The k ind   ass fs tance  of Dr. G. Lange, Mr. W. F o t h e r g i l l  
and Mr. H. K i m  is particular1.y  noted. 

1.4 Methodology 

The purpose of t he   p re l imina ry   des ign   s tudy   desc r ibed  in t h i s  
r e p o r t  was t o  f i rm up the  design of the  Hat  Creek Diversion  arrangements 
t o   t he   po in t  where the main d e s i g n   p a r a m e t e r s   c o u l d   b e   c h o s e n ,  the i r  
t echn ica l   f ea s ib i l i t y   a s su red  and a r e l i a b l e   c o s t  estimate prepared. The 
approach  to   select ing  the  best   d ivers ion  arrangement   involved  the  iden-  
t i f i c a t i o n  of all p o s s i b l e   a l t e r n a t i v e s  and the   e l imina t ion  of the less  
promising as soon as that   could be  done with  confidence.   This   approach 
i s  formally known as  a "Branch and Bound" procedure. All ava i l ab le  con- 
s t r a i n t s  are exploi ted  to   help  narrow  the  range of a l t e r n a t i v e s .  Branch 
and bound is  a s e a r c h   t e c h n i q u e   w h i c h   i n v o l v e s   t h e   f o l l o w i n g   t y p e   o f  
reasoning  for   every  choice:   i f  when t ry ing   t o  choose on grounds  of  cost  
between two a l t e r n a t i v e s  which are e q u a l l y   s a t i s f a c t o r y  from a t echn ica l  
po in t  of v iew,   an   over -es t imate   o f   the   cos t   o f   Al te rna t ive  1 i s  l e s s  
than an under-estimate of the cost of Al te rna t ive  2 ,  t h e n   A l t e r n a t i v e  2 

can be s a f e l y   e l i m i a a t e d .   I f ,  however, the over-estimated  cost  of Alter- 
n a t i v e  1 i s  g r e a t e r   t h a n   t h e   u n d e r - e s t i m a t e d   c o s t  of A l t e r a n t i v e  2 ,  
nei ther   can  be el iminated at  .that  point,  both  have  to be r e t a i n e d   u n t i l  
more accu ra t e   cos t   i n fo rma t ion   a l lows   bounds   t o   be   d rawn  which are 
s u f f i c i e n t l y   r e s t r i c t i v e   t o   & t s t i n g u i s h   t h e   b e t t e r   a l t e r n a t i v e .  

Th i s  is an e f f i c i e n t   p r o c e s s  in  tha t   eng inee r ing   e f fo r t  is pro- 
gressively  concentrated on t h e  more promising  a l ternat ives .  When i t  i s  
combined w i t h   r e g u l a r   m e e t i n g s  of a l l   t h o s e   i n v o l v e d   ( i n c l u d i n g   t h e  
c l i e n t ) ,  it keeps  everyone  informed  of the p r o g r e s s   o f  the s tudy   and  
he lps   to   ensure   tha t   no th ing  is overlooked. 

d Golder Associates 
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S e v e r a l   d i f f e r e n t  tyypes of cana l ,   p ipe l ine ,  and tunnel  arrange- 

ments were inves t iga t ed ,  and t h e  less a t t r a c t i v e   w e r e   e l i m i n a t e d   u n t i l  

only a f e w  a l t e r n a t i v e s   w e r ' e   l e f t   f o r   c o n s i d e r a t i o n .   S i n c e  a t  t h i s  

s tage ,   the   p ipe l ine   d ivers ion   a r rangement  compared very   favourably   wi th  

the  other   arrangements ,  it was s e l e c t e d   f o r   f u r t h e r   d e t a i l e d   i n v e s t i g a -  

t i o n  and costing.  Similar  approaches were a d o p t e d   f o r   b o t h   t h e   8 0 0  Mh' 
and the 2240 MW Schemes. 

A branch  and bound search  was a l s o   a d o p t e d   f o r   t h e   a s s e s s m e n t  

of   the   var ious   tunnel   a l te rna t ives .  Details of t h i s   p rocedure   a r e   t o  be 

found i n  Appendix A. 

1.5 Previous  Studies 

1.5.1 Monenco, Hat Creek  Diversion  Study,  1977 

The f irst  major  stud.y on the  Hat Creek  Diversion was a concep- 

tua l   des ign   s tudy   ca r r i ed  out:  by Monenco C o n s u l t a n t s   P a c i f i c   ( 1 9 7 7 ) .  

Monenco considered a wide  range of a l t e r n a t i v e s   f o r   d i v e r s i o n  around t h e  

proposed  open p i t ,   i n c l u d i n g   t h o s e   u t i l i z i n g  fLow  by g rav i ty ,  by pumping 

and by upstream  divers ion of the  watershed.  Consideration was g i v e n   t o  

canals ,   tunnels ,   f lumes,   p ipes  and chutes.  Also, a preliminary  examin- 

a t i o n  was  made of u t i l i za t ion .   o f  Hat Creek water f o r   t h e  power p l a n t  

water supply. 

From t h e s e   a l t e r n a t i v e s ,  Monenco s e l e c t e d   t h o s e   c o n s i d e r e d   t o  

be the mst p r a c t i c a l  and economical, namely: 

(1) A canal  arrangement whereby the c reek   wou ld   be   d ive r t ed  

upstream of t h e   p i t   p e r i m e t e r  at s u f f i c i e n t   e l e v a t i o n   t o  

flow by g rav i ty  in  a canal   a long the east h i l l s i d e  of the 

valley,   around  the  edge of the   p i t   excavat ion   and   thence  

by pipe  or   chute   running down i n t o  H a t  Creek. 

(;older Associates 
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A t u n n e l   a l t e r n a t i v e  which would use a l i ned   t unne l   con -  

d u i t   f o r   t h e   c e n t r e   s e c t i o n  of t h e   c a n a l   c l o s e   t o  the 

p i t .  

A pumping arrangement  which would p r o v i d e   r e g u l a t i o n   o f  

the  creek  f low by ups t r eam  s to rage   r e se rvo i r s ,   and   t hen  

pump t h e  water t h r o u g h  a p i p e l i n e   a b o v e   t h e   p i t  

perimeter.  

A water  supply  arrangement  which  would pump w a t e r  f rom 
Hat  Creek fo r   u se  at  t h e  power plant .  

Of these schemes, Monenco c o n c l u d e d   t h a t  the  most   economica l  

arrangement was t h a t  of a g r a v i t y   d i v e r s i o n   i n  an ear th- l ined  canal .  The 

chief   disadvantage of the  canal  arrangement as i d e n t i f i e d  by  Monenco was 

t h e  need to   r ep lace  a shor t   cen t r a l   po r t ion  of the  canal  by t u n n e l   a f t e r  

s eve ra l   yea r s  of pi t   operat ion  because  the  expanding  pi t  would enc roach  

on t h e  canal rou te .  The water s u p p l y   a r r a n g e m e n t   w a s   i d e n t i f i e d  as 
r e q u i r i n g   a d d i t i o n a l  work. 

Monenco  was r e s t r i c t , e d   i n  i t s  s tudy of t h e   t u n n e l   a l t e r n a t i v e  

by the   l ack  of geologica l   in format ion   eas t  of t h e   p i t  at  tha t   s tage .  

1.5.2 HEDD, Diversion of H;%t and Finney  Creeks 

Preliminary  Design  Report,  1978 

I n  March 1978, t h e   H y d r o e l e c t r i c   D e s i g n   D i v e r s i o n  (HEDD) of 

B.C. Hydro completed a pre l iminary   des ign   repor t  on the Hat Creek  diver- 

sion. They conf ined   the i r  work t o   t h e  water supply   a r rangement   and   to  

the  canal   divers ion  arrangement .  

HEDD presented some work on t h e   w a t e r   s u p p l y   a r r a n g e m e n t   i n  

t h e i r   r e p o r t ,   b u t  it was ru led   ou t  on t he  b a s i s  of poor  water q u a l i t y  

and the  high  cost  of remedial   water  treatment.  

Y 
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HEDD rev iewed  and   re f ined   the   cana l   d ivers ion   a r rangement  i n  
some d e t a i l   a l o n g  with a breakdown of cos t  estimates. Later  in  the  pre- 
s e n t   r e p o r t ,  their recommended canal diversion  arrangement is described 
but  with some modif icat ions (a pipe  section  between  Ambusten  Creek  and 
Medicine Creek) as shown i n  Drawing  5. 

Addi t iona l   hydro logj .ca1   s tud ies   car r ied   ou t  by HEDD i d e n t i f i e d  
the  design  f low;  these are reviewed i n   t h e   p r e s e n t   r e p o r t  :Ln Sect ion 2. 

Some f i e l d   i n v e s t i g a t i o n  work was c a r r i e d   o u t   i n   t h e   f o r m  of 
d r i l l   h o l e s  and test p i t s   f o r   t h e   c a n a l  and d ivers ion  dams and conduits.  
This   information i s  reviewed i n   S e c t i o n  3 of the  present   report .  

1.5.3 Station  Design Manual,  1980 

In  February  1980, HKDD r e l eased  a "S ta t ion   Des ign   Manua l "   fo r  
t he   d ive r s ion  of Hat and Finney  Creeks. This r e p o r t   p r e s e n t s   t h e   p r e -  
l iminary  design of the Hat Creek   d ivers ion ,   l imi t ing   i t se l f   to   the   cana l  
arrangement  only. 

1.5.4 HGPD, Report  on 1 9 8 1   S i t e   I n v e s t i g a t i o n   f o r   H a t   a n d   F i n n e y  
Creek  Diversions and Access Road,  1982 

Detai led si te inves t l . ga t ions   fo r  the proposed  canal and impoun- 
ding or  d ive r s ion   s t ruc tu res  were c a r r i e d  out by the H y d r o e l e c t r i c  Gen- 
e ra t ion   P ro jec t s   D iv i s ion  (HGPD) of B.C. Hydro i n  the summer of 1981. 
The design of the canal was not   rev ised   a l though  recommendat ions  were 
given f o r  design  changes. The s t u d y  i s  reviewed in S e c t i o n  3 o f   t h e  
present   report .  

2.0 HYDROLOGY 
2.1 General 

The flow  in Hat Creek can vary  over a wide  range.  For most of 
the   year ,   f lows   a re   qu i te  low except   during  spr ing when snow i s  m e l t i n g  
in   the   bas in .   Spr ing   f loods   usua l ly  peak i n  May or  June, and s ince   these  
are the   l a rges t   f loods ,   they   govern  the divers ion  design  capaci ty .  

Golder Associates 
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Stream  flow  records  from three g a u g i n g   s t a t i o n s  are a v a i l a b l e  

f o r  H a t  Creek, al though the per iod of record is rather shor t   and  inter-  

mittent. The s t a t i o n   w i t h   t h e  most usefu l   records  is S t a t i o n  08LF061, 

l oca t ed  on Hat Creek  immediately  downstream of Medicine  Creek,  near  the 

proposed  point of d ive r s ion .   Th i s   s t a t ion   has   r eco rds   da t ing   f rom  1961  

t o  1977;  hydrological  information is presented   in  Drawing 2. 

Hydrological  analyses of f lows   i n  Hat Creek bas in   were   ca r r i ed  

out  by  Monenco Consul tants   Ps .c i f ic   (1977) ,  by Beak C o n s u l t a n t s   ( 1 9 7 7 )  

and by HEDD (1978). 

In  the  present   s tudy,  a flow frequency  analysis was made u s i n g  

a computer  program  developed a t  t h e   U n i v e r s i t y  of B r i t i s h   C o l u m b i a  

(Russel l ,   1982) .   This   indicated results of the  same o r d e r  as t h e  HEDD 

study and it was, therefore ,   decided  to   cont inue  using  the  design  f lows 

derived  in  the  comprehensive :REDD study. 

The HEDD study  used .as c r i t e r i a   f o r   t h e   d e s i g n  of the   d ivers ion  

f a c i l i t i e s ,   t h e  100-year re turn   per iod   f lood  as a normal operat ing  con-  

d i t i o n  and the  1000-year re turn  per iod  f lood as an  emergency c o n d i t i o n .  

S ince   f a i lu re  of the   d ivers ion   dur ing  time of f lood  could  have 

very severe consequences f o r  the opera t ion  of the p r o j e c t ,  a conserva-  
t ive  approach  to   design seemed appropr ia te  at  the present   s tage.  All the 

arrangements were therefore   designed with s u f f i c i e n t   c a p a c i t y   t o   p a s s  

the est imated 1000-year peak f lood of 27 m3/s.  The design  discharge 

c a p a c i t i e s  are summarized in  Table 1. 

A t  the f ina l  des ign   s tage ,  more hydrological  data will be ava i l -  

a b l e ,  so that it would  be p o s s i b l e   t o   r e f i n e   t h e  estimates of f lows   and  

frequencies .  A t  the  same t ime ,  i t  w o u l d   b e   d e s i r a b l e   t o   c a r r y   o u t  a 

r i s k / c o s t   a n a l y s i s ,  which would consider   such  factors  as the  consequen-  

ces of f l o o d i n g   t h e   p i t   t o  detscrmine the  most a p p r o p r i a t e   r e t u r n   p e r i o d  

; I 
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TABLE 1 

Summary of Adopted  Design  Discharge  Capacities 
(from  HEDD, 1978, Table 5.3) 

Facility  Design  Recurrence  Flood  Drainage 
Discharge  Intervals  Type Area 

2 (m3/s) - (km 

Emergency  Spillways 19.0 PMF PMF 350 

Main  Diversion 
Emereencv  Condition 27.0 1000 Snowmelt  350 
Normal  Condition 18.0 100 Snowme1.t 350 

Finney  Creek  Diversion 5.5 1000 Rainstorm 13 

" 

Notes: 

(1) Capacities  shown  assume no upstream  storage 

(2) Probable  Maximum Flood (PMF) is a  maximized  combination of snow- 
melt  and  rainstorms 

(3)  Spillway  design  discharge  is  based  on PMF of 106 m3/s  less 
diversion  capacity o f  27 m3/s 

Gollder Associates 
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to   u se   fo r   t he   des ign   f l oods .  However, for   present   purposes ,  t he  e s t i -  

mated  1000-year  flood  provid,es a reasonable and a d e q u a t e   b a s i s   f o r   t h e  

comparison of al ternat ive  arrangements .  

3.0 GEOTECHNICAL 

3.1 Review of  Previous Work - 

Pr io r   t o  1979, no ge.otechnica1  invest igat ions had   been   car r ied  

ou t   r e l a t ed   t o   d ive r s ion  schemes.  However, some of the   overburden   dr i l l -  

i n g   i n  the area of the east s i d e  of the v a l l e y   i n   c o n n e c t i o n  with t h e  

open p i t  was of u s e   i n   c o n s i d e r i n g   t h e   l o c a t i o n  of a d i v e r s i o n   c a n a l .  

This  was the  only  data   that  was u s e d   d i r e c t l y  by Monenco i n  p r e p a r i n g  

t h e i r   r e p o r t   i n  1976. 

Subsequently in 1977, HEDD c a r r i e d   o u t   o v e r b u r d e n   d r i l l i n g   f o r  

the   cana l  scheme proposed by IGnenco. This cons is ted  of 3 h o l e s  a t  t h e  

headworks damsite,  2 ho le s  a t  t h e   p i t  rim d a m s i t e ,  9 h o l e s   a l o n g   t h e  

d ivers ion   cana l   rou te ,  2 holes   a long  the  discharge  condui t ,   and 2 and  3 

holes  at  s to rage  damsites No. 2 and 3, r e spec t ive ly :  a t o t a l   l e n g t h  of 

472 m of d r i l l i n g  was performed.  In  addition,  16 test p i t s  were excava- 

ted  by backhoe at  loca t ions   a long   the   cana l   rou te  at  the  damsites and i n  

p o t e n t i a l  borrow areas. Labora tory   t es t ing  was c a r r i e d   o u t  on samples  

taken f rom the dr i l lholes  and tes t  p i t s .  This i n v e s t i g a t i o n   c o n c l u d e d  

that,   in  general ,   the  proposed  canal  diversion  scheme  could be founded 

on competent   c layey ,   sandy  grave ls   o r   c layey  tills, b u t  tha t  i n  some 

areas of sand and gravel, an  impervious l i n i n g  would be n e e d e d   i n   t h e  

canal. The r e p o r t   a l s o   c o n c l u d e d   t h a t   c u t o f f s   o r   b l a n k e t s   w o u l d   b e  

needed  beneath  both  the  headworks dam and the p i t  rim dam i n   o r d e r   t o  

control   leakage  in   the  pervious:   a l luvial  materials i n f i l l i n g  Hat Creek 

valley  bottom.  Finally,  i t  was: concluded that adequate  borrow materials 

f o r   l i n i n g  would be a v a i l a b l e   f o r   u s e   i n   t h e   c a n a l .   D e t a i l s  of the  s i te  

i n v e s t i g a t i o n  work a r e   t o  be  found i n   S e c t i o n  4 of the HEDD P r e l i m i n a r y  

Design  Report, 1978. 
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F u r t h e r   s i t e   i n v e s t i g a t i o n s   f o r   t h e   p r o p o s e d   c a n a l   d i v e r s i o n  

scheme were c a r r i e d   o u t   i n  1981 by HGPD. De ta i l s  of t h e   i n v e s t i g a t i o n  

program are reported in  re ference  HGPD (1982).  Rotary  triconed and dia- 

mond d r i l l h o l e s  were sunk in  overburden and bedrock.  These  consisted  of 

5 ho le s  at  the  headworks  damsite, 4 ho le s  at t h e   p i t  rim damsi te ,  2 and  

3 ho les  a t  the  Ambusten Creek and Medic ine   Creek   cana l   c ross ings ,  res- 

pec t ive ly ,  5 holes   a long the d ivers ion   cana l ;  a t o t a l   l e n g t h  of 665 m of 

d r i l l i n g  was performed.  Permeabili ty  testing was c a r r i e d   o u t   i n   d r i l l -  

holes.  In addi t ion,   129 test p i t s  were excavated by backhoe   a long   t he  

cana l   rou te  and a t  the  headworks  and p i t  rim damsites. No fur ther   inves-  

t i g a t i o n  of p o t e n t i a l  borrow areas  was ca r r i ed   ou t .   Labora to ry   t e s t ing  

of core  samples  from  dril lholes and disturbed  samples  from test p i t s  was 

performed  consis t ing of index tests, and shear ,   consol idat ion and swell- 

i n g  tests. 

This  study  concluded  that   the  entire  length of t he   cana l   wou ld  

l ike ly   requi re   l in ing ,   whereas   in   the  earlier 1978 s t u d y   o n l y   t h e   s e c -  

t ions  around  the  pi t  and the  Ambusten and  Medicine  Creek c r o s s i n g s  were 

thought  to  need  l ining. A po . t en t i a1   s l i de  area c l o s e   t o   t h e   c a n a l   j u s t  

downstream  from the  headworks dam was i d e n t i f i e d  and monitored with pie- 

zometers and a s lope   i nd ica to r   i n s t a l l a t ion .  The r e p o r t   f o u n d   t h a t  the  

s e c t i o n  of the  canal  from  Ambusten  Creek  to  Medicine  Creek  "would  be 

founded on a t h i n   b l a n k e t   o f   a b l a t i o n   a n d   b a s a l  t i l l  o v e r l y i n g   v e r y  

s o f t ,  weak, h igh ly   ben ton i t i c ,   und i f f e ren t i a t ed   vo lcan ic l a s t i c s  of rhyo- 

l i t i c  composi t ion".   Flat ter   downhil l   s ide  s lopes were recommended f o r  

this s e c t i o n  of the canal. However, the topography is s t eep  and g u l l i e d ,  

and in  this r epor t  we recommend t h a t  this s e c t i o n  of the  c a n a l  be re- 

placed by p ipe l ine ,  see Sec t ion  4.3.2. 

The report   suggests  t ' h a t  t h e  downstream s l o p e s  of t h e  embank- 

ment f o r   t h e  Ambusten and  Medicine  Creek  crossings  should be s l i g h t l y  

f l a t t e r  t o  accommodate possible   weaknesses   in   the  foundat ions.  The em- 

bankment Crossings are l a r g e  and i n  o rde r   t o   ensu re  minimal s e t t l e m e n t ,  

i t  would  be n e c e s s a r y   t o   c o n s t ~ x ~ c t  them of material well  compacted   in  

1 
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l aye r s .  Such embankments  would be   cos t ly  (see Table  7 ) .  Smaller embank- 

men t s   cou ld   r e su l t   i n   subs t an t i a l   s av ings ;   such   wou ld   be  the case f o r  

p ipe l ine   c ross ings .  In any event ,   p ipe l ine   c ross ings  would be less sen- 

s i t i v e   t o   d i f f e r e n t i a l   s e t t l e m e n t s  between  the embankment and t h e   a b u t -  

ments  than would be the   case   for  a cana l .   In te r faces  between  engineered 

s t r u c t u r e s  and natural   ground  can  be a s o u r c e   o f   w e a k n e s s   l e a d i n g   t o  

f a i l u r e  of cana ls ,  see Sec t ion  4.3.4. The report   concludes that con t ro l  

of  seepage  through  and  under  both the headworks dam and t h e   P i t  R i m  Dam 

could be e f f e c t e d  by using  upstream  blankets of till r a t h e r   t h a n   s l u r r y  

t rench  cutoffs   to   bedrock:  a cutoff   to   bedrock  had  been  proposed  be-  

nea th   the  P i t  R i m  Dam i n  the  HEDD 1978 r epor t .  The use of blankets  seems 

reasonable ,   a l though we wou1.d recommend t h e   i n s t a l l a t i o n   o f  pumping 

we l l s  in t h e   a l l u v i a l  materials at the   t oe  of the  P i t  R i m  Dam i n   o r d e r  

t o   i n t e rcep t   s eepage   t owards   t he   p i t .  These wells w o u l d   a l s o  act  as 

relief wells to   cont ro l   seepage   pressures   under   the   downst ream  toe  of 

the  dam. 

The Headworks and P i t  R i m  Dams have   no t   been   r e -ana lyzed   fo r  

s t a b i l i t y .  F o r   p r e s e n t   f e a s i b i l i t y   p u r p o s e s   a n d ,   b e a r i n g   i n  mind t h e  

c u r r e n t   s t a t u s  of t h e   c a n a l   a r r a n g e m e n t ,   t h e   g e n e r a l   o u t l i n e   o f   t h e  

embankments r e p o r t e d   i n   t h e  HEDD 1978 r e p o r t  are acceptable.  

3.2 Geology of t he  Diversion Scheme 

The g e o l o g i c a l   c o n d i t i o n s   a l o n g   t h e   r o u t e   o f   t h e   a l t e r n a t i v e  

d i v e r s i o n   s c h e m e s   h a v e   b e e n   a d e q u a t e l y   c o v e r e d   i n   p r e v i o u s   r e p o r t s  

(Golder  Associates, 1977 and  1978; HGPD, 1982) .   The   excep t ion   t o   t h i s  

is the geology of the eastern  escarpment  which had not   been   sys temat ic -  

a l ly   s tud ied   excep t   c lo se   t o  the Medicine  Creek Waste Embankment. Inclu- 

ded i n  the present   s tudy ,   therefore ,  was a program  of f i e l d   i n v e s t i g a -  

t ion   des igned   to   ob ta in   suf f ic ien t   da ta   for   tunnel   feas ib i l i . ty   purposes .  

Canal   o r   p ipe l ine   rou tes  would b e   p r e d o m i n a n t l y   o n   s u r f i c i a l  

deposi ts   compris ing  col luvium,  glacial  till, ou twash   s ands   and   g rave l s  

Golder Associates 
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and s l ide   deb r i s .   I n   p l aces ,   t hey  would a l s o   l i e  on Ter t ia ry   rocks .  The 

engineered  structures  (Headworks D a m ,  P i t  R i m  Dam) w o u l d   a l s o  l i e  on 

a l luv ia l   depos i t s ;   t he   geo techn ica l   a spec t s  of all these materials a r e  

cove red   i n  the earlier r e p o r t s  and i n   S e c t i o n s  3.1, 4 . 3 . 4 ,  and 4.5.5 o f  

t h i s   r e p o r t .  

The eastern  escarpmant  i s  g e o l o g i c a l l y   c o m p l e x   a n d   r e q u i r e d  

cons ide rab le   geo log ica l   i n t e rp re t a t ion   t o   p rov ide   t he   necessa ry   bas i s  

for   the   assessment  of a t u n n e l   a l t e r n a t i v e .   D e t a i l s   o f   t h a t  work a r e  

cove red   i n  Appendix A (Volume 2). 

3.3 F ie ld   Inves t iga t ion  

The ear ly   phases  of t h e   r e v i e w   o f   t h e   d i v e r s i o n   a l t e r n a t i v e s  

narrowed  the  potential   tunnel  al ignments down t o   t h o s e   p a s s i n g   t h r o u g h  

t h e   e a s t e r n  excarpment.  For that   reason,  it was necessary  to   def ine  the 

geology  of  that area and t o   i n t e r p r e t  the f a c t s   a c q u i r e d   i n  terms of 

their geotechnica l  significance for   tunnel l ing .  The f i e l d  work c a r r i e d  

out  is descr ibed   br ie f ly  below, d e t a i l s  are c o n t a i n e d   i n   A p p e n d i x  A ,  

Volume 2. 

3.3.1 Geophysical  Survey 

Magnetic and r e s i s t i v i t y   s u r v e y s  were c a r r i e d   o u t   a c r o s s   t h e  

g r a i n  of t h e   s t r u c t u r e  which runs l e n g t h w i s e   a l o n g   t h e   e a s t e r n   e s c a r -  

pment. E x c e l l e n t   r e s u l t s  were obtained from the  magnetic  survey  but  the 

r e s i s t i v i t y  method provided  poor   def ini t ion and was discontinued. Adden- 

dum 3 t o  Appendix A p r o v i d e s   t h e   r e s u l t s  of the work. By means o f   t h i s  

survey, it was poss ib l e  t o  i d e n t i f y  the geo log ica l   s t ruc tu re   and  r e l a t e  

it  t o  the   s t ra t igraphic   sequence  encountered i n  t h e   d r i l l i n g .  
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3.3.2 Geological Mapping 

Although  exposure i s ;  genera l ly   poor  on t h e   e s c a r p m e n t ,   t h e r e  
are s ign i f i can t   ou tc rops  which  permit the s t r a t ig raphy  and s t r u c t u r e   t o  
be   es tab l i shed .  The work was c a r r i e d   o u t   j o i n t l y  by G o l d e r   A s s o c i a t e s  
and Mr. H. K i m  of BCH. 

3.3.3 Diamond D r i l l i n g  

Core d r i l l i ng ,   mos t ly  in  angled  holes,  was ca r r i ed   ou t   t o   ob ta in  
typ ica l   sec t ions   th rough  the   sequence   a t   in te rva ls   a long   the   escarpment .  
Recoveries were i n i t i a l l y   i n h i b i t e d  by the  highly  brecciated and a l t e r e d  
na tu re  of the  andesi te .  In s i t u   p e r m e a b i l i t y   t e s t i n g  was c a r r i e d   o u t  
and  piezometers l e f t  i n  a l l   h o l e s .  

3.3.4  Rock Test ing 

Rou t ine   t e s t s  were ca r r i ed   ou t  on si te for  index  purposes.  These 
included  nois ture   content ,   At terberg L i m i t s ,  uniaxial   compression tests 
and po in t   l oad   s t r eng ths .   S l ake   du rab i l i t y   t e s t ing  was c a r r i e d   o u t   i n  
Vancouver as well as p e t r o g r a p h i c   d e s c r i p t i o n  of r e p r e s e n t a t i v e   r o c k  
types. The r e s u l t s  of the t e s t i n g  may be  found i n  Appendix A. 

4.0 DIVERSION ALTERNATIVES - 
4.1 General 

T h r e e   d i f f e r e n t   a l t e r n a t i v e   m e t h o d s  of c r e e k   d i v e r s i o n   h a v e  
been  considered i n  th i s   s tudy ,  namely: canals, tunnels ,  and p i p e l i n e s .  
They have   been   grouped   toge ther   in to   var ious   a r rangements   in   o rder   to  
provide  the  preferred  engineer ing  solut ion t o  t h e   p a r t i c u l a r   g e o t e c h n i -  
cal, hydrological  and mining  constraints  imposed. 

The a r r angemen t s   a l so   d i f f e r   fo r   t he   s cheme   be ing   cons ide red  
(800 MW o r  2240 MW) and f o r   t h e   p e r i o d   f o r  which the arrangement   would 

be   opera t ive   ( i . e .   dur ing  the l i f e  of t h e   p i t   o r  a long-term  abandon-  

ment). 

ai 
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The main al ternat ive  arrangements  would  comprise: 

Canal i n  which  the  creek would be d i v e r t e d   s u f f i c i e n t l y  

far   upstream of t h e   p i t   t o   p e r m i t   g r a v i t y   f l o w  by c a n a l  

around  the  eastern  s ide and then by conduit  back i n t o  Hat 

Creek. Some sec t ions  might  be replaced by pipe  (see Sec- 

t i o n  4 . 3 ) .  

Canal/Tunnel/Fipe - - a s i m i l a r   a r r a n g e m e n t   t o   t h e   c a n a l  

scheme except   that  the water would be   conveyed   pas t  the 

p i t   i n  a tunnel .  

Pipeline  Arrangements - v a r i o u s   a l t e r n a t i v e s   h a v e   b e e n  

cons idered   in  which p i p e l i n e s   c o u l d   r e p l a c e   b o t h   c a n a l  

and tunnel   for   l ayouts   bo th   wi th in  and ou t s ide   t he   p i t .  

These  a l ternat ives   are   considered  for   var ious  layouts   in   subse-  

quent  sections.  

4 . 2  Cons t r a in t s  

Cons t r a in t s   a r e  imposed on the Hat Creek   d ivers ion   a l te rna t ives  
by a number of factors  includf-ng  topography,  geology and mine planning. 

Diversion Dam and Int* 

Any d i v e r s i o n   a l t e r n a t i v e  would r e q u i r e  a dam a n d   i n t a k e  

s t ruc tu re   t o   d ive r t   t he   c r eek  and c r e a t e  a s i l t a t i o n  pond f o r   t h e  depo- 

s i t i o n  of bedload.  For  cost  purposes, i t  would be des i r ab le   t o  minimize 

t h e   s i z e  of t h i s   s t r u c t u r e .  Moreover, t o  minimize  seepage p r e s s u r e s   i n  

the pi t   s lopes  f rom  such  an  impoundment ,  i t  shou ld   be   kep t  a t  l eas t  

several  hundred  metres  upstream from the southern edge of the p i t .   F o r  

canal d ive r s ions ,  the s t r u c t u r e  must be a b o v e   e l e v a t i o n   9 7 5  m f o r  the 

canal to   bypass  the p i t  at an adequate  distance  from the p i t   p e r i m e t e r .  
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F o r   t h e   t u n n e l   a l t e r n a t i v e s ,   t h e   m o s t   s u i t a b l e   e l e v a t i o n   f o r   t h e  up- 

s t ream  tunnel   por ta l  would b,a about 970 m ,  a l though  e leva t ions  as low as 

960 m would  be f e a s i b l e .  To convey  water  from Hat Creek at these  higher  

e l eva t ions ,  it would be necelssary to   d ive r t   t he   c r eek  some d i s t a n c e  up- 

stream. However, i f   t he   d ive r s ion  dam were t o o   f a r   u p s t r e a m ,  i t  cou ld  

in te r fe re   wi th   the   min ing  of the  No. 2 Deposit  which  might be mined some 

time during  the l i f e  of the No. 1 P i t  d ivers ion.  However, it is  l i k e l y  

tha t   a l t e rna t ive   d ive r s ion   a r r angemen t s   wou ld  be  made i f   p a r t   o f   t h e  

runoff  from  the  Hat  Creek  catchment were in t e rcep ted  by the No. 2 Depo- 

sit pi t .   Broadly,   the  No. 2 Ikpos i t   no r the r ly  limit has been t r e a t e d  as 

a cons t r a in t .  

P i t  Region 

The mine plans  developed by BCH have  been t r e a t e d  as f i x e d   a n d  

any diversion  arrangement  has  been  designed  to  accommodate  them. A 

canal would  have t o  l i e  between a s a f e   d i s t a n c e   f r o m  the edge  of the 

p lanned   p i t s  (1980  design  for   the 2240 MW Scheme;  1982  design f o r  the 

800 MW Scheme), and the   s teep  topography east of the p i t .  A p i p e l i n e  

would have t o  l i e  on t h e   p i t  'benches at  the a p p r o p r i a t e   e l e v a t i o n ,  al-  

though for the f ina l  p i p e l i n e   l o c a t i o n ,  the p ipe   shou ld   be   p l aced  a t  

constant  grade  to  minimize  sedimentation  problems. A t u n n e l   a l t e r n a t i v e  
would be constrained mainly by the geology, as discussed later. 

P i t  Exit Region 

Y 
A t  the n o r t h e r n   e x i t  of t h e   p i t ,  there would  be a conges t ed  

a rea  of haul   roads and conveyamr embankments which  could be up t o  30 m i n  

height. A concrete  pipe  under these embankments  would  be v u l n e r a b l e  t o  
se t t lement  damage. Polyethylene  pipe i s  not  designed  to  withstand  heavy 

superimposed  loads.  For the 800 MW Scheme, the congested  area  would  be 

less than  for   the 2240 MW Scheme; however, i n   gene ra l  it would be des i r -  

ab le   fo r   t he   d ive r s ion   t o   bypass   t hese   a r eas .  

Y 
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Leachate  and  Sedimentation  Lagoons 

Downstream of t h e   p i t ,   t h e r e  would be leacha te  and sedimentation 
lagoons,  and Hat  Creek would need t o  be d iver ted   pas t   these .   Pro tec t ion  
of the l eacha te   l agoon   aga ins t   f a i lu re  would  be p a r t i c u l a r l y   i m p o r t a n t ,  
and, f o r  this reason, the diversion  should be kept  above and as f a r  away 
as poss ib l e  from this s t r u c t u r e .   T h i s   w o u l d   a p p l y   e s p e c i a l l y   t o   t h e  
p i p e l i n e   a r r a n g e m e n t s   f o r   v r h i c h   t h e  maximum h e i g h t   o f   t h e   l e a c h a t e  
lagoon would be an important   considerat ion  s ince  suff ic ient   head must be 
provided  for   the  pipel ine t o  carry  the  water  past   the  lagoon. 

Indian  Reserve  and  Harry  Creek 

The loca t ion  of the  Indian  Reserve  places  a c o n s t r a i n t  on t h e  
layout  of t he   d ive r s ion  at t h e  downstream end. No encroachment  on t he  

reserve   can  be to l e ra t ed .  

The e l eva t ion  of the  downstream p o r t a l   o f   a n y   t u n n e l   s e c t i o n  
would l i k e l y  be at approximately  e levat ion 950 m bes ide   the   Harry   Creek  
channel .   Discharge   in to   th i s   channel   would   cause   severe   e ros ion   and  
po ten t i a l   f l ood ing   i n   t he   Rese rve  below. Thus,   the  return of the  diver- 
s ion   waters   to   Harry  Creek  must  be  between the   sed imenta t ion   lagoon  and  
the Indian  Reserve boundary an.d would  need t o  be by conduit. 

4 . 3  Canal Scheme 

4.3.1  General 

The canal  diversion  arrangement as shown on Drawings 3 and 4 i s  
similar to   t he   d ive r s ion  method recommended in   t he   p rev ious  Monenco and 
HEDD studies,   except  that   changes  have been made as follows: 

- t h e   s e c t i o n  of canal  between Ambusten Creek  and  Medicine 

Creek has been  replaced by a F i b r e g l a s s   R e i n f o r c e d   P i p e  
(F.R.P.), since t h e r e  was some doubt as t o  the p r a c t i c a -  
b i l i t y  of a canal  through this area  of gu l l i ed   s t eep   s ide  
s lopes ;  
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- Fibreglass   Rehforced   P ipe  has been s u b s t i t u t e d   f o r  Cor- 

ruga ted   S tee l   P ipe  (C.S.P.) f o r   t h e   d i s c h a r g e   c o n d u i t   i n  

o rde r   t o   p rov ide  a more du rab le   a l t e rna t ive .  

Tables 2 and 3 summarize the  canal   arrangement   parameters   and 

hydrau l i c   cha rac t e r i s t i c s .  The p r i n c i p a l   c o m p o n e n t s   o f   t h e   d i v e r s i o n  

are given  in   Sect ion 4.3.2. 

4.3.2 Canal  Diversion  Arrangement 

The main elements  of a diversion  accomplished  predominantly by 

canal  would  be as   fol lows:  

( a )  Headworks Dam and 1n; take  Structure  

Hat Creek   wou ld   be   d ive r t ed   i n to  the c a n a l  by  an e a r t h f i l l  

headworks dam upstream of the p i t .  The l o c a t i o n  of the d a m  remains un- 

changed  from t h a t  shown in   t he   p rev ious  HEDD (1978)  study. It would  be 

immediately  downstream of Anderson  Creek so t h a t  no m i n o r   d i v e r s i o n  of 

tha t   c reek  would be required.  The water l e v e l   b e h i n d   t h e  dam d u r i n g  

normal  operating  conditions  yould be at about   e levat ion 975 m. An emer- 

gency  spillway would  be provided   for   f loods   in   excess  of the 1000-year 

design  discharge  capaci ty  of 2.7 m3/s of the canal.  

(b)  Dlversion  Canal 

w 

The  same canal  is shown for   bo th  the 800 MW scheme and t h e  2240 

MW scheme (see  Figures  3 and 4 ,  respect ively) .   In   both cases, the canal  

would be located at approximately  e levat ion  975 m. This is the optimum 

e l e v a t i o n ,   s u f f i c i e n t l y   h i g h  above t h e   p i t  boundary and still  be low  the  

s t e e p e r   p a r t s  of t h e   c l i f f s  east  of t h e   p i t .   F o r   t h e   l a r g e r  2 2 4 0  MW 

p i t ,  a por t ion  of the   cana l  would l i e  w i t h i n   t h e   3 5 - y e a r   p i t   p e r i m e t e r  

a f t e r   s e v e r a l   y e a r s  of mine opera t ion ;  i t  would have to  be replaced by a 

condui t   o r  a tunnel.  For the smaller 800 MW p i t ,   t h e   c a n a l   m i g h t   n o t  
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TABLE 2 

Canal  Diversion  Parameters 

800 MW and 
2240 MW Schemes 

Intake  and  Diversion Da.g 
Max. r e se rvo i r   wa te r   l eve l  976 m 
Average dam height  15 m 

I n t a k e   t o  Ambusten Creek 
Diversion method 
Length  1500 m 

Canal 

Mean gradien t  0.02% 

Ambusten Creek t o  Medicine  Creek 
Diversion method 2.7 m d i a  F.R.P. 
Length 1700 m 
Mean gradien t  0.35% 

Medicine  Creek to  Discharge  Conduit 
Diversion method 
Length 

Canal 
3175 m 

Mean gradien t  0.02% 

Discharge  Conduit 

- 

Type 
- 

Length 
Mean gradien t  6.8% 

TOTAL LENGTH OF DIVERSION 8575 m 

1.8 m d i a  F.R.P. 
2200 m 

Y 
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TABLE 3 

Canal  Geometrical   and  Hydraulic  Characterist ics 
(Adapted  from HEDD, 1978) 

Geometr ical   Character is t ics  
Total   length 
Depth 
Invert   width 
Side  s lopes 
Gross  cross-sectional.   area 
Gradient 

Hydraul ic   Charac te r i s , t i cs  
Assumed f r i c t i o n   f a c t o r  
Flow Depth 
27 m3/s  (1000  year  f lood) 
18 m 3 / s  (100  year   f lood)  

Average V e l .  
27 m3/s (1000  year  flood) 
18 m 3 / s  (100  year  f lood) 

- 

4575 m 
4.0 m 

2.5:l 
1.2 m 

44.8 m2 
0.02% 

Manning n = 0.025 

3.4 m 
2.9 m 

0.82 mls 
0.73 mls 
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need t o  be replaced.  In  both   schemes ,  the  l e n g t h  of the s e c t i o n  of 
c a n a l   t o  be replaced would depend on t he   l oca t ion  of the  boundary of the  
p i t   a s  mining  proceeded, which would depend i n  t u r n  on p i t   s l o p e   s t a b i l -  
i t y   c o n s i d e r a t i o n s .  

( c )  F.R.P. P ipe l ine   Sec t ions  and Creek  Crossings 

The h i l l s i d e  between Ambusten Creek and Medicine  Creek i s  gu l -  
l i e d  and i t  s lopes  as s t e e p  as 30 p e r   c e n t ,   g i v i n g   r i s e   t o   d o u b t s   a b o u t  
t h e   p r a c t i c a b i l i t y  and t h e   s a f e t y  of a canal   a long this  s e c t i o n .  Con- 
s t r u c t i o n   o f  a 2 . 7  m d i a m e t e r  F.R.P. would be much s i m p l e r   i n   t h i s  
s t eepe r   a r ea ,  since t h e  overa.Ll  width of a cu t   o r  an embankment i s  less 
f o r  a pipe  than  for  a cana l .   Moreove r ,   s ince   t he   r ad ius   o f   cu rva tu re  
f o r  a pipe  can be less t h a n   t h a t   f o r  a cana l ,   sha rpe r   bends   cou ld   be  
made  and the p i p e   c o u l d   f o l l o w  the o r i g i n a l   g r o u n d   c o n t o u r s   m o r e  
c lose ly .  

A fur ther   advantage of u s i n g  a p i p e l i n e   f o r   t h i s   s e c t i o n  i s  
that the   c reek   c ross ings  would  be great ly   s implif ied.   Because the p i p e  
grade  does  not  need  to be exac t ly   ho r i zon ta l ,  and the  width  of  proposed 
foundat ion can be smaller t h a n   t h a t   f o r  a canal,   the  embankments  would 
be much r educed   i n   s i ze  from  t'hose originally  planned. 

However, the use of a pipe  does  have some disadvantages.   Firs t -  
l y ,  l a r g e  diameter pipe is expensive;  secondly, the p i p e ,   t o g e t h e r   w i t h  
the cana l -p ipe   t r ans i t i on   s t ruc tu res ,  would s u f f e r  a head loss of abou t  

6 m, considerably more than   tha t  of the canal,  which  would  have a head 
loss of only 0.34 m over   the same d is tance .  

(d)  Fibreglass  Reinforced  Pipe  Discharge  Conduit  

The original   concept  of  a corrugated steel d i s c h a r g e   p i p e   h a s  
been  replaced by 1.8 m d iameter   f ib reg lass   re inforced   p ipe   (F .R.P . )   for  
g r e a t e r   d u r a b i l i t y .  The rou t ing  would  be  around the   ea s t e rn   s ide  of the  
coal   blending area, r a the r   t han   t he  west s i d e  as shown i n  t h e   o r i g i n a l  

HEDD (1978)  report. 
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( e )   P i t  R i m  Dam and Pumping 

irl 

A p i t  rim dam and  pumping system would be r equ i r ed   t o   i n t e rcep t  

runoff  between the headworks  and the p i t  rim; i t  wou ld   be   necessa ry   t o  

pump the water up to   t he  main divers ion  canal .  The components would in-  

c lude an e a r t h f i l l  dam, emergency spi l lway,  pumphouse and pipel ine.  The 

p i t  rim dam f a c i l i t i e s   a n d   t : h e i r   l o c a t i o n s  would  be v e r y  similar t o  

those   desc r ibed   i n   t he  HEDD Preliminary  Design  Report  (1978). 

( f  1 Minor Diversions 

ul 

ii 

Nd 

In  the  canal  arrangement,  a few minor d ivers ions   would   be   re -  

quired  to convey loca l   i n f lows   i n to   t he  main d ive r s ion  system. Two small 

d ive r s ions  would be r equ i r ed   where   t he   d ive r s ion   p ipe   c ros ses  Ambusten 

Creek and Medicine  Creek. Flow i n   t h e s e  two small   creeks would  be i n t e r -  

cepted by a s m a l l   d i v e r s i o n   s t r u c t u r e ,   a n d   w o u l d  be c h a n n e l l e d   i n  a 

small d ivers ion   p ipe   d i scharg ing   in to   the  main diversion  system. 

The l a r g e s t  of the minor divers ions  would  be a 2.7 km divers ion  

of Finney  Creek i n t o   t h e  headworks r e s e r v o i r .  It is  d e s c r i b e d   i n   t h e  

HEDD Preliminary  Design  Report  (1978). 

4.3.3 Future Required Changes 

Y 

91 

On expansion of the p.Lt with  time,  the p i t  boundary  would  in- 

f r i n g e  on the   divers ion  canal   ' route  and p a r t  of the  canal  would  have  to 

be  replaced  with some o ther   d ivers ion  method. The length  of c a n a l   t h a t  

would have t o  be replaced would depend on the  f i n a l   p i t   b o u n d a r y ,   a n d  

would be s i g n i f i c a n t l y  more f o r  t h e   l a r g e r   2 2 4 0  MW p i t   t h a n   f o r   t h e  

smaller 800 MW p i t .   Fo r   t he   l a rge r  2240 MW p i t ,   t h e   c a n a l  would have t o  

be r e p l a c e d   a t  an earlier s t a g e   i n   t h e   l i f e  of the  mine. The HEDD r e p o r t  

of  1978  concluded  that a rea l igned   cana l  would be p o s s i b l e ,   b u t   a s   d i s -  

cussed   i n   Sec t ion  4.3.4 below, this is not   thought   to  be prac t icable .  
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Two poss ib l e  methods could be used  to  replace the cana l   i n  this 

area, e i t h e r  a tunnel   or  a p ipe l ine .  Of these  two methods,  the  use of a 

tunnel  would seem t o  be mre log ica l .  Some of the  advantages  of a tun-  

nel  arrangement would  be i t s  r e l i a b i l i t y   a n d   p h y s i c a l   d i s a s s o c i a t i o n  

from the mining a c t i v i t i e s .  The h igh   cos t ,  the main disadvantage of the 

tunnel ,  would be reduced, sin.ce tunnel   cons t ruc t ion   need   no t   begin  f o r  
s e v e r a l   y e a r s  and these c o s t s  would be d i s c o u n t e d   t o  mine development  

c o s t s  at  Year 1. Furthermore, by the  t ime  the  tunnel would be required,  

the geology of the  eastern p i t   a r e a  would  be much b e t t e r  known, a i d i n g  

tunnel   design and construct ion  considerably.  The a l t e r n a t i v e   a r r a n g e -  

ments  incorporating a tunne l   s ec t ion   a r e   cove red   i n   Sec t ion  4.4. 

The rep lacement   o f   the   cen t ra l   cana l   sec t ion   wi th  a p i p e l i n e  

would not   o f fe r   s ign i f icant   advantages   over   us ing  a p ipe l ine  as the   p r i -  

mary d ivers ion  method from the  beginning of mine development. The pipe- 

l ine arrangements are discussed i n  Sec t ion  4.5. 

4.3.4 Geotechnical   Considerat ions 

An i m p o r t a n t   c o n c l u s i o n   i n   t h e  HEDD r e p o r t  of  1978 was t h a t  

realignment of the c a n a l   o n t o   t h e   u l t i m a t e   p i t   s l o p e s ,   a f t e r  some 12 

years  when the  pit   encroached  on  the  canal,   would  be  more  economical 

than  replacement by a t u n n e l  o r  c o n d u i t .  This presupposes  t ha t  the 

u l t ima te   p i t   s lopes  would be scable   without  creep movements. It i s  now 

f e l t   t h a t   s u c h  a judgement  cannot be  made a t   t h i s   s t a g e   a n d ,  i n  f a c t ,  

would not be poss ib l e   un t i l   mmy  yea r s  of mining   exper ience   had   been  

gathered in  t h i s   p a r t i c u l a r  area. Therefore,  it is c o n c l u d e d   t h a t  re- 
placement of the  earlier canal  by a rea l igned   cana l  is not   necessar i ly  a 

p rac t i cab le   o r   econo~n ica l   so lu t ion .  Our c u r r e n t   k n o w l e d g e   i n d i c a t e s  

that it is unl ike ly  t o  be a w o r k a b l e   a l t e r n a t i v e   a n d   t h a t   t h e   t u n n e l  

a l t e r n a t i v e  would be  needed. 

It was a l s o  concluded t ' h a t  o v e r   t h e   f u l l   l e n g t h  of the Hat Creek 

Divers ion   cana l ,   seepage   losses ,   i f  a p l a s t i c   l i n e r  were i n c o r p o r a t e d ,  
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would be about 20 l/sec. In our  opinion, much would depend on t h e   c a r e  

with wh ich   t he   p l a s t i c   l i ne r  was i n s t a l l e d   a n d   w h e t h e r   o r   n o t   r u p t u r e  

would occur   due  to   ear th  movements. Even so, t he   quan t i ty  of seepage is 
not  of primary  importance  but  rather i t  is the   excess   hydros t a t i c   p re s -  

s u r e s   t h a t   a r e  set up i n  the p i t  walls by such  seepage  that  are of con- 

cern.   Therefore,   the  question of leakage   in   overa l l   economic  terms is  

l inked   to   the   ques t ion  of i t s  impact  on p i t   s l o p e   s t a b i l i t y .  In t h e  

HEDD report ,   the   fol lowing  s ta tement ,   Sect ion 6.2,  page 6-14, was made: 

"A c a n a l   l i n i n g  combining  both a p l a s t i c  membrane and an  impervious till 

l i n i n g  is cons idered   se l f -hea l ing   in  terms of the movement a n t i c i p a t e d  

in   such   a r eas . "  In our   opinion,   this   s ta tement  i s  open to   ser ious  objec-  

t i o n ,  when no es t imate  of the  *'movement an t i c ipa t ed"  has yet  been made. 

E x p e r i e n c e  i n  the per formance  of r e c e n t  "well e n g i n e e r e d "  

cana ls  would lend  towards a caut ious  judgement   regarding  the  l ikel ihood 

o f   c a n a l   f a i l u r e s .   C a t a s t r o p h i c   c o l l a p s e s   h a v e   t a k e n   p l a c e   i n   t h r e e  

l a r g e  new c a n a l   c o n s t r u c t i o n s   i n   r e c e n t   y e a r s .   T h e s e  are a s   f o l l o w s  

( s e e   r e f e r e n c e s   f o r   d e t a i l s ) :  

- Elbe   Se i ten   Canal ,  West Germany,  1976 (NCE, 1976,  and 

- Nurenberg  Canal., West Germany, 1979 (NCE, 1979) 

- Ruahihi  Canal, N e w  Zea land ,   1981 (NCE,  1981,  and N C E ,  

Hager,  1977) 

1982). 

In a d d i t i o n ,  a p l a s t i c   l i n e r   f a i l u r e   c a u s e d  a r u p t u r e   i n  a 

r e s e r v o i r  at Kircheuim i n  Germany i n  1977 :  t h e   e s t i m a t e d  damage c o s t  

$10 mi l l ion .  

The pu rpose   i n   c i t i ng   t hese  examples is t o   p o i n t   o u t   t h a t   t h e y  

occurred as a r e s u l t  of t h e   o v e r s i g h t  of a p p a r e n t l y  small d e s i g n  de- 

t a i l s ,   t h e   r e s u l t s  of which were mlnor s e e p a g e s   e v e n t u a l l y   l e a d i n g   t o  

f a i l u r e s .  Examples of canals in the French   Alps  a t  Lyonne  and a t  Gap 

t h a t  have  keen destroyed by l ands l ide  movements are g i v e n   i n  Gignoux and 

Barbier  (1955). 
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Close to   t he   a r ea  of the   p i t   deve lopments ,   major   l ands l ides  up 

t o  50 M3 occurred  towards  the  end of the   19 th   cen tury   near   Ashcrof t ,  

B.C., i n   t h e   g l a c i a l   o u t w a s h   g r a v e l ,   s a n d   a n d  s i l t  d e p o s i t s  on t h e  

Thompson River.   These  sl ides were caused  by i r r i g a t i o n  of t he   bench  

lands.  The a c t u a l   q u a n t i t i e s  of  water  involved are not known, a l t h o u g h  

i r r i g a t i o n  was thought  to  have  been  carried  out by f looding open d i t ches  

The s l i d e s   r e s u l t e d  in severe  damage t o  the C a n a d i a n   P a c i f i c   R a i l r o a d  

t r acks  and the  railway  eventu,slly  obtained an i n j u n c t i o n   t o   p r e v e n t   t h e  

fa rmers   f rom  i r r iga t ing   the   l and .  A t o t a l  o f   e i g h t   m a j o r   l a n d s l i d e s  

occurred. 

The s l i d e s  have been wel l  documented by Stanton (1897  and  1904) 

and  summarized by Skermer  (1982). “he s o i l s  are similar t o   t h e   g l a c i a l  

outwash  deposi ts   that   appear  on t h e   e a s t   s i d e  of t h e  Hat C r e e k   v a l l e y .  

The Ashcrof t   s l ides   appear   to  be l a y e r e d   w i t h   s l i c k e n s i d e d   b e n t o n i t i c  

c lay.  A t  the  time of w r i t i n g   t h i s   r e p o r t  (September  1982), CP r a i l  was 

closed down f o r   t h r e e   t o   f o u r   d a y s   b e c a u s e  of r e a c t i v a t i o n   o f   o n e   o f  

t h e s e   o l d   s l i d e s   i n   t h e   g l a c i a l   d e p o s i t s  on the  l e f t  bank of t h e  Thomp- 

son River. The movements were a t t r i b u t e d   t o   t o e   e r o s i o n  by the r i v e r  and 

i r r i g a t i o n  by farmers of the benchlands above. The s l i d e ,  over  300 m in  

length ,  was observed  over a two-day pe r iod   t o   be   mov ing   a t  an a v e r a g e  

r a t e  of 30 mm per  hour,   after  which it fai led  suddenly.  

Although i t  was ag reed   t ha t   t he   p r imary   cause   o f   t he  ea r l i e r  
s l i d e s  was the   app l i ca t ion  of  water  to  the  land by means of i r r i g a t i o n ,  

discussion  ranged  around the presence of c lay  beds at the bedrock  con- 

tact. Some people   bel ieved that the set of s l i d i n g  was i n  such  a c l a y  

seam. Stan ton ,   in  his ca re fu l   examina t ion   o f  the Great N o r t h   S l i d e ,  

concluded  that  no such  clay seam exis ts ,  a l t h o u g h   b o u l d e r   c l a y   ( t i l l )  

unde r l i e s   t he  silt and overlies  the  black  shale  bedrock.  Stanton,  there- 

fore ,   conc luded   tha t   the   s l ide   fa i led  by sof ten ing  of the  si1.t  as a re- 

s u l t  of increase  in  water  content.   Skermer,  however,  examined t h e   s l i d e  

d e b r i s  at the site of the mOst nor ther ly  of the s l i d e s   a n d   f o u n d  t h a t ,  

i n  f a c t ,  the s i l t  was l ayered   wl th   very   th in  seams of clay. This c lay  is 
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s l i c k e n s i d e d ,   i n d i c a t i n g  t ha t  s l i d i n g   h a s   t a k e n   p l a c e  on t h e s e   c l a y  

l aye r s .  The c lay   appears   to  be ben ton i t i c   i n   o r ig in .   Ben ton i t e  i s  t h e  

extremely weak c lay   minera l   tha t  is the  set of the   major   l ands l ides   and  

so i l   c r eeps   t ha t   a r e   s een   i n   t he   Ha t  Creek Val ley   above   the   coa l   depo-  

sits. In r e t r o s p e c t ,  it is not unreasonable   that   th is   type of c lay  min- 

e ra l   shou ld  be  found redeposi ted  as  thin seams w i t h i n   t h e   g l a c i a l   l a k e  

sequences of c lay  layered si l ts  found  downstream i n  the Thompson R ive r .  

S imi la r   depos i t s  of t h e   b e n t o n i t i c   c l a y   m a t e r i a l s  a re  found   e l sewhere  

upstream  in  the  Bonaparte  drainage  basin and these,  too,  could  have  been 

washed in to   t he   g l ac i a l   l ake   t ha t   occup ied   t he  Thompson R i v e r   v a l l e y  at  

the   c lose  of t he   g l ac i a l   pe r iods .  

S i m i l a r l y ,   i r r i g a t i o n  of g l a c i a l  outwash  benchland on t h e   r i g h t  

banks of the Thompson River  ju.st south of Spences  Bridge  caused a disas-  

t r o u s   l a n d s l i d e   i n  1905. The s l i d e  swept r a p i d l y   a c r o s s   t h e  r iver  and 

dammed it fo r   fou r  t o  f ive  hours .  Ten people were k i l led   ( see   Drysda le ,  

1913). 

In our   opinion,  there is a s e r i o u s   r i s k   i n v o l v e d  i n  d i v e r t i n g  

Hat Creek i n  a c a n a l   a r o u n d   t h e   p e r i m e t e r  of t h e   p i t  where men and 

equipment  are  working below. 

I n  the   ea r ly   yea r s  of mining,  the weak clay  rocks  would  not  be 

exposed, and t h e   p i t   s l o p e s  would  be in   l aye red   g l ac i a l   ou twash   ma te r -  

ia ls  cons i s t ing  of silts, sand!; ,   and  gravels .  If l eakage   ou t   o f   t he  

canal   did  occur ,  it is q u i t e   p o s s i b l e   t h a t   f a i l u r e  i n  the sands and  gra- 

. ve l s  could  take  place as a r e s u l t   o f   e r o s i o n  by p i p i n g  of f i n e  s o i l s  

a long   prefer red   l ayers   wi th in   those   depos i t s  o r  by s l i d i n g  on t h i n   c l a y  

seams as  seems t o  be the case at   Ashcroft .   Piping i s  a common and well 

documented mode  of f a i l u r e  of e a r t h  dams on layered   granular   so i l s .  Fur- 

t h e r m o r e ,   a s   m i n i n g   p r o g r e s s e s   d e e p e r   i n t o   t h e   p i t ,   s t r e s s   r e l i e f   a n d  

creep of the  underlying  claystones  might  cause  shear movements a long   the  

c.anal which could  aggravate suc'h leakages,  and lead t o  canal rupture.  
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I n  summary, t h e r e f o r e ,   t h e   g e o t e c h n i c a l   a r g u m e n t s   a g a i n s t   t h e  

cana l  are twofold. F i r s t ly ,   l eakage   ou t  of t h e   c a n a l   c o u l d   i m p a i r   t h e  

s t a b i l i t y  of the  pi t   s lopes.   Secondly,  the reverse  could  happen,   inso-  

f a r  as s lope   i n s t ab i l i t y ,   un re l a t ed   t o   cana l   l eakage ,   wu ld   l ead   t o  can- 

a l  rup tu re .   A l though   s lope   h s t ab i l i t y  and c a n a l   f a i l u r e   a r e   i n t e r r e l a -  

t ed ,   i n   p rac t i ce ,   cause  and e f f e c t  are l i k e l y  t o  be i n s e p a r a b l e   i s s u e s .  

The pragmatic   solut ion is to   adopt   another   means   for   d ivers ion   of  Hat 
Creek. Such an a l te rna t ive   ueans   should   be   e i ther   l eakproof ,   o r  alter- 

n a t i v e l y ,   f a r  enough  removed from t h e   p i t   s l o p e s   t h a t   l e a k a g e   c o u l d   n o t  

poss ib ly   impa i r   s t ab i l i t y .   A l t e rna t ive ly ,  any means of d ivers ion  on, or 
c lose   to ,   the   p i t   s lopes   should  be capable of accepting,  without damage, 

slow  creep  movements i n   t h e   f o u n d a t i o n   s o i l s   i n   t h e   o r d e r   o f  a few 

metres or mre. 

4.4  Canal/Tunnel/Pipe  Alternative 

4.4.1 General 

Although the earlier Monenco and HEDD s t u d i e s   i n d i c a t e d   t h a t  

the   cana l   c lose   to  the p i t  wou.ld probably  have  to be r e loca ted   i n to  tun- 

n e l   a t  a c e r t a i n  time as   the  p i t  encroached on t h e   c a n a l   a l i g n m e n t ,  no 

d e t a i l e d   s t u d i e s  were ca r r i ed   ou t  on tha t   aspec t .  The current   s tudy gave 

de ta i l ed   cons ide ra t ion   t o  all arrangements  which  could  involve a t u n n e l  

as a v a r i a t i o n  t o  either the canal or p ipe l ine   l ayou t s  for both t h e  800 

MW and 2240 MW Schemes during  the  operat ional   phases  of the p i t  a n d   f o r  

long-term abandonment. A tunnel   layout  has no t   been   t r ea t ed  as a com- 

p le te ly   separa te   a l te rna t ive   bu t   mere ly  as a v a r i a t i o n  on t h e   c a n a l   o r  

p ipe l ine   a r rangements   descr ibed   in   Sec t ion  4 . 3 .  

A brief   account  is g i v e n   i n  this sec t ion  of the s t u d i e s   c a r r i e d  

ou t   t o   s e l ec t  a tunnel   l ayout  and fo r   t he   cho ice  of optimum routes  with- 

:in tha t   l ayout .  The p re fe r r ed  a.rrangement i s  d e s c r i b e d   i n   d e t a i l .  Appen- 

d i x  A (Volume 2 )  gives a complete  account of the tunnel   s tud ies .  
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4.4.2 Layouts  Considered 

Three main tunnel   l ayouts  were c o n s i d e r e d   f o r   d e t a i l e d   s t u d y  
( see  Drawing 5). 

A pressure  tunnel  ru.nning  under the eas t e rn   s ide  of the p i t  and 
d r iven   su f f i c i en t ly   deep ly  below t h e   p i t   t o   a v o i d   i n t e r a c t i o n  
wi th   s lopes  of a pi t   excavated  to   recover   the  total   coal   recov-  
ery.  The tunnel  wou.ld e n c o u n t e r   s u r f i c i a l   d e p o s i t s   a n d   t h e  
Medicine  Creek  Formation. 

A free-flow  tunnel  driven  along an a l ignmen t   be tween   t he   ea s t  
margin of t h e   p i t  and the  eastern  escarpment  through weak vol -  
c a n i c l a s t i c s  and s u r f i c i a l   d e p o s i t s .  

A free-flow  tunnel a t  a higher   l eve l   than   layout  B which  would 
be  dr iven  largely th:cough the   vo lcanic las t ic   rocks  of the  east- 
e r n  escarpment .   Al te rna t ive   rou tes   wi th in   th i s   overa l l   l ayout  
could be chosen to   avoid ,  or take  advantage  of ,   par t icular   rock 
sequences. 

It was a l s o  hoped a t   t h e   o u t s e t   o f   t h e   s t u d y   t h a t  a s u i t a b l e  
tunnel  could be se l ec t ed  which, i n   a d d i t i o n   t o   p r o v i d i n g   t h e   r e q u i r e -  
ments of a s a f e  and economic d i v e r s i o n ,   w o u l d   a l s o   h e l p  t o  d r a i n   t h e  
e a s t e r n  p i t  slopes by in te rcept ing   seepage  from the  escarpment. 

Layouts A and B proved t o  have two main d i f f i c u l t i e s   i n  common: 
they  both would in te rcept   con6 , iderable   l engths  of s u r f i c i a l   d e p o s i t s ,  
probably  under  high  heads  of  ground water ( d e f i n i t e l y  i n  t h e  case of A, 

p o s s i b l y   i n   t h e  case of B) ;  both  tunnels  would  be d r i v e n   p a r t l y   t h r o u g h  
c lays tones  and s i l t s t o n e s  of a bentonitic  composition  with  inherent  pro- 
blems of squeezing and s laking.  An a p p r a i s a l  of t h e   c u r r e n t   t u n n e l l i n g  
methods  capable of dealing  with  high-head water inf lows i n  granular  sur- 
f i c i a l   s e d i m e n t s   ( f r e e z i n g ,   g r o u t i n g   a n d   d e w a t e r i n g )   s h o w e d   t h a t  i t  
would be imprac t ica l .   to   a t tempt   to   d r ive  a tunnel  with such  major  con- 
s t r a i n t s   o v e r   t h e   l e n g t h s   a n d   t h e   d e p t h s   b e i n g   c o n t e m p l a t e d  a t  Hat 
Creek. For tha t   reason ,   these   l ayouts  were not   cons idered   fur ther .  
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Layout C o f f e red  a choice of routes   through the eastern escarp- 

ment with upstream  portals  e i t h e r  i n  the Medic ine   Creek  or Hat Creek 

Valleys and downstream  portal!^ c lose   to   Harry   Creek   to   the  west o f   t h e  

escarpment. The i n i t i a l   e v a l . u a t i o n  of the   l ayouts  showed tha t   Layou t  C 

was f e a s i b l e  and meri ted a de. ta i led  s tudy.  For t h a t   r e a s o n ,  a program 

of i n v e s t i g a t i o n  was se t  up t o   a s s e s s  the t u n n e l l i n g   p r o b l e m s   w h i c h  

might be encountered,   to   select   the   appropriate  method of tunnel  excava- 

t i on ,   t o   e s t ab l i sh   t he   pa rame te r s  on h i c h  a tunne l   des ign   and   cos t ing  

could be based, and hence recommend the optimum route.  

4 . 4 . 3  Tunnel  Routes 

md 

J 

w 

The geology of the e a s t e r n  embankment area was poorly known a t  

the s t a r t  of the   s tudy;   an   inves t iga t ion  was p l a n n e d   t o   o b t a i n   f u r t h e r  

da ta   to   enable  a t u n n e l   f e a s i b i l i t y   a s s e s s m e n t   t o  be  made. T h i s  com- 

pr i sed   geologica l  mapping, geophys ica l   su rvey ,   d i amond   d r i l l i ng ,   f i e ld  

and labora tory   t es t ing .  The d e t a i l s  of the  methods  used  and the r e s u l t s  

obtained  are   contained in Volume 2,  Appendix A. 

Once the  geology had been  accurately  defined,  the  area was zoned 

in to   geo techn ica l  units w i t h   d i s t i n c t   p r o p e r t i e s .  These were designated 

G t o  G5 and  they were a s c r i b e d   " t u n n e l l i n g   q u a l i t y   i n d e x e s "   w h i c h  en- 

abled them t o  be considered i n  r e l a t i o n   t o   t u n n e l l i n g  methods ( see   Sec -  

t i o n  4.4.4). 

Tunnel  routes were then   s e l ec t ed  on the b a s i s  of topography  and 

geologic  reasons.   Four  routes  were  identified (T1 t o  T3A) and   t he   p ro -  

por t ions  of t he   va r ious   geo techn ica l   un i t s  were a s s e s s e d .  The r o u t e s  

were as   fol lows:  
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Tunnel 1 would be d r i v e n   p r i m a r i l y   i n   s u r f i c i a l   d e p o s i t s   b u t  

a l s o   f o r  some dis tance  through  the Upper V o l c a n i c l a s t i c s ,   t h e y  

would be dry o r  under a modest  head  only.  The r o u t e  would  be 

a t  the  western  edge  of   the   escarpment .  The u p s t r e a m   p o r t a l  

would be i n  Hat Creek. 

Tunnel 2 would be d r i v e n   t h r o u g h   s u r f i c i a l s   a n d   t h e   s t r o n g e r  

but   brecciated  rocks of the s e q u e n c e ,   t h e   a l t e r e d   a n d e s i t e s .  

The upstream  portal  would be i n  Hat Creek. 

Tunnel 3 would be driven  through  the Lower V o l c a n i c l a s t i c s  a t  

the   ea s t e rn   s ide  of the  escarpment  but  with  an  upstream  portal  

i n  Medicine  Creek. 

Tunnel 3A would be driven  through  the Upper Volcanic las t ics   bu t  

from  an  upstream p o r t a l   i n   t h e  Hat Creek  Valley. It would a l s o  

be necessa ry   t o   t r ave r se   t he   su r f i c i a l s  and a l te red   andes i tes .  

S t u d i e s   w e r e   u n d e r t a k e n  on these f o u r   r o u t e s   t o   c h o s e   t h e  

appropr ia te   excavat ion   ne thod   which   would   sa t i s fy   the   requi rements  of 

a l l  the geotechnical  zones  through which the tunne l   wou ld   be   d r iven .  

Cost estimates were then produ.ced f o r  all f o u r   a l t e r n a t i v e s   i n   o r d e r   t o  
select the optimum t u n n e l   r o u t e   f o r   i n c l u s i o n   i n   t h e   m a i n   d i v e r s i o n  

s tudies   for   the  canal / tunnel /pipel ine  comparisons  (see Appendix A). 

4.4.4 Tunnelling Methods 

Comparisons  have  been made of the   s ta te -of - the-ar t   methods  of 

t u n n e l   e x c a v a t i o n   a n d   s u p p o r t   r e l a t i n g   t o  the v a r i o u s   g e o t e c h n i c a l  

un i t s .  Advice was provided by our two tunne l l ing   consu l t an t s ,  Mr. A.A. 

Mathews i n  r e spec t  of "hard  ground"  tunnelling, and Dr .  2. Eisens t e in  i n  

r e spec t  of " so f t  ground"  tunne:ll ing.   The  methods  considered  included 

the  following: 
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- Hand excava t ion   fo r   su r f i c i a l   depos i t s  where the re  i s  not 

a water prob1.em; 
- Shie ld-excava . tor   for   sur f ic ia l s   o r  weak rocks where sup- 

po r t  is  needed at the face  but  the ground  can  be  excava- 

ted  by a c u t t e r   o r  backhoe-type boom; 
- Drill-and-blast   for  rock where it i s  uneconomic t o  inves t  

in a machine; 
- Part-face  tunnel   boring  machine  ( road-headers)   for   sui t -  

a b l e  ground  where a mechanized  approach  can  be  used  but 

wh ich   r equ i r e s   f l ex ib i l i t y ;  
- Full-face  tunnel   boring machine  where  uniform  rock  condi- 

t i o n s   e x i s t  and the c a p i t a l   c o s t  can be j u s t i f i e d .  

A l t h o u g h   p a r t i c u l a r   e x c a v a t i o n   t e c h n i q u e s   a r e   p r e f e r a b l e   f o r  

spec i f i c   geo techn ica l   un i t s ,  i t  i s  g e n e r a l l y   i m p r a c t i c a b l e   t o   c h a n g e  

tunne l l ing  methods i n  any one a l ignmen t .  In consequence,   the   method 

a p p l i c a b l e   t o  the dominant   geotechnical   uni t  is l i k e l y   t o  be that  f o r  

the  complete  tunnel.  Thus,  the  following methods  have  been  recommended 

for   the   four   rou tes :  

T1 - S h i e l d - e x c a v a t o r   i n   s u r f i c i a l s   a n d   r o c k ;   l o c a l   d r i l l  

and b l a s t ing ;  

T 2  - Hand excava t ion   i n   su r f i c i a l s ,   d r i l l - and-b la s t   i n   rock ;  

T3 - Shield-excavator   in   surf ic ia ls   and Lower V o l c a n i c l a s -  

t i c s ;  some l o c a l   d r i l l  and b l a s t ing ;  

T3A - Shie ld -excava to r   i n   su r f i c i a l s  and  Lower V o l c a n i c l a s -  

t ics;  d r i l l  and b l a s t   i n   a l t e r e d   a n d e s i t e s .  

4.4.5 Tunnel Support 

It has  been assumed t h a t  all t u n n e l   a l t e r n a t i v e s  would r e q u i r e  

temporary  support   and  f inal   l in ing  for   hydraul ic   reasons;  in some cases 
these  might  both  serve  the Sam,? purpose. 
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Techniques  avai lable   include:  

- Concrete   segmental   l in ing  placed as an i n t e g r a l   p a r t  of 

- Rock bol t ing ;  
- Shotcrete  with. or without mesh; 
- Cast - in-p lace   concre te   l in ing ,   loca l ly   re inforced;  

the  excavat ion  cycle;  

- S t e e l  sets. 

Af t e r   s e l ec t ion  of the  excavat ion  method,  it was p o s s i b l e   t o  
choose  the  appropriate  tunnel  support/ l ining  methods.  The c o n c l u s i o n s  
were as follows: 

TI - concrete   segmental   l in ing 
T2 - cas t - in -p lace   conc re t e   l i n ing   i n   su r f i c i a l s  and l o c a l l y  

i n  rock,   rock  bol t ing,   shotcrete   and mesh i n  rock; 
T 3  - conc re t e   s egmen ta l   l i n ing   i n   su r f i c i a l s  and lower  Vol- 

c a n i c l a s t i c s ,   l o c a l   r o c k   b o l t i n g  and sho tc re t e ;  
T3A - conc re t e   s egmen ta l   l i n ing   i n   su r f i c i a l s  and lower Vol- 

can ic l a s t i c s ;   d r i l l - and-b la s t   w i th   sho tc re t e   l oca l ly .  

A l l  rou tes  might requi re   the   use  of s t e e l   s e t s   o v e r   s h o r t  sec- 
t i ons .  

4 . 4 . 6  Tunnel  Design 

From the   eva lua t ion  of geotechnical   behaviour   during  tunnel l ing,  
i t  has  been  concluded  that   ei ther a c i rcu lar   o r   horseshoe-shaped   tunnel  
would be admissable, since f o r  long-term s t a b i l i t y  a c o n c r e t e  or s h o t -  
Crete l i n i n g  would  be r e q u i r e d   a n d   e x t e r n a l   g r o u n d   p r e s s u r e s  are n o t  
excessive.  

A d i a m e t e r  of approx ima te ly   2 .4  m (8 f t . )  i s  r e q u i r e d  for 
hydraul ic   reasons and t h i s  is ,at  the  lower limit of t h e   e f f i c i e n t   u s e  of 

men and machines i n  a heading. It is a n t i c i p a t e d ,   t h e r e f o r e ,   t h a t  the 
tunnel  would be dr iven at  3.0 In diameter. 
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Excavation would l ike ly   p roceed  from two head ings   a l though ,   i f  

a machine wre t o  be u t i l i z e d ,   t h e   l a r g e r   p a r t  of t h e  work would be 

c a r r i e d   o u t  from  one  end only. 

Tunne l   po r t a l s   have   no t   been   g iven   de t a i l ed   cons ide ra t ion   i n  

t h i s   f e a s i b i l i t y   s t u d y  althou.gh  they would need t o   i n   l a t e r  phases. 

4.4.7 Selec t ion  of Preferred  Route 

Comparison of t he   va r ious   a l t e rna t ive   rou te s   fo r  a tunnel   diver-  

s ion  have r e s u l t e d   i n   t h e  recommendation of Route T3A. The d e t a i l s  of 

the  comparison are g i v e n   i n  Appendix A. 

The s e l e c t i o n  of the most a p p r o p r i a t e   t u n n e l   r o u t e   c o n s i d e r s  

bo th   t he   i nhe ren t   t unne l   cha rac t e r i s t i c s  and t h e   t u n n e l  as a n   i n t e g r a l  

p a r t  of the  diversion scheme. For the purposes  of r o u t e   c o m p a r i s o n s ,  

d i f f e r e n c e s   i n   h y d r a u l i c   o p e m t i n g   e f f i c i e n c y  and maintenance  costs  dur- 

i n g   t h e   l i f e  of t he   s t ruc tu re   a r e   cons ide red   t o  be minor. 

F a c t o r s   c o n s i d e r e d   i n   t h e   s e l e c t i o n   o f   t h e   p r e f e r r e d   r o u t e  

include  cost ,   remoteness   f rom  the  pi t ,   geological   condi t ions and implied 

u n c e r t a i n t i e s  and c o n s t r u c t i o n   p r e f e r e n c e s .   S i n c e   c o s t s   f o r   R o u t e  T2 

are wi th in  the  range of T1 ami T3, the  first choice i s  p r i m a r i l y  based 

on g e o l o g i c a l   a n d   c o n s t r u c t i o n   c o n d i t i o n s .   N o r m a l l y ,   t h e   u s e  of a 

machine for tunnel   excavat ion, ,  as opposed to   convent iona l   min ing ,   con-  

t a i n s  a greater unce r t a in ty  OIL the   construct ion  outcome  because of t h e  

i n f l e x i b i l i t y  of machine operation. In t h i s   c a s e ,  however, t he   excava -  

t i o n  of Route T2 by dril l-and-blast   should  consider the real p o s s i b i l i t y  

of s e r ious  problems a r i s i n g  from  the  combination of extensive  lengths  of 

tunnel  of low RQD and  adverse water conditions,   complicated by t h e   p r e -  

sence of a s u b - p a r a l l e l   f a u l t .  Such ground  water  conditions are unl ike ly  

t o   p r e s e n t  major problems i n   t h e  more c o m p e t e n t   r o c k s   t r a v e r s e d  by T3 

and T3A and,   fur thermore ,   the   un i formi ty   o f   the  G4 g e o t e c h n i c a l   u n i t  

makes machine excavat ion   reasonably   re l iab le .  
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Thus,  tunnel  excavat:ions by machine for   Routes  T1,  T3 o r  T3A i s  

prefer red   to   convent iona l   d r iv ing  of Route T2,  on t h e   b a s i s  of c e r t a i n t y  

of cons t ruc t ion  outcome. An added b e n e f i t  of t h i s   cho ice  is the a b i l i t y  

t o   u t i l i z e  a p r e c a s t   c o n c r e t e   l i n i n g   f o r   b o t h   c o n s t r u c t i o n   a n d   o p e r a -  

t i ona l   func t ions .  This 1inin.g method is most s u i t e d   t o  a f r e e - f l o w  or 

low pressure   tunnel   for   the   p resent   geologica l   condi t ions .  

The comparison of Routes T3 and T3A cons iders   the   sav ing  in  cos t  

of tunnel  ($2 m i l l i o n )   f o r   t h e   s h o r t e r   r o u t e ,   r e l a t i v e   t o   t h e   g r e a t e r  

c o s t s  of p ipe l ine / cana l  and ear thworks  s t ructures  at  the  Medicine  Creek 

crossing.  It is es t ima ted   t ha t   t he   ex t r a   cos t s   fo r   p ipe l ine / cana l / ea r th -  

works a s soc ia t ed   w i th   t he   sho r t e r   t unne l   rou te   a r e  less than $2 mi l l i on ,  

e s p e c i a l l y  if the f a v o u r e d   a l t e r n a t i v e  of the  p i p e l i n e ,   i n s t e a d  of 

canal ,  is considered. Major a spec t s   i n   t h i s   compar i son  are t h e   u n c e r -  

t a i n t y   r e l a t e d   t o   t h e   s l i d e  zone i d e n t i f i e d  on Route T3 and the   var iab le  

geology  within  the  block  faul ted  zones  in   that   area of tunnelling.  Since 

no o ther   major   fac tors   in f luence   the   compar ison   of  T3 and T3A r o u t e s ,  

Route T3 i s  el iminated from fur ther   cons idera t ion .  

The g rea t e r   cos t  of  :Xoute T3A compared t o   t h a t   f o r   R o u t e  T 1  i s  

e s s e n t i a l l y  a consequence of .its g rea t e r   l eng th ;  as n o t e d   e a r l i e r ,   u n i t  

c o s t s  are very   s imi la r .   This   cos t   d i f fe rence   can   be   d i rec t ly   compared  

t o  two  major d i f f e rences  between the two routes:  

Y 

rl 

(1) proximi ty   to   the   u l t imate   p i t  rim; 

(2 )   d i f f e rences   i n   cons t ruc t ion  problems as a consequence  of 

having   to   c ross   the   a l te red   andes i te   un i t   twice .  

Route T1 i s  located  approximately 400 m d i s t a n t   f r o m   t h e   p i t  

r i m .  The adequacy of t h i s   s e p a r a t i o n   m u s t   c o n s i d e r   t h e   p o t e n t i a l   f o r  

seepage  from  the  tunnel  modifying  the  ground  water  conditions  around  the 

p i t ,   t h e   p o s s i b i l i t y  of d e e p - s e a t e d   p i t   s l o p e   f a i l u r e s   a f f e c t i n g   t h e  
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tunne l ,   and   t he   unce r t a in ty   r ega rd ing   t he   u l t ima te   pos i t i on   o f  the p i t  

rim. This last f a c t o r  is inf luenced by the l i f e  of the scheme, the   d i s -  

covery of  new depos i t s ,  and m o d i f i e d   p i t   s l o p e   a n g l e s .  It shou ld   be  

no ted   t ha t  unless spec ia l   p recaut ions  and l i n i n g   c o n s t r u c t i o n   p r a c t i c e s  

are adopted, some seepage   th rough  the   p recas t   l in ing   in to   the   rock  i s  to  

be expected. 

The g e o l o g i c a l   i n v e s t i g a t i o n s   i n d i c a t e   t h a t   t h e   c o n t a c t s   b e -  

tween the   andes i t e  and t h e  Upper  and Lower Vo lcan ic l a s t i c s  that would be 

crossed by Route T3A are no t   expec ted   t o   p re sen t   s ign i f i can t   t unne l l ing  

problems. An allowance  for t h e  d i f f e r e n t   t u n n e l l i n g   c o n d i t i o n s  i n  t h e  

a n d e s i t e   u n i t  has k e n  made i n  the   cons t ruc t ion  and cost   es t imate .  Thus, 
on the   bas i s  of the above dis 'cussion of t h e   v a r i o u s   f a c t o r s   a f f e c t i n g  

the  choice of t h e   t u n n e l   r o u t e ,  it i s  recommended t h a t   R o u t e  T3A be 

adopted as the   p re fe r r ed   a l t e rna t ive .  

4.4.8 CanallTunnellPipe  Arrangements 

In   add i t ion   t o   t he   t unne l   rou te   (desc r ibed   above ) ,   t he   p r inc i -  

p a l  components of t h e   t u n n e l   d i v e r s i o n   a r r a n g e m e n t  are given  below.  

Drawings 6 and 7 i l l u s t r a t e   t h i s   a r r a n g e m e n t   f o r  the 800 MW and  2240 MW 

Schemes, r e s p e c t i v e l y .  The ar rangement   would   be   the   same f o r  b o t h  

schemes. Table 4 summarizes the d ivers ion   tunnel  parameters. 

Headworks Dam and Int,ske 

The design and loca t ion   o f   t he   headworks  dam f o r   t h e   t u n n e l  

arrangement would be Lden t i ca l   t o  t ha t  of t h e  canal a r r a n g e -  

ment descr ibed earlier. 

Headworks Dam t o  Tunnel  Portal  

The d ivers ion  of Hat Creek  from t h e  headworks dam at  e l e v a t i o n  

975 m t o   t h e   t u n n e l   p o r t a l  at 962 m f o l l o w s   e s s e n t i a l l y   a l o n g  
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TABLE 4 

Tunnel. Diversion  Parameters 

2240 MW Schemes 
800 MW and 

In take  and d ive r s ion  dam 
Max. r e s e r v o i r  water l e v e l  
Average dam height  

I n t a k e   t o  Ambusten Creek 
Diversion method 

Mean gradien t  
Length 

Ambusten Creek t o  t u n n e l   p o r t a l  
Diversion method 
Length 
Mean gradien t  

Tunnel  Section 

I_ 

- 

Diameter 

Mean gradien t  
Length 

Discharge  conduit   (west)  

Type 

Type 

Length 
Diameter 

Mean gradien t  

TOTAL LENGTH OF DIVERSION 

976 m 
15 m 

1,500 m 
Canal 

0.02% 

2.4 m d ia  F.R.P. 
2,230 m 

0.63% 

Concrete  Segmental  Lining 
2.4 m (probably 

3.0 m driven)  

0.59% 
3,395 m 

F.R.P. or C.P.P. 
1.8 m d i a  
1,950 m 

6.4% 

9,075 m 

Y 
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t h e  same route  as fsor t h e   i n i t i a l   p o r t i o n  of the  canal  arrange- 

ment. This i s  shown on Drawings 6 and 7,  and desc r ibed   i n  Sec- 

t i o n  4 . 3 . 2 .  

The use of l a rge   d i ame te r   p ipes   t o   t he   t unne l   po r t a l  was a l s o  

considered. However, the l imited  a l lowable  head  loss  would re- 
qui re   the   use  of oversize  and,  hence,  expensive  pipes. 

( 3 )  Discharge  Conduit 

From the   tunnel   ex i t   por ta l   c lose   to   Harry  Creek at approximate 

e l eva t ion  9 4 2  m, the  water   would  be  re turned  to  the o r i g i n a l  

Hat Creek  channel  in a condui t ,  similar t o   t h a t   f o r   t h e   c a n a l  

arrangement. Two pi:peline  routes  were  considered and a r e  shown 

on  Drawings 6 and 7. 

The west d ischarge   condui t   rou te ,   which  is p r e f e r r e d ,   w o u l d  

t r ave l   a long   t he  west s i d e  of Harry  Creek s k i r t i n g   a r o u n d   t h e  

coal   blending  area and then  discharging  to  Hat  Creek, j u s t  up- 

stream of the  Indian  Reserve boundary. This   route  i s  r e l a t i v e l y  

shor t ,   bu t   the   p ipe  would  have t o  be   kept  away f r o m   t h e   c o a l  

s tockp i l e s ,   s ince  i t  would  be c o s t l y   t o   d e s i g n   t h e   p i p e   f o r  

high  overburden  pressures and r e p a i r  of the  pipe would  be d i f -  

f i c u l t .   F i b r e g l a s s   R e i n f o r c e d   P i p e  (F.R.P.) o r   Cor ruga ted  

Polyethylene  Pipe (C.P.P.) would  be  used. An a l t e r n a t i v e   d i s -  

charge  condui t   route  wast of Harry  Creek  was a l s o   c o n s i d e r e d ,  

bu t   t h i s  would be 360 m longer  (18 per   cen t ) .  

( 4 )  P i t  R i m  Dam and Pumphouse 

d A p i t  rim dam and pumphouse would  be r equ i r ed   immedia t e ly  up- 

stream of t h e   p i t   t o   l n t e r c e p t   s e e p a g e   a n d  l o c a l  i n f l o w s .  A 

pumphouse and a p i p e l i n e  would  be provided  to  pump the water  up 

t o   t h e  main divers ion.  
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4.5 

4.5.1 

Minor Diversions 

The same minor d ive r s ions  as f o r  the canal  arrangement would  be 

requi red   for   the   tunnel  scheme. These  were d iscussed   in   Sec t ion  

4.3.2. 

P ipe l ines  

General 

Pipeline  arrangements would use a combination of  two or three 

p o l y e t h y l e n e   p r e s s u r e   p i p e s   l a i d  on p i t   b e n c h e s   t o   d i v e r t  Hat Creek 

wa te r   pas t   t he   p i t .  Ini t ia l ly  the   p ipe  would  be la id   a longs ide   the   p re-  

sen t  Hat  Creek  channel  and, as t h e   p i t   d e v e l o p e d ,   t h e   p i p e s   w o u l d  be 

moved fur ther   ou t .  It should  not be necessary  to  have more than a l i m i -  

t ed  number of pipe moves during the l i f e  of t he   p i t .  They would  be moved 

one at  a time during  per iods of low flows when one pipe would be empty. 

The pipeline  arrangement i s  simple and economical  and Hat Creek 

would remain i n  the va l l ey ,  where i n  a s e n s e  i t  " b e l o n g s " .   D i f f e r e n t  

pipel ine  arrangements   are  shown i n  Drawings 8 t o  12. 

4.5.2 Pipe  Mater ia ls  

Severa l   d i f fe ren t   p ipe  mteria'ls were i n v e s t i g a t e d   f o r   t h e i r  

s u i t a b i l i t y   f o r   u s e  in the  Hat  Creek  Diversion. In r e c e n t   y e a r s ,  new 

types of pipe materials have  become a v a i l a b l e .  The p i p e s   c o n s i d e r e d  

were l a rge   d i ame te r   po lye thy len !e   p re s su re   p ipe ,   f i b reg la s s   r e in fo rced  

pipe and corrugated  polyethylene  pipe.  More conventional materials such 

as   cor ruga ted  steel pipe and concrete   pipe were a l s o  considered.   Table  

fi summarizes  the main advantages  and  the  disadvantages of t h e s e   d i f f e r -  

e n t  materials. 
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TABLE 5 

Compar.tson of Pipe  Mater ia ls  

Polyethylene  Pressure  Pipe 

Advantages: Very tough,   durable ,   l ightweight  and eas i ly   movab le ,  
can be free s tanding  above  ground i n s t a l l a t i o n ,   l e a k -  
proof ,   cont inuous   jo in ts   (bu t t   fus ion) .  

Disadvantages:  High  cost, maximum diameter is 1.5 m ,  j o i n t s   d i f f i -  
cult t o  test. 

F ibreglass   Reinforced   P las t ic   P ipe  

Advantages:   Durable,   leakproof,   available in  l a r g e r  diameters up 

easy   to   repa i r ,   l igh tweight .  
t o  6 m, double  O-ring  joints  can be p r e s s u r e   t e s t e d ,  

Disadvantages:   High  cost ,   not   easi ly   movable   s ince  pipe i s  n o t  as 
tough . 

Corrugated  Polyethylene  Pipe 

Advantages:  Tough,  dura.ble, f l ex ib l e ,   l i gh twe igh t .  

D i sadvan tages :   Ugh   cos t ,   l imi t ed   expe r i ence   and   ava i l ab i l i t y ,   l ow 
pressure  range. 

Corrugated  Steel   Pipe - 
Advantages: Low cos t ,   Ughtweight ,  wide experience. 

Disadvantages:  Leaks,  not as durable ,   not  easily movable, 

Concrete   Pipes  

Advantages:  High  pressure  capability,  high external  l o a d s ,   w i d e  
experience.  

Disadvantages: High cost ,   r igid,   heavyweight ,   not  movable. 
- 

___ Note:  Toughness refers to   high  impact   res is tance.  
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Polyethylene  Pressure  Pipe 
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Polyethylene  pressure  pipe is manufactured  from a high  molecu- 

lar  weight ,   h igh  densi ty   res : tn ,  and is ava i lab le   in   Canada   f rom  Dupont  

as Sc la i rp ipe   o r  from Phi l l ips   Pe t ro leum  as   Dr iscopipe .  

Polyethylene  pressure  pipe is an extremely  tough  (high  impact  

res i s tance) ,   durable ,   f lex ib1 .e   and   l igh t -weight  material. I t  a b s o r b s  

impact  loads  over a wide  temperature  range  allowing  simple  moving  and 

h a n d l i n g ,   i n s t a l l a t i o n  and  above  ground  placement.  The p i p e  i s  a v a i l -  

ab l e   i n   i n s ide   d i ame te r s  of up t o  1.5 m (59  inches)  and is d e s i g n e d   f o r  

i n t e r n a l   p r e s s u r e s  of up t o  0.31 MPa (45  psi) .  The nominal d iameter   o f  

the   p ipe  is 1.6 m (63 inches OD). Short   lengths  of p i p e   c a n  be j o i n e d  

by b u t t   f u s i o n   i n t o  a number of 100 t o  200 m c o n t i n u o u s   l e n g t h s ,  con- 

nected by b l t ed ,   f l anged   coup l ings .  

In  genera l ,  i t  i s  a r e l i a b l e   m a t e r i a l  and i t  is wide ly   u sed   i n  

the   min ing   indus t ry   for   t a i l ings   p ipe   l ines .  Its chief  disadvantages  are 

the  high  cost  and the   l ack  of s i z e s  above  1.5 m diameter.  Also  important 

is the   p roblem  tha t   there  is 110 simple  method t o  test t h e   b u t t   f u s i o n  

j o i n t s ,   a l t h o u g h  when p r o p e r l y   c a r r i e d   o u t   t h e y  are a s   s t r o n g  as t h e  

pipe itself. 

For  the Hal: Creek divers ion,   polyethylene  pressure  pipe has t h e  

advantage that i t  could be i n s t a l l e d  on the ground  surface  without   bur-  

i a l  and it could be r e a d i l y  moved as necessary by u n b o l t i n g   t h e   f l a n g e d  

connections,  and haul ing the p ipe  with a 'dozer   to  its new locat ion.  

Fibreglass   Reinforced  Pipe 

Fibreglass   Reinforced  Pipe (F.R.P.) ( a l s o  known as F i b r e g l a s s  

R e i n f o r c e d   P l a s t i c   P i p e )   c o n s i s t s   o f  a p l a s t i c   p i p e   a r o u n d  which is  
wound a tape  made o f   c o n t i n o u s   g l a s s   f i b r e   s t r a n d s   i m p r e g n a t e d   w i t h  
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res in .  The pipe is smooth 011 t he   i n s ide  and the  maximum pressure   capa-  

c i t y  of the   p ipe  is determined by t h e   t h i c k n e s s  of t h e   p i p e   w a l l ,   a n d  

can be specif ied  over  a wide  range. 

The advantage of F.F..P. is  t h a t  it is a v a i l a b l e   i n   l a r g e r   d i a -  

me te r s   t han   po lye thy lene   p re s su re   p ipe   and ,   t he re fo re ,   f r i c t ion   l o s ses  

can be minimized. However, 3.t is not as r o b u s t  as p o l y e t h y l e n e   p i p e ,  

and it would either have  to be supported on t h e   s i d e s  by earth beams, or 

buried in  a shallow trench. It is  n o t ,   t h e r e f o r e ,  as e a s i l y   m o v a b l e .  

F.R.P. would  be most su i t ab le   fo r   convey ing  Hat C r e e k   w a t e r   a l o n g   t h e  

approaches  to   the  pi t ,  and  downstream  of t h e   p i t   w h e r e   t h e   p i p e   w o u l d  

not  have  to be moved dur ing   p i t   expans ion .   Large   d iameter  F.R.P. has  

been  used  frequently  for  penstocks i n  hydro -e l ec t r i c   p ro j ec t s ,   f o r  exam- 

p l e ,  450 m of 2.7 m diameter F.R.P. was r e c e n t l y   s u p p l i e d   t o   O n t a r i o  

Hydro. 

Corrugated  Polyethylene  Pipe 

The t h i r d   t y p e  of p i p e   c o n s i d e r e d  was a new p r o d u c t   c a l l e d  

S p i r o l i t e  made  by Gulf P l a s t i c s   D iv i s ion   i n   Georg ia ,  USA. It i s  a co r -  

rugated  pipe,  smooth on the   ins ide   wi th   re inforc ing   cor ruga t ions  on t h e  

outside.  Its advantages are t:hat i t  is ava i l ab le  in l a r g e r   s i z e s   t h a n  

polyethylene  pressure  pipes and i t  is  t o u g h e r   t h e n  F . R . P .  It i s  a l s o  

somewhat more f lexi 'b le .  A s  f o r  F.R.P., i t  is in tended   to  be buried. The 

main disadvantage is that  it i.s only able t o   w i t h s t a n d   l i m i t e d   i n t e r n a l  

pressures .  Only l imi t ed   expe r i ence   w i th   t he   ma te r i a l  is  a v a i l a b l e   t o  

da t e  and the   p ipe  is not   ye t   ava i lab le   f rom a Canadian  manufacturer. 

Other  Pipe Materials 

Materials .also considtared  but r e j e c t e d  were c o r r u g a t e d  s t ee l  

pipe (CSP), precast   concrete  sewer p i p e   a n d   p r e s t r e s s e d  embedded  con- 

c re te   cy l inder   p ipe .  Much experience is ava i l ab le   w i th   t he   u se  of these  

materials. Corrugated steel pipe is a t t r ac t ive   because  of its low cos t s ,  
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but  i t  is not  as durable  as the   o ther   ava i lab le   p roducts .  More impor t -  
a n t l y ,  it is  not leakproof and it c o u l d ,   t h e r e f o r e ,   c o n t r i b u t e   t o   p i t  
s lope   ins tab i l i ty   th rough  s low,   undetec ted  water leakage.  For  the  tun- 
n e l   a l t e r n a t i v e ,  CSP pipe  could be  used f o r   t h e   e a s t   d i s c h a r g e   c o n d u i t  
s ince  i t  would be loca ted  far from  the  pi t  and leakage would n o t   i m p a i r  
p i t   s l o p e   s t a b i l i t y .  

Precas t   concre te  and. pres t ressed   concre te   p ipes  were considered 
but  were  rejected  because  of  their   high  cost ,   very heavy  weight  and  be- 
cause  they would  be d i f f i c u l t   t o  move about. 

Recommended Pipe   Mater ia l  

Two types of pipe mterial  are recommended f o r   t h e  Hat Creek 
Diversion.  Within  or  around  the  pit ,   polyethylene  pressure  pipes  would 
be  used. No o the r   p ipe   cu r ren t ly   ava i l ab le   wou ld   be   su i t ab le   because  
the p i p e  i n  t h i s   s e c t i o n   m u s t   b e   r o b u s t ,   l e a k p r o o f   a n d   l i g h t w e i g h t  
enough to   permit   easy  pipe moves. 

On the   approaches  to   the  pi t  and downstream of t h e   p i t ,   f i b r e -  
g lass   re inforced   p ipe  would be used. It was se l ec t ed   ove r   po lye thy lene  
pressure  pipe  bcause F.R.P. i s  a v a i l a b l e   i n   l a r g e r   d i a m e t e r s  so t h a t  a 

single  pipe  could  used; i t  was preferred  to   corrugated  polyethylene  pipe 
because of F.R.P.'s p re s su re   capab i l i t i e s .  

With the p o s s i b i l i t y  of newer p ipe  materials in  the f u t u r e ,  the 

selected  pipe  mater ia ls   should be r e i n v e s t i g a t e d   f o r   t h e   f i n a l   d e s i g n .  

4.5.3 Pipe  Diversion  Layouts 

A number of p ipe l ine   d ivers ion   layouts  were cons idered   ranging  
from a simple  low-level  diversion scheme t o  more   complex   h igher - leve l  
d ive r s ion  schemes. Genera l ly ,  the h igher  the p i p e l i n e  i s  i n   e l e v a t i o n  
and the   fu r the r   t he   d ive r s ion  from  the  valley  bottom,  the  more  complex 
and mre expensive it becomes. Four of the p i p e l i n e   d i v e r s i o n   l a y o u t s  

considered are discussed below. 

d 
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The low-level   pipel ine  divers ion  layout   would be t h e   s i m p l e s t  

and the  nost   economical  method of d i v e r t i n g  Hat Creek. It has   been  

l i m i t e d   t o   t h e  800 MW Scheme.. An overview of t h e   l o w - l e v e l   d i v e r s i o n  

arrangement i s  shown i n  Drawing No. 8. Hat  Creek would be d ive r t ed  by a 
low  dyke just   upstream  from the p i t  rim in to   tw in   po lye thy lene   p re s su re  

p ipes .   In i t i a l ly ,   t he   p ipe  V70Uld be l a i d   a l o n g   t h e   v a l l e y   b o t t o m ,   b u t  

as the  pi t   excavat ion  proceeded,  i t  would  be n e c e s s a r y   t o   r e l o c a t e   t h e  

p i p e l i n e s  on the  p i t  benches.  Immediately past t h e   d o w n s t r e a m   p i t  rim 

and the  conveyor embankments, t h e  water w o u l d   b e   d i s c h a r g e d   i n t o   t h e  

o r i g i n a l  Hat  Creek  channel. A leachate   lagoon by-pass conduit  would  be 

provided,   located on the e a s t e r n   s i d e  of the v a l l e y   a n d   s l i g h t l y   b e l o w  

the   normal   l eacha te   l agoon  l . eve1 .   Dur ing   ex t reme  f loods ,  Hat Creek 

water would be  required  to  pond upstream of the   l eacha te   l agoon   t o  pro-  

v i d e   s u f f i c i e n t  head  to  convey i t  th rough   t he   by -pass   condu i t .  Below 

the leachate   lagoon,   the  water  would  be r e t u r n e d   d i r e c t l y   i n t o   t h e   o r i -  

g i n a l  Hat Creek   channel .   This   channel   might   be   re loca ted   s l igh t ly   to  

avoid the sedimentation ponds. 

The advantages  of  th,?  low-level  diversion  method  would  be i t s  

low cos t  and i ts  s impl i c i ty .  The pr inc ipa l   d i sadvantage   would   be  tha t  

the leachate   lagoon by-pass conduit  would l i e  below the   normal   l eacha te  

lagoon  leve l .   S ince   fa i lure  (of the   leachate   lagoon would have  very ser- 
ious  consequences,  it would  be d e s i r a b l e   t o  have the by-pass c o n d u i t  a t  

a h igher   e leva t ion   than   the  maximum lagoon  leve l  and t o  one s i d e .  Ano- 

ther   disadvantage would be t h a t   t h e   s e c t i o n  of d i v e r s i o n   b e t w e e n   t h e  

conveyor embankments and the leachate lagoon would be  open  channel   and 

therefore   subject   to   possible   contaminat ion  f rom mine a c t i v i t i e s .  

Mid Level 

The mid-level  pipeline  diversion  layout  would  be a compromise 

between the low-level  route and a much higher   divers ion  route .  The mid- 
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l eve l   d ivers ion   a r rangement  is shown f o r  the 800 MW and t h e  2240 MW pro- 

jects on Drawings No. 9 and 10, respec t ive ly .  The two main disadvantages 

of the low-level  layout  discussed  above would be  eliminated. A summary 

of   the  pipel ine  divers ion  parameters   for  the mid-level  layout are shown 

on  Table 6 for   both  the  800 :Mw and  2240 Mh' Schemes. 

Hat Creek would  be ' d i r ec t ed   i n to  a s ingle   l a rge   d iameter   f ib re-  

glass   re inforced  pipe (F.R.P.) by a d ivers ion  dam w h i c h   f o r   t h e   8 0 0  MW 

Scheme would  be loca ted  a short   d is tance  upstream of t h e   p i t  rim boun- 

dary.   Since  addi t ional  head would be r e q u i r e d   f o r   t h e   m i d - l e v e l   r o u t e  

i n  comparison  with  the  low-level  route,  the dam would be higher.  For  the 

2240 MW pro jec t ,   t he  dam loca t ion  would be moved ups t r eam  to   Med ic ine  

Creek   t o   ga in   t he   r equ i r ed   e l eva t ion .   The   f i b reg la s s   r e in fo rced   p ipe  

would ca r ry  Hat Creek  from  the dam t o   t h e   p i t  rim. Twin p o l y e t h y l e n e  

pressure  pipes  would carry  the  f low  around  the  pi t .  As before,  the  poly- 

e thylene  pipes  would  be l a i d  on the   pi t   benches,  and they would  be moved 

as the   p i t   excavat ion   proceeded .  From the   conveyor   embankments ,   the  

flow would  be c a r r i e d   i n  a s i n g l e ,   l a r g e   d i a m e t e r   f i b r e g l a s s   r e i n f o r c e d  

p ipe   to  a point  beyond the  leachate   lagoon.   Beside  the  leachate   lagoon 

the  pipe would  be loca ted  above the  maximum lagoon l e v e l  a n d   s e p a r a t e d  

from the  lagoon by a roadway. Th i s   l oca t ion  would f a c i l i t a t e   t h e   r e p a i r  

or  maintenance of e i the r   t he   l agoon   o r   t he   p ipe   w i thou t   each   a f f ec t ing  

the o ther .  

The mid-level  route would o f f e r  the  advan tage  of s i m p l i c i t y ;  

moreover, the problem  associated  with  proximity of the d i v e r s i o n  t o  t h e  

leachate   lagoon,  would be s a t i s f a c t o r i l y   t r e a t e d .  

High  Level (20 m3/s) - 

The high-level   divers ion  layout  is shown on Drawing 11, i l l u s -  

t r a t i n g   t h e  many different   combinat ions of p i p e s ,   r o u t i n g s ,   a n d   d e s i g n  

f lows   tha t  would be possible .  
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TABLE 6 

Pipeline  Diversion  Parameters 
(Hid-Level  Layout) 

800 MW Scheme 2240 MW Scheme 
(m)  (m) 

Maximum  reservoir  water  level 
Intake  and  diversion  dam 

Average  dam  height 

Intake  to  pit  rim 
Pipe  type 

Length 
Pipe  diameter 

Within  Pit 
Pipe  type 
Pipe  diameter 

Final  pipe  length 
Initial  pipe  length 

Approx.  number of pipe  moves 

Embankment  section 
Number of embankments 

Pipe  diameter 
Pipe  type 

Length 

Embankment  to  past  leachate la.= 
PiDe tvDe 
Pibe  diameter 
Length 

Discharge  conduit  after  leachate  lagoon 
Pipe  type 
Pipe  diameter 
Length 

Open  Channel 
Approximate  length 

Total  length of diversion 
Initial  length 
Final  length 

898 
10 

F.R.P. 

4 20 
2.4 

Twin  PPP 

2 x 1470 
1.5 

2 x 1700 
3 to 4 

1 
Twin  PPP 

2 x 500 
1.5 

F.R.P. 

1155 
2.4 

F.R.P. 
2.1 
135 

600 

4280 
4510 

923 
15 

F.R.P. 
2.4 
1080 

Twin  PPP 

2 x 2050 
1.5 

2 x 2840 
Approx. 8 

2 
%in P,PP 

2 x 730 
1.5 

F.R.P. 
2.4 
6 35 

F.R.P. 
2.1 
135 

6 00 

5230 
6020 

Note:  F.R.P. i s  Fibreglass  Reinforced  Pipe 
PPP  is  Polyethylene  Pressure  Pipe 
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A dam would  be provided  upstream of t h e   p i t   n e a r  Medicine  Creek 

t o  raise t h e  water i n  Hat Creek t o  a l e v e l   t h a t  would a l l o w  i t  t o   f l o w  

i n  a canal  or p ipe l ine   a long   t he   s ide   s lopes  of  t h e   f i r s t   b e n c h   a b o v e  

the   va l ley   f loor .   In   the   p i t ,   the   f low  would   be   accommodated   in   twin  

polye thylene   p ipes   l a id  on b n c h e s .  The pipes  would e i ther  s l o p e  down 

t o  and  along  the  valley  bottom as descr ibed   for  the mid-level scheme, or 

they  could  be  extended t o  d ischarge   in to   Hat   Creek   fur ther   downst ream,  

thus  avoiding  the  leachate   lagoons.  

With the 800 MW mine  development  plan, it might  not be necessary 

t o  move t h e   p i p e   d u r i n g   t h e   e n t i r e   l i f e  of the  mine. The bench on which 

the  pipes  would be l o c a t e d   i s   s c h e d u l e d   f o r   c o n s t r u c t i o n   i n   y e a r   3 ,   b u t  

excavat ion of t h i s  bench i n i t i a l l y  would involve  only a r e l a t i v e l y  minor 

change in  mine plan. It might be p o s s i b l e   t o   l e a v e  the c r e e k   i n  the 

valley  bottom for the first one or  two yea r s  of operat ion,  either i n  t h e  

o r ig ina l   l oca t ion   o r   ca r r i ed   i n   tw in   po lye thy lene   p ipes   a s   i n   t he   o the r  

pipeline  arrangements.  

With the  arrangement .as i l l u s t r a t e d ,   t h e   c a p a c i t y  would  be about 

20 m3/s which  approximately  represents  the  180-year  flood.  This seems a 

r easonab le   l eve l  of s a f e t y  by normal  standards,  but if the  scheme were 

adopted, it would  be necessary   to   car ry   ou t  much more thorough  r isk-cost 

ana lyses   to   f ind   the  optimum design. 

For the l a r g e r  2240 MtJ p i t ,  the p o l y e t h y l e n e   p i p e s   w i t h i n  the 

p i t  would have t o  be moved s e v e r a l  times as   t he   p i t   expanded   and   hence  

much of t h e   a t t r a c t i v e n e s s  of the high-level   route  i s  lost .   Furthermore,  

the   longer   l ength  of pipe  required  to  convey the   f l ow  a round   t he   l a rge r  

p i t  would use up a d d i t i o n a l   h a d .   T h i s  means t h a t   t h e   d i v e r s i o n  down- 

stream of t h e   p i t  would need t o  be l o c a t e d   c l o s e   t o   t h e   v a l l e y   b o t t o m  
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and ,   t he re fo re ,   c lo se r   t o   t he   l eacha te   l agoons .   S ince  the h i g h - l e v e l  

rou te   fo r   t he  2240 MW p ro jec t  would o f f e r  no a d v a n t a g e s   o v e r   t h e  mid- 

l eve l   rou te   desc r ibed   ea r l i e r ,   t he   h igh - l eve l   rou te   fo r   t he  2240 MW pro- 

j e c t  was not   considered  fur ther .  

T r i p l e  Pl.pe 

The t r ip l e   p ipe   d ive r s ion   l ayou t  i s  shown on Drawing No. 12. It 

would use   t h ree   po lye thy lene   p re s su re   p ipes   a round   t he   p i t   r a the r   t han  

two. Three pipes  would of fe r   cons iderably  more c a p a c i t y   a n d  less head 

loss than two pipes  and,  therefore,   the scheme would a l l o w   t h e   p i p e s  t o  

e x i t  f rom  the  pi t   a t  a h igher   e leva t ion .   This   would   a l low much more 

f l e x i b i l i t y   i n   l o c a t i n g   t h e   e x i t  from  the  pipe and t h u s   r o u t i n g   a r o u n d  

the  congested  conveyor embankment region would  be s i m p l i f i e d .  The i n -  

c r eased   p re s su res   ava i l ab le  would a l s o  permit e x t r a   f l e x i b i l i t y   i n   p i p e  

rout ing  near   the  leachate   lagoon.  However, t h e   c o s t   o f   a n   a d d i t i o n a l  

p ipe  would  be s u b s t a n t i a l  and s i n c e   w i t h   c a r e f u l   m i n e   p l a n n i n g  a tw in  

pipe  system would be su f f i c i en t ,   t he   t h ree   p ipe   sys t em was n o t   s t u d i e d  

f u r t h e r .  
M 

4.5.4 Diversion Dams 

M 
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Y 

For the mid-level p i p e l i n e   l a y o u t s ,  a d i v e r s i o n  dam would be 

loca ted  a few hundred  metres  upstream of the p i t .  Most of the time, the 

dam would not  be r e q u i r e d   t o  impound water. The h e i g h t  of t h e  dam was 

chosen to   p rov ide   su f f i c i en t  head t o   e n s u r e   f u l l   f l o w  in the  d i v e r s i o n  

p ipe   fo r  the des ign   f l ow.  The  l o c a t i o n s   f o r   t h e  800 MW and 2240 MW 

Schemes and typica l   c ross -sec t ions  are shown on Drawing 1 3 .  A better 

l o c a t i o n   f o r  the d ivers ion  dams f o r  the 2240 MW Scheme wou ld   appea r   t o  

be about 200 m upstream of the  locat ion  proposed by HEDD (1978) for the 

p i t  rim dam. This is j u s t  downstream of the  confluence of Ikdicine  Creek 

and Hat Creek. This loca t ion  >would appear   to   have  advantages  over   one 

f u r t h e r  downstream  namely better a b u t m e n t s   f o r  the  dam and  lower dam 

height .   This  would r e s u l t   i n  a r educed  dam v o l u m e ,   f o r   t h e  same dam 
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crest e l eva t ion ,  the l e v e l  of the  val ley  bot tom  being  about  5 m h i g h e r  

a t  th i s   ups t ream  loca t ion .  The c r e s t   l e n g t h  of t h e  dam would  be  about 

50 m less compared t o   t h a t   a t   t h e  downstream locat ion.   Furthermore,  on 

t h e  l e f t  abutment at  the  downstream p i t  rim dam loca t ion ,  a r e c e n t   s o i l  

s l i d e  has occurred.  Dril1ho:Les  have been sunk at  the p r o p o s e d   p i t  rim 
dam loca t ion  and f o r   f i n a l   d e s i g n   f u r t h e r   d r i l l h o l e s   w o u l d   n e e d   t o  be 

put down at  the  upstream  locat ion shown here. However, assuming similar 
foundat ion  condi t ions,   the  dam c r o s s - s e c t i o n  shown on Drawing   13   has  

been   des igned .  A g l a c i a l  till c o r e   i n c l i n e d   s l i g h t l y   u p s t r e a m  i s  
proposed  together  with  sand and g rave l   she l l s .  The core  width  has   been 

des igned   to   the   s tandard   c r i te r ion   tha t  at  any e l e v a t i o n  i t  s h o u l d   n o t  

be less than the   he igh t  of embankment above t h a t   e l e v a t i o n .   F o r  a dam 

des igned   t o   t he   c r e s t   e l eva t ion  of 925 m at  the upstream  locat ion of the 

2240 MW Scheme, the  volume of fill would  be about  25,000 m3. 

By s u i t a b l e   s e l e c t i o n  from the  copious borrow materials a v a i l -  

ab l e ,  i t  would  be poss ib l e   t o   e l imina te   t he  need f o r   f i l t e r s   w h i c h  are 

d i f f i c u l t   t o   c o n s t r u c t   i n  sma.Ll dams. Consequen t ly ,   s t eep   downs t r eam 

s lopes  would be poss ib l e   u s ing  a rock f i l l   downs t r eam  toe   and   pumping  

from  the  proposed  under-seepage  control  pressure  relief wells. These  

wells would  be spaced  at   approximately  15 t o  20 m i n t e r v a l s   a n d   l o c a t e d  

at  t h e  downstream toe  of the dam. Approximately  12  such wells would  be 
needed; t he i r  depth  would vary  between 10 t o  30 m. If they   were   t aken  

down to   the   c lays tone ,   they  would minimize  subsurface  flows  from  the Hat 
Creek  Valley  into the open p i t .  The minimum diameter of the  wells would 

be 0.15 m and  they  should  be  surrounded by a g r a v e l   f i l t e r   p a c k   o f  0.15 

m minimum thickness .  Water pumped from  the wells could be d i r e c t e d   i n t o  

the  divers ion  pipe downstream of the valve. Details f o r  the  f i n a l  de- 

s igns  of the   d ivers ion  dam can be found i n  USBR (1973). 

The in take   p ipe ,  which is shown on Drawing 13, would cons i s t  of 

a concrete   pressure  pipe  located  beneath  the dam i n  l i n e  with the exist- 
ing  Hat Creek  channel  upstream,. 
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A re inforced  concrel te   intake  s t ructure  would be l o c a t e d  a t  t h e  

upstream  toe of the  dam. A !small s e t t l i ng   bas in   wou ld   be   r equ i r ed  up- 

stream of t h e   i n t a k e   t o   s e t t l e   o u t  bed load   in   the   c reek .  The t r a sh   r ack  

i n   f r o n t  of the in t ake  would be of s u f f i c i e n t   a r e a  t o  min imize   ve loc i -  

t ies and hydraul ic  losses through it. The trash r a c k   s u r f a c e   w o u l d   b e  

s l o p i n g   t o   p e r m i t   f l o a t i n g   d e b r i s   t o   c o l l e c t  a t  t h e   w a t e r   s u r f a c e .  An 

access   road  leading down to   the   in take  would b e   r e q u i r e d   f o r   t r a s h   r a c k  

cleaning. The i n t a k e   i t s e l f  would have t ape red   w ing   wa l l s   and  a well  

rounded  entrance  to  keep  the  entrance  losses as low as   poss ib le .  A re- 

inforced   concre te   t rans i t ion   s t ruc ture   would   convey   the   f low  f rom  the  

rec tangular   in take   to   the   c i rcu lar   concre te   p ressure   p ipe   under  the dam. 

The end of t he   conc re t e   p re s su re   p ipe   downs t r eam of t h e  dam 

would be f langed   for   a t tachment   to   the  F.R.P. Stop  logs and a b u t t e r f l y  

valve would  be provided  to   a l low  for   short- term  inspect ion and r e p a i r  o f  

the  F.R.P. 

Under opera t ing   condi t ions   wi th  the w a t e r   l e v e l  a t  the t o p  of 

the   p ipe  a t  the   i n t ake ,   t he   capac i ty  would  be about  12 m 3 / s .  Thus, i n  

genera l ,  compared t.o t h e  maximum f lood  on r eco rd   i n   Ha t   Creek   o f   14 .6  

m3/s, it can be seen   t ha t   t he   d ive r s ion  dam would r a r e l y  pond water. If 

the  dam were t o  impound water t o   t h e   d e s i g n   f l o o d   e l e v a t i o n s  shown on 
Drawing 13, the d ivers ion  would ca r ry   t he  1000-year d e s i g n   f l o o d  of 27 

m3/s.  During a 35-year mine l i f e ,  the p robab i l i t y  of this occurr ing 

would be 3-1/2 per   cent .  

Flows in   excess  of th!e design  f lood would be discharged  over an 

emergency spil lway. A spi l lway  constructed of  placed  rockfil l   should be 

adequate,  and a s u i t a b l e   l o c a t i o n  would be around  the  centre   of   the  dam 

i n   l i n e   w i t h  the e x i s t i n g  Hat Creek  channel on the downstream side.  The 

spi l lway would r a r e l y ,   i f   e v e r ,   b e   u s e d ,   a n d   m o r e   e l a b o r a t e   d e s i g n s  

u s i n g   r e i n f o r c e d   c o n c r e t e ,   r e i n f o r c e d   r o c k f i l l  o r  g a b i o n s  do n o t  seem 

warranted. However, an a l t e r n a t i v e ,  less expensive method of construct-  

i n g  a l i ned   sp i l lway   channe l   wmld   be   t o   u se   sho tc re t e   and  a more  de- 
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ta i led   s tudy   should  be made on the design  s lope.   Basical ly ,  th is  would 

c o n s i s t  of a s h o t c r e t e   c h a n n e l   l i n e d  wi th  c o n v e n t i o n a l   c o n c r e t e   s i d e  

wal ls   running down the   su r f ace  of the  dam. The toe   o f   t he   ap ron   wou ld  

be cons t ruc ted  of conventional  concrete and would  be of su f f i c i en t   dep th  

to  prevent  undermining of t he   ap ron .   The   u se   o f   sho tc re t e   s imp l i f i e s  

placement  and its use would be economical i f  a concre te   p lan t  were loca- 

ted  nearby. 

A s  a n   a l t e r n a t i v e   d e s i g n   t o  a zoned e a r t h f i l l  dam, considerat ion 

might be g iven   t o  an  overflow-throughflow r o c k f i l l   d i v e r s i o n  dam employ- 

ing  an  impermeable membrane on the   upstream face made of c l a y ,   b i t u m e n  

mastic or concrete.  Depending on t h e   a v a i l a b i l i t y  of r o c k f i l l ,   s u c h  a 

dam might  be  simpler  and  less  expensive  than a compacted  zoned  embank- 

ment. In tha t   case ,   the  spil.Lway  could  be e l i m i n a t e d ,   s i n c e   t h e   r o c k -  

fill embankment a c t s  as suc.h. D e t a i l s   c a n   b e   f o u n d   i n   S t e p h e n s o n  

(1979). 

5.0 COSTING OF DIVERSION  ARRANGEMENTS 

5.1 Basis  For Costing 

An experienced  indepen.dent  estimator,  Bellevue  Consultants  Inc., 

was r e t a ined   t o   p rov ide   de t a i l ed  up-to-date cos t  estimates for  the  canal  

and tunnel   divers ion  arrangements;   those two r e p o r t s  have  been  submitted 

s e p a r a t e l y   t o  BCH. The p ipe l ine   cos t s  were est imated by Sigma Engineer- 

ing  Ltd.  All cos t  estimates are i n  1982 do l l a r s   and  are c o m p a t i b l e   i n  

terms of labour  rates, profit ,   overhead and contingency markups. 

The earthwork  costs  provided by Bel levue  Consul tants   and  pr ice  

quotations  from  pipe  manufacturers were used as the b a s i s   f o r   u n i t   c o s t s  

f o r   d i f f e r e n t  elements of the  pipel ine  divers ion  arrangement   produced by 

Sigma. 
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5.2 Cost  of  Diversion 
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The c a p i t a l   c o s t s  o:E the  d i f f e r e n t   d i v e r s i o n   a r r a n g e m e n t s  are 
g iven   i n   Tab le s  7 t o  10 and a r e  summarized  below: 

Canal  arrangement  800 MW and  2240 MW $ 26 Mil l ion 
Tunnel  arrangement 2240 MW $ 48 Mi l l ion  
P ipe l ine  arrangement:  800 MW $ 16 Mil l ion  
(mid-level  layout) 
Pipeline  arrangement 2 2 4 0  MW $ 19 Mi l l ion  
(mid-level  layout) 

Allowances  have been. made f o r   e n g i n e e r i n g   ( 1 5   p e r   c e n t ) ,  con- 
t ingencies  (20  per  cent)   and  corporate  overhead  (5  per  cent) .  No a l low-  
ances were made f o r   i n f l a t i o n . ,   o p e r a t i o n ,   p i p e  moves or f u t u r e   c a n a l  
r e l o c a t i o n .   C o s t s   f o r   t h e   p i p e l i n e   l a y o u t   i n c l u d e   b o t h  i n i t i a l  and 
f i n a l   c a p i t a l   c o s t s  when t h e   t o t a l   l e n g t h  of pipe  has  been  installed.  

These   cos t s   have   been   t aken   i n to   accoun t   i n   t he   s e l ec t ion  of 
t h e  recommended d i v e r s i o n   a r r a n g e m e n t   d i s c u s s e d   i n   S e c t i o n  6 o f   t h i s  
repor t .  

6.0 SELECTION OF RECOMMENDED  DIVERSION ARRANGEMENT 

6.1 General 

The s e l e c t i o n  of the  recommended diversion  arrangement was  made 

by comparison of the a l t e r n a t i v e s  on the b a s i s  of c o s t ,   p o t e n t i a l   p r o -  
b l ems ,   cons t ruc t iona l   and   ope ra t iona l   a spec t s .   The  three d i v e r s i o n  
arrangements are compared in   t :abular   form  in   Table  11. 

6.2 Cap i t a l  Cost - 

The cos t  of t h e   t u n n e l   a r r a n g e m e n t   ( $ 4 8   m i l l i o n )  i s  a l m o s t  
twice the cos t  of t h e  canal arrangement ($26  m i l l i o n )   a n d  three times 
the   cos t  of the   p ipe l ine   a r ran .gement  ($16  t o  $ 1 9  m i l l i o n ) .  The h i g h  
c o s t   o f   t u n n e l  i s  a m a j o r   a d v e r s e   f a c t o r   i n  i t s  c o n s i d e r a t i o n  as a 
p re fe r r ed   d ive r s ion   a l t e rna t ive .  
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TABLE 7 

Canal  Diversion  Costs for 800 MW or 2240 MW Schemes 
(All  Costs  at 1982 Price  Levels) 

$ Thousands 

Beadworks Dam 
Dam 
Spilllway 

Diversion  Canal/Pipe 
Intake 
Canals 
Pipe 
Creek  Crossings 
Pipe - Canal  Transition  Structures 
Diversion  Conduit 
Intake 

Outlet Works 
Pipe 

Pit  Rim  Dam 
Dall? 

Pumphouse  and  Pipelin'e 
Spillway 

Finney  Creek  Diversion 
Headworks  Structure 
Canal 
Outlet  Structure 

SUBTOTAL 
Engineering,  Contingencies 
and  Overhead  (totalling 45 per  cent)* 

TOTAL 
TOTAL  INITIAL  COST 

1,230 
540 

3,440 
190 

3,500 
1,600 

60 

3 30 
3,340 

1.40 

1,980 
490 
270 

90 
7 50 
180 

18,130 

$ 26,288 
8,158 

$ 26 Million 

* This  is  made  up of Engineering 1 5  per cent; Contin- 
gencies 20 per cent,  and Corporate Overhead 5 per 
cent,  all  compounded,  as  in  the  original design cost 
estimates  by HEDD (1978). 
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TABLE 8 

Canal/Tunnel/Pipe  Diversion  Costs  for 2240 MW Schemes 
( A l l  C0st.s at  1982 Price Levels)  

$ Thousands 
~~ 

Headworks Dam 
Dam 
Spi l l lway 

- 

Diversion  Canal/Pipe 
In take  
Canal 
Pipe 
Creek  Crossings 
Canal - Pipe   Trans i t ion   S t ruc tures  

Discharge  Conduit 
Pipe 
Out le t  Works 

P i t  R i m  Dam 
Dam 
Spillway 
Pumphouse and P ipe l ine  

Finney  Creek  Diversion 
Headworks S t r u c t u r e  
Canal 
Ou t l e t   S t ruc tu re  

SUBTOTAL 
Tunnel (T3A Al te rna t ive)  

SUBTOTAL 
Engineering,  Contingencies  and 
Overhead ( t o t a l l i n g  45 per   cent)* 

TOTAL 
TOTAL CAPITAL  COST 

1,230 
540 

190 
1,100 
3,500 
1,600 

30 

2,230 
140 

1,980 

270 
490 

750 
90 

180 

14,320 

33,400 
19,080 

15,030 
$48,430 

$ 48 Mil l ion  

” 

* This is made  up of Engineering 1 5  p e r   c e n t ;   C o n t i n -  

genc ies  20 p e r   c e n t ;   a n d   C o r p o r a t e   O v e r h e a d  5 p e r  

cen t ,  all compounded, as in t h e   o r i g i n a l   d e s i g n   c o s t  
e s t ima tes  by HEDD (1978). 
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TABLE 9 

P ipe l ine  Divel:sion Costs  for  800 MW Scheme 
Mid-Level Layout 

( A l l  C o s t s  A t  1982 Pr ice   Levels )  
- 

$ Thousands 
F i n a l   I n i t i a l  

Location  Location 

In take  
Embankment $ 780 $ 780 
In t ake   S t ruc tu re  140  140 
Spillway - Emergency  70  70 

P ipe l ine  
Fibreglass  Reinforced  Pipe 820  820 
Polyethylene  Pressure  Pipe  3,200  2,800 
P i t  R i m  - Embankment Region  2,800  2,800 
Leachate Lagoon Bypass  2,700  2,700 
Open Channel  410 410 

SUBTOTAI. $ 10,920 $ 10,520 
Engineering,  contingencies and 
overhead   ( to ta l l ing  45 per  cent)*  4,914  4,734 

TOTAL $ 15,834 $ 15,254 
TOTAL CAPITAL COSTS $ 16 m i l l i o n  $ 15 m i l l i o n  

* This is made  up of Enghee r ing  15 per   cent ;   Cont ingencies   20 
per  cent;  and Corporate Overhead 5 p e r   c e n t ,   a l l  compounded 
as i n  the o r ig ina l   des ign  cos t  es t imates  by HEDD (1978). 
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TABLE 10 

Piue l ine   Divers ion   Cos ts   €or  2240 MW Scheme 
Mid-Level Layout 

(Al l  C o s t s  A t  1982 Price Levels) 

$ Thousands 
F i n a l   I n i t i a l  

Location  Location 

In t ake  
Embankment 
In take '   S t ruc ture  
Spillway - Emergency 

P ipe l ine  
Fibrenlass   Reinforce 

$ 1,200 
170 

$ 1,200 
170 

90  90 

d Pipe 
5,400 
1,900 

Embankment Region 
Polyeihylene  Pressure  Pipe 

2,340 
Leachate Lagoon Bypass  1,800 
Open Channel 4 10 

SUBTOTAL $ 13,310 
Engineering,  contingencies and 
overhead  ( totall ing  45  per  cent)*  5,990 

TOTAL $ 19,300 
TOTAL CAPITAL  COSTS $ 19 m i l l i o n  

1,900 
3,900 
2,340 
1,800 

4 10 
$ 11,810 

5,314 
$ 17,124 

$ 17 m i l l i o n  

* This is m d e  up of Engineering  15  per   cent ;   Cont ingencies   20 
per  cent;  and  Corporat'e  Overhead 5 per   cen t ,  all compounded, 
as in the o r i g i n a l  des.Lgn cost estimates by HEDD (1978). 
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TABLE 11 

Comparison of Diversion  Arrangements 

I Capi ta l  Cost  Canal  CanalITunnellPipe  Pipeline 

800 MW 
2240 MW 

$26 a i l l i o n  
$26 million 

$40 million 
$48 million 

Potential  Problems 
Sudden f a i lu re  Canal breach  possible Canal section - possible 

Slow leakage  Probable Canal upstream of tunnel 
P i t  s lope   s tab i l i ty  Decreased Possibly  increased 

Tunnel section 

EPse of rspzi: Yay bt? ‘nard to  iocate Tunnel r epa i r   d i f f i cu l t  
leaks,  but  repair is except at low flaws 
simple. Repair of canal 
breach d i f f i cu l t .  

System Components 
Dams Headworks  and p i t  rim dams Headworks and p i t  rim d a m s  
Pumphouse Required at p i t  rim Required at p i t  rim 
Creek crossings Ambusten and Medicine Ambusten and  Medicine 

Minor diversions Finney, Ambusten, Mdicine Finney, Ambusten, Medicine 

Interference  with mine Coal blending areas Coal blending  areas 

Creeks Creeks 

Creeks Creeks 

I Ease of.construction Simple Tunnelling m r e  complex 
than  alternatives 

Cpera:ional Aspects 
Inspections Required Required 
Maintenance frequency High Moderate 
Adaptability  to change8 Not readily  adaptable, 
i n  mine plans rigid 

No conflicts  with  fore- 
seeable mine plans 

operation 
Interference  with mine Moderate t o  low Minimal 

$16 million 
$19 mill ion 

B u t t  fus ion   jo in t   fa i lure ,  
physical damage 
None 
No ef fec t  
Easy to  locate and repair  
leaks 

Diversion dam 
None 
None 

2240 MU Scheme only: short  
Finney Creek diversion 
Open p i t  mine, p i t   e x i t  
region.  leachate  lagoon 
Simple 

Required 
Moderate 
Flexible 

Moderate 
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6.3 P o t e n t i a l  Problems 

6.3.1 P i t  S lope   Fa i lures  

The r e l i a b i l i t y  of the  divers ion  system is of pr imary   concern  

s ince  the  consequences of f a i . l u r e   c o u l d   b e   v e r y   s e r i o u s ,   r e s u l t i n g   i n  

shutdown of the mine   and   povrerp lan t   and   danger   to  men and  equipment  

working i n   t h e   p i t  below. 

The main geotechnica l   i s sue  is the inf luence  on p i t   s l o p e  sta- 

b i l i t y  as t h e   r e s u l t  of the  implementation of any of t h e   v a r i o u s   d i v e t -  

s i o n   a l t e r n a t i v e s .  The in s id ious   na tu re  of leakage from a cana l   a round  

the p i t  on p i t   s l o p e   s t a b i l i t y  i s  a c o n c e r n .   P l a s t i c  l iners  are n o t  

l eakproof ,   s ince   i n   cons t ruc t ion   p rac t i ce  i t  is v i r t u a l l y   i m p o s s i b l e   t o  

seal the  joints .   Futhermore,   leakage  tends t o  be concentrated at  speci-  

f i c   l o c a t i o n s  and this  may be par t icu lar ly   harmful  in  terms of   inducing  

s l o p e   i n s t a b i l i t y .  

The f i r s t  real evideace of i n s t a b i l i t y  would, in  fact, be s lope  

movement. For t h i s   r ea son ,  a canal   around  the  pi t  is not  recommended. A 

canal   fa i lure   ups t ream would :Likely be less damaging, s i n c e   a l t h o u g h  i t  

would d i scha rge   i n to  the p i t ,  t he  sudden f low of water would n o t   n e c e s -  

s a r i l y   i n  itself induce   p i t  s:lope i n s t a b i l i t y .  

S imi l a r ly ,   a l t hough   f a i lu re  of a p ipe l ine   would   cause  a f l o o d  

i n t o   t h e   p i t ,  it would n o t ,   i n   g e n e r a l ,   l e a d   t o   p i t   s l o p e   i n s t a b i l i t y  

unless   the   f low  cont inued   for  a long-term  saturating  the  ground. 

The d i f f e rence  from a geotechnical  viewpoint between c a n a l   a n d  

p i p e l i n e   f a i l u r e s  is that the p i p e   d o e s   n o t   l e a k   s l o w l y ,   a l t h o u g h  it 

could  perhaps  burst and t h a t  would  be r ead i ly   de t ec t ab le .  It would no t ,  

however,  cause  long-term  buildup of pore water p r e s s u r e s   i n   t h e   s l o p e  
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m a t e r i a l s ,  which is t h e   f a c t o r   l e a d i n g   t o   s l o p e   i n s t a b i l i t y .   E x p e r i e n c e  

w i t h   p i p e s   u s e d   f o r   t a i l i n g s   d i s p o s a l   s h o w s   t h a t   p i p e s   c a n   f a i l  when 

they are empty, i f   j o i n t s  pu:L1 a p a r t   b e c a u s e   o f   t e m p e r a t u r e   c o n t r a c -  

t i ons .  However, water   f lowing   in   the   p ipes   modera tes   the   t empera ture  

v a r i a t i o n s ,  and c o n t r a c t i v e   f a i l u r e  i s  l e s s   l i k e l y .   I n   p r a c t i c e ,  con- 

t r a c t i v e   f a i l u r e s  are guarded  against by s n a k i n g   t h e   p i p e   t o   i n c r e a s e  

the   e f f ec t ive   l eng th .  

6.3.2 Canal __ 

The canal could   fa i l .  by sudden  breach of the embankment, o r  by 

slow  leakage. Embankment breach,  which would r e s u l t   i n   f l o o d i n g   o f   t h e  

p i t ,   cou ld  be caused by high  flows  overtopping and e r o d i n g   t h e  embank- 

ment o r  by piping  through an embankment damaged by ice ,   animals   or  vege- 

ta t ion .   For  most m n t h l y  Hat C r e e k   f l o w s ,   t h e   p i t   p e r i m e t e r   d r a i n a g e  

col lect ion  system  could be s i z e d   t o   h a n d l e   a n   e m e r g e n c y   s p i l l   f r o m  a 

breach. Emergency r e p a i r  of a breached  canal embankment should be pos- 

s ib l e   du r ing   ope ra t ion  since adequate   ear thmoving   equipment   would   be  

a v a i l a b l e  a t  the &.ne site. 'Canal r e l i a b i l i t y   a g a i n s t   s u d d e n   f a i l u r e  

could be s igni f icant ly   increa ;sed  by a regular   inspec t ion  and maintenance 

program. 

The mst ser ious  disadvantage of the  canal  method of d i v e r s i o n  

relates t o   p i t   s l o p e   s t a b i 1 i t : y  (see Sec t ion   6 .3 .1   above ) .  It is t h e  

e f f e c t  of slow leakage  from a canal a round the p i t   s l o p e   t h a t  is the  

major  cause of concern. Sudden f a i l u r e  of t he   cana l   cou ld   be   s een   and  

dea l t   w i th ,  and  might  only remlt i n  a c o n c e n t r a t e d   f l o w  of water to -  

wards  the  pit.   Undetected  leakage  might go on fo r   yea r s   and   migh t  re- 

s u l t  i n  u n c o n t r o l l a b l e   p i t   s l o p e   f a i l u r e .  Only with the most e x t e n s i v e  

monitoring  equipment  could canal leakage be detected.  

The r e p a i r  of slow  leakage,  al though  generally not an emergen- 

cy, would be d i f f i c u l t  and would present  two problems. F i r s t l y ,   t h e  sec- 

t i o n  of canal  under  repair  would have t o  be drained of water.  During  low 
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flow  months,   this  could  be (done u s i n g   t h e   m i n e   d r a i n a g e   s y s t e m   o r  a 
small temporary  by-pass p ipe l ine  and a pump. The more d i f f i c u l t  problem 
would  be loca t ing   the   l eak .  A considerable   length  of   canal   might   have 
t o  be recons t ruc ted  in o r d e r   t o  be s u r e   t h a t   t h e   l e a k  bad been  repaired. 

6.3.3 Pipe l ine  

In terms of maintenance, the advantage of the  pipel ine  arrange-  
ment  would  be t h a t  by using t:wo pipes ,   one  pipe  could  be  shut  down f o r  
r e p a i r s   w h i l e   t h e   o t h e r   p i p e   c o n t i n u e d   t o   d i v e r t   t h e   f l o w .   T h e   m i n e  
drainage  system  in   the  region.  of t h e   p i p e l i n e s   c o u l d   a l s o  be s i z e d   t o  
handle,  on an  emergency basis,  average  Hat  Creek  flows. 

For the  p:tpeline  arrangement, it is p o s s i b l e   f o r   e i t h e r  a p i p e  
jo in t   o r   the   p ipe   : i t se l f   to   fa i l .   Exper ience   wi th   po lye thylene   p ipe  has 

shown t h a t   f a i l u r e   o c c u r s  most commonly at  a but t   fus ion   jo in t .   Usual ly ,  
such f a i l u r e s   h a v e   b e e n   t r a c e d   t o   p o o r   j o i n t i n g   p r o c e d u r e s   i n   c o l d  
weather  conditions,   Unfortunately,   there is present ly  no r e l i a b l e  method 
f o r   t e s t i n g   b u t t   f u s i o n   j o i n t s   a f t e r   t h e y   a r e  made, b u t   r e l i a b i l i t y   c a n  
be  increased by ensuring good joining  procedures.  

F a i l u r e  of t he   p ipe   i t s e l f   r a r e ly   occu r s ,   and  when i t  does  i t  

i s  usua l ly  due t o   a c c i d e n t a l  .mechanical  damage, f o r   e x a m p l e ,  by b e i n g  
dr iven  over  by construction  equipment.   Such  physical   damage  could  be 
minimized by w a r n i n g   s i g n s ,   a n d   p r o t e c t i v e   d i t c h e s ,   b e r m s   a n d  ea r th  

covers  over  the  pipe.   Should  the  pipeline be located  over  a c o a l  seam, 
or   rock   sur face ,   suf f ic ien t   bedding  material would be   p rov ided   t o   cus -  
hion and in su la t e   t he   p ipe  from a poss ib l e   coa l  fire. 

The f i r e   h a z a r d  was considered, and a p a r t  from  coal  seams  pos- 
s ib ly   be ing  exposed in   t he   no r the rn   co rne r  of t h e   p i t  at  about   e levat ion 
850 m, t he   p ipe l ine  would n o t   l i e  on coa l  benches.  Furthermore,  exper- 

ience   sugges ts   tha t   spontaneous   combust ion   does   no t   t ake   p lace   in   in  
s i t u   c o a l ,  i.e., on exposed coa l  seams, bu t   r a the r   i n   s tockp i l e s   o f   ex -  
cavated  coal  (Dr. B. Dut t ,   personal   communica t ion) .  The f i r e   h a z a r d  

would not ,   therefore ,   appear  t:o be a se r ious   r i sk .  
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6.3.4 Tunnel 

A l t h o u g h   t h e   t u n n e l   w o u l d   b e   t h e   m o s t   r e l i a b l e   d i v e r s i o n  

arrangement, it could  a lso h? s u b j e c t   t o   p o s s i b l e   f a i l u r e .   E x p e r i e n c e  

shows t h a t  most d i f f i c u l t i e s   o c c u r  at  o r   n e a r   t u n n e l   p o r t a l s .   C a r e f u l  

cons idera t ion  would need t o  1~ given   to   des igns .   Ups t ream of t h e   t u n -  

ne l ,  on t he   s t eepe r   s ide   s lopes ,   t he   cana l  and t h e   p i p e   s e c t i o n s   c o u l d  

be  subject  to f a i l u r e .  

Repair of a tunnel  problem would  be e x c e e d i n g l y   d i f f i c u l t ,   a n d  

i t  would  be un l ike ly   t ha t   t he  mine drainage  system would be a b l e   t o  han- 

d l e   t h e  Hat Creek  f lows  for  the  length of time needed f o r   r e p a i r s   t o  be 

completed. 
Y 

6.4 System Components 

w 

uri 

Another  major f a c t o r   i n   t h e   c h o i c e  of a d i v e r s i o n   a r r a n g e m e n t  

i s  t h e   s i t i n g  of the  system  components in   re la t ion   to   the   topography and 

the  planned mine s t ruc tu res .  In  most cases, s imple   a r rangements   resu l t  

i n   g r e a t e r   r e l i a b i l i t y   s i n c e   t h e r e  are fewer   componen t s   t o   g ive   p ro -  

blems. 

Diversion dams would b e   r e l a t i v e l y   e x p e n s i v e   s t r u c t u r e s   a n d  

t h e i r   s i z e   s h o u l d  be  minimized.  Ponding  of water immediately  above  the 

p i t  rim would be undesirable  because of t h e   e f f e c t  on p i t   s l o p e   s t a b i l -  

i t y .  

The canal  arrangements  and the tunnel  alternative would r e q u i r e  

both  a headworks dam and a p i t .  r i m  dam. Both dams would pond s u b s t a n t i a l  

amounts  of water behind them. The p i t  rim dam would a l so   r equ i r e  a pump- 

house  and  pipe  l ine  to pump water  up  to  the main divers ion.  
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The pipeline  arrangement would require   only one d i v e r s i o n  dam. 

It would pond water   on ly   in   f lood ,   s ince  water wou ld   s imply   f l ow  in to  

t h e   p i p e   i n t a k e   s t r u c t u r e  at heads up to   the   top  of the  pipe  for   f low up 

to   abou t  12 m3/s .  This is seen   to  be a s ign i f icant   advantage .  

The canal  and tunnel.  arrangements would r equ i r e   t ha t   t he   d ive r -  

sion cross Ambusten Creek and  Medicine Creek. These c r e e k   c r o s s i n g s  

would be major embankments. No c reek   c ros s ings   wou ld   be   r equ i r ed   fo r  

the  pipeline  arrangement.  

The canal  and tunnel  arrangements would r e q u i r e   s e v e r a l   m i n o r  

d ivers ions .  The l a r g e s t  would be the   d ivers ion  of Finney  Creek  around 

t o   t h e  headworks dam. Addi t iona l ly ,   smal l   d ivers ions  would be r e q u i r e d  

at  Ambusten Creek and Medicine  Creek.   For   the  pipel ine  arrangement   in  

the  2240 MW Scheme, a sho r t   d ive r s ion   fo r   F inney  Creek would b e   r e q u i r -  

ed.  For  the 800 MW Scheme, nt3 minor d ive r s ions  at  a l l  would  be required 

when using a p ipe l ine .  

Construct ion of the canal would be  qui te   s imple  being  pr imari ly  

an   ea r th  moving o p e r a t i o n ,   a : L t h o u g h   i n   t h e   s t e e p e r   r e g i o n s  i t  would 

require l a r g e r   q u a n t i t i e s  of embankment f i l l .  P i p e l i n e   c o n s t r u c t i o n  

would be s t ra ight forward  and t70Uld cons i s t   p r imar i ly  of  some t r e n c h i n g  

and the  assembly of pipe  sect ions.  The tunnel  would be the most  complex 

arrangement   to   construct   (see Appendix A . )  

6.5 Operational  Aspects 

Ease of opera t ion  i s  a l so  of importance i n  the s e l e c t i o n  of a 

diversion  arrangement. Maintenance, in t e r f e rence  of t h e   d i v e r s i o n  with 

mine opera t ion  and a d a p t a b i l i t y  to future  changes t o  the mine p l a n   h a v e  

been  considered. 

Golder Associates 



December,  1982  50 822-1523B 

In terms of inspect ion,   monitor ing,  and maintenance, t h e   c a n a l  
arrangement would  be t h e  mos t   demand ing .   S ince   f a i lu re   o f   t he   cana l  
might be by slow  leakage and detected  only by s lope movement, a network 
of  seepage  and  earth movement monitor ing  instruments  would  be r e q u i r e d .  
The d ive r s ion  dam and the   cana l  embankment would  be regular ly   inspected.  

The pipeline  arrangement would a l s o   r e q u i r e  a regular   inspec t ion  
program. However, a p a r t  from f lush ing   ou t   sed iment   depos i t s   in   p ipe  de- 
p re s s ions ,  l i t t l e  regular  maintenance would  be required.  

The main tenance   requi rements   for   the   tunnel   a l te rna t ive   would  
be  minimal. 

From a mining  point:  of view,  i t  w o u l d   b e   d e s i r a b l e   f o r   t h e  
diversion  system  to  have minimum in te r fe rence   wi th   the   opera t ion   of   the  
mine. For  the  canal  arrangement,   interference would be minimal f o r   t h e  
f i rs t  few years  of mine operation. But a s   t h e   p i t  expanded, e s p e c i a l l y  
f o r   t h e  2240 MW Scheme, t h e   p i t   s l o p e s   w o u l d   i n f r i n g e   u p o n   t h e   c a n a l  
route .  A t  t h i s   s t a g e ,   e i t h e r  a tunnel   o r  a p ipe l ine   wou ld   be   r equ i r ed  
t o  bypass   the  pi t   sect ion.  

The p i p e l i n e   a l t e r n a t i v e  would have   perhaps   the   g rea tes t   e f fec t  
on min ing   ope ra t ions ,   s ince  i t  w o u l d   b e   l o c a t e d   w i t h i n   t h e   p i t .  A t  

i n t e r v a l s ,  as the   p i t   expanded ,   t he   p ipe   wou ld   have   t o   be   r e loca ted .  
However, f o r  the  800 MW pit, only three p i p e  moves  would be r e q u i r e d ,  

and i n  Year 10 of mine opera t ions ,   the   p ipe  would be i n  i t s  f i n a l   l o c a -  
t ion.   For  the 2240 MW p i t ,   ad ,d i t iona l   p ipe  moves would be required.  

Of the   d i f fe ren t   d ivers ion   a r rangements   cons idered ,   the   tunnel  
a l t e r n a t i v e  would have  the least in t e r f e rence   w i th  mine opera t ions   s ince  
i t  would  be phys ica l ly  removed from  the mine area.  

A s  mining  proceeded,  the  pit   plan would undoubtedly  evolve.  The 
o u t l i n e  would change,  the  bench  elevations would  be d i f f e r e n t ,   t h e   l i f e  
of t h e  mine  would probably become longer and P i t  No. 2 might be brought  

i n to   ope ra t ion .  
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Of t h e   t h r e e   d i v e r s i o n   a r r a n g e m e n t s   c o n s i d e r e d ,   t h e   c a n a l  

arrangement would  be the leajet a d a p t a b l e   t o   f u t u r e   c h a n g e s  i n  the mine 

plan. I ts  loca t ion  would  be f ixed  and c a n a l   r e - r o u t i n g   w o u l d   r e q u i r e  

recons t ruc t ion .  

The pipeline  arrangement would have   t he   g rea t e s t   f l ex ib i l i t y   i n  

accommodating mine plan  changes  because  the  pipe  could  be  easi ly  moved 

t o  any l o c a t i o n  when r e q u i r e d .   F i x e d   s t r u c t u r e s   s u c h   a s   t h e   d i v e r s i o n  

i n t a k e  might  have t o  be r e b u i l t   i f   a d d i t i o n a l  head  were required.  

The tunnel,   al though  not movable, would not  conf1:lct  with chan- 

g e s   i n   t h e  mine plan  because i t  would  be l o c a t e d   o u t s i d e   t h e   o p e n   p i t ,  

but  a handsome p r i c e  is pa id   for   th i s   advantage .  

6.6 Recommended Diversion Arrangement 

The r e l a t i v e   m e r i t s  of t h e   v a r i o u s   d i v e r s i o n   a r r a n g e m e n t s   a r e  

shown on Table 12. 

After compar ison   of   the   d i f fe ren t   d ivers ions  on t h e   b a s i s   o f  

cost ,   potent ia l   problems,   system  components ,   and  operat ional   aspects ,  

the  mid-level  pipeline  arrangement i s  recommended as the  optimum c h o i c e  

f o r  both the 800 MW and  2240 :EIw Schemes during  operation. The recommen- 

dation  for  the  long-term  (abandonment)  solution  for  the  800 MW Scheme i s  

a l s o  a p ipe l ine ,   bu t   fo r   t he  2240 MW Scheme the choice i s  more complica- 

t e d  and  dependent  on the p l a m i n g   o p t i o n s   e x e r c i s e d   d u r i n g   o p e r a t i o n .  

This i s  t r e a t e d   f u r t h e r   i n   S e c t i o n  7 . 3 .  

The pipeline  arrangement was c h o s e n   p r i m a r i l y   b e c a u s e  of i t s  

low cost   but   a lso  because it would have t h e   g r e a t e s t   f l e x i b i l i t y   a n d ,  

being  leakproof ,  would have no e f f e c t  on p i t   s l o p e   s t a b i l i t y .  The pipe- 

l i n e  would fo l low  c lose ly   the   o r ig ina l   g rade  of Hat Creek,  meaning t h a t ,  

f o r  mst of i t s  length ,  it would  be i n  t h e   v a l l e y  bottom.  Pipes are man- 

ufac tured   to   c lose   s tandards  and r e p a i r s  would  be easy.  For th i s   reason ,  
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leakage  problems, compared t ' o  t h o s e   o f   t h e   c a n a l ,   w o u l d   b e   v i r t u a l l y  

e l iminated.   El iminat ion of the rim dam, with the inhe ren t   p rob lems   o f  

seepage  and pump m a i n t e n a n c ' e ,   a d d s   t o   t h e   r e a s o n s   f o r   s e l e c t i n g   t h e  

pipel ine  arrangements   over  the canal. 

7.0 PREFERRED ARRANGEMENT: PIPELINE DETAILS 

7.1 Design,  Construction,  and  Operation 

The layouts  of the  recommended mid-level   pipel ine  arrangements  

have  been  outl ined  in  Section  4,  and t h e   p a r a m e t e r s   a r e   s u m m a r i z e d   i n  

Table 6. The routes  are shown as Drawings 9 and  10. The p r inc ipa l  com- 

ponents would be: 

Low divers ion  dam and i n t a k e   s t r u c t u r e  

F.R.P. from i n t a k e   t o   u p p e r   p i t  rim 

Twin polyethyl .ene  pressure  pipes   within  the  pi t  

Twin polye thyl .ene   p ipes   in   the   p i t   ex i t   reg ion  

F.R.P. alongsi.de  the  leachate  lagoon 

F.R.P. discharge  condui t  

open  channel 

Minor d ivers ions  

Details of the   d ivers ion  dam and in t ake  are d e s c r i b e d   i n   S e c -  

t i o n  4.5 

From the i n t a k e   s t r u c t u r e   t o  the p i t  r i m ,  a 2.4 m d i a m e t e r  

F.R.P. would be  used.  This would be e i t h e r   a n  above  ground o r  a shallow 

b u r i e d   i n s t a l l a t i o n .  A t y p i c a l  above  ground i n s t a l l a t i o n  i s  shown on 

Drawing 14. F.R.P. was chosen f o r   t h i s   s e c t i o n   b e c a u s e  i t s  l a r g e   d i a -  

meter reduces  head l o s s  and   because  i t  h a s   t h e   a b i l i t y  t o  w i t h s t a n d  

i n t e r n a l   p r e s s u r e s   i f   t h e   i n t a k e  were surcharged  during extreme f l o o d s .  
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The pipe would be   suppl ied   in   l engths  and connected by b e l l   a n d   s p i g o t  

j o i n t s ,  see d e t a i l s  shown  on Drawing 14. The j o i n t s   c a n  be p r e s s u r e  

tes ted  with  the  pipe  length.   This   sect ion of F.R.P. pipe  would  remain 

i n   p l a c e   f o r  the dura t ion  of the divers ion.  

Within  the  open  pi t   mine,   twin,   1 .5  m d i a m e t e r   p o l y e t h l y e n e  

pressure   p ipes  would be used. I n i t i a l l y ,   t h e   p i p e  would  be l a i d   a l o n g -  

s i d e   t h e   p r e s e n t  Bat  Creek  channel, and as the   p i t   excavat ion   proceeded  

i t  would  be necessa ry   t o   r e loca te   t he   p ipe l ines  on the   p i t   benches .   For  

t h e  800 MW projec t ,   about   th :cee   o r   four   p ipe  moves  would  be r e q u i r e d  

over the l i f e  of the mine, and the p ipe  would  be i n  i t s  f i n a l   l o c a t i o n  

a f t e r   y e a r  10. The l a r g e r  2240 MW p i t   w o u l d   r e q u i r e  a f e w  a d d i t i o n a l  

pipe moves. 

The p o l y e t h y l e n e   p j : p e s   c o u l d   b e   l a i d   d i r e c t l y   o n t o   t h e   p i t  

benches,  although  depending on t h e   b e n c h   m a t e r i a l s ,  a small amount  of 

surface  preparation  might  be  required.  Some l a t e r a l   s u p p o r t   i n  the form 

of e a r t h  berms or  steel support  anchors  placed at  40 m i n t e r v a l s  would 

a l s o  be r equ i r ed   t o   con ta in  movements caused by t e m p e r a t u r e   c o n t r a c t i o n  

or   expansion,  see Drawing 14. The pipe  should be p ro tec t ed   f rom  ex te r -  

n a l  damage by e i t h e r   d i t c h e s ,   e a r t h  berms or  p ro tec t ive   ea r th  fill. Add- 

i t i o n a l   s t u d y  would be requi red   to  examine t h e  best method f o r   d e a l i n g  

with any i c i n g  problems. 

A s ingle   p ipe  would  'have a capac i ty  of about 1 4  m3/s, which is 

approximately  the  s ize  of t h e   l a r g e s t   f l o o d  peak on r eco rd .   Toge the r ,  

the  two pipes  would have suf f ic ien t   capac i ty   to   d i scharge   the   1000-year  

flood.  During much  of the  year,   f lows would  be q u i t e   l o w   ( l e s s   t h a n  3 
m3/s), so t h a t  it should be r e l a t ive ly   s imp le   t o  move the.   p ipes  one at  a 

time when necessary. With po:lyethylene  pipe, the j o i n t s  would b e   b u t t -  

fused   in to   longer   l engths  which would b e   f l a n g e d   a n d   b o l t e d   t o g e t h e r .  

During  pipe moves, the  f langer:  would be  unbolted, and s ince  the p i p e  is 
very  tough and f l e x i b l e ,  it would  be s imply  pul led  or   rol led  (on a spe- 

c i a l ly   p repa red  bed or  on skidls) t o  the  new loca t ion .   But te r f ly   cont ro l  
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con t ro l   va lves  at  t h e   t r a n s i t i o n  between  the  f ibreglass   pipe  and  polye-  

thy lene   p ipe   sec t ion  would b,e u s e d   t o   s h u t   o f f   t h e   p i p e   b e i n g  moved. 

D e t a i l s   a r e  shown on Drawing  14. 

The conveyor and haul road  embankments are immedia t e ly  down- 

stream of the open p i t .   S ince  no p i p e   r e l o c a t i o n  i s  f o r e s e e n   i n   t h i s  

a r ea ,  a s ingle   l a rge   d iameter  F.R.P. pipe  could be  used. However, twin, 

1.5 m d i a m e t e r   p o l y e t h y l e n e   p r e s s u r e   p i p e s  were s e l e c t e d   b e c a u s e  of 

t h e i r   i n c r e a s e d   f l e x i b i l i t y  and safe ty .   Benea th   the   embankments ,   the  

polyethylene  pipes would  be p laced   ins ide   cor ruga ted   s tee l   p ipe   cu lver t s  

designed  to   withstand  the  high  external   loads.  

From the  conveyor embankment and alongside  the  leachate   lagoon,  

Hat Creek would be diver ted  through a s i n g l e  ,2.4 m d i a m e t e r  F.R.P. I n  

sec t ions ,   the   p ipe  would  be l a i d  on an embankment t o   p e r m i t  a c o n s t a n t  

downward grade  to  minimize  sedimentation  problems.  Alongside  the  leach- 

a te   l agoon,   the   p ipe  would be loca ted  on a bench wi th   p ipe   inver t  at  all 

times above the  maximum leachate   l eve l .   This  would f a c i l i t a t e   i n s p e c -  

t ion,   maintenance and r e p a i r  of e i t h e r   t h e   l a g o o n  o r  t h e   p i p e   w i t h o u t  

d i s rupt ing   the   opera t ion  of one or t he   o the r .   Loca t ing   t he   p ipe   above  

and f u r t h e r  away from the  leachate   lagoon would not  be p o s s i b l e   w i t h o u t  

s ign i f i can t ly   i nc reas ing   cos t .  

From the  leachate   lagoon,  down to  approximately  the 830 m ele- 
va t ion ,  a 2.1 m diameter F.R.'P. p ipe would  be used as a d i s c h a r g e  con- 

d u i t ,  emptying i n t o  an open  channel. An e n e r g y   d i s s i p a t i o n   s t r u c t u r e  

would  be requi red  at  the  lower end of the  pipe,  see Drawing 14. 

A shor t   s ec t ion  of open channel would pass Hat Creek  around  the 

sedimentat ion  lagoons.   Since  this   area i s  r e l a t i v e l y  f l a t ,  t h e   c h a n n e l  

would not  be much more t h a n  ,a r e -a l ignmen t  of the p r e s e n t  Hat Creek 

channel. 
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One of the  advantag(as of the  mid-level  pipeline  arrangement i s  

t h a t   t h e   d i v e r s i o n  dam would be c lose   t o   t he   p i t .  As a r e s u l t ,  no o ther  

minor d ivers ions  would be r e q u i r e d   f o r   t h e   8 0 0  MW scheme,  and  only a 

s h o r t   s e c t i o n  of d ivers ion   for   lower   F inney   Creek   would   be   needed   for  

the 2240 MW scheme. A l l  o . t h e r   c r e e k s   w o u l d   f l o w   d i r e c t l y   i n t o  the 

drainage  area above the   d ivers ion  dam. 

The loca t ion  of the  pipe for  t h e   d i f f e r e n t   s t a g e s  of pi t   devel-  

opment f o r  the 800 MW project:   are shown on Drawings 15 and 16. The pipe 

would be i n  i ts  f inal  loca t ion  by year 10 of its operation. 

7.2 Repair  of Damaged Polyethylene  Pipe 

If p a r t  of the po lye thy lene   needed   r epa i r ,   t he  water f l o w   i n  

tha t   p ipe  would  be diver ted  into  the  second  polyethylene  pipe.  The mine 

drainage  system  could be  used to   handle   the  f lows  f rom  the  divers ion on 

an emergency b a s i s   f o r  most  months  of t h e   y e a r  when t h e   f l o w s  are n o t  

too  high. Two types of r e p a i r  are  a v a i l a b l e :   m e c h a n i c a l   r e p a i r   a n d  

fus ion   r epa i r .  

The mechanical  lnethod  would l i k e l y  be t h e   i n i t i a l  method  of 

r e p a i r   s i n c e  it is f a s t  and immediately  available.  It cons i s t s  of a f u l l  

wrap around type repair   clamp, w i t h  a n   i n t e g r a l   g a s k e t .  The minimum 

clamp length  should be at  least twice t h e   n o m i n a l   p i p e   d i a m e t e r .  The 

clamp is tightened  around  the  pipe  evenly and securely.  For  above  ground 

i n s t a l l a t i o n s ,   t h i s  method i s  su i tab le   for   non-pressur ized   se rv ices .  The 

h igh   pu l l   ou t   fo rces   i n  a p r e s s u r e   l i n e  would r equ i r e  a buried  l ine  with 

a compacted b a c k f i l l .  This should  pose no d i f f i c u l t y ,   s i n c e  the p ipe l ine  

would only be pressurized  appreciably  during  design  f lood  f lows and  most 

of  the time i t  would flow only p a r t i a l l y   f u l l .  

If the  pipe were buried  under a p r o t e c t i v e   f i l l ,   t h e   f i l l   c o u l d  

be removed f o r  a distance near the damaged sec t ion .  The damaged sec t ion  

could be cut  out,  a replacement  section  prepared, and a b u t t   f u s i o n  ma- 
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chine  used t o  i n s t a l l  the r e p l a c e m e n t   s e c t i o n .   H o w e v e r ,   i f   t h e   p i p e  

were t o  be buried and t h e   p r o t e c t i v e   f i l l   c o u l d   n o t  be  removed f o r  a 

s u f f i c i e n t   d i s t a n c e ,  i t  would be  necessary  to  use a flanged  spool  piece.  

The damaged sec t ion  would  be cu t   ou t ,  and the but t   fusion  machine  would 

be  lowered i n t o   t h e   t r e n c h  t o  i n s t a l l  a f l a n g e   a s s e m b l y  on e a c h   p i p e  

end. A f l a n g e d   s p o o l   p i e w   w o u l d  be made from a s p a r e   p i p e   t o   f i t  

p r e c i s e l y  the r e s u l t i n g  gap .and the  f langed  connect ions  bol ted up. 

7.3 Long-Term Considerat ions and Abandonment 

If at  the end of a 35 t o  41-year l i f e  of the  mine, it was deci-  

ded n o t   t o   e x p l o i t   t h e   t o t a l   c o a l   r e s o u r c e ,  some form of permanent  aban- 

donment of the p i t  would be necessary.  A diversion  arrangement would be 

requi red   to   ensure  a cont inued   supply   o f   po tab le   water  t o  t h e   I n d i a n  

Reserve  downstream  unaffected by s t a b i l i t y  or environmental   problems  in  

the p i t  i t se l f .  I d e a l l y ,  a maintenance-free system  should be l e f t .  

For  the 800 MW p i t ,  as planned, at  a mine l i f e  of 35  years,  it 

i s  t en ta t ive ly   p roposed   t ha t  a h igh   l eve l   p ipe l ine   cou ld   be   l oca t ed  on 

the   ea s t e rn   g rave l   benches   su f f i c i en t ly  far removed from  the rim of t h e  

p i t   t h a t   t h e   p i p e  would  be unaffected by any con t inu ing   p i t   s lope   i n s t a -  

b i l i t y .  A higher   e leva t ion  dam, approximately a t  the j u n c t i o n  of Hat 
Creek and Anderson Creek, would need t o  be b u i l t   t o   s u p p l y   s u f f i c i e n t  

head. The rou te  would be similar to   t ha t   fo l lowed  by the  canal  arrange- 

ment shown on  Drawing 4 .  The presen t   cap i t a l   cos t   o f  t h i s  abandonment 

arrangement  might be about  $32  mill ion at  1982 p r i c e   l e v e l s .  However, 

t h e   v i a b i l i t y  of t h i s  arrangement  depends on t h e   s t a b i l i t y  of t h e   p i t  

s lopes  and t h e  extent t o  whic'h the r i m  i s  l i k e l y   t o   m i g r a t e   e a s t w a r d s  

with time. It should be p o s s i b l e   t o   a s s e s s   t h i s   p r i o r   t o   t h e   a b a n d o n -  

ment of t h e  800 MW P i t .  

The above   a r rangement   would   no t   be   poss ib le   for   the   2240 MW 

Scheme at  t h e  end of a 41-year mine l i f e  because of t h e   l a r g e r   p i t   s i z e .  

For this scheme, a possible   method  of   abandonment   might   be  cont inued 
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s t a b i l i z a t i o n  of the p i t   s l o p e  and  maintenance  of  the  pipeline. A more 

l i k e l y  and  permanent s o l u t i o n   w o u l d   b e   t o   d i v e r t   t h e   w a t e r   u s i n g   t h e  

tunne l   a l t e rna t ive ,   i n   con junc t ion   w i th  a pipe and c a n a l   u p s t r e a m ,   t h e  

headworks dam and a p ipe l ine  downstream. Such an  arrangement  might  cost 

about $44 m i l l i o n   a t  1982 p r : t c e   l e v e l s ,   a s s u m i n g   t h a t   t h e   p i t  rim dam 

and pumping faci l i t ies  would not  be  needed. 

It is mre l i k e l y   t h a t  mining would c o n t i n u e   a f t e r   t h e   t h e  35 

t o  41-year per iod,  and t h a t  lthe t o t a l   r e s o u r c e  of the No. 1 P i t  would be 

ex t rac ted .  Moreover, i f   t h e  No. 2 P i t  were a l s o   e x p l o i t e d ,   t h e  No. 1 

Pi t   cou ld  then be backf i l l ed   w i th  waste material from t h a t   p i t .   I n  that 

case, the  abandonment  might be much s impler ,   s ince  the  pipe  could be re- 

loca ted  on t h e   u l t i m a t e   p i t  rilopes  while  mining  continued. After back- 

f i l l i n g   t h e   p i t ,   c o n s i d e r a t i o n   c o u l d  be g iven   t o   r e tu rn ing   t he   c r eek   t o  

the   cen t r e  of t h e   v a l l e y   i n   e i t h e r  a p ipe l ine  or  a new channel  construc- 

t e d  on the   was te   backf i l l .  With this   arrangement ,  the expens ive   t unne l  

a l t e r n a t i v e   w o u l d   n o t  be r e q u i r e d   f o r   e i t h e r   t h e  800 MW or 2240 MW 
schemes. The f i n a l   t o t a l   r e s o u r c e   p i t   g e o m e t r y   w o u l d   p r o b a b l y  be t h e  

same for   bo th  schemes, and th.e on ly   d i f fe rence  would  be i n   t h e  ra te  of 

mining   and ,   therefore ,   the   l i fe  of the mine. This would only   a f fec t   the  

d i v e r s i o n   a r r a n g e m e n t   t o   t h e   e x t e n t   t h a t   f o r  the  smaller scheme, i .e.  
longer  mine l i f e ,  more maintenance  might  have  to be p r o v i d e d   t o   s e c u r e  
the p i p e s   i n   t h e  p:tt aga ins t   p rog res s ive   s lope   i n s t ab i l i t y .  These a l t e r -  

n a t i v e s  are s t i l l  con jec tu ra l  and e n t i r e l y   d e p e n d e n t  on t h e   l o n g - t e r m  

p lans   for   bo th   the  No. 1 and No. 2 Coal  Deposit. 

8.0 FUTURE INVESTIGATIONS 

8.1 General 
- 

This  study has been  based on metero logica l   da ta ,  mine plans and 

other  information  provided by B.C. Hydro. The informat ion   ob ta ined   and  

t h e   l e v e l  of d e t a i l   p r e s e n t e d   i n   t h i s   r e p o r t  is cons ide red   adequa te   fo r  

a f e a s i b i l i t y   s t u d y .  However, f u r t h e r  work would  be r e q u i r e d   f o r   f i n a l  

design. 
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a. 2 Hydrology 

The des ign   f lows   for  H a t  Creek  have  been  based on a r e g i o n a l  

f lood  f requency  s tudy,   s ince  only a f e w  y e a r s  of  Hat  Creek  f low  data 

were ava i lab le .  A t  t h e   f i n a l   d e s i g n   s t a g e ,   t h e   d e s i g n  flows should  be 

re-examined inco rpora t ing   da t a   ava i l ab le   t o   t ha t   da t e .   Me teo ro log ica l  

and  flow  measurements, e s p e c i a l l y  a t  S ta t ion   08LF061,   near   Upper  Hat 

Creek,  should be maintained. 

8.3 Risk/Cost  Analysis (of Flooding P i t  

I n  conjunction  with a f u r t h e r   h y d r o l o g i c a l   s t u d y  a t  t h e   f i n a l  

des ign   s tage ,  a r i s k / c o s t   a n . s l y s i s ,   i n v e s t i g a t i n g   t h e   c o n s e q u e n c e  of 

f looding  the  pi t ,   should be undertaken  to   determine  the  opt imum  design 

flood. In the  present  study:,   design  f loods  have been  based on an emer- 

gency  capacity of 27 m 3 /s corresponding  to   the 1000-year flood. 

However,  few d ivers fons  are designed  for   f loods as rare as t h e  

1000-year event ,  and t h e   p o s s i b i l i t y   o f   l o w e r   d i v e r s i o n   c a p a c i t y   a n d  

accept ing  some r i s k  of f l o o d i n g   t h e   p i t   s h o u l d  be i n v e s t i g a t e d .  The 

water s p i l l e d   i n t o  the p i t  would  be  contaminated  and it would need t o  be 

t r e a t e d  and  eventually  disposed of on site i n   o r d e r   t o   h o n o u r   t h e   c u r -  

r en t   po l i cy  of zero  discharge. of po l lu t an t s  from t h e   p r o j e c t .  A r i s k /  

c o s t   a n a l y s i s  would inves t iga . t e   t he   p robab i l i t y  of Hat Creek  discharges, 

divers ion  capaci ty ,   t reatment   capaci ty ,  and the  consequences of f looding 

the p i t  and the assoc ia ted   cos ts .  

8.4 Pipe  Mater ia ls  

A t  t h e   f i n a l   d e s i g n   s t a g e ,  new pipe   mater ia l s  would l i k e l y  have 
become a v a i l a b l e ,  and the p ipe  materials should  be  reviewed.  Particular- 

l y   d e s i r a b l e  would be  an  increase of t h e  1.5 m diameter maximum size for  

the  polyethylene  pressure  pipe.  The s u b s t i t u t i o n  of corrugated  polyethy- 

lene  pipe  for   f ibreglass   re inEorced  pipe  should  a lso be re-investigated.  
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8.5 Tunnel  Investigation - 

Any further  consideration of the  tunnel  as a  means of diversion 

could be put off until  the  later  stages of operation  when  abandonment 
procedures  have  been  selected. 
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- StMMARY AND COSCLUSIONS 

This  Appendix gives  an  account of the work tha t  was c a r r i e d   o u t  

during  1982 on the tunne l   a spec t s  of p o t e n t i a l   c r e e k   d i v e r s i o n s  a t  Hat 

Creek. 

Previous work f o r  t h e  2240 MW P i t  showed t h a t  it would be   neces-  

s a ry   t o   mve   t he   p roposed   cana l   d ive r s ion   i n to  a tunnel  approximately in 

Year 12, when t h e   p i t  had  encroached  eastward  to  such an ex ten t  that the 

s a f e t y  of the c a n a l  was j e o p a r d i z e d .  

c a r r i e d   o u t   t o   a s s e s s  the v i a b i l i t y   o r  

t ha t   s t age .  

The 1982 s t u d i e s ,  which  examined 

No d e t a i l e d   i n v e s t i g a t i o n  was 

c o s t  of a t u n n e l   d i v e r s i o n  at  

the   var ious  methods of d ivers ion  

for   bo th   the  2240 MW and the  800 MW P i t s ,  considered  not   only  divers ion 

l a y o u t s   i n  which the  tunnel. would one component of a cana l / t unne l /p ipe -  

l ine  arrangement ,   but   other   layouts   a lso where d ivers ion  would be s o l e l y  

by tunnel .  The p o s s i b i l i t y  of us ing   the   tunnel  schemes t o  enhance  drain- 

age of t h e   p i t   s l o p e s  was also considerd. 

Three main tunnel   l ayouts  were examined: 

o a pressure   tunnel   loca ted   under   the   p i t   th rough weak rocks and 

granular  deposits  (Layout A) 

o a tunnel   loca ted  between t h e   p i t  and t h e   e a s t e r n   e s c a r p m e n t ,  

a l so   th rough weak rocks and s u r f i c i a l s  (Layout B) 

o a tunnel  through  the  eastern  escarpment  predominantly  through 

stronger  rocks  (Layout C). 

Evaluat ion of t h e s e   t h r e e   a l t e r n a t i v e s  showed that   because of the  

depth of s u r f i c i a l s ,   t h e   p o t e n t i a l   p r e s s u r e s  and inflows of ground  water 

during  excavat ion and l i m i t a t i o n s  on methods of t unne l l ing   t h rough   bo th  

Golder Associates 
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s u r f i c i a l s  and weak c l a y s t o n e s ,   b y o u t s  A and B should  not be considered 

fu r the r .  Layout C mer i t ed   de t a i l ed   i nves t iga t ion ;   t he  summer f i e l d  work 

program was o r i e n t e d   t o w a . r d s   l o c a t i n g   a n d   p r o v i n g   t u n n e l   a l i g n m e n t s  

through  the  eastern  escarpment.  

Ex i s t ing   da t a  was assessed and geologica l  mapping  and a geophysi- 

ca l   survey  were c a r r i e d  out  to   determine  the  geological  framework of the  

eastern  escarpment.  On t h i s   b a s i s ,  a program of i n v e s t i g a t i o n  was c a r -  

r ied   ou t   inc luding  diamond c o r e   d r i l l i n g  and f i e l d  and l a b o r a t o r y  test-  

ing   t o   enab le   t he   de f in i t i on  of geotechnica l   un i t s ,  and hence  the  selec- 

t i o n  of a l t e rna t ive   t unne l   rou te s   t h rough   t he   e sca rpmen t .  , A t  t h e  same 

time, c u r r e n t  methods of t unne l l ing  were s tud ied   t o   dec ide   wh ich   wou ld  

be the mst appropr ia te  met.hods of e x c a v a t i o n   f o r   t h e   t y p e s   o f   g r o u n d  

an t i c ipa t ed .  

F ive   geo techn ica l   un i t s  (G1 t o  G5) w e r e   e s t a b l i s h e d ,   a n d   f o u r  

possible   tunnel   a l ignments  (T1 t o  T3A) were s e l e c t e d   f o r   d e t a i l e d   e v a -  

lua t ion .  Methods of e x c a v a t i o n   f o r   t h e   f o u r   a l i g n m e n t s   a n d   p o t e n t i a l  

problems  were  considered.  Requirements . f o r  t u n n e l   s u p p o r t   a n d   l i n i n g  

were compared, as well as  schedules and c o s t s   f o r   d i f f e r e n t   e x c a v a t i o n  

techniques.  

Cos t   es t imates   for   the   four   rou tes   a re :  

T 1  16.25 
1:2 18.07 
1:3 20.93 
T3A 19.08 

Y 
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However, f ac to r s   o the r   t han   cos t  must  be t aken   i n to   cons ide ra t ion   i n   t he  

s e l e c t i o n  of a p r e f e r r e d   a l t e r n a t i v e ,  namely: geological   condi t ions and 

impl ied   uncer ta in t ies ,   cons t ruc t ion   preferences   (ease ,   s impl ic i ty ,  etc.) 

and  remoteness  from  the  pit  (safety  under abandonment plans) .  

The conclusions of the  s tudy were that the t u n n e l   a l i g n m e n t  T3A 

i s  t h e   p r e f e r r e d   r o u t e   f o r   i n c l u s i o n   i n   t h e   o v e r a l l   d i v e r s i o n   s t u d i e s  

( see  Main Text ) .   This   rou te  is shown on F igure   12 .  It would i n v o l v e  

tunnel l ing  predominant ly  i l n  the weak c l a y s t o n e s / s i l t s t o n e s   a n d   s a n d -  

s tones   fo r  mst of t h e   l e n g t h ,   w i t h   s t r e t c h e s   t o w a r d s   t h e   n o r t h   a n d  

south   ends   in   h ighly   b recc ia ted   o r   jo in ted ,   a l te red   andes i te .  Both  por- 

t a l s  would  be developed i n   g l a c i a l   d e p o s i t s ,  and a s ign i f i can t   l eng th  of 

t h e   t u n n e l   a t   t h e  downstream end  would b e   i n   d r y   g r a n u l a r   s u r f i c i a l s .  

Excavation would  be by an excavator   sh ie ld   ( see   F igure  11 and Tab le  4 ) ,  

with a precas t   segmenta l   l in ing .  No m a j o r   c o n s t r u c t i o n   p r o b l e m s  are 

foreseen ,   bu t  either f u r t h . e r   i n v e s t i g a t i o n   w o u l d   b e   n e c e s s a r y ,  o r  a 

su i tab le   cont rac t   should  be formulated  to  provide for r i s k  and responsi-  

b i l i t y   a t  a level   compat ible   with  the  degree of geologica l   uncer ta in ty .  

3 

3 

J 
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HAT CREEK 
TUNNEL RCIUTE SELECTION AND EVALUATION 

1.0 INTRODUCTION 

Studies  by Monenco C o n s u l t a n t s   P a c i f i c   ( 1 9 7 7 )  of t h e   v a r i o u s  
a l te rna t ive   a r rangements   for   d iver t ing  Hat Creek and Finney  Creek  around 
the  proposed  open  pit   during  operation of the  Hat  Creek Mine c o n s i d e r e d  
t h e  need f o r  a t unne l   a s   pa r t  of the  scheme.  Such a t u n n e l   a p p e a r e d  
l i k e l y   t o  be routed  through  the  escarpment east of t h e   p i t .  It could be 
d r iven   e i the r   p r io r   t o   excava t ion  of t h e   p i t ,  o r  a t  a l a t e r   d a t e  when 
t h e   p i t  had expanded t o  a p o i n t   a t  wh ich   t he   s t ab i l i t y  of a c a n a l   l o c a -  
ted  between  the  advancing  pit  edge and the  escarpment  could be endanger- 
ed. The scheme recommende'd by  Monenco c o n s i s t e d  of a c a n a l   d i v e r s i o n  
around t h e  rim o f   t h e   e a : s t   s i d e   o f   t h e   p i t   u p   u n t i l  Year 26 ( l a t e r  
amended t o  Year  12 by HEDD),  when a tunnel  would  be d r iven   t o   p rov ide  a 
permanent  diversion  for  the  creeks. 

The ob jec t ive  of the  present   s tudy by Golder   Associates   ( in   asso-  
c i a t ion   w i th  Sigma Enginee:cing  Ltd.)   has   been  to   reconsider   the  var ious 
methods of d i v e r t i n g   t h e   c r e e k s   a r o u n d   t h e   p i t   i n   l i g h t   o f   r e v i s e d   p i t  
plans and new geotechnical   data .  The e x t e n t   t o  which a deep  level  tunnel 
could  achieve  drainage of t h e   e a s t   p i t   s l o p e s ,  and hence   improve   s lope  
s t a b i l i t y ,  was g iven   pa r t i cu la r  emphasis. 

The main t e x t  of this   Diversion  Study  Report   (see Volume 1) covers 
the  hydrological   aspects  of the s t u d y ,   t h e   a l t e r n a t i v e   o v e r a l l   l a y o u t s  
examined and the  design and cos t ing  of the  recommended a r r angemen t s   fo r  
each of t h e  two mine  schemes (800 MW and  2240 MW), b o t h   f o r   t h e   l o n g  
term (on abandonment)  and dur ing   p i t   opera t ions .  

This  Appendix  covers a l l  the cons idera t ions   necessary   for   de ta i l -  

ed   appra i sa l  and s e l e c t i o n  of the   tunnel   sec t ion  of the   d ivers ion   rou tes  
which  could  potentially  form  part  of t h e  recommended arrangement. A sug- 

gested  a l ignment   for   the  preferred  arrangement   for   long term abandonment 
of t h e  2240 MW Scheme i s  presented. 

Golder Associates 



w 

cx 

'1Y 

!d 

Appendix A 2 812-1523 

2.0 DIVERSION BY TUNNEL 

2.1  Requirements 

Excavation of the  open p i t   f o r   e x p l o i t a t i o n  of the Hat  Creek No. 

1 Coal Depos i t   r equ i r e s   d ive r s ion   o f   bo th   Ha t   Creek   and   F inney   Creek  

p r i o r   t o  and  during the mining   opera t ion .   The   topography  of   the  Hat 

Creek v a l l e y   i n   t h e   v i c i n i t y  of the   p i t   de te rmines   tha t   the   shor tes t  and 

most  economic routes  l i e  t o  t h e  east  of t h e   p i t   ( s e e   F i g u r e  1). The 

east s lopes  of t he   va l l ey  are formed by a s e r i e s  of wide f l a t  terraces,  

developed on g l a c i o - f l u v i a l   g r a n u l a r   s e d i m e n t s .  A s t e e p   e s c a r p m e n t  

bounds these   t e r r aces   t o   t he  east and represents   the   ou tcrop  of a s e r i e s  

of v o l c a n i c l a s t i c  and flow  rocks. The u l t ima te  limits of t h e   p i t   s l o p e s  

a f t e r   t h e   l o n g  term degradat ion of t h e   w a l l s  of t h e   f i n a l   3 5 - y e a r   p i t  

a r e   l i k e l y   t o  be c lose   t o   t he   t oe  of the  escarpment. 

Diversion of the  Hat Creek  flows  around  the  pit by a tunnel  may 

be  favoured  for  the fol lowing  reasons:  

o because a tunnel   provides  a more economic a l t e r n a t i v e   t o   c a n a l  
o r   p i p e l i n e  

o because a tunnel  provides a s a f e r  means of d iver t ing   the   c reek  

o because   the   in tegr i ty  of the   cana l   o r   p ipe l ine   cannot   be   as -  

f lows 

s u r e d   a f t e r   c e s s a t i o n  of  mining. 

The tunnel  is requi red   to   pass  a 1000-year flood  f low of 27 m3/ 

sec. It may be designed at; a free-flow  or  pressure  tunnel.  The need  to 

provide a t u n n e l   l i n i n g  depends on t h e   h y d r a u l i c   r e q u i r e m e n t s ,   o r  whe- 

t h e r   o r   n o t   t u n n e l   s u p p o r t   h a s   h a d   t o  be i n s t a l l e d   a n d  on w h e t h e r  

leakage  from the t u n n e l   t o  the surrounding  formations is possible .  

Tunnel  alignments are dependent on the t o p o g r a p h y   d e f i n i n g  the 

p o r t a l   l o c a t i o n s ,   t h e   p i t   c o n f i g u r a t i o n  and the  geology. The r o u t e s  are  

a l so   cons t r a ined  by the  Indian  Reservat ion downstream of t h e   p i t  and the  

need t o   r e t u r n   t h e   w a t e r   t o   t h e   c r e e k   a p p r o x i m a t e l y  a t  t h e  Hat Creek 

Road Junct ion  (G.R. 5628000N, 59822503). 

Golder Associates 
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2.2 Alternative  Tunnel  Arrangements 

As p a r t  of t he   cons ide ra t ions   fo r   va r ious   cana l  and p i p e l i n e   d i -  

vers ion  arrangements   descr ib 'ed  in   the Main T e x t ,   t h r e e   a l t e r n a t i v e   t u n -  

ne l   l ayou t s  were  proposed f o r   i n i t i a l  review.  These  have  been  designated 

Alternat ive  Layouts  A, B, and C ,  and a r e  shown in   F igure  2. 

Alternative  Layout A is a deep p r e s s u r e   t u n n e l   a l i g n e d   t h r o u g h  

the   ea s t e rn   ha l f  of the  pit .   Various  arrangements of v e r t i c a l / i n c l i n e d  

s h a f t s  and tunnel  could be incorporated  into  this  arrangement.   The  up- 

s t r eam  po r t a l  would l i e  at approximate  elevati.on 920 m, j u s t   downs t r eam 

from  the  confluence of Medicine  and Hat Creeks.  The  downstream p o r t a l  

would l i e  at approximate  elevation 810 m at  t h e  Hat Creek  Junction. The 

tunnel  would have t o  be s i t e d  at  an e l e v a t i o n   s u f f i c i e n t l y  low t o   a v o i d  

danger  not  only from the   ex i s t ing  35-year p i t ,   b u t   a l s o  from  any f u t u r e  

e x p l o i t a t i o n  of t he   t o t a l   coa l   r e source .  

Alternative  Layout B would be driven  from  the same upstream  por-  

t a l ,  but would  be al igned t o  the nor theas t  of t h e   p i t  rim th rough   vo l -  

c a n i c l a s t i c   d e p o s i t s .  The rou te  would need t o  be jud ic ious ly   s e l ec t ed   t o  

avoid the hard  rocks of the escarpment on the east, and t o  l i e  below the 

th ick   g lac io- f luv ia l   depos i t s .  The o u t l e t   p o r t a l  would a l s o   l i e   a t   e l e -  

v a t i o n  810 m at  t h e  Hat Cree'k Road Junction. This a l t e rna t ive   wou ld   be  

a free-flow  tunnel and would  be dr iven  at  a uniform  grade  over   most   of  

its length.  

Unl ike   Al te rna t ive  La:youts A and B ,  A l t e rna t ive  C i s  no t   so l e ly  a 

tunnel   d ivers ion  scheme, but really one  element in  a canal / tunnel   and/or  

p ipe l ine  scheme which would ,comprise a d ivers ion  a t  a h i g h   l e v e l   r o u n d  

the   p i t ,   m in imiz ing   t he   t unne l   l eng th   and   mak ing  use o f   t h e   g l a c i o -  

f l u v i a l  terraces as much as p o s s i b l e   f o r   s i t i n g   s u r f a c e   s t r u c t u r e s .  

Golder Associates 
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For   t h i s   r ea son ,   t he   d ive r s ion   s t ruc tu re  on Hat Creek  would  have  to   be 

some considerable  way ups t r eam  to   pe rmi t   g rav i ty   f l ow  wi thou t   t he   need  

f o r  pumping. Where this rou te  l ies c l o s e   t o  the p i t ,  a t u n n e l   s e c t i o n  

through  the  escarpment would be n e c e s s a r y .   V a r i o u s   o p t i o n s   f o r   p o r t a l s  

and al ignments   exis t   wi thin  the  escarpment  and  have  been  considered. F i -  

gure  2 shows an envelope  which bounds all t h e   a l t e r n a t i v e   t u n n e l   r o u t e s  

considered. 

For  consideration of the   var ious   des ign  and c o n s t r u c t i o n   a s p e c t s  

of po ten t i a l   t unne l s ,   t h i s   Append ix   has   been  se t  up i n   t h e   f o l l o w i n g  

way : 

Sect ion  3 - d e s c r i b e s   t h e   g e o l o g y  of t h e   e a s t   s i d e  of t h e   p i t  

area and escarpment. 

Sect ion 4 - d i s c u s s e s   c o n s t r u c t i o n   m e t h o d s   a p p r o p r i a t e   t o   t h e  

geology  for   var ious   a l te rna t ive   l ayouts .  

Sec t ion  5 - evalua tes   Al te rna t ive   Layouts  A,  B and C ( d e s c r i b e d  

above)   and   d i scusses   the   log ic  of s e l e c t i n g   A l t e r n a -  

t i v e  Layout C fo r   de t a i l ed   s tudy .  

Sec t ions  6 through 9 -- dea l   w i th  the d e t a i l e d   i n v e s t i g a t i o n   o f  

t he   a l t e rna t ive   t unne l   rou te s   t h rough  the escarpment  

within  Layout C ,  the   an t ic ipa ted   condi t ions ,   compar-  

a t i v e  cost.?,, and the recommended r o u t e   f o r   i n c l u s i o n  

i n  the o v e r a l l  scheme d i s c u s s e d   i n   t h e   m a i n   t e x t  of 

the  report . .  

Golder Associates 
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3.0 GEOLOGY OF EAST SIDE OF PIT 

3.1 General 

A comprehensive  discussion of the r eg iona l   geo logy   cove r ing  the 

e a s t   s i d e  of t h e   p i t  may be found i n   G o l d e r   A s s o c i a t e s '   r e p o r t s ,   d a t e d  

March, 1977  and  December, 1978. No d e t a i l e d   a t t e m p t  has been made t o  

re-examine  the  regional  geology  during  this  study. The c u r r e n t   i n v e s t i -  

ga t ion  was focussed on the  geology  within  the  eastern  escarpment   of   the  

Hat Creek   Va l l ey   a long   t he   co r r ido r   con ta in ing   t he   p roposed   d ive r s ion  

tunnel   rou tes  between  Medicine and Harry  Creeks. 

In addi t ion  t o  t h e   r e - i n t e r p r e t a t i o n  of ex is t ing   da ta   car r ied   ou t  

f o r   t h i s   i n v e s t i g a t i o n ,  new da ta  on the  eastern  escarpment  was o b t a i n e d  

from de ta i l ed   geo log ica l  mapping, co re   d r i l l i ng ,   magne t i c   and  res i s t i -  

v i t y   p r o f i l i n g   a c r o s s   t h e   e a s t e r n   e s c a r p m e n t ,   p e t r o g r a p h i c   a n a l y s i s   o f  

core  samples and rock  tes t ing.  

A s  a r e s u l t  of t h e   d r i l l i n g  and geophysical  works, a good strati- 

g raph ic  and s t r u c t u r a l  framework has been  es tabl ished  a long the proposed 

divers ion  tunnel   a l ignments  t:hrough t h e   e a s t e r n   e s c a r p m e n t .   T h i s '   h a s  

permitted the d e f i n i t i o n  of geo techn ica l   un i t s  for  tunnel l ing  purposes .  

3.2 Strat igraphy  of  E a s t  Side of P i t  

d 

Y 

The s t r a t ig raphy   w i th in  the eas te rn   escarpment   in   the   a rea  of the  

proposed  diverson  tunnel  alignments is shown in   F igu res  3 and 4 .  S t r a -  

t i g r a p h i c   u n i t s  have  been  subdivided  into  the  sequence  ( in   order   of   in-  

creasing  age)  shown on Table  I. Figure  5 shows the comparative s t r a t i -  

graphic  sequences  encountered in t h e   v a r i o u s   h o l e s   d r i l l e d   w i t h i n   t h e  

eastern  escarpment .  The fo l lowing   s ec t ions   desc r ibe  the s t r a t i g r a p h i c  

u n i t s   i n   d e t a i l .  

w Golder Associates 
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TABLE 1 

STRATIGRAPHIC  SEQUENCE IN EASTERN  ESCARPMENT 

Quarternary  Recent - Colluvium,  alluvium,  slide  debris. 
Pleistocene - Glacial  sediments,  till. 

Tertiary  Kamloops 
Group 

Permian 

- Upper  volcaniclastics - sandy  siltstone, 
clayey  siltstone,  tuffaceous sandstone, 
conglomerates,  and  minor  andesites. 

4 
- Altered  andesites - breccias, agglomer- 
ates,  and  occasional  conglomerates. 

- Lower  volcaniclastics - siltstone,  clay- 
stone, tuffaceous sandstone and silt- 
stone,  conglomerate,  lithic  breccia,  and 
minor  carbonaceous  claystonelsiltstone. 

- Non-tuffaceous  sandstone,  siltstone,  and 
. 

claystone. 

Cache  Creek.' - Marble  Canyon  Limestone - marble, lime- 
Group I stone,  argillite. - Greenstone,  chert,  argillite with lime- 

stone  and  quartzite. 
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3.2.1 D i s t r i b u t i o n  o f  Deposi ts  

The var ious  tunnel   layouts   have  a l l   been  selected  to   pass   through 

rocks   eas t  of the Finney   Faul t ,   which   represents   the   eas te r ly  limit o f  

t h e  No. 1 Coal  Deposit (Golcler Associates,   1978).  Uniform claystones and 

s i l t s t o n e s  of the  Medicine  Creek  Formation  are  present  between  the  Fin- 

ney  Fault  and the volcanic /volcanic las t ic   rocks  of the  escarpment. Tun- 

n e l s  of Alternative  Layout A would l i e  wi th in   t h i s   rock  sequence. 

The vo lcan ic /vo lcan . i c l a s t i c  sequence   fo rming  the e s c a r p m e n t  

s t r i k e s   n e a r l y   n o r t h - s o u t h , ,   p a r a l l e l   t o   t h e   r i d g e   a n d   a b u t s   a g a i n s t  

older  rocks  forming the h ighe r   g round   t o   t he  east on w h i c h   t h e  power 

p l an t  is s i ted.   Tunnels  of Alternative  Layouts B and C would l i e  within 

t h i s  sequence. 

The g l a c i o - f l u v i a l   d e p o s i t s   i n f i l l  a channel  cut  into  the  Medicine 

Creek  Formation  rocks, This c h a n n e l   d e e p e n s   a n d   w i d e n s   t o   t h e   n o r t h  

where it lies over  the Marbyte Canyon Limestone of Permian  age ( s e e   F i g -  

ure  6 ) .  

The rocks west of the  escarpment  .have  generally  been wel l  i nves -  

t i g a t e d  i n  previous  years.  The escarpment   rocks  are g e n e r a l l y   p o o r l y  

known, excep t   a t  the south  end on the a x i s  of the Medic ine  Creek waste 

embankment. The c u r r e n t   i n v e s t i g a t i o n  was t h e r e f o r e   c o n c e n t r a t e d  on 

obta in ing  data for   those   tunnel   l ayouts   pass ing   th rough  the   rocks   form-  

ing  the  escarpment.  The geology of t h i s   a r e a ,  as deduced  from t h e   1 9 8 2  

i n v e s t i g a t i o n s ,  is shown on Figures  3 and 4. 

3.2.2 Sur f i c i a l   Depos i t s  

These  deposits  are composed a l m o s t   e n t i r e l y   o f   g l a c i a l  till and 

g l a c i o - f l u v i a l  outwash  sediments i n   t h e   v i c i n i t y  of the   d ivers ion   tunnel  

alignments. 

Golder Associates 
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(a )   S l ide   Debr i s  

S l ide   deb r i s  i s  c o n f h e d   t o  the area  located  approximately 500 m 

no r th  of Medicine  Creek  (Figure  2). A 31.7 m th i ck   s ec t ion  of s l i d e  de- 

b r i s  was encountered  in   hole  DDH81-920 which was d r i l l e d   i n  1981 f o r   t h e  

south   por ta l   inves t iga t ion .   Dr i l lho le   da ta ,   geophys ica l   in te rpre ta t ion ,  

and  geomorphological  expression  were  used t o   d e f i n e   t h e  limits o f   t he  

s l i d e   d e b r i s  which t y p i c a l l y   c o n s i s t s  of a m u l t i l i t h o l o g i c a l   m i x t u r e  of 

boulders   (pr imar i ly   vo lcanic) ,   cobbles ,  and gravels   with a clay  matrix.  

(b)  Glacio-fluvial  Sediments - 

T h e s e   d e p o s i t s   i n f i l l  a t rough  eroded  into the Ter t ia ry   rocks   lo -  

cated  between  the  faul ted  eastern  margin of the   coa l  and the   escarpment  

t o   t h e  east. Contours on the  base of tha t   t rough are shown in   F igu re  6. 

The sediments are t y p i c a l l y  composed of moderately  dense  to  dense  gravel 

and  cobbles i n  a s i l t ,  c lay ,  and sand  matrix, and l o c a l   b e d s  of medium 

t o   c o a r s e  sand.  Occasional  large  boulders are also  encountered. 

( c )  Glacial T i l l  

One netre of g l a c i a l  t i l l  was e n c o u n t e r e d  near t h e   b o t t o m  of 

DDH82-922, at a depth of 23.9 m, in the area of the nor thern   por ta l   ad-  

jacent   to   Harry Creek. The t i l l  i s  typical ly   overconsol idated  and com- 

posed of grave l  and cobbles in a s i l t y  sand  matrix. Other l a y e r s  of till 

are i n f e r r e d   t o  exist i n  th i s  p o r t a l   a r e a .  

3.2.3 Upper Vo lcan ic l a s t i c s  
M 

Y 
T h i s  u n i t  is moderate:ly well d e f i n e d   a n d   a p p a r e n t l y   c o n s i s t e n t  

along the base of the eastern  escarpment   (Figure  3) .  The upper  volcani- 

Golder Associates 
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e l a s t i c s  were penetrated by D r i l l h o l e s  DDH82-921, DDHs81-918 and  920,  

DDH76-816,  DDH78-839, and DllH75-36 ( l o g s   o f   h o l e s   d r i l l e d   d u r i n g   t h i s  

i n v e s t i g a t i o n  are a t tached  as Addendum 1). D r i l l h o l e s  918 through  920 ,  

and 839, a re   loca ted  in the s o u t h e r n   ( u p s t r e a m )   p o r t a l   a r e a ,   r e s u l t i n g  

i n   g r e a t e r   s u b s u r f a c e   s t r a t i g r a p h i c   c o n t r o l   h e r e   t h a n   i n   t h e   n o r t h e r n  

p o r t a l  area. 

The upper v o l c a n i c l a s t i c s   g e n e r a l l y   c o n s i s t  of a sequence  of  

sandy s i l t s t o n e ,   c l a y e y   s i l t s t o n e / s i l t s t o n e ,   s a n d s t o n e / t u f f a c e o u s   s a n d -  

s t o n e ,   c o n g l o m e r a t e / t u f f a c e o u s   c o n g l o m e r a t e ,   a n d e s i t e   a n d / o r   b a s a l t  

flows and volcanic   breccias .  The s t r a t i g r a p h i c   t h i c k n e s s  of t he   uppe r  

v o l c a n i c l a s t i c s  i s  not  well es tab l i shed ,   bu t   based   on   Dr i l lho le  DDH76- 

816,  which  penetrated  the  base of the   un i t ,   these   rocks  are a t  l e a s t   i n  

the   o rder  of 140 m (460 f t ) .  

The top of t h e   u n i t  i:; no t   v i s ib l e .  It is possible   that   the   upper  

v o l c a n i c l a s t i c s   r e p r e s e n t  the lateral  s t r a t i g r a p h i c   e q u i v a l e n t   o f  the 

Med ic ine   Creek   Fo rma t ion ,   a l t hough   t he   poss ib i l i t y   a l so   ex i s t s   t ha t  a 

f a u l t   s e p a r a t e s   t h i s   u n i t  from the  c laystones  proved  fur ther  west. 

3.2.4 Andesite 

The andesi te   comprises   the  major i ty  of t h e   r o c k s   o f   t h e   e a s t e r n  

escarpment   and  has   res is ted  erosional   processes   to  form a prominent  top- 

ographic  feature.   These  rocks do o c c u r   i n  small i s o l a t e d   o u t c r o p s ,   b u t  

they are normally  mantled by a thin  veneer  of co l luv ium  and /o r   g l ac io -  

f l u v i a l   d e p o s i t s .  The colluvium may form  appreciable  thicknesses at the  

base of the  escarpment. These: rocks are c h a r a c t e r i s t i c a l l y   d a r k   t o  medi- 

um grey and aphan i t i c ;   t he  unlit i s  typ ica l ly   h igh ly   f r ac tu red  and loca l -  

l y   b recc i a t ed .   Resu l t s  of p e t r o g r a p h i c   t h i n   s e c t i o n   a n a l y s e s   i n d i c a t e  

the   andes i t e   has   unde rgone   va ry ing   l eve l s   o f   hydr .o the rma1   a l t e r a t ion ,  

Golder Associates 
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varying in i n t e n s i t y  of a l t e r a t i o n  from s l i g h t   t o   h i g h .  The more highly 

a l t e r ed   rocks  may conta in  a!; much as 80 t o   8 5   p e r   c e n t   a l t e r a t i o n   p r o -  

duc ts ;   these   p roducts  were d i f f i c u l t   t o   i d e n t i f y   d e f i n i t i v e l y   u n d e r   t h e  

microscope,  but  appear  to be smect i te   c lays .  The pervasiveness of alter- 

a t ion   ranges   f rom  loca l   occur rences   a long   f rac tures  within f a i r l y  intact 

rock, to be ing   ub iqu i tous   i n   c rys t a l - l i t h i c   t u f f -b recc ia s   where   i n t ense  

a l t e r a t i o n   h a s   o c c u r r e d   i n   b o t h   t h e   m a t r i x   a n d   l i t h i c   f r a g m e n t s .  The 

more h igh ly   a l t e r ed   rocks   a r e   u sua l ly   ve ry   f r i ab le  and r e l a t i v e l y   l o w e r  

i n   s t r e n g t h   ( s e e   S e c t i o n  6.2:.4). 

D r i l l h o l e s  DDHs78-839, 81-918, 82-921,   923   and   925 ,   pene t ra ted  

the   andes i t e .  Based  on seve ra l  lines of ev idence   (d i scussed   i n   Sec t ion  

3 . 3 ) ,   t h i s   s u i t e  of rocks  appears  to be repeated by a high  angle   reverse  

f au l t   (F igu re   4 ) .  

S t r a t ig raph ic   t h i ckness  is in   excess  of 100 m. However, t h e   f a u l t  

con t ro l l ed   t h i ckness  of the  sequence  ranges  between 230 and  260 m. 

3.2.5 Lower Vo lcan ic l a s t i c s  

The lower volcanic las t ics   a re   on ly   modera te ly   wel l   def ined ,   and  

o c c u r   i n   l i m i t e d   o u t c r o p   i n  :the area j u s t   n o r t h  of Medicine  Creek,   and 

in an  outcrop  adjacent  to  Harry Creek (Figure 3 ) .  This l i t h o l o g i c   u n i t  

is charac te r ized  by an i n t e r b e d d e d   s e q u e n c e   o f   s i l t s t o n e ,   c l a y s t o n e ,  

minor  beds of c o n g l o m e r a t e ,   t u f f a c e o u s   s a n d s t o n e s   a n d   s i l t s t o n e s   a n d  

l i t h i c  breccias .  A t  a depth of 90 m ,  i n  DDH82-924, a sequence of primar- 

i l y   t u f f a c e o u s  claystone/silt:stone/sandstone is i n   f a u l t   c o n t a c t   w i t h  a 

sequence of non-tuffaceous,   f inely bedded sands tone ,   s i l t s tone  and clay- 

s tone.  Many of t h e   f i n e l y  bedded sandstone  beds  exhibi t   cross-bedding,  

sof t   sediment   deformation a n d  well p r e s e r v e d   f a u l t e d   b e d d i n g   o f f s e t s .  

Golder Associates 
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These  rocks  are  thought  to  represent  the  Cache  Creek  group  of  Permian 

age  and,  for  engineering  purposes,  have  been  grouped  with  the  tuffaceous 

rocks on t h e  west s i d e  of t h e   f a u l t .  

The lower  volcaniclast ic   sequence was p e n e t r a t e d  by d r i l l h o l e s  

DDH82-923, 924 and  925, DDHi'8-836 and  838. The s t r a t i g r a p h i c   t h i c k n e s s  

of t h e  lower v o l c a n i c l a s t i c s  i s  u n c e r t a i n ,   a s   n o n e   o f   t h e   d r i l l h o l e s  

penetrated  the  ent i re   sequence of rocks,   but 250f m have  been  proven. 

3.3 S t ruc tu re  of the  East.ern  Escarpment 

It is not   the  intent  of t h i s   r e p o r t   t o   p r e s e n t  a complete  discus- 

sion of the s t r u c t u r a l  geology of the Hat Creek  Basin.  For this ,  refer- 

ence  should be made to  previous  Golder  Associates  Reports  (1977,  1978),  

t h e  Hat Creek  Project  Mining: Report  (1979),  the Hat C r e e k   P r o j e c t   C o a l  

Liquefaction  Report   (1980)  and  to K i m  (1978). 

The eastern  escarpment of the Hat  Creek Basin, through  which the 

proposed  diversion  tunnel would pass ,  is charac te r ized  by a sequence  of  

s teeply  dipping  (average 75' t o  80" t o   t h e   w e s t )   v o l c a n i c   a n d   v o l c a n i -  

clastic rocks described in Sect ion  3 .2 .  These rocks  have been d is turbed  

by at  least two f a u l t  sets. One fau l t   se t   t rends   near ly   nor th-south ,   to  

s l i g h t l y  east of north;  the t rend  of the second  fau l t  set varies  between 

N50"W t o  N80"E. The d ips  of t h e s e   f a u l t s   a r e   n o t  well known, as t h e  den- 

s i t y  of d r i l l h o l e s  and d r i l l ho le   dep ths   p rec lude   de t a i l ed   ana lys i s .  The 

presence of t h e s e   f a u l t s  is subs t an t i a t ed  by d r i l l h o l e   d a t a ,   o u t c r o p s ,  

and su r face  and down-hole geophys ica l   da t a .   The   no r th - sou th   t r end ing  

f a u l t  set i s  apparent ly   o lder ,  as it appears   to  have  been o f f s e t  in sev- 

eral loca t ions  by the   c ross   . fau l t s .  

The north-south set i:; represented  predominantly by a major f a u l t  

p a r a l l e l   t o   t h e   r i d g e  which  :repeats  the  andesite  sequence  (see  Figure 4 ) .  

Golder Associates 
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It i s  loca ted  almost e n t i r e l y   w i t h i n   t h e   a l t e r e d   a n d e s i t e  and extends  to  

t h e   n o r t h  from  Medicine  Creek  to j u s t   n o r t h  of Harry  Creek.  Correlation 

of down-hole n e u t r o n   l o g s ,   a n d   r e p e t i t i o n  of t h r e e   a l t e r a t i o n   z o n e s  

wi th in   t he   andes i t e   s equence ,   i nd ica t e   t ha t   t he   f au l t   has   r epea ted   t he  

sequence. The l o c a t i o n s  of t he   d r i l l ho le s   p rec lude  a d ip  any s h a l l o w e r  

than 56" t o   t h e  west or 24' t o   t h e   e a s t .  The most probable   d ip   d i rec t ion  

i s  t o   t h e  west, based on bedding  dips and the  assumption  that  the f a u l t -  

i ng  would  most l ikely  occur   a long  planes of greatest   weakness,  i.e. sub- 

p a r a l l e l   t o  bedding  planes.   This  fault   has  been  truncated  at  i t s  extreme 

ends; j u s t  no r th  of Harry  Cr'eek,  the f a u l t  has been c u t   o f f  by a c r o s s  

cut t ing  normal   faul t .   In  thce a r e a   j u s t   n o r t h  of Medicine Creek, i t  h a s  

been o f f s e t   i n  an east stepp:tng  en  echelon  pattern by t h r e e   c r o s s - c u t -  

t i n g  south-side-down,  normal f a u l t s .  A m a j o r   e a s t - w e s t   f a u l t   t r u n c a t e s  

the   nor th-south   fau l t  at Med:tcine Creek; t h i s   f a u l t   j u x t a p o s e s   t h e   w e s t  

dipping  sequence of t h e   u p p f e r   a n d   l o w e r   v o l c a n i c l a s t i c s   a n d   a l t e r e d  

andes i te   aga ins t   the   south   d ipping   sequence  of b a s a l t  and v o l c a n i c l a s t i c  

rocks. 

3.4 Hydrogeology 

The tunnel   rou tes   inves t iga ted  pass through cwo h y d r o g e o l o g i c a l  

u n i t s ;   t h e   s u r f i c i a l   m a t e r i a l l s  and the  bedrock volcanics/volcaniclastics, 
i 
~ and  claystones and s i l t s t o n e s .   B o t h   u n i t s   e x h i b i t   v a r i a t i o n s   w i t h i n  

hydrogeologica l   parameters ,   wi th   the   sur f ic ia l  materials genera l ly   con-  

s t i t u t i n g   t h e  major  water  bearing  units.  

The eas t e rn  escarpment: i s  p r i m a r i l y   l o c a t e d   i n  a zone  of  ground 

water  recharge  with  decreasing  hydraulic  heads  with  depth.  The d i s t r i b u -  

t i o n  of piezometr ic   levels   within  the  bedrock is probably   cont ro l led  by 

the   hydraul ic   conduct iv i ty  of t h e   r o c k   a n d   t h e   s t r u c t u r a l   g e o l o g i c a l  

condi t ions  present .  It is l i k e l y  that the p e r m e a b i l i t y  of the ground 
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through  which  the  tunnel will pass is h ighly   an iso t ropic ,   bu t  no quanti-  

t a t i v e   d a t a  i s  a v a i l a b l e   t o   s u b s t a n t i a t e   t h i s .  Both ho r i zon ta l  and  ver- 

t i c a l  ground  water  flow  components may be in  operation.  Recharge to  t h e  

bedrock u n i t s  is v i a   i n f i l t r a t i o n  of p r e c i p i t a t i o n   t o   t h e   s a t u r a t e d  zone 

and  from  downslope  seepage  through  bedrock  to  the  east. The gene ra l   d i r -  

e c t i o n  of ground water f low  in   t he   s a tu ra t ed   ma te r i a l s  i s  downward and 

toward t h e  ground water d ischarge   a reas  in Hat Creek. In   the   a rea  of the  

no r the rn   po r t a l s  of Layouts A and B,  ground  water  flow has a v e r t i c a l l y  

upward  component wi th   hydraul ic   heads   increas ing   wi th   depth ,   charac te r -  

i z i n g  a ground  water  discharge area. 

w 
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4.0 ALTERNATIVE METHODS OF TUNNELLING 

The mst su i tab le   mt .hod  of e x c a v a t i n g  a t u n n e l   d e p e n d s  on the 

geologica l   condi t ions ,   the   s ize ,   shape ,  and length  of the  tunnel  and,  to 

a lesser   ex ten t ,   the   cons t ru .c t ion  time c o n s t r a i n t s  and end-use r e q u i r e -  

ments. This   sec t ion  of the   repor t :  

o b r i e f l y  summarizes tunnel   geometry   cons idera t ions   in   the  sel- 

e c t i o n  of the tunne l l ing  method; 

o reviews,   in   terms of the   genera l   geologica l   condi t ions   an t ic i -  

pated,   the   var ious  excavat ion methods ava i l ab le ;  

o e v a l u a t e s   f o r   t h e   p a r t i c u l a r   c o n d i t i o n s   a t   H a t   C r e e k   t h e   d e -  

s i g n   c o n s t r a i n t s  on t h e   s e l e c t i o n  of tunnelling  techniques.  

The in t e r - r e l a t ionsh ip  of v a r i o u s   t e c h n i c a l   f a c t o r s   a f f e c t i n g   t h e  

choice of the  excavat ion method i s  g iven   i n   F igu re  7. 

Sec t ion  5 eva lua tes  i n  g rea t e r   de t a i l   t he   va r ious  methods of tun- 

ne l l i ng   fo r   A l t e rna t ive   Layou t s  A, B, and C d e s c r i b e d   i n   S e c t i o n   2 . 0 ,  

and d iscusses  which of these   l ayouts  merits d e t a i l e d   f u r t h e r   i n v e s t i g a -  

t i o n .   S u i t a b l e   e x c a v a t i o n   m e t h o d s   f o r   t h e   v a r i o u s   r o u t e s   w i t h i n   t h e  

prefer red   a l te rna t ive   l ayout ,   based  on t h e   i n t e r p r e t a t i o n  of the geo- 

log ica l   da t a   fo r   each   t unne l   rou te ,   a r e   desc r ibed   i n   Sec t ion  6.0. 

4.1 Tunnel  Geometry 

The minimum a v e r a g e   t u n n e l   s i z e  t h a t  c a n   b e   c o n s t r u c t e d   u s i n g  

modern equipment is con t ro l l ed  by the  requirements  for  mucking,  loading 

and d r i l l i n g   v e h i c l e s .   T e c h n i c a l   l i m i t a t i o n s   e x i s t  in the use  of mech- 

anized  boring  machines  larger  than  about 9.2 m (30 f t )  diameter. 

For the d i v e r s i o n   t u n n e l ,  a diameter   of   about   2 .4  m ( 8  f t )  i s  

r e q u i r e d   f o r   h y d r a u l i c   r e a s o n s .   T h i s  is a t  t h e   l o w e r  limit f o r  t he  
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FIGURE 7 

TECHNICAL FACTORS AFFECTING CHOICE OF EXCAVATION METHOD 
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e f f i c i e n t   u s e  of men and  equipment i n  the conges t ed   head ing   a r ea .  For  

th i s   r ea son ,   bo th   conven t iona l   and   mach ine -d r iven   t unne l s  are r a r e l y  

l e s s   t h a n  3.0 m (10 f t )   i n   e f f e c t i v e   d i a m e t e r .   T h i s   f a c t o r  i s  the   bas i s  

f o r  the choice of t u n n e l   s i z e   f o r  the d ive r s ion   a l t e rna t ives   unde r   con -  

s ide ra t ion .  

The shape of t he   t unne l  is determined i n  the f i r s t  instance by 

end-use r equ i r emen t s   (hydrau l i c   o r   veh icu la r ,   f o r   example ) .   S t ab i l i t y  

considerat ions  during  both  construct ion and opera t ion  of t h e   t u n n e l  may 

a l so   s t rong ly   i n f luence  the shape of the tunne l .   I f   t hese   r equ i r emen t s  

are no t   c r i t i ca l ,   t he   t unne l   shape   s e l ec t ed  may be a simple  consequence 

of t h e  method of excavation. A c i r c u l a r   t u n n e l  i s  i d e a l   f o r   r e s i s t i n g  

bo th   ex te rna l  and in te rna l   p ressures ,   and  i s  a l s o   c o m p a t i b l e  wi th  the  

construction  requirements of many tunnel l ing  machines .  The f l a t   f l o o r  

of a D or  horseshoe-shaped  tlannel is a d i s t i n c t   c o n s t r u c t i o n   a d v a n t a g e  

if a convent ional   excavat ion method is used.  If  a f l a t   i n v e r t  is used  

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

are   not   adversely  affected.  

In c o m p e t e n t   s o i l  01: r o c k ,   w h e r e   s t r u c t u r a l   l i n i n g s   a r e   n o t  

r equ i r ed   t o   ensu re   s t ab i l i t y ,   t unne l   shape  is not  a s ignif icant   geotech-  

n ica l   des ign   cons idera t ion .  

4.2 Construction Methods 

4.2.1 Sof t  Ground 

The r e l a t i v e l y  low s t r e n g t h  and the  high  deformabil i ty  of tunnels  

i n   s o f t  ground s t rong ly  infhence t h e  method of tunnel l ing.   Soft  ground 

tunnels   can be excavated  eith.er by hand or machine,  with or w i t h o u t   t h e  

p r o t e c t i o n  of a sh ie ld .  Unless t h e   s o i l  is continuous  and  cohesive, some 

form of immediate  support  to  the  roof,  and  even the face ,  may be neces-  

sary.  In many ins t ances ,  a pre-cons t ruc ted   l in ing  is e rec t ed   unde r   t he  

p r o t e c t i o n  of a sh ie ld .  
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4.2.2 

Hand Mining u t i l i z e s  manual labour  and  pneumatic  equipment. Exca- 

va t ion   proceeds   cont i .nuous ly ,   wi th   the   mucking   cars   b r ing ing   in  

the  support   ( temporary  l ining and lagging).   Concreting i s  o f t e n  

performed  immediately  following  excavation  but  out  of  cycle,  so 

a s   n o t   t o   i n t e r f e r e   w i t h   t h e  advance.  Excavation  rates are slow - 
i n   t h e   o r d e r  of 3.0 a /day   (10   f t /day) .  Hand mining is most s u i t -  

ab l e   fo r   sma l l   tunnel.^, where grade and d i r e c t i o n  change  rapidly, 

o r   fo r   sho r t   s ec t ions :  where h i g h   i n i t i a l   c a p i t a l   e q u i p m e n t   c o s t s  

make mechanized  methods p roh ib i t i ve .  

Mechanized  Excavatiorl i n   s o f t  ground  can be c a r r i e d   o u t   u s i n g  a 

r o t a t i n g  wheel c u t t e r  mole, a r o t a t i n g  drum ( a n n u l u s )   c u t t e r ,   o r  

a part-face  excavator-digger.  The par t - face machine uses a ro t a t -  

ing  or   swivel l ing  bucket  arm on an ex tens ion  boom. The  mole  or 

drum f requent ly   uses  a s i m u l t a n e o u s l y   p l a c e d   p r e c a s t   l i n i n g   f o r  

t h r u s t   r e a c t i o n   i n  the weak ground. Only c i r cu la r   shapes   can   be  

excavated ,   a lbe i t  wit:h high  advance  rates  [approximately 2 5  m/day 

(80  f t /day)]   and l i t t l e  ground  disturbance. The excavator-digger 

i s  more v e r s a t i l e   i n  terms of the  range of ground c o n d i t i o n s   a n d  

cross-sect ional   shapes  that   can  be  handled.   Advance rates are 

higher  than  for  hand-mining,  but  are  usually less  ( i n   t h e   o r d e r  

of 50  per  cent)   than  those  achieved  with  full-face  machines  under 

the i r   r e spec t ive   p re fe r r ed   geo log ica l   cond i t ions .  

Rock 

Excavation of tunnels; i n  rock  are c a r r i e d   o u t  by c o n v e n t i o n a l  

dr i l l -and-blast ,   par t - face  ( roadheader)   type  machines ,   or   boring mach- 

ines .  

The Drill, Blast, and Mucking procedure is a p p l i c a b l e   t o   t h e   f u l l  

range of tunnel  size,, shape, and geo log ica l   cond i t ions ,   a l t hough  
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uni t   excavat ion  and suppor t   cos t s  may be e x t r e m e l y   h i g h   i n  cer- 

t a i n   t y p e s  of ground. The technique has the   impor tan t   advantage  

over  machine  excavation  in its a d a p t a b i l i t y   t o   v a r i a t i o n s   i n  geo- 

logy.  Construction  outcomes are thus  more p red ic t ab le ,   e spec ia l ly  

i f   topographica l   condi t ions  limit t h e   l e v e l  o f  p r e - c o n s t r u c t i o n  

geo log ica l   i nves t iga t ion .  The development of mdern  support   sys- 

tems ( b o l t s  and s h o t c r e t e ) ,  and the   increas ing   use  of mechaniza- 

t i on ,  has g r e a t l y  enhanced the c o s t  and cons t ruc t ion  time aspec ts  

of conventional  tunnelling. 

Roadheader  Machine-Driven  Tunnels  have resu l ted   in   very   compet i -  

t ive  tunnel l ing  performances  being  achieved  with  the  recent ly  de- 

veloped  roadheader  technology.  These machines a t t empt   t o   exp lo i t  

the  advantages of mc'hanized  excavation, while r e t a i n i n g   t h e  ben- 

e f i t s  of minimal  equi.pment c o s t   a n d   f l e x i b i l i t y   i n   c o p i n g   w i t h  

v a r i a b l e  and unforeseen  ground  and  support  requirements. Advance 

rates are l imi t ed  by the rate a t  which   energy   can   be   d i ss ipa ted  

a t  the boom t y p e   c u t t e r  head.  Excavation i s  l i m i t e d   t o   r o c k  of 

low o r   m d e r a t e   s t r e n g t h  up to  138 MPa (20,000  psi). 

Full-Face  Boring M a c h : k  are now able t o  cope w i t h  a l l  uniform 

g r o u n d   c o n d i t i o n s ;   r o l l e r   b i t   t e c h n o l o g y   h a s   a d v a n c e d   t o   t h e  

s t a g e  where no t e c h n i c a l   l i m i t a t i o n s   e x i s t  as t o  the type of rock 

t h a t  can  be  excavated.. However, very  hard or abras ive   rock   pre-  

s e n t s   s e r i o u s   c o n s t r a i n t s  on economic v i a b i l i t y   a s   d i c t a t e d  by 

advance rates and r o l l e r   c o s t s .  Average  advance rates are i n  the 

order  of 150 m/week, 1:500 f t / w e e k ) ,  or 2 t o  3 times t h e  ra tes  

achieved by conventional  excavation. The advantages of the  boring 

machine are: e l imina t ion  of b l a s t   v i b r a t i o n s ,   r o c k   d i s t u r b a n c e  

and   overbreak;   reduct ion   in   concre te   and  muck h a n d l i n g   q u a n t i -  

t ies;  and  high rates of advance. The main disadvantages  are:  the 
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l i m i t a t i o n   t o  a c i r cu la r   shape ;   t he  minimum r a d i u s   o f   c u r v a t u r e  

and maximum tunnel   grades that can be e x c a v a t e d ;   t h e   h i g h   i n i t i a l  

cos t ;  and  the  rock  quali ty  required.  ‘The use of a t u n n e l   b o r i n g  

machine i s  not  recommended in   rocks   w i th  an RQD l ess  than   abou t  

50 per  cent.  Boring  machines are custom  designed  for   the  s t rength 

and  hardness of the  rock  expected.  Therefore, if rock  conditions 

d i f f e r  from those   an t i c ipa t ed  or are va r i ab le   ove r   t he   l eng th  of 

t he   t unne l ,   ope ra t ions   a r e   l i ke ly   t o  be d i f f i c u l t  or i n e f f i c i e n t .  

4.3 Tunnelling Method S e l e c t i o n   C r i t e r i a  

The i n t e r p r e t a t i o n  of t h e  above f a c t o r s   f o r   t h e   d i v e r s i o n   t u n n e l  

under   s tudy   resu l t s  in t he   fo l lowing   cons ide ra t ions   and   cons t r a in t s  on 

the  choice of the  excavat ion method: 

The length  of t h e   p r o p o s e d   t u n n e l   a l t e r n a t i v e s  is a d e q u a t e   t o  

j u s t i f y   t h e   h i g h   i n i t i a l   c a p i t a l   c o s t  of a f u l l - f a c e   b o r i n g  

machine or  roadheader. The c o n s t r u c t i o n   o f  a new machine   wi th  

f ea tu res   e spec ia l ly   su i t ed   t o   t he   expec ted   g round   cond i t ions  i s  

expected  to  be c o s t - e f f e c t i v e ,   i f  the c h o i c e  were made t o   u s e  

mechanized  excavation. 

In terms of end-use r equ i r emen t s ,   t unne l   s i ze   and   shape  do n o t  

present  any c o n s t r a i n t s  on t h e  method of excavation. A c i r c u l a r  

tunnel  shape would  be a c c e p t a b l e   i f   e i t h e r  a f u l l - f a c e  or p a r t -  

f a c e  machine were used.  Tunnel s i z e s  of the   o rder  of 3 m (10 f t )  

diameter  can be readily excavated  with all excavation  techniques. 

The choice of excava1:ion  method i s  dictated  a lmost   exclusively by 

t he   geo log ica l   cond i t ions   an t i c ipa t ed .  The a s p e c t s   o f   s i g n i f i -  

c a n c e   i n   t h i s   r e g a r d  are: 
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o V a r i a b i l i t y  of geology  a long   the   p roposed   rou te .   This  w i l l  
a f f e c t   t h e   t y p e  and l eng th  of excavation  in  each  rock  type; 

o The unce r t a in ty  of the  geological   predict ions.   Par t - face mach- 

d i t i o n s  are no t   r ead i ly   p red ic t ed ;  
i n e s  or convent ional   tunnel l ing is  favoured  where  ground  con- 

o S t a b i l i t y  of the  ground  against   erosion.   I f  a conc re t e   l i n ing  
i s  requi red  f o r  hydrau l i c   e f f i c i ency  or t o   p r e v e n t   e r o s i o n ,  a 
tunne l l ing  method which e f f i c i e n t l y   i n t e g r a t e s   t e m p o r a r y   a n d  
permanent  support may be more c o s t   e f f e c t i v e ;  

o S t a b i l i t y  of the  tunnel  against   ground and ground water p r e s -  
sures.  Although  overburden  pressures are r e l a t i v e l y  low, sec- 

port   techniques,  or may requi re   the   use  of c i r c u l a r   s e c t i o n s  
t i o n s  of  weak ground may need spec ia l ized   excavat ion   and   sup-  

to  control  squeezi.ng/swelling  ground. 

An eva lua t ion  of cons l t ruc tab i l i ty  and optimum methods of excava-  
t i o n  i s  given  in   Sect : ion 7.0, f o l l o w i n g  a r e v i e w   o f   g e o l o g i c a l  
condi t ions  and the   s e l ec t ion  of a s u i t a b l e   o v e r a l l   t u n n e l   l a y o u t  
(Al t e rna t ives  A, B o r  C )  i n   S e c t i o n  5.0. 
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5.0 EVALUATION OF  ALTERNATIVE  LAYOUTS 

5.1  Layout A 

The loca t ion  of t h e   p o s s i b l e   t u n n e l   a l i g n m e n t   f o r   L a y o u t  A i s  

shown on Figure 2, and a g e o l o g i c a l   s k e t c h   a l o n g   t h e   t u n n e l   p r o f i l e  i s  

shown on the  same f igure .  

Layout A would encoun te r   ben ton i t i c   c l ays tones / s i l t s tones  of the 

Medicine  Creek  Formation for t h e   u p s t r e a m   t w o - t h i r d s  of t h e   t u n n e l  

length.  The downstream t h i r d   w o u l d   b e   d r i v e n   t h r o u g h   g l a c i o - f l u v i a l  

sands and grave ls ,  or poss ib ly   g lac io- lacus t r ine  silts. It is estimated 

t h a t  up t o  120 m head of ground  water  could be o p e r a t i v e  on t h e   t u n n e l  

du r ing   cons t ruc t ion   i f  it were  excavated  prior  to  the  development of the  

p i t   i t s e l f .  Although  an  average  hydraulic  conductivity of 1 x m/sec 

i n  the s u r f i c i a l   s o i l s  is no, t   h igh,   p iping  fa i lures  at  the   face  would be 

l i k e l y ,   a s  well as zones of high  inflow where more open gravels  occur. 

It is a n t i c i p a t e d   t h a t  some ser ious   p roblems  could   resu l t   due   to  

sof tening,   squeezing and swel l ing  of t h e  weak rocks   wh ich   con ta in   ex -  

pansive  c lay  minerals .   Diff icul t ies   could be encountered  in  advancing a 

tunnel   boring machine  under  these  condit.ions and s u c h   c o n d i t i o n s   c o u l d  

be  exacerbated by the  potentially  high  ground water pressures .  

The depth of t h e   p i t  would r e q u i r e   t h a t  a tunnel   a long   the   a l ign-  

ment i nd ica t ed  would need t o  be d r iven   a t   app rox ima te ly   e l eva t ion  725 m 

t o   a v o i d   i n t e r a c t i o n   w i t h   t h e   p i t   e x c a v a t i o n .  This would n e c e s s i t a t e  a 

s h a f t  or a long  sect ion of i n c l i n e d   t u n n e l ,   e i t h e r  of which  would l i k e l y  

present  problems in  the materials descr ibed above. 

However, the  primary  problem of th i s   t unne l   l ayou t  would  be t ha t  

of  ground  water  control in t 'he  s u r f i c i a l   d e p o s i t s .   T h i s  problem has been 

reviewed in d e t a i l  by our   tunnel l ing   consul tan ts ,  Mr. A.A. Mathews  and 

Dr. 2. Eisens te in .  
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The p o t e n t i a l  methods of water c o n t r o l   c o n s i d e r e d   h a v e   i n c l u d e d  

grouting,  freezing,  compressed air ,  and dewater ing .   Grout ing   f rom  the  

surface  or   ahead of the  facce is considered  to  be e i t h e r   i m p r a c t i c a l   o r  

i n e f f e c t i v e .  The advance r a t e  would be  very  s low,   tunnel l ing  costs  would 

be  high,  and  there would be a s e r i o u s   r i s k  of h a v i n g   t o   c l o s e  down t h e  

tunnel  as t h e   r e s u l t  of excessive  inflows.  Freezing was considered  to be 

beyond t h e   a v a i l a b l e  techno:logy,  and  uneconomical fo r   t he   t unne l   l eng ths  

contemplated. The use of compressed a i r   f o r   w a t e r   p r e s s u r e s  up t o  60  m 

head  and  beyond is not   cons idered   v iab le ;   such   h ighly   spec ia l ized   tun-  

ne l l ing   opera t ions   a re   a l so   expens ive .  

Although  costs would  be high,  some form of dewatering i s  cons id -  

e red   to  be the   on ly   v iab le  method  of c o n s t r u c t i n g   t h e   t u n n e l   w i t h i n   t h e  

s u r f i c i a l   m a t e r i a l s  below the  water   table .  Even with  dewater ing,   s t r in-  

gent  design and cons t ruc t ion   s tandards  would have t o  be met. F i r s t l y ,  

the   cons t ruc t ion  of the t u n n e l   w o u l d   r e q u i r e  some form of f u l l - f a c e  

closed  shield  machine,   with  the  attendant  lack of f l e x i b i l i t y   i n   d e a l i n g  

with  other  rock  sequences th.at might  be  encountered.  Secondly,  unless 

the  l ining  were  completely  impervious  (ant ic ipated  to  be b o t h   d i f f i c u l t  

and expens ive   in   these   mater ia l s ) ,   cons iderable   water   in f low would occur 

i n  t h e  long term, s u b s t a n t i a l l y   m o d i f y i n g   t h e   o p e r a t i o n a l   f u n c t i o n  of 

the   d ivers ion   tunnel .  

In consequence of t h i s   q u a l i t a t i v e   b u t   c a r e f u l   a p p r a i s a l   o f   t u n -  

ne l l ing   condi t ions ,   Al te rna t ive   Layout  A was discarded from f u r t h e r  con- 

s ide ra t ion .  

5.2 Layout B 

ii 
Alternative  Layout B is a l s o  shown on Figure 2.  A tunnel  on t h i s  

alignment would s k i r t  the p i t   excava t ion ,   bu t   wou ld   be   d r iven   ha l f   i n  

Y 
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the   upper   vo lcanic las t ic   sequence  and h a l f   i n   s u r f i c i a l   d e p o s i t s .   H i g h  

ground  water  heads  could  also be loca l ly   ope ra t ive  on t h i s   t u n n e l   e x c a -  

va t ion   nea r  the rock/surf ic : ta l   contact ,   a l though  general ly  the h e a d s   i n  

t h e   s u r f i c i a l s  would l i k e l y  be low at the  downstream  end. It has   been  

est imated  that   the   average  inf lows  in   rock,   assuming a medium h y d r a u l i c  

conduct iv i ty  of 5 x loU6 m/ciec, could be 7 x m3/sec/m of tunnel.  

Similar   tunnel l ing  problems,   but   not   as   severe ,  are a n t i c i p a t e d  

f o r  Layout B as  for  Layout A. Ground wa te r   con t ro l ,   even   fo r   t he   more  

modest  heads of t h i s   l a y o u t ,  would  be at the  limit o f ,   o r  beyond, s t a t e -  

of-the-art  methods in   cu r ren t   t unne l l ing   p rac t i ce .  For th i s   reason ,  Lay- 

out B was also  discarded.  

5.3  Layout C 

Layout C ,  a s  shown on. F i g u r e   2 ,  .is an   enve lope   o f   t he   va r ious  

routes   tha t   could  be se l ec t ed  which  pass   through  the  s t ronger   rocks  of  

the  east   escarpment.   Various  alignments and d i f f e r e n t   p o r t a l s  can be de- 

ve loped   for  a number of tunnel  routes  which  could be dr iven   th rough  th i s  

ground. When Layoutcs) C a r e  compared with  those of A and B ,  it is imme- 

d i a t e l y   a p p a r e n t   t h a t  there are several   major  advantages:   more resis- 

t a n t ,  and hence  stronger  rocks,  form the  core  of the  escarpment;   geolo- 

g i ca l   r econna i s sance   i nd ica t e s   t ha t   t hese   rocks  are con t inuous   ove r   t he  

proposed   rou tes ;   sur f ic ia l   depos i t s  would be  encountered  only at  h i g h e r  

e l e v a t i o n s  compared t o   t h e   o t h e r   l a y o u t s ,   a n d   o p e r a t i v e   g r o u n d  water 

heads would l i k e l y  be much lower;  ground water l e v e l s  and pe rmeab i l i t i e s  

would l i k e l y  be mch  lower  i n  the  rock  sequences of the  escarpments  than 

i n   t h e   t r o u b l e s o m e   s u r f i c i a l   d e p o s i t s  of the o t h e r   l a y o u t s ;  a r a n g e  of 

d i f fe ren t   rock   sequences   appear   to   ex is t ,   permi t t ing   the   op t imiza t ion  of 

tunnel   routes .  
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Th i s   rou te  would  be : l a r g e l y   w i t h i n   v o l c a n i c / v o l c a n i c l a s t i c  se- 

quences. Ground water inf lows would depend on the   hydraul ic   conduct iv i ty  

of the rock  and  the prevai1:Lng  ground w a t e r   h e a d s   o u t s i d e   t h e   t u n n e l .  

Based on an  average  hydraul ic   conduct ivi ty  of 5 x m/sec  for   these 

rocks,  ground water inf lows   a re   es t imated  as 1 x m3/sec/m length  of 

tunnel.  However, higher   inf lows are l i k e l y   t o   o c c u r   w h e r e   t h e   t u n n e l  

breaks  through  into a more : f r ac tu red   o r   f au l t ed   zone ,   bu t   t hese   h ighe r  

flows will probably be shor t   l i ved .  Ground wa te r   i n f lows   a r e   no t   an t i -  

c ipa ted   f rom  the   sur f ic ia l   mater ia l s ,   a l though some perched  ground  water 

may be encountered,  producing  temporary  inflows. 

The tunne l l ing   d i f f i cu l t i e s   an t i c ipa t ed   i n   Layou t  C are amenable 

to   cur ren t   t echnology and no insurmountable  problems are expected.  F o r  

t h i s   r e a s o n ,   t h e   i n i t i a l   s c r e e n i n g  of t he   t h ree  main t u n n e l   a l t e r n a t i v e  

l ayou t s  for t h e   p r o p o s e d   # d i v e r s i o n   c o n c l u d e d   t h a t   f u r t h e r   d e t a i l e d  

inves t iga t ion   should  be  car:cied out  only on Layout C. In  consequence, a 

program of i n v e s t i g a t i o n  was c a r r i e d   o u t   i n  Summer, 1982,  which  centred 

on the  escarpment   east  of the  planned  pit   excavation.  Section 6.0 des-  

r i b e s   t h e  work c a r r i e d   o u t ,   t h e   r e s u l t s   o b t a i n e d ,   a n d   t h e   c h o i c e  of 

rou te s   fo r   de t a i l ed   eva lua t ion .  
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6.0 INVESTIGATIONS  FOR PFSFERRED ROUTES 

6.1 Methods 

The f i e l d   i n v e s t i g a t i o n s  were concentrated  a long  the east escarp- 

ment (Alternat ive  Layout  C)  t o   o b t a i n   d a t a   f o r   s e l e c t i n g  and e v a l u a t i n g  

optimum tunnel   routes .  

The d ive r s ion   t unne l   i nves t iga t ion  was d i v i d e d   i n t o  two phases .  

The f i r s t  phase was t h e   f i e l d  program, c o n s i s t i n g  of f i e l d   r e c o n n a i s -  

sance,  diamond dr i l l ing ,   permeabi l i ty   t es t ing ,   geophys ica l   mapping ,   and  

on - s i t e   l abo ra to ry   t e s t ing  omf core  samples. The second   phase   i nvo lved  

the   ana lyses  of bo th   p rev ious ly   and   newly   acqu i r ed   da t a   t o   deve lop  a 

geologica l  and geotechnica l  framework within which t o   e v a l u a t e   t h e   v a r -  

ious  divers ion  tunnel   a l ignments .   Geotechnical  units were e s t a b l i s h e d  

as t h e   r e s u l t  of t h i s  work (see Section  6.3). 

Geological mapping  and the   geophys ica l   surveys   were   car r ied   ou t  

during May, 1982. Some fur ther   l imi ted   geophys ica l   t raverses  were done 

dur ing   June .   Dr i l l ing  commenced a t  the  beginning of June,  1982, and was 

completed by mid-July,  1982. 

6.2 Resul t s  of F i e ld  Work 
6.2.1 F i e l d  Mapping 

L imi t ed   add i t iona l   f i e ld  mapping was under taken   for  this inves t i -  

gat ion.   Rel iance was placed upon  mapping  accomplished in   p rev ious  years 

by Golder  Associates and B.C. Hydro. O c c a s i o n a l   f i e l d   v i s i t s   t o   k e y  

outcrops were u n d e r t a k e n   t o   f u r t h e r   e n h a n c e   t h e   u n d e r s t a n d i n g   o f   t h e  

s t r a t i g r a p h y  and s t r u c t u r e  oi the  eastern  escarpment.  

The available  data  from  rock  exposures is v e r y   l i m i t e d  as there  

i s  less than 5 per   cent   total   outcrop  exposed on the eastern  escarpment. 

However, o n c e   t h e   d r i l l i n g   r e s u l t s  had  been  analyzed  and  the  data  calcu- 

l a t e d ,  it was found  necessary  to remap s e l e c t e d   o u t c r o p s   i n   r e l a t i o n   t o  

the  subsurface  data .  
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6.2.2 Diamond Core   Dr i l l ing  

The 1982 d r i l l i n g   c o n . t r a c t  was ca r r i ed   ou t  by C o a t e s   E n t e r p r i s e s  

Ltd. A t o t a l  of 917 m of HQ t r i p l e   t u b e  diamond c o r e   d r i l l i n g  was com- 

p l e t e d   i n  a t o t a l  of 5 d r i l l h o l e s .  All bu t   one   ho le  (DDH82-922) were 

angle  holes.  The loca t ions  of these   ho les ,  as well  as of all h o l e s   d r i l -  

l e d   t o  date at  Hat Creek, are shown on Figure  1. In addi t ion   to   ob ta in-  

ing  core   samples   f rom  the  dr i l l ing,   through-the-bi t   packer   tes ts ,   d i rec-  

t i o n a l  and geophysical  surveys were conducted  during  the  dr i l l ing  opera-  

t i o n s   a s  well. The downhole geophysical  surveys were performed by Roke 

O i l  Enterpr ises   Ltd.  of Calgary,   Alberta,  and included  neutron,   densi ty ,  

and gamma-ray logs.  These downhole geophysical  logs were mst use fu l   i n  

t h e   c o r r e l a t i o n  of the  andesite  sequence and suppor t   t he   hypo thes i s   o f  

f a u l t   d i s p l a c e d   r e p e t i t i o n  of the  sequence  (Section 3.3).  

The d r i l l h o l e s  were o r i en ted  so as t o   i n t e r s e c t   t h e   s t r a t i g r a p h i c  

uni t s   as   c lose   to   perpendicular   as   p rac t icable ;   a l lowance  had t o  be made 

for   the  broken  nature  of the  ground i n   s e l e c t i n g   t h e   a n g l e   f o r   d r i l l i n g .  

The core  obtained was logged  immediately after e a c h   d r i l l  run and  whi le  

s t i l l  in t h e   s p l i t   i n n e r   t u b e .  It has been our e x p e r i e n c e   i n   p r e v i o u s  

d r i l l i n g  programs at  Hat  Creek t h a t   t h e   d r i l l   c o r e  soon d e t e r i o r a t e s  on 

exposure ,   t hus   l ead ing   t o   poss ib l e   e r roneous   l i t ho log ic   desc r ip t ions  if 
not described as  soon as possible.   Geological  logs of a l l   h o l e s   d r i l l e d  

dur ing   the  1982  program are con ta ined   i n  Addendum 1 .  

6.2.3 Geophysical Mapping 

Magnetic and e l e c t r i c a l  methods of geophysical mapping were car- 

r ied   ou t   a long   survey   l ines  on the eas te rn   escarpment   to  ass is t  i n   t h e  

geo log ica l  mapping of t he   po ten t i a l   co r r ido r .  It was no ted   ea r ly   i n   t he  

f i e l d  program that   the   magnet ic   technique was more s u c c e s s f u l   t h a n   t h e  

electrical r e s i s t i v i t y   t e c h n i q u e ,  and t h a t  the volcanic   sequences  had a 

s ignif icant ly   s t ronger   magret ic   response  than  the  sedimentary  sequences.  

Hence, magnetic mapping  predominated. The magnet ic   and  res is t ivi ty   pro-  

f i l e s  and a magnetic f ea tu re   p l an  are presented in  Addendum 3. 
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6.2.4 Materials Tes t ing  

The majori ty  of the material eva lua t ion  was conducted  by Golder  

Associates  at the s i te  laboratory,   wi th  somewhat l i m i t e d   t e s t i n g   c a r r i e d  

o u t   i n  Vancouver.  On-site  :Laboratory t e s t ing   cons i s t ed  of un iax ia l  com- 

p r e s s i o n   t e s t i n g ,   p o i n t   l o a d   t e s t i n g ,   A t t e r b e r g  limits, and   mo i s tu re  

conten ts .   S lake   durabi l i ty  tests were c a r r i e d   o u t   i n   V a n c o u v e r .  A l l  

t e s t i n g  was conducted  according  to ASTM standards and recommended proce- 

dures.  The r e s u l t s  of t he   Labora to ry   t e s t ing   a r e   i nc luded   i n   t he   d r i l l -  

ing   logs  (Addendum l), and are summarized fo r   each   geo techn ica l   zone   i n  

Table 2. 

The r e s u l t s  of the   po in t   load   tes t ing  were found t o  be ex t r eme ly  

v a r i a b l e  and e r r a t i c .   T h i s  is a t t r i b u t e d   t o   t h e   f a c t   t h a t  the specimens 

f r e q u e n t l y   c o n t a i n e d   s i g n i f i c a n t   s t r u c t u r e   a n d   i n h o m o g e n e i t i e s   w h i c h  

in f luenced   t he   f a i lu re .  No s e n s i b l e   c o r r e l a t i o n   o f   r e s u l t s   w i t h   u n i -  

axial compressive  s t rength c:ould  be e s t ab l i shed  and p o i n t   l o a d   t e s t i n g  

was terminated after complet.ion  of d r i l l h o l e  DDH82-921. 

Uniaxial   compressive  s t rength  tes t ing was undertaken  for  purposes 

of material c l a s s i f i c a t i o n   f o r   t h e   g e o t e c h n i c a l   u n i t s  G3 ( t h e   a l t e r e d  

andes i te )   and  G4 ( the   l ower   vo lcan ic l a s t i c ) ,   f o r   wh ich   co re  was a v a i l -  
able. For bo th   un i t s ,  the s t r eng ths  were found to be h i g h l y   v a r i a b l e  

and  ranged  between  wide extremes. The reason   fo r  this is t h e   p e r v a s i v e  

na tu re  of bedding, j o i n t i n g  and f r a c t u r i n g   o n  the scale of the s p e c i -  

mens. Thus, i n  many cases, where f a i l u r e  of the  specimen  occurred  along 

such   d i scon t inu i t i e s ,  low s t r e n g t h s   r e p r e s e n t a t i v e   o f   r o c k  mass  beha- 

v iour  were obtained.   In  the minori ty  of cases, f a i l u r e  of i n t a c t   r o c k  

ma te r i a l  was evident  and much h igher   s t rengths  were recorded. 

For  Geotechnical  Unit  63, u n c o n f i n e d   c o m p r e s s i v e   s t r e n g t h s   f o r  

the  laboratory  specimens  ranged  from  near  zero  to  about 80 MPa, w i t h   a n  

average of 23 MPa. The corresponding  range and mean va lues   for   the   rock  

mass were zero   to  35 MPa, amd an  average of 8 MPa. 
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Unit 6 4  was found  to be noticeably  weaker,  with  rock mass s t r eng th  

i n   t h e   r a n g e  of zero   to  11 NPa, and a mean value of about 2 ma. The low 

va lues  are a t t r i b u t e d   t o   t h e   e x i s t e n c e  of a l t e r a t i o n  and  weathering. 

Because of the  dominant  and  extensive  influence of s t r u c t u r e  on 

t h e   s t r e n g t h  and behaviour of rock materials i n  t h e   p r e s e n t   i n s t a n c e ,  

the s t a b i l i t y  of the  tunnel  and the mode  of f a i l u r e  i s  e s s e n t i a l l y  re- 

l a t ed   t o   t he   rock  mass s t rength .   Thus ,   th i s   s t rength   parameter ,   ra ther  

t h a n   i n t a c t   s t r e n g t h ,  has been  compared t o   t h e   m a g n i t u d e   o f   r e g i o n a l  

s t r e s ses   t o   de t e rmine   t he   po ten t i a l   fo r  stress r e l a t e d   s q u e e z i n g   p r o b -  

lems during  excavation. 

6.2.5 Petrographic  Analysis;  

The r e s u l t s  of the   pe t rographic   ana lys i s  of selected  samples  pro- 

ved mst he lpfu l .  All volcanic   spec imens   submi t ted   for   ana lys i s   p roved  

t o  be a n d e s i t i c   i n  compositi.on, and most  had  undergone some d e g r e e  of 

hydro thermal   a l te ra t ion .  What had  been  termed r h y o d a c i t e ,   d a c i t e ,   a n d  

r h y o l i t e   i n   p r e v i o u s   i n v e s t i . g a t i o n s   a l o n g   t h e   e a s t e r n   e s c a r p m e n t ,  are 

termed andes i t e  or a n d e s i t e   b r e c c i a s   f o r   t h i s   r e p o r t .   E v e n   d a r k   g r e y  

ves icu lar   rocks  were found t:o be andesi t . ic   in   chemistry.   Al terat ion  pro-  

duc ts  are t y p i c a l l y  amorphous smectite c lays  and opaline  minerals.  

The petrographic   repo,r ts  are included as Addendum 2. 

6.2.6 Slake   Durabi l i ty  Tests 

The slake d u r a b i l i t y  test is an index test to   eva lua te  the weath- 

e r i n g   r e s i s t a n c e  of sha le s ,   c l ays tones ,   s i l t s tones ,  and other  clay  bear- 

ing  rocks.  The t e s t  proced.ure   and i t s  d e v e l o p m e n t   a r e   d e s c r i b e d   i n  

Frankl in  and Chandra (1971). Slake   du rab i l i t y  tests were conducted  on 

eleven  samples;   f ive from g e o t e c h n i c a l   u n i t  63, and s i x  from 6 4 .  The 

test  measures the percentage breakdown  of t h e  material a f t e r  r o t a t i n g  

the  samples   under   saturated  condi t ion  for  a spec i f ied   dura t ion ,  and then 

subsequently  drying them. 
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TABLE 2 

SUMMARY OF ROCK TESTING  RESULTS 

GEOTECHNICAL 
UNIAXIAI .  STRENGTH 

I MOISTURE I SLAKE 
ATTERBERG LIMITS 

UNIT 
~~ ~ ~~ 

INTACT PL LL CONTENT ROCK MASS 
_. 

DURABILITY 
( X )  I D  (X) 

62  36 - 137 15.5 - 37.0 5.6 - 13.7 
Upper Rock Average 7.4* Average 27.0 

G3 

Average 42.7 Average 78 

and 
0.0 - 35.i "..t - / 1 0 . 1  

0.0 - 93.4 0.0 - 11.1 20.6 - 40.3 9.3 - 84.7 7.8 - 39.5 0.4 - >70.9 64  

Average 16.7 Average 8.5 Average 23.0 
11.3 - 23.2 

16 - 80 

n ,. .-" . 17.5 - 94.4 

Lower  Rock Average 15.5** Average 2.0 Average 3 1.1 Average 50.9 Average 17.9 

* Source of d a t a  from D r i l l h o l e  816 

** This value   inc ludes  a small number of u n u s u a l l y   s t r o n g   l i t h i c   b r e c c i a s .  
Dele t ion  of t hese   va lues   y i e lds  an a v e r a g e   i n t a c t   u n i a x i a l   s t r e n g t h  of 
5.4 MPa. 
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The andes i t e s  of 6 3  genera l ly   exhib i ted  a h i g h   s l a k e   d u r a b i l i t y ,  

ranging  between 7 4 . 6  and 9 4 : ,  with an  average  value of 7 3 . 9  per  cent  (se- 

cond-cycle  slaking). A va lue  of 17 .5  per   cent  was recorded  for  an  ande- 

s i t e   b r e c c i a ,  while ano the r   andes i t e   b recc i a   r e su l t ed   i n  a value of 9 4 . 4  

per  cent. The s u s c e p t i b i l i t y  of t he   b recc ia s   t o   s l ak ing  is l a r g e l y  de- 

pendent on the composition of the matrix materials, i.e. whether t h e y  

are c h l o r i t i c ,   b e n t o n i t i c ,   o r   l i t h i c .  Breccias w i t h  a h i g h   b e n t o n i t e  

conten t   in   the   mat r ix  will $:lake more r e a d i l y   t h a n   t h o s e   w i t h  a l i t h i c  

matrix. 

The s l a k e   d u r a b i l i t y  of g e o t e c h n i c a l   u n i t  6 4  i s  somewhat  lower 

than   fo r  63. Values  ranged  from 0 t o  9 3 . 4  per   cen t ,  with an average   o f  

6 1 . 6  per  cent.  Of t h e   s a m p l e s   t e s t e d ,   c l a y s t o n e ,   s i l t s t o n e , .   a n d   s i l t y  

sands tone   y ie lded   fa i r ly   h igh   va lues  (in the 6 0  t o  90 p e r   c e n t   r a n g e ) ,  

while the lower  values were assoc ia ted  with coarse  sandstones and tuf fa -  

ceous  sandstones (0 and 50 per   cen t ,   respec t ive ly) .  It is  apparent  from 

t h e   l i m i t e d   s a m p l i n g   t h a t   t h e   f i n e r   g r a i n e d   s i l t y   s a n d s t o n e   a n d  s i l t -  

s tones /c lays tones  are more durable   than  the  coarse   grained  sandstones.  

6 . 2 . 7  Hydraul ic   Conduct ivi ty   Test ing 

H y d r a u l i c   c o n d u c t i v i t y   t e s t i n g  was c a r r i e d   o u t   i n   d r i l l h o l e s  

DDH82-923 and 9 2 4  as d r i l l i n g  proceeded. The method of t e s t i n g  employed 

a double  packer  system  to test  the   l eng th  of  open h o l e   b e l o w   t h e   d r i l l  

rods. Where a zone was t e s t ed ,   t he   rods  were pul led back  and the double 

packe r   i n se r t ed   i n to  the d r i l l   r o d s  and l o w e r e d   t o  the d e s i r e d   d e p t h .  

The packers   ac ted   to   sea l  the borehole  and  prevent  the water from  escap- 

i n g   t h r o u g h   t h e   d r i l l   r o d s .   F o l l o w i n g   t h e   i n s t a l l a t i o n   o f   t h e   p a c k e r  

system, the wa te r   l eve l  was a l l o w e d   t o   s t a b i l i z e ,   a n d   t h e n  a f a l l i n g  

Golder Associates 
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head  permeability test run. The test involved  pouring a s l u g  of wa te r  

down the  rods and mni tor ing   the   decay  of excess head. The tes ts  were 

analyzed  using  the  Hvorslev  (1951) method. Table 3 p r e s e n t s   d e t a i l s  of 

t he   t e s t ing .  

Analysis of t he   da t a   i nd ica t e s   t he   hydrau l i c   conduc t iv i ty  of t h e  

vo lcan ic /vo lcan ic l a s t i c   ma te r i a l s   t o  be v a r i a b l e ,   r a n g i n g   b e t w e e n  4 x 

loe4 m/sec and 3 x m/sec. This   var ia t ion   in   hydraul ic   conduct iv i ty  

va lues  i s  probably a r e f l e c t i o n  of the  degree of f r a c t u r i n g   a n d   i n t e r -  

connection of such  f ractures   within  the  rock mass. During t h e   d r i l l i n g  

o f   d r i l l h o l e  DDH82-923, c i r c u l a t i o n   o f   d r i l l i n g   f l u i d  was l o s t  a t  a 

depth of approximately 236.5 m. (The w a t e r   l e v e l   i n  the open h o l e   f o l -  

lowing  loss  of f l u i d  was noted at  a depth of approximately 46 m, e l e v a -  

t i o n  1064 m.) The material encountered at  a depth of 236 m was i d e n t i -  

f i e d  as a very  sof t ,   h ighly  weathered  c lay,  and may have  been  associated 

with the f r a c t u r i n g  of t h e  l i th ic  breccia.  

The hydraul ic   conduct iv i ty  of t h e   s i l t s t o n e  and c l a y s t o n e   t e s t e d  

from the Cache  Creek Group w a s  between 2.7 x and 3.7 x m/sec. 

Further   hydrogeological  work c a r r i e d   o u t   t h i s   y e a r   ( 1 9 8 2   G e o t e c h n i c a l  

Update)   has   ident i f ied  the  hydraul ic   conduct ivi ty  of s i m i l a r   s e d i m e n t s ,  

for   the   rock   in   the   Medic ine   Creek   Format ion ,   to   range   be tween  1 .0  x 

10-6 t o  8.8 x m/sec, with a median  value of 4 x misec. 

Hydraul ic   conduct ivi ty  of t h e   s u r f i c i a l  materials i n   t h e  area of 

the n o r t h e r n   p i t  rim is calculated  to  range  between 1 x t o  6 x 

m/sec, based on p rev ious   i nves t iga t ions   (1977 /78   Geo techn ica l   Repor t )  

and t h e  1982 Geotechnical Update. The var iab le   hydraul ic   conduct iv i ty  of 

t h i s  material reflects the  varying  proport ions of c l a y ,  s i l t ,  sand  and 

gravel  found i n  these s t r a t i f i e d   d e p o s i t s .  

(;older Associates 



TABLE ,3 

SUMMARY OE’ PACKER PERMEABILITY TESTING 

NUMBER 
INTERVAL 
TESTED 

BASIC HYDRAULIC 
TIME  LAG CONDUCTIVITY LITHOLOGY 
( sec ) (mlsec) 

DDH82-923 47.2 - 49.7  35.5  4.3 x Andesite 

90.3 - 93.3 180 5.8 x Andesite 
129.5 - 132.5  7,500 1.4 x Andesite 

166.1 - 167.6 375 4.6 x Andesite, 
Breccia 

185.5 - 189.5  30,000  3.5 x Tuffaceous 
Sandstone 

244.2 - 250.0 1,300 4.8 x Lithic Breccia 

DDH82-924  138.7 - 141.1 4,500 2.7 x 10-7 Claystone/ 
Siltstone 

207.6 - 212.4  19,800  3.7 x 10-8 Claystone/ 
Siltstone 
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6.3 Geotechnical  Evaluation - 
6.3.1 Methods of Evaluat ion 

The genera l  methodolomgy adopted   in  the eva lua t ion   o f  the poten-  

t i a l  tunnel l ing  condi t ions  through  the east escarpment at  Hat Creek con- 

s i s t e d  of f i r s t   e s t ab l i sh ing :   t he   geo log ica l   un i t s  which  could  be r e p r e -  

sen ted  by a r e l a t ive ly   un i fo rm set of geotechnica l   p roper t ies ,  and which 

were a l s o   d i s t i n c t l y   d i f f e r e n t  f rom  the  propert ies  of o t h e r   u n i t s .  Con- 

d i t i ons   w i th in   s eve ra l   g roups  of rock  types  could  then be represented by 

a s i n g l e  set of parameters,  and  hence  defined as Geotechnical  Units.  

F ive   s epa ra t e   un i t s  have  thus  been  chosen  for   character izat ion  in  

terms of tunnel l ing   condi t ions :  

G 1  - f l u v i o g l a c i a l   d e p o s i t s   ( s u r f i c i a l s )  

62 - upper   volcaniclast ic   beds  ( forming the west s ide  o f  t h e  es- 

carpment) 

G3 - a l t e red   andes i t e   rocks  

G4 - lower   volcaniclast ic   beds  (present   to   the  east  of the   ande-  

s i te  rocks) 

G 5  - s l i d e   d e b r i s .  

A map  of t h e   d i s t r i b u t i o n  of the  geotechnical  zones was drawn up 
for the  approximate  tunnel   invert   e levat ion (955 m O.D.) and i s  shown as 

Figure 8. On t h e   b a s i s  of this, and within the area of Layout C ,  a set 
of a l t e r n a t i v e   t u n n e l   r o u t e s  was s e l e c t e d   f o r   d e t a i l e d   e v a l u a t i o n .  The 

l o c a t i o n  of t he   rou te s   s e l ec t ed  for evalua t ion  i s  shown on Figure 9. The 
l eng ths  and  sequences of each of t he   geo techn ica l   un i t s  which are i n t e r -  

sec ted  by the   respec t ive   tunnel   rou tes  were determined. In t h i s  way, t h e  

estimated  ground  conditions and s t a b i l i t y   b e h a v i o u r   c o u l d   b e   a s s e s s e d  

and a cons t ruc t ion  method  proposed.  This method t a k e s   i n t o   a c c o u n t   t h e  

r e l a t i v e   l e n g t h s  of tunnel  in e a c h   g e o t e c h n i c a l   u n i t ,   t h e   s e q u e n c e   o f  

excavat ions,  and t h e   p o t e n t i a l   f o r   s i g n i f i c a n t   v a r i a t i o n s  from t h e  anti-  
cipated  ground  conditions.  
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The ant ic ipated  ground  condi t ions and suppor t   r equ i r emen t s   fo rm 

the   bas i s   fo r   t he   de t e rmin . s t ion   o f   cons t ruc t ion   me thods   desc r ibed  i n  

Sec t ion  7.0. Est imates  of advance rates and tunnel l ing   cos ts ,   p resented  

i n  Sec t ion  8.0, are deduced  from a ca re fu l   syn thes i s  of the   cons t ruc t ion  

procedure. 

The eva lua t ion  of s t a b i l i t y   c o n d i t i o n s  and s u p p o r t   r e q u i r e m e n t s  

f o r   U n i t s  G2,  G3, and 64 has  been  based on the   use  of the  N G I  e m p i r i c a l  

system  for   es t imat ing  tunnel   support   requirements  (Hoek and Bray, 1980). 

This   eva lua t ion  i s  n o t   a p p l i c a b l e   t o   t h e   s u r f i c i a l   d e p o s i t s   o f   u n i t  G1. 

This  system is based on a compilation of ac tua l   pe r fo rmances   f rom many 

c a s e   h i s t o r i e s  of t u n n e l   c o n s t r u c t i o n   a n d   a d d r e s s e s   b o t h   s t r u c t u r a l l y  

and stress cont ro l led   types  of f a i l u r e s .  The system  determines a s t a b -  

i l i t y / suppor t   i ndex  by es t imat ing   the   va lues  of th ree   quot ien ts :  

1) Rock Quality  DesignatiodNumber of J o i n t   S e t s   ( R Q D / J n )  - a n  

i n d i c a t o r  of t h e   e f f e c t i v e   j o i n t   b l o c k  size;  

2) J o i n t   R o u g h n e s s / J o i n t   A l t e r a t i o n   ( J r / J a )  - a n   i n d i c a t o r  of 

t h e   f r i c t i o n a l   s t r e n g t h  of t h e   d i s c o n t i n u i t i e s ,  and hence  the 

rock mass: 

3 )  Jo in t   Water /S t ress   Fac tor  (Jw/SRF) - a measure of t h e  a c t i v e  

d e s t a b i l i z i n g  stresses. 

The t u n n e l l i n g   q u a l i t y   i n d e x ,  Q,  i s  t h e n   c a l c u l a t e d   f r o m  the 

equation: 
Q = RQD x Jr x J w  "- 

Jn Ja SRF 

The value of Q i s  then   en tered   in  an empir ica l ly   der ived  chart t o  de te r -  

mine t h e   l e v e l  and  type of suppor t   r equ i r ed ,   depend ing  on t h e   s i z e   o f  

t he   t unne l  and its a p p l i c a t i o n .   C a l c u l a t i o n s   f o r   t h e   d e r i v a t i o n  of Q 

fo r   each  of t h e   o t h e r   g e o t e c h n i c a l   u n i t s  are  p r e s e n t e d  in subsequen t  

sec t ions .  A c l a s s i f i c a t i o n  of the  parameters   used  in  the ca l cu la t ion  of 

Q i s  inc luded   in  Addendum 4. 
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6.3.2 Geotechnical  Unit GI 

This   un i t   cons i s t s  of w i d e s p r e a d   g l a c i a l   d e p o s i t s   o f  t i l l  and 

outwash  typically composed of sand,   gravel ,  and some boulders   in  a s i l t y  

clayey matrix; horizons of sand o r  s i l t  are l i k e l y   t o  be p r e s e n t   t o o .  

The u n i t  is weak, f r i a b l e  and cohesive,   with an u n c o n f i n e d   s t r e n g t h   i n  

the   o rder  of 0.5 MPa. It is general ly   overconsol idated and dry,   but  ex- 

h i b i t s  some p o t e n t i a l   f o r   s w e l l i n g  and s t rength   reduct ion  on exposure  to 

water. The water t a b l e  is l i k e l y   t o  be below the  proposed  tunnel  eleva- 

t i o n   f o r   t h e   r o u t e s   i n v e s t i g a t e d .  

Although  overburden  depths  vary  from  zero  to  about 50 m along  the 

route,   temporary  support   in the form of steel  sets would  be required im- 

mediately  behind  the face because of the  low s t rength .   Pro tec t ion  of the  

un i t   aga ins t   hydrau l i c   e ros ion   du r ing   ope ra t ion  of the  tunnel  would a l s o  

be necessary   us ing   e i ther  a cast-in-place or precas t   concre te   l in ing  and 

contact   grout ing.  It might  be  advantageous  to  integrate  temporary  and 

permanent  support i f   t h i s  :is compatible  with  the  excavation  method. If 

conventional  excavation by hand mining were adopted, steel sets would  be 

required  for   support .  The design of the'  permanent l i n i n g  would  need t o  

consider  nominal  external  swelling  pressures.  

6.3.3 Geotechnical Unit G% 

This   un i t  is a sequence of weathered,  massive-thinly  bedded  weak 

sands tones ,   s i l t s tones ,  and  conglomerates. The unconf ined   compress ive  

s t r e n g t h  is i n   t h e   o r d e r  of 2 t o  5 MPa. There is e v i d e n c e  of t h e   p r e -  

sence of expans ive   c lay ,   poss ib ly   resu l t ing   f rom  a l te ra t ion ,   which   have  

low s t r eng ths  and   po ten t i a :L ly   h igh   swe l l ing   p re s su res  on e x p o s u r e   t o  

water.  The u n i t  is sampled i n  155 m of d r i l l   c o r e  from th ree   l oca t ions ,  

diamond d r i l l h o l e s  DDH74-315,  DDH77-839, and DDHS82-921. 
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The tunnel l ing   qua l t ty   index  i s  ca lcu la ted   as   fo l lows:  

w 

sp 

pl 

Parameter   Descr ipt ion Value 

RQD Variable ,   averaging 70 70 
Jn One main and one random 

j o i n t  set 3 

Jr Discont inuous   jo in ts   wi th  
some s l i ckens id ing  2 

Ja Some s i l t y ,   c l a y e y   j o i n t  
a : l t e r a t ions  3 

J w  Very low permeabi l i ty   with 
a b u t  40 m p o t e n t i a l  head 0.66 

SRF Non-existent  to  mild 
squeez ing   po ten t ia l  2.5 

- Q(G2) = 4.1 ( f a i r   q u a l i t y )  

An unsuppor ted   tunnel   d r iven   th rough  geotechnica l   un i t  6 2  cou ld  

be  considered as marg ina l ly   s t ab le   i n   t he   sho r t  term; however, sho tc re t e  

and occas iona l   spot   bo l t ing   would   be   requi red  for t empora ry   suppor t .  

I n s t a b i l i t y  would l i k e l y  ix? l o c a l  and i n   t h e  form of squeezing-type  ex- 

cess ive   deformat ions ,   espec ia l ly  where ground  water is encountered.  An 

a d d i t i o n a l   s h o t c r e t e   l i n i n g   t h i c k n e s s ,   a n d  a c o n c r e t e   p a v e d   i n v e r t ,  

would be requi red   to   p ro tec t .   aga ins t   hydraul ic   e ros ion .  

6 . 3 . 4  Geotechnical  Unit  63 

r 

'sr 

i 
i 

This   un i t   cons i s t s  of s l i g h t l y   t o   c o m p l e t e l y   a l t e r e d   a n d e s i t e ,  

i n t e n s e l y   f r a c t u r e d  and l o c a l l y   b r e c c i a t e d ,   h i g h l y   v a r i a b l e   i n   q u a l i t y  

poss ib ly  with some 25 p e r   c e n t   a l t e r e d   t o   e x p a n s i v e   c l a y s .   F r a c t u r e s  

and j o i n t s  are commonly c h l o r i t e  or opal  coated.  Unconfined  compressive 

s t r e n g t h s   a r e   i n   t h e   o r d e r  of 8 MPa f o r   t h e   r o c k  mass. S t a b i l i t y   a n d  

tunnel l ing   condi t ions  are v e r y  much dependent   upon the i n t e n s i t y   a n d  

q u a l i t y  of j o i n t s  and f r ac tu res .  This u n i t  has been  extensively sampled 

from  outcrops from 810 m of d r i l l h o l e s  from 7 loca t ions .  
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The tunne l l ing   qua l i t y   i ndex  i s  ca l cu la t ed  as follows: 

Parameter  Description 

RQD Predominantly 0 - 20 range 
wi th  some uore competent 
bands 

Jn Four j o i n t  sets 

Jr J o i n t s  are smooth and planar  

Ja Only minor j o i n t   a l t e r a t i o n  

J w  M:lnimal pressure  head and 
b w  permeabi l i ty  

SRF Mild  squeezing  expected 

- Q(G3) = 0.03  (extremely  poor) 

Value 

10 

12 

1.0 

1.0 

0.66 

5 

Extens ive   suppor t   would   thus   be   requi red  f o r  a t u n n e l   d r i v e n  

through  geotechnical unit G3 because of the low s t r eng th  of t h e   h e a v i l y  

f ractured  rock mass, compared to   t he   ove rburden   p re s su res .   Suppor t   i n  

the  form of 7 t o   1 5  cm of s h o t c r e t e  on the   roof   and   s ides   would  be 

requi red ,   wi th   l imi ted   sec t ions   requi r ing  s teel  s e t s .   R o u t i n e   e x c a v a -  

t i on   u s ing  an excavator   shield is n o t   c o n s i d e r e d   p o s s i b l e ,  or a t  b e s t  

marginal. 

6.3.5 Geotechnical  Unit  64 

T h i s   u n i t  is defined as the lower v o l c a n i c l a s t i c  series.  It is 

composed of weakly to   moderately  s t rong,   medium-thick  bedded,   s l ight ly  

weathered  tuffaceous  sandst .ones,   s i l ts tones,  and claystones.   Occasional 

zones of ben ton i t e   w i th   modera t e ly   a l t e r ed   l i t h i c   b recc i a s   a r e   a l so  pre- 

sent. The unit a l so   i nc ludes   non- tu f f aceous   s ands tone ,   s i l t s tone ,   and  

claystone  supposedly of the Cache Creek  Group,  which were encoun te red  

east of t h e   f a u l t   i n t e r s e c t e d  in  DDH82-924. Unconf ined   s t r eng th  i s  i n  

the   o rde r  of 2 MPa. The presence of clay minerals  in t h e   b r e c c i a   r e s u l t s  

i n  low s t r eng ths  and a suscep t ib i l i t y   t o   swe l l ing .  The u n i t  i s  sampled 

from a t o t a l  of 420 m of core   f rom  dr i l lho les  DDH78-836 and 838 ,  DDH82- 

923 and 924. 
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The tunne l l ing   qua l i t y   i ndex  is ca lcu la ted   as   fo l lows:  

Parameter   Descr ipt ion - Value 

RQD Ranges  from 45 t o  100, 
averaging 70 70 

Jn  T'hree r egu la r   p lus  one 
random j o i n t  set 6 

Jr Smooth undu la t ing   j o in t s  2 

Ja Some j o i n t s   s l i g h t l y  al- 
t e r e d ,   c h l o r i t i z e d  2 

J w  P o t e n t i a l l y  100 t o  130 m 
ground  water  head,  with 
very low pe rmeab i l i t i e s  0 .66  

SRF Overburden stress equal   to   or  
grea te r   than  mass s t r eng th ,  
some squeezing  probably 2.5 

- Q(G4) = 1.2 (poor) 

Tunnel l ing   condi t ions   in   geotechnica l   un i t  G4 are expec ted   to   be  

b e t t e r   t h a n  f o r  Units  G 1  and 6 3 ,  b u t   n o t  as good as f o r   t h e  6 2  u n i t .  

Nominal temporary  support in the  form of 2 t o  5 cm of sho tc re t e  would be 

requi red .   S tee l  sets might   be  required  ' in   very  short   sect ions of d i f f i -  

c u l t  ground. The marg ina l   s t ab i l i t y ,  low material s t r eng th ,  and suscep- 

t i b i l i t y   t o   m o i s t u r e  would r e q u i r e   t h a t  some form of h y d r a u l i c   s u r f a c e  

( conc re t e   l i n ing )  be adopted. 

6 . 3 . 6  Geotechnical  Unit 65 

Toward the south  (upstream)  end of the east  e sca rpmen t ,  a r o c k  

s l i d e  i s  present   which,  i t  is c o n s i d e r e d ,   d e v e l o p e d   i n   p o s t - g l a c i a l  

times. It a f f ec t s   rocks  of g e o t e c h n i c a l   u n i t s  G2 and  G3.  D r i l l h o l e  

DDH81-920 in t e r sec t ed   t he  edge of the s l i d e ,   b u t  i t s  g r e a t e s t   d e p t h  i s  

not  known; assumptions  have .been made i n  t h e   p r e p a r a t i o n  of S e c t i o n  AA 
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on  Figure 4. The s l i d e   d e b r i s  i s  h ighly   var iab le  and  composed o f   l o c a l  

rock types set i n  a clayey or sandy  matrix.  Because  of i t s  impor t ance  

t o   t u n n e l l i n g ,   t h i s  zone has been  considered as a s e p a r a t e   g e o t e c h n i c a l  

un i t .  

6.4 Se lec t ion  of Tunnel  Routes 

6.4.1 Factors   Inf luenc ing   Route   Se lec t ion  

The complexity of geological   condi t ions  within the escarpment  on 

the  east s ide  of t h e   p i t  ( a s  d i s c u s s e d   i n   S e c t i o n s  3 . 0  and 6.0), and 

t h e i r   c o n t r o l l i n g   i n f l u e n c e  on the  method  and c o s t  of construction,  have 

necess i t a t ed   t he   s e l ec t ion   and   compar i son  of a number of a l t e r n a t i v e  

tunne l   rou te s .   Th i s   s ec t ion   cons ide r s   t he   i n t e rp re t ed   geo log ica l /geo -  

t echn ica l   cond i t ions ,   t oge t :he r   w i th   p ro j ec t - r e l a t ed   cons t r a in t s  on t h e  

pos i t i on ing  of the t u n n e l   s e c t i o n   o f   t h e   d i v e r s i o n   a n d   d i s c u s s e s   t h e  

s e l e c t i o n  of the   rou tes  which were iden t i f i ed   fo r   t he   subsequen t   de t a i l -  

ed  economic  comparisons. 

The main f a c t o r s   i m p a c t i n g   t h e   d e t a i l e d   s e l e c t i o n   o f   t h e   r o u t e  

are : 

o geologica l  and hydrogeological  conditions 

o c o n s t r u c t i o n a l   a s p e c t s   ( r e f e r   t o   S e c t i o n  4.0) 

o p o r t a l   s i t i n g  

o hydraul ic   requirements  

o p o t e n t i a l   i n s t a b i l i t y   r e s u l t i n g  from  long term degrada t ion   of  

p i t   s l o p e s .  

Geological   condi t ions  profoundly  affect   the   choice of routes.  Of 

pr imary  s ignif icance is the g e n e r a l   s t r a t i g r a p h y   a n d   s t r u c t u r e   o f   t h e  

area, and the   scope   for   a l ign ing  any route   wi th in  one geologica l  unit or 

a favourable  combination  of units. The geotechnica l   p roper t ies   o f   each  

u n i t  for t unne l l ing  purpose:; and the expected  behaviour of each u n i t  of 
Y 

Golder Associates 



ml 

" 

ul 

Appendix A 36  812-1523 

material on exposure,  determine if the  rock or s o i l  is a v iab le   hos t  me- 
dium f o r  the  tunnel .   Final . ly ,   the   extent  and r e l i a b i l i t y  of the  geologi- 
c a l   d a t a  must be considered; some routes   could   eas i ly  be w r i t t e n   o f f  on 
the   bas i s  of inadequate   o r   unrepresenta t ive   da ta .  

Cer ta in   rou tes  may t r a v e r s e  a number  of g e o t e c h n i c a l   u n i t s   o f  
wide ly   d i f fe ren t   p roper t ies ,   wi th   consequent   l imi ta t ions  on the economic 
a p p l i c a t i o n  of tunnel l ing  techniques.  In some cases, longer  routes  which 
s impl i fy   the  mix of geological   condi t ions may be p r e f e r a b l e   i f   t h e   t u n -  
nel l ing  technique  can be st:andardized. The choice of excavation  method 
is pr imar i ly  a func t ion  of the  geology. 

Po r t a l   cons t ruc t ion  i s  a major  consideration of mst tunnels.   In 
the  present   case,   because clf the f l a t  s l o p e s   a t   b o t h   t h e   u p s t r e a m   a n d  
downstream  ends of the tunnel  and the   t h i ckness  of o v e r b u r d e n   p r e s e n t ,  
par t icular   emphasis   needs  to  be g iven   t o   t hese   a r eas .  The l o c a t i o n   o f  
t h e   p o r t a l s  is thus a major cons t r a in t  on t h e   s e l e c t i o n  of t h e   t u n n e l  
routes .  

C e r t a i n   l a t i t u d e  i s  a v a i l a b l e   i n   t h e   v e r t i c a l   g r a d e  of the  tunnel  
a s   con t ro l l ed  by flow  requirements. The a n t i c i p a t e d   s l o p e  of t h e  Hat 
Creek  tunnel (1 t o  2 per   cen t )  i s  well wi th in   the   acceptab le   range   f rom 
the  point  of view of cons t ruc t ab i l i t y .  Minor a d j u s t m e n t s   i n   g r a d e   c a n  
a l s o  be to l e ra t ed   t o   pe rmi t   su i t ab le   po r t a l   l oca t ions   t o  be se lec ted .  

The f i n a l   s l o p e s  of both the 800 MW and 2240 MW p i t s  will degrade 
on  abandonment of the mine  and become f la t ter  with time. I n   t h i s  way, 
the  margin of t h e   p i t  will recede   toward   the   eas t   escarpment .  A t  t h e  
p re sen t  time, the e x t e n t   t o  which this will occur i s  u n c e r t a i n ,   b u t  it 

must be t r e a t e d  as a c o n s t r a i n t   t o   t h e   s e l e c t i o n  of t unne l   rou te s .  Any 
t u n n e l   d r i v e n   t h r o u g h   g e o t e c h n i c a l   u n i t s  G1 and G2 c l o s e   t o   t h e   p i t  
per imeter   could   po ten t ia l ly  be at risk.   Tunnels  driven  through units 6 3  

and G4 would  be protected  from  pit  encroachment. 

The f o u r   r o u t e s   s e l e c t e d   f o r   s t u d y   a r e  shown i n   F i g u r e  9. The 
reasoning   for  the s e l e c t i o n  of these p a r t i c u l a r   r o u t e s  i s  as follows. 
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6.4.2 Route T1 
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This rou te  is des igned   to   be   as   shor t   as   poss ib le ,   wi th  a minimum 

number of alignment  changes,  and  also  to  remain  entirely  in  the  overbur- 

den  or   the  upper   volcaniclast ic   sequence  (Unit  G2). I t  r e p r e s e n t s   t h e  

rou te   nea res t   t he   ea s t  rim of the   p i t .  An e f f o r t   h a s  been made t o  mini- 

mize the length  of t unne l   i n  the s u r f i c i a l s   ( U n i t  G1) because  of t h e  

suspec ted   i n fe r io r   excava t ion   cond i t ions   w i th in   t ha t   un i t .   The   i n t ake  

p o r t a l  lies below the  west f ace  of the   escarpment   wi th in   the   Hat   Creek  

va l l ey ;   t he  "dog-leg"  has 'been in t roduced   to   ease   the   por ta l   en t ry .  

6.4.3 Route T2 

This   route  i s  designed  to maximize the  proport ion of tunnel   in   the  

a l t e r ed   andes i t e   (Un i t  G3).. This ob jec t ive  is compromised by the need t o  

o r i e n t   t h e   i n t a k e   s e c t i o n  of the  tunnel  to  ensure  adequate  cover,  and t o  

avoid the fau l t ed  and s l ide.   areas .  At the o u t l e t  end of the t u n n e l ,  an 

alignment  south of Harry   Creek   would   avoid   the   fau l ted  area d e t e c t e d  

f u r t h e r   n o r t h  by the  geophysical  survey. The a n d e s i t e   u n i t  is considered 

t o  be s u f f i c i e n t l y   l a r g e  i n  a r ea l   ex t en t   t o   pe rmi t  a r e a s o n a b l y   d i r e c t  

alignment  without the potent ia l   problem of extensive  mixed-face  tunnel- 

l i ng   cond i t ions .  

6.4.4 Route T3 
3 

w 

. .  

'111 

Because of the g e n e r a l   s i m i l a r i t y   i n   p r o p e r t i e s  between the upper 

and  lower  volcaniclast ic  series (Units  62 and G4, r e spec t ive ly ) ,  excava- 

t i o n  and support  methods similar t o   t h o s e  for Route T1 are  env i saged .  

The optimum p o r t a l  l ies i n   t h e  M e d i c i n e   C r e e k   V a l l e y ,   a n d   t h e   i n i t i a l  

s ec t ion  of the tunnel  is a l i g n e d  t o  the n o r t h e a s t  t o  avo id  the  s l i d e  

zone. The route   a t tempts  t o  locate the greatest proport ion of its l eng th  
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i n   t h e  lower v o l c a n i c l a s t i c s .  Except f o r   t h e   H a r r y   C r e e k   s e c t i o n ,   t h e  

tunnel  is about 950 m dis tant   f rom  the  35-year   pi t  rim location.  About 

20 per   cent  of the  tunnel  i s  l o c a t e d   i n   t h e   a l t e r e d   a n d e s i t e ,   a n d   f o u r  

basic  changes  in  the  excavation method  would  be requi red   a long   the   tun-  

ne l   l eng th .  

6.4.5 Route T3A 

J 

'W 

!d 

This   route  i s  e s s e n t i a l l y  a v a r i a t i o n   o f   R o u t e  T3, whereby  the  

loca t ion  of t h e   i n t a k e   p o r t a l   i n   t h e  Hat Creek Valley  permits  the  fault-  

ed area and s l i d e   z o n e  a t  t h e   s o u t h e r n   p a r t   o f   t h e   e s c a r p m e n t   t o   b e  

avoided. A s l igh t   advantage  i s  a l s o   o b t a i n e d   i n   t h a t   t h e   t o t a l   l e n g t h  

of   tunnel   in   Unit  G3, r equ i r ed   t o  be e x c a v a t e d   t h r o u g h   t h e   s h i e l d ,  is 

less. 

The subdiv is ions  of e a c h   r o u t e   i n t o   l e n g t h s   o f   t u n n e l   i n   e a c h  

geotechnica l  unit a r e  shown i n   F i g u r e  10. The l e n g t h s  of t u n n e l   i n  

s u r f i c i a l   d e p o s i t s  a re  e s t i m a t e d   f r o m   b e d r o c k   s u r f a c e   c o n t o u r  maps. 

Because of the  gradual ly   s loping  topography and the  depth of ove rburden  

in   t he   po r t a l   a r eas ,   an   a l lowance  of 100 m has   been  made i n   t h e   t o t a l  

t unne l   l eng th   fo r   po r t a l   cons t ruc t ion   i n   each  of the  va r i an t s .  

Y 
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7.0 TUNNEL EXCAVATION AID SUPPORT METHODS 

7.1 P o t e n t i a l  Methods  of Excavat ion  In   Geotechnical   Units  

The var ious methods  of tunnel  excavation  have been  covered  gener- 

a l l y   ' i n   S e c t i o n  4.0. The c r i t e r i a  for s e l e c t i n g   t h e   e x c a v a t i o n   m e t h o d  

f o r  the range of cond i t ions   an t i c ipa t ed  at  Hat  Creek are covered   in  Sec- 

t i o n  4.3. It was concluded i n   t h a t   a n a l y s i s   t h a t   t h e   a p p r o p r i a t e  exca- 

va t ion   re thod  would be d ic t .a ted   a lmost   en t i re ly  by the  geological  condi- 

t ions.  

From the   eva lua t ion  of geotechnica l   behaviour   an t ic ipa ted   dur ing  

tunne l l ing ,  it i s  a l s o   c o n c l u d e d   t h a t   e i t h e r  a c i r c u l a r  or horseshoe -  

shaped  tunnel would  be admissable   s ince,   for   long term s t a b i l i t y ,  a con- 

c r e t e  or s h o t c r e t e   l i n i n g  would  be requi red ,  and e x t e r n a l   g r o u n d   p r e s -  

su res  are not  excessive.   Therefore,  f o r  each of the  tunnel  routes  iden- 

t i f i e d  (T1, T2, T3 and  T3A), cons idera t ion  must be given t o  t h e   g e o l o g y  

as r e f l e c t e d  by the  geotechnical   uni ts   to   permit   the   opt imum  method  of  

t u n n e l l i n g   t o  be se lec ted .  The following  paragraphs examine two aspects :  

f i r s t l y ,   t h e   p o s s i b l e  methocds which  could  be u t i l i z e d   i n   e x c a v a t i n g   t h e  

geo techn ica l   un i t s   desc r ibed   i n   Sec t ions  6.3.2 t o  6.3.6; and ,   secondly ,  

t h e   d i s t r i b u t i o n  of t h o s e   u n i t s   a l o n g  the  t u n n e l   r o u t e s   i n   o r d e r  t o  

select an appropriate   excavat ion method. These a r e  summarized on Table 4.  

7.1.1 Geotechnical Unit G 1  

The g lac io- f luv ia l   depos i t s  and till of geotechnica l   un i t  G1 could 

be  excavated by hand, or by part-face or f u l l - f a c e   s o f t   g r o u n d   s h i e l d  

tunne l l ing  machine'  such as the   excavator   wi th   sh ie ld   p ro tec t ion  shown i n  

F igure  11. A c o n c r e t e   l i n i n g   ( s e g m e n t a l  i n  the case of the machine, 

cas t - in-p lace   for  hand  mining)  would  be  required  immediately  behind the 

face for   suppor t .  With an excavator-shield  type of machine,  the  precast 
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l in ing   could  be i n s t a l l e d   u n d e r   t h e   p r o t e c t i o n  of t h e   s h i e l d  t a i l  and 

th i s   l i n ing   cou ld   s e rve  as both  temporary  and  permanent   support .  The 

l i n i n g  would a l s o  be used as the t h r u s t   r e a c t i o n   f o r  the machine  ad- 

vance. The use of a machine  could be j u s t i f i e d   o n l y   f o r   t h o s e   t u n n e l  

rou te s  where the  same machine  could be u t i l i z e d   f o r   t h e   m a j o r i t y  of the 

excavation of the  tunnel .  Some l o c a l   d r i l l i n g   a n d   b l a s t i n g   m i g h t  be 

r equ i r ed   a t   t he   po r t a l s  and  where la rge   boulders  are encoun te red   wh ich  

could   necess i ta te  mucking out   through  the  shield where t h a t  is used. 

7.1.2 Geotechnical  Unit G 2  

The s i l t s tones ,   s ands tones  and  conglomerates of geotechnica l   un i t  

G2 (upper   vo lcanic las t ics )   could  be excavated by a v a r i e t y  of means: an 

e x c a v a t o r   s h i e l d ,   d r i l l - a . n d - b l a s t ,   r o a d h e a d e r ,  o r  f u l l - f a c e   b o r i n g  

machine. The s e l e c t i o n  of method  would be  dependent  on t h e   l e n g t h  of 

t h a t  unit which would be intersected  because,   general ly ,  only short  sec- 

t i o n s  of G2 would be encountered  over a complete t u n n e l   l e n g t h .   T h u s ,  

u n i t  G 2  would be excavated by the  dominant method se l ec t ed   fo r   any   pa r -  

t i cu l a r   t unne l   rou te .  It could   be   suppor ted  by s e g m e n t a l   l i n i n g ,  by 

sho tc re t e ,  or by steel sets. 

7.1.3 Geotechnical  Unit G3 

Altered  and brecciated  andesi tes   comprise   the  bulk of g e o t e c h n i -  

c a l   u n i t  G3.  The tunne l l ing   qua l i t y   i ndex  Q g ives   an   ' ex t r eme ly   poor '  

r a t i n g ,   l a r g e l y   r e f l e c t i n g   t h e  number of j o i n t   s e t s  and very low RQD. In 

add i t ion ,  a north-south  t rending  faul t  affects t h i s   u n i t ,   r e p e a t i n g   t h e  

andesi t ic   sequence;  i t  is l i k e l y  that t h i s  would p r o v i d e   d i f f i c u l t   t u n -  

nel l ing  condi t ions,   exacerba. ted by the fact t h a t  i t  is a l i g n e d   p a r a l l e l  

t o  the tunnel .  F u l l  support  would g e n e r a l l y  be r e q u i r e d   f o r  a t u n n e l  

driven  through this sequence. This u n i t  is cons idered   to  be u n s u i t a b l e  

f o r  a ful l - face  tunnel   boring  machine  because of t he   b roken   na tu re   o f  

t h e  ground  and the high  degree of v a r i a b i l i t y .  

d 
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Dril l -and-blast   techniques would  be appropr i a t e   fo r   un i t  63. How- 

eve r ,   fo r   t unne l s   i n t e r sec t ing  only l imi ted   l engths  of t h i s   u n i t   a n d  if 

a  machine were se l ec t ed  f0.r other  reasons,  the  machine  could be used  for 

construction  expediency fox t h i s   u n i t   a l s o .  

The mst appropr i a t e   l i n ing  would be s h o t c r e t e ,  w i t h  o r   w i thou t  

bo l t s ,   bu t  a cast- in-place  l ining  or   segmental   l in ing  might   a lso be used 

where  such  an  approach  provided  economies  within  the  context  of t h e  

overall  tunnel l ing  techniqu.e   selected.   This  u n i t  m i g h t   r e q u i r e  some 

l o c a l i z e d   d r i l l - a n d - b l a s t   e x c a v a t i o n   t h r o u g h   t h e   s h i e l d   f a c e  i f  t h a t  

technique  were  selected  for   overal l   use .  

7.1.4 Geotechnical Unit  6 4  

Unit  G 4  comprises  tuffaceous  sedimentary  rocks of the  lower  vol-  

c a n i c l a s t i c   u n i t  and non-tuffaceous  sedimentary  rocks  supposedly of t h e  

Cache Creek Group. This u n i t  i s  cons idered   to   have   super ior   tunnel l ing  

proper t ies   to   the   o ther   un i t . s   except  62 .  It a p p e a r s   t o  be r e a s o n a b l y  

uniform i n   t h e   s t r i k e   d i r e c t i o n   ( d a t a   f r o m   t h e   g e o p h y s i c a l   s u r v e y ,  Ad- 

dendum 3 ) ,  but is weak; i t  could be excavated by any  form of machine  or  

by dr i l l -and-b las t .  However, because i t  is i n c o m p l e t e l y  known a t  t h e  

present  time, i t  is recommended tha t   t he  method tha t  is s e l e c t e d   s h o u l d  

have  a  high  degree of f1exib : l l i ty .  This would preclude a ful l - face  bor-  

ing  machine, and favour   a   shield-excavator   ut i l iz ing  segmental   l in ings.  

Some dr i l l -and-b las t  work through  the  shield  face  might be required,  and 

shotcrete   or   cast- in-place  l ining  used  over   those  local ized  sect ions.  

7.1.5 Geotechnical  Unit  G5 

This   un i t ,   compr is ing   s l ide   debr i s ,  has been   avo ided   i n  a l l  t h e  

tunnel   rou tes   se lec ted ,  and consequently  does  not  need  to be c o n s i d e r e d  

i n   s e l e c t i n g  a tunnel  excavat:lon method. 
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7.2 Select ion  of   Excavat ion Method f o r  Tunnel  Routes 

As w i l l  be seen  from  Section 7.1, a range  of  options  of  excava- 

t i o n  methods exist  f o r  most geotechnical   uni ts ,   a l though  there  are some 

major  preferences. All tunnel   routes  would in te rsec t   severa l   geotechni -  

c a l   u n i t s  (see Figure  10);   Routes  T3 and T3A intersect a11 u n i t s ;   R o u t e  

T2 does   no t   i n t e r sec t   Un i t   64  and  Route T1 d o e s   n o t   i n t e r s e c t   U n i t s  6 3  

o r  G4. Clear ly  the choice of basic   excavat ion method should be appropri- 

a t e   t o   t he   geo techn ica l   un i t  which  dominates a spec i f i c   t unne l   rou te .  In 

addi t ion ,   the   choice  of a t unne l l ing  machine  method r e q u i r e s   a s s u r a n c e  

t h a t  i t  could be u t i l i z e d   o v e r  a s u f f i c i e n t   l e n g t h  of t u n n e l   t o   j u s t i f y  

the   r e l a t ive ly   h igh   cap i t a l .   cos t  of the machine. 

For  Route T1 ,  the g r e a t e s t   l e n g t h  would be in  Unit G l  and  an ex- 

cava to r   sh i e ld  is recommended. It could   a l so  cope w i t h   U n i t  G2. 

Some loca l   d r i l l - and-b la s t ing  would a l s o  be  needed. 

For  Route  T2,  the  greatest  length would  be i n   U n i t   6 3   a n d   d r i l l -  

and-blast   with a s h o t c r e t e   l i n i n g  is recommended, excep t   t h rough  

Unit G 1  where hand mining would  be needed. Some hand mining  and 

cas t - in-p lace   l in ing  would a l s o  be necessa ry   i n   a s soc ia t ion  w i t h  

t h e   d r i l l e d  and blasted  length.  

For Route T3, the g r e a t e s t   l e n g t h  would  be i n  Unit 64  and  an ex- 

cava to r   sh i e ld  is recommended f o r  the complete  length,  which in- 

c ludes   Uni t s  G 1 ,  G2 a.nd G3. An allowance has been made f o r   d r i l l -  

and-b las t   th rough t h . e  s h i e l d   w h e r e   n e c e s s i t a t e d  by d i f f i c u l t  

ground. 

For  Route T3A, t h e   g r e a t e s t   l e n g t h  would a lso be i n   U n i t  G 4  and  

t h e  same methods as f o r  Route T 3  are appropriate .  
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Tunnel  Machine R ul 27s-I 64 
Robbins 

Project Information: 
LOCATION 

5,080 f t  (1550 m) TUNNEL LENGTH 
Precast Concrete Segments SUPPORT 
Gravel with Sand &Clay MATERIAL 
Bern Sewer Tunnel / Bern, Switzerland 

a The Robbins  Company BOX c8207,7615 s. 212th st. Kent, WA98031, USA Phone (206)  872-0500 Cable ROBBORE KENW Telex 32-8711 
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Specifications: J 
TYPE 

12 ft 1 in. (3,67 m) DIAMETER 
Excavator  Shield 

Ripper/Scraper CUTTERS 
60 tons (55 metric  tons) WEIGHT 
3,420,000  Ibs (1.500.000 kilos) THRUST 
450 hd HORSEPOWER 

U' 

rpr 
SECTION 6-8 

1. 

2. 

3. 

4. 

Features: 

high  strength. 
Heavy structural shield with  thick  cutting edge for 

Tail shield is hydraulically  articulated  for  improved 
steering. 

Roof-mounted  boom-type  hydraulic 'xcavator 
with  powerful  ripper excavates full ,Face and 
beyond  shield cutting edge. 

Joy stick excavator controls and  quadrant control 
of  thrust jacks simplify excavating and  steering 
operations. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

I 

Fast retract  on  thrustsystem speeds lining erection. W 

muck apron in  bottom half  provide face control. 
Breasting hood in upper half  of shield and  a deep 

and protects  thrust cylinders. 
Heavy thrust  ring equalizes load on  tunnel  lining 

A thrust  cylinder skewing device  compensates for 
shield roil. 

Large belt conveyor handles high  volume of muck 
without overloading. I 

Retractable  machine  conveyor for cleaning. 

Single pick-up  rotary segment erector for placing 1' 
heavy  precast concrete segments in  the tail shield. 

I 
hd 

Y 
I 
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Table 4 summarizes .the r e s p e c t i v e   l e n g t h s   o v e r   w h i c h  the above 

excavat ion methods would be u t i l i z e d   f o r   e a c h   t u n n e l   r o u t e .   F i g u r e  10 

shows th is   in format ion  in ,the  form of  summary tunnel   route   logs.  

In add i t ion   t o   t he   ~ .~on- rou t ine  methods  which might   be   necessary  

( d r i l l i n g  and b las t ing   th rough  the   sh ie ld ,   for   example) ,  a l l  e s t i m a t e s  

in   subsequen t   s ec t ions  have  a l lowed  for   the  possible   encounter  of f a u l t -  

ed,   sheared  or  weak ( squeez ing )   g round   and   l oca l   h igh   wa te r   i n f lows .  

Greatly  reduced  advance  rates  apply  to a l l  these   spec ia l   opera t ions .  

7 . 3  Tunnel P o r t a l s  

Tunnel p o r t a l s  have  been i n v e s t i g a t e d   t o  a l i m i t e d   e x t e n t .  In 

1981,   the  upstream  portal  area of Route T 3  was inves t iga t ed  by d r i l l i n g .  

In t h e  1982 inves t iga t ion ,   the   ups t ream  por ta l   a rea  of Tl/T2/T3A and the 

downstream por t a l   a r ea  of all the   t unne l s  were i n v e s t i g a t e d  by  geophy- 

sics (Geo-Physi-Con, 1982).. No d e t a i l e d  work h a s   b e e n   c a r r i e d   o u t  on 

t u n n e l   p o r t a l   d e s i g n   f o r   t h i s   r e p o r t .  

For  the  purposes of rou te   s e l ec t ion  and cos t ing ,  i t  has  been as- 

sumed t h a t   a l l   p o r t a l s  wou:ld require   specif ic   measures  and c a r e f u l   i n i -  

t i a l  tunne l l ing ;  some would r equ i r e  cut-and-cover sect ions,   o thers   might  

r e q u i r e   s l o p e   s t a b i l i z a t i o n  works. The p o r t a l   c o s t s   h a v e   b e e n   t r e a t e d  

in a non-specific way as lump-sum items. 
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TABLE  4 

EXCAVATION METHODS 

GEOLOGICAL UNITS 
DESIGNATION CONSTRUCTION METHOD APPLICABLE 

c1 E x c a v a t o r   s h i e l d   u s i n g   p r e -  
cas t   segmenta l   l in ing .  G1, 62,  G3, G4 

c2 D r i l l - a n d - b l a s t   w i t h   s t e e l  
sets and   ca s t - in -p lace   con-  
c r e t e   l i n i n g .  G1, G3 

c3 D r i l l - a n d - b l a s t  w i t h  s t e e l  
sets and   cas t - in-p lace   con-  
c r e t e   l i n i n g .  Mucking through 
the   sh i e ld .  G1, G4 

c4 D r i l l - a n d - b l a s t   w i t h   s h o t -  
Crete, b o l t s  and paved i n v e r t .  G2,  G3 

c5 D r i l l - a n d - b l a s t   w i t h   s h o t -  
C r e t e ,   b o l t s  and paved i n v e r t .  
Mucking through  the   sh ie ld .  62, G3, G4 

C6 Hand m i n i n g   w i t h   s t e e l   s e t s  
a n d   c a s t - i n - p l a c e   c o n c r e t e  
l i n i n g .  G1 

TOTAL (Excluding  Portals)  

ROUTE 
T1 T2  T3  T3A 

2770 - 3380 2995 

- 150 - - 

150 - 150 150 

- 2050 - - 

50 - 305  250 

- 950 - - 

2970  3150 3835  3395 
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8.0 CONSTRUCTION ESTIMA'TES AND COSTS 

8.1 Construction  Schedu.les - 

The schedules   for   the   excavat ion  and support  of t he   t unne l s   have  

been  prepared on t h e   b a s i s  of the  following  assumptions: 

The t u n n e l s   e i t h e r  l i e  above the water t a b l e   o r   h a v e   m i n i m a l  

inf low problems. 

In t h e   s o f t  ground sec t ions ,  it is assumed t h a t   t h e   f a c e   c a n  

be  controlled  without  compressed air. 

For   those   sec t ions   excavated  by s h i e l d   e x c a v a t o r ,   o n l y   o n e  

heading is  adopted. 

Those sec t ions  advanced  manually,  or by d r i l l - a n d - b l a s t ,  are 

excavated from e i t h e r  one or  two headings  depending on access. 

For  example, a sho r t   s ec t ion   i n t e r rup t ing   t he   excava to r   wou ld  

be  advanced on one  heading  only. 

For d r i l l - and-b la s t   s ec t ions   excava ted  ahead of and   th rough 

the   sh i e ld ,   g rea t ly   r educed   advance   r a t e s  are es t ima ted   and  

appl ied ,  i.e. in   Routes  T1, T3, and T3A. These reductions  have 

been  necessary  because of the  obstruct ions  caused by the  inab- 

i l i t y   t o  back-off t h e  machine. 

A 24 inch  rail system wi th   Cal i forn ia   swi tch  and d i e s e l   l o c o -  

motives are adopted  for  heading  excavation and muck handling. 

In   the   sof te r   sh ie ld   excavated   ground,  a 3.2 m (10.6 f t )  cir-  

cular   tunnel ,   wi th   grouted  precast  150 mm (6   i nch )   t h i ck   s eg -  

menta l   l in ing ,  is adopted. 
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o For  Route T2 excavated by dr i l l -and-b las t ,  a s h o t c r e t e   l i n i n g  

wi th  a paved inve r t   has  been  assumed.  For t h o s e   s e c t i o n s  re- 

q u i r i n g  steel sets, and i n   t h e  hand  mined sec t ion ,  a 3.4 m (11 

f t )   h o r s e s h o e   s e c t i o n   w i t h  a 300 mm (12 i n c h )   t h i c k   c i r c u l a r  

c o n c r e t e   l i n i n g  has been  adopted. 

o A convenient muck dumping s i t e   c l o s e   t o   t h e   p o r t a l s  is a v a i l -  

ab le .  

The advance rates and s y n t h e s i s   o f   c o n s t r u c t i o n   p r o c e d u r e s   f o r  

each method of excavation  have  been  calculated by B e l l e v u e   C o n s u l t a n t s  

Ltd.   (1982),   in a d e t a i l e d   c o n s t r u c t i o n  estimate based  on a c a r e f u l  

s tudy  of the  excavat ion  cycle ,   mucking  requirements ,  and sequence  of  

support   and  l ining.  These advance rates, shown in  Table 5, are cons id -  

ered  to  be average  advance rates for  extended  periods of tunnel l ing.  The 

a d v a n c e   r a t e   f o r   t h e   s h i e l d   h a s  a major   impact  on t h e   t o t a l   d r i v i n g  

time, and is based on the  use of a r i n g  beam e r e c t o r   t o   l i f t   s e g m e n t s ,  

r o t a t e   t h e s e   i n t o   p o s i t i o n  and then expand  and l o c k   i n t o   p l a c e   a f t e r   t h e  

s h i e l d  i s  cleared.  

Tunnel  construction is c a r r i e d   o u t  on t h r e e  s h i f t s  per day,  of 

dura t ion  of 8, 7-1/2 and 7 hours  each, and s ix   days   per   week;   day  7 i s  

al located  for   maintenance.  Equipment and p e r s o n n e l   e f f i c i e n c y   f a c t o r s  

are based on year-round  operation  from a camp at  t h e   c o n s t r u c t i o n  s i t e ,  

and at  e l eva t ion  915 m. 

In   the  compilat ion of the  schedule ,  it is assumed  tha t   the   con-  

t ac t   g rou t ing  of t he   p recas t   l i n ing  is performed  concurrently  with  exca- 

va t ion ,  while cast- in-place  concrete   l ining l.s poured and g r o u t e d   a f t e r  

completion of the  excavation. The s c h e d u l e s  for t h e   f o u r   a l t e r n a t i v e  

routes  thus  deduced are giv,en i n   T a b l e  6 .  
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TABLE 5 

- AVERAGE TUNNEL DRIVING RATES 

C0NSTRUCT:CON METHOD - 

c1 Excavator  Shield 

c2  Dril l-and-Blast  
(steel sets) 

c3  Dril l-and-Blast  
(steel s e t s )  Through 
Sh ie ld  

c4  Drill-and-Blast 
( sho tc re t e )  

CS Drill-and-Blast 

Shie ld  
( sho tc re t e )  Through 

C6 Hand Mining 
( s i t e e l   s e t s )  

(miday) 
RATE 

25.6 

10.4 

4.6 

12.0 

4.6 

8.2 

Note: These  are for  advance  of  t h e  
tunnel  heading only, and  do  not 
i n c l u d e   c o n c r e t i n g   a n d   i n v e r t  
paving where required.  



w TABLE 6 

- CONSTRUCTION  SCHEDULES - 

'rg 

i )  

a. 

bd 

l-----" ACTIVITY 

Mobilization,  Move-in 
Site  Grading,  Access 

Portal  Preparations 

Precast  Lining  and 
Shield  Excavation, 

Grouting 

Drill-and-Blast 
Excavation 
(steel  sets) 

Drill-and-Blast 
Excavation 
(shotcrete) 

Hand  Excavation 
(steel  sets) 

Concrete  Lining 

Invert  Paving 

TOTAL  TIME 

TOTAL  LENGTH (m) 

l- 

I- 
T1 

2 

2-112 

18 

5-112 

2 

- 

4 

- 

34 

2970 

1 - 
" 

" 

" 

- 

IURATION 

T2 

2 

3 

- 

1-112" 

14* 

9-1/2* 

15** 

6 

51 

3150 

?eks) 
T3 

2 

2-112 

22 

5-112 

11 

- 
6 

- 

48 

3835 
L 

T3A 

2 

2-112 

19-1/2 

5-112 

9 

- 
4 

- 

42-1/2 

3395 

** A  much  faster  concreting  rate  has  been  assumed  than  is  possible 
* Driving  from  both  ends  has  been  assumed. 
with  the  short  sections in T1,  T3 and T3A. 



Appendix A 46 812-1523 

In add i t ion   t o   t he   above  estimates o f   c o n s t r u c t i o n  times, two 

addi t iona l   schedule  items should be noted  in  the  overview of a l t e r n a t i v e  

routes :  

o For Routes T1,  T3, and T3A where the   sh ie ld   excavator  is used, 

6 t o  7 months del ivery  should be a l lowed   fo r   t he   cons t ruc t ion  

of t h i s   spec ia l ly   des igned   p i ece  of equipment. No o t h e r   l o n g  

l e a d  time items are required.  

o For all a l t e r n a t . i v e s ,   t h e   t o t a l  time from the " d e c i s i o n   t o  

cons t ruc t "   t o  the completion of the  tunnel  for  water  conveying 

is expected  to he approximately two years.  

To ta l   cons t ruc t ion  times for   Routes  T I ,  T2, T3,  and T3A are esti- 

mated t o  be  34,  51, 48, and  42-1/2  weeks,  respectively. The r e l a t i v e l y  

long  durat ion  for   Route  T;! r e s u l t s  from  the need to   concre te  some 1500 m 

of tunnel   (pr imar i ly  in  the hand mined sec t ion )   a f t e r   excava t ion  i s  com- 

p l e t e .  Depending on conditions  encountered, i t  may be poss ib le   to   reduce  

this time by u t i l i z i n g  a h e a v y   s h o t c r e t e   l i n i n g   ( p l a c e d   c o n c u r r e n t l y  

with  excavat ion)  and a paved inve r t .   However ,   cu r ren t   i nd ica t ions  of 

geologica l   condi t ions   ind ica te   tha t   the   .p roposa l   for   such  a l i n i n g  meth- 

od is presently  not  prudent.  

8.2 Cost  Estimating  Assumptions 

The fol lowing  condi t ions and  assumptions  apply  to  the estimate of 

tunnel   cons t ruc t ion   cos ts :  

o All n e c e s s a r y   f a c i l i t i e s   ( f u e l ,   e l e c t r i c i t y ,   w a t e r )  are assum- 

e d   t o  be  provided at  s i te  at  a reasonable   cost .  

o Costs of de l ive ry   fo r   p l an t ,   equ ipmen t   and  materials t o  the 

s i te  are included in  the estimates at the  fol lowing rates: 
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Concre te ,   de l ivered   to   tunnel   por ta l  $ 60lcu.yd 
R e i n f o r c i n g   s t e e l   ( r e a d y   f o r   i n s t a l l a t i o n )  $ 0.5/lb 
Grout   (shotcrete)  $ lOO/cu.yd 
Welded wire f a b r i c  $ 0.5/lb 
S t e e l   s e t s  (6WF2:5) $ l.O/lb 
Timber ( for   l agging)  $ 0.4/fbm 
Power $ 0.06/kwhr 
camp Costs $ 50/man-day 

o All cons t ruc t ion  items are  purchased  and  then  salvaged. 

o All c o s t s  are expres sed   i n  1982  Canadian do l l a r s .  

o Labour,   including  fringes and b e n e f i t s ,  is estimated at  $25/hr 

man f o r  a composite crew. Ten per  cent is added f o r   o v e r t i m e  

premiums ( 3  s h i f t s / d a y ) ,  and 50 per   cent  is added for Saturday 

work  (6-day  week). Payro l l   insurance  and t a x e s   a r e   e s t i m a t e d  

a t  30 per  cent  for  underground  work,  and 20 per   cen t  f o r  ou t -  

s i d e  work. 

o Costs  include a, contingency of 5 per   cen t   and  a p r o f i t  of 10 

per   cent  of tot :a l   labour  and equipment c o s t s  or 40 per   cent  of 

t o t a l   l a b o u r  cclsts, whichever i s  highest .  

8.3  Cost  Estimating  Procedure 

A simplif ied  cost   es t imat ing  procedure  has   been  es tabl ished,  bas- 

ed on the de ta i l ed   p re l imina ry   cons t ruc t ion  estimates or ig ina l ly   p repar -  

ed by Bellevue  Consultants Inc. (1982).  This  procedure was p r e p a r e d   t o  

e n a b l e   a l t e r n a t i v e   r o u t e s  and  modified  ground  conditions  to be r e a d i l y  

compared without  the  need f o r  a complete   revis ion of the   bas ic  estimate. 

The procedure  categorizes a l l  c o s t  items in to   th ree   types :  
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Lump sum c o s t s  which are  independent  of 
mob i l i za t ion ,   po r t a l s ,   e t c ) ;  

Direct   uni t   excavat ion and support   costs  
a te ly   expressed   as  $/m l eng th  of tunnel; 

Escalat ion  type  costs .  

Unit  costs   are   considered  to  be e s s e n t i a l l y  

t u n n e l   l e n g t h   ( i . e .  

which  can be accu r -  

v a l i d ,  for  changes t o  

the  excavated  length of tunnel   in   ques t ion ,  up to  30 per   cen t .   Esca la-  

t ion   type   cos ts   a re   those   which   a re   bas ica l ly   p ropor t iona l   to  a d i r e c t  

cost  item,  such  as  labour,  man-hours, or equipment. Such c o s t s   i n c l u d e  

overhead ,   p rof i t ,   e tc .  

Based on the   assumptions  given  ear l ier ,   uni t   costs  have  been cal- 

culated  for   the  var ious  excavat ion  methods  l ikely  to  be used i n  the  tun- 

nels .  These a re  shown i n ,  Table 7. T h e s e   c o s t s   r e f l e c t   t h e   d i f f e r e n t  

methods of excavating  similar  ground with and without  the  obstruction of 

the  excavator   shield.  The c o s t s   a r e   d i r e c t   m s t s   o n l y   f o r   e x c a v a t i o n ,  

t e m p o r a r y   s u p p o r t ,   f i n a l   s u p p o r t ,   l i n i n g ,   a n d   ( w h e r e   a p p l i e d )   i n v e r t  

paving and grouting. They do not   inc lude   cos ts   for   mobi l iza t ion ,   por ta l  

cons t ruc t ion ,  camp and subs i s t ence ,   ove rheads ,   p ro f i t ,   and   con t ingen-  

c i e s .  

De ta i l s  of the lump sum c o s t s  and e s c a l a t i o n   c o s t s   s y n t h e s i z e d  

f rom  the   p re l iminary   cons t ruc t ion   es t imates   a re   g iven   in   Table  8. The 

accuracy of t hese   cos t   i nd ices   has   been   checked  by r e c a l c u l a t i o n  of 

cos t s   fo r   t he   o r ig ina l   cond i t ions  of the   p re l iminary   cons t ruc t ion  esti- 

mate. 

Us ing   the   cos t   ind ices   g iven   in   Tables  7 and 8 f o r   t h e   f o u r   a l t e r -  

na t ive   tunnel   rou tes ,   es t imates  for t he   con t r ac to r s '   b id   p r i ce   ( i nc lud -  

ing   p rof i t ,   cont ingency ,  and all contractors '   overhead)  have been calcu- 

la ted.   These  are   given  in   Table  9. 

Golder Associates 
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TABLE 7 

SUMMARY UNIT COSTS 

FOR TUNNEL EXCAVATION AND SUPPORT 

COST 
CONSTRUCTION METHOD (S/m) 

I 

c1 Excavator  Shield,  
i nc lud ing   p recas t  
l i n i n g  and  grouting 

c2  Dril l-and-Blast ,  
s t e e l  sets, con- 
crete l i n i n g  and 
g rou t ing  

c 3  
through  sh ie ld  
Same as C2, except  

c4  Dril l-and-Blast ,  
s h o t c r e t e ,   b o l t s ,  
paved i n v e r t  

c 5  Same as C4,  except 
th rough  sh ie ld  

C6 Hand Mining, steel 

i n g  and  grouting 
sets, conc re t e   l i n -  

1,672 

4,348 

9,080 

1,731 

5,951 

4,500 

w 

Y 

a 
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TABLE 8 

SUMMARY COST DETAILS 

LUMP SUMS AND ESCALATION  ITEMS - 

I T E M  COST 
(x $1,000) 

Lump  Sum Costs  

1)   Mobil izat ion and Move-in 800 

2)   Furnish  Plant  and  Equipment 
- e i t h e r   s h i e l d  2,000 

plus   extras   1 ,370 
- o r  drill-and-blast  2,787 

3) Si te   Grading and Access 94 

4) Por ta l   Excavat ion  and  Support 79 

5 )   Po r t a l   S t ruc tu res  126 

6)  Demobiliation and  Salvage 175 - 40% of Item 2 
(see  Note  3) 

Unit Costs (per  metre of tunnel)  

7)  Excavation,  Support and Lining Use Table 7 

Esca la t ion   Cos ts  

8) Camp and Subsistence  See  Note 1 

9)   Contractors  Overhead and 
General  Expenses  25% of Items 

10) Contrac tors   Prof i t  

1 1  :hru 7 

- Greater of e i t h e r  
or 

11) Contingency 

See  Note 2 
10% of Items 1 t h ru  9 

5% of Items 1 th ru  10 

Note 1 - $SO/man-day is equivalent   to:  

For T2 type  tunnel  - 88 + 0.45/m 
For T 1  type tunnel  - 84 + 0.46/m 

For T3 type tunnel  - 74 + 0.50/m 

Note 2 - For T 1  type  tunnel  - 119 + 0.66/m 
For T2 type  tunnel  - 112 + 0.69/m 
For T3 type tunnel - 104 + 0.71/m 

Note 3 - Percentage may be varied,   depending 
on length  of tunnel.  
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TABLE 9 

- ESTIMATED  TUNNEL  COSTS 

- Route Cdn SM 
T 1  16.25 

T3 
T2 18.07 

20.93 
T3A 19.08 

A t y p i c a l  breakdown of the  costs   for   Routes  T2 and  T3, r e p r e s e n -  

t a t i v e  of dr i l l -and-b las t  and sh ie ld   excavat ion   respec t ive ly ,  are g i v e n  

i n   T a b l e  10. 

8.4 Route  Comparisons  and  Discussions 

The es t imates  of construct ion  schedules  and c o s t s   a f f o r d  a good 

comparison of t h e   r e l a t i v e   t e c h n i c a l  and non- - t echn ica l   f ac to r s   r e l evan t  

t o   e a c h  of t h e   f o u r   a l t e r n a t i v e   t u n n e l   r o u t e s .   B a s e d  on t h e   p r o j e c t  

c o n s t r a i n t s  and t h e   c u r r e n t   i n t e r p r e t a t i o n  of geologica l   condi t ions ,   the  

s e l e c t e d   r o u t e s   a r e   c o n s i d e r e d   t o   r e p r e s e n t  t he  b r o a d   r a n g e  of most 

reasonable   route   opt ions.  

Cons t ruc t ion   cos ts  are most heavily  dependent upon the geologica l  

conditions  encountered, and t h u s   t h e   e x c a v a t i o n   t e c h n i q u e s   p r o p o s e d .  

Provided  that   the   excavat ion methods and advance rates adopted are va l i -  

dated,  the estimates can be regarded as reasonably  accurate.  An accuracy 

limit of - +10 pe r  cent is considered  appropriate .  

The cons ide rab le   d i f f e rences   i n   cons t ruc t ion   du ra t ion  between the  

f o u r   r o u t e s  arise f i r s t l y   f r o m   t h e   d i f f e r e n c e s   i n   r e s p e c t i v e   t u n n e l  

lengths ,   bu t   a l so  from t h e   e f f e c t  of the   cons t ruc t ion  method. For  Route 

T2, the cons iderable   l ength  of hand mined sec t ion  r e q u i r e d   t o  be  con- 

c re t e   l i ned   a f t e r   comple t ion  of excavat ion,   presents  an a d d i t i o n a l   b u r -  

den on cons t ruc t ion  time. 

Golder Associates 
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TABLE 10 

TYPICAL  COST BREAKDOWN - 

ITEM 

Labour   ( including  taxes ,  
f r i n g e s ,  and  overt.lme) 

Suppl ies  

Equipment Operating  Costs 

Equipment Renta l  

Permanent  Materials 

Subcontracts  

TOTAL 

Contingency ( 5  per   cen t )  

Prof i t   (approximate ly  10 per  
c e n t   o f   t o t a l )  

ESTIMATED B I D  PRICE 

)RILL-ANTI-BLAST 
(i.e. T2) 

6.5 

3.2 

0.9 

1.6 

2.7 

0.2 

15. I 

0.9 

2.1 

18.1 

-I- 

" 

" 

" 

L 

EXCAVATION 
SHIELD 

(i .e.  T3) 

8.4 

3.9 

1.2 

2.2 

1.4 

0.3 

17.2 

1.0 

2.7 

20.9 

NOTE: Costs Are i n   M i l l i o n s  of Dollars - 

w 



Y 

Appendix A 50 812-1523 

Y 

J 

d 

'd 

m 

d 
i 

J 

Cost estimates a l s o   f o l l o w   p r e d i c t a b l e   t r e n d s   w i t h   r e s p e c t   t o  
t unne l   l eng ths ,   desp i t e   t he   d ive r s i ty  of tunnel l ing  methods.  The t o t a l  
cost   per   metre  of t unne l   fo r  each of the fou r   rou te s  l ies in  t h e   n a r r o w  
range of $5,300 t o  $5,60O/m. It should be noted   tha t   whi le   th i s   repre-  
s en t s   t he   ave rage   expec ted   cos t   fo r   each   t unne l   rou te ,   t he   p robab i l i t y  
of v a r i a t i o n  from t h i s   c o s t   ( i . e .   t h e   u n c e r t a i n t y   i n   a c t u a l   c o s t   o u t -  
come) is g rea t e r   fo r   t he   sh i e ld   excava ted   t unne l s   a long   Rou tes  T I ,  T3, 
and T3A than   for   the  hand excavated/drill-and-blast t u n n e l   R o u t e  T2. 
Because  of t h i s ,  it i s  cormnon p rac t i ce   t o   unde r t ake  more d e t a i l e d  s i t e  
i n v e s t i g a t i o n s  when  mechan:Lzed excavation methods are contemplated. 

The advance r a t e  assumed fo r   t he   excava to r   sh i e ld  of 25.6 m/ day, 
has a major  influence on the   es t imated   cons t ruc t ion   cos t .   Fas te r  rates 
have  been  achieved  with  this  type  of  machine i n   s i m i l a r  ground,  although 
s lower   r a t e s  have  been mora common i n   t h e   p a s t .  The above r a t e   has  been 
adopted   bear ing   in  mind the h i s t o r i c a l   p r o g r e s s  in  tunnel l ing  technology 
and t h e   f a c t   t h a t   t h e  machine would  be cons t ruc ted   wi th   spec ia l   fea tures  
matched t o   t h e   a n t i c i p a t e d  ground  conditions. 

The long term performance  of the  s e g m e n t a l   l i n i n g   i n   e r o d a b l e  
g r o u n d ,   p a r t i c u l a r l y   i n   t h e   s u r f i c i a l   d e p o s i t s ,  was c a r e f u l l y   s t u d i e d .  
The c u r r e n t   l i n i n g   i n s t a l l a t i o n  and seal ing  technology,  and t h e   l a c k   o f  
h igh   o r   f l uc tua t ing   i n t e rna l   p re s su res ,   ' pe rmi t   t he   adequa te   l ong  term 

c o n t r o l  of leakage,   erosion,  and s tab i l i ty   us ing   precas t   segmenta l   con-  
crete linings.   Consequently,  the e f f i c i e n c y  of combining temporary  and 
permanent  support and the   i n t eg ra t ion  of t h e   l i n i n g  and excavat ion   pro-  

cess, i s  par t icu lar ly   advancageous   under   the   p resent   geologica l   condi -  
t i o n s  and des ign   cons t ra in ts .  

I n   g e n e r a l ,   t h e   s e l e c t i o n  of c o n s t r u c t i o n   e q u i p m e n t ,   d e s i g n  of 
excavation  support   systems and p r e d i c t i o n  of per formance   dur ing   cons-  
t r u c t i o n  and cos t ing ,   appea r   s a t i s f ac to ry  and more than  adequate  for the 
cu r ren t   ob jec t ives  of obtain.ing a re f ined   pre l iminary   cos t  estimate f o r  
several p o t e n t i a l   t u n n e l   r o u t e s .  The e s t i m a t e  i s  c o n s i d e r e d   t o  be 
s l igh t ly   conserva t ive .   This  is i n t e n t i o n a l ,   s i n c e  at t h i s   s t a g e   i n   t h e  
conceptual   design of t he   p ro j ec t ,  some geo log ica l   unce r t a in t i e s  remain. 

Golder Associates 
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The s e l e c t i o n  of the most appropr ia te   tunnel   rou te   cons iders   bo th  

the i n h e r e n t   t u n n e l   c h a r a c t e r i s t i c s  and the  tunnel  as a n   i n t e g r a l   p a r t  

of the   d ivers ion  scheme.  'For the  purposes  of route   compar ison ,   d i f fe r -  

ences   i n   hydrau l i c   ope ra t ing   e f f i c i ency  and maintenance  costs  during  the 

l i f e  of t he   s t ruc tu re   a r e   cons ide red   t o  be minor. 

Factors   considered in the   s e l ec t ion  of the   p refer red   rou te   inc lude  

cost,  remoteness  from the p i t ,   geo log ica l   cond i t ions  and implied  uncer-  

t a i n t i e s  and c o n s t r u c t i o n   p r e f e r e n c e s .   S i n c e   c o s t s   f o r   R o u t e  T2 l i e  

within  the  range of those of T1 and T3,  the f i r s t  c h o i c e  i s  p r i m a r i l y  

based on geologica l  and coastruction  conditions.   Normally,   the  use of a 

machine for   tunnel   excavat ion,  as opposed to   conven t iona l   min ing ,  con- 

t a i n s  a greater unce r t a in ty  on the  construct ion  outcome  because of  t h e  

i n f l e x i b i l i t y  of machine opera t ion .   In   th i s   case   however ,   the  excava- 

t i o n  of Route T2 by dr i l l -and-b las t   should   cons ider   the   rea l   poss ib i l t iy  

of s e r ious  problems a r i s i n g  from the  combination of ex tens ive   l engths  of 

t unne l   i n  ground of low RQD and   adverse   g round  water   condi t ions ,  com- 

p l i c a t e d  by the presence of a s u b p a r a l l e l   f a u l t .  Such ground  water con- 

d i t i o n s   a r e   u n l i k e l y   t o   p r e s e n t   m a j o r   p r o b l e m s  i n  t h e  more  competent 

rocks  crossed by T3 and T3A and,  furthermore, the u n i f o r m i t y  of t h e  6 4  

geotechnica l  unit makes machine excavat ion  reasonably  re l iable .  

Thus,   tunnel  excavations by machine f o r   R o u t e s  T 1 ,  T3 o r  T3A is 

prefer red   to   convent iona l   d r iv ing  of  Route T2, on the b a s i s  of c e r t a i n t y  

of cons t ruc t ion  outcome. An added bene f i t  of t h i s   cho ice  is t h e   a b i l i t y  

t o  u t i l i z e  a p r e c a s t   c o n c r e t e   l i n i n g   f o r   b o t h   c o n s t r u c t i o n   a n d   o p e r a -  

t i ona l   func t ions .   Th i s   l i n ing  method i s  m o s t   s u i t e d  t o  a f r e e - f l o w   o r  

low pressure   tunnel   for   the   p resent   geologica l   condi t ions .  

Golder Associates 
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The comparison of Routes T 3  and T3A cons iders  the sav ing  i n  c o s t  

of tunnel  ($2 M) f o r  the s h o r t e r   r o u t e ,  relative t o  the g r e a t e r   c o s t s  of 

p ipe l ine / cana l  and  ear thworks  s t ructures  at  the Medicine  Creek  crossing. 

It i s  est imated that t h e   e x t r a   c o s t s  for pipel inelcanal lear thworks  asso-  

c i a t ed   w i th   t he   sho r t e r   t unne l   rou te  are much less than  $2 M, e s p e c i a l l y  

i f   t he   f avoured   a l t e rna t iv fe  of t h e   p i p e l i n e ,   i n s t e a d  of the  c a n a l ,  is 

considered.  Since no other   major   factors   inf luence the comparison of T3 

and T3 A rou te s ,  Route T3 :is el iminated  f rom  fur ther   considerat ion.  

The g r e a t e r   c o s t  of Route T3A compared t o   t h a t   f o r   R o u t e  T 1  i s  

e s s e n t i a l l y  a consequence of i t s  grea te r   l ength ;  as n o t e d   e a r l i e r ,   u n i t  

cos t s   a re   very  similar. This   cos t   d i f fe rence   can   be   d i rec t ly   compared  

t o  two major d i f f e rences  between  the two routes:  

(1)   p roximi ty   to   the   u l t imate   p i t  rim 

(2 )   d i f f e rences   i n   cons t ruc t ion   p rob lems  as a consequence  of  

having  to   cross ,   the   andesi te  unit twice. 

Route T1  i s  located  approximately 400 m d i s t a n t  f rom  the  pi t  rim. 

The adequacy of t h i s   s e p a r a t i o n  must c o n s i d e r   t h e   p o t e n t i a l   f o r   s e e p a g e  

f rom  the   tunnel   uodi fy ing   the   g round  water   condi t ions   a round  the   p i t ,  

t h e   p o s s i b i l i t y  of deep   s ea t ed   p i t   s lope   f a i lu re s   a f f ec t ing   t he   t unne l ,  

and the   uncer ta in ty   regard ing   the   u l t imate   pos i t ion  of t h e   p i t  rim. This 
last factor  is inf luenced by the l i f e  of the scheme, the  d i scove ry   o f  

new depos i t s  and  modified p:Lt s lope  angles .  It should be n o t e d   t h a t  un- 

less spec ia l   p recaut ions  and l i n ing   cons t ruc t ion   p rac t i ces  are adop ted ,  

some seepage   t h rough   t he   p recas t   l i n ing   i n to   t he   rock  i s  t o  be expected. 

To prevent  such  seepage two opt ions  area a v a i l a b l e ,   b o t h   c h e a p e r   t h a n  

t h e   c o s t   d i f f e r e n c e  between T 1  and T3A, but   the   lack of cons t ruc t ion  ex- 

per ience  prevents  an absolute   guarantee of r e s u l t s :  

(1) Special   design and cons t ruc t ion  of t h e   p r e c a s t   s e g m e n t s   t o  

improve  the  water  t ightness.  

( 2 )   I n s t a l l a t i o n  of a n   a d d i t i o n a l   c o a t i n g   i n s i d e   t h e   p r e c a s t  

l i n i n g   t o  act as an impermeable membrane. 
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The geo log ica l   i nves t iga t ions   i nd ica t e   t ha t  the con tac t s   be tween  

t h e   a n d e s i t e  and the  upper and   lower   vo lcanic las t ics   tha t  would  be cros- 

sed by Route T3A are n o t   e x p e c t e d   t o   p r e s e n t   s i g n i f i c a n t   t u n n e l l i n g  

problems. An a l lowance   f0 . r   the   d i f fe ren t   tunnel l ing   condi t ions  i n  t h e  

andes i t e   un i t  has been made i n   t h e   c o n s t r u c t i o n   a n d   c o s t   e s t i m a t e s .  

Thus, on the b a s i s  of the ;above d iscuss ion  of t he   va r ious   f ac to r s   a f f ec -  

t ing   the   choice  of the   tunnel   rou te ,  it is recommended t h a t  Route T3A be 

adopted   as   the   p refer red   d t te rna t ive .   F igure  12 shows the  alignment and 

p ro f i l e   a long  the recommended Route T3A. It is emphasized tha t  f u r t h e r  

i n v e s t i g a t i o n  would be d e s i r a b l e  at  a l a t e r   d a t e   t o   v e r i f y   c o n d i t i o n s  

assumed f o r  t h i s   r o u t e ,  and t o   e s t a b l i s h  machine design  data.  

Golder Associates 
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EXPLANATION OF SOME TERMS  USED ON CORED BOREHOLE LOGS 

The logging  procedure  involved  ident i f icat ion of rock  type,  engi- 

nee r ing   desc r ip t ions  of the rock  mater ia ls  and rock  masses, per cent re- 

covery,  and r a t e s  of advance. On t he   l ogs ,   unde r   t he   head ing   "Dr i l l i ng  

Progress" ,   de ta i l s   a re   g iven  of t iming ,   b i t   t ype ,   b i t   d i ame te r   i n  milli- 

metres, and  casing  depths (m) and d i ame te r s  (mm). R a t e  of advance i s  

given  in   minutes   per   metre   for   each  core  run. 

Rock qual i ty   des igna t ion  (RQD) i s  an empirical  measure  defined as 

the   pe rcen tage   r a t io  of t h e   t o t a l   l e n g t h  of rock   co re   f r agmen t s  more 

than  100 mm l o n g   t o   t h e   t o t a l   d r i l l e d   l e n g t h  of t h e   r o c k   ( s e e   F i g u r e  

Al).  Rock q u a l i t y  can then be desc r ibed   acco rd ing   t o   t he   t ab l e   be low,  

though i t  should be noted   tha t  RQD can be e f f ec t ed  by d r i l l i n g  equipment 

and  technique. RQD i s  normally  assessed f o r  each  core run i n  rock. 

ROCK QUALITY DESIGNATION 

RQD (Percentage)  Description of Rock Qual i ty  

0 - 25 
25 - 50 
50 - 75 

90  - 100 
75 - 90 

Very poor 
Poor 
F a i r  
Good 
Excel lent  

Core  recovery is a percentage of t h e   t o t a l   l e n g t h  of core  recover- 

ed to   t he   t o t a l   d r i l l ed   l eng th ,   u sua l ly   a s ses sed   fo r   each   co re  run. 

In   t he   bedd ing / fo l i a t ion  column, the  angle  between  the  bedding or 

f o l i a t i o n   r e l a t i v e   t o   t h e   c o r e  axis is noted. When not  noted, no bedding 

o r  f o l i a t i o n  was v i s i b l e .  

The f r ac tu re   i ndex  i s  t h e   r a t i o  of t h e   t o t a l  number  of n a t u r a l  

f r a c t u r e s   t o   t h e  t o t a l  d r i l l ed   l eng th   pe r   co re  run and is g i v e n   i n   u n i t s  

Golder Associates 
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of number per metre. This  va:Lue u s u a l l y   c o n s i d e r s   p u r e l y   n a t u r a l   f r a c -  

tu res   in   rock   core .  However, f rac tures   a re   f requent ly   induced  by d r i l l -  

i ng ,  and a v i s u a l   a s s e s s m e n t   o f   t h e   r e l a t i v e   n u m b e r s  of n a t u r a l   a n d  

induced  fractures  has  been made. Hence, on th i s   l ogg ing  program, RQD has 

been  calculated on t h e   t o t a l  number of f r a c t u r e s ,  and f r a c t u r e   i n d e x  on 

the na tu ra l   f r ac tu re s .  A v i s u a l   r e p r e s e n t a t i o n  of co re   r ecove ry   and  

f r a c t u r e   i n d i c e s  is presented on Figure A l .  

Under the   "descr ip t ion"  column, d e t a i l s  of t he   co lou r ,   g ra in   s i ze ,  

es t imated   s t rength ,  and o t h e r   n a t u r a l   a n d / o r   s t r u c t u r a l   q u a l i t i e s   r e l a -  

t i v e   t o   e n g i n e e r i n g  are given,,   together  with a s o i l   o r   r o c k  name typed  

i n  upper  case. A br ie f   explana t ion  of  some  of the  descriptive  terms  used 

i s  given on Figure A2. Where j o i n t s   a r e   p r e s e n t ,   t h e   d e s c r i p t i v e   t e r m s  

shown on Figure A3 h a v e   b e e n   u s e d ,   t o g e t h e r   w i t h   d e t a i l s   o f   i n f i l l i n g  

ma te r i a l ,   i f   p re sen t .  

Glolder Associates 
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Symbol 

ATT 
W% 
LL 
PL 
PI 
ucs 

Pt.  Load  Is 50 

P.A. 
L.C. 
SD 
FHT 
k 

DRILLHOLE  LOGS,  SAMPLE AND TEST  DATA 
ABBREVIATIONS  USED ON 

Description 

Atterberg  Limits 
Water  Content 
Liquid  Limit 
Plastic  Limit 

Plasticity  Index 
Uniax:ial  Compressive  Strength 

Point  Load  Test 
Petrographic  Analysis 

Lost  Core 
Slake  Durability  Test 
Falling  Head Test 

Hydraulic  Conductivity 

(>older Associates 

Unit - 

% 

% 

% 

% 

MPa 
MPa 

% 

mlsec 



'ORE - RECOVERY ANG FRACTURE /ND/CES Figure A I 

E 
Ln 
c 

C 

2 
e 
0 u 

0 -1 1 

Core  recovery =- 1. LO E 93'/0 

Solid care =- '. = 71 
recovery 1 .  5 0  

1. 50  

R O D  

Fracture index=- 5 . 3  /m run 8 
1.50 

Golder Associates 



ROCK DE SCR/PT/OAJ Figure A 2 

The tables given below and overleaf are taken from the format 

Geological Society of London Engineering Group in  their 
proposed for  mining and civil engineering purposes by the 

Quarterly Journal of Engineering Geology Vol. 10 no. 4 1977 
to which reference should be made for the full detziils of the 
recommended method. 

weathering  end  alteration. rock type and  strenslth. 
Descriptive indices for rock material are: Colour, grain size, 

Rock colour Weathering/alteration grades 
1 2 '  
Light 
Dark 

Yellow 

Olive 
Brown 

Green 

White 
Blue 

Grey 

3 
Pinkish 
Reddish 

Pink 

Yellowish 
Brownish 
Olive 
Greenish 
Bluish 

Greyish 
Black 

Grain size 
Pmticle 
*la Save No. 

b P P 4  Soil Grade 1 vew ~ xo - 
a w s e  rained 
Coarse- rained 2-60mm 
Mediumgrained 60 mimns- 

+ Cobbles 

2 mm 
Finegrained 2-60 microns 

finegrained U microns 

Note: grains X 0  m i m  diameter are visiMe to the nuked eye 

Golder 

r 
1.m Description GIadO 

-. - 

Frash No wsible  sign of r o c *  mat&#  weahenng I A  
Fatntlv Dlmlorat ion on mprdimnhnui tysur faoes.  IB I 
weamered 

Sllghtly D i m l a a t i o n  indicates  wedthering of & II 
weathered mter ia l  and  dtrcontinuih  rutfaoff  All the 

mtercal  may be d!swlOured  by  weathwlng 
and may be s o m h a i  weaker than In IS 
hesh  mndltton. 

Moderately Less man  half Of the rc-9, materm is 
weamwed demmpased andfor d8smtegratea to a s o 1 1  

111 

Fresh w d8smloured reek io present  either 
as a  dismntinuous  framewoh or mrestones. 

&Red demmwsed andior d,Sintegrated to a 5081. 
Highly More than half of the rc-9, m e n a l  is IV 

Fresh w dismloured r x k  is present elther 
as a d imntmuous framewoh or mrestones 

Completely All r& materm is  deccmposed  andlor V 
weathered disintwrated to soii The wigmal  mass 

Rock material  strength 
7 
T a m  Unmnf ined  Field estimation of  hardness 

- 

. .  
w i m e n  

Strong 50-100  Hard  &-hand  held  specmen Can be 
M e n  with a sinde blow of omlwical I - 
hammer 

of pi&. 

~~ ~ 
~ "~ - 

Moderately 12.5-50 Soft &-5 rnm indentattons with sharp  end 
strong 
Moderately 5-0-1 2.5 Too h a d  to rut by  hand  into a triaxlal 
weak 
Weak 1 . 2 5 4 0  Very soft ro&-nyt&altnrmbles under firm 

r p e c r m e " .  

blows with me  sham nd of a gmlog8cal " 

Very w w k   0 6 0 - 1 . 2 5  Brinle 01 tough. may be k&en #n the  hand 
rc& or hard  soil W dii iwW. 

pick. 

Stiff 
Very Stiff 0.30-0.60' Sod wn be lndented by  the  fingemail. 

0 .15-0.30 Soil wnnot be moulded in fingen 

of fingen. 
son 004-0.08 S o 1 1  easily mulded with fingers 
vmron 0.04 Soil exudes between fLrWerS when 

* The mmpresrive  strengths  for Sals gwen  above are double the 
-fined shea strengths. 

Associates 



PLANAUJ7Y AND ROUGHN€SS 
O F  JOINTS IN DRILL COR& Figure A 3 

P/anar {P) 

" 

" " 

Is 
/rregu..ar Q) 

Golder Associates 



Type of 
..... .................. ... ..RQTARY. M)RE .,.. M!JR.FLUSH.. .... Coordinates ?6?5648,9.13 

DRILLHOLE No. 82-921 

Shee  t..~... of ... lo  ... .600?78,6.E. ..... ............... 1 Rig ........... L O N G Y E A R . 4 4 .  .................. Dip ............. ,650.. .................... 

...... - TRI 

Rote 

t 
I 
I 

t 

Controctor..CPATF?. ................... Logged byD...q:F:/w..D.C1 

Dote Storfed.. .?.6:8?. .................. Checked by ................ D.F. 
Dote  finished 10-6-82 D o k  18-8-82 ............................. ........................ 

6.4 Wash Sample #l. 

" -" - - --_ 
Tricone HW casing  to 21.3 m. 

15.2 - 23.5 L i g h t   t o  medium 
brown; S t i f f ;  SANDY SILT w i t h  
some fine-medium  gravel, some 
sand layers; x. 

16.5 Wash sample #2. 

17.7 Wash sample #3. 

19.2 Wash sample $4. 

*emorks: HW casing  to 21.6 m. 

Golder Associates 1 Scale: 1 : 50 
metric 
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..... .............. ..... Ro?Any.coRE.,..Muo.FLUSH ......... Coordinate* 56??648. 9 . N  
DRILLHOLE No.8z-9~1 

600278.6 E Sheet.. Z...d..JR... ................................ 
Rig ..... . . L O N G Y E A R  .4? ...................... Dip ....................................... 65' Locotion. ................................ HAT CREEK EASTERN ESCARPMENT 

ruth, ... r 

.............................. ............ .. Contractor COATES Loggad byD.P.F./W.D.C. 

Date  storted 3-6-82 
- 

Checked b y  DF ............................. ................ 
.. .!8:8.-8?. ......... 

.............. 

-est 2 ;  9 
-' ,? 

!S"ltS Z f  2 " 7  

m y  

I .  , -  

,n- 
5.5 

ast ic  

" 

:s = 
!3.47 

MPa 

lemarks: 

Golder Associates I Scale: 1 : 50 
metric I 



.................................... .......................................... ROTARY CORE, MU0 FLUSH Coordinates 5625648.9N 
600278.6E Sheei..i..of.l.Q .... 

DRILLHOLE No. 82-921 

................................ 
Rig ...... ....................... Dip ....................................... 65' Locot ion.  HA!. C P W .  E5iEPY. ESCARPI?!N!. .. 

!FRS!ZE .................. Az imuth  
I 

RI 
I 
" 

" . 

$ 

controctor...conr!s .................... Logged byO:P:f:/w:p,~,., 
Dote  started 3-6-82 Checked by DF 

Date  finished 10-6-82 
............................. ................. 
............................. Dote ... !9:?:8?. . . . .  

'E. . . . . . . .  
" 

r e s t  

m 

u- 
- 

!S"ltS : 
" "_ 

" 

,.load 
50 = 

6 MPa 

"_ 

:. load 
50 = 

5 MPa 

- 
- 
60' 

50' 
-_ 

45c - 
lemorks: 

. .  Reference elevotion.DRlLt.FLOOR..., 

il P I 

40.2 - 41.8 Freshidark 
grey,  coarse  gravel  size 
fragments o f   obs id ian  
returned. 

41.8 - 41.5 Moderate-heavily 
weathered;  dark  grey-reddish 

ANDESITE  BRECCIA; l o c a l l y  
brown; moderately  strong; 

contains  angular  to  subangular 
coarse  gravel  size  obsidian 
fragments i n   r e d d i s h  brown 
matrix;  very  strong. 

43.7 - 43.8 Pt.   load 

____ 

41.5 - 70.4 Moderate-heavily 
weathered: reddish brown-medium 
grey;  moderately  strong-*elk; 
ANDESlTf l oc? ; l y   h igh l y   a l t e red  
and benton i t i c .  

47.5 - 48.6 High ly  
weathered;  angular 
a n d e s i t e   c l a s t s   i n   c l a v l  
s i l t  matr ix;  very weal;;. 
FAULT GOUGE. 
" 

51.0 - 53.6 Numerous 
f r a c t u r e s   f i l l e d   w i t h  
green clay. 

H 
E l  

52.8 - 53.0 P t .  load. 

54.0 - 70.4 Zone o f  
in tense  a l te ra t ion ;  
h igh l y   ben ton i t i c ;  
loca l l y   b recc ia ted ;  weak. 

57.5 - 58.0 Breccia zone. 

w 

Golder Associates I Sto le .  1 : 50 
metr ic 
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Type of 
ROTARY CORE, MUD FLUSH ... .............. drilling  Coo'dinoles.. ".?!64?:.9.!.. DRILLHOLE No. 82-921 .......................................... 

600278.6 E Sheet  .. 4..of...lO... ................................ I 
Rig ........ LONGYEAR.?! ...................... D i p  ............... p.r! ..................... ................................. 0 HAT CREEK EASTERN ESCARPMENT 1 
Si!. ........................................... TRICONEfHQ  OVERSIZE ..... - 

Noler 
Level 
- 
." 

Contractor COATES .............................. Logged bye:? :.F..!W:!.&: 
ode sforfea.,!:6:8? ................... Checked by ................ OF 

Oote  finished..10:6:82 ................. ..... 19.4-82 ........... 

Po!. . 
" 

5 
r e s t  ; 
esult ; 
" 

0 

" - 

:=23.; 
=36.1 
=28.1 
= 8.: 

.loa< - 
50 
= o  

f 

P.A. ' 
.( 

, 
:.loa 
; 50 
. 5  MP 

. 01 
MPa - 

t.loa 
i 50 

.41 
D I A .  

MPa . 

:s i f 

+ I -  
f 

- 
?emorks:  

Reference  elevolion. .DRILL, FLOOR, ,  , 

Descr ip t ion  

local ly   brecciated.  

61.6 - 61.8 MC, ATT. 

62.2-62.5 P t .  load. 

66.5 P .A. :  Altered  flow 
banded andesi te .  

67.4 - 67.6 P t .  load. 

68.3 - 70.4 Zone of 
i n t ense   a l t e r a t ion :  
highly  bentonitic;  
loca l ly   b recc ia ted .  

68.9 - 69.1  Uniaxial. 

69.9 - 70.1 P t .  load. 

70.4  - 187.7 Slightly  weathered; 
dark  grey;  aphanitic;  Strong; 
ANDESITE; highly  fractured; 
occasional   c lay  inf i l l ings  a long 
f rac tures :   loca l ly   b recc ia ted ;  
local  zones of maderate-heavy 

4 
Golder Associates Scale: 1 : 50 

metric 
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W 

.................................... .......................................... ROTARY CORE. MUD  FLUSH Coordina'es 5625648.9 N DRILLHOLE NO. 82-921 

600278.5 E Shee I.. $...of.. 1.0.. . ................................ 
........................................... LONGYEAR 44 Dip 65' L ~ ~ ~ I ~ ~ ~ , H A T  CREEK EASTERN  ESCARPMENT ....................................... ............................... 

)ut? 

L 

' N90°E ............ 

Yater 
Resull  .eve1 

T e s t  

ucs = 
2.97 
MPa 

ucs = 
7.22 
MPa 
P.A. 

PL & L 
N O W  
p l a s t i  

P.A. 

Pt. lOi 
IS 50 
0.5 MI 

Pt.102 
15. 
50 = ( 

I 

.... con?!? ................... LOQged byP.P.lW.0.C. ............ I Remarks 

..... 1 i :  

........ Reference  elevation. ,,,?R!bb, FLOOR 

D e s c r i p t i o n  

"_" - "" 

81.6 - 81.8 Breccia zone. 

82.7 - 82.8 Breccia zone. 

83.8 - 83.9 Breccia zone. 

84.4 - 88.1 A l t e r a t i o n  
zone; moderately  strong; 
f rac tu red ;   l oca l l y  
exhib i ts   f low bandi,ng. 

85.0 - 85.2  Uniaxial 

86.3 - 86.6 Uniax ia l .  
86.6 P.A.: Andesite 
breccia. 

90.2 - 90.3 ATT. 

91.4 P.A.: Trachyt ic  
andesite. 

93.4 - 96.3  Breccia zone. 

96.3 P t .  load. 

97.1 - 98.1 Breccia zone. 

97.8 - 97.9 P t .  load. 

....... li 

Dale  Started  3-6-82  Checked by OF ............................. ................. 
Dote  finished ...... lo.=. +:S?... ......... Dole .......................... 19-8-82 metr ic  Golder Associates S t o l e :  ;:50 



ul 

.... 
T 

imuth __ 
educe 
Level 
- 
" 

Type  of 
dri l l ing 

Rig ........................................... LONGYEAR 44 Dip ....................................... 65' Locof ion.H*I  CREEKE?!*R!?!EN! ........... 

ROTARY CORE, MUD FLUSH Coordinates ........ .56z!648.,?...~. .......... DRILLHOLE No. 82-921 .......................................... 
600278.6 E Shee  !.6 .. of ... la.. ................................ - 

N ~ O O E  . . . . . . .  

r e s t  
ES" l t  

- 
" 

:s = 
.87 
MPa 

S =  

iPa 
95 

..loa( 

3 DI, 
50 : 

81.9 

: IAL .  
MPA 

:s = 
17 
IPa 
- 
lemorks:  

we l l  developed flow 
banding. 

101.4 - 101.6 Un iax ia l .  

103.4 - 105.2 Highly  
a l t e red  breccia zone. 

106.0 - 107.7  Highly 
weathered zone, heav i l y  
altered:  moderatelv weak: 
s o f t ;   t y p i c a l l y   b r e c c i a t e  
w i t h   c h l o r i t i c   m a t r i x ;  
Brecciated zones h igh ly  
ben ton i t i c .  

107.7-109.0  Breccia zone 
w i t h   c h l o r i t i c   m a t r i x ;  
f r i a b l e .  

110.0 - 113.6 Zone of 
in tense  f rac tu r ing .  

114.7 - 116.4  Breccia 
zone, l o c a l l y   c h l o r i t i z e d  
114.1 - 114.3 Uniax ia l .  

117.4 Pt.  load. 

119.2 - 119.3 Uniax ia l .  

... - 

Golder Associates Scale: 1 : 50 
metric 



rl ROTARY CORE, MUD FLUSH Coordinates ........ !662564?:.9..!. ........... DRILLHOLE No. 82-921 
........................................ 

- 
600278.6 E Shee 1.. 7..of...lD... ................................ 

................. LONNEAR.44 ............. Dip ....................................... 65' Location ................................. ' HAT CREEK EASTERN  ESCARPMENT 

.......................... OVERSIZE N90 . . . . .  - 

Voter 
Level 
- 
." 

.............................. ............ .. Controctor COATES Loggesl byD.P.F./W.D.C 

storted...3-.6:82 Checkf'd bY...O,E,.. ...... 
- 

.................. 
!9:"8?. ........ 

..... - 
r e s t  
?SUI1 

- 
" 

5 ;  
97 
MPa 

t . l W  
i 50 

I 28 
DIA .  

(IAL. 
MPa 

?ernorks: 

.... Reference e'evotion ................. DRILL FLOOR 

D e s c r i p t i o n  

""""" 

120.8 - 121.0 Breccia 
zone, c h l o r i t i c   m a t r i x .  

121.9 - 122.1  Breccia zone 

120.8 - 121.0 Uniaxial .  

126.2 - 127.2 Lost  COP^. 

130.1 - 135.5 Zone of 
intense  f ractur ing;  
f rac tu res   c lose ly  spaced 
IC l m ) ;   f r a c t u r e d   l o c a l l )  
ire f i i l e d   w i t h   c h l o r i t e . .  

134 P t .  load. 

136 - 140 Lost core. 

Golder Associates Scale: : 
metric 



kd 

M 

d 

Type of 
- 

....... .. ........... drilling ROTARY CORE, MUD FLUSH Coordinates 5625648:g N... 
DRILLHOLE No. 82-921 .......................................... 

...... .600?!8:6.. . E . .  ........... Sheefu..of...'0... 

Rig,..  ... .LW!E!!.44,. ..................... Dip.. ..................................... 65' LocotionHRT.FREEKEAS!ERN.E!FRPPMENT,., 

!.... 
T 

Contractor COATES ............................... Logge,' by.!..!:lw.o..Z:. 
Dote Sforfed.. . .?a:??. ................. Checked by.., .. P:.C:. ..... 

............................. D%!?:e.?. ........... Dote  finished 10-6-82 

iemorks 

..... Reference  elevotion,, DRILL ,FLOOR,, 

144.5 - 147.8 Highly 
fractured and c h l o r i t i c .  

146.3 - 146.6 Breccia 

matrix. 
zone w i t h   c h l o r i t i c   c l a y  

151.8 - 152.0 Shear zone. 

158.2 - 158.3 Shear zone. 

159.7 - 159.8 Shear zone. 
clay gouge. 
159.7 - 159.8 MC & ATT. 

Golder Associates I Scale: 1 : 50 
mptrir 



Y 

Type  of 
ROTARY  CORE, MU0 FLUSH CoordinOtes ....... ?6?$648r?N ............... drilling.. 

DRILLHOLE NO. 82-921 

Sheet.¶..of., . lo., ,  600278.6 E 
........................................ 

................................ 
Rig ...... LQNGYEA!.!! ........................ Dip ....................................... 650 Locatton ................................. ' HAT CREEK ESCARPMENT 

! OVERSIZE .......................... 
Core 

imufh, 

educe 
Level 

- 

- 
" 

Contractor ..... COPTEZ ................. Loggec' byP.P.1W.D.C. ........... .. 

Dote  finished ....... !.O:S+??. ........... Dote ... !?:8:82 ........... 
Date started..3&82 ................... .... .O,F ........ 

._ 

90°E ..... - 
rest  
?SUI!: 

- 
" 

P.A. 

168.3 - 187.7 Zones Of 

breccia;   s l ight ly  
intense  fracturing and 

chlor i t ic;   breccia  matr ix;  
occasionally  bentonitic. 

176.4 P.A.: T r a c b t i c  
andesite. 

Golder Associates Scale: 1 : 50 
metric 



Type of 
drilling ...... RQTARy..COnF~.MuD,Elus" ....... Coordinates ."62"648:9.! ....... .............. DRILLHOLE No. 82-921 

.. ... .. 600278.6 E Sheet.l.9 of lD. ................................ I Rig .......... LONGYEAP.44 ................... Dip ....................................... 65' Locotion?'. CREEK, "TERN ESF*R!?FI?T.. .. 

..... 7 ..... :;.:.:.::., 

.- ...... ....... ...... ....... ....... 
..... 
. . . . . .  ..... :.J 

, 
.......... 

10' 

Azimuth 

1 / 1 1  

I l l 1  
I l l 1  
I I I I  
I I I I  

I l l 1  
I I I I  
/ I l l  
I I I I  
1 / 1 1  

1 1 1 1  

1 1 1 1  

- 
Confroctor ..... C0"r'S. ................ Logged by..P:E:P: . 
Date  started.. .3"8?. .................. .......... CheclWd by.?:!: 
Dote  finished 10-6-82 Dote  19-8-82 ............................. ........................ 

T '  

. . .  
-r 

N91 . . . . . .  - 
Voter 
.eve1 
- 
" 

..... - 
rest 
:suit! 
- 
" 

:s = 
79 
MPa 

:s - 
,41 
& 

Descr ip t ion  

ANDESITE Cont'd. _"" ""_ 

185.4 - 185.6 U n i a x i a l .  

188.7 - 188.9  Uniaxial. 

188.6 EN0 OF HOLE 

7emorks:  Piezometer #1 plugged a t  36.3m. 

Goider Associates Scole: 1 : 50 
metric 



Type of 
..... ................. drilling ...... Rg.rARY.COR?NG ................... Coordinates 5626791.3.N 

DRILLHOLE No. 82-922 

599915.4 E Shee 1.. l.'.. of ... Z .... ................................ 
.......... lQ!CYV!!.4? .................... Dip ..... :... 900 .............................. Locotion..HAT.CREEK 

0 . . . . .  - 

Note! 
Level 
- 
._ . 

- 

................... Confroc'or... .FPPTE! ........... . 
Dole started.. 15. :. .6. :.. ??. ............ Checkd by.. .P:f:. ..... 

Logg<?d by N.M .- 

Dote  finished 15 - 6 - 82 ..... 

. . . . .  - 
rest  
?SUI1 

- 
" 

3emork6' 

Reference  elevation,. ,96$,m, _,, , , , , 

Descr ipt ion 

(quartz,  rock  fragments) 

beds o f  sand;GLAClOFLUVlAL 

11.9 - 12.2  Unjaxial 

12.3 - 12.4 Pt .  load 

Coarse orey angular sand i n  
cuttings. no water  pressure. 

Golder Associates Scale: 1 : 50 
metric 
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ur" 

r 

m 

u 

3 

rrl 
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U 

id 

m 

bi 

Type of 
....... ... .............. drilling ....... R!T!Rv,COR!N!: .................. Coordinoles 56267.97 3.N 

Rig.. ... 

DRILLHOLE No. 82-922 

....... ,$?88!!..4.E .............. Shee1..2..of..2.... 

......................................... LONGYEAR 44 Dip ....................................... Locotion.. .HA? CREEK. ................. 906 

7. 0. D. 

muth, 

!duce( 
-evei 

- 

t 

Reference  elevolion., , D R I L L  .FLOOR, 

Descr ipt ion 
J 

brown s i l t  matrix recovered. 

23.9 - 25.0 Dark brown; well 
rounded gravel and c:obb!es i n  
a silty sand matrix; x- 

935.3 EN0 OF BOREHOLE 

I 

....... ri 



irl 

Y 

d 

rrl 

! 

kd 

Y 

Type  of 
..... ................. dr i l l ing . . .  ROTARY,COR51PPLYMSP..FLUSH ...... Coordinates 56?4?13?.N 

590352..3.€. 
Rig ....... !?!iGyEAR 4 4  ...................... Dip.. ..................................... 60' Locotlon.. ' HAT ............................... CREEK EASTERN ESCARPMENT 

DRILLHOLE No. 82-923 

She e!. l...of...13... ...... .............. 

Core 

Contractor COATES Logged  by P.P.1N.G.M. .............................. ........... . 
Dote slQrted..l.t.+,8?. ................. C h e c M  by.. . .9,E... .... 
Datefini=hed...?4,6,82 ................ Date .... 2!:7,82 ......... 

._ 

..... - 
r e s t  
?s"lt: 
- -_ 

- 
:s = 
1.5 
MPa 

- 
cs = 

(Pa 
.56 

- 
cs = 

YPa 
.15 

:s = 
.56 
YPa 

lemarks:  

Reference elevalion~DRlLL,FLOOR,,, 

D e s c r i p t i o n  

I I  

5.7 - 6.0 Heavily  weathert 

6.4 - 6.9 Lost  core. 

6.96 - 12.3 S l i g h t l y  weathere< 
massive;  moderately  strong, 
ANDESITIC  AGGLOMERATE, 
occasional  pyroclasts, flow 
banded or f l a t t e n e d   l a p i l l i .  

7.9 - 9.1 Clayey  gravel. 
1.6 - 7.8 Uniax ia l .  

- 

9.1 - 14.3 Massive  andesii 

massive; Va~i-colouPed; 
12.3 - 24.4  S l i g h t l y  weathere< 

moderately  strong t o  strong; 
ANOESITE BRECCIA. ~- 

13.4 - 13.6  Breccia; coars 
g r a v e l   s i z e   c l a s t s   i n  
c h l o r i t e   m a t r i x .  

f ractured zone, s l i cken-  
15.3 - 16 In tense ly  

sided  rock fragments. 
12.4 - 12.6 Un iax ia l .  
14.5 - 14.6 Uniaxial .  

HW Carina t o  2.13 m 

Golder Associates Scale:  1 : 100 
metr ic 
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d 

Y 

m 
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3 

Y 

ui 
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. . .  
r' 

.&' 

Type  of 
dr i l l ing ...... ROTARyCORE/POLYMER,FLUSH .... ...... 56??7!3?3.N ............... DRILLHOLE No.82 -923  

600362.3 E Sheet .. z..of...i.3... ................................ 
Rig.. ....... .LONGYEAR.44. .................. Dip.. ..................................... 60' Locotion.!!?. Wli.!AZ?!P!. !?CARPMEN?,.. 

Azirnutt I . . . . .  Tv 
'i 

L 1 

. Reference  elevotion, ,DRl,tL, FLOOR,, 

D e s c r i p t i o n  

h igh ly   f rac tu red  and jo in ted .  
-, l o c a l l y  brecciated, 

25.0-25.4 Fractured and 
weathered zone. 
25.8 - 26.1 Uniaxial .  

29.3 - 29.5 Uniaxial  

32.7 - 32.8 P t .  load. 

33.4 - 33.6 In tense ly  
f ractured zone. 

35.7 - 35.9 Fractured zone 

36.1 - 36.3  Fractured zone 

37.3 - 38.7 Shear zone. 

38.8 - 39.0 Uniaxial  

39.6 - 39.9  Fractured zone 

Dote started.. .... !6:.6:?.?. ............. 
Dote  f inished 24-6-82 

................. Checked by D.F. 

............................. Dote 27-7-82 Golder Associates ......................... metr ic 
Scole: 1 : 100 



Type of 
dr i l l ing .........ROTARY..CORElPOLYM ER.F.USH Coordinates 5624713.3 

Rig LONGYEAR 44 Dip Location 

DRILLHOLE No.82-923 .................................... . 
600362.3 E 

60' . HAT CREEK EASTERN  ESCARPMENT 

Sheet .. 3...0f..J.3... ................................ 
........................................... ....................................... ................................. 

Confroctor.. .... COATES.. .............. Logged by ........... P.P.1N.G.M .- 

............................. Dote... ................... 
Date  storled 16-6-82 ............................. .... 
Dote  finished 24-6-82 

Checked by ...!:. F:. 
27-7-82 

..... - 
Test 
e s u l i  
- 
" 

4.6% 
.D.= 

t.1oa 
s 50 
.75 

ackel 
FHT 

. 3 3  

m l s  
IO" 

- 

:s = 
1.86 
MPa 

:s = 
!.7 
MPa 

, Reference  elevation. . ,DRILL, FLOOR,, 

D e s c r i p t i o n  

40.1 - 40.3 Fractured zone 

42.4 - 42.6  Slake- 
d u r a b i l i t y   t e s t .  

46.6 - 46.8 P t .  load. 

47.2 - 49.7 Packer t e s t  - 
FHT. 

52.1 Becoming c h l o r i t i c .  
52.1 - 52.3 Uniaxial .  

54.1 - 54.2 Uniaxial  

56.8 - 58.2 Lost  core. 

Golder Associates I Scale:  1 : 100 
metric I 



....... ............... ........... Ro?nRv.tORMBPI;YMER.FLUSH COOrdinOteS 56?4!!?:3.N 
600362.3 E sheel  .. c...of...1.3... 

DRILLHOLE No.82-923 

................................ 
Rig .............. LONGY!RR,!P., ............. Dip.. ..................................... 60' Locot ion.  PA?. CnEEKE!S.?E!N .EsC!RP?FNT.. 

I . . . . .  

7- 

I Contractor COATES .............................. Logged ~Y.P..P!IN.G.M, ........... 
Dote  storted  16-6-82 ............................. Checked by .... Q:f: ...... 
Dote f inished.. .24:6-8? ............... Date.. .. ??!:??. ......... 

'E.. .. - 
Test  
esul l  
- 
" 

t.loa 
5 50 
DIA. 
.23 

XIAL. 
MPa 

:s = 
,21 
IPa 

J. = 
1.5% 

:s = 
,92 
MPa 

?ernarks: 

i 
c 

63.4 - 63.5 P t .  load. 

68.0 - 70.2  Lost core. 

70.4 - 71.4  Highly 
f ractured.  

73.5 - 73.8  Uniaxial.  

Andesi te   tu f f .  
76.E79.0  Brecciated 

76.9 - 77.0 Slake- 
d u r a b i l i t y   t e s t .  

78.8- 79.0 Uniax ia l .  

Golder Associates Scole: l  : 100 
metric 



w 

ri 

'Y 

Core 

:K" ... 
T 

L 

OIAMONO IMPREGNATED Azimuih .......................... 

RI 
I 
" 

" . 

1c 

1( - 

ROTARY COREfPOLYMER  FLUSH Coordinates ..... 56?4?!!:?..N ................. DRILLHOLE No. 82-923 .......................................... 
600362.3 E  Shee t... 5..of...l3... ................................ 

Rig.. ........ .LQNGYEAR.JL .................. Dip ............. .60.. ..................... Location. .HA?.CRKK.EAS?FRR. W A R P M E N ? .  
0 . 

. . . . . .  Reference  elevotion. ,,,~RI'-\.~L?oR, ,,, , , , . - 
c 

; , 2  ! 
?+ 
- : E  i 

-_ I -  

I 
; . -  . 

" 

- 

- 

- 

- 
- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

..... ..FPPTfT ................ Logged byP.P./N.G.M. ............ - ... I Remarks: 

D e s c r i p t i o n  I I  
ANOESlTE Cont'd. 

80.1 - 83.6 H igh ly  
b recc ia ted   t u f f .  

81.0 - 81.2 Uniaxial.  

83.7 - 84.8 Grey; moderately 
strong;  f ine  grained,  tuf f .  

84.9 - 85.0 Uniax ia l .  I 3  
85.4 - 88.7 Weathered, massive; 
dark  grey  to   b lack;   f ine  gra ined 
ANDESITE FLOW; t y p i c a l l y  
ves icu lar  or amygdaloidal; 
l oca l l y   con ta ins   py r i t e .  

" 

87.2 - 87.4 Un iax ia l .  4 
88.7-110.0 Weathered, dark  grey 

ANOESITE; l oca l l y   heav i l y  
to  b lack,   f ine  grained; 

m d  and brecciated. 

90.3 - 93.3 Packer t e s t  - 
FHT . 

91.6 - 91.8 Fractured zone. 

93.1 - 93.3  Uniaxial.  

95.4 - 95.6  Uniaxial.  

Dale s tom*  ..... .!6:6:8?. .............. Checked  by.. P..F : ......... 
Do'efinished 24r6r82 Dole 27-7-82 Golder Associates Scale:  1 : 100 

.... ............... .......................... metric 



.................. .......................................... ROTARY  COREIPOLYMER  FLUSH Coordinates... 56?4!!3;.3.N DRILLHOLE No. 82-923 
................................ 600362.3 E Shee 1.. h..of...l3... 

Rig ........................................... LONGYfAR 44 OiP.. .......... 6 0 . .  ....................... Locotion.H!i cRE!K.%TFR!. ES.%PY!NT.. . 0 

:i L 
LO. 

" 

" 

" 

" 

... ... 

... ... ..... ... ... 

... 
_i 

I 

! 
" 

" 

" 

" 

" 

" 

DIAMOND IMPREGNATED Azimuth .......................... 
'T 

3. Q .  D. Recovery Deplh  I % I (RI 
Core 

-t 
I + 
I 
1 
I 
I 
t 

I 
I 
t 

........... 
" < 

res t  9 i 
m i  

!SYl tS a : 
"_ - 
:s = 
81 1 
MPa - 

- 

:s = 

MPa 
35 

- 

- 

- 

1 

- 

- 

S =  
, .39 
MPa 

1 

S =  

MPa 
. 3  - 

- 

1 

- 

S =  
41 
MPa - 

S =  
.32 - 
MPa 

- 

1 

femorks: 

100.2 - 100.4 Uniaxial  

103.8 - 104.0 Un iax ia l .  

105.7 - 105.8 Breccia zone, 
c h l o r i t e   m a t r i x .  

109.1 - 109.3 Uniaxial .  

Golder Associates I Scale:  1 : 100 
metric 



0 z 
c " 
Y 
7 
0 
LL a 

Type  of 
dr i l l ing ROTARY  COREIPOLYMER  FLUSH Coordinates .................................... 5624713.3 N 

600362.3 E 
.......................................... 

DRILLHOLE NO. 82-923 

................................ 
Rig ........................................... LONGYEAR 44 Dip ....................................... 60' Locot ion  ................................. HAT CREEK EASTERN ESCARPMENT 

muth - 
!ducel 
.enel 

94.4 
- 
-- 

N73'E ........... 

t o t e r  
Resul  .eve1 

T e r  

"_ 

ucs = 
778.0 

MPa 

ucs = 
2.97 

MPa 

ucs = 
6.3 

MPa 

- 
Packe 

FHT 

K =  
1.39 
x 10- 

m f  s 
P.A. - . - 
10.24 

MPa 

ucs = 
7.01 
MPa 

a 

, Reference eleval ion~~,DRIt~,F~OOR, 

D e s c r i p t i o n  

120.0-142.3  Weathered;massive; 
medium t o  dark grey; moderately 
strong; ANDESITE: l o c a l l y  
b r e c c i a t m l  tered. 

121.4 - 121.6 Un iax ia l .  

123.8 - 124.0 Uniaxial  

126.4 - 126.7 Un iax ia l .  

128.5 1 crn t h i c k   c h l o r i t e  
seam. 

129.5 - 132.5 Packer t e s t  - 
FHT. 

131.9 P.A.: Andesite 
breccia. 

132.0-132.5 Breccia zone. 
132.1 - 132.3 Uniaxial .  

135.0-135.6 Breccia zone 
recemented w i t h   c h l o r i t e .  

cobble  size  agglomerate. 
138.2 - 138.9 Gravel t o  

139.0-139.2 Uniaxial .  

contractor.. ..... .CanTES.. ............ Logged by.P:p:!N.G:y., 
Dote  Sforfed ...... .!P:.6:??. ............ Checked by.. . .O:F: ....... 

Remarks 

Dote  f inished 24-6-82 D O t e ~  ~~ 27;7~-az Golder Associates Scale:  : 
............................. metr ic 



0 z 

~ 

Type of 
.... ................. dr i l l ing ... POlARYCOPE/PPLY?ER.FLUSH ...... Coordinates .56?4!!3:3..N 

Rig 

DRILLHOLE No. 82-923 

600362.3 E She; t... a..of...l3... ................................ 
LONGYEAR 44 Dip 60' Locot ion . .  HAT CREEK EASTERN ESCARPMENT ........................................... ....................................... ............................... 

Core 

DIAMOND IMPREGNATED Azimuth .......................... 

R 

" 

" 

" 

- 

educe 
Level 
- 
" 

972.1 - 

N73'E . . . . . . . . . . . . .  

Nater T e s t  
Level Result 

ucs = 
20.39 

MPa 

ucs = 
23.04 

MPa 

ucs = 
11.81 

MPa 

ucs = 
11.87 

MPa 

S . D .  : 

94.4% 

UCS = 
13.86 

MPa 

ucs = 
14.97 

MPa 

4 L 

Reference elevolion~,~DR!L~,F~QOR,, 

I il 0 

D e s c r i p t i o n  

NOESITE Cont'd. 
""""" 

144.8 - 145.1  Uniaxial. 

147.1 - 147.2 Un iax ia l .  

149.1 - 149.3 Uniaxial .  

150.9 - 151.1  Uniaxial. 

152.0 - 152.1 Slake- 
d u r a b i l i t y   t e s t .  

154.8 - 155.1 Highly 
154.2 - 154.5 Uniaxial .  

fractured. 

158.0-158.1 C h l o r i t i c  seam 
and a l t e r a t i o n  zone. 
158.2 ~ 158.4 Uniax ia l .  

............ 
...... 16.-6:82 .............. .... .O,F ......... 

Dote  f inished 24-6-82  Dote  27-7-82 Golder Associates Scale:  1 : 100 
............................. ......................... metric 



0 z 
c " 
Y 

0 a a 

7 

..... - 
r e s t  
esult 
- 
" 

cs = 
3.39 
MPa 

cs = 
0.57 

acket 
FHT 

=4.6: 
.A. 

i?E 
10" 

- 
cs = 
6.17 
"Pa- 

9.1% 
.D. = 

cs = 
5.75 
MPa 

cs - 
.43 
MPa 

- 

cs = 
.18= 
MPa - 

?emorks: 

I ;I D e s c r i p t i o n  

161.3 - 161.5  Uniaxial. 

162.7 - 162.8  Intensely 
f ractured zone; recemented 
and a1 tered. 

165.9 - 166.1 Uniax ia l .  

FHT. 
166.1 - 167.6 Packer t e s t  - 
166.7 - 166.8 P . A . :  
Vesicular  andesite. 

169.1.170.0 S l i g h t l y  weathered, 
massive; dark  green/grey;  very 
f ine   g ra ined;   ves icu la r  
ANDESITE; l oca l l y   aphan i t i c ;  

169.8 - 170.0 Uniax ia l .  

170 - 178 S l i g h t l y  weathered, 
medium t o   f i n e  grained; 
" ANDESITIC TUFF; l o c a l l y   e x h i b i t  

d u r a b i l i t y   t e s t .  
171.7 - 171.9  Slake- 

173.2 - 173.5 Uniax ia l .  

174.8 - 175.0 Uniax ia l .  

massive t o  f i n e l y  bedded; l i g h t  
178.0-219.7 S l i g h t l y  weathered, 

grained TUFF/TUFFACEOUS 
grey   to  green;  medium-fine 

.. 
179.4 - 179.6 Uniax ia l .  

. . . . . . .  0 

Golder Associates Scale: 1 : loo 
metr ic  



Type of 
drilling ROTARY COREfPDLYMER  FLUSH CwrdinO'eS ....... 56?9!!3..!,! .............. DRILLHOLE No. 82-923 

.......................................... 
600362.3 E Sheet.!Q .. of ... 13  ... ................................ 

........................................... LONGYEAR 44 Dip ..................................... 60' Locotion. .H6?.CREEK.fASTfRN.EscARPMfN?. . I 
Core 

DIAMOND  IMPREGNATED Azimuth .......................... - 
R I  
I 
" 

" . 

E ... - 
Re 
1 

- 
- 

uc 
13 

YI 
1. 

pi 

K 
I 

3 ,  
X 

- 

uc 
1. 

P.A.  

UI 
0 

UI 
2 

" 

f 
.- 

" 

? 

C 

... - 
e s t  
i Y I l  

- 
" 

j I  

94 
%Pa 

,-=. 
59 

Cke. 
Hi 

98 
10'' 
n/s 

I 

j i  

i9 
(Pa 

S =  
78 
MPa 

S =  
93 
MPa 

......... 

Descr ip t ion  

182.5 - 182.7 Uniaxial. 

weathered Zone. 
186.2 - 187.8 Highly 

186.2 - 186.4  Uniaxial. 

186.5 - 189.5  Packer   tes t  
FHT. 

189.3 - 190.8 S t r a t i f i c a t  
cross  bedding,  graded 
bedding. 

190.8 - 791.1 Uniaxial. 

195.4 ~ 195.6 P.A.: 
Feldspathic Wacke 

196.7 - 196.9  Uniaxial. 
(sandstone). 

199.3 - 199.5  Uniaxial. 

emorks:  

Golder Associates I s C o l e :  
1 : 100 

metr-ir 
I ... .... 

I 



0 z 
c " 
Y 
7 
0 
(L a 

drilling ...... ROTAR~,CORE[POLYM~RFLUSH .... ...... 56?4?!3?3.N ............... 7 60' Type of DRILLHOLE No. 82-923 

Shee ?ll,.of,.l3.... .600!62..3 .E ...... .............. 
... Rig ........................................... LONGYEAR 44 DIP ....................................... Lacation.HRT.CPFEK.~RTTEPN. %??.MENT 

ucs = 
2.38 

MPa 

S.D. : 

49.9% 

W% = 
19.4 

ucs = 
1.91 

MPa 

W% = 
24.2 

ucs = 
1.18 

MPa 

W% = 

ucs = 
4.73 

MPa 

20.E 

W% = 
2O.f 

ucs = 
3.15 

MPa 

Reference  elevation. .nRl,LL. FLOOR.. . 

203.4 - 203.6 Un iax ia l .  

204.9 - 205.1 Slake- 
d u r a b i l i t y   t e s t .  

205.5 MC 

207.0 - 207.3 Uniaxial .  

210.0 MC 

210.6 - 210.7 Uniaxial .  

212.0 MC 

212.3 - 212.4 Unlaxial  

214.4 MC 

215.8 - 216.0 Uniaxial .  

217.4 - 217.8 S o f t  
Breccia zone. 

218.0 MC 

218.1 - 218.3 Un iax ia l .  
218.0 - 218.1 ATT 

Contractor COATS 

Date  started 16-6-82 
.............................. ........... ... Logged byN.G.M. 

Checked by D.F. 
Remarks: ._ t- ............................. ................. 

Dote  finished .... ?!.61S? ............... Dale. .. 27-?:82 . . . . . . . .  Golder Associates metric 
Scale: 1 : 100 



0 z 
c " 
Y 
7 
0 
(L a 

Type of 
ROTARY coRE/PoLYMER FLUSH Coordinates 5624713.3 N dr i l l ing 

Rig ........................................... LONGYEAR 44 Dip ....................................... 

..................................... DRILLHOLE No. 82-923 .......................................... 
600362.3 E Sheet.jz..of..i3 .... ................................ 
60' Locotion.HAT. !!E!!.E!STE!!. ESCARPMENT.. . 

. . . . .  N73' 
- 

Noter  
Level 
- 
." 

Contractor 

Dote  storted  16-6-82 
COATES L o w d  byp.:p:!N,.G:y:., 

Checked by D.F. 
Dote  finished 24-6-82 

.............................. 
............................. ................ 
............................. Dote??77.:8?. .......... 

.... - 
T e s l  
tesul  
- 
" A%; cs = 
.99 

L  84 
MPa 

L 40 
I 44 

'% = 
33.3 
L 88 
L 40 
1 47 

ICs = 
.18 

MPa 

1% = 
27.4 

cs = 
.10 
MPa 

.L 52 
'L 30 
'I 21, 
,.D. : 

13.4% 

% =  
32.2 

P.A. 

ICs = 
i3.17 

MPa 

- 

..... - 
I $  

0 
" 

" 

.7 

.O 8 

.7 

6 

.2 

.3 

.9 

.1 

.7L .4  

Remarks 

D e s c r i p t i o n  

230.4 - 230.6 ATT and 

massive and j0inted;l ight t o  
230.7 - 250.3 S l i g h t l y  weathere< 

dark  grey,  LITHIC BRECCIA: coar! 
sand t o  cobble  sized,  subroundel 

grained  matr ix;   occasional   f ine 
t o   a n g u l a r   c l a s t s   i n  a f i n e  

sandr tone l r i l t r tone  hor izons .  

vesicular  andesite  breccia. 
236.1 - 236.2  P.A.: Al tered 

236.5 - 236.6  Very sof t ;  
h i g h l y  weathered; c lay.  

237.0 - 237.2 Uniaxial .  

221.3 - 221.6 Un iax ia l  
and ATT. 

Andes i t i c   tu f f .  
222 - 222.2  Medium grained, 

224.4 - 224.5 ATT and MC. 

227 - 227.2 Un iax ia l .  

228.6 MC 

Un iax ia l .  
230.6 - 230.7 Slake- 
d u r a b i l i t y   t e s t .  

Golder Associates Scole:i : 100 
metr ic 



ROTARY  COREIPOLYMER  FLUSH Coordinate?, .,. !62471?13,N ,,,, , , ,, .,,, . ., , .......................................... DRILLHOLE NO. 82-923 
600362.3 E Sheet.l3,.of..!3 .... ................................ 

...... LoNG!EAR.4?.. ..................... Dip ....................................... 60' Locotion.HAT. !?EEK.!As?ERN. !s!AR!ME!?. .. 

t 

Y c 0 0 7 Ec L 
a 

lV?Y 
l- 

Im 

- !...... "BLAI 

I te  of 

......... __ DIAMON 

R. Q. D. 

!.?MPREGNATEP,. Azimu+h...I 

m 

............................ ........... .. COATES Logged byP.P.1N.G.M. 

Checked bYO,F 
._ 

....... ............. .............. 
22:?:82, .......... 

educe 
Level 
- 
" 

C 3 0 E  ..... - 
rest  
!SUI11 
- 
" 

:s = 
1.30 
MPa 

:s = 
70.8 
MPa 
: . l oa  " . 
i 50 
4 
MPa 
acker 
FHT 

.a 

m/ 5 
1 0- 

:s = 
i.17 
MPa 

- - 

cs = 
5.4 
MPa - 

lemarks: 

Reference  elevation., DR!LL, FLOOR 

I 
Descr ipt ion 

LITHIC  BRECCIA Cont'd. 
240.1 - 240.3  Uniaxial. 

243.3 - 243.5 Uniaxial and 
pt. load. 

244.2 - 250.0 Packer test . 
FHT . 

247.0 - 247.2 Uniaxial. 

250.0 - 250.2 Uniaxial 

EN0 OF  HOLE. 

. . . . .  - 

Golder Associates Scale: 1 : 100 
metric 



J 

Y 

Y 

1 :$ 

w 

Y 

Type of 
....... .............. driilin9 ... RorRRv.CopF. POLYMEP .FLUSH,. .... Coordino'es 5624!68..$.# 

DRILLHOLE No. 82-924 

....... ,60054b.9.E .............. Sheet.'''''of'''3'''' 

Rig ...... ,LONGYLAR.44. ..................... Dip.. ,  ... 6.0.. ............................ Location . ~ A ~ . C R E F I ( . E A $ ~ F B Y . E $ C R P P E I E ~ T . . .  . 0 

:i) Rate of R. o, 
Sdvance I + 

I 
i 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
t 
I 
1 
I 
I 
t 
I 
4 
I 
I 
t 
I 
I 

contractor ..... .P,..W:. COnrgS .......... Logged by... 49!NF? 
Date  started .... .??.JYNE.8?. ........... Checkl!d by ................ DF 

Date .... .8,.JULY..82 ............ Dote. ..... 27 .. JULY.82 .. .  

3 . . E  - 
0 

r e s t  
esult 
- 
" 

- 

r =  
19.4 
:s = 
MPa 

3emarks: 

... 

T 

Golder Associates Scale:  
metric 



! 

.... ....... .............. drilling ..... RolAR~,CORE,POLYMER,FLUSH Coordina'es 5624768. ..5.N DRILLHOLE No. 82-924 

Sheet..Z..of..lJ ..,. ....... .600544..9. .E.. ........... 
Rig LONGYEAR 44 Dip .... 60 ................................. Locatlon ................................. 0 ........................................... ' HAT CREEK EASTERN ESCARPMENT 

. . . .  - 
loter 
.evei 
- 
" 

~ x2 
8.8 m a& 
~ x1 
' .2  m 
2 4 m  

- 

Contractor ..... .P.W,..COA?ES .......... by...PII!NF!! 
Date  started.. ... ??. .?IINF, E?. .......... ....... 
Date  finished .... .B.JYLLBZ.. ......... Dote 27 JULY 82 

Checked by. .  .P!... 
........................ 

5 . . E  

'est 
suit 

- 
0 

- 
-- 
:s = 
1.40 
MPa 

L =  
16.7 

cs = 
MPa 

% =  
13.1 

cs : 
.74 
MPa 

Descr ipt ion 

20.1-20.4:  Uniaxial. 

23.2: M.C. 

26.0-26.2: Uniaxial .  

31.2: M.C. 

34.2-34.4: Uniaxial  

38.8-39.1:  Claystone bed; 
gradational  lower  contact, 
sharp  upper contact. 

4 I . . . . . .  

Golder Associates 
Scale: 

metric 



Type of 
drilling,. . .  ,ROTARy,coRE, poLyMmR,fLysH, ... Coordinoies ...... .56?4?.68..5.N... ........... DRILLHOLE No. 82-924 

Sheet ... 3..of..!? .... .60054r(..P.E... ....... ........... 
Rig ........................................... LONGYEAR 44 Dip . . .  .60... .............................. Locotion. .HAT.CREEK.EASTERN.ESCARPMENT.. 0 

. . . . .  - 
Noter 
Level 
- 
." 

- 
- 

...... ....... ... .. 
..... 27 .llUNE..82... ........ Checked bY,...l!F.. ........ 

.?P/!!M.. 

.... ........... ...... . .ZZ.J,ULY. 8 2  .... 

. . . .  - 750. 

r e s t  
esuli 
- 
" 

i ;  
t0.2 
:s = 
i .43 
!4Pa 

> -  > -  

10.2 

:s = 
.95 
MPa 

6.7 
- . -  

- 
- 

€. . .  - 

3 ;  

6 
" 

" 

5' 

33 

41 
31 

4: 

2 '  
3: 

2 

3: 

lemarks: 

........ 

Descr ipt ion 

43.0: M.C. 

43.7-43.9: Uniaxial. 

49.9: M.C.  

56.7-57.0: Uniaxial. 
57.0: M.C. 

57.4-57.5: Dark green 
t u f f  bed. 

Golder Associates Scale: 
metric - 



d 

Wl 

u 
Y 

w 

w 

uy 

ul 

%. 

0 z 
c " 
Y -, 
0 
a 

Type  of 
dr i l l ing, ,  ... poTARY~~coRg,POLY~~R,fLuSH .... Coordinates ...... ?6?'!?6? ... $.N... ........... DRILLHOLE No. 82-924 

Sheet.,4,.of.~.3.. .. .POO?PP..9. E..  ....... ............ 
Rig ........................................... LONGYEAR 44 Dip ... .6Po.. .............................. Locot ion.  HRT.CREEI(.ERSTERN,FZCPPPMENT.. 

...... D...W..CORT.ES .......... Logged by... P.?f.NGM 
Date ..... 27.rlUR.82 ............ bZ...Qf .......... 
Dote finished .... .8. .dU!.1.82... ......... DO'! ...... ?!. JUlU .82, ... 

1 5  . . - 
0 

rest  
e s d t  

cs = 
.19 
MPa 

:s = 
.40 
IPa - 
r =  
11.3 

cs = 
1.18 
MPa 

x =  
15.7 

:s - i l  

?emorks: 

Reference elevation.....DR!LL. FLOP. 

D e s c r i p t i o n  

- - - - - - - - - - - 
59.7-67.4: Moderately  weathered; 
massive: jo in ted :  areen: f i n e -  
coarse  &&el s i re   c las ts ;  
moderately  strong;  LITHIC BRECCI 

. ~~ 

62.8-63.1: Uniaxial .  

63.2-63.3: Highly 
f ractured. 

66.2-66.3: Clay gouge zone. 

67.0-67.2: Uniaxial .  
67.3: M.C. 

67.4-78.0: Moderately  weathered; 
massive; j o i n t e d ;   l i g h t  gpay; 
f i n e  grained;  moderately weak; 
SANDY CLAYSTONWLAYEY SANDSTONE 

72.2-72.4: Uniaxial  

74.1: M.C. 

75.9-77.3: L i t h i c   b recc ia .  

78.0-86.3:  Moderately  weathered; 
massive  and jo in ted ;  green-gray; 
gravel-cobble  s ized  c lasts;  
moderately weak; LITHIC BRECCIA;  
f ine   g ra ined tuffaceous  matrix; 
b e n t o n i t i c .  

Golder Associates Scale: 
metr ic 



d 

w 

Y 

k 

k 

yd 

w 

uiy. 

. .  

- 
Type  of 
drilling . . . . .  R O ~ R Y . C D R E . P ~ L Y M E R . E L ~ H  .... Coordinates .5624268...5.N... 

Rig .......... LON.GY!A!,?~ .................... Dip .... 60 0 ................................. Location..HAT.CRE.E.K.fASTFRN.FZFA!PMSN?.. 

...... ........... DRILLHOLE No. 82-924 

Shee t... S..of..l3 .... ,600544.9, L ....... ............. 

i 

...... D...W,..COAXS .......... Lag')ed !?LNG? 
Date *arted.. .. .??. .?UNE. 82. .......... Checked by ............... DF 

Oote ..... 8.JU.lY..8? ............ .... ??.JULY.?2., 

~ ,750. - 
T e s t  
fesult 
- 
" 

W% = 
23.6 

ICs = 
1.79 
MPa 
P.A. __ 

W% = 
14.9 

cs = 
6.43 

MPa 

W %  = 
9.3 

- 

cs = 
7.72 
MPa 

W% = 
13.0 
- 
Rernarlrs 

Galder Associates Scale: 
metric 



drilling , . . .  ~TARY..CO~.POLYM~R.FLUSH ..... ..... . .56.247.68...5.N... . ...... . .. . 
..._. , . .600544,9.€ .............. 

Rig . . .  . . _. .. ,.. . , . . . . . . . . . . .. , , .. , . . . . .. . . ._. LONGYEAR 44  Dip ... .6P ....... . . . ., . ....  ........ . .  . . .... L o c o ~ i o ~ . . ~ I I T . C ~ ~ ~ Y . ~ ~ S T E R Y . E S C A P ? M E r i ~ . .  

DRILLHOLE No. 82-924 

sheet..6.,of.J.3 _... 
0 

imuth - 
educe 
Level 
- 
" 

.....  - 

Voter 
Level 
- 
." 

...... R.W .... CDATES. .....__ by .._. PPfNGM 
Dote started.. ... 27JUNE. 8?. .. . .. . . .. . Checked by . . . . . OF . . . . . . . . . . . 

.7.5 . .I 0 
- 

rest  
1 S " l t  

- 
" 

s =  
.47 
MPa 

% =  
13.0 

s =  
MPa 
'48 

42.! 
26.: 

% =  
16.1 

10.5 

temarhs: 

. . . . . . . . . . Reference  elevation, ,,,DRILL , f~~op . ,  

Descr ipt ion 

103.2-103.4:  Uniaxial. 

107.2: M.C. 

110.8-111.1:  Claystone bed. 

111.7-114.3: Brownish gray; 
moderately  strong;  clayston 
bed. 

112.5-112.8: ATT. and 
Uniaxial. 
113.1: M.C. 

r' . . . . . . . 

Golder Associates Scole: 
metric 



0 z 
c " 
w 
0 
LL a 

7 

Type  of 
drilling ... ROTRRY.CPPE.PPCYMEP.F~USH ...... Coordinates 56247.6 8.. 5 . . K  

Rig ..... ..LONGYEAR. 4.4, ..................... Dip . .  . 6 P . .  .............................. Locolion. .YA!.WE.~K.fA$TERN.FStA~~MFNT.. 

....... ........... DRILLHOLE No. 82-924 

sheet..!..of..l3 .... .6DP5??..9. E.. ....... ............ 
0 

.5 S E R  
7- I Core I 

! . . .  
T- 
d M  

1 
" - 

" 

L 

. . . .  - 
la ter  
.eve1 - 
" 

contractor ...... P.W,COR~~S ........... Logged by .... ?P/NF?! 
started ..... 27..?YJlE.B? ........... Checked bY...PF.. ........ 

Dote  finished .... . B . J U L Y 8 2  ........... Date ....... 27 .. JULY.82 ... 

. N  1 6  . . 

rest 
esult 

- 0 

- 
" 

:s 
i.26 
MPa : =  
0.5 

= 

44.5 
. 26.3 

'acker 

i emorks  

l4j  .o 

Desc r ip t ion  

121.2-121.5: Claystone/ 
s i l t s t o n e  bed. 

121.4: M.C. 

122.0-124.7:  Laminated  gray 
green f ine  sandstone and 
dark gray-brown s i l t s t o n e  
(beds  generally  0.5-1.0 Cm 
thick):   laminae  offset  by 
small   faul ts :   s t r ingers  of 
carbonaceous  material. 

129.5-129.7: M.C. and 
Uniaxial. 

134.7-135.0: M.C. and 
Uniaxial. 

135.9-136.1: ATT. 

138.0-138.7: Core moderate1 
fractured. 

138.7-141.1: Packer t e s t  - 
FHT . 

Golder Associates S c a l e :  
metric 



0 z 

Type o f  
dr i l l ing ..... ROTARY.CO.~E.POLYMFR. .F l~ .~~  .... Coordino'es .56?4,76&5..N.. 

,600544.9. E.. 
....... ........... 
........ .......... 

DRILLHOLE No. 82-924 

Rig .......... LONGYEAR 4 4 . .  .................. DiP ... .6D.o.. ............................. LOCOfiOn,  .H~?.CRE~Y.EAS?fRN.ESCPRPMENT.. 

2 

4 

6 

8 

0 

2 

4 

6 

8 

. . . .  - 
l a t e r  
.eve1 
- 
" 

I .250 

r e s t  
e s u l l  

- 

- 
" . . 
.74 

&% 

: i  

1.5 
:s = 
'.41 
MPa 

b =  
1.3 
:s = 
1.89 

.D. : 
MPa 

8.7% 

......... 

144.1-144.3: M.C. and 
Uniaxial .  

155.9-156.1: M.C. and 
Uniaxial .  

157.0: S lake   durab i l i t y .  

158.8-160.3: Foss i l  
b ivalves.  

Golder Associates I Scale:  
metric 



Y 

uz 

w 

J 

d 

ur- 

d 

?d 

Type Of 
....... ........... ... ROSARY.CORE. P.QLYMER.FLYSH. ... CQordinotes ..562476,8,5..N.. 

, 6005443  I.. 

DRILLHOLE No. 82-924 

Shee t... 9..of,,l? .... ........ .......... 
Rig ......... .ION$YFPR 4 4 . .  .................. Dip.. . .6D.. ............................... Locotion. .HAT.CREEK.EASTERN. ESCARPMENT.. I 0 

ControCtor ...... Ph!,.G.QAES .......... Loggr!d by...P?fNGII 
Date *Orfed .... .?!.NYE..4? ............ Checked by...QF.. ........ 
Dote  finished .... 8.J.VLY.8? ............ Date ..... .Z?.JVLY. 82.. .. 

Reference elevation,,,,DRILL,FLOOR 

Descr ipt ion 

165.8-166.0: M.C. and 
Uniaxial .  

168.0-168.3:  Clay gouge 
zone and highly f rac twed 
core. 

175.5-175.8: M.C. and 
Uniaxial .  

GoUder Associates Scole: 
metric 



d 

d 

d 

l 
d 

d 

drilling .... ROTARY,,COR~,,POLYME,R,FLUSH ...... Coordinates ....... 55Z47.68-5.N .............. DRILLHOLE No. 82-924 

....... .600$94.9.E .............. Sheet""f"""' 

Rig..  . . . . .  .LQ.QNGKAR.!O... .................. Dip ... .60.. ............................... Locotion. .!?J .CR~EK,EASTERN.FZCAP?MENT., 0 

I Core I 
.... r 

..... .......... .O.!:, COATSS ... 
.??. .?!NE .?2.. Checked by DF .. ......... ................ 

LQ9Wd by PIILNGM 

27 ..J VLV.82 ... 

recemented. 
182.7-183.2: Lost core. 
182.6-182.7: M.C. and 
Uniaxial .  

190.4-190.7: M.C. and 
Uniaxial; 

192.1-192.2:  Fractured 
zone. 

193.6-193.9:  Fractured 
zone. 

198.1-198.3: M.C. and 
Uniaxial .  

199.4-200.0: Shear zone 

Golder Associates Scale: 
metric 



1 

r' 

1 

m! 

ui 

3 

Y 

Y 

Y 

mt 

d 
i 

k 

Type of 
.... ROTAR~,.CORE.PDLYMER.~LUSH. .... Coordinates.. ... .5624!68,..5.N.. .............. DRILLHOLE No. 82-924 

...... ,600544.9.E .............. Sheet.'l.,.of,.l'.... 

Rig.., . . . . .  LONG,YEAR..44.. ................... Dip.. . .60.. ............................... Locat ion.  .HAT.CREEK.EA$TERN.ESCARPMENT.. 0 I 
. . . . .  - 
Naler 
Level 
- 
." 

Contractor ...... 9, W,. CQ.4TES. .......... by...P?/NGM 
Date dar ted  27 JUNE 82 

Dote finished 8 JULY 82 Dote 27 JULY 82 
............................. Checked  by.. OF.. ........ 
............................. ......................... 

7.59 .€ - 
Test 
l esu l l  
- 
" 

W% = 
11.0 

ucs = 
2.98 
MPa 

- 

'acker 
FHT 
,. 
\ -  

1.67_8 
: 10 
m/s 

F 
ucs = 
9.5 

0 MPa 

4TT. 
L 34.1 
L 20.1 
I 14.; 

P.A. 

......... 

201.2-201.5: Shear zone; 
c lay  matr ix .  

202.2-202.3: Gray-green; 
fine-medium  grain;  sandston 
bed. 

203.4-203.6: M.C. and 
Uniax ia l .  

207.6-212.4: Packer t e s t  - 
FHT. 

210.4-210.5: Gray-green; 
fine-medium  grain;  rand- 
s tone:   c lea ies  readi lv  

sl ickensided. 

212.7-212.9: M.C.  and 
Uniax ia l .  

213.7-215.2: Interbedded 
claystone and gray-green; 

w i t h  carbonaceous par t ings.  
fine-medium  grain  sandstone 

217.6-218.2: Clay gouge and 
breccia; s o f t  c l ay   w i th  
anoular  fraoments of c lav -  
stone. 
218.0:  ATT. 

219.7-219.8: P.A.: Carbon 
bearing  calcareous wacke. 

Golder Associates I rnetrir I 



Y 

Rig ..... . . . L O N N E ~ R . ~ ~  ..................... Dip ... .60... .............................. Location. .YA?.CREE.K.EASTEPY.fSCARPMENT.. 0 

Core 

.ZS. .E.. 0 ........ 

lernorks: 

222.1-222.3: M.C. and 
Uniaxial .  
222.3-222.8: Lost Core. 

228.0: Fossil  bivalves. 

233.3-233.5: M.C. and 
Uniaxial .  

235.1-235.3:  Highly 
fractured zone. 

236.8-237.1:  Highly 
fractured zone. 

Golder Associates 1 Scale: 
rnctrir 



cr! 

u 

td 

Type of 
drilling .... R[)TARY..CORE.PO~YEIER.F.l~$H ..... Coordinates 5.624.768.5..N.. 

.500544..9. E.. 
........ ........... DRILLHOLE No. 82-924 

Sheet.!?..of,?? .... ........ ........... 
Rig ........ LQNFY.EAR.44 ..................... Dip ... .60.'.. .............................. Location. .H9?.CREEK.EAS?FPN.FSCAPPMEI??.. 

I ..... 
T 

....  - 
Voter 
-eve1 

n .7so - 
T e s t  

?esull 
- 
" -I- 

..... Reference  elevation ,,.DRILL ,FLWF 

Descr ipt ion 

I 

240.7: Calcite  veining. 

241.4-241.8:  Highly 
fractured and Sheared zone 

243.0-243.2: M.C. and 
Uniaxial .  

249.4-249.6: M.C. and 
Uniaxial .  



a 

.. 

d 
0 z 
c " 
Y 
7 
0 
LL a 

....... CONG!!AR,!4 ....................... Dip ...... 600 ............................. LOcafiOn ... HAT.CREEK.EASTERN.ESCRRPMENT. 

- 
educe 
Level 
- 
" 

093.0 - 

E 

N . . . . .  - 
Voter 
Level - 
." 

- 

- 

O E  .... - 
r e s t  
? S Y I  

- 
" 

- 

I _  . -  
.s = 
4.6 

MPa 

:s = 
1.39 
MPa 

?emarks 

D e s c r i p i i o n  
2 

4.0-4.2: M.C. and Uniaxial .  

B 4 . 8 - 9 0 . 4 M o d e r a t e l y  weathered; 

zone. 
7.1-7.2: Breccia zone; 
c lay   mat r i x .  
7.9-8.8: High ly   f ractured 
zone. 

10.3-13.6: H ich l y   a l t e red  
and brecciated zone; 

15.6-15-8: Un iax ia l .  

17.2-17.5: High ly   f ractured 
zone; c l a y   i n f i l l i n g s .  

19.3: Faul t   brecc ia.  

Golder Associates 1 metric I 



1 

irl 

Y 

Y 

uri 

Type of 
drilling..,ROTARY,CORE,POLYMER,FLUSH.,, .... CoordinOtes ..... 5625656..8..N ................. 

...... 600512.4.E ................ 

DRILLHOLE NO. 82-925 

Sheet ... ?..of...!!... 

Rig ........................................... LONGYEAR 44 Dip ... 600 ................................. Locot ion  ... ~ A ~ . C I ( E E 4 . E A S T E R N . E S C b P ~ ~ E ~ T .  

i Core 

!E.. - 
Test 
esul t  
- 
" 

cs = 
0.59 
MPa 

cs = 
3.59 
MPa 

cs = 
1.86 
MPa 

......... 

cont rac tor . .  ..... t!:lr:..con?!s.. ...... Logged bY..PP!NGM 
...... I.Q.J.U.LI.B? .......... Checked bY..F ........... 

Dote  finished .... .?!.. JUL!.!?. ......... Dote ........................ 20 AUG 82 

. Reference  elevation. ...D UI.LL ,FLOOR. 

D e s c r i p t i o n  

"" 

21.9-22.7: Fau l t   b recc ia .  

23.1-23.2: Uniaxial .  

27.3-29.4: H igh ly   f rac tu red  
brecciated, and a l t e r e d  
zone: abundant c l a y   i n  
f ractures 

32.5-32.7: Un iax ia l .  

34.3-34.4: Breccia zone. 

36.9-37.1: Uniaxial .  

37.5-40.2: Breccia zone 
and c lay  gouge; l o c a l l y  
h igh l y   a l t e red ;  some c l a s t s  
e x h i b i t   w e l l  developed 
a l t e r a t i o n  rims. 

Golder Associates I Scale:  
metr ic I 



..... ................. drilling.. !!T!!!.C!?RE.p?LyMER FLUSH.. ..... 5625.656..8.N 
DRILLHOLE No. 82-925 

Shee?.?..of.!? ..... .600512.4.E.. ..... .............. 
Rig . . . . . .  .LONGYEAR.!! ....................... Dip...6Oo ................................. LocationHA?.cP?E~K. .EASTERN.ESCAPPMEN.~... 

R I E  I S)/HUDDY "BLACK" Az imuth  .......................... 
" 

Core 

++ +- 

t 
I 
- I 
I 
I 
t I 
1 

.... 
T 

N 75' E ...................... 

voter 
e 2 2 Resuits .eve1 
2 8 Test 
" X  

m u  
- -. -. - - - 

18' 9 

- 
4 
- 
6 
- 

:/24/82 
3.3 m 8 

- 
6 

- 
6 
- 
9 
- 

7 

- 
7 
- 

2 

- 
3 

- 

ucs = 
28.10 

MPa 

7 
- 

5 
S.D. 
94.0% 

- 
8 

- 
10' 8 
- 

ucs = 
B 

35.13 
MPa 

15'- 

4 
- 

2 

- 
7 

- 
6 

. . . .  Reference  eievotion .... DRILL ,FLOOR ........ 
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TIERRtl  CONSULTING 
470 WEST  20TH  AVE. 
VANCOWER, B.C. 
V5Y-2C8 
TEL.: 876-5778 

Mr.  G.  Rawlings 
Golder  Associates 
224 West 8th ave. 
Vancouver, B.C. V5Y IN5 

Date 20-07"82 

re.  Project 8221524 A 

Dear Sir: 
Enclosed  please  find  petrographic  descriptions,  thin  sections  and 

remaining  sample  material  for 5 core  specimens  submitted  to  me,  via  Coots 
Petrographic  Services,  for  petrographic  analysis. 

All  five  samples  were  derived  from  andesitic  volcanic  flows,  and  contain 
well  developped  fluidal  textures  defined  by  subparallel  plagioclase  microlites. 
Spec. #3 66.5 m  is  a  flowbanded  andesite  with  flattened,  zeolite  filled 
vesicles.  Spec. #4a 86.6 m  and  spec. 82-923 131.9 m  are  andesite  breccias, 
in which  the  lithic  fragments  have  been  cemented  together  by  pale  green, 
amorphous  and  aphanitic  clay  minerals(?);  these  may  be  hydrothermal  smectites. 
Small  amounts  of  opal,  chalcedony,  and  in  the  case of spec. 82-923 131.9 rn 
small  tridymite  crystals,  occur  as  interfragmental  fillings  as  well.  Specimens 
#9 176.4 m  and #5 91.4 m are  trachytic  andesites,  characterized  by  microcrys- 
talline  aggregates of subparallel  plagioclase  and  by  nondescript,  intersertal 
material,  which  may  in  part  be  altered  glass.  These  two  samples  contain  only 
small  amounts  of  hydrothermal  clay minerals(?). 

Hopefully  these  descriptions  are  satisfactory  and  of  some  help  to  you 
in  your  investigations. If you  have  any  further  questions  regarding  these 
samples,  please  do  not  hesitate  to  contact  me  at 876-5778. 

Sficerely, q+ 
Peter .a der  Heyden 
M.s~. dologist 



Specimen i/ : 82-921 /I3 66.5 m 
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Classification : Altered,  flowbanded  andesite 

__ Mode : Plagioclase 45-50% 
Clayminerals 40-45% 
Zeolites 5% 
Indeterminate  minerals  smd 

alteration  product:s 5% 
Quartz <O .5% 
Opaques <1% 

Handspecimen : 

Thin  section : 

White  (altered,  clayminerals?),  aphanitic,  flowbanded  volcanic 
rock.  Flowbanding  is  defined  by  flattened  vesicles,  which  are 
partly  filled  with  very  fine  grained,  pink  coloured,  sferulitic 

undulating trai1.s.  Irregularly  shaped,  aphanitic and  somewhat 
zeolite(?) aggregates.  These  are  commonly  aligned in gently 

glassy,  grey-green  planar,  lenticular  and  elongate  bodies,  ranging 
up  to  several  cm  across,  are  probably  unaltered  domains;  similar 
material  occurs  as  thin  rims  around  vesicles. 

subparallel  plagioclase  microlites  (max. length 0.16 mm), which 
This  specimen  is  composed  predominantly of  very  fine  grained, 

give  the  specimen  a  characteristic  trachytic  texture,  and  is 
further  composed  of  minor  amounts of cryptocrystalline  inter- 
stitial  material.. No phenocrysts  were  observed.  The  feldspars 
are  severely  a1t:ered  (white  colour in handspecimen:  clayminerals?). 
Alteration  minerals  could  not  be  identified on account  of  their 
murky,  clouded  appearance  under  the  microscope. Also, the 
definate  composi.tion  of  the  prismatic  microlites  which  form  the  bulk 
of  this  specimen,  could  not  be  ascertained  microscopically. 
The  crystals  commonly  have  twins  resembling  Carlsbad  types,  and 
birefringence  and  optical  orientation  are  compatible  with 
plagioclase.  However, small amounts  of  feldspathoids  such  as 
nepheline  may  be  present.  Depending on wether  this  rock  is  com- 
posed  mainly  of  albite  or  more  calcic  plagioclase,  it  should  be 
classified  as a soda  trachyte  or  as  a  andesite;  the  latter 
classification i s  here  tentatively  applied. 

zeolite  aggregat:es.  Many  vesicles  have  thin (0.1 - 0.4 mm), 
relatively  dark,  cloudy  rims,  which  appear  to  be  more  altered 
than  volcanic  material  further  removed. 

A small, lithic  inclusion (0.65 mm across),  composed  of 
foliated(?)  quar’tz  and white  mica,  is  present  near  the  top  of  the 
section. Also, al small lenticular  area, 2.5 mm long, composed  of 
microcrystalline,  granular  polygonal  quartz  grains,  is  present 
along  one  side  of  the  section. 

volcanic  component  of  this  specimen.’Opaques  also  occur  in  close 
Fine  grained  opaques  are  thinly  scatterred  throughout  the 

association  with  zeolites in the  vesicles. 

Flattened  veriicles  are  partly  filled  with  faintly  radiating 

Y 
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Specimen # : 82-921  #4a 86.6 m 

Classification : Andesite  breccit% 

- Mode : Plagioclase  20-30% 
Clay  minerals(?) 20% 
Nondescript  alteration  products  50-60% 
Opal  2% 
Chalcedony 
Opaques  <l% 

tr 

Handspecimen : Severely  altered  and  brecciated  rock; cm  scale,  subangular,  grey 
and  black,  aphanitic  fragments,  set  in a very  fine  grained,  red 

which  have  been  healed  by  aphanitic,  cracked,  pale  green  material 
coloured,  matrix.  The  matrix  itself  appears  to  be  cut  by  fractures, 

patches  throughout  the  rock.  It  is  quite  soft,  and  resembles 
of  indeterminate  composition.  This  material  also  occurs  in  irregular 

porcelain.  It  is  quite  possibly  a  hydrothermal  clay  mineral.  (Note: 

as serpentine.) 
in  spec.  82-923  131.9  m  the  same  mineral was tentatively  identified 

Thin  section : The  specimen  is  a  breccia,  derived  from  a  extrusive  volcanic 
rock (flow),  similar to  specimen  82-921 #3 66.5 m. The  severely 

by  subparallel  plagioclase  microlites.  The  intersertal  matrix 
altered  lithic  fr.sgments  show  a  relict  trachytic  texture,  defined 

is  composed  of  murky,  brownish,  hematitic  (red  colour)  clayminerals(?). 
These  may  have  been  derived  from  intergranular  glass;  some  fragments 
have  characteristic  perlitic  cracks.  The  alteration  texture  is  very 

with  irregular  hematitic  patches  and  small  pools  of  brownish, 
patchy:  cloudy  and  murky  patches  of  altered  palgioclase  alternate 

cracked,  aphanitic  clay minerals(?). 

material  (clay  minerals?).  Remaining  cavities,  as  well  as  cross- 

micro-colloform  opal.  One  small  cavity  near  the  bottom  of  the 
cutting  fractures:,  have  been  filled, comonly only  partly, with 

very  fine  grained,,  high  relief  crystals)  are  locally  present  in  the 
section  is  filled  with  chalcedony.  Fine  grained  opaques (? may  be 

cores of small  cavities  and  along  the  center  of  some  fractures. 
Note : a small  fragment  along  the  left  side  of  the  section  has 
a  well  developped,  relict  flowbanding,  defined  by  thin,  dark  red 
streaks.  The  majority  of  the  fragments  have  a  more  even,  trachytic 
or  pilotaxitic  texture,  and  the  igneous'component of this  sample 
is  therefor  more  like  spec. # 82-921  #9  176.4  m  than  spec.  82-921 
#3  66.5  m.  However,  both  of  these  are  andesitic  volcanic  rocks. 

The  breccia  fragments  have  been  cemented  by  the  brown,  aphanitic 
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Specimen : 82-921 i15 91.4 q 

Classification : Trachytic  andesite 

Mode : Plagioclase 85-90% 

<1% 
10% 

2-3% 

1% 

Indeterminate  material 
Zeolites 

Opaques 
Zircon  and  apatite  tr 

 clay minerals(?) 

Handspecimen : 
bands  which  probab1.y  represent flow :layering.  The  specimen  is  somewhat 

Grey,  aphanitic  flow  rock,  with  thin,  faintly  defined  reddish 

glassy  and  has  macroscopically  visible  perlitic  cracks.  Thin,  dis- 

bands?)  are  oriented  at  approx. 45" to  the  stratification. 
continuous,  reddish  streaks  (same  material  as in red  stratified 

Thin  section : The  sample  is  composed  mainly  of  microcrystalline  plagioclase 
microlites  whiach  are  oriented  in  typical  fluidal  fashion  (trachytic). 
Intergranular  spaces  are  filled  with  indetrminate  intersertal  material, 
which  is  commonly  cpite  murky,  and  minor  amounts  of  micro-granular 
opaques.  Some  of  the  intersertal  material  may  be  altered  glass. 
Small  prisms  (up tcl 0.15 mm long)  of  altered  (opaques)  pyroxene 
or  amphibole,  some  of  which  form  micro-phenocrysts,  are  scattered 
throughout  the  spec.imen. 

Oriented  at  approximately 45' to  the  fluidal  (trachytic)  texture 
are  thin,  discontin.uous  streaks  or  seams  lined  with  zeolites(?)  and 

amorphous  material  is  locally  cracked.  Zeolites  are  commonly  sferulitic. 
filled  with  olive  to..brown  coloured,  amorphous  clay  minerals(?). The 

The  seams  are surounded by narrow  alteration  rims,  similar  to 
the  flattened  vesicles  in  spec. # 82-921 113 66 .5  m.  Their  orientation 
with  respect  to  the  fluidal  texture  suggests  that  the  seams  are 
healed  tension  fractures. 

(0.22 mm) are  present iramongst the  plagioclase  microlites. 
Very  rare,  rounded  inclusions  of  zircon  (0.10 mm) and  apatite 



Specimen # : 82-921 #9 ,176.4  m 

Classification : Trachytic  andesite 

- Mode : Plagioclase 85-90% 
Lamprobolite  (basaltic  hornblende) 5% 
Nondescript  intergranular  material 5% 
Glass  (palagonite) & clay  minerals 
Zeolites 

1-3% 
tr 

Quartz <I% 
Opaques 1% 

Handspecimen : Grey,  aphanitic,  locally  somewhat  glassy  looking  rock;  the  glassy 
appearance on some  fractured  surfaces  may  be  due  to  thin  coatings  of 
c:lay-.minei-&ls.  Thin  red  and  white  streaks  define  stratification 

bands,  which  are  not  represented  in  thin  section,  contain  minute, 
planes,  along  which  the  core  specimen  tends  to  break.  The  white 

disseminated,  red  coloured  crystals  of  indeterminate  composition. 

Thin  section : Insofar  as  igneous  character  is  concerned,  this  specimen  is  very 
much  like  the  three  samples  described  previously;  it  appears  to 
be  least  altered  and  fractured,  and  only  contains  minimal  amounts 
of  secondary,  deuteric  minerals.  Hence  this  specimen  may  be  taken 
to  be  representative  of  the  andesitic  nature  of  this  suite. 

plagioclase  microlites (up  to 0.25 mm long),  which  give  this  spec- 
The  sample  consists  typically  of  very  fine  grained,  subparallel 

microscope.  The  plagioclase  may  be  albite,  judging  by  low  relief 
imen  its  characteristic  trachytic  or  pilotaxitic  texture  under  the 

and  small  extinction  angles  of  small  Carlsbad  twins. 

phenocrysts  up  to 0.65 mm long,  is  locally  more  or  less  altered 
to  fine,  granular  opaques;  together with  nondescript,  partly 
vitric  intergranular  material,  it  forms  the  remainder of this 
specimen. 

by  plagioclase  microlites,  are  filled  with  brownish  palagonite  or 
clay.!minerals,  and  minor  zeolites.  Other  seams  and  small,  irregular 
patches up to 0.5 mm across,  contain  clear,  fine  grained  quartz. 

hornblende,  occurs  disseminated  in  intergranular  spaces  throughout 
Very  fine  grained  opaque  material,  partly  derived  from  basaltic 

the  sample. 

Intergranular,  brown  lamprobolite,  which  commonly  forms  micro- 

A few  thin  seams,  parallel  to  the  fluidal  texture  defined 

Y 



Specimen i/ : 82-923  131.9  m 

Classification : Andesite  breccia 

- Mode : Plagioclase 30% 
Serpentine(?)  or  clay  minerals(?) 30% 
Nondescript  material  (inc.1.  glass(?))  20% 
Pyroxene <lo% 
Opal,  chalcedony,  tridymi.te & quartz 5-10% 
Zeolites (?) ? 
Opaques  <1% 

Handspecimen : Volcanic  breccia  with  densely  packed,  grey  and  black,  aphanitic 
to  glassy,  subrounded  to  angular  fragments  ranging  from  sub-mm 

coloured  ones,  commonly  have  light  coloured  alteration  rims.  The 
scale  to  several  c:m  across.  The  fragments,  particularly  the  dark 

grained  mineral  aggregates:  green  (serpentine?),  white  (zeolites?), 
interfragmental  sp'aces  are  filled  with  aphanitic  and  very  fine 

and  lesser  amounts:  of  light  blue  (opal?)  material. 

Thin  section : The  fragments  in  this  specimen  are  composed  of  very  fine  grained 
andesite  with  characteristic  trachytic  or  pilotaxitic  texture. 
Abundant  subparallel  plagioclase  microlites  (exact  composition 

phenocrysts  up  to 0.15 mm) and  lesser  amounts  of  colourless 
indeterminate  due  to  fine  grain  size;  aver.  size 0.06 mm, micro- 

pyroxene  (hypersth.ene as well as pigeonite??),  are  set  in  a  non- 

composed  of  devitrified  glass  (palagonite)  and  deuteric  serpentinel?) 
descript,  brownish.  intersertal  matrix.  The  matrix  may  be  partially 

A  few  small,  granular  opaques,  up  to 0.06 mm across,  are  widely 

The  darker  borders  of  the  fragments  appear  to  be  due  to  higher 
scattered  throughout  the  fragments;  they  are  probably  magnetite. 

borders  are  light  coloured  in  handspecimen). 
concentrations  of  dark,  murky  alteration  products  (note  that  these 

handspecimen!),  radial  serpentine(?)  aggregates,  and  filled  with 
The  interfragmental  spaces  are  lined  with  pale  brown  (green  in 

colloform,  bluish  opal,  tabular  tridymite  crystals,  radial  chal- 
cedony,  and  granular  quartz.  Possibly  minor  amounts  of  radiating 

distinguished from other  radiating  deuteric  minerals.  The  material 
zeolites  are  present  as  well,  but  these were not definately 

here  tentatively  identified as serpentine is commonly  cracked,  is 
quite  soft  (scratched  by  needle  in  handspecimen),  and  has  negative 
relief  wrt.  Canada-balsam.  Its  macroscopic  appearance  is  very 
similar  to  serpentine,  but  only XRD analysis  would  give  conclusive 
information  in  this  regard.  Note  that  identical  material in the 

three  previously  described  specimens was tentatively  identified  as 
clay minerals~of hydrothermal  origin. If this  material  is  indeed 
composed of clay  minerals,  the  most  likely  variety  would  be  one  of 
the  smectites,  such  as  montmorillonite,  saponite  or  nontronite. 
All  of  these  are  common  hydrothermal  alteration  products  of  volcanic 

montmorillonite or  saponite are  the most  likely candidates. 
rocks,  and can occur in hot spring environments. In  terms  of  relief, 



ri 

JAMES  VINNELL. Manager 

JOHN G. PAYNE. Ph.D.Geololirt 

Golder  Associates 
Attn. Mr. D. Finley 
224 West 8 t h  Ave. 
Vancouver, B. C. 
V5Y IN5 

P.O. BOX 39 
8887 NASH  STREET 

VGX 1JO 
FORT  LANGLEY, E.C. 

PHONE ( 6 0 4 )  888-1323 

Sept.  7 ,  1982 

Inv. // 3& 

Dear S i r :  

Enclosed   p lease   f ind   pe t rographic   descr ip t ions   for  8 specimens  from 

t h e  Hat  Creek a rea ,  as well as t h i n   s e c t i o n s  and  remaining  sample  material. 

The specimens  have  been c l a s s i f i e d  as fol lows : 

.. Spec. 
\ Spec. 
.- Spec. 

- Spec. 

\ Spec. 
-Spec. 

\Spec.  
Spec. 

# 82-925 
// 82-925 
# 82-925 

# 82-923 

I/ 82-923 

!/ 82-924 
{/ 82-923 

# 82-924 

127.6-129.85 m : 
87.37-87.59 m : 
168 m 

236.1-236.2 m : 

166.7-166.8 m : 
195.4-195.5.5 m : 

219.7-219.76 m : 
84.9-85.1 m : 

Al te red   andes i t e   b recc i a  
Pyroxene  andesite 
Crys t a l - l i t h i c ,   c l ay  rich ( a l t e r e d )  
tu f f -brecc ia  
Clay r ich ( a l t e r e d )   v e s i c u l a r   a n d e s i t e  
b recc ia  
Feldspathic  wacke (sandstone) 
Ves icu lar   andes i te  
Carbon bear ing   ca lcareous  wacke (sandstone) 
Altered c r y s t a l - l i t h i c   t u f f - b r e c c i a  

A s  f o r   t h e  specimens  from t h e  same a rea  which I have  described  on 
a previous  occasion, I favox a hydro the rma l   t ype   a l t e r a t ion   fo r  the 
development  of  the  green, amorphous clay  minerals   in   the  volcanic   specimens.  

I have  adjusted  the  format  of my desc r ip t ion  somewhat f o r   t h e   s a k e   o f  
expedience,  but you w i l l  f i nd  a l l  the   ma jo r   f ea tu re s   o f   t hese   rocks   a r e  well 
covered. It must b e   r e a l i z e d   t h a t   e x a c t   i d e n t i f i c a t i o n  of t h e   v e r y   f i n e  

microscope.  Analyses  of  clay  minerals would only   be   poss ib le  by XRD and/or  
grained,  murky materials i n   t h e   t h i n   s e c t i o n s ,  i s  not   poss ib le   under   the  

DTA . 
contac t  me at  876-5778. 

If you  have  any  further  questions  regarding  these  specimens,   please 

Y SAMPLE  PREPARATION  FOR  MICROSTUDIES IPETROGRAPHIC  REPORTS SPECIAL  GEOLOGY  FIELD  STUDIES 
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Specimen # : DDH 82-925  127.6-129.85 m 

C l a s s i f i c a t i o n  : Andes i te   b recc ia   (a l te red)  

- b d e  : Plag ioc la se  
Pyroxene 

Matrix material 
Unident i f ied material 

40-45% 
5% 

10-15% 
4 0% 

Hand specimen : Severe ly   a l te red   b recc ia  composed of   b lu ish-grey ,   f ine   g ra ined   vo lcanic  
fragments  upto several cm i n  s i z e ,  set i n  a v io l e t -b lue  and waxy, 

of a primary  cohe,sive  volcanic  rock. 
green matrix. The f r a c t u r e   p a t t e r n   s u g g e s t s   c a t a c l a s t i c   d e f o r m a t i o n  

Thin  sect ion : This  specimen is ;3 brecc ia t ed   ve r s ion  of specimen # 82-925  87.37- 
87.59 m. The t ex tu re   o f  the volcanic   f ragments  is t y p i c a l l y   t r a c h y t i c ,  
as def ined  by abundant ,   subpara l le l   p lag ioc lase   micro l i tes   and  less 
common microphenocrysts. The specimen was c l e a r l y  a ex t rus ive   vo lcan ic  
rock   ( f low)   p r io r   t o   b recc i a t ion .  The groundmass o f   t he   vo lcan ic  
component is rather   nondescr ipt   (c loudy,  murky and f i n e   g r a i n e d ) ,  
and may have been   g l a s sy   p r io r   t o   a l t e r a t ion .  The  specimen is 

Volcanic  fragments are set i n  a brownish  (green  in  hand  specimen), 
c l a s s i f i e d  as a andesi t ,e  on account  of i ts  p lag ioc lase   conten t .  

microscope,  but which i n   a l l   l i k e l i h o o d   c o n t a i n s   m a i n l y   c l a y  minerals. 
ve ry   f i ne   g ra ined  matrix which   could   no t   be   ident i f ied   under   the  

P lag ioc la se  : Microl i tes   averaging  0.1-0.15 mm in   length,   microphenocrysts  up t o  
0.45 m. Both  carlsbad and a lb i t e   tw inn ing  i s  present .  

Pyroxene : Rare, slender  hypersthene(??)  microphenocrysts up t o  1.8 mm long. 
mre commonly a s  small, s t u b b y   l a t h s   i n t e r s t i t i a l  between p l ag ioc la se  
m i c r o l i t e s .  

Groundmass of   volcanic  component : b r k y ,   u n i d e n t i f i e d  material, p o s s i b l y   d e v i t r i f i e d  
g l a s s .  

Mat r ix   mater ia l  : Brownish material., probably  mainly composed of c l ay  minerlas. The 
b l u i s h  material s e e n   i n  hand specimen was n o t   i d e n t i f i e d   i n   t h i n  
sec t ion .  
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Specimen # : DDH 82-925 87.37-87.,59 m 

C l a s s i f i c a t i o n  : Pyroxene  andesite 

- Mode : Plag ioc la se  90-95% 
K-feldspar trace 
Pyroxene 2-3% 

Nondescript material 
I l m e n i t e ( ? )   t r a c e  

5% 
Clay  minerals(?) 3% 

Hand specimen : Grey, waxy, aphan i t i c   t o   f i ne   g ra ined   vo lcan ic   rock .  The waxy, greenish  
m a t e r i a l   ( s m e c t i t e ? ? )   o c c u r s   a l o n g   d i s t i n c t   p e r l i t i c   c r a c k s .   T h i s   r o c k  
was ev iden t ly   qu i t e   g l a s sy  a t  one  time. 

Thin   sec t ion  : The t e x t u r e  of t h i s  specimen is micro-porphyrit ic,  with a l o c a l  
f l u i d a l   ( t r a c h y t i c )  t e x t u r e   i n  a dominant ly   fe l ted ,   microcrys ta l l ine  

p e r l i t i c   c r a c k s   c u t  across   the  specimen.   Late ,   secondary  f ractures  
groundmass which is composed mainly of plagioclase.  Conspicuous 

p a r t l y   f o l l o w   t h e   p e r l i t i c   c r a c k s ,  and have been  healed by  amorphous, 
col loform  c lay  minerals(?)   and  local ly   contain small amounts  of 
re la t ive ly   coarse   g ra ined   K-fe ldspar .  On account of i ts  p lag ioc la se  
c o n t e n t   t h i s  specimen is c l a s s i f i e d  as a andes i t e .  

P lag ioc lase  : Dominantly as m i c r o l i t e s   i n   t h e  groundmass; some microphenocrysts 
wi th   car l sbad   and   , a lb i te   twinning   a re  also present .  Maximum l e n g t h  
is about  0.15 rum. Very small amounts  of  R-feldspar  occur  in l a te  
f r a c t u r e s .  

Pyroxene : Conspicuous  microphenocrysts up t o  0.7 mm long, commonly forming 
small c l u s t e r s  up 'to 1.5 mm i n   s i z e .  Both   o r tho-   ( s t ra ight   ex t inc t ion)  
and  c l inopyroxene  ( incl ined  ext inct ion)  may be  present .  

I lmen i t e (? )  :Opaque prisms  up  to 0.8 ma long,   scat tered  throughout   the  specimen.  

Matrix : Nondesc r ip t ,   c ryp toc rys t a l l i ne ,   i n t e r se r t a l  material, poss ib ly  
d e v i t r i f i e d   g l a s s .  

Clay minerals(?): Amorphous, brownish  (green i n  hand  specimen) m a t e r i a l   a l o n g   f r a c t u r e s ,  



A?-" S ecimen # : DDH 82-925  168 m (2  t h i n   s e c t i o n s )  

C l a s s i f i c a t i o n  : C r y s t a l - l i t h i c ,  c:tay r i c h   ( a l t e r e d )   t u f f - b r e c c i a  

- k d e  : Plag ioc la se  30-35% 
Clay minerals 60% 
B i o t i t e  + un iden t i f i ed  material 5-10% 

Hand specimen : Very f r i ab le ,   g reen : i sh   g rey   c l a s t i c   rock  composed mainly  of  amorphous, 
aphani t ic   c lay   minera ls .   L i th ic   f ragments  are angular   to   subangular ,  
and  range up t o  2 a n  i n  s i z e .  

Thin  sect ion : The microscopic character o f   t h i s   rock  is that of a c r y s t a l - l i t h i c  
tu f f -brecc ia ,  which was deposi ted in  a c l ay  rich environment. However, 
t h e   c l a y   m a t r i x  of t h i s  specimen may very  well be   due   t o   pe rvas ive  
a l t e r a t i o n   o f  a ver:? f ine  grained  pr imary  tuffaceous matrix. The 
subrounded  form of some crys ta l   f ragments   sugges ts  some amount of  
sed imentary   t ranspor t   p r ior  t o  f i n a l   d e p o s i t i o n .  k s t  o f   t h e   l a r g e r  
fragments are f i n e  grained t o  a p h a n i t i c ,   a l t e r e d ,   t r a c h y t i c   t e x t u r e d  
volcanics   of   andesi t ic   composi t ion.   Crystal   f ragments   are   predominant ly  
composed of  p1agioc:lase; a few small f l a k e s   o f   b i o t i t e  were observed 
a s  well. A large vokan ic   f r agmen t   i n   one   o f   t he   t h in   s ec t ions   has  
t y p i c a l   p e r l i t i c   c r a c k s ,   i n d i c a t i v e   o f  i t ' s  g lassy   na ture .  

P lag ioc lase  : M i c r o l i t e s   i n   v o l c a n i c  clasts, c rys ta l   f ragments  up t o  1 mm i n   s i z e .  
The la t ter  commonly exh ib i t   o sc i l l a to ry   zon ing .  They probably  represent  
broken  phenocrysts. 

Clay  minerals : Amorphous, brownish  (grey-green i n  hand specimen)  material i n  grounmass, 
probably  mainly  smectites.  

B i o t i t e  and un iden t i f i ed   ma te r i a l  : Thinly  scat tered  throughout  the specimen. Many 
f ine   g ra ined   f ragments   could   no t   be   ident i f ied   due   to  small s i z e  and 
s e v e r e   a l t e r a t i o n .  

- Note : F r a c t u r e s   i n   t h i n   s e c t i o n  were aquired  during  sample  preparat ion.  

Y 
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d Specimen # : DDH 82-923  236.1-236.2 m 

C l a s s i f i c a t i o n  : Clay r i c h   - ( a l t e r e d )   v e s i c u l a r   a n d e s i t e   b r e c c i a  
Y 

Y 

Y 

U 

w 

3 

ri 

Y 

Y 

r 

L 

__ Mode : Plag ioc la se  
Pyroxene 

Opal 
Clay  minerals 

Nondescript material 

20% 
10% 
65% 
1% 

3-5% 

Hand specimen : This specimen is a brecc ia  composed o f   ve ry   f i ne   g ra ined   t o   aphan i t i c ,  
g rey ,   ves icg tar  and  amygdaloidal  volcanic  flow  fragments, set i n  a 
ma t r ix   r i ch   i n   g reen i sh   c l ay   mine ra l s .   Ves i c l e s  are l ined   wi th   b lue-  
vo i l e t ,   co l lo fo rm material and l o c a l l y   f i l l e d  with w h i t e   z e o l i t e s .  

Thin s e c t i o n  : Volcanic  fragments :in t h i s  specimen are porphyr i t i c   andes i t e s ,  
c o n s i s t i n g  of  p l ag ioc la se  and  pyroxene  phenocrysts set i n  a a l t e r e d ,  
ve ry   f i ne   g ra ined   ma t r ix   w i th   p l ag ioc la se   mic ro l i t e s  and i n t e r s e r t a l ,  
ra ther   nondescr ip t  murky ma te r i a l ,  which may be d e v i t r i f i e d   g l a s s .  

def ined  on account  of pervasive a l t e r a t ion   o f   bo th .  The c l a y  r i c h  
The boundaries  between fragments and matr ix  ma te r i a l  are not  very well 

ma t r ix   con ta ins   abundan t   l i t h i c   and   c rys t a l  clasts. One o f   t h e   l i t h i c  
c l a s t s   a p p e a r s   t o   b e  a c r y s t a l   t u f f .   V e s i c u l a r   c a v i t i e s   i n   t h e  
volcanic  clasts are l ined  with  micro-col loform  c lay  minerals(?)   and 
th in   coa t ings   o f   opa l .   Loca l ly  very minor calcite is present  as well. 
Zeol i tes   were   no t   observed   in   th in   sec t ion ,   bu t   they   a re   p resent   in  
hand  specimen. 

P lag ioc la se  : Phenocrysts  and  crystal   fragments up to   1 .2  mm long,   with  car lsbad,  
a l b i t e  and r a re   pe r i c l ine   tw inn ing .  These commonly exh ib i t   o sc i l l a to ry   zon ing .  Also 
fo rms   mic ro l i t e s   i n  matrix of  fragments.  

Pyroxene : Conspicuous  phenocrysts  and  crystal   fragments up t o  0.7 mm across .  
Local ly  formong small a g g r e g a t e   c l o t s .  Both c l ino -  and  orthopyroxene 
may be  present.  

Clay minera ls  : Ifainly  nondescript ,   brownish,   very  f ine  grained  or amorphous ma te r i a l  

walls. 
i n  the graoundmass. Also as micro-colloform  coatings  on some v e s i c l e  

Opal : Thin, i s o t r o p i c   c o a t i n g s  o f  some ves ic les .   Blue-v io le t   co lour  i n  hand 
spec h e n .  

Nondescript material : In t e r se r t a l   i n   vo lcan ic   f r agmen t s ,   poss ib ly   ma in ly   dev i t r i f i ed  
g l a s s .  
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Specimen # : DDH 82-923  195.4-195'.55 m 

C l a s s i f i c a t i o n  : Feldspa th ic  wacke (sandstone) 

- Mode : Plag ioc la se  
Quar tz  

70-75% 
10;; 

B i o t i t e  2-3% 
~ s c o v i t e   t r a c e  
Pyroxene(?)  and  hornblende(?) 1% 
Matr ix   mater ia l   (c lay   minera ls?)  10-15% 

Hand specimen : Extremely   f r iab le ,   l igh t   g reenish-grey ,  medium g r a i n e d ,   b i o t i t e   b e a r i n g  
c l a s t i c   ( s ands tone ) .  A f a i n t   l a y e r i n g  is o r i en ted  a t  about 30' t o  
t h e   l e n g t h   o f   t h e  core. 

Thin s e c t i o n  : This  specimen is a immature  (both i n  a mechanical  and in  a chemical 
sense),   moderately to poor ly   sor ted ,  medium grained  sanstone,  
composed predominant ly   of   plagioclase  grains  set i n  a nondescr ipt ,  
ve ry   f i ne   g ra ined ,  somewhat brownish  matrix,  which i s  probably 
l a r g e l y  composed of c lay   minera ls .  Maximum g r a i n s i z e  i s  2.7 mm. 
Other   mater ia l s   p resent  i n  t h e   c l a s t i c   p o r t i o n   o f   t h i s   r o c k  are 
quar tz ,   fe ldspar ,   b io t i te ,   muscovi te ,   pyroxene(?)  and hornblende(?).  

P lag ioc lase  : Predominantly subangu:Lar t o  subrounded s i n g l e   c r y s t a l   g r a i n s   u p   t o  
1 . 2  mm across .  Nost g+a ins   exh ib i t   tw inn ing   ( ca r l sbad ,   a lb i t e  and 
p e r i c l i n e )  and many have osc i l la tory   zoning .  Many g ra ins  are f r ac tu red .  
A few l i t h i c   g r a i n s   ( a n d e s i t e )   a r e  composed predominant ly   of   very  f ine 
g ra ined ,   t r achy t i c  and f e l t e d   p l a g i o c l a s e   m i c r o l i t e s .  

Quartz : The l a rges t ,   sub rounded   g ra ins   i n   t h i s  specimen are composed of   f ine   g ra ined ,  
deformed l i t h i c   q u a r t z .   S m a l l e r   g r a i n s   w i t h   v e r y   f i n e   g r a i n e d ,   c h e r t y   t e x t u r e  
and   s ing le   g ra ins   o f  undeformed quartz  are present  as  well. 

B i o t i t e  and  muscovite : Deformed f l a k e s  up to 1.2 mm i n   s i z e ,   b e n t  between f e ldspa r  
grains.  Muscovite i s  r e l a t i v e l y   r a r e .  

Pyroxene(?)  and  hornblende(?) : Minor, small   fragments  with  high re l ief ,  h igh   b i -  

pleochroism. 
re f r ingence   and ,   in   the   case   o f   hornblende(?) ,   g reen  



Specimen # : DDH 82-923 166.7-1661.8 m 

C l a s s i f i c a t i o n  : Vesicular   andes i te  

- Mode : Plag ioc la se  
Pyroxene 
Al t e ra t ion   p roduc t s  

7 0-7 5% 
2-3% 

25-30% 

Hand specimen : S e v e r e l y   a l t e r e d ,   f r i a b l e ,   g r e y   v e s i c u l a r   v o l c a n i c   r o c k .  Some 
v e s i c l e s  are l ined   w i th   f i ne   g ra ined   g reen i sh  material ( c r y s t a l l i n e ) .  
Others  are f i l l e d   w i t h   c l a y   m i n e r a l s .  

Thin s e c t i o n  : This  specimen i s  a ex t rus ive   andes i t i c   vo lcan ic .  It 's t e x t u r e  is 
i n t e r s e r t a l :  a f e l t e d  mass of   p l ag ioc la se   mic ro l i t e s   enc loses   i n t e r -  

mainly  c lay  minerals .  Very small amounts of z e o l i t e  and v e r y   f i n e  
s t i t i a l  pyroxene a:nd murky, brownish a l te ra t ion   p roducts ,   p robably  

v e s i c l e   w a l l s .  
g r a i n e d   g r e e n   m a t e r i a l   ( m a l a c h i t e ? ? )   a r e   l o c a l l y   v i s i b l e   a l o n g  

Plag ioc lase  : Abundant micro l i tes   forming  a f e l t e d  mass; maximum c r y s t a l   l e n g t h  is 
about 0.45 mn. 

Pyroxene : Smal l ,   anhedra l ,   co lour less   g ra ins  up t o  0.3 mm a c r o s s ,   i n t e r s t i t i a l  
between p l a g i o c l a s e   m i c r o l i t e s .  

Al te ra t ion   p roducts  : Mainly brownicih, amorphous, i n t e r s e r t a l   c l a y   m i n e r a l s ,   i r r e g u l a r l y  
d i s t r ibu ted   t h roughou t   t he  specimen  and as coa t ings  on v e s i c l e  

well as subhedra l   c rys t a l s  on some v e s i c l e   w a l l s  and  along 
sur faces .   Zeol i tes   occur  as very thin, col loform  coat ings as 

i r r e g u l a r   v e i n l e t s .  



Specimen # : DDH 82-924  219.7-219.76 m 

C l a s s i f i c a t i o n  : Carbon bear ing   ca lcareous  wacke (sandstone) 

Mode : Quartz __ 
Plag ioc la se  
m s c o v i t e  
Calcite 
Carbon 
Clay mine ra l s ( ? )  

4 0% 
2-3% 

40-4 5% 
2% 

7-1 0% 
2-3% 

Hand specimen : Grey, f ine   g ra imd,   l amina ted ,   micaceous   and   ca lcareous   c las t ic  
rock. The dark;thin  laminae are r ich   in   carbonized   organic  
material ( s t i cks ,   l ea f   f r agmen t s ) .  

Thin  sect ion : This  specimen is a f fne   g ra ined ,   loose ly   packed ,   g r i t ty  wacke 

and  minor  amounts  of c l a s t i c   muscov i t e ,  set i n  a rather murky 
(sandstone) ,  composed of   angular   quar tz ,   fe ldspar   and   cher t   g ra ins ,  

ma t r ix  composed predominantly of calcite and lesser amounts of 
brownish  clay  minerals(?).  The opaque  carbon laminae, which de f ine  

with c e l u l a r   t e x t u r e s ,   i n d i c a t i v e  of their o rgan ic   o r ig in .  
the   macroscopic   s t ra t i f ica t ion   o f   the   sample ,   conta in   f ragments  

Quartz : Angular  and  subangular  grains up t o  0.2 mm ac ross .  Commonly undulose. 
Seve ra l   g ra ins  are l i t h i c ,   m i c r o c r y s t a l l i n e  chert (about 5% o f   t h e  
c l a s t i c  component). 

P lag ioc lase  : Angular  and  suban.gular  grains up t o  0.2 mm i n  size.  Relacively 
minor  component. 

M s c o v i t e  : Small ,   subhedral   f lakes  up t o  0.22 mm ac ross ,  commonly bent.  

C a l c i t e  : Very f ine   g ra ined ,   anhedra l   g ra ins  and  amorphous material in   ma t r ix .  
It is n o t   e v i d e n t   i f   t h e   c a l c i t e  i s  a primary component o f   t h i s  
rock,   or   wether  it Is due to secondary  replacement. 

Carbon : Opaque laminae  and rare ce lu la r   f ragments .  

Clay  minerals(?) : Murky, brownish,   nondescr ipt   mater ia l   d is t r ibuted  throughout   the 
matrix. 



J Specimen # : DDH 82-924 84.9-85.1 m 
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C l a s s i f i c a t i o n  : A l t e r e d   c r y s t a l - l i t h i c   t u f f - b r e c c i a  

- Mode : Plagioc lase  
B i o t i t e  

2 5 %  
..1-2% 

Nondescr ip t   a l te ra t ion   p roducts  80-85% 

Hand specimen : Severe ly   a l t e r ed ,   g reen i sh   g rey   t u f f -b recc ia .  Abundant angular  
volcanic   f ragments ,   ranging up t o   s e v e r a l  cm i n  s i z e ,  are set i n  
a g reen ,   c l ay   r i ch   ma t r ix .  The fragments  themselves are comonly  
a l t e r e d   t o   w h i t e ,   f i n e   g r a i n e d  material. Some of   the  dark  f ragments  
have a d i s t i n c t  g:tassy appearance. A f e w  fragments are surrounded 
by l i m o n i t i c   a l t e r a t i o n   h a l o s .  

Thin  sect ion : Microscop ic   t ex tu res   i nd ica t e   t ha t   t h i s   spec imen  is a c r y s t a l - l i t h i c  
t u f f -b recc ia ,   w i th   angu la r   c rys t a l  :fragments  (mainly  plagioclase)  and 
angular   to   subrounded  l i th ic   f ragments  (andesite) set i n   a . v e r y   f i n e  
grained,  murky mat.rix,  which may cons is t   main ly  of c lay   minera ls .  

many l i t h i c  fragments precludes d e f i n a t e   i d e n t i f i c a t i o n   o f  
The severe  a l t e r a t . i o n  and f i n e  grained  nature  of  both  matrix  and 

component minerals: .   Fluidal  ( . trachytic  and  f low  banded) and f e l t e d  
t ex tu res   o f  most l i t h i c   f r agmen t s   sugges t   de r iva t ion  from ex t rus ive  
andes i t i c   vo lcan ic s .  

P lag ioc lase  : Angular c r y s t a l   f r a g m e n t s   u p - t o  1 mm i n   s i z e ,   l o c a l l y   w i t h   c a r l s b a d . &  
a lb i t e   tw inn ing  and osc i l l a to ry   zon ing .   Mic ro l i t i c   p l ag ioc la se   occu r s  
i n   t r a c h y t i c  and f e l t e d   l i t h i c   f r a g m e n t s .  

B i o t i t e  : Smal l ,  subhedra l   f lakes  up t o  0.3 mm a c r o s s ;   t h e s e  are t h e   o n l y  
recognizable   c rys ta l   f ragments   apar t  from plag ioc lase .  

Nondescript material i n   m a t r i x ,   a l t e r a t i o n   p r o d u c t s  : Very f i n e   g r a i n e d ,  murky 
ma te r i a l ,  which  co.uld  not  be  identified  under  the  microscope.  Occurs 
b o t h   i n  l i t h i c  fra,gments  and in  the tuffaceous  matr ix .   Probably 
predominantly composed of   c lay   minera ls ,   wi th   loca l ized   l imoni t ic  
patches.  

Y 
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ADDENDUM 3 

Magnetic and  Resistivity Surveys 
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C1assificat:ion of Parameters Used i n  

N G I  Tunnelling  Quality Index (Q) 
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TABLE 7 - CLASSIFICATION OF INDIVIDUAL PARAMETERS USE0 I N  THE NGI TUNNELLING QUALITY INDEX 

lpRW 1. ROCK QUALITY DESIGNATION 

Description  Value Notes 

A. Very poor 

8 .  Poor 

C. F a i r  

D. Good 

E. Excel lent  

D - 25 1. Where RQO is   repor ted  or   masured as 
25 - 50 

50 - 75 
15 - 90 
90 - 100 

- ,< IO ( inc lud ing 0 I ,  a nominal  value 
o f  ID i s  used to   evaluate Q. 

2 .  RQD i n t e r v a l s   o f  5. i .e.  100,  95, 90 e tc  
a re   su f f i c ien t ly   accura te .  

2 .  JOINT SET NUMBER 

A.  Massive, no or few j o i n t s  

B. One j o i n t   s e t  

C.  One j o i n t   s e t   p i u s  random 

0. Two j o i n t   s e t s  

E. Two j o i n t   s e t s   p l u s  random 

F .  Three j o i n t   s e t s  

G .  Three jo in t   se ts   p lus  random 

H. Four or w r e  j o i n t  sets, 
random, heav i l y   j o in ted  
'sugar  cube',  etc 

J. Crushed rock,   ear th l ike 

,J " 
0.5 - 1.0 

2 

3 
4 

6 

3. JOINT ROUGHNESS NUMBER J r 

a.  Rock wall contact and 
b. Rock wall contact  before 

10  ems shear. 

A. Discont inuous  jo in ts  4 

B. Rough or i r regular ,   undulat ing 

C .  Snaoch, undulating 

D. Sl ickensided,  undulat ing 

E. Rough or i r regular ,   p lanar  

F. Smooth. planar 

6. Sl ickensided,  planar 

e. No rock wall contuct 
when sheared. 

3 
2 

1.5 

I .5 re levan t   j o in t   se t  i s  greater  than 3m. 
1.0 

0 . 5  ensided jo in ts   hav ing  l ineat ions.   prov ided 

1. Add 1.0 i f  the m a n  spacing o f   the  

2 .  Jr = 0.5 can be  used fo r   p lana r ,   s l i ck -  

strength.  
the   l inea t ions   a re  orientated f o r  minimum 

H. Zone conta in ing  c lay  minera ls  

wa l l  contact, 
t h i c k  enough to  prevent  rock 

zone t h i c k  enough t o  prevent 
rock wall contact. 1 .o  

1 .o 
J. Sandy, g rave l l y  or crushed 

Y 

Y 

d 

4. JOINT ALTERATION NUMBER 

a.  Rock mZl contact. 

Ja mr(approx.) 

A. T i g h t l y  healed,  hard, n o w  
softening, impermeable f i l l i n g  0.75 - 
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3 

U 

3 

3 

3 

J 

3. Unaltered  joint  walls,  surface 
staining  only 

:. Slightly  altered  joint  walls 
"on-softening  mineral  coatings, 

disintegrated  rock,  etc 
sandy  particles,  ciay-free 

small  clay-fraction (now 
softening) 

1. Silty-, or sandy-clay  coatings. 

E .  Softening  or low friction  clay 
mineral  coatings, i.e. kaolinite, 
mica.  Also  chlorite, talc. gypsum 
and  graphite etc., and  small quan- 

continuous  coatings, 1-2mm or 
tities  of  swelling clays. (Dis- 

less in thickness) 

b. Rock mZ7. cmMct  before 
10 cms shear. 

F. Sandy  particles.  clay-free  dis- 
integrated  rock  etc 

G. Strongly  over-consolidated, non- 
softening  clay  mineral  fillings 
(continuous. 5mn thick) 

H. Medium or low over-consolidation, 
softening,  clay  mineral filling!;, 
(continuous. 5mm thick) 

J .  Swelling  clay  fillings, 1.e. 

m thick ) .  Values  of J, depend 
mntmrillonite (continuous, < si 

on oercent of  sweiiina cia"-size! 

Ja 

1 .o 

2.0 

3.0 

4.0 

4 .0  

6.0 

8.0 

- .  
particles,  and  access  to  water 8.0 - 12.0 
c.  No rock wall contact 

when sheared. 

K. Zones or bands of  disintegrated 6.0 

M. G,H and J for  clay  conditions) 
L .  or crushed  rock  and  clay (see 8.0 

N. Zones or' bands of  silty- 07  
8.0 - 12.0 

sandy  clay, small clay  fraction, 
(non-softening) 5.0 

Q. Thick,  continuous  zones or 
P. bands of clay ( see G. H and - 13" 
R. J  for  clay  conditions) 13.0 - 20.0 

( 2 5 0  - 350) 

(25O - 30') 

(20' - 25') 

( 8' - 16') 

(25O - 30') 

(160 - 24') 

(12' - 16') 

( 60 - 120) 

1. Values  of m,. the residual 
friction  angle,  are intend. 
ed as  an  approximate  guide 

perties of the alteration 
to  the  mineralogical  pro- 

products, if present. 

;. JOiNT WATER REDUCTION FACTOR 

I. Dry excavations  or  minor  inflow, 
I. Medium i6flav or pressure, occa- 

sional  outwash of  joint  fillings 
:. Large  inflow or high  pressure i n  

i.e. < 5 I i t h i n .  locally 

competent  rock  with  unfilled  joints 

considerable  outwash  of fillings 
.. Exceptionally  high  inflow or pres- 

sure  at  blasting,  decaying  with 
time 

I. Large  inflow or high  pressure , 

'. Exceptionally  high  inflow or pres- 
sure  continuing  without  decay 

J W  
approx.  water 
pressure  (Kgf/cm*) 

1 .o ' 1.0 

0.66 1.0 - 2 . 5  

0.5 2.5 - 10.0 estimates.  increase J, 
1 .  Factors C to F are crude 

if drainage  measures  are 
installed. 

0 . 3 3  2.5 - 10.0 
2. Special  problems  caused 

by  ice formation  are 
0.2 - 0.1 > 10 not considered. 

0.1 - 0.05-  > 10 
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6 .  'STRESS REDUCTION FACTOR 

a.  Weahess  .meS  intersecting  excavation,  which may came  loosening 
of  rock m a s s  when tunnel. 2s excavated. 

A .  Mult ip le   occurrences  o f  weakness zones conta in ing 

surrounding  rock (any depth) 
c lay  or   chemical ly   d is in tegrated  rock,  very loose 

10.0 1. Reduce these  values of 
SRF by 25 - 50% if the 

ical ly  d is integrated  rock  (excavat ion  depth < 5Om) 5.0 re levent shear  zones only  
inf luence  but do not 

ica l ly   d is in tegrated  rock  (excavat ion  depth > 50m) 2.5 intersect  the  excavat ion.  

loose  surrounding  rock (any depth ) 1.5 

(depth  of  excavation < 50m) 5 . 0  

SfiF 

E .  Single weakness  zones conta in ing  c lay,   or  chem- 

C .  Single weakness zones conta in ing  c lay,  or chem- 

0. M u l t i p l e  shear zones i n  competent  rock (c lay  f ree),  

E. Single  shear zones i n  competent rock (clay f ree) ,  

F. Single  shear zones i n  competent rock (c lay  f ree),  

G. Loose  open jo in t s ,   heav i l y   j o in ted  or 'sugar  cubel 

"~ 

2. For  strongly  anisotropic 
(depth  of  excavation > 5Om) 2.5 v i r g i n   s t r e s s   f i e l d   ( i f  

(any depth) 

measured) : when 5 L 01/03 

5.0 
L 10, reduce oc t o  0.80, 
and o t   t o   0 . 8 0 ~ .  When 
- 

b. Competent rock,  rock  stress  problems 
OC/Ol ot/o, SRF 

H. Lw st ress,  near surface .ZOO '13 2.5 
J.  Medium st ress 200-10 13-0.66 1.0 

K. High  stress, very t i g h t   s t r u c t u r e  
(usua l ly   favourab le   to   s tab i l i t y .  o,66-o,33 o,5-2 
may be unfavavrable  for   wal l  
s t a b i l i t y )  3 .  

L. n i l d  rock  burst  (massive  rock) 5-2.5 0.33-0.16 5-10 
M. Heavy rock   burs t  (massive  rock) < 2 . 5  ~ 0 . 1 6  10-20 

C.  Squeezing  rock, p h S t i C  .?7cw of  incompeterit  rock under the  
in;luence o f  high  rock  pressure 

N. Mild  squeezing  rock  pressure 
SRF 
5-10 

al/a3 > 10, reduce oc and 

where oc = unconfined 
o t   t o  0.60, and 0.60,. 

compressive  strength, and 
ot  f tens i le   s t rength  
(point load) and o,  and 
og are  the  major and minor 
pr incipal   stresses. 

Few case records ava i l ab le  
where depth o f  crown below 

width. Suggest SRF i n -  
surface i s  less  than span 

crease  from 2.5 t o  5 f o r  
such  cases (see H). 

0. Heavy squeezing  rock pressure 10-20 
d.  Swelling  rock,  chemical  swelling  activity  depending upon presence of water 

P .  n i ld   swe l l ing   rock   p ressure  
R. Heavy swellinu  rock  Dressure 

5-10 
10-20 

ADDITIONAL NOTES ON THE USE OF THESE  TABLES 

When making estimates  of  the  rock mass q u a l i t y  (Q) the  fo l lowing  guidel ines  should be followed 
in a d d i t i o n   t o   t h e   n o t e s   l i s t e d  i n  the  tables:  
1. When borehole  core is   unavai lab le,  RQD can be estimated from the number o f   j o i n t s  per  uni t  

volume. i n  which  the number o f   j o i n t s  per  metre for  each j o i n t   s e t   a r e  added. A s imple  re l -  
a t i o n  can be  used t o  conver t   t h i s   nmber   t o  RQD for the  case  of  clay  free rock masses : 

RQD = 115 - 3.3J, (approx.) where J, = t o t a l  number o f   j o i n t s  per m 3  

2. The parameter J ,  represent ing  the number o f   j o i n t  Sets will o f ten  be a f fec ted  by f o l i a t i o n ,  
s c h i s t o s i t y - .   s l a t y  cleavage or bedding  etc. If Stronuly  developed  these  paral le l   " io ints" 

(RQO = io0 for  Jv < 4.5) 

should  obvi&ly be counted as a comp l i t e   j o in t   se t .  However, if there  are few " j o i k s "  
v i s i b l e ,  o r  only occasional  breaks in the  core due t o  these  features,  then it will be mare 
appropriate  to  count them as "random j o i n t s "  when evaluat ing J,. 

s ign i f i can t   j o in t  set or   c lay   f i l l ed   d i scont inui ty  in the given zone.  However, i f  t h e   j o i n  
set  or d iscon t inu i t y   w i th   t he  minimum value o f  (JJJ,) i s  favourab ly   o r ien ted   fo r   s tab i l i t y  
then a  second, less   favourab ly   o r ien ted   jo in t   se t   o r   d iscont inu i ty  may sometimes  be more 

Jr/Ja  should i n   f a c t   r e l a t e  t o  the  surface  most  l ikely  to a l l m  f a i l u r e   t o   i n i t i a t e .  
s i g n i f i c a n t ,  and i t s  higher  value of JJJ, should  be used when evaluat ing Q . The uaZue of 

evaluated. In such  cases the   s t rength  of t h e   i n t a c t   r o c k   i s   o f   l i t t l e   i n t e r e s t .  However, 
when j o i n t i n g   i s  minimal and c lay  id completely  absent  the  strength  of  the  intact  rock may 

- .  

3.  The parameters J, and Ja (representing  shear  strength)  should be re levant   to   the weakest 

4. When a rock mass contains  c lay,   the  factor SRF appropr ia te   to  loosening  loads should be 
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SUMMARY AND CONCLUSIONS - 

1.0 PURPOSE OF PROGRAM 

The ground water exp lo ra t ion   ca r r i ed   ou t  by G o l d e r   A s s o c i a t e s  

a t  the H a t  Creek  Project  during  1981 was designed  to   provide a supply of 

water for   the  concrete   batching  plant  and potable   water   for   the camp re- 

quirements up t o  a maximum of 1700 m /d (19.7 l / s ,  311 U.S. gpm). The 3 

program  involved  the  following  aspects,  namely: 

( i )   s e l e c t i o n  of p r e f e r r e d   a r e a s ,   f o l l o w e d  by t h e   d r i l l i n g  

comple t ion ,   deve lopment   and   tes t ing   o f   t es t lobserva t ion  

wells to   de te rmine   aqui fe r   po ten t ia l ;  

( i i )   d r i l l i n g  of l a r g e r   d i a m e t e r   p r o d u c t i o n  wells t o g e t h e r  

with  completion,  development, and pump- tes t ing  of t h e s e  

we l l s ;  

( i i i )   s p e c i f i c a t i o n  of permanent pumps f o r   t h e   i n d i v i d u a l   w e l l s  

based on the   r equ i r ed  pumping r a t e s .  

2.0 WELL DRILLING AND PUMP TESTING 

The Hat Creek  and  Marble Canyon va l l eys  were i d e n t i f i e d  as po- 

t e n t i a l  areas for ground water  development. Test and   p roduc t ion  wel ls  

d r i l l e d  i n  Marble Canyon near t h e   j u n c t i o n   w i t h  Hat C r e e k   i d e n t i f i e d  

three   aqui fe rs   wi t :h in   the   a l luv ia l   sands  and g rave l s .  Pump t e s t i n g  of 

the   sc reened   aqui fe rs   ind ica ted   tha t   on ly   the   sha l low  aqui fe r  had poten- 

t i a l  f o r   t h e   r e q u i r e d  water supply. A product ion  wel l  was i n s t a l l e d   i n  

this aqu i f e r   t o   p rov ide  an est imated 150 U.S. gpm (9.5 l / s ) .  A t e s t  well 

provides a temporary back-up supply of  96 U.S. gpm (6.1 l / s )  w i t h i n   t h e  

same aqui fe r .  

One test well and one  production well were d r i l l e d   i n  the Hat 

Creek Valley  between  the norl:h rim of the  proposed  pit  and t h e   j u n c t i o n  

i n  the Marble Canyon. An ar tes ian   sand  and grave l   aqui fe r  was proved at 

Golder Associates 
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depth.  During  the pump t e s t h g  of t h e s e   w e l l s   s t a b i l i s a t i o n  of the  water 

leve ls   d id   no t   occur .  It i s :  c o n c l u d e d   t h a t   a l t h o u g h   t h e   a q u i f e r   d o e s  

not  have  abundant  recharge,   there is poten t ia l   for   supply   because  of the  

l a r g e   a v a i l a b l e  drawdown. A production well was i n s t a l l e d   i n   t h i s   a q u i -  

f e r   t o   p r o v i d e  312 U.S. gpm (19.7 l / s )  as a permanent   supply .  A t es t  

well provides  a temporary  back up supply of 100 U.S. gpm (6.3 l/s). 

The pump tests show t h a t   t h e   r e s u l t s  of t h e   v a r i o u s   a n a l y t i c a l  

methods are i n  good agreemen.t; a median h y d r a u l i c   c o n d u c t i v i t y  of 5 x 

m / s  f o r  the shal low  sandy  gravel   aquifer   in  Marble Canyon has  been 

ca lcu la ted .  The value of s t o r a g e   c a l c u l a t e d   f o r   t h i s   a q u i f e r , : i s   i n   t h e  

order   of  1 x The repor t   p re sen t s  pump s p e c i f i c a t i o n s  and  perform- 

ance  curves. 

3.0 WATER QUALITY 

Water  samples co l l ec t ed  by BCH dur ing   the  program were analyzed 

by  Eco-Tech Labora tor ies  of Kamloops. F o r   t h e   p a r a m e t e r s   t e s t e d ,   t h e  

samples met t h e  limits s e t  by "Guidel ines   for   Canadian  Drinking  Water ,  

1978." The waters are es sen t i a l ly   a lka l ine ,   modera t e ly   ha rd   and   l ow  in  

t o t a l   d i s s o l v e d   s o l i d s .  

The water is cons ide red   su i t ab le   fo r   u se   i n   conc re t e   mix ing  as 

s p e c i f i e d   i n  "Design  and  Control  of  Concrete  Mixture,"  Canadian  Portland 

Cement Association. 

Y 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

hd 

The a q u i f e r s   i d e n t i f i e d  and t e s t e d   n o r t h   o f   t h e   p r o p o s e d  Hat 

Creek  open p i t   c a n   s u p p l y   t h e   p r o j e c t e d   r e q u i r e m e n t s  of t h e   c o n c r e t e  

batching  plant  and  needs of the c o n s t r u c t i o n  camps.  However,  because 

t h e  well i n s t a l l e d   i n t o   t h e  deep  aquifer at t h e   j u n c t i o n   o f  Hat Creek/  

Houth  Creek d id   no t   s t ab i l i ze ,   mon i to r ing  w i l l  be r e q u i r e d   d u r i n g   p e r -  

formance. It is recommended that   the   fol lowing  monitor ing  and  sampling 

program  be  undertaken by BCH. 

Golder Associates 
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Water  levels  and/or  natural  artesian overflow discharge 
rat:es  should  be  recorded  once  a  week  in all wells. 

Sampling  of  drinking  water  for  bacteriological  parameters 

should  be  undertaken  on a weekly  basis. 

Sampling of drinking  water  for  chemical  parameters  should 

be  carried  out  twice  a  year. 

Sampling  of  water  for  the  concrete  batching  plant should 
be  extended  to  include  silica  and  potassium.  This  analy- 

sis  to  be  carried  out  annually. 

M Golder Associates 



W 

bd 

c 

U 

W' 

Apr i l ,  1982 1 812-1507 

1.0 INTRODUCTION 

This   repor t   descr ibes   the  work ca r r i ed   ou t  by Golder  Associates 

a t  Hat Creek,  British  Columbia,  towards  the  ground water exp lo ra t ion   fo r  

p o t e n t i a l   a q u i f e r s  and t h e   d e s i g n ,   c o n s t r u c t i o n   a n d   t e s t i n g   o f   w a t e r  

supply wells for   construct ion  purposes .  The terms of r e f e r e n c e   f o r  un- 

d e r t a k i n g   t h i s  work are presented i n  our let ter E/80/1737 t o  B.C. Hydro 

and Power Athor i ty  (BCH), dated November 27th,  1980. A supply of w a t e r  

for   the   concre te   ha tch ing   p lan t  and potab le   water   for  camp r e q u i r e m e n t s  

up t o  a maximum of 1700 m /d (19.7 l/s, 311 U.S. gpm) was spec i f ied .  

Three  target   areas   considered  to   have  ground  water   potent ia l  were selec- 

t e d   f o r   i n v e s t i g a t i o n ;   t h e s e  are iden t i f i ed   i n   F igu re  1 of t h e  terms of 

reference.  

3 

The con t r ac tua l   pa r t  of t h e  program w a s  carr ied  out   during  June 

and July,  1981, by A and H C o n s t r u c t i o n   L t d .  of A b b o t s f o r d ,   B r i t i s h  

Columbia. Golder   Assoc ia tes   hydrogeologica l   s ta f f   main ta ined   fu l l  time 

supe rv i s ion   t h roughou t   t he   en t i r e   f i e ld   ope ra t ion ,   ana lyzed   t he   r e su l t s  

and made recommendations f o r   t h e   s i t i n g   a n d   d e s i g n  of t h e   p r o d u c t i o n  

wel l s  and t h e   s p e c i f i c a t i o n s   f o r   t h e  pumps. 

The approach  taken :in t h i s  ground water program was a combina- 

t i o n  of explora tory  and t e s t ing   p rocedures .  The  f o l l o w i n g  s t e p s  were 

undertaken: 
- s e l e c t i o n  of p r e f e r r e d   a r e a s   f o r   d r i l l i n g ;  

- d r i l l i n g  of production-type  observation wells t o   i d e n t i f y  

p o t e n t i a l   a q u i f e r s ;  
- a i r - l i f t  test pumping d u r i n g   d r i l l i n g   t o   o b t a i n   a n   i n i -  

t i a l  estimate of wa te r   ava i l ab i l i t y ;  
- placement  of  permanent  screened i n s t a l l a t i o n s   t o   p e r m i t  

t h e   a q u i f e r s  t o  be test-pumped by t empora ry   submers ib l e  

pump and s u c h   t h a t   t h o s e   i n s t a l l a t i o n s   c o u l d   b e   l e f t   a s  

production  and/or  observation wells; 
- test  pumping of most l i k e l y   a q u i f e r s ;  

Golder Associates 
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- d r i l l i n g  of permanent  production wells, i n s t a l l a t i o n  of 

sc reens  and  development; 
- test pumping of production wells; 

- s p e c i f i c a t i o n  of permanent pumps. 

2.0 TEST WELL PROGRAM 

2.1 D r i l l i n g  

An i n i t i a l   e x p l o r a t o r y  program was planned  which would i d e n t i f y  

p o t e n t i a l   a q u i f e r s   i n   t h e  H a t  Creek and Marble Canyon Valleys beyond t h e  

nor thern  limit of the  mine s i t e .   F o r   t h i s   p u r p o s e ,   f i v e   o b s e r v a t i o n  

holes  (OW1 - OW5), each 6 inch  (152 mm) in   d i ame te r ,  were d r i l l e d   u s i n g  

an   a i r - ro t a ry  truck-mounted d r i l l r i g .  The loca t ions  of these  wells are 

shown on Figure 1. 

h r r ing   d r i l l i ng ,   a1 . r - l i f t ed   so i l   s amples   o r   rock   cu t t i ngs   were  

co l lec ted   every  0.6 m fo r   desc r ip t ion .   Gra in   s i ze   ana lyses  were perform- 

ed  on se lec ted   samples   in  water bear ing  horizons.   Air- l i f ted  f lows were 

recorded  and  water  samples were taken by BCH for   chemica l   ana lyses .  In 

addi t ion,   temperature ,  pH and specif ic   conductance of ground water were 

measured i n  t h e   f i e l d .  All records of t h e   d r i l l i n g  are provided i n  t h e  

Borehole Logs i n  Appendix A, and g ra in   s i ze   cu rves  are g i v e n   i n  Appendix 

B. 

Y 

2.2 Aquifer  Description - 

Y 

Observation wells d r i l l e d  at  the   ea s t e rn  limit of  Marble Canyon 

( O w l ,  OW2 and OW3) encountered   th ree   po ten t ia l   aqui fe rs .  

r 

A shallow  sand  and  ;gravel  zone was encountered  between 20 and 26 

m with  recorded  a i r - l i f ted  .€ lows of up t o  4 . 3  l /sec  ( 6 8  U.S. gpm); a l l  

t h r e e  test  ho le s   i n t e r sec t ed   t h i s   aqu i f e r .  A d e e p e r ,   g r a v e l l y ,   c o a r s e  

sand zone was d e t e c t e d   i n  01J2 a t  a depth  of 30 t o  32.6 m wi th   an  a i r -  

l i f t e d   f l o w  of 1.0 l / s e c  (1.5 U . S .  gpm); t h i s   p o t e n t i a l   a q u i f e r  was n o t  

u Golder Associates 
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encountered i n  e i t h e r  OW1 ox OW3. The t h i r d   p o t e n t i a l   a q u i f e r  was i n -  

t e r sec t ed  by OW1 at a g r e a t e r   d e p t h   o f  50 t o  55 m. A i r - l i f t e d   f l o w s  

could  not be r e c o r d e d   f r o m   t h i s   s i l t y   f i n e   s a n d   u n i t   d u e   t o   d i f f i c u l t  

d r i l l i n g   c o n d i t i o n s   ( h e a v i n g ) ,  however, observa t ions   ind ica ted   th i s   un i t  

t o  have some po ten t i a l .  

To t h e   e a s t  of Hat Creek, OW5 i d e n t i f i e d  a shallow  sandy  gravel 

aquifer   extending  f rom 7 .6  t o  16.6 m be low  ground,   wi th   recorded  a i r -  

l i f t e d   f l o w s  of 0.1 t o  3.9 l /sec  (1.5 - 61 U.S. gpm). This was cons id -  

e r e d   t o  be an extension of t 'he shallow  sand and gravel  aquifer  which was 

encountered by Owl., OW2 and OW3. A l l  o b s e r v a t i o n  wells i n  t h i s   a r e a  

were d r i l l e d  3 m i .nto  l imestone  bedrock;  water  f lows  from  the  l imestone 

were less than 0.1 l / s e c  (1.,5 U.S. gpm). Figure 2 provides a s c h e m a t i c  

i n t e r p r e t a t i o n   o f   t h e   M a r b l e  Canyon a q u i f e r   s y s t e m  a t  t h e   l o c a t i o n  

inves t iga t ed .  

Observation  well  4, d r i l l e d   i n   t h e  main Hat  Creek  Valley  close  to 

t h e   j u n c t i o n  of Houth  Creek  and  Hat  Creek, pene t r a t ed  a t h i c k   s e q u e n c e  

of s i l t y   c l a y s   o v e r l y i n g  an a r t e s i a n   s a n d   a n d   g r a v e l   a q u i f e r   b e t w e e n  

67.4 and 110.4 m below  ground leve l .   Ai r - l i f ted   f lows  of up t o  15 l / s e c  

(237 U.S. gpm) were recorded.  This well was n o t   c o n t i n u e d   t o   b e d r o c k  

because  of   sand  which  blocked  the  casing  annulus ,   making  the  re t r ieval  

of samples d i f f i c u l t .  

Grain  size  analyses  were  performed on selected  samples from the  

water  bearing  horizons.  These are inc luded  as Appendix B. The g r a i n  

s i z e   d i s t r i b u t i o n s  were subsequen t ly   u sed   i n   we l l   s c reen   s e l ec t ion   ( s ee  

Sec t ion  2.3). 

It was, 

gram t h a t   t h e r e  

capable  of  being 

therefore ,   concluded from t h e   i n i t i a l   e x p l o r a t o r y   p r o -  

w e r e   a q u i f e r s   i n   t h e  two s e p a r a t e   a r e a s   w h i c h   w e r e  

exploi ted.  

Ciolder Associates 
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2.3 Completion - 

I n   t h e  MRrble Canyon a r e a s ,  Ow1 was used to   s c reen  and t e s t   t h e  
deepes t   aqui fe r .  The s c r e e n   i n   t h i s   h o l e  was u l t ima te ly  abandoned f o l l -  
owing t e s t i n g ,  and a 19 mm diameter   s tandpipe  piezometer  was l a t e r   i n -  
s t a l l ed   i n   t he   sha l low  aqu i f e r   encoun te red   i n   t ha t   ho le .  OW2 was used  

t o   s c r e e n  and test the   midd le   aqu i f e r   and  OW3 was   used   to   sc reen   and  
test the   sha l low  aqui fe r .  

OW5 was cons ide red   unsu i t ab le   fo r   we l l   s c reen   i n s t a l l a t ion ;   i n -  
s t ead  a 19 mm diameter   s tandpipe  piezometer   wasinstal led  to   monitor  wat- 
er l eve l s   i n   t he   sha l low  aqu i f e r  i n  t h e  Hat Creek V a l l e y ;  OW4 was  used 
t o   s c r e e n  and test the   deep   aqu i f e r   i n   t he   Ha t   Creek   Va l l ey .   Tab le  1 

summarizes test we11 complet ion  detai ls .  

The information  obtained  f rom  the  dr i l l ing was used  to   ident i fy  

the  water-bearing  horizons a.nd s e l e c t   t h e   a p p r o p r i a t e   i n s t a l l a t i o n s .  
G r a i n   s i z e   d i s t r i b u t i o n s  from  these  depths  were  used  to  select   appropri-  
a t e   w e l l   s c r e e n s .   I n   a l l   c a s e s  a well s c r e e n   s l o t   s i z e   t h a t   w o u l d  re- 
t a i n  50 per   cent  of the  formation was s e l e c t e d .  The well  s c r e e n   s l o t  
sizes  chosen  for  the  observa.t ion wells are shown  on the   hydrogeo log ica l  
l ogs  (Appendix A) and i n  Tab , le  1. 

TABLE 1 
SUMMARY OF TEST WELL COMPLETION DETAILS - 

We1 1 Screened  Interval   ( thousandths  of 
Depth of S lo t   S i ze  

No. Below Ground (m) an  inch)  Comments 

1 49.08 - 55.89 5 S c r e e n   u l t i m a t e l y   r e -  

meter at 24.9 m. 
placed by sealed  piezo- 

2  30.28 - 32.92 100 

3  23.24 - 25.91 150 

4 104.11 - 106.75 80 

5 - 
Y 

- Open piezometer   instal -  
l ed  at 15.69 m. 

Golder Associates 
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Wel l   sc reens   were   ins ta l led   us ing   the   pu l l -back   method.  A l l  

holes   were  backfi l led  with pea g r a v e l   a n d   s e a l e d   w i t h   b e n t o n i t e   b e l o w  

the  screen,   except  OW4 wherts f lowing   a r tes ian   condi t ions  were  encounter- 

ed.  152 mm Johnson   t e l e scop ic   s t a in l e s s   s t ee l   we l l   s c reens   w i th  1 2 7  mm 

r i s e r   p i p e  and K-packer were pushed down i n s i d e   t h e   c a s i n g   w i t h   t h e  

d r i l l   r o d s .  The casing was then  pul led back to  expose  the  screen. Well 

comple t ion   de ta i l s  are presented on the  hydrogeological   logs   in  Appendix 

A. 

Fo l lowing   i n s t a l l a t ion ,   t he  wells were d e v e l o p e d   i n i t i a l l y  by 

b a i l i n g  and   then   a l te rna te ly  by surging and b a i l i n g   i n   o r d e r   t o   d e v e l o p  

a n a t u r a l   f i l t e r  around the   s c reen .   Obse rva t ion   we l l  4 was  developed 

w i t h   a i r   p r i o r   t o   b a i l i n g ,  t.he e f f e c t  of t h i s   deve lopmen t   be ing   t o   i n -  

c rease   the   na tura l   over f low from 2.4 l / s e c  ( 3 8  U . S .  gpm) t o   4 . 3   l / s e c  

(68 U. S. gpm). 

2.4 Pump Test ing 

Preliminary pump t e s t i n g   i n   t h e   o b s e r v a t i o n   w e l l s  was c a r r i e d  

out  at  t h e  end of June; the information was subsequent ly   used  to   ident i -  

f y   a q u i f e r   p o t e n t i a l  and loca te   p roduct ion  well sites. A 4-inch submer- 

s i b l e  pump, instal . led  above  the  screened  sect ion,  was used  to pump t e s t  

each  well .  The pumped water was discharged  via  a t r ench   i n to  Hat  Creek. 

Permission to discharge  ground water i n t o  H a t  Creek was g i v e n   i n  a l e t -  

ter from t h e  Waste Managemenr: Branch of the   Minis t ry  of the   Environment  

( s e e  Appendix D). 

P r ior   to ,   dur ing  and a f t e r   t e s t i n g ,   w a t e r   l e v e l s  were monitored 

i n  the wells. Table 2 summarizes   the  basic   data   re la t ing  to  the t e s t i n g .  

Pump tes t   read ings   recorded   dur ing  the t e s t i n g  and ana lys i s  of t h e   d a t a  

are included i n  Appendix C-1. 
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TABLE 2 
PUMPING TEST DATA FROM  TEST WELL PROGRAM - 

Observation  Aquifer 
Well Number Tested Depth (m) 

)Pump Pumping Rate Elapsed Drawdown 
l/s U.S.gpm (min) (m) 

ow1 49.09-55.89 48.0  1.28 20.4 300 33.44 
(Deep) 

ow2 30.28-32.92  29.0 2.25  35.7 200 11.50 
(Middle) 

OW3 23.24-25.91  22.5  4.0 63.6 90 
(Shallow) 22.5  5.31  84.0  110 

3.97 

22.5 6.51  103.2  550 7.21 
5.77 

OW4 104.11-106.75  30.18  7.17  113.4 1500 4.97 

During t h e  pumping of observat ion well O w l ,  the   water   remained 
c loudy  wi th   f ine  s i l t  in   suspension  throughout   the test. The water  from 
t h i s  well was cons idered   unsui tab le   for   supply .   Observa t ion  wel l  OW2 

was pumped a t  a rate of 2.2!5 l / s e c  (35.7 U.S. gpm) f o r  ZOO min; drawdown 
s t a b i l i z e d   a f t e r  30 min. Obse rva t ion  well  OW3 was pumped a t   v a r y i n g  
rates, with drawdown i n  all c a s e s   s t a b i l i z i n g  after  less t h a n  100 min. 

Observation well OW4 was puraped a t  7.1 l/sec (113.4 U.S. gpm) ,   bu t   the  
drawdown d i d   n o t   s t a b i l i z e   w i t h  time. On cessa t ion  of pumping, n a t u r a l  

overflow  returned  within  one  minute. 

During  the pump t e s t i n g  of observat ion wells OW3 and OW4, water 

samples were co l l ec t ed  and s e n t   f o r   a n a l y s i s   t o  Eco-Tech of Kamloops. 
The r e s u l t s   a r e   i n c l u d e d   i n  Appendix D. 

2.5 Discussion  of   Resul ts  - 

Analysis of pump test  d a t a  was car r ied   ou t   us ing   Theis  and  Jacob 
methods  of ana lys i s .  These  analyses are inc luded   i n  Appendix C-2 and C-3 

respect ively.   Table  3 summarizes t h e   a q u i f e r   p a r a m e t e r s   o b t a i n e d   f r o m  

the  analyses .  

Y 
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TABLE 3 

Summary of Test Well Pumping Test Results  

Hydraulic 
Well Transmissivity m'ls Conductivity m l s  Aquifer Comments 

Estimated 

No. Theis  Jacob  Theis  Jacob  Thickness 

ow1 1.67 x 1.97 x 3.6 x 3.8 x 5.2 

ow2 5.77 x 10-5 5.71 x 10-5 2.4 x 10-5 2.4 x 10-5 2 .4  

OW3 3.66 x 10-4 5.81 x 10-4  4.5 10-5 5.7 x 10-5 6.4  

OW4 l e g  1 --- 8.74 x 10-3 
l e g  2 --- 1.38 x 10-3 "_ -" "_ "_ Unknown 

Unknown 

No calculat ion  of  
s torage   poss ib le  

No ca lcu la t ion  of 
s t o r a g e   p o s s i b l e  

No ca lcu la t ion  of 
s torage   poss ib le  

No f i t   p o s s i b l e  
to  Theis  curve 

Golder Associates 
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The deep  aquifer i n  Marble Canyon ( t e s t e d  by Owl) was not   con-  

s idered   su i tab le   for   water   supply   purposes   due   to   the   p resence   o f   f ine  

s i l t  and very   l imi ted   p roduct ion   capabi l i ty .  The middle   aquifer   ( tes ted 

by OW2) was considered t o  have i n s u f f i c i e n t   p r o d u c t i o n   c a p a b i l i t y   f o r  

the  purpose of water supply  to   the  proposed  construct ion camps and  bat-  

ching  plant .  However, it was cons ide red   f eas ib l e   fo r   t h i s   we l l  and aqui- 

fer to   provide a l imited  supply (1.9 - 2.5 l / s ,  30  t o  4 0  U . S .  gpm) t o  

t h e  B.C. Hydro o f f i c e  comp:lex a t  t h e   j u n c t i o n  of  Highway 12 and  Hat 

Creek Road. 

The r e s u l t s  of  test:ing OW3 i n d i c a t e d   t h a t   t h e   s h a l l o w   a q u i f e r  

had p o t e n t i a l   f o r   a t  least a por t ion  of t h e   r e q u i r e d   s u p p l y ,   a n d   t h i s  

s i t e  was chosen f o r  a produc.tion well loca t ion .  

Test r e s u l t s  from OW4 were somewhat d i s a p p o i n t i n g   d u e   t o   t h e  

f a c t   t h a t   s t a b i l i z a t i o n   d i d   n o t   o c c u r   d u r i n g  pumping. However, p o t e n t i a l  

for  supply,   due  mainly  to th.e l a r g e   a v a i l a b l e  drawdown, was ev iden t   and  

t h i s  s i te  was also  chosen  for  a product ion  wel l   locat ion.  

3.0 PRODUCTION WELL PROGRAM 

3. I D r i l l i n g  
- 

The sites f o r  the   p roduct ion   wel l s  were s e l e c t e d   f o l l o w i n g   t h e  

prel iminary pump test program, t h e   c o n c l u s i o n s   o f   w h i c h  are g i v e n  i n  
Sec t ion  2.5. Two 0 i nch  (203 mm) diameter  production wells (PWl and PW2) 

were d r i l l e d  between Ju ly  1st and  10th.  Figure 1 shows t h e   l o c a t i o n   o f  

these  wells. 

The production well i n  t h e  Hat  Creek V a l l e y   d i d   n o t   i n t e r s e c t  

bedrock  and was terminated ai: 116.8 m due t o  sand   b lock ing   t he   annu lus  

between the   ca s ing  and  rods.  Production well 2 (PW2) was d r i l l e d   i n t o  a 
depth of 33.5 m. The well w a s  d r i l l e d  3 m into  limestone  bedrock. 

ui Golder Associates 
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3.2 Aquifer  Description - 

Production Well PW1 penet ra ted  similar s e d i m e n t s   t o   t h o s e   e n -  

c o u n t e r e d   i n   t h e   d r i l l i n g  of OW4. A sandy  gravel  aquifer was i d e n t i f i e d  

between  71.64  and 116.46 m, underlain by s i l t y   s a n d  t o  116.7 m. During 

d r i l l i n g ,   a i r - l i f t e d   w a t e r   f l o w s   o f   1 0  - 15 l/s (158  - 317 U.S. gpm) 

were recorded  between 100 and  106 m. 

The production we111 i n  Marble Canyon (PW2) penet ra ted  a c o a r s e  

sandy  gravel  aquifer  between  19.5  and 29.6 m y ie ld ing   water   f lows  up t o  

11 l/s (74  U.S. gpm). L i t t l e  water was obtained  from  the  limestone bed- 

rock. 

The hydrogeological   logs   for   both  wel ls  are included i n  Appendix 

A. R e p r e s e n t a t i v e   g r a i n   s i z e   d i s t r i b u t i o n s  of t h e   a q u i f e r   m a t e r i a l s   i n  

both wells a re   p rovided   in  Appendix B. 

3.3  Completion 

The s e l e c t i o n  of t h e  well screens   for   the   p roduct ion  wells was 

based  on  the same cri teria as f o r   t h e  t e s t  wells. A well s c r e e n   s l o t  

s i z e   t h a t  would re ta in   50   per   cen t  of the  formation was s e l e c t e d .  The 

well sc reen   s lo t   s izes   chosen   for  the production wells are shown  on t h e  

hydrogeological  logs  (Appendix A) and in   Tab le  4. 

PW1 was completed w i t h  9.66 m of 1 2 0   s l o t   2 0 3  mm t e l e s c o p i c  

s t a i n l e s s  steel wire-wound well  screen  between 110.35 and  100.69 m. Com- 

p l e t i o n  of PW2 was with 3.25 m of 200 s l o t  203 mm t e l e s c o p i c   s t a i n l e s s  

steel well screen  between 25.93  and  29.18 m. In  both wells, a s ed imen t  

t r a p  was incorpora ted   benea th   the  well s c r e e n   w h i l e  a r i se r  pump and 

K-packer were welded  above the  screen.  

Only pW2 was backf i l led   wi th   g rave l  and s e a l e d   w i t h   b e n t o n i t e  

below the  screen.  In PW1, t h e  s i l t y  sand  formation was a l lowed   t o   cave  

uil Golder Associates 
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in to   t he   ho le   benea th   t he   t a i l -p ipe .  As i n   t he   comple t ion  of t h e  t e s t  
wells, the  pull-back method was used   t o   i n s t a l l   t he   we l l   s c reens .   Bo th  
wells were developed by s u r g i n g   w i t h  a i r  u n t i l  the  f l u s h e d  water was 

sand free. F ina l ly ,   t he   t a : t l -p ipes  were bai led  to   remove  any  sediment  
trapped.  Completion  detail!;  are  summarized  in  Table 4. 

TABLE 4 
SUMMARY OF PRODUCTION WELL COMPLETION DATA - 

Well  Screened S l o t  
No. I n t e r v a l  Size  Screen Type 

( thousandth  inch)  

PW 1 110.35-100.69 120 S t a i n l e s s   S t e e l  Wire-Wound 

PW 2 25.93-29.18 200 S t a i n l e s s   S t e e l  Wire-Wound 

3.4 Test ing 

Pump t e s t i n g  of production well PW1 commenced on Ju ly   20 th ,  1981 

and cont inued  through  to   July  28th,  1981. The wel l  was  pumped at a con- 
s t a n t  rate of 26.5 l / s e c  (420.7 U.S. gpm) f o r  11,890  min,  with  the pump- 
ed water d ischarged   in to  Hat Creek .   Wate r   s amples   were   t aken   a t   t he  
start of  and dur ing   the  test. These  were  sent  to Eco-Tech L a b o r a t o r i e s  
of Kamloops for  chemical  analyses.  The r e s u l t s  are i n d i c a t e d   i n  Appen- 
d ix  D and are   d i scussed   in   Sec t ion  4.0. 

Production well 2 was pump t e s t e d  between J u l y   2 4 t h   a n d   2 8 t h ,  
1981. A pump r a t e  of 6 .3  l/sec (100 U.S. gpm) was i n t i a l l y   s e l e c t e d ;  
t h i s  was subsequent ly   increased  to  8.5 l / s e c   ( 1 3 5  U.S. gpm) t o   o b t a i n  

maximum information  from  the test. A pumping rate of 9.46 l / s  (150 U.S. 
gpm) was a t tempted   to   fur ther   increase  drawdown i n   t h e  well .  T h i s  re- 
s u l t e d   i n  an e l e c t r i c a l  breakdown  and  hence t h e  pump was t h r o t t l e d   b a c k  
t o  8.5 l/s (135 U.S. gpm). The pumped w a t e r  was d i s c h a r g e d   i n t o  Hat 

Creek. 

During  the pump t e s t i n g  of both  production wells, drawdown was 
monitored  in  the pumped wells and nearby test wel ls .  This d a t a  i s  con- 

t a i n e d   i n  Appendix C-1. 
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Pump test hydrographs  for  both tests are inc luded   a s   F igu res  3 
and 4. 

3.5 Discussion of Resul t s  - 

Data  from  the  production well  pump^ tests were again  analyzed by 
Theis and  Jacob  methods.  Analyses are i n c l u d e d   i n  Appendix C-2 and C-3 
and t h e   r e s u l t s  are summari,zed in   Tab le  5. 

The r e s u l t s  of t e s t i n g  PW1 showed t h a t  at a r a t e  of 26.5 l / s e c  
(420.7 U.S. gpm) s t a b i l i z a t i o n  was not   approached.  This a q u i f e r   d o e s  
not  appear  to  have  abundant  recharge  and  use  for  supply  purposes w i l l  be 
l imi t ed  by t h i s   f a c t .  The choice of pumping rate f o r   t h e   o p e r a t i o n   o f  
t h e  well PW1 has  been  based on t h e  pumping test re ' cord   bu t  as i t  cou ld  
not  be demonst ra ted   tha t   suf f ic ien t   recharge  was occur r ing   t o   t he   aqu i -  
fer,  t h e  optimum subs ta inable  pumping rate cannot be s e l e c t e d   w i t h   t o t a l  
confidence.   For  this  reason,  the recommended pumping r a t e  is lower  than 
t h e  test pumping r a t e  and monitoring of well performance will be necess- 
a ry   dur ing   opera t ion .  

The geometry of t he   aqu i f e r  pumped  by PW1 n e a r  the rim of t h e  
proposed  pi t  is cu r ren t ly  unknown. It is considered  advisable   that   fur-  
t h e r   i n v e s t i g a t i o n  be c a r r i e d   o u t  on t h e   g r o u n d   w a t e r   r e g i m e   i n   t h i s  

area  to   ascer ta in   whether   there   could be any adverse  ground water impact 
on the proposed mine. 

Resul t s  of t e s t i n g  PW2 showed t h a t   s t a b i l i z a t i o n   o c c u r r e d  a t  a 
pumping rate of 8.5 l /sec (135 U.S. gpm). Boundary effects were minimal 
s ince   obse rva t ion   da t a   i nd ica t e   t he  cone of  drawdown t o  be s t e e p  w i t h  a 
r ad ius  of influence  not  approaching  the  bedrock  boundaries  for  this  par- 

t i c u l a r  pumping rate. 

A f t e r   c o n s i d e r a t i o n  of l o c a t i o n ,   u s e s ,   a q u i f e r   p a r a m e t e r s ,  
a v a i l a b l e  drawdown and p o s s i b l e   i n t e r f e r e n c e  effects, recommendations on 
pumping rates and u s e s   f o r   t h e   p r o d u c t i o n   a n d   o b s e r v a t i o n  wells were 
determined.  Table 6 summarizes  these  recommendations. 

(Solder Associates 



TABLE 5 

Summary of Roducrion Well  Pumping Test Resulrs 
- 
well Transmissivity rn2/s Conductivity m/s 

- ( 4  

PWl Leg I --- 1.07 x "_ " "_ " uaknmm k f i t  p o s s i b l e  
U"hn0Vn 
Unknovn No f i t  p o s s i b l e  

to Theis curve 

7.71 x Vnknom to Theis curve 

Hydraulic Estimated 

Theis Jacob Thickness 
storativiry 

NO. m e i s  Jacob Theis Jacob 
Aquifer COmenrE 

k g  2 --- 2.69 x 

2.75  x 

"_ 
ow4 Leg 1 --- 9.7 I( 10-3 

" - "_ _" " 

" 

" 

PW2 kg 22.27x-10-4  2.05 x 2.27 x 1 b . j  2.05 x 10'5 
"_ "_  "_ "_ " 10.0 

OW3 1.35 x IO-) 2.17 x 2.1  x lo-') 3.39 x 1.98 x IO'& 1 . 5 2 , ~  6.4 
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The proposed  methods  and rates of pumping i n   t h e   v a r i o u s   w e l l s  

are  based on fac ts   acqui red   dur ing   the   s tudy   and  on some as sumpt ions .  

When product ion pumping b e g i n s ,  i t  w i l l  b e   n e c e s s a r y   t o   m o n i t o r  well 

performance i n   t h e   i n i t i a l  'days of opera t ion  and to   ' f i ne - tune '   t he   r e -  

commendations. I:t i s  propo,sed t h a t  an  allowance  should be made f o r   t h e  

se rv i ces  of an  hydrogeo1ogi:;t at  t h a t   s t a g e   t o  make these o b s e r v a t i o n s  

and adjustments.  

TABLE 6 

WATER SUPPLY  RECOMMENDATIONS 

Well 
No. (U.S.gpm) ( l / s a c )  Recommended Use 

PW 1 312 19.7 P e r m a n e n t   s u p p l y   f o r   c o n s t r u c t i o n  
camp and batching  plant .  

PW 2 150 9. 5; P e r m a n e n t   s u p p l y   f o r   c o n s t r u c t i o n  
camp and batching  plant .  

OW4 100 6. 3, T e m p o r a r y   s u p p l y   f o r   c o n s t r u c t i o n  
camp and batching  plant .  To be used 
f o r  peak demand periodr;  and/or emer- 
gency  purposes. 

OW3 96 6 . 1   T e m p o r a r y   s u p p l y   f o r   c o n s t r u c t i o n  
camp and batching  plant.  T o  be used 
f o r  peak demand per iods  and/or  emer- 
gency  purposes. 

ow2 36 2.3 Permanent  supply f o r   o f f i c e  complex. 

4.0 WATER QUALITY - 

Water samples  were c o l l e c t e d  from a l l  wells either d u r i n g  

d r i l l i n g   o r   d u r i n g  pump t e s t ing .  The s a m p l e s   w e r e   k e p t   c h i l l e d   u n t i l  

d e l i v e r e d   t o  Eco-Tech in Kaml.oops, where they were submi t ted   for   rou t ine  

chemical   analysis .  The r e s u 1 . t ~  are included as Appendix D. 

J 
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Resul ts   for   waters   f rom  the  sand and grave l   aqui fe rs   o f   Marble  

Canyon i n d i c a t e  an alkal ine,   moderately  hard  water ,  low in t o t a l   d i s s o l -  

ved s o l i d s ,  whereas waters Erom t h e  Hat Creek  aquifer are s l i g h t l y   s o f t -  

er wi th  a lower  dissolved  sol ids .  An apparent   anomaly  i s  seen  i n  t h e  

h igh   a r sen ic  levels recorded i n  the  water from OW4. Water  analysed  from 

PW1, pumping from  the same aqu i f e r ,  shows n e g l i g i b l e   a r s e n i c   a n d  i t  is  
considered  that   contaminat ion of the  sample is re spons ib l e   fo r   t he  anom- 

a ly .  For t h e   p a r a m e t e r s   t e s t e d ,   t h e   s a m p l e s  meet t h e  limits se t  by 

"Guidelines  for  Canadian  Drinking  Water,  1978",  published by a u t h o r i t y  

of Health and  Welfare, Canada. We recmmmend t h a t  BCH s a m p l e   d r i n k i n g  

water on a weekly bas i s   fo r   bac t e r io log ica l   pa rame te r s .  F u l l  chemica l  

ana lyses  of t h e   d r i n k i n g  water s h o u l d   b e   u n d e r t a k e n   o n c e   e v e r y   s i x  

months. 

S i l i c a  and  potassium were n o t   d e t e r m i n e d ,   b u t   f o r  the  pa ra -  

meters analysed, it is cons idered   tha t  the  water i s  s u i t a b l e   f o r   c o n -  

c re te   mix ing  as s p e c i f i e d   i n  'Design and Cont ro l   o f   Concre te   Mixtures '  

published by the  Canadian  Portland  Cement  Association. We recommend 

t h a t  BCH ex tend   t he   ana lyses   cu r ren t ly   ca r r i ed   ou t  by i n c l u d i n g   s i l i c a  

and  potassium. 

5.0 PERMANENT PUMP  INST.4LLATION 

Using recommended maximum pumping rates from  Table 6 and e s t i -  

mated t o t a l  dynamic  head requirements,   appropriate  submersible pumps and 

f i t t i n g s  were  obtained  and  installed.  

Figures  5 t o  9 p r o v i d e   d e t a i l s  of i n s t a l l a t i o n s .   I n s t a l l a t i o n  

i n  PW2 was ca r r i ed   ou t  on 0ct:ober 5 t h ,   1 9 8 1 ,   j u s t   p r i o r   t o  commencement 

of a long  term  environmental pump test  i n  t h i s  wel l  ( t h e   s u b j e c t  of a 

s e p a r a t e   r e p o r t ) .   1 n s t a l l a t i . o n   i n  OW2 occurred  one  day  later on October 

6th.  1981. I n s t a l l a t i o n   i n  OW4 and OW3 was ca r r i ed   ou t  on November 5 t h  

and 6 th ,  1981, r e spec t ive ly .  

Golder Associates 
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A t  t h e  time of wri t ing,   only  the  drop  pipe had been obta ined   for  

PW1. Kecommendations f o r  pump type   to  be obtained  have  been made i n  Fig- 

u r e  8. The pump f o r   t h i s   w e l l  will requ i re  3-phase  power  which i s  n o t  

y e t   a v a i l a b l e  on site. No long term pumping test on this   product ion well 
i s  considered  to  be  necessai:y f o r   e n v i r o n m e n t a l   p u r p o s e s   b e c a u s e   t h e  

depth of t h e   a q u i f e r  below c reek   l eve l  and t h e   n a t u r e   o f   t h e   s e d i m e n t s  

ove r ly ing   t ha t   aqu i f e r ,   p rec lude   t he   poss ib i l i t y  of any inf luence  by the 

production pumping on creek  flows. 

The detai led  manufacturers '   specif icat ions  for   the  recommended 

pumps are included as AppendLx D. 

We thank you for   the   oppor tuni ty  of c a r r y i n g   o u t   t h i s   i n t e r e s t -  

i ng  work. 

GER/RG/bjh 
812-1507 

Yours very   t ru ly ,  

GOLDER ASSOCIATES 

G.E. Rawlings, P. Eng. 

R. Guiton 

(Golder Associates 
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PUMP INSTALLATION DATA - WELL  NO. OW2 Figure 5 

DETAILS : 

Casing diameter: __ 152 mm 

Depth  to top  of  pocker: 29.21m 

Depth  to pump intake: 27.40m 

Diameter  of drop pipe:  50.8mm 

Estimoted  total dynamic 
heod to surface : 28.96m 

NOTE 

Berkeley submersible  pump 
Model 4CLM14-3 

. 

I 

I 

Packer-29.2m. 
Riser Pipe 

Screen (I00 slot) 

32.92 m 

: A l l  depths  measured  from  ground  surface. 

Stabilizers 

Pump bowls 
Pump intake-27.4m. 
Motor- 

NOT TO  SCALE 
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Depth  to pump intake:  21.34m 

Diometer of drop pipe:63.5 mm 

Estimated toto1 
dynomic  head ! 2 7 . 1 9 m  

Berkeley Submersible Pump 
Model  18AH375 

Ground surfoce (Om.)  

Drop  pipe 

Stobilirers 

Pump bowls 
Pump intoke-21.34m.  
Motor 

-Packer - 22.25 m. 

23.24 m 
Riser Pipe 

Screen (150 Slot) 

25.91 m 

NOTE: All  depths  rneosured  from  ground  surface. 

NOT  TO  SCALE 

Golder Associates 



~~ 

PUMP INSTALLATION  DATA - WELL NO. OW4 Figure 7 

___. 
\\% 

D E T A I L S  : << 
Casing diameter: 1 5 2 m m  

Depth to top of packer: 101.19m 

Depth to pump intake:  36.58m 

Diameter  of drop pipe: 7 6 . 2 m m  

Estimated  total 
dynamic head : 42.12m 

$;; 
:;s .- 
., 
+ I !  
2, 

Berkeley Submersible  Pulnp 
Model 6 S 2 8 L 3 - 5  

Ground surfoce (Om.) 

1 Drop  pipe 4 

" 

" 

Packer-100.91  m. 
Riser Pipe 

Screen (80 slot) 

106.75 m 

Pump bowls 
Pump i n t a k e - 3 6 . 5 8 m .  
Motor 

N O T E :  A l l  depths  meosured  froln  ground  surface 

NOT TO  SCALE 
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PUMP INSTALLATION DATA - WELL NO. PWI Figure 8 

DETAILS : 

Depth to pump intake: 91.44131 
Diameter  of drop pipe: 101.6m 
Estimated  total 
dynamic head : B 0 6 m  

Recommended pumps : 
I. Berkeley submersible 7S3L6-40 
2.Goulds  submersible UHXESTG./40HP 

Ground surfoce (0  m.) 

4- Stabilizers 

Pump bowls 
Pump  intake - 91.44m 

Packer -99.10 m. 
Riser Pipe 

Screen ( I 2 0  slot ) 

Tall pipe 

NOTE: Al l  depths  measured  from  ground  surface. 

NOT TO SCALE 

. Golder Associates 



PUMP INSTALLATION DATA - WELL NO. PW2 Figure 9 
- 

Depth  to  pump intake:  24.39m 

Diameter of drop pipe: 101.6mm 

Estimoted  total 
dynamic  heod : 28.35L 

Berkeley submersible purnp 
Model : 6 S 2 A L 2 - 5  

Ground surfoce ( 0 m, ) 

t Drop  pipe 

I- Pump bowls 
Pump intoke - 24.39177 
Motor 

Packer- 24.91 m. 
Riser Pipe 

Screen 

25.93 m 

29.18 rn 

Toil Pipe 

31.95m 

NOTE: A l l  depths  measured  from  ground  surfoce. 

NOT TO SCALE 

- Golder Associates 
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HYDROGEOLOGICAL  LOGS 
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January, 1982  812-1507 

APPENDIX A 

1 .o HYDROGEOLOGICAL  LOGS: 1980 CONSTRUCTION  CAMP  WATER  SUPPLY 

The  following  hydrogeological  logs  summarize  information on all 
boreholes  where  subsurface  hydrological  data  has  been  obtained. 

In order t o  show all data  in  a  compact  log,  it  vas  necessary  to 

use  a  number  of  abbreviations  and  a symbolic notation. The following 

notes  explain  these  abbreviations.  The  note  numbers refer to  the  num- 

bers  shown in parenthesis a. t  the  head  of  each  column in the  logs. 

2.0 REFERENCE  ELEVATION - 

All depth  measurements  are  given  in  meters  relative t o  surveyed 

ground  level. 

(1) Lithologic  Terminology  Used in  Logs 

Lithology  of  boreholes  used  in 1980  has been determined from 

hydrogeologists'  field  descriptions  of  rotary  cuttings. 

Golder Associates 
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(2) Completed  Construction 
a) Hole 
” 

drilled  hole  casing  removed 

drilled  hole  casing left  in  place 

drilled  open hole 

drilled  hole known to have caved or 

squeezed 

b) Piezometer 
Standard  Double  Seal  Piezometer  Arrangement 

-Top Seal  material (i.e. bentonite) 

Piezometer  tip 
334 0- Piezometer NO. 

fdepth to centre of piezometer  inlet 

- Gravel pack 
M - B o t t o m  seal  material (i.e. bentonite) 

Golder Associates 
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January, 1982 812-1507 

Standard Top Seal Piezometer Arrangement 

top seal  material (i.e. bentonite) 

sand/gravel pack 

534 &piezometer NO. 
O D  fdepth to centre of piezometer inlet 

0 0 0  piezometer tip 
0 "  0 ;  m- end of borehole 

Type of Piezometer Tip: - perforated 25 mm 0 PVC pipe 
approx. 1.2 m long),  wrapped 
with permeab1.e fabric. 

c) Types of Backfill 

O \ O O D  Gravel 

. . . .  

. .  Sand 
. ,  . . 

Y 

wl 

ni Golder Associates 
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d )  Well Screen 

E-"fyp 
Opening s l o t   s i z e  (mm) 

I LScreen material (see below0 

type  (see below) 

Screen  type: 1 )  Continuous  wire wound 

2 )  Slo t t ed   ho r i zon ta l ly  

3) S l o t t e d   v e r t i c a l l y  

4 )  Louvered  openings 

Screen Material p l  = p l a s t i c  

st = steel  

ss == s t a i n l e s s   s t e e l  

( 4 )  Water Level: 

Water l e v e l  measured when d r i l l i n g  had  reached  indicated  depth 

(metres) .  

w 

(5) Water Flow: - 

Water f lows   recorded   whi le   d r i l l ing  was i n  progress  ( l i t r e  p e r  

second). 

Golder Associates 



w 
January, 1982 812-1507 

fli 

(6) Other: 

fl = water  flowing  over  top  of  casing 

lw = losing  water 

Mw = making  water 
EC = electrical  conductivity of water  sample in micro  mhoslcm 

pH = field pH measurement of water  sample 

Y 
(7) Water  Level: 

Water  level  measured in piezometer on the  date  indicated  in  the 

*i comments  column. The top  number  indicates  water level with respect  to 
reference  elevation (positive values indicate artesian heads). The 

*ri - bottom  number  is  the  e1evat:ion  of  th  total  piezometric  head. 

Y 

Y 

U 

I 

(8) Permeability: 

Depth = Depth  range  for  permeable  test  (metres) 

Method := Method wed to  determine  hydraulic  conductivity 

Value := hyraulic  conductivity  determined  metres  per  second 

(ds) 
fh = Falling hiead  test in piezometer 

rh := Rising  head  test in piezometer 

Pt 5 Pumping  test 

, .  

uj 
Golder Associates 
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G R A I N   S I Z E   D I S T R I B U T I O N  



z 
I 
l- 

e 
W 

LA 

t 
W 
z 
0 

a 

z 

a 
W 
P 

M.I.T. GRAIN SIZE SCALE 

Size of openings (inches) U.S.S. Sieve  size  (meshes  / inch) 

3/4" 3 h  " 

1~~~ 
80 

70  

6 0  

50 

40 

30 

20 

10 

0 
10 

4 IO 3 40 60 100 

I 0. I 
GRAIN SIZE,  m m  

5arnDie No. I I 

Uotation X 0 

values. 

KnllZen : Uses  Hozen  formula 

K y t D  = Uses  Mosch and 
Denny Method I m I 
(1966) 

I I 
0.01 

I I I I I I 
medium fine coarse I medium I fine 

. . . " . 

GRAVEL  S IZE  SAND S I Z E  SILT S I Z E  I fine grained 



M.I.T. GRAIN SIZE SCALE 

Size  of openings (inches) U.S.S. Sieve  s ize  (meshes / i n c h )  

.. 
10 I 0. I 0.01 

GRAIN SIZE, mrn 
I I I I 

medium  fine coarse I medium I fine 
. . . . ". -. 

GRAVEL  S IZE I SAND S I Z E  
f ine qrained 
SILT  SIZE 

I 

W 

N 
I 



M.I.T. GRAIN SIZE S C A L E  

S i z e  of openings (inches) U.S.S. Sieve size (meshes / inch) 



M.I.T. G R A I N   S I Z E   S C A L E  

S ize  of openings (inches) U.S.S. Sieve  size  (meshes / i n c h )  

3/4" 3/. 4 10 20 40 60 100 200 
I O 0  

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

I I I I I I __ 
medium  fine coarse fine  fine qrained medium" I 

SAND S I Z E  

~~ . . . . . . -~ 
GRAVEL S I Z E  .- SILT S I Z E  ___"_~___ "_ 
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M.I.T. GRAIN SIZE S C A L E  

Size  of openings  (inches) U.S.S. Sieve  size  (meshes  / inch) 

I O 0  

90 

80 

70 

60 

50 

40 

30 

20 

I O  

0 

I I I I I I 
medium  fine coarse medium I fine 

- - " 

G R A V E L   S I Z E  SAND S I Z E  
fine qrained 
SILT S I Z E  



Jototion I x  1 0 1 6  
M.I.T. G R A I N   S I Z E   S C A L E  

Size of openings  (inches1 u.S.S. Sieve  size  (meshes  /inch1 

4 0 4 10 

I 

I O 0  

90 

80 

70 

60 

50 

40 

30' 

20 

10 

0 

i 

I 

Notes: Hydraulic  conductivity 
values. 

Y 
I 
Q 
T n 
f -. 
0 

KnaZen : Uses  Hazen formull 
K IO2( D,,)' 

K y t D  = Uses  Mosch and 
Denny  Method 
(1966) I 1 m 

i5 
c 
(0 
v) 

0~ I m 

0 
I GRAIN SIZE, mm 

I I 1 I I I 
medium  fine coarse I fine  fine grained medium 

SAND S I Z E  

. 

GRAVEL SIZE SILT S I Z E  1 



M.I.T. GRAIN SIZE S C A L E  

Size of openings  (inches) u.S.S. Sieve  size  (meshes  /inch) 

I O 0  

90 

80 

7c 

6C 

5c 

4( 

3c 

2( 

I(  

( 
IO 

ny Method 
s Mosch ond 

561 

I 0. I 
GRAIN SIZE.  m m  

0.01 

I I I I I 

I medium  fine coarse , I medium I fine  fine grained 
"- I 

GRAVEL  S IZE  SAND S I Z E  SILT SIZE 
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M.I.T. GRAIN SIZE SCALE 

Size of openinqs  (inches) U.S.S. S i e v e  s i z e  (meshes  / inch)  
OS ( m m  1 
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GRAIN SIZE, m m  
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G R A V E L  S I Z E  I SAND S'IZE SILT S I Z E  1 i 
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M.I.T. GRAIN SIZE S C A L E  

S i z e  of openinQr (inches) U.S.S. Sieve  s ize  (meshes / i n c h )  
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APPENDIX C 

PUMP TEST RESULTS 

C-1 Data 

C-2 Theis A n a l y s i s  

C-3 Jacob Analysis 

Y 
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COLDER I S S O C I b I t S  
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PUMP  TEST S U C M b R I  FOR Y E L L / P l € Z O M E l E R   N U H B L H  - owl, . 
12111/81-11.29.29 *... t*.tt..t.t*t*.....~.*...tt 

P I I M P F n  *F!.L unvnEv - Q"!: 
C L I E N T  
P U D l F C l  NAMf - H b l  CREEK C O N S I R U C I I O N  CAWP N A l F R  SUPPLY, 
P H l l J t C l  NUMBER 
L O C A T I O N  OF TEST - H b l  C P t E K  R C ,  
1 I P E  OF 1 t S T  - C O N S l A N l  RAIL  
D b l t  PUMP S l b R l F O  - 3 0 1  b18I -  5.0118 
f O b I / M O I V H - M I N / # + H S )  
O b l E  PUMP  STUPPED - 1/ 7181-  5 .01 0 

- H.C. H Y U R O ,  

- 111215n7,  

D b l b  ON O U S E Y V L T I O N  WLLL 
GROUND E L E V I l l O N  - 
DATUM P O I N I  I 

822.40 M E I R E S  

H E I G M l  OF Db lUM  bHUVC  GROUND  LEVEL - .b1 MF.TRLS 
D € P l H  T O  S T b l I C  WATER L E V E L  - 
t L F V A 1 I O N  O F  S l b l l C  h b l E R  L E V E L  - 818.46 METRES 

4.55 MCIUfS 

T V P f  OF O H S € H V b l I O N  WELL - 
( I E P l H  OF S C R E E N E D   1 N l E R V b L  - 
O l S l I N C t  FROM PUMPING  WELL - 0.00 M E I R E S  

TOP OF 152MM C b S I N G ,  

SCREENED NCLL 
49.70 10 55 .80  M t f R t S  

ObTd ON PLIMPtO WFLL 
WELL D I b M f l E H  - 
PUMP 1 V P f  - 

FLOW MEISI IUEMENT 
FLOWMEIEY,  I I P F  - 
P U M P I N G  R b l E  - 

P V U l F E R  O b l A  
L O l l l F f R  C l J N O I l I O N S  - 
A Q L l f F E U  P E S C H l P l l O N  - 
a O I l I F E R  T H I C K N E S S  - 

152.00 MY 
SUBYtRSIBLE 

I . 2 8 P E + n O   L I I R E S 1 S  
I R l O E N l   O I G I I A L I  

C O N F I N E D  
S I L l V  S b N D ,  

0. M E l R E S  

t t  
f 

" . .. 
f . 
t .. 



D A I E  T I W E  E L A P S I D   P Y F S S U H L   D F P T H  IO D R A b D D h N  k l l t H  DISCHAWLiE  CDMMLNTS 

P S I   M E T U t S   M E T R E S  M I T R E S  L I T Y E S / S  
I I W E   H E A D I N G   W A l f Y  t L E V A l l O N  R A T E  

0 0 0 0 . 0  
n o n 0.0 

b 21 8 35.0 
b 2b 13 0 . 0  

b 21 13 20.0 
b 21 13 45.0 
b 21 14 5 .0  
b 21 Ib 0.0 
5 2 8  : 5  L " 
b 19 1 53.0 
b 29 8 12.0  
b 29 8 22.0 
b 29 8 32.0 
b 29 8 42.0 

b 29 9 41.0 

b 29 I O  22.0 
b 29 I O  7.0 

b 29 ! I  17.0 
b 29 11 31.0  
b 29 I2 21.0 
b 29 1 3  10.0 
b 29 I 4  10.0 
b 29 1 4  55.0 
b 29 16 31.0  
b 29 18 50.0 
b 29 I9 12.0 
b 29 19 52.0 

b 30 8 0.0 
b 29 20 21.0 

b 30 18 3.0 

b 30 I H  6.0 
b 30  18 9.0 

b SO IS 15.0 
b 30 I 8  20 .0  
b 30 18 2b.0 
b 30  I R  31.0 
b 30 I 8  35.0 

I." 

b 29 9 0.0 

5 30 :R 5 .0  

b 30 I n  11.0 

b 30 11) 40.0 
b sn 18 un.0  
b 30 19 l R ; O  
b 30 19 28.0 
k 30 I9 38.0 

4.0 
6.0 

1.0  

10.0 

71.0 
15.0 

30.0 
35.0 
43.0 
1 3 . 0  

2b.O 

n3.0 
95.0 

0.00 
n.no 

4.5u 
.. 

4.54 
4.54 
4.55 
4.55 
0.55 
4.55 
4.54 
4.56 
4.5b 
4.55 
4.54 
4.53 
4.57 
4.51 
9.45 

14.25 
16.44 
IP.19 
21.47 
23.7b 
25.OU 
25.1b 
2b.49 

29.39 

31.23 

27.4~ 

3 0 . 1 8  

n.n2 

1 1 . w  
9.70 
4.90 

14.24 
lb.92 

20.49 
19.21 

21.21 
21.94 
22.93 

25.63 
2b.60 

24.~4 

H E F O R E   D t V E L O P l N t i  

A F T E R   L i A I L I N G   N O 1   F I J L L I   V E V C L O P t D  

INSTALLED PUMP IO u7.uM n t L w  GROUND 
I N S T A L L E D   O P E N   t N D   P I t Z O M E l t R  
FLOW *titR R E I O I N t i  bb83111 S1AU7 PIIHP 
Y A l E R  CLOUDY 

P U M P E D   U L L L   S l O R L t i E  



32.59 
34.40 

b.7U 
5.5W 
5 .50  
5 .60  
5 . b l  
5.bZ 
5 . 0 3  
Seb3 

3n.01 

1.03 
1.05 
I.Ob 

H 1 1 . 4 1  

* *  l2/ll/Rl-ll.29.2V ** P b G L  3 

D I S C H b H 6 E  CUHMCNlY 

L I l R t S / S  
R A l t  

Y A l E R  H E M b I N E D  CLOUDY 
A V .  PUMP H A l t  I 1  IGPM 
PIIMP  STOPPED,  MElEH bb0PZR3 
DPEN P I E Z V M E I E R  REMOVED 

UtLL SCREEN  ABANDONED 



H€SIDLIAL I>HAIOOWN 

U H S F H V L l l O N  k t L I .  - nwl. 

fLPPSEI) T I M E   P U M P   S l O P P t O  
1 l H f  SINCF 

( 1 )  (11) 
R b l 1 0  DHPInU*N 

l lf l l l  ( S l  

805.0 405.0 
2335.0 197<;0 
3115.0 
Y130.0 

3355.0 
7110.0 

94b5.0 
11010.0 

9105;O 
10b50.0 

13195.0 
iiii5.t 
13415.0 

. .." 

1.81 
1.18 
1.11 
1.05 
1.04 
1.03 
i.65 
1-03 

2.19 
1.03 
1.03 
1.05 
1.Ob 

i.06 
1.07 

1 . 0 8  
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t I) 

I . *  t t t t t . ~ . t * . . t l . * ~ . . . . . . 1 . * . . . ~ * * . * * . . * . . ~ .  
f f . . PUMP  TEST SlI*HIHY FUR N E L L I P I E Z O M E l f R   N l l M H E Y  - O h I ,  . . 
t 

1 2 / 1 1 / 8 1 - 1 1 . 2 9 . 5 0  

It*tt..l.,.*.t...*.t...~~~.*.t.. 
.I 

PUMPED  *ELL  NUMBER I U W l ,  
C L I F N T  
P R l l J t C l  NAME 

- B.C. HYOHO. - M A 1  CHEEK  CONSTRUCl lON CbMP YAlER  SUPPLY,  
P H O J t C l  NIIHHbR 
L n C b f l O N  OF I E S l  - H A 1  CHEEK HC. 

- R 1 Z 1 5 0 7 ,  

O b l i  PUMP S l O P P F D  - I /  1181- 5.01 0 

O A l b  ON U H S E W V A l l O N   U E L L  
GROUND  ELEVATION - 
O b l I I M   P O l N l  - 
W E I G H 1  OF OL lUM  b8OVC GROIIhO LEVEL - 
DFPTH 10 S f b T I C   M A l F H   L f V E L  - 
f L f V A l I D N  OF S T A T I C  H A l t Y  L E V E L  - 
T Y P f  OF O B S i Y V A l l O N   Y C L L  - 
D l S T b N C E  FHOM PUMPING WFLL - DEPTH OF GRAVEL  PACK l N l f H V A L  - 

O A l b  ON P1IMPf.D W f L L  

PUMP 1 Y P t  I 
N F L L   D l A l l E T E H  I 

FLUW  YFASUPFMENT 
t L l l * * E T E H ,   1 Y P F  - 
PUMPING R A l t  - 

A V U I F E U   O b 1 1  

8 2 2 . 4 0   M i l P E S  

. b 1  METNES 
2 .49  * E l R f S  

8 2 0 . 5 2  M E l R f S  

lnp OF IVMM PUC PIPE, 

S l b N D P I P E   P I L Z O U E l C R  
2J.Ob 10  
9 0 . 0 0   M t l R E S  

2 6 . 4 1   M E l H E S  
~ . ~ ~ . 

152.00 HM, 
S U B H E Y S I B L L  

I . 2 8 8 t t 0 0   L I l H E S l S  
l R l D F N 1   O I G l T b L q  

C O N F l N i O  
S I L T Y  SbNO. 

0.  M E l R I S  

Y F A I H E Y  C U N O I T I O N S  - V b H I A H L t . ,  
T F S l F O   H I  
COMMENlS 

- GIILDtU ASSOCIATES,  - S l A N O P l P E   P I E Z O M E I L R   I N S l A L L E D   b F l E R   P U H P T E S T I N G ,  - U Y I .  



n n o 0.n 
n o o oin 
I 1 5  I n  3 0 . 0  21145 .0  

7 2 0  8 1 5 . 0  2 ~ 2 1 0 . 0  
7 I b  II 15 .0   22b30 .0  

1 24 8 2 0 . 0  33915 .0  
7 2 4  10 3b.0 311111.0 
1 2 4  10 50 .0  34125.0  

7 2 4  I O  51.0 3412b .0  
I 2 4  10 5 0 , s  3 4 1 2 5 ~ 5  

7 2 4  1 0  5 1 . 5  3412b .5  
7 2 U  10 5 2 . 0  34121 .0  
1 2 4  10 52 .5  34121.5  
1 2 4  10 53.0 1 U I 2 6 . 0  

1 2 4  10 55 .0  3UOO.O 
7 2 4  10 5 6 . 0  34131 .0  
7 2 4  I O  58.0  3U133.0  

7 24 I 1  5 . 0  3 4 1 4 0 . 0  
7 2 4  I 1  0 . 0  1 4 1 3 5 . 0  

1 2 4  I 1  15.0 34150 .0  

1 2 4  I 1  30 .0  3 U l b 5 . 0  
7 2 4  I 1  40.0 34115 .0  

7 2 4  I 2  30 .0  1 4 2 2 5 . 0  
1 2 4  1 2  10.0 3 4 2 0 5 . 0  

1 2 4  1 4  10.0 34325.0  

7 24 I O  5 4 . 0   3 4 1 2 9 . 0  

7 2 4  I I  1 0 . 0  3 4 1 4 5 . 0  

7 2u I !  20.0  3 6 1 5 5 . 0  

7 24 I I  50.0 341115.0 

I 2 4  1 3  25.0  su2t)n.o 

1 2 4  15 5.6 ~ 3 n o . n  
7 2 4  15  55.0 3uu30.0 
7 2 4  1 7  3 5 . 0  ~ 3 n . o  
1 2 4  I9 2 0 . 0  3UbJ5.0  
1 2 4  2 0  5b.0 34731 .0  

> 5  b 07."  
I 25 o s ; n  3u92n.o  
1 " 
1 25 I i  4i:O 35191.0  

35311 .0  

1 25  2 2  42 .0  3h117 .0  
1 2 6  6 42.0  3b151.0  
7 2b  9 b.0  36901.0  
7 2 6  10 20;O 16975 .0  
7 2 b  I 1  40.0 11055 .0  
7 2 b  I 2  50 .0  3 1 1 2 5 . 0  
1 26 1 4  45;O 31240;O 

0 . 0 0  
o.no 
3 .10  

2 . 1 8  
3 .05  

2 .U9 
2 .65  

2 . 4 9  
?>40 
2 . 5 0  
2 . 5 0  

2 .51  
2 .51  

2.Sl 
2 . 5 0  

7.51 
2 . 5 2  

2 . 5 1  
2 .51  

2 . 5 6  
2 . 5 3  

2 . 5 5  
2 .56  
2 . 5 8  

2.59 
2 . 5 4  

2 . 5 9  
2 . 5 4  

2 . 5 4  
2.55 

2 .61  
2 .b3  
2 . 6 4  
2 .10  
2 . l b  
2 . 1 2  
2 . 1 5  
2 . 1 2  
2 . 1 0  
2 . 1 0  
2.11 
2 .11  
2 . 7 1  

2 . 5 8  

2 . 5 8  

1.21 
0 . 9 6  

0 .16  
0 .  
0. 
0 .  

0.01 
0 . 0 1  

0.02  
0 .02  
0 .02  
0.01  
0 . 0 3  

n .29  

0 .n2  
0 . 0 2  
0 . 0 2  
0.04 
0 . 0 7  
0 . 0 6  
0.07 
0.09 
0 .09  
0.10 
0 . 0 5  
0.05 
0.10  
0.05 
0.06 
0 . 0 9  
0 .12  
0 .14  
0.15 
0 . 2 1  
0 .27  
0 .23  
0 .26  

0.21 
0.23  

0 . 2 2  
0.21 

0 . 2 2  
0 . 2 2  

ii7i.o; 
~ 2 3 . n 1  
819.31 
8 I P . S b  
~ 0 . 2 3  
H20 .36  
8 2 0 . 5 2  
H20 .52  
929 .52  
8 2 0 . 5 1  

8 2 0 . 5 0  

b20 .50  

8 2 0 . 4 9  
H20.50 
8 2 0 . 5 0  
R20.50  

H20.45 
8 2 0 . 4 6  
R20.45 

620.43 

1120.51 

8 2 n . 5 0  

1120 .51  

n 2 0 . 4 ~ 1  

8 2 n . u ~  

n 2 n . u ~  
8 2 0 . 4 7  
~ 0 . 4 7  
820 .42  
~ 0 . ~ 7  

820 .45  
8 2 0 . 4 0  
~ 2 0 . 3 8  
8 2 0 . 3 1  
8 2 0 . 3 1  
8 2 0 . 2 5  
nr'n.29 
820 .2b  
8 2 0 . 2 9  
820 .31  
8 2 0 . 3 1  

8 1 0 . 3 0  
8 2 0 . 3 0  

8 2 0 . 4 6  

1120.30 

S E I L E O  P l t Z D M E T E R  I N S I I L L C D  

PUMPING PN 2 



PUMP I E S I  SUMMARY F O P  h t L L / P I E Z O U E l E Y  NUMBER - I l k l ,  *t l 2 / l l / 8 1 - 1 l . 2 9 . 3 0  t f  PA6t  3 

7 26 
7 2b 
7 27 

7 27 
7 27 

1 28 
7 27 

7 ?P 

1 28 
1 28 

1 28 

7 2n 

7  2n 

7 2 8  

7 2n 
7 2n 

I 28 
1 2 8  

7 28 
7 28 
7 28 
7 28 
1 28 
1 28 
1 28 
1 28 
1 28 

7  29 
7 29 
7 29 

7 31 
7 30 

R l  

I 2n 

n 2  
n 3  
n 5  
H 7  
n n  
8 9  
8 I O  

1 l H t   E L A P S E D  PRFSSURL DEPTH 10 
T l H t  

MU W I N  MINLITES 
Y E A D I N G  N A I C V  

P S I  ME 1 

2 2  411.0 31715.0 

I I  30.0 38485.0 
7 10.0 3 R 2 2 5 . 0  

22 40.0  39155.0 
6 U O . 0  39635.0 
8 48.0 397b3.0 
9 "1 59115 .1  
V 1.0 39770.0 
9 1.5 3971b.5 
9 2.0 ~ 9 7 7 7 . 0  
9 2.5 39171.5 
o 3.0 sw1n.n 
9 4.0 S911P.O 
9 5.0 3978n.o 

9 10.0 3 9 1 ~ 5 . 0  

9 20.0 39795.0 

o 3 0 . n  39605.0 
9  4n.o 39815.0 

I O  0 . 0  39835.0 
9 50.0 39825.0 

I U  0 . 0  4nn15.0 
15 45.0 4otRn.o 
I O  45.0 41320.0 

2 2  0.0 91995.0 
9 0 . 0  u h 5 5 . 0  

9  45.0 45580.0 
I I  35.0 47130.0 
9 40.0 u n u 5 5 . 0  

9 10.0 55625.0 
9 u 0 . 0  54215.0 

9 0.0 51055.0 
9 0 . 0  58495.0 

:b ; a . n  31325.0 

15 10.0 3 ~ 7 0 5 . 0  

9  0.0  39781.0 
9 8.0 39783.0 

9  15.0 39790.0 

9 25.0 39800.0 

I 4  30.0 41545.0 

8 50.0  44085.0 

9 25.0  51320.0 

2.72 
2.76 
2.19 
2 . ~ 3  
2.91 

2.82 
3.06 

2.19 
2.66 
2.80 
7.81 
2.81 
2.82 

2.81 
2.81 

2.81 
2.19 
2.18 
2.15 
2.73 
2.11 
2.15 
2.16 

2.74 
2.14 

2.12 
2.11 
2.70 
2.70 
2.63 
2.b5 
2.69 
2.13 

2.14 
2.76 

2.15 
2.19 
2.19 
2 . n ~  
2.82 
2.17 

DKAhOVWN 

kClRtS 

0.23 
0.27 

0.34 
0.30 

0 . ~ 2  
0.51 
0.33 
0.30 
o.;i 
0.31 
0.32 
0.32 
0.33 
0.32 
0.32 
0.32 

0.29 
0.30 

O.2b 
0.24 

0.2b 
0.28 

n.21 
0.25 
0.25 
0.23 
0.22 
0.21 
0.21 
0.14 
O.lb 
0.20 
0.24 
0.27 
0 .25  
0.2b 

0.30 
0.34 
0.33 
0 . 2 8  

0.30 

Y A T I R  
E L L V A I I O N  

O I S C h A H G t  COMMENIS 
RATE 

M E T R E S  L l l R L S / S  

R20.29 

82n.22 
nm.25 

820.I8 
820.IO 
819.95  
821.19 
n20.22 

n20.21 
n20.20 
n?o.?o 
R20.19 
8?0.20 
~70.20 

Rib.ii 

H20.20 

nzo .23  
820.22 

820.16 
n2o.z8 
820.24 
R20.26 

R20.27 
RI'O.27 

8 2 0 . 3 0  

1120.25 

1120.29 

8 2 0 . 3 1  
n20.31 
~ 2 0 . 3 8  

~. 

820.36 

820.28 
f ? O .  I2 

R20.27 
82O.Zh 
820.22 
n20.22 
820.18 
820.19 
n z n . 2 ~  

n20.25 



34125.0 
34125.5 
3 4 1 2 h . 0  
34176.5 
3U127.0 
3 n : Z T . S  
34128.0 

34130.0 
34131.0 
34133.0 

3 4 1 2 9 . 0  

3~135.0 
~1140.0 
34145.0 
34150.0 
34155.0 
3L1105.0 
34115.0 
34185.0 
3n205.0 
34225.0 
3 U 2 8 0 . 0  
34325.0 
34380.0 
;UU~O.O 
3~530.0 
34635.0 
34131.0 

35317.0 
39920.0 

36277.0 
35797.0 

36757.0 
36901.0 
36915.0 
37055.0 
31125.0 
37140.0 
37325.0 

3H225.0 

38705.O 
39155.0 

37715.0 

3~485.0 

22270.0 

13615.0 

33765.0 
337b5.5 
337hb.0 

33167.0 

27~50.0 

33751.0 1.01 

1.02 
1.01 
1.01 

1.01 
1.01 

33766.5 
1.01 
1.01 

;3707.; 
1.01 

33768.0 
1.01 

337bv.n 
1.01 

3377n.o 
1.01 

33771.0 
1.01 
1.01 

33775.n 
1.01 
t.n1 

3s7~n.o 
137115.0 

1 . 0 1  

33790.0 
1.01 

33795.0 
1.01 

33805.0 
1.01 

33815.0 
1.01 
1.01 

338115.0 
33825.0 1.01 

33Rb5.0 
1.01 
1.01 

33965.0 
33920.0 1.01 

1.01 

34070.0 
34110.0 

1.01 
1.01 

3U275.0 
34371.0 

1 .01  
1.01 

311560.0 
34957.0 1.01 

i.OI 

35037.0 
15917.11 

1.01 
1.01 

3h391.0 1.01 
3b541.0 1.01 

1.01 
ihb95.0 1.01 

33173.0 

~unz0.0 1.01 

3 6 6 1 5 . 0  

3blhS;O 

36965.0 
3t.nno.n 

37355.0 
17nb5.0 1 . 0 1  

1.01 
1 . 0 1  
1 . 0 1  
1.01 

1 . 0 1  3R125.0  
i 8 3 4 5 . 0  
.$n705.0 

1.01 
1 .01  

ORA*I)ONN 
( S )  

1.21 
.qb 
.29 
. I 6  

0 . 0 0  
0.00 
(1.00 

. 0 1  

.ot  

.02 

,02 
.01 
.03 

e02 
.02 . o u  
.07 

.07 

.Ob 

.09 . 09 

.05 

.05 

.IO 
-05  
.Ob 

.I2 

.09 

.I5 

. I 4  

.2I 

.27 

.23 

.2h 

.z3 

.21 

.22 

.21 

.22 

.2? 

.23 

.27 . 30 . 34 

.57 

.u2 

.02 

. o z  

. I O  

3 9 1 1 6 . 0  
3977h.5 
39771.0 
39117.5 
3977n.o 
39779.11 
JO780.0 
39701.0 
39785.0 

39790.0 
J9785.0 

39195.0 
3~10o.o 

39015.0 
39H05.0 

39835.0 
3 9 ~ ? 5 . n  

40075.0 
U0180.0  

41545.0 
41995.0 
U7655.0 

45580 .O 
uuon5.0 

48455.0 
47130.0 

51320.0 
54215.0 

51055.0 
55625.0 

58495.0 

u1320.0 

I*Ulh. l l  

~901t.n 
5QUlh.5 

5 U U 1 1 . 5  
3vuI8.n 
3 9 U I V . O  
3 9 w o . o  

3YU23.0  
I9ULI.O 

39,475," 
39430.0 
39435.0 
39UUO.O 

i 9U55 .0  
3 Y U U 5 . 0  

39475.0 
39Ub5.0 

3971S;O 

40960.0 
39H20.0 

UllS5;O 

U2295.0 
PI035.0 

4377;;o 
45220.0 
40770.0 
utxqk;o 
50960.0 
53055.0 
55265.0 

1.0; 
1.01 

1 . 0 1  
1 .01  

1.01 
1.01 

1 . 0 1  
1.01 
!.a! 
1.01 

1.01 
1.01 

1 . 0 1  
I . O 1  

1 . 0 1  
1.01 

1.01 
1.01 
1 . 0 1  
1.01 

1 . 0 1  
1 . 0 1  

1.01 
1.01 
1.01 
1.01 
1.01 
1 . 0 1  
1.01 
1.81 
1.01 

1.01 

.JI 

.32 

.32 

.33 

.3? 

.32 

.32 

.30 

.29 

.2; 

.24 

.2H 

.2h 

.27 

.25 

.25 

.23 

.22 

.21  

.14 

.21 

.I* 

.24 

.20 

.27 

.2% 

.2b 

.30 

.34 

.30 

.33 

.28 



OAllJb P O I N T  - 
H E I G H T  OF DATUM AHOVL  GROUND L E V E L  I 
D E P T H  T O  S T A T I C  W A l E H   L E V t L  - 
E L E V A T I O N  OF S T A T I C  W A T E R  LEVtL I 

TOP OF 152MM CASING, 
.bl METRES 

7.37 WETPES 
816.8U l 4 t l R F S  

D E P T H  OF SCREENED  INTERVAL - 1 I P i  OF O H S t K V A l I O N  * I L L  - 
O I S T A N C E  FROM P U M P I N G  WELL - 

UATA ON  PUMPED  *ELL 

PUMP 1 I P E  - WELL D I A M E T L P  

TFST D E T A I L S  
W F A T h i R   C O N D I T I O N S  - V A H l A H L f ,  
TFSTEO H I  
c n n u t ~ ~ s  

- G O L D t R  ASSOCIATES. - NONE, 

~. 

30.50 T O  32.90 M t T R E S  
SCREENEO u t L L  

1 2 2 . 0 0  M E T R t S  

1 5 2 . 0 0  MM 
S U H n E R s 1 8 L E  

2 . 2 5 8 E t 0 0   L I T R E S / S  
T R l O F N l  O I G I l P L ~  

C U N F I N E D  
GRAViLLY  COARSE  SAND.  

0.  M E l R i S  



o o n 0.0 
o o n n;o 
6 I S  9 o.n 
b 25 1 0  0.0 
h 2b IS 45.0 
b 27 H 4 0 . 0  
b 2 1  Ib 10.0 
6 ?e ! 5  ?.a 

b 28 21 30.0 
6 28 20 32.0 

b 28 21 31.5 
b 28 21 21.3 

b 20 21 35.0 

b 28 21 49.0 
h 28 22 2.0 
b 28 22 8.0 
b 28 22 12.0 
b 28 22 17.0 
6 28 22 19.5 
b 28 22 2O.Q 
6 28 22 20.5 

b 28 22 21.5 
b 28 ?2 21.0 

b 28 22 22.5 
b 28 22 22.0 

b 28 22 23.5 
6 28 22 24.5 
b 28 22 25.5 
b 28 22 21.S 

b 28 22 34.5 
b 20  22 28.5 

b 28 22 39.5 
b 28 22 44.5 
b 28 22 58.0 
b 2 9  1 55.0 
b 29 8 0.0 
h 29 8 .5 
b 2 9  8 1.0 
b 29 8 1.5 

h 29 8 2.5 
b 29 H 3.0 
h 79 R 4.0 
b 29 H 5.0 

6 28 21 41.0 

b 29 8 7.n 

n.ao 
0.00 
b.31 
b.1Q 
1.22 

1.16 
1.lb 

7.lb 
1.17 
1.41 
7.45 
1.47 
1.48 

7.51 
7.50 

7.51 
7.51 

1.51 
7.51 
1.51 
1.51 

7.50 
1.51 

1.49 
7 . 4 8  
1.47 
7.46 
1.43 
7.41 
1.3) 
1 . 3 4  

7.25 
7.23 
1.20 

1.28 

7.18 
7 . 1 ~  

1.18 
1.18 
7.18 
1.19 
1.20 
7.21 
1.2s 
7.28 

024.71 

811.84 
H74.21 

811.51 
H I 6 . 9 9  
n17.o~ 
811.05 

811.04 
811.05 

8lb.m 
81b.lb 
8lb.74 
8lb.13 
8lb.71 
816.10 

Hlb.10 
Rlb.10 

Rlb.10 

Rlb.70 
Rlb.10 
816.10 
R16.11 
Alb.12 
~16.73 
81b.7U 
016.15 
816.18 

81b.84 
Rlb.81 
Rlb.93 
8lb.9b 
Rlb.98 

1116.70 

nt6.eo 

8 1 7 . 0 1  
811.03 
~17.03 

~ 1 7 . 0 3  

~17.02 
oll.nt 
Rtl.on 

817.03 

R 1 7 . 0 3  

816.93 
8lb.9b 

O P ~ N  nuit  
SCREtNEO-UNUtVtLOPED 
I F T E R  O L V t L D P I N C  

STARlEO PUMPING ON3 20148 

STOPPED  PUMPING ON3 

PUYPINL; S T A R T t O  OW3 



h 29 
b 2 9  
b 29 
h 29 
b 29 

h 29 
b 29 

h 29 

6 29 
6 29 
c 29 
b 29 
h 29 
b 29 
h 29 
b 29 
6 29 
b 29 
b ?9 
6 29 
b 29 
b 29 
b 29 
6 29 
b 29 
b 29 
b 29 
b 29 

6 29 
h 29 

b 29 
h 79 

6 29 
h 29 

b 2 9  
h 29 
b 29 
h 29 
b 29 

b 29 

n 6.0  
n 8 . 0  
n 10.n 
K i i . 0  
H 70.n 
fl 25.0 
H 30.0 
8 40.0 

9 0.0 
n 50.0 

9 c t . 3  
9 20.0 

9 5 0 . 0  
9 50.5 
9 51.0 

9 52.0 
9 51.5 

9 52.5 
9 53.n 
9 54.0 
9 55.0 
9 56.0 
9 58.0 

1 0  0.0 
I O  5.0 
io 10.0 
I O  15.0 
I O  20.0 
1 0  30 .0  
I O  40.0 
I n  50.0 
I 1  1 4 . 0  
I I  34.0 
12 2o.n 
I 3  10.0 
I 4  0.0 
1 4  sn.0 
10 35.0 
19 0 . 0  
I9 1.0 

h i9 19 2.0 
h 29 I P  3.0 

h 29 I9 5 . 0  
h 29 19 6.0 

b 29 19 4 . 0  

7.32 
7.38 
7.43 
7.52 
7.57 
7.60 
7.62 
7 - 6 4  
7.b5 
7.66 
1.6h 
9.67 
9.67 
9.07 
9.68 
9 .08  

9.08 
9.68 
9.h9 
9.70 
9.71 
9.12 
9.73 
7 .75  
7.76 
7.17 
7.77 

7.78 
7.79 

7.19 
7.79 

7.81 

9.b8 

7 . 7 ~  

7.80 

7 . ~ 1  
7 . ~ 2  
7.R3 
7.84 

7.n3 
7.R4 

1.16 
7.RO 

1 .a1 
7.71 

1116.~9 
RIh.RI  
R l b . 7 R  

816.64 
R1b.hl  
616.59 
R10.57 
Rlh.56 

Rlh,S5 

n l h . 6 9  

~ 1 6 . 5 ~  

814.54 
n1u.54 
R14.54 
~ 1 4 . 5 3  
~ 1 4 . 5 3  
R 1 4 . 5 3  
RL4.53 
~ 1 4 . 5 3  
HlU.52 
8 1 4 . 5 1  
n1u.50 
~ 1 4 . ~ 9  
(llU.48 
816.46 
~ 1 6 . 4 5  
Rlh.44 
Alb .44  
RIh.43 
H l b . U 3  
Rlh.42 
R l b . 4 2  
Rlh.42 
A16.41 

H 1 6 . 4 0  
( l lb .41 

81b.40 

816.37 
816.37 
H I 6 . 3 8  
RIb.UI 
Rlh.US 
810.50 
816.511 

n1b.311 

INCREASE0 PUMP HATE 

SlDPPED PUMPlNG OW3 



E. - L z Jt. ff 5 a. .. L 

D A T E  11*t E L b P S i P  PRtSSURF OEPTH TO DHbUDOWk * r \ l E H  IDISCHAHCE  CUMMENTS 

IH n n N  n b v  tin W I N  nlwl t s  PSI HET*CS Y L l R E S  W C l H E S   L l l R t S / S  
T I M E  H t b n l N G  . Y b l E H  C L L V A l l O N   H A l L  

b 29 I9 8.0 
b 29 19 10.0 
b 29 19 15.0 

b 29 I9 25.0 

b 29 I9 UO.O 
b 29 19 30.0 

b 7 9  10 50.0 
h 29 20 0.0 
6 29 20 20.0 
b 29 20 40.0 

b 30 10 0.0 

b 30 10 .5 
b 30 10 .3 

b 30 10 .8 
b 30 $ 0  1.0 
b 30 10 30.0 
b 30 I O  30.5 
h 30 1 0  30.8 
b 30 I 1  10.0 

6 30 I 1  10.5 
b 30 I 1  10.3 

b 30 I 1  10.8 
b 30 11 11.0 
h 30 I i  11.5 
b 30 I !  12.0 
6 30 I 1  12.5 
6 30 I I  13.0 
6 30 I 1  14.0 
b 30 I 1  15.0 
b 30 I 1  Ih.0 
b SO 11 18.0 
b 30 11 20.0 
b 30 I I  25.0 
b 30 I I  30.0 
b 30  I 1  35.0 
6 30 11 UO.O 
b 30 1 1  50.0 
b 30 12  0 . 0  
b 30 I2 111.0 
b 30 12 JO.0 
b 30 I ?  50.0 
b 30 13 40.0 
6 30 14 30.0 

b 29 19 20.0 

L Jn ? G7.0  

0 . 3  

0 . 8  
0.5 

1.0 

2.0 
1.5 

2 .5  
3.0 
u . 0  
5.0 
b.0 

10.0 
8 . 0  

15.0 
2n.n 
25.0 
30.0 
40.0 
50.0 
bO.O 
80 .0  

150.0 
100.0 

200.0 

7.59 

7.93 
7.53 

7.3u 
7.37 

7.29 
1.31 

1.27 
7.2b 
7.25 
7.24 
7.21 

13.02 
7.22 

20.55 
17.38 

22.61 
1.25 

11.02 
20.70 
7.27 
9.82 
10.97 

13.11 
14.38 
15.32 
15.90 
1b.51 
17.20 

1 I . w  

11.82 
1l.w 
18.22 
1n.39 
1a.59 
1n.bn 

111.65 

1n.70 
1n.71 

18.73 
18.70 

18.13 
18.16 

18.72 
18.68 

-0 .10  
2.45 
3.60 
4.61 
5.7a 
7.01 
7.95 

9.14 
8.62 

9.83  
10.45 
10.53 
10.85 
11.02 
11.22 
11.31 
I 1 . 3 b  
11.33  

11.39 
Il.3b 

11.33 
11.34 

11.35 
11.31 

t 1 . a  

Rlb.h2 
816.hA 
816.78 
Hlb.84 
Rlb.81 
Hlb.90 
H!b.P2 
Rlh.94 
Ulb.95 
8lb.9b 
" ! * . a 1  

8lb.99 

OObitl3 
803.60 
801.60 

807.19 
Hlb.9b 

Rlb.94 

813.24 
812.23 

n11.00 

n l t . t q  

803.51 

~14.39 

n l t . t o  
809.83 
noR.uq 

801.70 
R08.22 

nOb.39 
no7.01 

ROb.31 
n05.w 
H05.82 
nn5.62 
(105.53 

~ 0 5 . 5 1  

n05.un 

805.51 

~05.53 

R05.48 

"05.56 

R 0 5 . P 5  

805.50 

805.49 2.26 

STOPPED  PUMP 
S T 4 U l  PUMP 

STOPPEO  PUYP 
S 1 4 R f  PUMP 

STOPPED PUMP 



b 30 14 3 0 . 3  20O.Z 
b i n  14 30:5 200.5 
h 3 0  14 j o . 8  200.8 

6 3 0  14 32.0 202.0 

. ... 

b 30 I U  31.0 201.0 
b 10 19 31.5 201.5 

b 30 14 32.5 202.5 

h 30  14 34.0 204.0 
b 30  1 4  33.0 203.0 

6 30 1 4  35.0 2 0 5 . 0  
(I I n  10 ~ 5 . c  ~ 6 . c  
b 3 0  1 4  38.0 mn.0 
b 30 1U 40.0 210.0 
b 50 I4 95.0 215.0 
h 30 I U  5o.n 220.0 
6 3n I U  55.n 225.0 
b 30 15 0.0 230.0 
b 30 15 20.0 250.0 
b 30 15 30.0 2b0.0 
b 30 15 50.0 280.0 

7 2 9 5 .0  2755.0 
7 1 1 0  45.0 1415.0 

7 b 9 38.0 8548.0 

7 R 9 30.0 11420.0 

7 3 R 0 . 0  u13o.n  

7 1 7 50 .0  9nmn.o 

7 9 1 3  0.0 13070.0 
7 10 n 0.0 1u21n.0 
7 1 3  9 0.0  1ns9n.o 

7 21  a 20.0 3007o.n 
7 20 8 15.0 28b25.n 

7 74 ! n  $9.0 34529.0 
7 24  IO 50.0 3U540.0 
7 24 1 0  52.5 34542.5 
7 zu I n  5s.o 34543.0 
7 24 10 53.5 345u3.5 
1 2 U  IO 54.0 34544.0 
7 24 1 0  54.5 34548.5 

7 24 1 0  5b.5 3U5Ub.5 
7 24 IO 57.5 34541.5 

7 24 I 1  .5 34550.5 

7 15 1 1  30.0 21b20.0 
7 16 11 15.0 2 3 0 0 5 . 0  

7 24 I O  55.n 345uz.o 

7 z u  10 5n.5 3454n.5 

11.24 
15.73 
14.311 
13.52 
12.82 
lU.98 
10.27 
V.bb 
R.9b 
13.52 
n.25 
7.94 
7.19 
7.56 
7.47 

7.35 
7.39 

7.30 
7.27 
7.25 
7.22 
7.23 
7.24 
7.26 
7.27 
7.28 
7.29 

1.32 
7.30 

7.34 
7.33 

7.36 
7.35 
7.31 
7.37 
7.37 
7.37 

7.38 

7.39 
7.40 
7.111 

7.43 
7.42 

l . > a  

7.w 

DYAbI IOUk 

M E T R E S  

9.n7 
8.3b 
7.01 
b.15 
5.45 
3.bl 
2.H5 
2.29 
I .59 
1.15 

0.57 
0.42 
0.19 
0.10 
0.02 

-0.07 
-0 .10 
-0.12 
-0.15 

-0.13 
-0. I I 
-0 .10 

-0 .08  
- 0 . 0 9  

-0.07 
-0.05 
-0.04 
- 0 . 0 3  

-0.02 
-0.01 

0. 
0 .  
0 .  
0. 
0 .01  
0 .01  
0.01 
0.02 
0 . 0 3  
0.04 

0 .06  
0 . 0 5  

n.nn 

- 0 . 0 2  

-0.14 

PUMPING S l l R l L D  PM2 



7 74 I I  2.5 3U552.5 

7 2C l i  12.0 345b?.U 
7  24 1 1  7.0 ~ ~ 5 5 1 . 0  

7  24 11 17.0 34567.0 
7 zu I I  22.0 34572.0 
1 2 4  1 1  32.0 34582.0 
1 E4 I 1  42.0 34592.0 
7  24 I I  52.0 34607.0 
1 E4 1 2  10.0 34620.0 

7 3" !? 3"; ;;;?,5.0 
7  2u 1 2  $ 0 . 0  ~ u 6 u n . o  

7 24 1 5  8 . 0  3419R.0 
7 54 14 20.0 3P750.0 

7 24 15  58.0 3unuo.o 
7  24 1 1  37.0 34947.0 
I 24 19 22.0 35057.0 
7 24 21 0.0 3 5 1 ~ 0 . 0  
7  25 o 1 . 0  35331.0 
I 25 6 40.0 3573a.n 
7 7 5  14 40.0 36210.0 
1 2 5  22 40.0 3bb90.0 
1 76 6 40.0 31170.0 
1 26 9 5.0 31315.0 
7 76 10 25.0 31395.0 
7   7b  l l  40.0 31070.0 
7  26 l b  10.0  31740.0 
1 ?b 22 40.0 18130.0 
7 1 7  1 12.0 311bu2.n 
7  27 15 8.0  3911n.0 

7   28  b 45.0 uoos5.0 
7  27  22 45.0 39515.0 

1 ZH 9 0 . 0  40190.0 
1 26 9 .5 43190.5 
7  28  9  1.0 4 0 1 ~ 1 . 0  

7  20 9 2.0 un19z.o 
1 28 9 1.5 40191.5 

7 28 9 3.0 uo193.0 
1 28 9 7.5 40192.5 

I 2 8  9 11.0 uo190.0 
7  28 v 5 .0  un195.o 

I ?H 9 8 . 0  40198.0 

7  28 9 1 5 . 0  ~ ( 1 2 0 5 . 0  

7 1 8  9 6.0 40196.0 

1 7 8  9 10.0 40200.0 

7 7 5  14 40.0 36210;O 
1 2 5  22 40.0 3bb90.0 
1 76 6 40.0 31170.0 
1 26 9 5.0 31315.0 
7 76 10 25.0 31395.0 
7   7b  l l  40.0 31070.0 
7  26 l b  10.0  31740.0 
1 ?b 22 40.0 18130.0 
7 1 7  1 12.0 311bu2.n 

7   28  9  1.0 4 0 1 ~ 1 . 0  
1 28 9 1.5 40191.5 
7  20 9 2.0 un19z.o 

7 28 9 3.0 uo193.0 
1 28 9 7.5 40192.5 

I Z R  9 11.0 uo190.0 
7  28 v s;o un195;o  

I ?H 9 8 . 0  40198.0 

7  28 9 1 5 . 0  ~ ( 1 2 0 5 . 0  

7 1 8  9 6.0 40196.0 

1 7 8  9 10.0 40200.0 

1.44 
7.46 
1.48 

1.50 
7.49 

1.52 
7.52 
1.53 
7.53 
1.51 
7.54 
1.55 
1.55 
1.55 
1.5b 
1.57 
1.51 
1.58 
1.60 
7.62 
1 .b3  
1.65 
1.72 

1.12 
7.73  

?.TU 
7.15 
1.71 
1.78 
1.81 
1.82 

1.82 

1.82 
1.82 

7.82 
7.82 

7.81 

7.80 
1.10 
1.79 
7.17 
7.75 
7.11 

7.82 

1 . n I  

0.01  Rlb.71 
0 .09   8 lb .15  
0.11  816.73 

0.13 
Rlb.72 
Hlb.11 

0.15 8 l b . 6 9  
0.15 816.69 
O.lb  Rlb.68 
0.16 8lb .68  
O.lb R!b.b9 
0.17  lllb.61 

816.66 
0.18 81b.66 

816.66 
0 .19  
0.20 

Hlb.65 
816.64 

0.21 
Hlb.64 
816.63 

0.23 Rlb.bl 
0.25 816.59 
0.26 
O.2H 

Rlb.58 

0.35 
816.56 

0.36 
Rlb.49 
Hlb.48 

0 . 3 1  HIb.41 
0.38  8lb.46 
0.40 816.44 
0.41  Rlb.43 
0.44 Hlb.40 
0.415 816.39 
0.45 Hlb.39 
0.U5 
0.45 

HIC.39 

0.45 
Rlb.39 
Rlb.39 

0.45 816.39 
0.45 A l b . 3 9  
0.uu Rlb.40 
0.44 
0 .43  

816 .40  
lllh.41 

0.42 
0.42 

6 I h . U E  

0.40 
Rlb.42 
R l b . U U  

0.38 
0.34 

8lb.4b 
81b.50 

0.12 

o.ln 

0.18 

0.20 

0.35 816.49 

s i c ?  PUKPIkG PW.? 



7 2 8  '3 20.0 402!D.O 
7 7 8  9 25.0 unr15 .n  
7 28 9  3n.n 4022n.o 

7 28 v 50.0 4ozun.n 
7 28 v nn.0 u o 2 m . o  

7 28 I O  0.0 u n 2 5 n . o  

7 Z R  1 5  4s.o ~ 0 5 9 5 . 0  
7 2n IU  o.n unu90.0 

7 28 22 0 n . 0  u1oln .o  

7 2 9  I O  u8.n ~ 1 7 3 8 . 0  
7 zv n 7 0 . 0  41590.0 

7 29 22 0.07 42410.0 

7 3 1  n os.0  44495.0 

R 3 9 50.n u88e.o.o 
8 u 1 1  1 0 . 0  souoo.o 
n 7  9 40.0 5 ~ 6 3 0 . 0  
R n 9 0.0 sb03n.0 

7 29 14 30.0 41960.0 

7 30 9 0 . 0  43070.0 

8 1 9 45.0 45995.0 
8 2 I I  35.0 U7545.0 

8 5 9 25.0 51735.0 

8 9 9 0 . 0  57470.0 
8 10 9 0.0 58910.6 

7.69 n. 32 
7.07 

81b.52 
0.30 

7.bb 0 . 2 9  
Rlb.54 

7.bU 
8 lb.55 

0.27 
7.b3 O.2b 

Klb.57 

7.62 
Rlb.58 

0.25 81b.59 
7.59 0.22 816.b2 
1.5b 
7.55 

0.19 Hlb.65 
C . i B  810.66 

7.54 
7.55 
7.53 
7.53 
7.53 
7.52 
1.51 
7.51 
7.51 
7.51 
7.51 
7.52 
7.53 
7.53 
7.53 

. ~~ 

o i l 7  
o.In 
O. lb  
0.16 
0.1 b 
0.15 
0.14 
0.14 
0.14 
0.14 
0.14 
0.15 
0.16 
O.lb 
0.1b 

R l b i b 7  
816.66 
8lb.68 
81b.68 
81b.68 
Rlb.69 
Rlb.70 
810.70 
Rlb.70 
816.70 
Rlb.70 
816.69 
Rlb.68 
816.68 
8lb.68 



L. I 1 I L P f t f f c i.. 1L 

FLbPSCI) f l h L  
I l l  

2nn.5 
200.3 

200.14 
201 .o 
201.5 

202 .5  
702.0 

c'o5.n 
2nu.o 

20b.0 
20s.n 

2nu.n 
210.0 

2217.0 
2.75.0 
2w.o 
250.0 

28o.n 
2bO.O 

1415.0 

u13n.n 

9nno.o 
n5un.o 

1l420.0 
15010.0 

1~590.0 
1uz1o.n 
21b2n.0 

215.0 

2755.0 

23045.0 
2llb25.0 
30010.0 
3U529.0 

3454?.5 
3usun.n 

34543.0 
34s43.5 
3 0 5 u 4 . n  
3u5u4.5 
34545.0 
34SUb.5 
3u5u7.5 
3u54n.5 
311550.5 
3u552.5 

3U5b2.0 
34557.0 

345b7.0 
3U572.U 
3 ~ 5 ~ 2 . 0  

. 3  

.5 

.a 
1.0 
1.5 
7.0 
2.5' 

4.0 

6.0 
5.0 

8.0 

3.n 

10.0  
15.0 

2i.U 
20.0 

50.0 
30.0 

60.0 

1215.0 
8o.n 

2555.0 
m 3 n . n  

9bH0.0 
n340.0 

11220.0 
12870.0 
lUOIO.0 

21470.0 
10390.0 

2H425.0 

30329.0 
3U340.0 
3U342.5  
393~3.0 
343u3.5 
3 u 3 w . n  
3u344.s 
3usu5.n 

143P7.5 
3 U 3 4 6 . 5  

3 u ~ u n . 5  
3 U 3 5 0 . 5  
34352.5 
3U357.0 
343b2.0 
3ulh7.O 
34372.0 

~ ' Z R U S . ~  

~ 9 ~ 7 0 . 0  

3~5w.n 

ITITII 
Rb7111 

nnl.00 
u o t m  
267eb7 
201.00 
134.33 
lOl.00 
nl .on 

51.00 
67.61 

34.33 
41.00 

21.00 
2b.00 

11.00 
14.33 

q.on 
7.b7 
5.00 
4 . 3 3  
3.50 
I.lb 

1.02 
1.05 

1.02 
1.02 
1.02 

1.01 
1.01 

1.01 
1.01 

1.01 
1.01 
1.01 
1.01 
1 .01  
1.01 
1 . 0 1  
1.01 

1.01 
1.01 

1.01 
1.01 

1 . 0 1  

1.01 

1.01 

I .oa 

1 . n t  

1.01 

1.01 

1.01 

1.01 

DRbW1)VYN 
IS1 

9.87 
8.36  

6.15 
7.01 

5.45 
3.bl 

2.29 
1.59 
1.15 

.57 

.42 

.19 

-.02 
. 07 

- . D l  
-.In 
..I2 

-.I4 
-.I5 

-.IS 
. . I 1  

- . 0 9  
- . l o  

-.on 
- , 0 1  

-.nu 
-+OS 
-.01 
-.02 
0.00 
0.00 

2 . ~ 5  

.an 

- 1 "  ." 

-.ns 

0.00 
o.no 

- 0 1  
. 01  
. 0 1  
,02 
.03 

,05 
.04 

- 0 6  
.07 
.oq 
.I1 
.I2 
.I3 
.I5 

3nhu~.n 
3 9 1 1 H . O  
39575.0 

4S070.0 
u(1495.0 
45995.0 
,17545.0 
9HHHII .O 

51715.0 
< , , A 1 0  " 
5oann.o 

3uunz.n 

3uu~n.n 
14~20.0 

545no.n 
14520.0 

30huR.n 
1U54R.O 

54851 .0  
3U7ll1.0 

30950.0 
551s1.n 

3bnt0.n 
35530.0 

3bU90.0 
Ib970.0 
37115.0 
37195,O 
'37270.0 
375d0.0 
37930.0 
3 H U U 7 . 0  
31191n.o 
39315.0 
39~55.0 
399ll7.O 
39990.0 
39990.5 
39991.0 
39991.5 

l . n 1  

1.01 
1 . 0 1  

i . 0 i  
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
!.e! 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 

1.01 
1.01 

1 .01  
1 . 0 1  
1 .01  
1 . 0 1  

1.01 
I .00 
1.00 

1.00 
1.00 
1.00 

1.00 
1.00 
I .no 
1.00 
I .on 
1 .OO 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.nL 

!.on 

I . o n  

I .on 

1 ."" 

1.w 
I.on 

.lb . lh .Ih 

.17 

. 1 H  

. I H  
- 1 H  

.20 

.19 

.20 

. 71  

.23 
-25 
.2b 
.2u 
.35 

. 37  

.35 

* 38  
. U O  
.Ul 
.44 
.45 

.45 

.45 

.45 . u5 

.u5 

.a5 . u4 

.u4 

.43 

.u2 

.u2 

.38 

.34 
-32 
.30 

.71 

.E9 

.2b 

.a5 

.22 

.19 

.17 

. l e  

.Ih 
-16 
.Ib 
.IS 
.14 
.14 

. J" .. 

.un 

. tn 



<- 

i 
i 

I- j 
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PUMPED  WELL  NUMBER - OW3, i 
C L I E N T  
P H O J E C I   N A M f  - H A T  CREEK  CONSIRUCTION  CAMP  MATER  SUPPLY, i - 81.?1501, 

. H.C, Mynun, 

P a n J E c T  NUMHER 
LOCATION ut T E S T  - ~!1.-c_y_t.E~0~~ ". .... ~ __ 
TYPE OF 1 E S l  - C O N S T A N 1   R A I E  
DATL PUMP S l A R l E O  . 2 9 /  blB1- O . O /  8 

D b l E  PUMP  S IOPPEO - 2 q /  6 /81 -  O.Oll9 
( D A I / M l J / Y R - M I N / H R S l  

i 

D A T A   O N   O H S E H V b I I O N   U E L L  
GRUUNO E L E V A T I O N  - 822.20 M t l R E S  
DAlUM P O I N T  - 
HElGHl OF UATUll *HOVE  GRUIINO  LEVEL - .b1 * € I R E S  

E L f V b l I O N  OF 9 1 A l I C  WIIEH L C V L L  - 816.98 * E T R € S  
1 Y P E  OF O H S E R V A l I O N  WELL - 
D E P T H  OF S C R E E N E D   I N I E R V A L  - 
O l S l b N C E  FROM  PUMPING UELL - 

~ ..  .. .A 
I. 

- *  
rnp OF I S Z M M  CASING, 

nwrn T O  SIAIIC WAIER LEVEL - 5.83 M E T R E S  

SCREENED  HELL  ~. ... . 
25.80 l o  26.20 METRES 
47.00 M L 1 R E S  

O A l A  ON PUMPED  WELL 
U E L L   O I b M L I E R  - 
PUMP T I P €  - 152.00 Mn 

SUH)rtRSIHCE ~- - "_ I I 
FLOW  MEASUREMENT 

FLOWHETEH,  TYPE - 
P U M P I N G  H b l E  - b . 5 1 6 t t 0 0  L I I R E S / S  

T R l O f N l   D I G I I A L ,  

*oulFER_P_rT.L- 
A V I I I C F U  C O N O I T I O N S  * 
A O U I F t R   D t S C R l P l I O N  - SANOI   COARSE  GRAVLL,  1 
AOUIFfR T H I C K N E S S  - 0 ,  METRES 

-~"."I_ 
C O N F I N E D  

I 

i 



E t a i L f . .  L L E. 

o u  
0 1, 
6 12 
b 15 
h 25 
b  2b 
b 27 

h 28 
b 27 

b 28 
h ?a 
b 28 
b 28 

b 28 
h 28 

b 28 
b 2R 
b 28 
b 28 
b 28 
b 2.9 

b 28 
b  28 

b 28 
6 28 

b 28 
b  28 

b 28 
b 28 

b 28 
b  28 

b 28 
b 28 
h 28 
b 28 
b 2H 

b 28 
b 28 
b 28 

b  28 
b 28 
b 28 
b 28 

6 28 

b ZR 

o 0.0 
n 0.0 
P 0 . 0  
9 0.0 

e o  0.0 
9 n.0 

I O  (5.0 

20 37.n 

iu 98.0 zn (19.0 
20 50.0 
20 49.5 

20 50.5 
20  51.0 
20 5 2 . 0  
20 53.0 
2 0  5u.n 
20  56.0 

21 3 . 0  
20 5n.n 

2 1  H.0 
21 13.0 

21 28.0 

I b  0.0 
I5 11.0  

,a , I ? . ?  

21  1n.o 

21 30.0 
21 48.0 
21  58.0 
22 8 . 0  
22 I0.n 
22 18.1 
22 18.2 
72  18.4 
22 18.5 
22 18.1 
22 1R.R 
22 IA.9 
22 19.0 
22 19.2 
22 19.3 
22 19.6 
22 19.9 
22 20.2 

o.ao 
o.on 

5.10 
5.10 

5 . lb  

5.73 
5.22 

5.25 
5.24 

5 .25  
5.b2 
5.62 
1.19 

R.lb 
n.03 

8.29 
n.a8 
n.52 

8.14 
n.80 

n.85 
n.w 

8.60 
H.bl  

8.R3 

9.74 
8.H3 

9.59 
9.10 

9.59 
9.59 
9 . 5 9  
8.91 
8.29 
1.89 
1.b3 
1.42 
7.21 
1.11 
1.01 
b.91 
b.Al 
b.11 

6.51 
6.61 

rl E .& 

OISCHAHGE COMHtNlS 
H A l f  

L l l H t S l S  

t 

OPtN  HDLt 

SCUttYLO-UNOLVELDPtO 
AFTER DEVELOPING 

a w u  H O L ~  

INCREASE0 PUMP YAlE 

OECRELStD PUMP Y L I E  

STOPPED PUMP 



c L c L F L % f K f 

T l M b  E L l Y S C O  PHFSSIJHt DEPTH T O  

MU M l N  *IH111tS P S I  Vf.  1 P t  s 
T I M €  H t A U I N G  . W P T t R  

b 28 
b 28 
b 28 

b 28 
D 7 8  

b 2 8  
b 28 
b 2e 
b 29 
b 29 
b ' 9  
b 29 
b 29 
b 29 
b 29 
b 29 
b 29 

b 29 
b 29 

b 29 
b 29 
b 29 
b 29 
b 29 
b 79 

b 29 
b 29 

b 29 
h 29 
b 29 
b 29 
b 29 
b 29 
4 29 
b 29 
b 29 
b 29 
b 29 
b 29 
b 29 

72 20.5 
22 20.9 
i2 2i.i 
22 22.1  
82 23.1 

22 27.6 
22 24.6 

22 3 3 . 0  

n o.n 
7 55.0 

R . 3  

8 1.0 
8 1.5 
H 2 .0  
n 2.5 

R 0 . 0  
8 3.0 

8 5.n 
8 b.0 
8 n.0 

n .5 

8 1o;o 

8 20.0 
n 25.0 

n 40.0 

9 o.n 
n 50.0 

9 20.0 
9 50.0 

9 50.5  
9 50.3 

9 50.8 
9 51.0 
9 51.5 
9 52.0 
9 52.5 
9 53.0 
v 54.0 

R 15.0 

8 30 .0  

h 29 9 55.0 
b 29 9 56.0 
b 29 9 50 .0  
b 29 111 0.0 
b 2'4 IO 5.0 

6.: 
0.5 
1.0 
1.5 
2.0 
2.5 

4.0 
3.0 

5.0 
6.0 

10.0 
8.0 

20.0 
15.0 

25.0 
3n.n 
u o . 0  
50.0 
b0.0 

110.0  
no.0 

110.3 
110.5 
:11$ .s  
1 1 1 . 0  
111.5 

112.5 
113.11 
1111.0 

112.0 

115.n 

118.n 
12n.n 

11b.O 

125.0 

b.41 
b.31 
b.21 
b.11 
b.01 
5.91 
5.81 

5 - 6 1  
5.13 

5.03 
?.a i  
8.68 
9.17 
9.5~ 
9 . w  

I1.OR 
1 0 . 1 1  

10.96 
10.75 

11.11 
11.21 
11.34 
11.44 
11.41 

1l.40 
11.40 
11.39 
11.39 
11.40 

12.17 
11.96 

11,un 

1 1 . 3 ~  

12.21 
1 2 . 3 0  
12.45 
12.50 

12.60 
12.55 

12.67 
12.71 
12.15 
1 2 . 7 1  
12.77 
12.79 

IIHAYDOWN 

M I  T H L S  

-0.20 
1 .hU 
2.85 
3.34 
3.75 
4.06 
4.2H 
5.25 
4.92 
5.13 
5.28 

5.51 
5.61 
5.58 

5.51 
5.57 

5.56 
5.51 

5.56 
5.57 
5.55 
6.13 
b.34 
b.38 
b.51 
b. b2 
b r b 7  
b.12 
b.11 
b.84 
b.88 
6.92 
b.94 
b.94 
b.96 

5.38 

Y A I F R  
C L t V l T l O N  

D l S C h A H G t  C D M M t N l S  
R A T E  

U b I H F S  LlIHtSlS 

Hlb.40 
8lb.50 
Hlb.bO 
Hlb.10 
8lb.80 
Alb.90 
811.00 
817.0~ 

S T A R T  PUMP 

INCREASED PUMP  RATE 

5.33 
5,35 
5.55 

5.32 
5.29 

5.30 

INCRLLSLD PUMP R b l t  

1.12 

b.44 

b.4U 

b.44 
b.82 

b.44 
brb3 
bab3 
b.55 



t E c c E L t z 

O A T t  TlWi. E L A P S t O   P H E S S I I R €   O E P l h  T O  

P S I  M E l P E S  VU *ON 0 4 1  HH *IN M l N U l t S  
T1Mf H t 4 O I N G  . h A T i R  

b 29 10 10 .0  
b 29 10 15.0 

6 2 9  I 0  3 0 . 0  
6 29  I U  40.0 
6 29 10 50.0 
h  ?9 I 1  10.0 
6 2V I! 30.0 
6 ? 9  I2 ? O . O  

6 29 10 20.0 

b 21 1; i c . 0  
e 29 I 4  0.0 
6 29 14 50.0 
6 29 I 6  30 .0  

6 29 19 . I  
6 29 19 .5 
6 29 I9 .E  
6 2 9  19 1.0 
b  29 19 1.5 
6 29 19 2.0 
6 29 19 2.5 
6 2 9  19 3 .0  
6 2 9  19 4.0 

6 29 19 6.0 
6 2 9  19 5.0 

6 29 1 9  8.0 
6 2 9  I9 10.0 
6 2 9  19 15.0 
6 2v I 9  20.0 
6 29 19 25.0 
6 2 9  I9  30.0 
6 29 1 9  40.0 

6 29 20 0.0 
6 2 V  20 15.0 
b 2 9  20 41.0 
6 30 7 55.0 

6 29 I 9  0 . 0  

B z c  i c  5 0 . 0  

6 30 9 55.0 
6 30 I O  0.0 
h  30 I O  .5 
6 s n  I O  1;0  
h 30 I0 1.5 
6 30 10 2 .0  
b 30 I O  2 i 5  
6 30 I O  3 . 0  

130.0 

15n.o 

135.0 
lUO.0 

IbO.O 
170.0 
190.0 

260.0 

360.0 
5iD.O 

4 1 0 . 0  

bh0.O 
660.3 
660.5 
660.8 

661.5 
662.0 
662.5 
b63.0 
6bU.O 
665.0 
666.0 
b6R.O 

675.0 
680.0 

690.0 

1 1 0 . 0  
720.0 
735.0 
761.0 

1435.0 
1555.0 
1560.0 
1560.5 
1581.0 
1561.5 
1562.0 
1562.5 
1563.0 

210.0 

510.0 

661.0 

670.0 

6 ~ 5 . 0  

700.0 

1 2 . ~ 0  
12.02 
12.80 

12.80 
12.80 

12.79 
12.79 
12.78 
12.78 
12.75 

12.76 
I ? . R O  
12.R4 

9.45 
8.95 
P . 4 1  
n.07 
7.57 
7.23 
6.98 
h.80  
6.53 

b.21 
6.35 

b.OR 
5.98 
5.86 
5.111 
5 . 7 ~  

12.78 

5.76 
5.74 
5.73 
5.71 
5.74 
5.72 
5.72 
5.69 
5.69 
5.69 
5.69 
5.70 
5.70 
5.71 
5.72 

DHAWOIIhN 

U t l H E S  

6.97 
b.99 
6.97 

b.97 
6.9b 
6.96 
6.95 
6.95 
6.92 
6.95 
b . 9 3  
6.97 
7.01 
3.62 

2.50 
3. I 2  

2.24 
1.74 
1.40  
1.15 
0.97 
0.70 
0.52 

0 .L5  
0.38 

0.15 
0.03 

-0.05 
-0.02 

-0.07 
- 0 . 0 9  
-0 .10  
-0.12 
- 0 . 0 9  
-0 .11  
-0 .11 

-0.14 
-n . tu  

'0.14 
-0.14 

-0 .13  
-0 .1? 
- 0 . 0  

6.97 

-0.13 

I 

t L i V A T l l l N  
* . 4 1 t u  

M E T R t S  

1309.99 
uln.01 

810.01 
n l o . o l  

1310.02 
R 1 0 . 0 1  

aIo.oZ 

1310.03 
n l o . 0 6  
R 1 0 . 0 3  
810.05 
n l o . n l  
H09.97 
813.36 
013.~6 

R 1 4 . 1 4  
(llU.40 

(l15.24 
R15.58 

R l b . 0 l  
P15.83 

Ulh.28 
616.46 
816.60 
Hlb .13  
R l b . R 3  
816.95 

817.03 
817.00 

811.05 

917.08 

R10.03 

~ 1 7 . 0 7  

n17. ln  
~ 1 7 . 0 7  
1317.09 
~ 1 7 . 0 9  
1317.12 
1117.12 
817.12 
817.12 
A l l . l l  

817 .10  
n 1 7 . 1 1  

~ 1 7 . 0 9  

z E 1 1 E 
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OISCUAHGE  COMMENTS 

LITRtSlS 
R P l €  

6,bU 

6.53 
6.50 
6.55 
6.55 
6.54 
6.52 
6.55 
6.55 
6.53 
6 .56  
6.56 

S T O P P E D  PUMP 

R E R O V t O  PUMP AND OPEN t N D   P l € Z O M € l E R  

S l A R l  PUMP IN OH2 

E 



II B E".. E L € L. c a 1 t E 1c t c 

PII*P TEST S I I * C b h I  FOH W E L L I P I E I O U t T E H  NUMtlEH - 0m3, 

DATE I l H E   E L b P S t D  PHESSllHE D t P l H  T O  
TIME  HCADlNG 

P S I  
Ma lER 
METH€S It7 YON DAY H H  U1N MLNUTES 

b 30  I O  U.O 
b 30 10 5.0 
b 30 1 0  bi0 

b 30 10 25.0 
h 30  10 8 . 0  

b 30 IO 30.0 
b 30  I O  30.5 
0 3 U  10 31 .0  
b 30 10 31.5 
b 30 10 32.0 
h 30 10 32.5 
b 30 10 33.0  
b 30 LO 3 U . O  

b 30 10 3b.O 
b 30  10 35.0 

b 30 10 38.0 
b 30 I O  40.0 

b 30  10 44.0 
b 30 IO U2.0 

h 30 10 46.0 
b 30 10 48.0 
b 30 1 0  50.0 
b 30  10 52.0 
b 30 10 54.0 
b 30 I 1  5.0 
b 30 11 10.0  
b 30 I 1  10.5 
b 30 11  11.0 
b 30 1 1  11.5 

b 30 I I  12.5 
b 30 11  13.0 
b 30 I I  14.0 
h 30 I 1  15.0 
6 30  I I  1b.O 

b 30 11 12.0 

o 30 I I  1n.o 
0 30 I 1  20.0 
b 30 11  25.0 
b 30 I 1  3 0 . 0  
6 30 11  15.0 

b 30 11 50.0 
b 30 12 0 . 0  
b 30 12 10.0 
b 30 12 30.0 

b 3 0  I I  40.0 
10% 0 
IbbO.0 
Ib70.0 

l h 9 0 . 0  
IbPO.0 

1710.0 

5.73 

5.7u 
5.14 

5.73 
5.69 

5.b9 
5.b9 

5.70 
5.70 

5.71 
5.72 
5.?4 
5.7b 
5.71 

5.80 
5 . R O  

5.80 
5.18 
5.76 
5.75 
5.7U 
5.73 
5.72 
5.10 

5.10 
5.70 

5.70 
5.70 

5.71 
5.71 

5.73 
5.72 

5.7u 
5-76 
5.7R 
5.80 
5.80 
5.85 

5.H7 
5.06 

5.89 
5.88 

5.90 
5.89 

5.7~ 

DRbwDOwN 

n t n w ~  

-0.10 
-0.09 
-0.09 

- 0 . 1 4  
-0.14 
-0 . t ' l  
-0.14 
-0 .13 
-0.12 
-0.1 I 
e?.?? 
-0.07 
-0.Ob 
-0.05 
-0.03 

-0.03 
-0.05 
-0.07 
-0 .08  
-0.00 
-0.10 
-0.11 
-0.13 

-0.13 
-0.13 

-0.13 
-0.13 
-0.13 
-0.12 
-0.11 
- 0 . 1 0  
-0.09 
oQ.07 

- 0 . 0 ,  
- 0 . 0 5  

0 . 0 2  
0.01  

0.04 
0 . n ~  

0.05 
O.Ob 
0.Ob 
0.07 

-o.ln 

-0.03 
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DISCHbRGE COHMENTS 

L l T H t S l S  
HATL 

STOPPED  PUUP I N  OM2 

RESTAHT  PUMP 1N O W  

STOPPED PUMP I N  OW2 

RESTART  PUMP I N  ON2 



E... e L t c I t C E. E C. 1 c c a E. t 

O b l t  TIME  ELbPSSD PUFSSUW D E P l h  IO 
I I W F  RFbUIkG 

P S I  
W 1 l I P  
*€TU€.¶ YU WON DAY HR *IN M I N U T E S  

b 30 I2 56 .0  
b 30 13 U5;O 
b 30 111 50.0 
b 30 1 4  3n.5 

Il3b.0 5.90 
1785.0 5.90 

1830.5 5.90 
1n30.n 5.90 

b 30 1 4  3 l ; O  
b 30 I4  5l,5 

b 30 1 4  32.5 
b 30 14 53.0 

h 30 I4 15.0 
b 30 I U  34.0 

6 30 111 3b.O 
6 30 1 4  311.0 

b 10 1 4  45.0 
b io i 4  40.0 

b 30 14 50.0 
b 30 10 55.0 
b 10 15 0 . 0  
b 30 15 10.0 

b 30 16 3 0 . 0  
b 30 IS 22.0 

o 30 1 4  32.0 

1 2 9 10.0 
t 3 8 0.0 

7 1 8 0.0 
1 6 9 40.0 

5.90 
5.90 

5.90 

5.89 
5 . m  
s.nl 

5.82 

5.86 
5.85 

5.80 

5.74 
5.71 

5.13 
5.13 
5.11 
5.10 
5.10 
5.10 

5.12 
5.13 
5.74 

5.lb 
5.14 

5.10 
5.80 

5.83 
5.81 
5 . 8 3  
5.83 

5.81 
5.92 

6.01 
5.91 

be05 
b.12 
6.18 
6.22 
b.29 

5.10 

5.81 

s.nu 

SIOPPEO PUMP IN Oh2 

S l b R l   P U M P I N G   P I 2  



B I € L 1. t E c 

D b l t  

IR YON DhY 

7 2u 
7 24 
1 24 

7 2u 
1 74 

1 2 4  
7 24 

1 24 
7 74 

7 24 
7 24 
7 24 
1 24 
7 24 
7 24 
7 74 
1 24 
7 25 
7 25 
7 25 
1 25 
1 25 
7 Zb 
1 2b 
7 2b 
1 2b 
1 2 b  

7 2 b  
7 26 

1 7 6  
7 2b 
7 . 2b 
7 2b 
7 26 
1 2b 
7 26 
1 2b 
7 2h 
7 2 b  
7 26 
7 26 
7 2h 
7 2b 
7  26 
7 2b 

T l M t  

H H  * I N  

1 1  0.0 
1 1  5 . 0  
11 10.0 

11  20.0 
I 1  15.0 

I I  10.0 
I I  40.0 
1 1  50.0 
IZ 10.0 
I2 30.0 
I3 20.0 
14 10.0 
15 0 .0  
15 50 .0  
I 7  35.0 
I9 15.0 
20 50.0 
0 10.0 
3 0.0 

1 4  45.0 
b 45.0 

22 45.0 
b 45.0 
n 5 .0  
n 55.0 

n b.5 
n 7.0 
n 1.5 
n 8 . 0  
n 9.0 
8 10.0 
8 11.0 
8 13.n 
n 15.0 

n 25.0 
n 20.0 

n 25.5 

n 26.5 
n 27.0 

n 28.0 
n 29.0 
n $0.0 

R b.O 

R 2b.0 

8 21.5 

3 h l H 0 . 0  

PUESSUHt 
P F A O I N G  

P S I  

DLPTH 10 
H b l f H  
M E l R E S  

b.34 
b.U2 
b.Ub 
b.4A 
b.50 
b,52 
0.53 
h.53 
b.5b 
b.56 
b.57 
b.58 
b.58 
6.59 
b.60 
6.60 
be61 
6.b2 
6-64 
6.65 
b.hR 
b.11 
b.72 
b.72 
b.73 
b.71 
b.74 

b.77 
balS 

b.7R 
b.79 

b.82 
b.81 

b.83 

b.Rb 
6.85 

b.87 
b.RR 

b.90  
6.91 
b.92 
b.93 
6.96 
6.97 

b.08 

DUAYODWN 

M E l R F S  

0.51 
0 .59  
0 . 6 3  
0.65 
0.67 
0.69 
0 . 1 0  
0.10 
0.73 
0.73 
0.74 
0.75 
0.75 
0.75 
0.17 
0.71 
o . 7 n  

0.01 
0.79 

0.112 
0.85 
0.88 
0.89 
0.89 
0.90 
0.90 
0.91 
0.92 
0.94 

0.96 
0.94 

0.98 
0 .99  
1.00 
1.02 
1.03 
1.04 
1 .04  
1.05 
1.07 
1.on 
1.09 
1.10 
1.13 
1.14 

€LEVATION 
W A l f ~ R  

* t l R t S  

8lb.U) 
8lb.39 
Hlb.35 
Blb.35 
Rlh .31  
815.29 
HIh.2H 

Rlb.25 
Rlb.25 

Hlh.Z3 
81b.24 

RIb.23 
n t h , ? !  
Blb.21 
Hlh.21 
Hlb.20 

Clb.17 
Hlb.lb 
Hlb.l3 
810.10 
RIh.09 
Rlb.09 

Rlh.08 

8lb.Ob 
8lh.07 

Hlb.04 
Hlb.04 
Hlb.02 
Hlb.00 
815.99 
H15.98 
hl5.Vb 
815.95 
R15.9U 
H15.94 

n1h.28 

n l b . t q  

nlh.on 

COMMENTS 



L. . L i t t " I L E c E E t P c L 

O A l t  llMt tL4PStD  PHESStIHE DFPlH IO ORANDDMN 
11w HCADING 

WIILH O l S C l t A H t i L  COMMENTS 

YR MON D A Y  HR WIN MINUIES PSI W t l U t S  Mt lRFS 
. M A l € W  tL tVATION 

M E I W E S  L I l R i S l S  
V b l t  

7 2b 8 31.0 38911.0 
7 2b 8 3 3 . 0  38913.0 
7 2b 8 35.0 1~915.0 
7 26 8 40.0 3~920.0 
7 26 65.0 38925.0 
7 2b 8 50.0 38930.0 
7 2b 8 55.0 38935.0 
7 2b 9 5.0 3R9U5.0  
7 2b 9 15.0  38955.0 
1 26 9 25.0 3R9h5.0 

7 26 I0 5.0 39005.0 
? ?6 !! :1.1 3?O?C.: 
1 26 I I  15.0 39015.0 
1 2 b  I I  3 0 . 0  39090.0 
1 2b I I  40.0 59100.0 
1 2 b  I I  50.0 39110.0  
7 2h I2 10.0 39130.0 
7 26 12 40.0 39160.0 
1 26 13 30.0 39210.0 
7 2b 14 2 0 . 0  39260.0 
1 26 I5 10.0 39310.0 
1 2b Ib 0.0 393bO.O 

7 2b 19 20 .0  39560.0 
7 26 I1 40.0 39460.0 

7 2b 21 0 . 0  39bbn.0 
7 21 125.0 40285.0 

7 ? b  9 45.n 3119n5.n 

7 2 7  1 5  1 0 . 0  40750.0 
7 21 22 45.0 41205.0 

I 28 9 0 . 0  s1820.n 
7 28 9 .5 u1n2n.5 
7 28 9 1.0 u1821.n 
7 28 9 1.5 41821.5 
7 28 9 2 .0  91822 .0  

7 2 8  9 3.0 4 1 w x . o  
7 28 9 4.0 u1n2u.o 
7 28 9 5 .0  41825.0 

I 78 9 8.0 u182n.o 
7 ?n 9 10.0 u183n.0 
7 28 9 1 5 . 0  41835.0 
7 28 9 20.0 u1nun.0 

7 28 b 50.0 Ulb9O.O 

1 28 9 2.5 41822.5 

1 28 9 b.O 4182b.0 

1 28 9 25.0 41845.0 

h . 9 9  1.16 
1.01 I.IH 

7.05 1.22 
7.00 1.23 
7.07 I .24 
1.08 
1.10 

1.25 
1.21 

1.10 
1.10 1.21 

1.21 

1.10  1.21 
1.11 1 .2fl 
&.?S 

7.01 
7.00 1.11 

1.18 
7.01 
7.02 

1.18 

1 . 0 2  1.19 
1.19  

1.03 
1.03 

1 . a  

1.03 
1.20 
1.20 

1.03 I .20 
7.04 
1.05 

1.21 

7.05 
I .22 
1.22 

7.06 
7.10 

1.23 

7.13 
1.27 

1.13 
1.30 

7.14 1 . 3 1  
1.15 I .32 

7.10 
7.1s 1.31 

1.27 
7.04 1.21 
b.91 
6 .80  

1.14  

b.84 
I .n6 

6.11 
1.01 
0.90 

6.bS 
0.5n 

0 .82  

b.50 
0.75 

b.43 
0.61 

b.13 
0 . 6 0  

h.21 
0.50 

b.24 0.41 
0.44 

7.02 1.19 

. .- 
t . 2 ,  

1.30 

PUMP OFF 5 * I N S  A 1  10.41 

a 



7 20 v 30.0 4txw.o 

7 7n I O  20.0 41900.0 
7 ?R I O  0.0 UINIO.O 

7 28 10 40.0 41920.0 
7 2n I I  30.0 41970.0 
7 28 I ?  20.0 4202n.o 

7 28 1 4  0.0 4~1zn.o 

7 28 9 40.0 418b0,O 
7 28 9 50.0 U I R 7 O . O  

7 26 I 3  10.0  42070.0 

7 28 22 52.0 47b52.0 
7 29 b 15.0 43095.0 
7 29 IO 52.0 43372.0 
7 79 I4 45.0 U3bD5.0 
7 29 22 0.0 4 4 o u o . o  
7 30 9 0.0 4U700.0 
7 31 8 50 .0  Ub130.0 
n I 9 40.0 u7b~0.0 
n 2 1 1  30.0 uv170.0 

n 5 9 30.0 53370.0 

a 9 9 1 5 . n  59115.0 

R 3 9 35.0 50495.0 
R 4 I I  5.0 52025.0 

8 7 9 45.0 56265.0 
0 8 9 5.0 57bb5.0 

8 I O  9 5.0 60545.0 

6.22 
b.!9 
b.17 

6.14 
b.lb 

b.13 
t .12 
6.10 
6.10 

b.0b 
6.04 
b.Ob 
6.04 
6 .03  
b.03 
t . 0 1  
b.00 
b.OO 
5.99 
5.99 
5.99 
b.00 

b . 0 0  
b.00 

b.00 

6,ln 

0.39 

0.34 
0 . 3 8  

0 . 3 3  
0.31 
0.30 
0.20 
0.27 
0.27 
e.?? 
0.23 
0.21 
0.23 
0.21 
O.?O 
0.20 

0.17 
0.17 

0.lb 
O.lb 

0.17 
0.lb 

0.17 
0.17 

0.17 

0.1s 

Rlb.59 
iiib.62 
81b.b4 
Rlh.65 
Hlb.b7 
Hlb.b8 
Rlb.bV 

Hlh.71 .e:*.:: 
Rlb.75 
Rlb.77 
Rlh.75 
Rlb.77 

Rlb.78 

Rlb.HI 

8 1 b . 8 2  
8lb.82 
816.82 

Rlb.81 
816.81 

n1h.71 

~lb.711 

nlb.no 

nlh.nI 

ntb.81 

8 l b . n l  



e.. . c E E L t r €. t' L c I c L c E. E. t E 

C L A P S F 0  l l * t  
111 

bb0.3 
bb0.5 
bb0.8 

bbl.5 
bb2.0 
bb2.5 

bb4.0 
hb3.O 

bb5.U 
bbb.O 

b70.0 
bb".fl 

b75.0 

bR5.0 
680.0 

b9U.0 
100.0 
710.0 
720;O 
735.0 
761.0 

lU35.0 
1555.0 
l5bO.O 
15b0.5 
1561 .O 
1561.5 

15b3.0 
1562.5 

1565.0 
1564.0 

15bb.0 
1568.0 
15R5.0 
1590 .0  
1590.5 

861.0 

1562.0 

1 5 9 1 . 0  
1591.5 
1592.0 

1593.0 
1592.5 

1595.0 
1594.0 

1596.0 
159R.U 

1002.0 
lb00.0 

IbOb.0 
IbDU.0 

1bOR.O 

1.0  
.8 

2.0 
1.5 

2.5 
3.0 

5 . 0  
b.0 
3 .c  

15.0 

25.0 

4.0 

1n.o 

2n.0 

30.0 
40.0 
50.0 
hO.0 
15.0 

CV5.0 
715.0 

900.0 

1nl.n 

9ot .n 
900.5 

902.0 
902.5 

905.0 

w 5 . n  
930.0 

901.5 

903.0 
904. 0 

906.0 
B0X.O 

930.5 
931.0 
9 3 1 . 5  

932.5 

934.0 
935.0 
93h.0 
936.0 
940.0 

9Ud.O 
PUb.0 
V4H.O 

932.0 

933.0 

9~2.0 

(1111 I 
P A l l O  

2641.00 
1321.00 

H81.00 
bb1.00 
441.00 
331.00  
2b5.00 
271.00 
Ibb.00 
133.00 
111.00 

b1.00 
G . i G  

45.00  
34.00 
27.40 

14.20 
11.50 

12.00 
9.80 
1.53 
I .05 
1.14 
1.73 

1.71 
1.73 

1.73 
1.13 
1.13 
1.13 
1.13 
1.13 
1.13 
i.75 
1.71 
1.71 
1.71 
1.11 
1.71 
1.11 
1.71 
1.71 
1.71 
1.71 

1.70 
1.11 

1.10 
1.10 
1.70 

1.10 

23.00 

1.10 

UYIwDD*N 
(SI 

3.62 
3. I2 
2.58 
2.24 
I .14 
I r U 0  
1.15 

I10 
.91 

-52 

.25 

.38 

-15 
- 0 3  

-.02 

1.01 
-,a9 
- . I 0  
-.I2 
-.a9 
. . I 1  
- . I 1  

-.I4 
-.I4 

-.I4 
-.14 -. I 3  -. I 3  
..I2 
-.I1 
- . I O  
..09 
-.a9 
-.ID 
-.I4 
-.1u 

. . I 4  
I.1" 

- . I 3  
-.I2 
- . I  I ..m 
-.a7 
-.Oh 
-.a5 
..os 
-.a3 
- . 0 3  
* . o s  
-.Ol 
. .OR 

-.05 

1010.n 

lh14.0 
I h l Z . 0  

lbp5.0 
lb30.0 
1050.5 
Ib3l.0 

lb32.0 
1031.5 

lb32.5 
lb33.0 
lb3U.U 
l h 3 5 . 0  
Ib3h.O 
lb38.0 

lb45.0 
lb40.0 

lb50.0 
lb55.0 
1bbO.O 
Ib7O.U 

%v.n 
952. n 
95u.o 

91n.n 
970.5 
911.0 
911.5 
972.0 
912.5 
913.0 
v7u.o 
975.0 
976.0 
9 m . a  
9no.n 
985.0 

905 I 9 
990.0 

1onn.o 
10lo.o 
1020.0 

I 050 .n 

1125.0 

9h5.O 

I030.0 

1016.0 

1110.0 
1110.5 
1111.0 
1171.5 
1112.0 
1172.5 
1113.0 

35511.5 

-.nq 
-.In 
-.i1 -. I 3  
-.13 
-.i3 
-.13 

-.13 
-.13 

-.11 
-.12 

-.In -.w 
-.05 

.ox 

.02 

-.07 

- .a3 

. G 5  . ou 

.05 

.Ob 

.Ob 

.ul 

.01 

.01 

.n7 

.07 

.07 

.07 

.01 

.Oh 

.n5 

.04 

.03 

.02 
-.01 
-.a3 
-.Ob 
- . 0 9  
-.10 
-.io -. I2 
-.13 
-.13 
-.13 
-.13 
-.11 

-.nq 
-. 10 
-.a9 
-.07 
- . O S  
..a3 
-.nz 
0.00 
-.n2 
0.00 
0.u0 

. 0 1  



38215.0 
3h2H5.O 
3 * ? 9 5 . 0  
3113n5.0 
38325.0 
38345.0 

3PUl5.0 
~ 4 1 n . n  

3nu30.0 

3~45n.o 
3nuuo.o 

3HU70.0 
36500.0 

3RhOO.O 
~~55n.o 

I . n ?  
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
I .02 

I .02 
1.02 

1.02 
1.02 
1.02 
1.02 
I .02 
I .02 
1.02 

1.25 
1.27 
1.27 
1.21 
1.21 
1.28 
1.15 

1.18 
1.17 

1.1Q 
1.19 
1.19 
1.70 
1.20 
1.20 
1.20 
1.21 
1 .22 
1.22 
1.23 
I .27 

1.30 
1.31 
1.32 
1.31 
1.27 

I .3n 

3PVi5.0 
I I * ~ ) L I S . O  
3 t ~ ~ 5 5 . 0  

3 ~ ~ 8 5 . 0  
3~nn5.n 

3PYb5.0 

39010.11 
IQ015.0 301 71.5 

36lll.O 35511.0 
35511.5 

36172.U  i551z.n 
3bl 72.5 
Jb173.0 

35511.5 
35513.0 

3n174.0 
36175.0 

S5514.0 

3b176.0 
35515.0 

36178.0 
35516.0 
35518.0 

3blHS.O  $5525.0 
361~n.n 35520.0 

5 h 1 9 0 . 0  3553n.n 
3b195.0  35535.0 
3blOO.O 35540.0 
3 6 1 1 0 . U  35550.0 
jh2ZO.O 
36230.0 

35560.0 

:0250.0 
35510.0 
35590.0 

3h210.0  35610.0 
35660.0 
35710.0 
35160.0 
35R10.0 
35915.0 

30320.0 
30~7n.n 
3k420.0 
36470.0 
36575.0 
36675.0 
3a770.0 
36970.0  3b31O.O 

373b5.0 
37140.0  3bURO.O 

37845.0  37185.0 
3Q325.0 37665.0 
3RR05.0 3P145.0 

38275.0 
38226.0 

3H221.O 
38227.5 

3 R O R R . O  J W Z I I . O  

3HH90.0 
3QHH9.0  38229.0 

3b015.0 
3b1ln.n 

3oln5.0 

3 ~ ~ ~ 5 . 0  38225.0 
~~935.0 

38226.5 
38886.0, 
3RUHb.5 
~ ~ 8 8 7 . 0  
3 ~ 8 ~ 1 . 5  

3nz3o.o 
3 6 ~ 9 1  .n 36231 .O 
3889s.o  38233.0 
3 ~ ~ 9 5 . 0  
3 8 9 0 0 . 0  

38235.0 

38905.0 
3 R 2 U O . O  
38245.0 

3RY05.5  
3 S 9 0 6 . 0  

3R2U5.5 

3H936.5 
38246.0 
JR24a.5 

3R901.0  38247.0 
3H907.5  38247.5 
3QPOH.O 3R24R.O 
3 P 9 0 9 . 0  382U9.0 

3 H 9 1 1 . 0  
38250.U 

38915.0 
3P253.0 
38255.0 

3 R 9 1 5 . 0  38265.0 
311930.0  30270.0 

3~910.0 

3n91s.n 
3~251.0 

1~92n.0 3nzb0.0 

I .nz .04 
. 0 9  
- 1 "  

1 .n2 
1 .02 
1.02 
1.02 
1.02 
1.02 
1.02 
I .02 
1.02 
1.02 
1.02 
1.02 
1.02 
I .02 
1 - 0 2  

. I n  

.?2 

.. 

39000.0 
3R900.0 

39625.0 
40090.0 

(11030.0 
40545.0 

411b0.0 
411b0.5 

411b1.5 
411bI.O 

41162.0 
41162.5 
411b3.0 
41164.0 
411h5.0 
4llb6.0 
411hA.0 
41110.0 
41115.0 
u11no.n 

41190.0 
u 1 2 n 0 . 0  
u1210.0 
41220.0 
41240.0 
U12bO.O 
U 1 3 1 0 . 0  

4llP5.0 

I .02 
1.02 
1.02 
I .02 

1.02 
1.02 

1.02 
1.02 

I .02 
1.02 

1.02 
I .02 
1.02 
1.02 
1.02 
1.02 

1.02 
1.02 

1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
I .02 
1.02 
1.02 
1.02 
1.02 
I .02 
1.02 

01205.0 
* i o i o . f i  
UlH2O.O 
41H20.5  

4lR21.5 
4 1 R 2 1 . 0  

u1nz2.0 
41822.5 

u 1 w . o  
U l R 2 J . O  

41825 .0  
UIR26.0 
41R2R.O 
UlR30.0 
41815.0 
PIR40.0 

41850.0 
Ul845.0 

Ul8bO.O 
UlH70.0 
UIR8O.O 
41900.0 
41920.0 
41970.0 

42010.0 
42020.0 

42120.0 
42b52.O 
P 3 0 9 5 . 0  
93372.0 
U3b05.0 
4uouo.o 
U4700.0 

;io2 
1.02 
I .02 
1.02 
1.02 
I .02 
I . 0 2  
1.02 
1.02 
1.02 
I .02 
1.02 
1.02 
I .02 
1.02 
1.02 

. l o  

.73 

.73 

.74 

.75 

.75 

.7b 

.I1 

.77 

.7u 

. R I  

.19 

. R 2  

1121 
1.14 
(.Ob 
1.01 
.9Q 

.75 
b7 

.bO 

944 
.41 
.39 
.3b 
.34 
.33 
-31 
. 3 0  

.n2 

.so .85 
. 8 R  
.89 

1.02 
1.02 
1.02 

1.02 
1.02 

1.02 
1.02 
I .02 
1.02 

.a9 

.90 

.*o 

.91 
-92 

.v5 

.9u 

.9b 

.98 

1.00 
.99 

1.02 
1.03 
1.04 
1.05 
I .05 
1.07 
1.06 

.~ 

.29 

.27 

.27 

.21 

.23 

.21 

.23 

413hO;O 

411160.0 
41410.0 1.02 

1.02 
1.02 
1.02 
1.02 
I .02 
1.02 
1.02 
1.02 

1.02 
I .02 

1.02 

419Y2;O 
u?u35.0 
q2112.0 

~3380.0 
uzqu5.n 

4uo40.0 

1.02 
1.02 
1.01 

.21 

.20 

.20 
4613O;O 4547o;o 
U7620.0 46960.0 
49110.0 UR510.0 
50495 .0  49835.0 
52025.0 513b5.0 

1.01 
1.01 

1 . 0 1  
1.01 

1 .01  

1;09 
1.10 
1.13 

1.02 
1.02 
1.02 

1.1u 
1.lb 

1.19 
1.18 

I .22 
1.23 

1 .01  
1 .01 1.02 

1.02 
1.02 

1.01 
1.01 
1.01 I . 02  1;24 
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t 

PUMP  TEST  SUMUAHY FUh h f L L / P I ~ Z O M E T t H  NIJMBEU - uau, . 
* ~ . ? / ~ 1 / n ~ - ~ ~ . t ~ . u u  t . *.. t ~ . . t . . * t . . . . . . * * ~ * ~ ~ . . * ~ . ~ , ~ . . ~ ~ . . , ,  

C L I E N T  
PIIMPFO  WELL  NUMRER - OYU. 

PROJECT  NAME * HAT  CHEEK  CONSTRUCTlON  MITER  SUPPLY, 
PROJECT  hUHHER - 8 1 2 1 5 0 7 ,  
LOCATION  I )F  TEST - MAT CHEEK HC, 
TYPE OF I E S T  
DATE PUMP  STbHTEO I 2 7 /  6/81-30.0/16 

* CONSTANT R b l f  

DATE  PUMP  STOPPED - 28/ b 1 8 1 - 3 0 . 0 1 1 7  
L O A Y / * D / l W - M I N / H H S )  

- 8.c. HYOHO, 

O b 1 1  ON ORSEHVATION  WELL 
GROUND E L E V A T I O N  - . s ~ B . o ~  wwts 
OblUM P O I N T  - 
M E l f H l   O i  DbTUM ABOVE  GROUND L E V E L  - 3.01  M t l Y t S  
D E P T H  10 S T A T I C  XATEH L E V E L  * 
E L E V b T I U N  OF S l A l l C  H A T E R   L E V E L  - 840.89   METRES 

O E P l H   O F   S C R E E N E D   I N l i R V A L  - TYPE OF D H S E H V b T I O Y  h i L L  - 
D I S T A N C E  P R O M  P U M P I N G  WELL - 21.50 METRES 

TOP 1IF 1 5 2 M M   P V L  CASING, 

.LU M t l Y t S  

lDU.10 TO 1 0 b . 7 0   H L T H E S  
S C R E E N t D   U E L L  

152.00 UM 
S U a x E R S l a L L  

F L U *  MEbSUHtMENT 
FLIIWMETER,  TYPE - 
PUMPING  HATE - 7 . 1 6 7 t t 0 0   L l l R F W S  

T R 1 D E N l  DIGIIAL, 

A O U I F E R  O b 1 1  . .  
b0111FER C O N D I T I O N S  - 
b O U I F E H  U E S C Y I P T I O N  - 
b O U I i E H  T H I C K N E S S  - C O N F l N t D  

SAkOl G R b V t L ,  
UNDEFINEO  METRES 

T E S T   D E l A l L S  
N E A l H t H   C U N D I T X O N S  - Y b R I A 8 L C ,  

COHMENIS - WtLL FLOWING A I  5.2 L l S E C   A i T t H   B A I L I N G ,  
I i s r E n  H Y  - GOLOLH  ASSOCIATFSr  



e. k ' s E . . ' E ' r e  EL E,.. t L IC E E. E. E E L L E L 

n b l E  TlW CLbPSFD  PHFSSUHt  DEPTH  1U 
1 I H E  HEADING I A l t H  

Y H  MU11 DAY HH * I N  M l N l l l L S  PSI I r L l H E S  

0 0 0 0 . 0  
0 0 0 0 . 0  
b 24 14 0;i 
b 25 8 0.0 
b 26 14 35.0 

b 27 14 15.0 
b 27 ~8 15;; 

6 21 15 3.0 
6 27 lb 30.0 

b 27 16 31.0 
b 21 Ib 31.5 
b 27 Ib 32.0 
6 27 16 32.5 
b 21 lb 33.0 
b 21 I b  34.0 
b 27 16 35.0 
b 21 16 3b.O 
b 21 16 3 8 . 0  

6 21 lb 45.0 
b 21 Ib  40.0 

b 21 Ib 50.0 
b 27 lb 55.0 
b 27 I 7  0.0 
b 21 17 10.0 
b 27 11 20.0 
b 27 I7 30.0 
b 21 I7 50.0 
b 21 18 10.0 
b 27 19 0.0 
b 27 19 5 0 . 0  
6 27 20 40.0 
5 21 21 30.0 
b 21 23 10.0 
b 28 0 50.0 

b 28 b 53.0 
6 28 2 30.0 

b 28 9 10.0 
b 28 1 1  0.0 
6 28 I3 50.0 
b 28 17 30.0 
b 2H 17 30.2 
b 28 11 30.4 
b 2R I7 30.5 
b 28 17 30.5 

s 27 : 5  31.5 3.5 
1 .o 
1.5 

2.5 
2.0 

3.0 
4.0 
5 .0  
b.0 

10.0 

20.0 
25.0 

u o . 0  
3 0 . 0  

50.0 
b0.O 
80.0 
100.0 
150.0 
200.0 
250.0 

400.0 
3 0 0 1 0  

6 0 0 . 0  
500.0 

1000.0 
1110.0 

1500.0 
1500.2 

1500.5 
1500.4 

1500.5 

a.0 

15.0 

8 6 3 . 0  

12eo.o 

0 . 0 0  

0.00 
0 . 0 0  

0 . 0 0  
0 . 0 0  
o.oo 
0 . 0 0  
0 . 0 0  
0.00 
u . 0 0  
4.05 
4.12 
4.11 
4.22 
4.17 
4.19 
4.19 
4.19 
4.20 

4.22 
4.21 

4.23 
4.24 
4.23 
4.21 
4.20 
4.21 
4.22 
4.25 
0.31 
4.3b 
4.41 
4 .U7  
4.51 
4 . 6 5  
4.73 
4.92 
4.98 
5.03 

5.21 
5.1n 

3.07 
2.81 
2.bl 
2.57 

DYbMUUWN 

n t f n t s  

-0.24 
3.7b 
3.81 
3.88 
3.87 
3.98 
3.93 
3.95 
3.95 

3.Vb 
3.95 

3.91 
3.98 
3.99 
9.00 
3.99 
3.91 
3.90 
3.91 

4.01 
4.01 
4.12 
4.17 
4.23 
4.33 
4.41 

4.b8 
4.49 

4.79 
4.74 

4.90 
4.97 

2.51 
2.U3 
2.33 

3.98 

2.8) 

t L L V L l l O N  
* b T t H  

H E l R E S  

H 4 1 . 1 3  
841.11 

841.13 
HUI.13 

841.13 
841.11 

nu1.13 
841.1) 
841.13 
837.13 
~ 3 7 . 0 ~  
n37.01 
~31.02 
H3b.91 
856.96 
H3b.94 
83b.94 
83b.9U 
8 5 6 . 9 3  
li3b.92 

R3b.90 
8 i b . 9 1  

036.8~ 
~ ~ 0 . 9 0  
B3b.92 
836.93 

836.91 
836.92 

83b.BH 

8lb.77 
83b.12 
8 3 b . 6 6  
83b.5b 
836.48 
8 3 6 . 4 0  
83h.21 
H3b.15 

H35.99 
836.10 

835.92 

858.32 

~36.82 

83H.Ob 

H3H.46 
838.5b 

*1 121111~1-11.11.44 **  P b t i t  2 

OISCHAHGE COMMENTS 

LlThLSlS 
R A I t  

U.2b A I R  SURGED S C Y t t N E D - F L O W I N G   A R l E S I b N  
3.v0 
3 . 0 3  

2.67 
5.05 

2.84 

STAH1  PUMPING A T  lb.30 
l N l T l A L   H t l t H  RkADI l rG  b41b340 

7.5n 

1.20 

7 . 0 5  
7.35 
7.35 
7.42 
7.35 

7.42 
1.50 

7;5n 
7.42 
7.27 
1.27 
7.55 
b.97 
7;20 

7.23 
1.31 

7.18 
1.15 

7.20 
7.21 
7.21 
7.20 
7.19 
7.14 

7.11 
MATER SAMPLFD PH 7.1 1 x 1 2 1  CUND. 380 

FLOW M L T E R  HEADING 6618220 



PUMP l E S 1  S U Y M P H Y  FUR WtLL/PlkZOHEl€H NUMHEY - m u .  .. 121111H1-11.11.44 ** PAGt 3 

D A l f  TIME EL IPSf l )  PHLSSUHi  D E P l H  10  DRAhDDNN W P l t Y  DISCHARGE COMMENTS 
1 I * t  HEADING 

YR *ON D b l  HY MIN H I N U I E S  
WAl tH   CL tVA l l l lN   RA lE  

P S l  WIUES MElUCS * t l R € S  L l l H L S I S  

b 2 8  I 7  3U.b 1500.6 
6 28 I1 55.0 1525.0 
b 2 8  17 57.0 1521.0 

b 2 8  I8 10.0  1540.0 
b 28 18  20.0 1550.0 
6 2 8  18 3 3 . 0  1563.0 
b 29 7 20.0 23311.0 
6 2 9  21  20.0 3110.0 
6 SO 7 25.0 3775.0 
1 1 8 0.0  5250.0 

T 3 8 0 . 0  n13n.o 
I 2 Y :.c b t ? C . O  

I 6 14 3 0 . 0  12n40.11 

6 2 8  i n  0.0 1530.0 

1 1 9 3 0 . 0  13960.0 
1 8 7 3 0 . 0  15300.0 
1 R 18 30.0 15960.0 
7 9 8 0 . 0  I b l l O . 0  
7 13  9 0 . 0  22590.0 
7 15 10 50.0 255bO.O 
1 2 0  8 15.0 32625.0 
1 2 0  14 0.0 32910.0 
1 20 14 .5 32910.5 
7 20 14  1.0 32971.0 
1 20 14 1.3 32911.3 
7 20 14 1.5 32971.5 
1 20  14 1.8 32911.8 
1 2 0  14 2.0 32912.0 
1 20 14 2.3 32912.3 
1 20 1 4  2 .5  32912.5 
1 20 14 2.8 32972.8 
1 20 14 3.0  32973.0 
1 20 I 4  3 . 3  32913.3 
7 20 14 3.5 32911.5 
7 20 I 4  3.5 32913.8 
7 20 I U  4.0 32974.0 
7 20 14 4.3 32914.3 
I 2n 111 4.5 1297u.5 
7 20 1 4  4.n 32974.8 
1 2 0  1 4  5.0 32915.0 
7 2 0  14 5 .5  32915.5 
7 20 14 b.0 32916.0 
1 20 14 7.0 32911.0 
1 20  14 8.0 32918.0 
7 20 1 4  10.0  32980.0 

2.41 
1 .41  
1.31 
1.35 
1.31 
1.29 
1.21 
.88 
.67 
.58 
.48 

.3b 

.24 

.25 

. T I  
5.91 
2.11 
1.64 
1 .70 
1.64 
1.74 
2.31 
2.69 
2.16 
2.81 
2.81 
2.90 
2.95 
2.91 
3.00 
3 .01  
3.03 
3.05 
3.06 
3.08 
3.09 
3.10 
3.11 
3.12 
3.14 

3.19 
3.1b 

3.26 
3.22 

.?e 

2.23 
1.11 
1 . 1 3  
1 .11  
1.01 

0.91 
1.05 

0.43 
0.64 

0.34 
0.24 
0.14 
0.12 
0.01 
0 .  
0.47 
5.61 
1.81 
1.40 
1.4b 
1.40 
1.50 
2.13 

2.52 
2.45 

2.51 
2.63 
2.66 
2.11 
2.13 
2.16 

2.19 
2.11 

2.81 
2.82 
2.84 
2.H5 
2.86 
2.87 

2.90 
2.88 

2.92 
2.95 
2.98 
3.02 

63W.bb 
839.72 
839.1b 
819.18 
839.82 
839,84 
839.92 
8U0.25 
HU0.46 
8110.55 
840.65 

840.11 
840.15 

840.89 
840.02 
R35.22 
839.02 
839.49 

~ 3 9 . ~ 1 9  
839.39 
83n.16 
8311.44 

nuo.88 

839.93 

838.31 
836.32 

H 3 8 . 1 8  
838.23 

838.13 

83H.10 
R3H.06 
838.01 

63n.zb 

830.1b 

~ 3 n . 1 2  

838 .05  
n 3 8 . 0 ~  

( ~ ~ 7 . 9 9  
H W . O I  

H 3 8 . 0 3  
838.02 

837.91 
837.94 
831.91 
831.81 

DEVELOPlNG P U l  
DEVELDPING PWl 
P U l  R E C O V E R I N G  AFTER DtVtLUPlNG 



PUMP  TEST Su**AYY Fun ~ € C L / P l t t U * E l C H  NUMHEH - OUU, 1" l2/lllHl-ll.ll.u4 *. P I t i t  4 

DATE  1lME  €LAPSE0  PHESSllHE  DEPTH 10 
l I * C   H E A D I N G  

YR MON DAY HY M l N  M I N U I f S  P S I  
W I l L H  
H E T R t S  

7 20 14 15.0 329A5.0 
7 20 14 20.0 32990.0 
7 20 I U  25.0 32995.0 

7 20 14 40.0 3 3 0 1 0 . 0  
7 20 14 50.0 33020.0 
7 20  15 0.0 33030.0 
7 20 15 20.0 33050.0 
7 20 15 qO.0 33070.0 

7 20 17 2 0 . 0  33170.0 
7 io :o ;:.c j 5 ; z o . o  

7 20 18 10.0 33220.0 
7 20 19 0.0 33170.0 
7 20 20 40.0 33370.0 
1 20 22 20.0 33410.0 
7 21 0 10.0 335HO.O 

7 2 1  6 90.0 33970.0 
7 21 15 5 .0  34475.0 
7 21 23 25.0 34975.0 
7 22 1 45.0 35475.0 
7 22 15 5.0 35915.0 
7 22 23 5.0 36395.0 

7 23 15 5.0 37355.0 
7 23 23 5 .0  37H35.0 
7 24 7 5.0 38315.0 
7 24 15 5.0 38795.0 
7 24 23 5.0 59275.0 
7 25 7 5 .0  39755.0 
7 25 15 5.0 40235.0 
7 25 23 5.0 40115.0 
7 i* 7 5 . 0  4iivi.o 
7 26 15 5.0 41675.0 
1 26 23 5 .0  42155.0 
7 27 7 5.0 42635.0 
7 77 15 0.0 43llO.O 
7 27 23 0.0 43590.0 

7 28 15 0.0 44550.0 

1 2H 20 10.0 44860.0 
7 18 20 10.5 44Hb0.5 
7 ?I! 20 11.0 4UHbl.U 
1 28 20 11.5 44861.5 

7 2 0  14 30.0 33000.0 

7 2 1  u 10.0 33820.0 

7 23 7 5.0 36875.0 

7 28 7 0 . 0  44070.0 

7  2~ 19 50.0 4unuo.o 

3.33 
3.37 
3.42 
3.45 
3.51 
3.51 
3.63 
3.11 
3.83 
4.03 
4.22 
4.44 
4.66 
5 . 0 0  
s.35 
5.66 
6.32 
6.70 
6.85 
8.81 

10.43 
9.15 

11.24 
11.97 
12.54 
13.13 
13.73 
14.24 
14.77 
15.29 
15.76 

1 8 . 7 9  
16.29 

17.14 
11.60 

18.38 
18.03 

18.18 
19.15 
19.50 
19.71 
19.11 
19.14 
18.14 
1H.59 

ORINDOWN 

METRES 

3.09 
3.13 

3.21 
3.27 
3.33 
3.39 
3.47 
3.59 
3.79 
3.98 
4.20 
v.42 
4.16 
5.11 
5.42 
6.08 
b.4b 
6.01 
8.57 

1O.IV 
9.51 

11.00 
1 1 . 1 3  
12.30 

13.49 
12.89 

14.00 
14.53 
15.05 
15.52 
16.05 
lb.55 
16.90 
17.3b 
11.79 
18.14 
18.54 
1H.91  
19.26 
19.47 
19.47 
18.90 
18.50 
18.35 

3.18 

* A l E H  
ELLVATION 

DlSCHAYGt CUMIIENlS 
R A l t  

H E I R E S   L I l H t S I S  

~37.80 
837.16 
857.71 

A37.62 
837.68 

837.56 
8 3 1 . 5 0  
851.42 
R37.30 
857.10 
H5b.91 
H36.69 
R3b.41 
836.13 
R35.78 
835.47 
834.81 
854.43 
034.28 
832.32 
831.38 
nm.70 
~ 2 v . n ~  
829.16 
H2H.59 
82H.00 
(121.40 
HZb.89 
826.36 

825.37 
824.84 
824, 36 
H23.W 
823.53 
n23.10 
B2L. I5 
822.35 
H21.98 
H21.63 
821.42 
821.42 

825.84 

r21;99 
822.39 
H22.54 

SlUPPEO  PUMPING  PN1 



E.. L I E I c e c c E 1 1. z c \. 1 L 

PUMP TEST S U M M P R Y  FIIH Y t L L / P I E t O M t l t W   N l l M B t R  - 0*4, * *  12/11/R1-ll.ll.44 * *  P I C E  5 

D A I E  T I M E  ELAPSEI)  PUESSURE w P i n  T O  
T I M E   Y t A D I N G  

P S I  
WATER 
METRES YR *ON O A I  H Y   H I N  MINUTES 

1 28  20 12.0 u u t l ~ 2 . 0  
I 28 20 12.5 u u w . 5  

I 28 2 u  14.0 uun6u.o 

I 2n 20 16.0  ( I U R ~ ~ . . O  
I 28 20 18.0 uunb8.o 
7  28 20 20.0 44H10.U 

I 2n 20  30.0 uu8no.o 
I ? Y  ?!? ?5.0 ""IR5.0 
7 2n 20 40.0 uu89n.n 
7  28 20  50.0 u u 9 o n . o  

I 28 21  IO.^ 411920.0 

7 20  21 511.0 u u 9 6 n . u  

i 28 20  i 3 . 0  44865.0 

1 21) 20 15.0 4U865.0  

1 28 20 25.0 4'41115.0 

1 21) 21 0.0 44910.0 

I 2H 21 3U.0 4UVaO.O 

1 2 H  22 4 0 . 0  4 5 0 1 0 . 0  

1 29 0 20.0 4 5 1 1 0 . 0  
7 2 8  23 30.0 45060.0 

1 29 1 10.0 45520.0 
1 2 9  2 50.0 45260.0 
1  29 4 30.0 05360.0 
1 2 9  6 10.0 45460.0 
1 29 0 3 0 . 0  45660.0 
1 29 1 4  30.0 45960.0 
7 2 9  2 2  10.0 46420.0 

1 '31 9 0.0 4H510.0 
7 31 16 50.0 48980.0 

I 30 n 20.0 u 1 o ~ o . o  

n I 9 30.0 U W J O . ~  
R I 1 6  0.0 5051n.n 
H 2 1 1  20.0 51530.0 

n 3 9 25.0 52n55.0 
8 u I I  0 . 0  5 ~ 3 9 0 . 0  
H 7 1 0  5 . 0  5 ~ 5 5 . 0  
H X 9 15.0 bnn45.0 

U .? l h  0 . 0  51H10.0  

8 9 9 40.0 61510.0 
8 1 0  9 45.0 b2955.0 

18.50 
1H.44 
ra.39 
18.32 
18.21 
18.23 

18.13 
1W.Ob 

1n.11) 

1n.oI .. n l  .,... 
11.93, 
11.86 

17.75 
1 l . h l  
11.51 
17.39 
11.19 
11.03 
16.81 
16.59 
16.35 
16.08 
t5.66 
15.10 
14.37 
13.54 
11.92 
11.4H 
10.67 

9.51 

11.a1 

10.37 

9.  I n  
8.7n 
1.99 
b.29 

5.40 
5.01 

5.n5 

OHPHIIUIIN 

METHES 

18.26 
18.20 
l R . i = J  

1n.03 
tn.oe 

(7 .99 
11.94 
17.89 
17.82 
11.11 

11.69 
11.62 
11.51 
17 .51  
11.43 

1 7 . 1 5  
11.33 

1 6 - 9 5  
16.19 
16.63 
16.35 
16.11 
1 5 . ~ 4  
15.42 
14.86 
14.13 
13.30 
11.68 
1 l . Z U  
1 0 . 4 3  
111.13 
9.33 
9.14 

1.75 

5.hl 
6.05 

5.16 
4.11 

.. - 1  

. , . e >  

n.54 

t L E V A l I ( I h  
n A T t R  

H E l U t S  

822.63 

822.74 
822.Al 
B12.Rb 
822 .90  
822.95 
823.00 
w 3 . 0 7  
823.12 
S Z i . i b  
1133.20 
823.21 
~ 2 3 . 3 2  
n 2 ~ . 3 n  

~ 2 2 . 6 9  

623.Ub 
823.5h 
n25.14 
C Z J . W  
n24.10 
R24.26 
n24.54 
n 2 u . 1 ~  

025.47 
825.05 

~ 2 6 . 1 6  

~ 9 . 2 1  

h 3 0 . 7 6  

826.03 

821.59 

829.65 
H10.4b 

1151.56 
851.75 
832.35 
b l 3 . 1 4  
n3u.nu 
835.2H 
835.13 
836.12 

COMMENTS 



K L t E h t E. L E i t L 

I .ns 
1.05 
I .ns 
I .u5 
I .n5 

3.21 
3.27 
3 . 3 3  
3 . 3 9  

3.59 
(.(17 

3.19 
1.911 

- UUU, 

1 .<I5 
1.05 
1 . o s  
1.05 
1.05 
1.05 
I .os 
I .U5  
I .os 
1.05 

11.20 
0 . u 2  
0.70 

.z 

.u 

.5 
5;11 
5.42 
h.08 
b.46 

1.05  

I .nu 
l.UU 

h.bl 
H.51 
9.51 15511.11 

1503.1, 
? 3 3 n . a  
31111.11 
3115.0 
525U.ll 
hnYO.ll 
"1311.11 

1,9110.11 
1'1300.11 
1 5 9 b S . l  
1 6 7 1 0 . 0  
2 2 ~ 9 0 . 0  
2556n.n 

32910.0 

I?Run.o 

3?b25.0 

3 2 9 7 0 . 5  
31971 - 0  
3?971.3 

32971.R 
32971.5 

32912 .0  
32972.3 
32972.5 
32912.R 
32973.0 
32973.3 
32973.5 
32973.8 
32974.0 
32974.3 
32974.5 
3297E.8 

32975.5 
32975.0 

3291b.0 
32977.0 
32978.0 

329R5.0 
32w~n.o 

32990.0 
32995.0 

1 .ou 
I.UU 
I . 0 U  

10.19 
11.00 
11.73 
12.30 
12.R9 
13.49 

14.53 
1 4 . 0 0  

15.05 
15.52 

1b.53 
1b.05 

1b.90 
17.3b 

10.1u 
17.79 

18.54 
1h.91 

19.47 
19.26 

19.u7 

3 7 ~ 3 5 . 0  
3 ~ 3 1 5 . 0  

110235.0 
39755.0 

38795.0 
39275.0 

41195.0 
110715.0 

Ulb75.0 
U2155.0 

43110.0 
42h35.0 

43590.0 
4U070.0 

r;ou 
1.04 
I .  00 
I .ou 
I .ou 

1.00 
1.011 
1 .00  
1.04 
I I O U  
1.ou 
1.03 

1.03 
1.03 

1.03 
1.03 

1.03 
1.03 
1 . 0 3  
1.03 
1.03 
1 . 0 3  

I .nu 

1.03 
1.03 

1.01 
1 .03  

1.03 
1 .03  

1.~3 
1.03 
1.03 
1.n3 
1 . 0 3  
I .n3 
1 .ns 

18.90 

18.35 
10.50 

18.2b 
18.20 

. .  

1n.15 

17;77 
11.13 
17.69 
1 7 . b 2  
17.57 
17.51 
17.43 
17.33 
17.15 



u511n.o 
u 5 ~ ~ 0 n . o  4 3 5 h 0 . 0  

~ 5 5 z n . n  u u n z 0 . n  
u w d ~ . n  

“3bIn.n 

4 5 3 6 0 . 0  
U 3 1 6 0 . 0  
U3HbO.0  

4 5 4 6 0 . 0   ( 1 5 9 6 0 . 0  

4 5 9 b 0 . 0  
U 5 0 b 0 . 0  U U l b 0 . 0  

U h 4 2 0 . 0  U“920.0  
uuubn.0 

u 7 0 3 o . n  ~ 5 5 ~ 0 . 0  
un51n.n u 7 0 1 n . ~  
UP.9H0.0 u 7 u n o . n  

5 A b 5 5 . 0   5 7 1 5 5 ; O  
6 0 0 4 5 . 0   5 8 5 4 5 . 0  
6 1 5 1 0 . 0   b O O 1 0 . 0  
b2055.0 6 1 9 5 5 . 0  

1.03 
1.03 

1.03 

1.03 

1.03 
1 .03 
1.03 
1.03 

1.03 
1.03 

1.03 
1 .O3 

1.03 
1.03 

1.03 
1.03 
1.03 
1 .02 
I .02 

1 . 0 3  

1.03 

1 . 0 3 -  

l b . 9 5  
I h . 7 9  
1 b. b 3  
10.s5 
l b . 1 1  

15.U2 
1U.Ab 
1 4 . 1 3  
13.30 
Il.hH 
I I .24 

10.13 
9 . 3 3  

8.54 
1.15 
6 . 0 5  

5 . l b  
5.61 

u .77  

1 5 . ~ 4  

10.43 

9 . 1 4  



P<I.IPED WELL NUMBER - 
C L l E N l  

H b l E R  SllPPL.1, 

D E P T H  10 S l h l l t   W b l E H   L F V E L  - H E l G H l  OF Ob lUY  *HOVE GHOllND LEVEL - 
E L F V b l I U N   [ I F   S l b l I C   k b l E R   L L V E L  - 
D E P T H  OF G H l V E L   P A C K   I N T E R V A L  - 1 V P t  OF V B S F R V b l I l l N  k t L L  - 
D I S I A N C E  FROM  PUMPING *ELL - 

0111 ON PUMPED  YELL 
* E L L  0 I b M E l E R ~ -  
PUWP TYPE - 

5.nu M t m s  
81b.51 * E l R € S  

S l b N O P I P E   P I E I O W T E Q  

3Zb.40 M E l R t S  
13.94  10 19.22 M E I Y E S  

152.00 MW 
S U B M t R S I B L E  

1 . 1 6 7 E t 0 0  L I I Y E S I S  
T R I D E N T   O I G I I b L ,  

C U N F I k E O  
SbNDY  GRbVEL, 

U N D t F I N f D   M E T R E S  



PUMP lESl S V M M ~ W V  F O R ' H E L L / P I E Z U Y E l F H  NUMHER * 0w5. 

DATE T I * t  E L A P S E D  PHtSSllRC O E P l H  10 0RbYDOUN * b l i Y  
1 I Y E  H t b O l N t i  - w 1 1 t u  C L . t V h l I O N  

Y R  MON D I V  IIH " I N   M I N l I l t S  P S I  M E l Y t S  MElRES NF TU€ S 

0 0 0 0 0 . 0  

AI 7 lb I 1  15.0 
o o n u 0 . 0  

H I  7 20 n 15.0 
81 7 24  8 40.0 
H I  7 2 4  I O  50.0 
HI 1 24 11 14.0 
81  1 24 11  30.0 
HI 1 24 I ?  40.0 
A 1  1 24 I 3  30.0 
8 1  1 24 19 45.0 
8 1  7 25 9 3 0 . 0  
H I  1 2 1  11  30.0 
n l  I 2.3 8 50.0 
A I  1 2 8  9 50.0 
R I  1 29 l U  2 0 . 0  
8 1  7 30  9 0 .0  
n l  I 3 1  R 3 0 . 0  
H I  8 I 9 50.0 
HI 8 2 I 1  45.0 
81 8 3 9 50.0 
R l  0 5 20.0 
81  n I 9 30.0  
H I  8 8 8 50 .0  
H I  8 9 9 0.0  
81 8 I O  8 55.0 

21045.0 
32b25.O 
3 R U I O . O  

385bU.O 

3Hh50.0  

39075.0 

3 ~ s 1 n . n  

3 ~ 5 ~ 0 . 0  

~1100.0 

u29oo.n 
3 9 9 0 0 . 0  

U4180.0 
uu2un.o 
45950.0 
41010.0 

5 0 0 0 0 . 0  
404R0.0 

51555.0 

55130.0 
5WbZO.O 
bO02O.O 
b1410.0 
b2905.0 

5 2 ~ ~ 0 . 0  

0 . 0 0  

5 . 2 0  
0 . 0 0  

0.16 
5.04 
5.04 

0 .  
0 .  

5.08 0 .  
5.04 0 .  

5..05 
5.05 0.01 

0.01 
5.05 
5 . 0 5  

0.01 

5.Ob 
0.01 
0 . 0 2  

5.09 0 . 0 5  
5.10 U.Ob 
5.11 0.01 
5.12 0.08 
5.12 0 . 0 8  
5.15 
5.12 

0.09 
0 . 0 8  

5.12 0.08 
5.12 0 . 0 8  
5.13 0.09 
5.13 0 . 0 9  
5.13 0.09 
5.13 0 . 0 9  
5.14 0.10 

8?1.55 

H l b . 3 5  
8lb.51 

blb.51 
8lb.51 

~ 2 1 . 5 5  

~ 1 6 . 5 1  

klb.50 
Hlb.50 
Rlb.50 
81b.50 
R l h . 4 9  
Rlb.4b 
Rlb.U5 
0lb.UU 
R l h . U 3  
Rlb.43 
8lh.42 
8lb.43 
81b.43 
Rlb.43 
8lb.OZ 
81b.U2 
Lllb.42 
816.42 
8lb.41 

PAGt 2 



27045.0 
32b25.0 
3nutn.o 
3R540.0 

3n5no.n 

1~1on.o 
~+n75.0 

uz900.0 
39900.0 

3RSb4.0 

3Rb50.0 

441RO.O 
uozuoin 

5 n o o o . n  
uRuno.0 

s2nno.o 
55130.0 
~ ~ b 2 0 . n  

45950.0 
47070.0 

51555.0 

60020.0 
61410.0 
b?905.0 

1.0b 

1-04 
I .05 

1.04 
1.09 
I .nu 
I .04 
1.09 
1.04 
I .04 
1.04 
1.04 
1.011 
1.03 
1.03 
1.03 

1.03 
1.03 

1.03 
I .n3 

I .03 
I .OJ 

I;03 
1.02 

0 . 0 0  
o.on 
.lb 

o;on 
0 . 0 0  

.01 

.01 

.02 

.05 

.Ob 
-07 

'.OH 

.09 

108  

.n1 

.OI 

.on . na 

.on 

.09 

.a9 

.09 

.b9 

.10 



. . .*.  "*....*...~.""t~~...*. 

" . 
G O L I I E R   b S S O C I A l E S  

f 

t t . l t . t * " * t t . t * t t . t * . t . t * . . . " ~ . ~ . * ~ ~ ~ * " , * . " .  
I 

PUMP l E 3 1  SllMMARY F O Y  n E L L I P I E 2 O M E l E H  NUMBER - P h l ,  . . 
12/11/81-11.00.23 

".....t....t*.*....*t.tt..tt.*,~....".~~~"~~..~ 
. 

PIIUPFI1 WELL NIIMPIEP - Pb!; 
C L l t N f  - M.C..HYDRO, 

P R U J E C l  NUMBER 
P R I I J L C l  NAMt - H b l  C Y E E K  C O N S l R U C l l O N   C b M P   h b l € R   S U P P L Y ,  - HI21507 ,  
L U C b l l D N  UF TEST - H b l t R E t K ,  
I V P t  OF IESI 
D b l E  PUMP S l I R l F D  - 2 0 1  7/01. 0 .0 /14  

- C O N S l b N l  RA1E 

O b f t  PUMP  SlOPPEO - 281 7/81-10.0/20 
[ O A Y / f 4 O / I R - M l N / H R S )  

O b l b  ON O l S E H V b l I O U  HELL 
GROUND E L E V A T I O N  - 838.34 M E l R t S  
O b l U M  P O I N T  - 1 U P  OF 200MM C b S I N G ,  
H F I G H l  OF O A I U M  AHUVE GROUND L E V E L  - 
D E P I H  10 3 1 ~ l l C   Y A l E U  L t V t L  - .45 W E I R E S  

-2.10 NETRES 
~ L E Y A I I O N  Db S l A l I C  N A I E H  L E V E L  - 
T I P €  OF O B S E R V A l l O N  * t L L  - 840.89 N F I H E S  

D E P T H  OF SCREENED I N T E R V A L  100.28 10 109.91 M E l U E S  
U I S l b N C E  FRUll PUMPING  W€LL - 0 . 0 0  M E I R E S  

SCREENED  *ELL 

D A f b  O N  PUMPEU ULLL 
WELL  D14WEIEH - 
PllMP TYPE - 

FLOW  YEASIIREMENT 
F L U w N F l E R ,  TYPE - 
PUMPING  RATE - 

A U U I F F R  O I I b  
1 f l U I F f R  C l l N U l l l O N S  - 
b f l l l I F E R  O C S C W l P l l U N  - 
b R U I F L R  1 H I C U N E S S  - 

203 .00  M Y  
S U H M L R S I B L E  

2.65bEt01 L l l R E S l S  
f R I O t N 1   O I G I I b L ,  

C O N F I N E 0  
Y A H f ~ H L E  SLNDY  GRAVEL, 

U N U t F l N E D  N t l U E S  

X E S 1   O E l b l L S  
W E & l H b R   C O N D I I I O N S  - 
l E S 1 E n  HI - G ( l l 0 E R  I S S V C I b l E S ,  
CU*+IENIS - W E L L   F L W I N G   B E F O U L   P U n P I N G ,  



PU*P T t S l  SUnWbUV FUY n E L L I P I k z O H E T E R  NI IUBtH - P W l ,  

U A I E  T I M E  E L I P S I O  PHkSSUYE D E P I M  TU 

Y R  MON O b Y  HH *IN MINUTES P S I  METHCS 
T l M E  READING . W A T ~ H  

o a o 0.0  
o o o 0.0 
7 20 1 4  o.n 

7 2u 14 1.0 
7 2 0  1 4  .5 

7  20 14 1.5 
7  20 1 4  2.0 

7 20 14 3.0 
7 20 14 2.5 

7 20 1 4  4.n 
7 20 1 4  5.0 
i io i "  6.J 
7 2 0  14 8 .0  
7 2 0  14 10.0 
7  20 14 15.0 
7 20 14 20.0 
7 20 14 25.0 
7 20 14 30 .0  
7 20 14 40.0 
7 20 1'1 50.0 
7 20 15 0.0  
7 20 15  2 0 . 0  
7 20 15 40.0 

7 20 17 20.0 
7 20 I 8  10.0 
7 20 19 0.0  
7 20 20 40.0 
7 20 22 20.0 

7 21 4 10.0 
7 21 o 7.0 

7 21 6 40.0 
7 71 8 0.0 

7 20 I b  30.0 

7 S i  I I  15;o 
7 21  15 0 . 0  
7 21 2 3  20.0 
7 ?2 7 40.0 
7 2 2  15 0.0  
7 2 2  23 0 . 0  

7 23 15 0 . 0  
7 2 3  23 0 . 0  
7 2u 7 0.0  
7  24 15 0.0  
7  24 2 3  0.0 

7 2 3  7 0.0 

0.5 
1.0 
I .5 
2.0 
2.5 
3 .0  
4.0 
5.0 
O.G 
8.0 
10.0 

20.0 
15.0 

25.0 
3 0 . 0  
40 .0  
50.0 
bO.0 

100.0 
80.0  

200.0 
150.0 

400.0 

8 5 0 . 0  
1000.0 
1080.0 
1275.0 
1 5 0 0 . 0  

2500.0 
2940.0 
3420.0 
3900.0 
4380.0 
4060.0  
53110.0 

250.0 
300.0 

500.0 
b07.0 

2000.0 

5820.0 
63no.o 

0.00 
(1.00 

1o.w 
- . I 0  

10.60 
10.77 
10.78 
1 0 . 8 1  
10.82 
10.87 
10.93 .~ ̂- 
I".., 

10.98 
11.01 
11.07 
11.09 

11.15 
11.11  

11.20 
11.24 

11.39 
11.57 
11.68 
11 .84  
12.77 
12.34 
13.13 
13.53 

14.49 
1 4 . 9 1  
I5.2b 
15.60 
1 b . O V  
17.07 
17.V3 

19.5U 
20.24 
20.51 
21.10 
21.711 
22.19 
22 .78  

11.2~ 

13.~2 

18.36 

DRPhOU*N 

U E I H t S  

12.14 
2.00 

12.10 
12.87 
12.88 
12.91 
12.92 
12.97 
1 3 . 0 3  
,>.G5 
13.08 
13 .11  
1 3 . 1 7  
1 3 . 1 9  
1 3 . 2 1  
13.25 
13 .30  
13.34 
1 3 . 3 8  
1 3 . 4 9  
13.67 

1 3 . 9 4  
14.37 
1 4 . 4 4  
15.23 
15.63 
15.92 
lb .59  
17.01 
17.3b 
17.70 

20.03 
19.17 

20.46 
2 1 . 6 4  
22.34 

23.20 
22.bl  

23.84 
24.29 
24.88 

.. 

13.7s 

ia.19 

t L E V b l l U N  
* A l t H  

nk.lHES 

X38.79 
n5s.7u 

838.89 
H28.75 

nzn.02 
828.19 

n2n.01 
827.98 
R27.97 
827.92 
827.86 
62i.R" 
827.81 
027.7n 
827.72 
~ 2 7 . 7 0  

H 2 7 . 6 4  
827.68 

821.59 

A27.51 
817.40 

827.11 
826.95 
82b.52 
826.45 
825.66 
825.2b 
824.97 

8 2 3 . 8 8  
824.30 

8 ? 3 . 5 3  
823.19 
X Z 2 . 7 0  
821.72 
8 2 0 . 8 6  
H20.43 
R19.25 

827.55 

~ 2 1 . 2 2  

n1m.55 
n 1 8 . 2 8  

817.05 
817.69 

Alb.60 
810.01 

FLOWING  UVEH C A S I N t i  
lNIll4L M t l t R  HfLUINL:  6847005 
PUMP S i 1  A T  75.14M HELUW 6HOUNU 

INCREAStD PUMP R A T E  

26.57 
26.60 
2b.67 
2b.90 
26.53 
27.31 
26.64 
2b.Ub 
2h.66 
2 6 . 4 9  
2b.41 



1 I f i f I .  E t t E i 

7 25 7 0 . 0  67W0.0 

7 25 23 0.0 7740.0 
7 25 15 0.0 7260.0 

7 26 I5 0 R700.0 
7 2b 23 0:; 9180.0 
7 27 7 0.0 9660.0 
7 27 IS 0.0 10140.0 
7 27 23 0.0  10620.0 
7 28 7 0.0 11100.0 
7 28 15 0.0 115~0.0 
7 2n 20 10.0 11890.0 
7 2n 20 1 0 . 3  lln9n.3 
7 ?n ?n !n.5 ! ! n 9 ~ . 5  
7 21) 20 10.8 8Invn.n 
7 2n 20 1 1 . 0  1lnw.o 
7 2.9 20 12.0 11892.0 
7 28 20 11.5  l l n 9 1 . 5  

7 28 20 1 3 . 0  lt8qs.o 
7 20 20 14.0 lln9u.o 
7 2n 20 1 5 . 0  1 1 ~ 5 . 0  
7 28 20 16.0 t ln9b.o  
7 28 20 18.0 1tnqn.o 
7 28 20 20.0 1l900.0 
7 2n 20 25.0 119n5.0 

I 28 20 35.0 11v15.0 
7 2n 20 40.0 11920.0 
7 2n 20 50.0 11930.0 
7 ZR 21 0 . 0  119uo.o 
7 28 21 10.0 11950.0 

7 28 21 5 0 . 0  1 l w o . n  
7 28 21 30.0 11970.0 

7 28 22 40.0 12040.0 
7 2n 23 30.0 12090.0 

7 29 I 10.0 I2IPO.O 
7 29 0 20.0 !2!40.0 

7 29 2 50.0 12290.0 
7 29 u 30.n 12~90.0 

7 29 9 30.0 12690.0 
7 29 6 10.0 12490.0 

7 29 22 10.0 13450.U 
7 29 14 30.0 12990.0 

7 30 8 20.0 140b0.0 

7 20  7 0 . 0  n220.0 

7 28 20 12.5  llRP2..5 

7 28 20 30.0 11910.0 

23.?7 
23.04 
24.56 

25.99 
25.00 

26.24 
26.U7 
26.93 
27.20 
27.63 
27.92 
20.15 

16.70' 

16.45 
16.51 

16.39 
l b . 3 5  
16.32 
16.27 
16.23 
16.20 
16.16 
Ib.12 
16.06 
16.02 

15.94 

zs.n2 

.. .. . I. JC 

15.98 

15.88 
15.8) 

15.67 
15.77 

15.57 
15.UO 
15.22 
15.05 
14.vo 
14.61 

14.12 
13.10 
13.h7 
12.96 
12.12 

10.311 

25.37 
25.74 
26.86 
27.10 

27.92 
2n.09 

2n.w 
2n.57 

29.18 
29.03 

29.73 
30.02 
22.25 
I " . " ?  

18.80 
18.61 
18.55 
I8.w 
18.45 
1n.w 

1n.33 
1n.30 
18.26 
18.22 
18.16 

18.00 
18.12 

(8.04 
17.98 

17.87 

.^ 

18.37 

17.93 

17.67 
17.77 

17.50 
17.32 

17.00 
i7.iS 

I b . U B  
lb.71 

15.80 
16-22 

15.17 
15.0b 
14.22 

26.46 
26.50 

26.u1 
26.U5 
26.44 
2b.6U 
26.02 

2h.e~ 

26.34 
W T E H  R E A D I N G  11015noo 
M A T E H  SAMPLED TXl2C PHX77 E C t 3 b U  

L L. 



PUMP ItSl SOMHAUY FUY  wELLIPIEZ0UEltH NU*&LU - PUl, .I. 12llllRl-11.00.23 * I  P A G t  4 

D A T F  I I U E   E L A P S E D  P H t S S l l Y t  DLPTII  TU DRAhUOHN MbltH O I S L H A h ' t i t  C U M M i N l S  

V R  MON D A Y  HR M I N  M I N U T E S  PSI METRES M t T R L S  M E T R E S  L l l H L S l S  
lIMt R F A D I N C  WAlFI, ELiVlllUN  RA1E 

7 31 V 0.0 15540.0 
7 3 1  I 6  50.0 IhUlO.0 
8 ! 9 30.0 11010.0 
R 1 16 0.0 17UOO.O 

8 2 I 6  0.0 IR840.0 

8 4 10 55.0 21415.0 

n 2 1 1  20 .0  1~560.0 

n 3 P 25 .0  1 w n s . o  

n I 1 0  o.n 256no.o 
n 8 P 1 5 . 0  27075.0 
8 9 P U O ~ O  ?RSun=n 
8 IO P 40.0 2VPR0.0 

9.95 
9.51 
8 . 8 G  
8.29 
7.60 
7.40  
b.72 
6.02 
4.8H 
4.42 

3.b0'  
_. ... . (In 

12.05 
11.61 
i 0 . 7 9  
10.39 
P.70 
9 . 5 0  
H.82 
8.12 
6 . 9 8  
6.52 
5.05 
5.70 

~ z n . 8 4  

njO.lO 
8 z v . 2 ~  

830.50 
R3I.19 
1131.39 
H32.07 
H32.77 
~ 3 3 . ~ 1  
n34.37 

HS5.lP 
S.J . ." .  
-1 . .  a. 



HLSlDUbL DUP*DUYN 

1 I H S t R V A T l O N  *ELL - P N l ,  

L L I P S t O  f l M C  PUMP SltiPPLD 
T I M E  SlNCt 

Ill (111  
R A l l D  DRPYDUWN 

171111 (SI 

1 1 ~ 9 0 . 3  
11090.5 
11090.8 
11891.0 

11892.0 

11R93.0 

11895.0 
11896.0 

I l 9 0 0 . 0  
iii05.0 
11910.0 
11915.0 
11920.0 
11930.0 
11940.0 
11950.0 
11910.0 
11990.0 
12040.0 

12140.0 
12090.0 

12190.0 
12290.0 
12390.0 
12490.0 
12690.0 
12990.0 
13450.0 
140b0.0 
15540.0 
lbO1O.O 
11010.0 
17400.0 
lAibO.O 
lA8UO.O 

21415.0 
25680.0 
21015.0 
28540.0 

11~91.5 

1 1 ~ 2 . 5  

11mqu.o 

1lnqn.o 

1~8115.0 

2vqno.o 

.3 

.5 
-8 

1.0 
1.5 
2.0 
2.5 
3.0 
4.0 . 
5.0 
b.0 

10.0 
1i.u 
20.u 
25.0 
30.0 
40.0 
50.0 

8.0 

hO.O 

100.0  
no.0 

200.0 
150.0 

250.0 
300;O 
400.0 
500.0 
b00;O 
800.0 

1100.0 

2110.0 
15bO;o 

3b50.0 

5120.0 
4120.0 

5510.0 
6610.0 
b950.0 
1995.0 
9525.0 

13190.0 

lbb50.0 
15185.0 

1noqo.o 

47561.00 
23781.00 
L5H54.53 
11891.00 

5v110.00 
7921.b1 

Ul5i;OO 
39b4.33 

2119.00 
2973.50 

1982.b7 

1190.00 
IURI.?~ 

595.50 
791.61 

47b.bO 
391.33 
298.25 
238.80 
199.17 
1U9.b) 
119.90 
80.21 
b0.45 
48.56 
UO;b3 
30.73 
24.18 

b.UR 
4.26 

3.32 
3.1b 
2.18 
2.11 
2.4P 
2.25 
I.8b 
1.78 
1.11 
1,bb 

3.139 

22.25 
19.42 
lH.80 
18.61 

18 .49  

10.42 
18.37 

lR.30 

18.22 
18-26 

10 . lb  
18.12 

1 n . 5 ~  

18.45 

18.13 

17.50 
17.32 

17.00 
11.15 

l b . l l  
lb.48 
lb.22 
15.RO 
15.11 
15.0b 
14.22 
12.05 
11.61 
10.79 
10.39 

P.10 
9.50 

8.12 
8.82 

b.9R 
b.52 

5.70 
b.nn 



"ttt~*.*."t..t.,....*t...1..*..*~".*.*~~~~,.,.. . 
GOLOER A S S U C l A l f S  

t 
* 

. 
t * t . . * l . t . . l t * . . . t . * t t . t t t t * . . ~ . ~ ~ ~ ~ ~ . . . . . . . * .  

t 
f 

t 
PUMP  IEST SUMMAHY F O H   ~ C L L I P 1 t Z O Y L l E R  NUMBER - ?*ar . 

t 

* 1 2 / 1 l / R 1 - I 1 . 0 9 . 1 2  " ..* t . . t t . . t t . . . . . * . . . * . t . . ~ . ~ ~ ~ * . . . ~ . . ~ , ~ .  
PLlMPFn bFLC NuMeEa - OF?s 

C L I E N T  
PROJECT NPME - hA1 C H E t K  C O N S l R U C T l O N  CAMP MATER SUPPLY, 

L O C A T I l I N  OF T E S T  - UAT CREE& L3.C.. 

O A T E  PUMP STARTED - 2111 718I~50.0110 
TYPE U F  TEST - CONSTLNT R b l E  

DATE PUYP  STUPPED - 2 H 1  71U1- 0 .01  P 

- n.c. wouu, 

PRUJECI NUMBER - 8 1 2 1 s n 7 ,  

I ~ A Y / M O I Y R - M ~ W H H S )  

O A T A  ON O B S E R V A T I O N  YELL 
GROUND L L E V I T I O N  - 822.26 M t T R E S  
DATUM P O I N T  - T o p  OF z o w ?  CASING, 
H E I G H T  OF DATUM ABOVE  GRUUNO L E V E L  * .61 M t T H F S  
DEPTH 10 S T A l l C  WATER L € V L L  - 
E L E V b T I O N  UF S T A T I C  W I I E R  LEVfL - 5.PI M f T R t S  

816.96 M E T H t S  
TYPE OF 0 8 S E H V b T I O N  Y E L L  - 
DEPTH  OF  SCREENLO  INTERVbL  - 25.93 T O  29.18 METRES 
D I S T L N C E   F H O M   P U H P l N t i   V E L L  - 0 . 0 0  METRES 

SCREENED  WELL 

6.308Lt00 L I T Y E S I S  
D I G I T A L ,  

C O N F I N E D  
SANOY C O I H S t  G R P V t L ,  

0. M t T H t S  



k e c f I L .. I P 

ObTE 1 I H t  E L b P S F O  PYESSllYE  DEPTH T O  
T I N E  U t A O l N G  

P S I  
C b l L U  
M t l R L S  IR *ON 01Y MY * I N  U1HUTt.S 

0 0 0 0 . 0  
0 0 0 0.0 
1 lb I 1  15.0 
1 20 8 15.0 

7 24 10 15.0 

1 24 1 0  50.3 
1 24 10 50.5 

1 24 I O  51.0 
I F! ! 0  5 0 . 5  

1 24 10 51.5 
7 24 I O  52.0 

1 24 10 53.0 
1 24 10 52.5 

1 24 10 54.0 
1 7 4  1 0  55.0 

1 24 10 58.0 
1 24 10 56.0 

1 24 I 1  0.0 
1 24 I 1  5.0 
1 24 11 10.0 
1 24 I 1  15.0 

1 24 11 30.0 
7 24 I t  20.0 

7 24 I 1  40.0 
1 24 I 1  50.0 
I 24 I2 10.0 
1 24 12 30.0 

1 24 14 10.0 
1 24 I3 20.0 

1 24 15 0.0 
1 24 !5 50.0 

7 24 19 10.0 
1 24 11 30.0 

1 24 20 50.0 
1 25 0 l n . 0  
1 25 3 4.0 
1 25 b 50.0 
1 25 14 50.0 
1 25 22 50.0 
1 2b b 50.0 
1 2b 8 5.0 
1 2b 8 5.3 
1 2b 8 5.5 

.- 

I 21 8 2 0 . 0  

1 24 1 0  50.0 
0.3 
0.5 

1.0 
1.5 
2.0 
2 . 5  
3.0 
4 .0  
5.0 

8.0 
b.0 

10.0 

20.0 
15.0 

25.0 
30.0 
40.0 
50.0 
60.0 

1oo.n 
8 0 . 0  

150.0 
200.0 
250.0 
300.0 
(100.0 
son.0 
600.0 
8 0 0 . 0  
974.0 

1200.0 
1b80.0 
2lbO.O 
2040.0 
2715.0 
2115.3 
2715.5 

m o  
.I . Y 

0 . 0 0  

5.89 
0 . 0 0  

5.90 

5.91 
5.90 

5.91 

8.95 
1.08 

i . i P  
10.22' 
10.84 
11.01 
11.21 
I l . U I  

11.11 

11.93 
11.19 

12.01 
12.15 
12.21 
12.2b 
12.29 
12.34 
(2.36 
12.39 
12.51 
12.59 
12.63 
12.b3 
12.b5 
12.b5 
12.bl 
12.68 
I2.bP 
12.71 
12.14 
12.15 

12.97 
12.95 

12.9b 
12.96 
13.59 
13.94 

1 1 . 5 ~  

URIYIJOWN 

M t l H E S  

0. 

3.04 
1.11 

3 . 6 6  
4.31  
4.93 
5.lb 
5.3b 
5.50 
5.61 
5 .80  
5.88 
b.02 
b.10 
b.24 
6.30 
b.35 

b.43 
b.38 

b.45 
b.48 
b.bb 
b.bR 
be12 
6.72 
b.14 
b.74 
6.16 
b.17 
b.18 
b.80 

b.84 
b.83 

1.Ob 
1.04 

1.05 
1.05 
7.60 
8.03 

L 

f . l t V A T l l l N  
* A T t H  

HETKES 

822.Rl 
H 2 Z . W l  
816.98 
81b.97 
8lb.91 
8lh.9b 
Hlb.96 
R15.79 
813.92 
klJ.Oi I  

812.03 
R12.b5 

8 l l . 8 0  
RI1.bO 
81 I .Ub 
nt1.29 
Hll.lh 
Rll.08 
810.94 
HlO.86 
810.72 
810.66 
810.b1 
810.58 
810.53 
610.51 

810.30 
810.48 

R I 0 . 2 8  
R10.24 
810.24 
810.22 

1310.20 
810.22 

810.19 
810.18 
Rl0.16 
8 1 n . 1 3  
w10.12 
BU9.Y2 
~ 0 9 . ~ 0  
809.91 
8 O Y . 9 1  
809 .28  
808.93 

11 f t 

e t  12/11/81-11.09.12 * *  PAGt 2 

OISCHAYGt  ClIMMENlS 

LIlHES/S 
H A l t  

b.31 M t l E R   R E b D I N G  4561200 
S l b R T  PUMP 

b,31 

6.31 

b.31 

b.31 METER REbDlNG 45b1800 

b.31 METER  HEbUING 45b4000 

b.>l M E l t R   R E b O I N C  45bb900 

b.18 M C l E H  RCbLJING 4580800 
METER R E b D l N G  4575900 

b.31 UETER YEAOING 4585850 

b.21 H E l C H  RCbUlNG 4bO0100 
M E l t R  PCAOING 4590850 

b.2b MElER R E b U I N G  Ub20540 
b.2b MLTER R f b D I N G  UbIOb20 

b.25 M t l t R  H E b U l N G  4b40340 

b.25 METCR  HCADING 4619950 
Yt1t .R  REbOING Ub57500 

b.38 M E l C U  R L b D l N G  4728500 
b.58 W T E H  HEADlhG 4777100 
b.3b N t l E H  H C b U I N G  U825500 

UCTER  kLAOING 4833550 
l N C H t b S E  PUMP R A T E  

L 



1 2b 
7 2b 
7 2b 
1 2b 
7 2b 
7 2b 
1 2b 
7 2b 
7 2b 

7 2b 
7 26 

1 26 
7 2b 

7 26 
1 20 

7 2b 
7 26 
1 2b 
7 26 
7 2b 
1 Zb 
7 26 
7 db 
7 2b 
1 ?b 
7 2b 
7 7 6  
7 2b 
1 2b 

7 2b 
1 26 

1 hb 
7 2b 
7 2b 
1 hb 
7 2b 
7 26 
7 2b 
1 2b 
1 2b 
7 2b 
7 2b 
1 26 

H 5 . 8  
H b.0 
8 b.5 
8 1.0 
n 7.5 
H H.O 
R 9.0 
8 10.0 
8 11.0 
8 13.0 
8 15.0 
n 20.0 
8 25.0 

R 25.5 
8 25.3 

8 Z S . 8  
R 26.0 

8 27.n 
n 26.5 

R 27.5 
H 28 .0  
m 29.0 
8 30.0 
8 31.0 
n 33.0 
H 55.0 

R 45.0 
R 40.0 

R 5 0 . 0  
R 55.0 

9 15.0 
9 5.0 

9 25.C 
9 45.0 

IO 5.0 
1 0  49.0 
IO 49.5 
I O  50.0 
I O  51.0 
10 52.0 
IO 53;O 
IO 511.0 

7 2b I O  55.0 
10 54.5 

1 2b IO 55.5 

2715.8 
211b.U 
271b.5 
2117.0 
2717.5 
2718.0 

2720.0 

2725.0 
2723.0 

2730.0 
2135.0 

2135.5 
2735.3 

h719.0 

2721.0 

2735.8 
273b.n 

2731.0 
273h.5 

2137.5 
213H.O 

2740.0 
2739.0 

2141.0 
2743.0 
2745.0 
2750.0 

21b0.0 
2755.0 

27b5.0 
2715.0 

2795.0 
2815.0 
2815.0 
2679.0 
2879.5 

~ 1 ~ 5 . 0  

2880.0 
2 ~ ~ 1 . 0  
2802.0 
2883.0 
znnu.0 
ZHP4.5 

2885.5 
~HRS.U 

14.20 
l4.2U 
14.119 
14.55 
14.60 
1P.L.O 
14.62 
14.bb 
1P.bR 
i u . i i  
14.61 
14.72 
IU.12 

15.90 
15.40 

Ib.12 
lb.4? 

Ib.82 
lb.66 

lb.83 
lb.90 
lb.97 
17.01 
l7.Ob 
11.11 
11.10 
11.24 
I7.ZU 
11.30  
I7.3b 
1 1 . 4 0  
11.45 
i7.52 
11.53 
11.58 

1 .38  
7.04 
b.95 
b.83 

b.b3 
b.73 

1U.30 
14.96 
15.U4 
15.b2 

ORAYDONN 

M L T R F S  

8.29 
8.33 
8.53 
H.64 
H.b9 

8.71 
A.bP 

8.75 
8.71 

8.16 
a.:o 

H.81  

9.49 

10.21 
9.99 

10.51 

I 0 . P I  
10.75 

10.92 
10.99 
ll.0b 
1 1 . 1 0  
11.15 
11.20 
1I.IP 
11.33 
11.33 
11.39 
11.45 
11.49 
11.54 
ll r b l  
11.62 
11.67 

1.13  
l.U7 

0.92 
1.04 

0.82 
0.72 
8.39 
9.05 
9.53 
9.71 

n . n t  

E L t V A l l O N  
H P I F K  

M t l R E S  

8 0 R . 6 3  
808.67 

non.43 
n n n . 1 2  
HOH.27 
H08.27 
R O R . 2 5  
aon.2l 
808.lV 
?.:*.;6 
~08.20 
80n.15 
non.15 
~07.47 
(106.97 
ROb.15 
HOb.45 
8Ub.21 
POb.05 
80b.04 
805.91 
805 .90  
805.Rb 

805.7b 
HUS.81 

no5.71 

805.63 
nos.63 

1105.51 
H05.51 

H05.42 
R V 5 , 4 7  

605.35 
H 0 5 . 1 4  
R05.79 
8 1 5 . U 9  

815.92 
Hlb.04 
81b.14 
HIb.2U 
AUH.57 
801.91 
807.93 
m01.25 

815.83 

t* l2/ll/81-ll.09.l2 * *  P P G t  3 

7.57 

1.57 

1.51 

METER H L A D l N G  4835780 

1.57 M i T E R  R i A D I N G  UP34900 
M L T t H  R t A O l N G  4834300 

M i T E R  Y t A D l N G  4835520 
INCRtASt PUMP RAIL 

9.46 

9.46 

9.64 M t T E R  H E A D I N G  4H3b300 

8.83 METER H L A U I N G  4837000 

9.59 

9.Ub 

9.u3 

9.44 
9.46 

PUMP STOPPED AT 1 0 . 4 1  
tLEClHfCAL FAILURE 

8 . 5 2  



E:. E . -  L i I E I e E E 

PUMP T L S l  SU*I*bRY FUR wELL/P ILZUULfER NUU8tR - P*2, 

DATE 

YR UON DAY 

7 2b 
1 2b 
1 2b 
7 2b 
7 2b 
7 2b 
7 2b 
7 2b 
7 26 
1 2b 
i 20 

1 2b 
7 2b 

1 2b 
1 2b 
7 2b 
7 2b 
7 ?b 
7 2b 
7 26 
7 26 
1 2b 
1 26 
7 21 
7 27 

7 28 
1 27 

7 ?n 
7 28 
7 a 
7 28 
7 28 
7 28 
I 28 
7 Z B  
1 28 
1 28 
1 28 
7 28 
7 28 
7 28 
I zn 
1 20 
7 28 
1 28 

LO 56.5 
IO 57.0 

1 0  59.0 
I O  58.0 

I 1  1.0 
1 1  5 . 0  
I 1  8 . 0  
I I  13.0  
11  18.0 
11  23.0 
11  30.0  
I 1  40.0 

I2 10.0 
12 40.0 
13 30.0 
14 20.0 
15 10.0 
lb 0.0 
11 40.0 

21 o.n 
19 20.0 

24 20.0 
1 20.0 
15 10.0 
22 50.0 
b 50.0 
9 0.0 
9 .3 
9 .5 
9 .8 
9 1.0 
9 1.5 
9 2.0 
9 2.5 
9 3.0 
9 4.0 

9 b.0 
9 5.0 

9 8.0 
9 10.0 
9 15.0 
9 20.0 
9 25 .0  
9 3 0 . 0  

11 5 0 . 0  

288h.S 
2881.0 
288H.O 
z 8 n v . o  
2~91.0 

2nvn.0 
zvo3.n 
2900.0 
Z 9 1 3 . 0  
29zo .o  
2930.0 
2940.0 
29bO.O 
2990.0 
3 0 U O . O  
3oqo.n 
31un.o 

3290.0 

2093.0 

3190.0 

3390.0 
3490.0 
3b90.0 

4580.0 
4110.0  

5040 .0  
5520.0 

5b50.3 
5650.0 

5650.5 
5b50.8 
5h51.0 
5651.5 
5652.0 
5b52.5 
5653.0 
5654.0 
5655.0 
5656.0 
5658.0 
5660.0 
5bb5.0 
5670.0 
5b75.0 
5 0 8 0 . 0  

15.8b 
15.94 
Ib.03 
I b . 0 9  
Ib.lb 
lb.28 
16.30 
Ib.33 
1b.35 
lb.36 
18.37 
lb.41 
lb.42 

lb.44 
lb.43 

1b.49 
lb.54 
16.55 
1b.59 
Ib.bl 
1b.62 

Ib.lb 
16.63 

16.90 
lb.qb 

1b.98 

13.25 
lb.98 

10.98 
9.20 
8.45 
1.15 
7.45 
1.2b 

b.98 
7.13 

b.81 
b.18 

b.58 
b.bb 

b.39 
b.Ub 

6.35 
b.32 

11.02 

ORAhOUMN 

MtTRES 

10,03 
9.95 

10.12 
10.18 
10.25 
10.31 
10.39 
10.42 
10.44 
10.45 
IO.4b 
10.50 

10.53 
10.52 

10.58 
10.63 
10.b4 
10.68 
10.70 
10.11 

1 0 . 8 5  
10.72 

10 .99  
11.05 
11 .11  
11.07 
11.07 

5.07 
7.34 

3.29 
2.54 
1.84 
1.54 
1.35 
I .22 

0.9b 
1.07 

0.81 

0.61 
0.15 

0.55 
0.40 
0.uu 
0 .91  

1 0 . 5 1  

I 

L L k V b T l U N  
W b l t R  

W I R E S  

007.01 
bQb.93 
ROb.84 
80b.78 
ROb.71 
80b.59 
80k.57 
ROb.54 

80b.51 
8Ob.52 

HOb.4h 
ROb.45 
806.44 
80b.43 

AUb.33 
llOb.32 
8Ob.28 
8Qh.26 
80b.25 
ROb.24 
8Ob.11 
805.91 
005.91 
805.85 
HO5.89 
805.89 
809.b2 
811.89 
H13.bl 
RlU.42 
815.12 
n15.42 
815.61 
815.14 
815.89 
816.00 
Rlb.09 
8lb.21 
HI0.29 
n1b.41 
Blb.cl8 
Hlb.52 

no0.50 

nnb.311 

816.55 

iz i L. 1 1 

t. 12/II/8I-ll.09.I2 "* PAGt 4 

OISCHbRGE C O M U t N l S  
R A I L  

L I l R t S / S  

MLTER R E b D I N G  4857b00 

8.83 

0.54 U E T t H  R L I D l k C  4861800 

8.58 UETER READING 4Rb1250 
H t T E R  REAOING 4871350 

8.64 
8.bb 

8. b3 
8.64 
8.bZ 
8.64 
8.61 
8.69 
8.bl UETEH R t b O l N G  5029380 
8.64 

8.61 
8.bb 

STOPPED PUUP YflEK H t A O I N G  523520 

L f E 



't PUMP 1 t S T  SI IMUAHV FOH U E L L I P I E Z O V E T E Y  NVIIbER - PW2, ** 12/III8I-LI.09.I2 ** PPGL 5 

D A I E  11*5  ELAPSLD PHESSllHt DEPTH ID DKPYDDYN W A T t R  OISCHAHGL COMMENTS 
E L P V P I I O N  

PSI MEIRES W I R E S  
H A l t  

METRLS L l T R E S I S  
1 I * E  REPDING . M A l t R  

'IR YON DAY HH V I N  MINUTES 

81 7 28 9 4o.n 56~0.0 

81 7 28 I O  o.n 5110.0 
81 7 28 1 0  2 0 . 0  5730.0 
81 7 28 In 40.0 5750.0 
HI I 7 8  1 1  30.0 5 ~ 0 0 . 0  

81 7 28 9 5 0 . 0  5700.0 

a: 7 I s  ii 2n;O se,c;c 
8 1  7 20 1 3  10.0 5900.0 
81 1 28 14 0.0 5950.0 
81 7 28 15 40.0 b050.0 
81 7 28 11 l5;O 6145.0 
Hl 7 29 b 15.0 bVZ5.O 

81 7 29 22 0.0 7070.0 

81 7 31 8 50.0 9960.0 
81 8 1 P 40.0 11450.0 
81 8 2 I 1  30.0 13000.0 
81 8 3 9 35.0 14325.0 
81 8 4 11  5 .0  15855.0 
81 8 5 9 35.0 11205.0 
81 8 7 9 0.0 2 0 0 5 0 . 0  

81 8 9 9 15.0 22945.0 
81 8 10 9 10.0 24380.0 

HI 7 29 14 45.0 1~35.0 

s! ? J O  9 e.n 8 5 ~ ~ 1 . ~ 1  

81 8 n 9 5.0 21495.0 

b.28 
b.2b 
b.25 
b.23 
b.22 
b.20 
6.19 
bell 
b.lb 
b.lb 
6.15 
b.12 
b.11 
b a l l  
* . ! e  
6.09 
ai08 
b.07 
(1.07 
bi07 
b.0P 
6.09 
b.08 
b.13 
b.08 

0.31 8lb.59 
0.35 81b.61 
0.34 8lb.62 
0.32 R1b.bU 
0.31 81b.65 
0.29 8lb.b7 
0.28 Xlb.bH 
0.2b  Hlb.70 
0.25 Rlb.71 
0.25  Rlb.71 
0.24 Rlb.72 
0.21 Olb.15 
0.20 8lb.lb 
0.20 8lb.lb 
"!9 R!*.7? 
0.10 816.78 
0.17 Rlb.79 
O.lb 8lb.HO 
0.16 8lb.RO 
0.16 RIb.80 
0.18 Hlb.18 
0.18 RIb.18 
0.17 81b.19 
0.22 8lb.14 
0 .11  81b.79 



htS1DUAL DQALvDUIN 

0 S t U V A T l n N  W C L L  - PN2,  

LLbPSfP  T I M E  
( 1 1  

5650.3 
5650.5 
5b50.8 
5h51.0 

5652.0 
5651.5 

5652.5 
5853.0 
5654.0 
5655.0 
5b5b.0 
5658.0 
5bb0.0 
5bb5.0 
5670.0 
5615.0 

5690.0 
5700.0 
5110.0 
5130.0 
5750.0 
5800.0 

5900.0 
5950.0 
b050.0 
6145.0 
b925.0 
1435.0 

8530.0 
7810.0 

99b0.0 

56~0.0 

~ 5 0 . 0  

1 1 4 5 o ; o  
13000.0 

15055.0 
14525.0 

11.?05.0 
20050.0 
21495.0 
22945.0 
~4380.0 

. 3  

.5 

.8 
I,O 

2.0 
1.5 

2.5 
3.0 
9.0 
5.0 
b.0 

10.0 
8.0 

20.0 
15.0 

25.0 
30.0 

50.0 
“0.0 

6 0 . 0  
R O . 0  
lOQ.0 
150.0 
200.0 
250.0 
3no.o 
400.0 
495.0 

1215.0 
1185.0 
2220.0 
2RBO.O 
4310.0 
5800.0 
1350.0 

10205.0 
Rb15.0 

11555.0 
1uuno.o 
15845.0 
11295.0 
18130.0 

l l / l I l  

22601.00 
11301.00 
15311.33 
5651r00 

2RZb.00 
2261.00 
1084.33 
1413.50 
1131.00 
942,bl 

5bb.00 
107.25 

283.50 
3ll.bl 

227.00 
189.33 
142.25 
114.00 
95.11 
1l.b) 
57.50 

29.25 
23.b0 
19.83 
15.13 
12.91 
5.43 
4.17 
3.55 
2.96 
2.31 
1.91 
1.11 
1.65 
I .55 

I .3q 
1.3b 
1.33 
1-30  

R b T l U  

31bl.bl 

38.61 

1.49 

DHAWDOYN 
(SI 

5.07 
7.34 

3.29 
2.54 

I .54 
1.84 

1.35 
I ,22 

.Vb 
1.01 

.81 
I 15 
bl 

.55 

. 4 8  

.44 

.4 I 

.Jl 

.35 

. 3 4  

.32 

.31 

.29 

.2b 

.25 

.25 

.21 

.24 

.20 

.20 

.19 . I8 
,11 
*Ib 
.Ib 
.Ib 
.18 

.11 

.22 

.I1 

.ZR 

.In 



TlME - DRAWDOWN GRAPH FOR PUMP TEST No. .... 1 ..... 
Figure C.2. I 

WELL No. ..._ M! ... 

I I I I I I l l  
I 

I l r n  

0 Match point 1 1  ; Data  point 

Type curve 

t I 

t 
TIME SINCE PUMPING  STARTED , minutes 

/o 100 

C A L C U L A T I O N S :  

S =  240 - r L  =- 240 ( ) (  ) (  ) 
r 2  ( )2 

- 

W H E R E :  

r -  Radius  from  pumped  well .._.: ..... (metres) s = Drawdown , , , b ! ,  , ,(metres) 

Q = Pumping r a t e .  ... !,.?.e ____.... ( l i t r e s  /sec.) t = Time since pumping started...:.,(minutes) 

T = Transmissivity ( metres2/sec.) 

S = Storage  coefficient  (fraction) standard  Theis  type  curve. 
Match point parameters from 

Golder Associates 



- 
TIME - DRAWDOWN GRAPH FOR PUMP TEST NO. ........... 2 
Well No. .. d).h!.g ............ Data observed in.. ..OM/? .... 

Figure C. 2.2 

L&AKY AQUIFER ANALYS/S ( H a n l u s h  Method)  

@ Match point 

X Dala point 

0.1 
,/ / 

TIME SINCE PUMPING STARTED , minutes 

C A L C U L A T I O N S :  

T =  Q IO" W(u,r/B) = (2.;?5) IO" ( = 5.77x,o-5metres~/sec, 
4 %s 12.57 ( 3.1 ) 

W H E R E :  

r =  Radius  from  pumped  well ....: .... (metres) s = Drawdown,..3.!,..(metres) 

ma= Average  thickness of oquitord.:,(metres) 

Q = Pumping ra te ,  ...... <.@ ...... ( l i t res/sec.)   t  = Time since  pumping started..  -..(minutes) 

T = Transmissivity ( rnetres'/sec.) 

S = Storage  coefficient  (fraction) 

P = Hydraulic  conductivity of aquitartl(metres/sec.) 

Match point  parameters from 
Hantush leaky aquifer type curve 

r / 0  . / 5  

Golder Associates 



TIME - DRAWDOWN GRAPH FOR PUMP TEST NO. .... 3 ..... 
Well No. ..,Q.!% ............ Doto observed in.. ..Q.W3.. .. Figure C. 2.3 

LEAKY A P U l f f R  ANALYSIS [ H o n t u s h  M e t h o d )  
100 I I 1  I ,  

@a Match point 

X Data point 

;lo 

2 
- 

c - - - " -  " "  " - - x " x  '' " * n -  n x- 
- 

- - - - - 
- 
- 

0.1, I I I I I l l  I I I I I I l l  I I I I I I l l  I I I I I I l l  

.I I ID I OD 
TIME SINCE PUMPING STARTED , minutes 

'Ob 

C A L C U L A T I O N S :  

W H E R E :  

r = Radius  from  pumped  well .,..: ._... (metres) s = Drawdown../:+,5,,(metres) 
12 = Pumping ra te .  ... ?:?! _.._...__ (litrt:s/sec.) t = Time since pumping started..  -.,(minutes) 

1'111- Average  thickness of aquitard,:,,(metres)  w(u,r/B),,,!.,, 

T = Transmissivity ( metres*/sec.)  Match point  parameters from 

s = Storage  coefficient  (fraction) 

P = Hydraulic  conductivity of cquitard (metres/sec.) 

Hantush leaky aquifer type curve 

Golder Associates 



TIME -DRAWDOWN GRAPH FOR PUMP TEST NO. ,... 6 .... 
Well No. . . . . .. ... . .. .. . .. .. . ... PWZ Dofa observed in.. ..:WZ.. .. Figure C. 2.4 

LEAKY AQU/fER ANALYS/S ( f f a n f u s h  M e f h o d j  

L 
0.1 L u  

i 

7 
TIME SINCE PUMPING  STARTED , minutes 

C A L C U L A T I O N S :  

W H E R E . '  

r = Radius  from  pumped well .... : .__.. (metres) s = Drawdown.,2.2,,,(metres) 

0 = Pumping r a t e .  .... 6.3 __...._.. ( l i t res/sec. l  t = Time since  pumping started.,._..(minutes) 

ml= Average thickness of aquitard _... (metres)  w(u,r/B)., , / , . ,  

T = Transmissivity ( metres*/sec.) 

s = Storage  coefficient  (fraction) 

P = Hydraulic conductivity of oquitord  (metres/sec.) 

Match point parameters  from 
Hantush  leaky aquifer type curve 

Golder  Associates 



- 
TIME - DRAWDOWN  GRAPH FOR PUMP TEST No. ........... 6 
Well No. ....................... P N 2  Doto observed in.. .... O,W.3...  Figure C. 2.5 

LEAKY AQUIfER ANALYSIS ( H a n f u s h  Method}  

lo k i '  @ Match point 1 1  ; Dola point 

Type curve 

.o I UJ 

+ 

" 

" 

P / 

T 

.I I 

I 

I 

I 

4- 
IC 

TIME SINCE: PUMPING  STARTED , minutes 

C A L C U L A T I O N S :  

W H E R E :  

r = Radius  from  pumped  well .. .+7....(metres) s = Drawdown., :37 ,,(metres) 

Q = Pumping r o t e .  . . .  6.7 .  ......... ( l i t res/sec. l  t = Time since pumping started.!.37,(minutes) 

ml= Average  thickness of oquitard ._.. (metres) 

T = Transmissivity ( metres2/sec.) 

S = Storage  coefficient  (fraction) r / B  ,b 
P = Hydraulic conductivity of aquitarcl(metres/sec.) 

Match point porameters  from 
Hantush leaky  aquifer type curve 

Golder  Associates 



TIME - DRAWDOWN GRAPH FOR PUMP TEST NO .....[....... 
Well No. .................... OW/ Data observed I" 0 w.l ....... Figure C .  3.  I ..... 

Depth i o  i / t '  : Ratio of l ime since  pumping  storted to time since pumping ceored. 
s ta t ic  woier - 

m I 10 100 lo00 1oooo 

Pump  test: x d o t o  point 
Recovery : 0 d a t o  point 

.............. m 
.5 I 5 IO 50 100 500 loo0 10000 1ooOoo 

CALCULATIONS 

Leg no. I 1-  

- 
1.83 Q 
os x 104 .............. 

TIME SINCE PUMPING STARTED (minutes) L- 
I 3 5 IO 30 50 IDC 

TIME Idoyr) 
Pumping 
1.83 1 .I:.%..- =p7r,0 -5 2 /s 1.83 x ........... - 

Recovery 
" 

10+.x ..I.IE. 10 *. I ........... 
1.83~ ........ ... 

............ ............ 
- 135( I( ) 

( -............. x 10- 
- 

,: 
.42 ( ?( I 

( I ............. " - rnnwia 

- WHERE r = Rodiur from pumped  well...^..:...^... (metres) L i s  = Drawdown(meires pr log cycle) 

a -- Pumping  rote .......... !:.Z8 ....... flitres /see.) 1: Tronsmisaivity  (mctrer2/sec.) 

to: Time intercept  tor zwo drawdown,,:,Jmin) S = Sioroge  coefficient  (froction) 

= Appro.. minimum volue  tor  which u.cO.01 

IGolder Associates 



TIME -DRAWDOWN GRAPH FOR PUMP TEST No. ............ 2 
Well No. .................... OW2 Data observed in O W 2  Figure C. 3.2 

.................... 

btol ic  woter 
leve l  

I/I' = Rotio of l ime since  pumping starled to l ime since  pumping  ceased. - 
I IO 100 Io00 1oOoo 100 ooc 

Pump lest: x d o l o  point 
Recovery : o d o t a  point 

500 loo0 10000 

\vo i lable  
jrowdown lo 
)iezD t ip 
.............. m 

.5 I 5 IO 50 100 500 loo0 10000 1ooooo 
I I I111Il I I I I I I I I  I I I I IIII I I I I I Ill- 

TIME SINCE PUMPING STARTED (minuter) I I I I 1 1 1 1 1 1  I I I 1 1 1 1 1 ]  
,' I 3 5 IO 30 50 IN 

T I M E  (dovs) 
C A L C U L A T I O N S  

1 1-  Le9  no, 

Recovery Pumping ........... - 1.83 a .............. os x 104 I O + ~ X  7z.. ... IO x ........... 
1.83 a z,.?.?.. -57, x,09m5mz/s 1.83 a - 

* 4  
- 

.......... 

............ ............ 
1 . 8 3 ~  i= - 1 . 8 3 ~  ......._- 

~ - 

1 . :  
MII  

.42 125 .42 t ?( 
T 

" ............. ': - 
t rnindu 

WHERE r Radius from pumped well.. ....."....... .metr.s) bs : Drawdown(me1ra pm log cycle) 

0 = Pumping rate ....... Z;.Z.? ........ (litrer /tee.) T =  Transmissivity (metrer~/sec.l 
to: Time  intercept for zero drawdorn.,,:..!min) S :Storage coefficient  (fraction) 

- 

i-* = Approx.  minimum value for which u.cO.Oi 

(;older Associates 



TIME -DRAWDOWN GRAPH FOR PUMP TEST NO. ............ 3 
Well No. .................... OW3 Data observed in O W 3  Figure C. 3.3 

.................... 

s t a t i c  water 
l e v e l  

t/t' = Rotio of time  rinca pumping startad to time since pumping ceased. 

m I IO 100 1000 10000 I00 000 

Pump test:  x d a t a  point 

x x x x   x x x  x 

T I M E  SiNCE PUMPING STARTED  (minutes) I I I I I I I I I I  I I I I I I I U  
I 3 5 io 30 50 L O O  

T I M E  ( d a y s )  
CALCULATIONS - 

1.83 0 ........... 
Leg no. ....J....... T = AS X IO4 + 4  

IO a ........... 

WHERE r : Radiur from pumped w*ll ...-......... (m.tr.) bs: DrawdoWn(metrM pr log cycle) - 
o = Pumping  rat* .......... 5.31 ...... (litre* I sec .1  T: Transmissivity  (metrera/sec.) 

to: Time  intarcspt for zaro drowdown,.,:.jminl S :Sloroge  coefficient (fraction) 

tmh = Approa.  minimum volua  for  which u.cO.01 

Golder Associates 
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TIME -DRAWDOWN GRAPH FOR PUMP TEST No .... 
Well No. .................... O M 4  Data observed in O W 4  Figure C. 3.4 

.................... 
t/?' : Ratio of time since  pumping storted to time since  pumping  ceased. 

IO 50 1 0 0  500 1 0 3 0  1oow 1ooooo 
TIME  SINCE PUMPING STARTED  (minutms) I I I I l l l l l l  I I I I I l l l J  

1 3 5 IO 30 50 IO 

C A L C U L A T I O N S  
T I M E  (days) 

1.83 0 ........... 
as a 104 

- 
Le9 no. ..... !. ....... T = .... ........... 

WHERE r f Ratliur  from pump'ed well ..._.. 1 ....... (metres) As: Drowdownhetres pn log cycle) 
0 = Pumping  rote ....... I;.!.? ......... (litrer/rec.) 1: Tronsmisrivity  (metres2/rsc.) 

to= Time intercept  for zero drawdown,,:,,.!min) S :Storope  coefficient (fraction) 

- 

tmb : Appror.  minimum value far which u=O.Ol 

- Golder Associates 



TIME -DRAWDOWN  GRAPH  FOR PUMP TEST No ...... 51...  
Well No. .................... P W  / Data observed in .................... PW/ 

Figure C. 3.5 
- 

t/< : Rotio of time since  pumping started  ta  time since  pumping  ceased. 
s ta t ic  water 
level 

- 
I 10 1 0 0  IC00 1oooo 100 00 

kvoi loble  
jrowdown Io 
piezo tip I Ill I 1 II1111 I I t  I I I I I  I I I Ill11 I 1  I I l U  

IO 50 I00 500 loo0 10000 l00oO0 

TIME SINCE PUMPIND STARTED  (minutes) L- 
I 3 5 IO 30 50 10 

TIME (days) 

S -  
I35 T. te 

r 2  
135 ( 

I 
)( ) -: " ) p  ............. x 10- 

WHERE r = Radius  from  pumlwd we~t...".~".,.~...(metre~) os: Drawdown(metres p.r log cycle) 

0 = Pumping  rate ......... Z@:.Z ...... flitrer / r e d  T z  Transmissivity  (metres*/sec.) 
- 

to: T i m  intercept few zero drawdown,,.,~,~min) S :Storc~ge  coefficient  (fraction) 

: Approx.  minimum value  for  which u=O.Ol 
. 

(Solder Associates / 
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TIME -DRAWDOWN  GRAPH FOR  PUMP TEST No. ............ 5 
Well No. .................... P W /  Data observed in O W 4  Figure C.3.6 

.................... 
- 
static  Voter 

t/t' : Ratio of tim. since  pumping started  to  .time since  pumpinp ceosed. 

l e v e l  

- 
I 10 100 1000 10000 100 00 

4 v a i l a b l e  

.............. m 
.I .5 I 5 IO 50 1 0 0  500 1 0 3 0  IO 000 1ooooo 

TIME SINCE PUMPINO STARTED  (minutes) I I I l l l l l l l  I I I I I l l U  
I 3 5 IO 30 50 10 

TIME ( d o v s )  
C A L C U L A T I O N S  

1.83 0 
Pumping 
1.83 a .z.6?;.?. - Recovery 

Le9  no. .............. I T -  a s x l o 4  9 , 7 x / 0  -3 m ?4 i 4  -27x ~o-~rn% 1.83 X .Z6.2... = 
IO x..:.5...... IO x .....? ..... 

I I 

-: z 7.71 x 1 0 - 2  
[ ) Z  ............. 

135 T. to 
r z  

135 V,77d4)[ 960 ) 
5: 

t . :  
.42 r*!i .42 ( ?( 1 

1.11 ............. T 
" " 

1 - miwtu 
WHERE r : Radius from pumped w * l l . . . " ~ ~ ~ . ~ . . . ( m e t r ~ ~ )  As= Drowdown(metrm p.r lo9 cycle) 

Q = Pumping  rat. ..... Z.+;.? ............ tlitrer / s e d  1% Transmissivity (rnetrea'/sec.) 
to= Time  intercept for zero drowdown,9L?(?!min) S :Storcqe  coefficient  (fraction) 

- 

tli. = Appfox.  minimum value  for  which u<O.OI 

(Solder Associates 



Y 
'JIME -DRAWDOWN GRAPH FOR PUMP TEST NO. ............ 6 
Well No. .................... P W 2  Dalto observed in P W Z  Figure C. 3.7 

.................... 

1 Dspth to 
s ta t ic  water 
leve l  
__..%!I _.._ m 

- t/t' : Ratio of time since pumping started  to  time 5incc1 pumping ceased, 

NOTATION 

Pump test :  x d a t a  point 

IO 

6 

4 

4 

Avai lab le  
drawdown to 

10 50 100 500 loo0 10000 10 

TIME SINCE PUMPING STARTED (minutes) - 
I 3 5 IO 30 50 10 

T i M E  (davsl 
CALCULATIONS - ........... 
LC9 no. 

1.83 0 .............. ' T = O s r l O i  ........... 
........... 

Leg no. .............. T = OS X 104 
1.83 0 " 

............ 1 +4 
"- 
10 x ............ 

"i" = - =  ............. .42 r2S .42 ( PC 
T I 

1: - minutea 

- WHERE r : Radius  from  pumped wel l . . .~ . ,~ , . .~ ,~~~metrea)  O s :  Drowdawn(metm pw lop cycle) 

Q = Pumpin9 rat* ...... 6.3 ............ tlitrer / s e d  T = Transmissivity  (rnetres*/sec.) 

to= Time  intercept for zero drawdown,.,,.,jmin) S : Storoqo coefficient  (fraction1 

tmh : Approx. minimum value for which ~ ~ 0 . 0 1  

(Golder Associates 



TIME -DRAWDOWN GRAPH  FOR  PUMP TEST No 
Well No. .................... P W 2  Data observed in OW3 Figure C.3.8 

.................... 
t h o  : Ratio Of time since  pumping started to time since  pumping  ceased. 

.I I IO 100 Io00 10000 100 OO( 

.I .5 IO 50 1 0 0  500 loo0 10000 IO( 

T I M E  SINCE PUMPING STARTED (minutes) L- 
1 3 5 IO 30 50 1 0 1  

T I M E  (days) 
C A L C U L A T I O N S  - 

1.83 o 
Leg .............. n s  I 104 

1.83 X ...6?..3. =z, ,, ~ ,o-3,,,zh 
... 2.2. 

/ T -  
Recovery 
1.83 x ........... 
IO a ........... + 4  

- 

1 . 8 3 ~  .......-... L 2  
+4 10 x ............ 

W H E R E  r Radius  from  pumped well ..._..1..... tmetrer)  as = Drowdownlmctrsa pr log cycle) 

o = Pumping rate ........... &..3 ....... rlitrer /see.) T= Transmissivity (metres2/sec.) 

to: Time  intercept for zero drowdown,.,,.,jmin) S :Storope coefficient  (fraction) 

- 

tmh : A~QCOK.  minimum value for which u.cO.01 

IGolder Associates 
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HYDROCHEMISTRY 



Province of 
British Columbia 

Ministry of 
Environment 

U 

3 

3 

Waste Management Branch 
Thompson Nicola-Cariboo 
Region 
106. 1050 West Columbia 
Kamloops. B.C. 

Phone: 374-5981 
V2C 1 L4 

YOUR FILE. ... E ! 8 1 f g . o 4  ......... 
Area TNRD - Cache Cree OUR FILE ....................................... 

Y 

Golder  Geotechnical  Consultants  Ltd. 
224 West 8 t h  Avenue 

Y 

d 

rl 

rrl 

Vancouver, B r i t i s h  Columbia 
V5Y 1N5 

Attent ion:  D.E. Knea.& 

Dear S i r s :  

Groundwater  discharge  to Hat Creek 

In   response   to   your  letter of ?lay 21,  1981,  please  be  advised 

tha t   t he   d i scha rge   o f   po tab le  water from groundwater wells to 

su r face  waters does   no t   requi re  a Po l lu t ion  Control.  Permit. 

Yours   very  t ruly,  

Y 

w 

ag- Kenneth A. Evans, P. Eng, 

Head, Ai r - Indus t r ia l   Sec t ion  

Y 

KAEfdu 

mi 

Y 



June  16th,  1981 

ANALYTICAL RESULTS 

CLIENT: B.C. Hydro & Power Authori ty  
Box 12121 - 555 West Has t ings   S t ree t  
Vancouver, B.C. 

ATTENTION: Mr. F . G .  Hatborn 
SAMPLE IDENTIFICATION: Aquifer water samples  collected  June  9th,   1981, and 

rece ived   labe l led  as follows: 
AQUIFER 1 - 40 f t .   d e p t h ,  10°C, med. to   coarse   sand  with some f i n e   g r a v e l  & 

trace s i l t .  

AQUIFER 2 - 70 f t .   d e p t h ,  1 l o C ,  med. t o   coa r se   g rave l   w i th  some sand. 

PARAMETER 
pH ( u n i t s )  
Conductivity (uhmos/cm2) 
Alka l in i ty  - Tota l  (CaC03) 
Hardness (CaC03) 
Calcium  (Ca) 
Magnesium (Mg) 
Sodium (Ma) 
S u l f a t e  
Chloride 
Dissolved  Sol ids  
Carbonate a lkal ini ty  (as CaCo3) 
Bicarbonate   a lka l in i ty  (as; CaCo3) 

AQUIFER 1 

8.01 
318. 
234. 
243. 

64. 
19.9 
17.3 
50.2 

1.2 
318. 
< 0.5 
234. 

NOTE: All r e s u l t s   i n  mg/l. unless   otherwise  noted.  

AQUIFER 2 
7.96 

298. 
205. 
227. 
60.4 
18.2 
11.8 
47.6 

1.4 
292. 
< 0.5 

205. 

ECO-TECH LABORATORIES LTD. 

Sandra H. Taylor 
Chief Chemist 

SHT/ t e 
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dune  29*  1981 
ANALYTICAL RESULTS 

- CLIENT: B.C. Hydro 8 Power Authority 
ATTENTION: Mr. 6.G. Hathvra 

SAMPLE IDENTIFICATION: Water sample collected June 17, 1981 and 
recelved  labelled  as  follows: 
Ground Water #I, RH 81-87 C 262' 

PARAMETER 

pH (units) 7.92 
Dissolved Solids 235. 
Conductivity (umhos/cniz) 286. 
Alkalinity - Total (Ca1CO3) 184. 

Calcium  (Ca) 40.4 
Chloride (C1) L0,5 
Hardness (CaC0.J 170. 
Magnesium (Mg) 16.8 
Sodlum (Na) 16.8 
Sulfate (SO4) 21.4 

NOTE: All results  In mg/l unless otherwlse noted. 

Alkalinity - ~ L ~ A . ' ( ~ ' O  ('04 LO. 5 
> e  

elk&l,, - fL&,,L,:r d . r L  (c  @ c 0 3) 194. 

L - Less Than 

ECd-TfCH 
Sandra N. Taylor 
Chief Chemist 

. 

ST/& 
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July 6. 1981 
ANALYTICAL RESULTS 

- CLIENT: B.C. Hydro & Power Authority 

ATTENTION: Mr. F.G. Hathorn 

SAMPLE  IDENTXFICATION: 2 Water Samples received June 30, 1981 
Labelled:  "Observation Wells #3 & 14 - 

Construction Water Supply 
Hat  Creek" 

PARAMETER 0.w. 83 O.U.14 
COLLECTED 2:OOP.N. 06/29 11 :OOA.M. 06/28 

pH (units)  7.44 8.00 
Dissolved Solids - Total 336. 255. 
Conductivity ( umhos/m2) 278.  237. 
Alkalinity - Phen  (CaC03) LO. 5 L0.5 
Alkalinity - Total (CaC03)  207.  176. 
Alkalinity - Bicarbonate (CaC03)  207. 176. 
Alkalinity - Carbonate (CaC03) L0.5 LO. 5 
Hardness (CaC03) 229. 120. 
Calcium (Ca) 58.3 19.1 
Magnesium (Mg) 19.9 17.3 
Chloride ( C l p  LO. 5 LO. 5 
Fluoride  (F) 0.10 0.60 
Sulfate (SO4) 58.0 52.0 
Phosphorus - Total  (P) 0.026 0.052 
Nitrite (N) L0.005 L0.005 
Nitrate (N) L0.005 0.038 
Sodium  (Na) 11.8 51 .l 

- 

. . i. ./2 

Y 



" ....... - ." . . . .. .. .~ . .~ . . . . .. ...... " . . ~ L  . ~.. ._..,..-"~ . :  -. -. . . . .  

- 2 -  ( .  

July 6, 0981 

PARAMETER - O.W.113 

Iron (Fe) LO. 05 
Arsenic (As) [ug/l) L2.0 
Barium (Be) Ll .o 
Boron (8)  0.12 

- o.w.#a 
L0.05 
12.0 
L1 .O 
L0.05' 

NOTE: All results ln mg,/l unless otherwise  noted. 
L * Less Than 

+ ECO- E H LABORATORIES LTDP 
Sandra M. Taylor 
Chief  Chemist k 

ST/te 
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3 EfJVIRON!dEiJTALTESTlNG 

GEOCHEMISTRY 
ANALYTICAL  CHEVISTRY 

Notre Dame Drive. Karnloops, B.C. V2C 5NS - Telephone (601) 372-9700 

W 

J 

July  29,  1981 

ANALYTICAL  RESULTS 

CLIENT: B.C.  Hydro & Power Authority 

ATTENTION: Mr. F. G. Hathorn 

SAMPLE IDENTIFICATION: Water  'sample  received June 23,  1981 
Collected June 19, 1981 
Labelled: "R  H 81-87 = 2" 

PARAMETER 

pH ( u n i t s )  
Conductivity (uhos/cm) 
Hardness ( CaC03) 
A1 k a l i n i t y  - Tota l  (CaCO.) 
A1 kal i n i  t y  - Carbonate ( CaC03) 
A1 ka l  i n i  t y  - Bicarbonate ( CaC03) 
Calcium (ca)  
Magnesium (Mg) 
Sodi urn (Na) 
Chloride  (Cl) 
S u l f a t e  (SO4) 
Total D i  ssolved  Sol ids  

3 

7.93 
252. 
134. 
168. 

- f0 .5  
168. 
23.9 
17.8 

- f0 .5  

28.5 

55.2 
276. 

NOTE: All results i n  m g f l  unless otherwise  noted. 
- f = Less Than. 

ST/ t e  

E ~ O - T E C H  LABORATORIES'LTD. !, 

Sandra M. Taylor 
Chief Chemist 

Y 
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ENVIRONMENTAL TESTING 

ANALYTICAL  CHEMISTRY 
GEOCHEMISTRY 

783 Notre  Dame Drive,  Kamloops. E.C. V2C 5N8 - Telephone (604) 372-9700 

Ju ly  29, 1981 

ANALYTICAL  RESULTS 

CLIENT: B.C. Hydro & Power Authority 

ATTENTION: Mr. F. G. Hathorn 

SAMPLE IDENTIFICATION: Water  sample  received  June  23, 1981 
Collected  June  19, 1981 
1.abelled: " R  H 81-87 f: 2" 

PARAMETER 

pH (units) 
Conductivity  (uhos/cm) 
Hardness ( CaC03) 
Alka l in i ty  - Total (CaC03) 
Alka l in i ty  - Carbonate (CaC03) 
Alka l in i ty  - Bicarbonate (CaC03) 
Calcium (ca)  
Magnesi um (Mg) 
Sodi urn (Na) 
Chloride (Cl) 
S u l f a t e  (SO4) 
Total  Dissolved  Solids 

7.93 
252. 
134. 
168. 
LO. 5 
168. 
23.9 
17.8 

- /0.5 
55.2 
276. 

28.5 

NOTE: Al l   resu l t s  i n  m g f l  unless  otherwise  noted. 
- / = Less Than. 

ST/te 

E ~ O - T E C H  L A B O R A T O R ~ L T D .  
Sandra M. Taylor 
Chief Chemist 



ENVIRONMENTAL TESTING 
GEOCHEMISTRY 

ANALYTICAL CHEMISTRY 

LABOR&fOdlEs?lSfD. 783 Notre  Dame Drive, Kamloops. B.C. V2C 5N8 - Telephone (604) 372-9700 

July 29, 1981 

ANALYTICAL  RESULTS 

CLIENT: 8.C.  Hydro & Power Auhtority 

ATTENTION: Mr. F. G. Hathorn 

SAMPLE  IDENTIFICATION: 2  Water  Samples  received  labelled: 
“Raw Sample P.W. # l ”  and  “Soda Springs” 

PARAMETER RAW SAMPLE P.W. #1 SODA  SPRINGS 

DATE 20/7/81;  15 : 30 22/7/81 
pH ( u n i t s )  
Total  Dissolved  Solids 
Conductivity  (uhos/cm) 
Alka l in i ty  - Total (CaC03) 
Alka l in i ty  - Carbonate (CaC03) 
Alka l in i ty  - Bicarbonate (CaC03) 
Hardness ( CaC03) 
Calcium  (Ca) 
Magnesium (Mg) 
Sodium (Na) 
Chloride (Cl) 
S u l f a t e  (SO4) 
Iron  (Fe) 
Nitrite (N) 
Ni t ra t e  (N) 
F1 uori de (F) 
Phosphorus  (Total)  (P) 
Zinc  (zn) 
Arsenic (As) 
Copper  (Cu) 
Lead (Pb) 
Managanese (Mn) 

7.98 
228. 
316. 
177. 

- /O. 5 
177. 
165. 
36.6 
17.5 
23.3 
- LO. 5 
28.6 

- /0.01 
- /. 005 
0.006 
0.37 
0.011 
- /0.02 
- /0.002 
- /0.01 
- 10.05 
0.04 

6.50 
1850. 
2190. 
1840. 

- /0.5 
1840. 
1820. 
396. 
200. 
83.0 
1 .3  
75.0 
0.14 

- /0.005 
1.56 
1.25 
0.036 
0.03 

- /0.002 
0.02 
0.05 
0.17 



J : 

ENVIRONMENTALTESTING 
GEOCHEMISTRY 

Y ANALYTICAL CHEMISTRY 

crl 
D. 783 Notre Dame Drive, Kamloops, B.C. V2C 5N8 - Telephone (604) 372-9700 

(.i - 2 -  

ld 
PARAMETER R A W  SAMPLE P.W. #1 SODA SPRINGS 

Y Barium (Ea) 
Boron ( B )  

ud 

- IO. 5 
- /0.05 

NOTE: All results i n .  !ng/l unless otherwise noted. 
0 - / = Less Than. 

Y 

L0.5 
0.15 

~ 

ECO-TECH LABORATORIES LTD. 
~~ ~~~~~~ ~ 

Sandra M. Taylor 
Chief Chemist Y 

ST/ te  

Y 

. 



ENVIRONMENTALTESTING 

ANALYTICAL  CHEMISTRY 
GEOCHEMISTRY 

783 Notre Dame Drive, Kamloops, B.C. V2C 5N8 - Telephone (604) 372-9700 

ANALYTICAL  'RESULTS August 6, 1981 

CLIENT: B.C. Hydro & Power Authority 

ATTENTION: Mr. F.G. Hathorn 

SAMPLE IDENTIFICATION: Water sample received  July 30, 1981 
Labelled "PW1 Elapsed time 11890 mins., 
Raw unfiltered sample" 
Collected July 28, 1981 

PARAMETER 

pH (units) 
Dissolved Solids  (Total) 
Conductivity (umhos/cm) 
Alkalinity - Total (CaC03) 
A1 kalinity - Carbonate (CaC03) 
Alkalinity - Bicarbonate (CaC03) 
Hardness ( CaC03) 
Calcium  (Ca) 
Magnesium (Mg) 
Sodium  (Na) 
Chloride (C1) 
Sulfate (SO4) 
Iron  (Fe) 
Nitrite (N) 
Nitrate (N) 
F1 uori de ( F) 
Phosphorus ('Total 1 (P) 
Zinc (Zn) 

8.00 
224. 
294. 
185. 

- /O. 5 
185. 
157. 
31.2 
19.0 
20.7 
- /O. 5 
27.6 
0.05 
- /0.003 
- / O  .003 
0.42 
0.043 
LO. 02 

. . . . ./2 
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Arsenic (As) 
Copper ( C u )  
Lead (Pb) 
Manganese (Mn) 
Barium (Ba) 
Boron ( B )  

August  6, 198'1 

- /.002 
- /o . 01 
- /0.05 
0.04 
- /O. 5 
- /0.05 

NOTE: All resul ts  i n  m g / 1  unless otherwise  noted. 
- / = Less Than. 

fCO-TECH LABORATORIES,&TD. 
Sandra M. Taylor 
Chief Chemist 

ST/te 
CC to Golder Associates - Dave Banton 
CC t o  B.C.H. Cache  Creek - Paul Imada 
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PUMP SPECIFICATIONS FOR BERKELEY  MODEL Figure ," , 
NO. 4CLM141 -3 (O.W. 2 )  

ESERKELEY PUMP COMPANV PERFORMANCE 21W/ 

145 GPM SERIES 

I 4CLM8- 1 !. U 4'CLMlO-2  4CLM14-3 1 4CLM23-5 1 

RISER PIPE 2" 

NOTE: &st performance wil l  obtained when operating  within h e  heavy liner. For other 
conditions check 4CL and 4CM. 

(Solder Associates 



PUMP SPECIFICATIONS FOR BERKELEY MODEL 
NO. 6 A H  3 - 5 (0.W. 3) 

Figure E-2 

BERKELEVPIJMPCOMPAN'Y CURVE 2 3 x 1  

SUBMERSIBLE  TURBINE  PUMPS 12-1-n 

6" AND 7" BOWLS 

PERFORMANCE CURVES 

Cioider Associates 



- 
PUMP SPECIFICATIONS FOR BERKELEY MODEL 

NO. 6S2BL3-5  ((2W.4) 
Figure E-3 

BERKELEY PUMP COMPANY 

SUBMERSIBLE TURBINE PUMPS PAGE 
4-14-70 

6" AND 7" BOWLS SUP€RS€D€S 

PERFORMANCE  CURVES cv.c 2 m  Po e 2.01 
"..J I,-," 

(Golder Associates 



PUMP SPECIFICATIONS FOR BERKELEY MODEL 
NO. 7S3L-40 (P.W. I 1 Figure ' E - 4  

BERKELEY  PUMPCOMPANY 
DAlE 7-1-76 
CURVE 2503 

5.01 SUBMERSIBLE  TURBINE  PUMPS PAGE 

6" AND 7" BOWLS 

PERFORMANCE CURVES 

SUPERSEDES 
Curve 2500 Pogc 5.01 

Doted 6-1-76 . 

Golder Associates 



PUMP SPECIFICATIONS FOR GOULD'S MODEL 
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