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ADRIAN BROWN CONSULTANTS, INC. 
155 South Madison Street, Suite 302 

Denver. Colorado 80209-3014 
(303) 399-9630 FAX (303) 399-9701 

May 5 ,  1989 

Steffen Robertson and Kirsten 
1030 West Georgia S t r e e t ,  Sui te  801 
Vancouver, Bri t i  sh Col umbi a 
Canada ,  V6E 2Y3 

A t t e n t i o n :  M r .  John Gadsby, P . E .  

Re: Predicted Flow t h r o u g h  the Reclaimed Cinola P i t  Backfill 

Dear John: 

Please find attached my repor t  on the above captioned matter.  
requested as  a r e s u l t  of the meetings w i t h  the Provincial a n d  Federal 
reviewers o f  t h i s  p ro j ec t ,  which t o o k  place i n  Vancouver on May 5 ,  1989. The 
analysis  performed i s  an extension o f  t h e  work presented in our report  on the 
geohydrology o f  the p ro jec t ,  a n d  evaiuates the d i s t r ibu t ion  o f  flow t o  the  
backfil led p i t  g rea te r  de t a i l  . 

This repor t  was 

I t r u s t  t h a t  t h i s  report  meets your  needs a t  t h i s  time. S h o u l d  you h a v e  any  
questions,  please d o  n o t  h e s i t a t e  t o  c a l l .  

Respectfully subrni t t e d ,  
ADRIAN BROWN CONSULTANTS INC 

/ 

Adrian Brown, P . E .  President 

A t t  . 
111 



Cinola - Reclaimed P i t  Seepage - j- May.5, 1989 

TABtE OF CONTENTS 

m 

1.0 INTRODUCTION 

2 - 0  ANALYSIS METHOD 

3 . 0  ANALYSIS RESULTS 
3 1 Transverse Section 
3 . 2  Longitudinal Section 
3.3 Overall Results 

FIGURES 
- 

Figure 1 - S i t e  Plan 
Figure 2 - Transverse Section - Heads (m) 
Figure 3 - Transverse Section - Seepage t h r o u g h  Backfill 
Figure 4 - Transverse Section - Time for Plug Flow 
Figure 5 - Transverse Section - Proportion o f  P l u g  Flow 
Figure 6 - Longitudinal Section - Heads 
Figure 7 - L o n g i t u d i n a l  S e c t i o n  - S e e p a g e  t h r o u g h  Backfill 
Figure 8 - Longitudinal Section - Time f o r  Plug F l o w  
Figure 9 - L o n g i t u d i n a l  Section - Proportion o f  P l u g  Flow 
Figure 10 - Distribution o f  Seepage Flow Rates t h r o u g h  3ackfil1 
Figure 11 - Distribution of Times for P l u g  F l o w  
Figure 1 2  - ?roportions of Plug F l o w  i n  Backfill Seepage 

Adrian Brown Consultants Inc 

1 

2 

4 
4 
9 

IS 

3 

6 
7 
3 

i o  
11 
1 2  
13 
15 
16 
1 7  

K 



Cinola - Reclaimed P i t  Seepage - 1- May 5, I989 

1.0 INTRODUCTION 

C i t y  Resources Limited proposes t o  develop a n  open p i t  g o l d  mine t o  explo i t  
the C i n o l a  orebody, located i n  the Queen Charlotte Islands.  As some o f  the 
waste rock t o  be mined is potent ia l ly  acid generating, i t  i s  proposed t o  
p a r t i a l l y  backfi l l  the p i t  w i t h  t h i s  rock, a n d  t o  resa tura te  t h i s  material t o  
prevent acid generation. 
seepage o f  groundwater t h r o u g h  the backfil l  material a f t e r  the reclamation of 
the mine. 

This report presents a de ta i led  evaluation o f  the 

Adrian Brown Consultants Inc 
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Cinola - Reclaimed Pit Seepage - 2- May 5, 1989 

2.0 ANALYSIS METHOD 

The anal ysi  s i n v o l  ved the eval uation o f  the f low conditions through the 
backf i l l  f o r  both a transverse and  a longitudinal section t h r o u g h  the  p i t  
(Figure 1) . The approach used i s  t o  re f ine  the analyses performed in  the 
geohydrolog repor t  ("The Gehoydrology o f  the Cinola Gold Pro jec t" ,  ABC, 
March, 19891. T h  e f l o w  heads were computed, which allowed a computed time f o r  
p l u g  f low a t  d i f f e r e n t  locations over the reclaimed surface.  
time was used t o  e s t ab l i sh  the t o t a l  plug f l o w  r a t e s  versus time fo r  each 
condi t ion,  and then t o  compute the p r o p o r t i o n  o f  p l u g  flow i n  the t o t a l  
seepage t h a t  passes t h r o u g h  the backfill as a function o f  time. The p l u g  
f l o w  is expected t o  remove the b u l k  of the ava i l ab le  chemical mass t h a t  may 
e x i s t  i n  t he  backfil l  mater ia l ,  so t h i s  proportion indicates  the extent t o  
which the q u a l i t y  o f  t h i s  seepage has been modified by contact w i t h  the 
backf i l l .  

This p l u g  f 7 0 w  

The two s e t s  o f  analysis were then used t o  estimate an e f f ec t ive  overall  
condition. The de ta i led  information on those analyses i s  attached as a d a t a  
appendix; a discussion o f  the r e su l t s  i s  provided below. 

c 

ill 
I. 
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3.0  ANALYSIS RESULTS 

3.1 Transverse Section 

This analysis  evaluated a n  east-west section t h r o u g h  the deepest par t  o f  the 
p i t .  The r e s u l t s  a re  as  follows: 

1. 

2 .  

3 .  

4 .  

Heads. Heads a re  shown on  Figure 2 .  The f l o w  t h r o u g h  the backfil l  
material i s  i n  t h i s  section a11 upwards  t h r o u g h  the backf i l l .  

2ate o f  flow per un i t  area. The r a t e  o f  flow per u n i t  area of the 
reclaimed surface o f  the p i t  was computed, a n d  i s  i l l u s t r a t e d  i n  
Figure 3 .  
reclaimed area are  much higher t h a n  the r a t e s  i n  the center  o f  the 
p i t .  

As expected the flow r a t e  a r o u n d  the edges o f  the 

Time taken for backfill t o  f lush.  The time taken fo r  p l u g  flow ( t h a t  
i s  t he  displacement o f  the f i r s t  pore volume o f  porewater from the 
backf i l l  mater ia l )  was computtd using a n  assumed porosity o f  30%, 2nd 
the r e s u l t s  a re  presented i n  Figure 4 .  This shows t h a t  the edges or '  
the reclaimed p i t  area flush quickly ( i n  l e s s  t h a n  a y e a r ) ,  becausz 
they a r e  subject t o  h i g h  gradients a n d  the d e p t h  o f  backfill material 
i s  sinall .  The center o f  the p i t  takes  u p  t o  160 y e a r s  t o  f l u s h ,  

Estimated p l u g  f low seepaue. The estimat?d p r o p o r t i o n  o f  p l u g  flow 
i n  the  t o t a l  seepage t h a t  pass2.s t h r o u g h  the backfil l  ( t h a t  i s  the 
proportion o f  " f i r i t  flush" w a t v  i n  o f  the backfil l  Seepage) i s  
plotted f o r  t h i s  section on Figure 5 .  This shows t h a t  the p l u g  f l o w  
drops t o  7 5 %  o f  the to ta l  seepage i n  the f i r s t  2 years ,  t o  50: o f  the 
t o t a l  seepage i n  the f i r s t  10 y e u s ,  a n d  ends a f t e r  160 years. 

Adrian Brown Consul tants Inc 
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II 

II 

3.2 Longitudinal Section 

A s imi l a r  ana lys i s  was performed using the longitudinal section presented i n  
the geohydrology repor t  ( A B C ,  1989). 
sect ion t h r o u g h  the  deepest part o f  the p i t .  The r e s u l t s  a r e  as follows: 

T h i s  a n a l y s i s  evaluated a north-south 

1. Heads. Heads a re  shown on Figure 6 .  The flow t h r o u g h  the backfil l  
material  i s  upwards t o  the n o r t h  o f  the  sec t ion ,  and downwards t o  the 
south. 

2 .  Rate o f  f low per u n i t  area. The r a t e  o f  flow per u n i t  area o f  the 
reclaimed surface i s  i l l u s t r a t ed  i n  Figure 7 .  As before, the f low 
r a t e  around the edges o f  the reclaimed-area a re  much higher t h a n  the 
r a t e s  i n  the center  o f  the p i t .  Also, i n  t h i s  s ec t ion ,  the flow ra t e  
i s  downward t o  the south, and  upward t o  the north. 

3. Time taken fo r  backfil l  t o  f lush.  The time taken f o r  p l u g  f l o w  was 
computed using a n  assumed porosity o f  30%, a n d  the r e s u l t s  a re  
presented i n  Figure 8 .  This a g a i n  shows t h a t  the edges o f  the 
reclaimed p i t  area flush quickly, while the  stagnation p o i n t  i n  the 
center  south o f  the p i t  takes u p  t o  400 years t o  f lush.  

4. Estimated p l u g  f l o w  seepaqe. The estimated p r o p o r t i o n  o f  the  see?age 
through the backfil l  t h a t  i s  p l u g  f low ( t h a t  i s  comes f r o m  the " f r r s t  
f lush" of the backf i l l )  is plotted for t h i s  section on Figure 9 .  
T h i s  shows t h a t  t he  p l u g  f l o w  drops somewhat less quickly t h a n  for 
the t ransverse sec t ion ,  b u t  t h a t  the upward p l u g  flow seepage redilces 
t o  50% o f  the to t a l  seepage i n  the f i r s t  50 years. ;dote t h a t  the 
downward p l u g  f low percentages drop o f f  more quickly. 

Adr ian  Brown Consultants Inc 
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Figure 7 - Longitudinal Section - Seepage through Backfil l  (m 3 / m z / Y )  
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3.3 Overall Results 

The above r e s u l t s  a re  taken fdr  sections a round  the perimeter. An estimata of 
the combined e f f e c t  o f  the seepage system can be obtained by combining these 
analyses,  r e c o g n i z i n g  t h a t  the transverse sect ion s i t u a t i o n  holds over perhaps 
a few hundred meters o f  the p i t ,  and t h a t  the longitudinal section s i tua t ion  
holds over a narrower p o r t i o n  o f  the p i t .  This i s  shown i n  two sketch plans 
o f  the  reclaimed p i t :  

1. 

2 .  

3 .  

Rate o f  f low t o  the p i t .  
reclaimed p i t  f loor .  

Figure 10 shows the r a t e  o f  f low t o  the 
The " h i g h "  r a t e  of flow i s  greater  than  0.3 

cubic meters per square meter per year ( and  averages a b o u t  1 cubic 
meter per square meter per yea r ) ,  the "moderate" r a t e  o f  flow i s  0.1 
t o  0.3 cubic meters per square meter per year ,  and  the 'tlow't r a t e  o f  
f l o w  i s  l e s s  t h a n  0 .1  cubic meters per square meter per year. 
expected, the high flow area i s  o f  r e l a t i v e l y  small s i z e ,  a n d  i s  
located where the backfil l  material i s  thinnest .  Further,  the 
loca t ions  o f  upward flow and downward flow are  ident i f ied  on t h i s  
f i gu re .  

As 

Time f o r  p l u q  flow. Figure I1 shows the time f o r  the f i r s t  pore 
volume t o  flush as a function o f  locat ion i n  the p i t .  As can be 
seen,  and wou ld  be e x p e c t e d ,  t h e  f l u s h  t i m e s  i n c r e a s e  a s  t h e  b a c k f i l l  
depth increases ,  and as the gradient in the backfill decreases. Y o t e  
t h a t  the p l u g  flow flush times are f o r  upward  flow i n  the northern 
p o r t i o n  o f  the p i t ,  and for  downward flow i n  the sourthern p o r t i o n  o f  
the p i t .  

Rate o f  p l u q  flow. Figure 12 shows the expected proportion o f  
seepa e t h a t  passes t h r o u g h  the backfil l  t h a t  i s  p l u g  flow. After 
the p y u g  flow occurs, the qual i ty  o f  the groundwater flow would be 
expected t o  approach the qual i ty  o f  groundwater i n  the country rock. 
The percentages f o r  b o t h  upward and  downward flow are  shown. The 
f igu re  indicates  t h a t  the qual i ty  o f  the  seepage from the backfil l  
wi l l  improve rapidly,  with the proportion o f  p l u g  flow i n  the t o t a !  
seepage t h r o u g h t  the backfill f a l l i ng  t o  50% within a decade, and 
e s s e n t i a l l y  ending w i t h i n  a century. Note t h a t  the seepage through 
the backfi l l  will no t  change, only the p r o p o r t i o n  t h a t  i s  p l u g  f low 
( t h a t  i s  the f i r s t  pore volume). 

I n  summary, the analysis  indicates t h a t  the proportion o f  p l u g  flow water i n  
the backfi l l  seepage halves i n  the f i r s t  decade a f t e r  backfi l l ing o f  the p i t ,  
and drops t o  zero i n  the long term. 

Adrian Brown Consultants Inc 
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Figure 10 - Distributian o f  Seepage Flow Rates through Backfill 
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APPENDIX 2.2.3-1 

RESPONSES TO SUPPLEMENTAL QUESTIONS ABOUT THE 

GEOHYDROLOGY OF THE PROPOSED CINOLA PIT 

(Pages 1 to 91) 



REPORT TO 
CITY RESOURCES LIMITED 

ON 

EUSPONSE TO SUPPLEMENTAL QUESTIONS 
ABOUT THE GZOHYDROLOGY OF THE 

PROPOSED CINOLA P I T  

Prepared by 

Adrian 3mwn C o n s u l t i 3 t . s  , I n c  
155 S o u ~ h  &idison Street, S u i t e  3 0 2  

D e m e r ,  Colorado 80209 
( 3 0 3 )  399-9630 
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ADRIAN BROWN CONSULTANTS, INC. 
155 South Madison Street, Suite 302 

Denver. Colondo 80209-3014 
(303) 399-9630 FAX (303) 399-9701 

May 18, 1989 

Steffen Robertson and Kirsten Limited 
1030 West Georgia Street, Suite 801 
Vancouver, British Columbia 
Canada, V6E 2Y3 

Attention: Mr. John Gadsby, P . E .  

Re; Response to Questions about the Geohydrology of the Proposed 
Cinola Pit 

Gear John: 

Please f i n d  amached o u r  reporc on t h e  above capt ioned matter. 
This report was requested as a result of the meetings with the 
Provincial and Federal reviewers of Lhis project, which t o o k  p l a c e  
in Vancouver on May 5, 1989. Several quescions were asked on che 
behavior of the groundwater system in the vicinity of the proposed 
pic. These nattezs have been evaluated by further modeling of Lhe 
area in and near the pit. This report sets out the results of the 
evaiuacions and activities have been performed to address these 
questions. 

I crust t h a t  this report meets your needs at this time. Should 
you have any questions, please do n o t  hesitate to call. 

Respect fully submitted, 
ADRIAN BROWN CONSULTANTS INC 

e 

Adrian Brown, 2 .E. I President 

Att. 
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Cinola Geohydrol9y  Questions -1- May 18, 1989 

. .  

..i 

ioI 

1.0 INTRODUCTION 

At the groundwacer workshop held i,? Vancouver on Kay 2, 1989, 

several questions were asked by the Gcvernmencal 3eview ?'anel on 

the behavior of the groundwater systen Fn the vicinity of che 

proposed g i c .  Our formulztion of zhese questions were: 

1. the effects Of 

does t h e  computed 

the adic  drainage 

gr 3 cndw zc 2 r table 

a r e  taken into acc3unt , 
r 2  as on ab 1 y mat ck t3.e 

observed curren t  groundwacc t a b l e  f o r  the sslected vaiues of 

2 .  If che Specogna f a u l c  and hydrochernal breccia h y d r m l i c  

conduc t iv i ty  were i n  facc 30 rnetsrs p e r  year ,  whac would be 

Lhe 2 f f ~ c t  on i n f l o w  ZQ ~ h e  pit, and whzc would be ~he? ~ I X C Z  

on the flow i n  3ar3l2 Creek during and a f c e r  mining? 

- -  

3. 12 che e v a l u a z i o n s  made in che Phase I1 r e p o n  abouc i n f l o w  

to the pit, and f l o w  aft?r p i t  reclamation turr!  out to be 

wrong, when would chac be identifiable, and w n a t  r e s p o n s 2 s  

would be available co aizigate the effeccs or' the i n f l o w ?  

4. What is the parcitioning of the pr2cipitxion that has bee-? 

used in che acalysis, and what i s  i t s  b z s i s ?  

5. Could lacteral and longitudinal cross secc ions  through the p i c  

be provided, showing the qeology ana the pre-mining w x 2 r  

table? 

Adrian Brown Consultants Iac 



Cino la  Geohydrology Questions -2- May 18, 1989 

Responses t o  t h e s e  questions have been developed, in parr bu the 

performance or'  f u r t h e r  modeling or^ t he  area In and near the  p i t .  

T h i s  reporc s e t s  out t h e  r e s u l t s  o f  eva lua t ions  and a c t i v i t i e s  

thac we have perforned t o  address these q u e s t i o n s .  

Adrian Brown Consultants i nc  
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Cfnola Geohydroloqy Questions -3- May 18, 1989 

2.0 PRE-MINING -/FLOW CONDITIONS I N C L ~ I N G  ADIT EFFECTS 

The Cinola exp lo ra t ion  a d i t  was installed i n  1980, a n d  e x t e n d e d  in 

1 9 8 2 .  The c o l l a r  elevation is about  1 1 7  meters above mean sea  

level, and t h e  s lope  o f  t h e  adit Is about 1%. Iz would  be 

expecced co  act 2s a drain i n  t h e  graundwatsr syscem. 

A cons idemble  amount or' wa te r  level data Fs available i n  this 

a r s z  f o r  chis period, which allows reasonable c a l i b r a t i o n .  T h i s  

d x a  has Seen col lecced  in the d r i l l  holes and wel ls  shown in 

Figure L. The he&s thac currently exisc i n  t h e  zrsa z.r% 

i n d i c a m d  in Figure  2, Which snows t h e  values O r '  thie 

u e a  F,? t h e  evalua t ion ,  and t he  resulting contours o f  t h e  

groundwacer 

O r '  this map 

t a b l e .  The in fo rna t  i o n  used f o r  

p resentsd  i n  Table i. TO a s s i s c  

the preparation 

in c ornp a r  i s c r; s 

Setxeen computer generated r e s u l t s  and t h e  observed values o f  t h e  

g r o u n c h a t 2 r  table, a compute r  drawn version of t h e  water tzble t3 

t h e  same s c 2 l e  a s  the computed r e s u l t s  has been presented as  

Figurl, 3 .  

in addition, data  exists on the flow from the xiit: the f o u r  

n e a s u r m e n t s  d re  presented i n  Table 2 .  Based on these  va lues ,  t h e  

rscenc f l o w  from t h e  adic  appears t.=, have been in the v i c i n i t y  of 

200 cubic  rneters p e r  dzty . 

Adrian Brown Consultants Inc 
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Cinola  Geohydrology Questions -6- May 18, 1989 

T a b l e  1 - Measured Water Levels i n  the Vicinity of the Proposed 

P i t  

Adrian Brown Consultants i nc  
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‘CINOLR - NATURAL CONDITIONS - ADIT 36278 j 

Figure  3 - Computer Drawn Water Table Contours - P i t  Area 

Adrian Brown Csnsul tan ts  Inc 
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Date Adit 
Length 
(m> 

mid 1981 122 

m i d  1 9 8 2  457 

Aug 1988 457 

Table 2 - F l o w  from the Adit 

F l o w  
Rate 

( c u d d )  

130 

n / a  

97 

w- 

Nov 1988 457 

Jan 1 9 8 9  457 

242 

218 

Comments 

Flows became steady,  vary with 
p r e c i p i t a t i o n .  

A d i t  ex-cended t o  e s s e n t i a l l y  i t s  r'illl 
lezlgch, Lengch includes spur s ;  accual  
d i s taace  f r o m  adic  t o  most remote 
locacion is  about 360 mecers. 

Variaciofis i n  flow due t o  precip-  
F t a c i m  considerably lower than whec 
adic was skorcer. 

A f t 2 r  p r s c i p i t z t i o n ;  v s r i a t i o n  wick 
p r a c l 2 i c a t i o n  small. 

_ .  Arcer 2 rec i2 i t a tFon .  

2 . 2  ANALYSIS GF ZFECT OF A D I T  

An a n a l y s i s  or '  t he  head afid flow condi t ions  i n  che v i c i n k y  of t h e  

p i t  was per forxed  f o r  t he  per iod a f t s r  t he  adFz had been 

i n s t a l l e d ,  b u t  p r i o r  t o  the  development o f  the mine. 

used was essentially the  sane as for t h e  aqui fe r  analyses  

presenc:ed in Appecdix C o f  che ABC Gsohydrology Reporr,. 

w a s  modified t o  explicitly model che locacion and nead effect o f  

cine acic. The resuics a re  actzcned eo t h i s  r epor t  a s  E x h i b i t  A.  

The nesh 

The aesk 

The f i r s c  m a l y s i s  was a steady sczce s imulat ion of t h e  w a t z  

t a b l e  u s i n g  t h e  "s tandard" hydraul ic  conauct iv ic ies  for t h e  drea 

( see  Appendix C,  i l a C  Gsohydrology Xeport) Specifically, che 

Specogna Fau l t  and assoc ia ted  hydrothernal brecc ia  was modeled 

Adrian Brown Consultants Inc 
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w i t h  an hydrau l i c  conduccivity o f  6 meters per  year,  while t h e  

a l t e r e d l s i l i c i f i e d  Skonun was modeled w i t h  an hydraul ic  

conduc t iv i ty  of 1 . 5  neccers pe-r year .  The r e s u l t i n g  compuced waxer 

t a b l e  for t h e  a rea  is presented in Figure 4 .  I t  is s i m i l a r  t o  t h e  

measured va lues ,  i n  t h a t  t he  a d i t  i s  c l e a r l y  v i s i b l e  i n  t he  

drawdown s y s t e m ,  and the o ther  wacer l e v e l s  a r e  higher t o  b o t h  che 

easc and west .  The ana lys i s  a l s o  allows a computation o f  t h e  z ' l o w  

from che a d i t  under these condi t ions;  t h e  f l o w  was is computed c o  

be 2 6 8  cubic  rnete'rs per day,  sornewhac above t h e  observed value o f  

abouc 2 0 0  cubic  rnec2rs p e r  cay. 

The hydrau l i c  conduct iv i ty  or '  t h e  Specogna f a u l t  was chen r a i s e d  

to 30 rneters p e r  year  ( a  sixfold increase) and the  a m l y s i s  

re-run. The wacer c a b l e  is 2 s  porzzayed in Figure 5 ,  and is 

siailar 50  the v a h e s  obtained i n  cke e2 , r l ie r  run. Th2 drzwdown 

around t h e  f a u l f  is, however, much more marked, and i s  n o t  

cons iscent  wich t h e  observed data. The computed flow f r o n  t he  

adic  has dropped c o  135 cubic mecers per  yezr,  sornewhac b e l o w  t h e  

measured flow from t h e  a d i t .  This  drop  i n  f l o w  ta t h e  a d i t  is a 

result or' t h e  adic l o s i r q  t he  conczst with the  fad+, zone  f o r  t he  

infiltrating l o c a l  groundwater. 

Accordingly, it would appear chat  t h e  c s l i b r a t i o n  o f  t h e  syscem is 

b e s t  achieved w i t h  tne Specogna f a u l t  a t  t h e  measursi hydraul ic  

conduc t iv i ty  or'  6 m e t e r s  per  year ,  al though it i s  noc  

inconceivable  t h a t  t h e  er'feccive hydraul ic  conductivicy may be 

111 Adrian Brown Consultants Inc 
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somewhac greacer o r  less (say b e t w e e n  3 meters p e r  year and 1 2  

meters p e r  year) 

c 

2 . 3  CONCLUSIONS FROM THE ?OST-.ADIT ANALYSES 

The conclus ion  Of t he  eva lua t ion  is thar: i f  t h e  e f f eccs  Of zhe 

m adit drzinage a r e  t aken  inco zccounc t h e  computed groundwater 

t a b l e  does r easonab ly  nac C h  ob s erved c u r r e nc 

f o r  che s elecced values  Of t h e  hydrau 1 i c  conduct iv i ty  2nd 

F n f i l t r a c i o n .  

Adrian B r o w n  Consultants Inc 



fl .': 
Y 

I"F 
Y 

May 18, 1989 Cinola Geohydrology Questions -13- 

m O L A  - NATURAL CONDITIONS - A D T -  36278 1 

~ 

F i g u r e  4 - Water Table - Standard Conditions with Adit Drainage 

Adrian Brown Consultants InC 
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~ 

rCINOLA - NRTURAL/ADIT - K(fault)=38 M / Y  36278 

! 

'ru 
.N 
.rc 
N 
03 

3 2 7 2 2  1 :  20000 

Figure  5 - Water Table - Hiqh Conduct ivi ty  F a u l t  w i t h  adit 

Drainaqe 

Adrian Brown Consul tants  Inc 
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3.0 EFFECT OF A POSTULATED HIGH CONDUCTIVITY FEAT- 

3.1 STATEMENT OF THE QUESTION . 
m'  

The representatives of the Governments wished an ana lys i s  o f  t h e  

__t 

conditions t h a t  wouid 2xist durinq mining, acd after mine 

reclamation,  i f  t h e  Specogzs, Fault proved t o  have an effective 

hydraulic conductivity of 30 i ne ts rs  per year, a factor -of f k e  

higher  than the measurzc vBlue, and or' che besc value for 

c a l i b r a t i o n  of t he  sxisciq heads. The p r i n c i s a l  concerns 

appeared t o  be: 

1. 

2 .  

3 .  

t h e  impact on t h e  inflow t o  t h e  n i n e ,  which rnighc, if tso 

high,  overwhelm the wacer t rea txenc  p lan l t  capac i ty ;  

the impact on the flow in ( p a r t i c u a r l y )  upper atirbie Creek or' 

diversion through scck a S C ~ U C ~ U T ~  b o t h  dcring operzcion 2nd 

a f t e r  back f i l l i ng ;  and 

t h e  impact on the flow from the pit b a c k f i l l  t o  t h e  l o w e r  

Sa r5 ie  Creek  area  aft2.r r x l a m a t i o n .  

Adrian 3 r O m  Consultants Inc  
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3 . 2  ANALYSES PERE'OFWED 

Two ana lyses  were performed, and t h e  r e s u l t s  compared c o  t h e  

s t anda rd  ana lyses  preselzted F n  Appendix C o f  the  ABC G2ohyarology 

Report.  These analyses were conducted with t h e  Specogna Fau l t  and 

associated hydrothermal breccia assumed t o  have a hydraul ic  

conductivity o f  30 rnecers per  year,  f o r  t h e  following cases: 

1. 

2 .  

3 .  

prior t o  minifig ( t h i s  a n a l y s i s  has a l ready  been pres-en t& in 

Appendix C o f  the ABC G2ohydrology Reporc);  

w i t n  ihe nine depth;  

after reclamation of che p i t .  

and 

The resulcs of t h e  new analyses zrs p r e s e x e d  i n  E x h i b i t  3 ,  a-rc 

c e  summarized below. 

3 . 2 . 1  F l o w  t o  t h e  p i t  

The assumption of a h igh  hydraul ic  condcczivi ty  f a u l t / b r e c c i a  

f e a t u r e  i n c r e a s e s  the  flow t o  t h e  pic when fully mined from 1 , 3 0 0  

cubic mecers per  day for c-i-e standard case ( P S C  Geohydrology 

Eieporc) IX 1 , 9 0 0  cubic metxs p e r  day f o r  t he  high hydraulic 

conduc t iv i ty  case .  

Adrian 3 r o m  Consultants Inc 
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3 . 2 . 2  Impact on Barbie Creek 

The i n c r e a s e d  h y d r a u l i c  c o n d u c c i v i c y  r e s u l t s  i n  a d i v e r s i o n  or'  

some f l o w  f rom u p p e r  Barbie Creek. The flow i n  Barbie Creek ac 

the  three times a n a l y s e d  ( b e f o r e ,  d u r i n g ,  a n d  a f t e r  m i n i n g )  is 

i l l u s t r a c e d  on  F i g u r e  6 .  The i m p a c t  or' rn in ixg  on che flows in 

Upper 3arSie C r e e k  amoxnts to abotlc s, 13% r e d x c t i o n  i n  t h e  

b a s e f l o w ,  a n d  after r e c l a m a t i o n  chis Fmpacc r e d u c e s  t o  abouc  1 0 % .  

,his l eve l  o r  dizrerezc3 is n o t  d e c ~ c z b l e  i n  real stream s y s c m ~ s ,  

w n i c h  a r e  s u b j e c c  t o  f a r  g rea t e r  d a i l y  a n d  s e a s o n a l  v a r i a t i o n .  

- 8 c -  rn 

3 . 3  CONCLUSIONS F30II.I TZE ANALYSIS 

E -  

The overall c o n c l u s i o n  from this e v a L u a c i o n  is chac, LI there  I s  a 

hiq-h h y d r a u l i c  c o n a u c c l v i c y  t h r o u g h - g o i n g  f e a t u r e  a long  t h e  

Specogna F a u l t  zlignmenc, then there will be a small c~mpu~teriu 

r e d u c z i o r ?  o f  t h e  f l o w  in Sarbie Creek d u r i n g  and afcter mining. 

This  r e d u c c i o n  is small when compared w i t h  t h e  normal v a r i a b i l i t y  

o f  t he  stream flow, and s o  would n o t  be a e t e c x a b l e  i n  the  f i e l d .  

Adrian %own Consultants Inc  
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0 2 4 6 a 

DISTIWCE ALONG CREEK (kilometen) 
0 M a l  t Fully Mined 0 Recalimed 

Figure 6 - Barbie Creek Baseflow - K(fau1t) = 30 meters/year 

Adrian Srown Consultants Inc 
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4 . 0  PROOF OF ANALYSES AND RESPONSE TO V?iRIANCES 

I t  is possible t h a t  the evalua t ions  made in t h e  Phase reporr, 

about inflow to t h e  pit and flow a f t e r  pit reclamation could be 

incorrecr , .  T h i s  s ec t ion  eva lua tes  t h e  mechanisms t h a t  ensure t h a t  

if t h i s  were t o  be t h e  case,  it would  be i d e n t i f i e d  i n  a t i m e l y  

manner, and t h a t  t h e r e  2 r e  "fa l l -back"  engineer ing renedies  

a v a i l a b l e  for t h e  possible consequences o f  those unexpecred flows. 

I n  p r e s e n t i n g  t h i s  seccicr., L t  Fs p o i n t e d  o u t  t h z t  chis do3.s not 

- Y - -  -9bcz  a lack o f  cmf idence  i n  t he  p red ic t ed  ranges o f  ouccarnes 

or' t h e  p o p o s e d  projecc,  Suc illustraces t h a t  t h e  project plan  2 s  

set ouc c o n t a i n s  w i t h i n  it defense against noc o n l y  ancicipaczd 

potential impacts, but a l s o  unant ic ipa ted  impacts. 

4.1 MET-YODS OF CHECKING ?VALUATION 

There a r e  s e v e r a l  methods by which t h e  eva lua t ions  presencec! in 

t h e  Stage 11 r epor t ,  t he  2 3 C  Geohydrology Repor t ,  a n a  c h i s  reporc 

will be checked during the a c t u a l  opera t ion  o f  t h e  f z c i l i c y .  

These a re  summarized below: 

1. Watsr h v e l  Xonitorizg.  There z z z  currenc3ly a number or" 

complected drill h o l e s  i n  t h e  v i c i n i t y  o f  the pit which will 

be used for rnonitozizg groundwatsr levels a f t e r  che sit is 

conscrucced. I n  a c c l t i o ~ l ,  Lc i s  likely t h a t  f u n h e r  

monitor ing h o i e s  xi11 be inscalled during t h e  developmenc o f  

Adrian Brown Consultants Inc 
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t he  pit t o  eva lua te  the impacc o f  the p i t ,  and the 

e f f e c t i v e n e s s  o f  any s l o p e  s t a b i l i z a t i o n  o r  dewatering 

activities. Accordingly the head p red ic t ions  or' the 

eva lua t ion  

throughouc 

w i l l .  be checked against  t he  expected values 

t h e  p ro jec t ;  remediation c o u l d  be t r i gge red  

ope ra t iona l ly  s i g n i f i c a n t  d i f f e rences  between predicced ana 

a c t u a l  heads were i d e n t i f i e d .  

2 ,  X i f i e  Inflow Noni to r l r ig .  Mine inflow w i l l  be measured a s  5 

r o u t i n e  p a r t  o f  t h e  operat ion o f  t h e  p r o j e c t .  This Is 

necessary to ensure chat Fump capaciry w i l l  be available n 

renove it from t h e  pit, and chat  treatmefix c a p a c h y  i s  

available f o r  thar, p o r t i o n  of the inr ' low tha-c reC;lclires 

qua i icy  adjustment p r i o r  t o  u s e  or discharge .  These 

rnonicored f l o w s  w i l l  be checked aga ins t  pr&Fccions, and any 

variance may be the bas is  for remedial accion.  

3 .  Stream F low Moni to r lgg .  The measurenenc o f  f l o w  in the 

scredms i n  t h e  vicinity o f  t he  p i t  w i l l  be part or' che 

o v e r a l l  p r o j e c t  monicoring program. Any significant 

reduccion of flow will be i d e n t i f i e d  by t h i s  program, and the 

s i g n i f i c a n c e  of azy such observed changes can be evaluated, 

Accordiz lg ly ,  it is consicered chac any geohydroiogical changes 

that occur  w i l l  be i d e x l f i e d ,  and can be compared w i t h  t h e  

changes contenpla ted  i2 che pre-mining eva lua t ion  scucies. 

Adrian Brown Consultants Inc 



111 

Cinola Geohydrology Questions -21- m y  18, 1989 

4 . 2  AVAILABLE REMEDIES 

S i g n i f i c a n t  unant ic ip txed  changes in pit hydrology f l o w  would need 

t o  be eva lua ted  with respect  t o  a number o f  mat te rs  r e l a t i n g  t o  

impacc. The remedies thac a r e  a v a i l a b l e  a r e  discussed be low.  

4 . 2 . 1  Excessive p i t  i n f l o w  

The p i t  watec managemex systern is designed on t k e  bas is  or' a 

reasonable  v a r i a t i o n  around the pred ic t ed  f l o w s .  i f  t hese  f l o w s  

were s i g n i f i c a n t l y  ai f fe renc  / the-?. p i t  pumping and 

p l a n t  capacicy might ne?d t o  be modified. The p i t  purnpirig syscern 

is prediczcsd m a i n l y  OR the removal from che p i t  or' d i recc stora 

p r s c i p i r a c i o n .  

f l o w s  f and is 

inflow is a 

n o t  cmsidered c red ib le  

small p e r c e x  age of 

this drive 

such 

ml2e 

dewatering sys tem design o r  r e q u i r e m e n t s .  

4 . 2 . 2  Excessive flow ta t he  water t reatment  p l a n t  

The inf low to t h e  pi-, n i g h t ,  in t h e  worsc casel be boch of g r e a c e r  

q u a n t i t y  and o f  s u f f i c i z n t l y  l o w  q u a l i t y  t o  r equ i r e  t reatment  

p r i o r  t o  d i scharge .  This  is considered t o  be unl ike ly ,  a s  t h e  

water, which is genera l ly  or '  exce l l en t  q u a l i t y ,  and the  f l o w  r a c e  

through the  r o c k  would have t o  be high, making it  un l ike iy  chac 

q u a l i t y  changes could occur .  However if t h i s  un l ike ly  

circumstance occurecl c-m rernediss appear t o  be a v a i l a b l e .  Zirst, 
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the f l o w  quantity requiring treatment c o u l d  be reduced , d 

number o f  methods including grouting O r "  the (presumably ) high 

hydraulic conductivity flow conduit, channelizing of the porcion 

Of the surface streams thac would be providing the f l o w ,  

dew ac e r in g Of the f l o w  conduit f a r  enough f r o m  the orebody that 

the water produced would noc require treatment. Second, the 

capacity of the treatment plant, or of the water storage 

assoclaeed with It, could be increased to accommodate the 

increased f l o w .  

4 . 2 . 3  Excessive reduction in stream f l o w  

The p r i n c i p a l  stream flow o f  concern wi th  r e s p e c t  to the  p i t  I s  

t h e  f l o w  in upper  BarSie Creek,  ad j a c e m  to the pit. In this 

locacion it is underscaod :hac t h e  flow is critical fsr f i s h  

habitat and spawning. the event that t h e  flow the pit IS 

significancly greacer than predicted, the flow in the upper 

p o r c i o n  Of B a r b i e  Creek be  reduced, perhaps significantly in 

the extreme case. In the event that this were t o  occur, there a re  

several engineered renedies that would be available, including II 

channelization or sealing of the portion o f  the scream that 

over1 i es ehe condui c th2.t 1s providing excessive infiow to pic, 

grouting of the conduit to che pit, interception of i n f l o w  wac2-r 

p r i o r  to its entry to the pit and replaceaent of this water h m  
1 

the stream (from a stream point Of view this replacement would 

o n l y  be necessary during critical low flow periods, particularly 

t h o s e  t h a t  happen to coincide wich spawning). 
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4 . 2 . 4  Excessive F m D a c t  on stream a u a l i t v  

The q u a l i t y  o f  water i n  streams might be nore negatively impacted 

than  expecced i f  the  seepage through the p i t  b a c k f i l l  a f t e r  

rec lamat ion  was either o f  s i g n i f i c a n t l y  g r e a t e r  q u a n t i t y  o r  worse 

q u a l i t y  t h a n  cu r ren ly  expecced. T h e  reasons t h a t  t h i s  might 

occur,  and the  remedies t h a t  a r e  a v a i l a b l e ,  are  d iscussed  b e l o w  

1. P i t  b a c k f i l l  macerial  ?roves t o  be o f  much higher hydraul ic  

conducciv i ty  than  c u r r e n c l y  expecced. 12 t h e  b a c k f i l l  were 

h igh ly  perneable  througnout i t s  mass,, it is poss ib l e  t h c  

F .  seepage ILOWS f r o m  cF-2 p i t  bac!<fFIi i n  excess  o f  che amounts 

c a l c u l a t e d  might occz r .  The permeabilicy o f  t h e  b a c k f i l l  

material  w i l l  be much be t te r  known once t h e  waste r o c k  p i l e  

has been b u i l t .  Tke hydraul ic  conduc t iv i ty  o f  t h i s  f e x z r s  

can be a s c e r t a i n e d ,  a d  t h e  hydrau l i c  c m a u c t i v i t y  of  t h e  

b a c k f i l l  estimac.ed. I n  the  event  t h a t  t h e  hydraul ic  

c o n d u c t i v i t y  i s  cmsldered t o  be too  high,  then  the  b a c k f i l l  

mater ia l  can be a&nixed w i t h  further excess  mudstone. The 

amount Of mudstone t h e  waste p i l e  is about 5%; 

were ra ised t o  10% 222 wascz r o c k  in t h e  p i t  would be 

e s s e n t i a l l y  impermable.  

this 

2 .  X a t e r i a l  t o  the  soucC-;- o f  che p i t  is o f  mmh h igher  hydrau l i c  

conducciv i ty  than  c x z m t  condicions and f i e l d  measuremencs 

POI 

Indicate. If t h e  Ezzer ia l  t o  t he  south  or' the  p i t  were or' 

much h ighe r  hydraul ic  conduct iv i ty  than  the  c u r r e n t  

e v a l u a t i o n  suggeszz, F t  is p o s s i b l e  t h a t  the  seepage oucZlow 
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from the backf i l led  p i t  might be s i g n f i c a n t l y  g r e a t e r  than 

expected,  

impact .  

which might a l s o  

Monitoring Of t h e  

c r e a t e  an unexpected negat ive  

f l o w  t o  the pit and Of the  

o f  mine development on groundwater levels would provide prior 

i n d i c a t i o n  of t h i s  possibility. If t h i s  were t o  occur, then  

t h e r e  are seve ra l  engineering so lu t ions ,  inc luding  l i n i n g  or' 

che p i t  face on t h e  south end with mcdscone to 

backfilling ( t o  combat the  possible presence of high 

hydraulic conductivity features), ar,d grout ing  t h e  mate r i z l  
4 -  t o  t h e  souch o f  t h e  p i t  ( t o  reduce x r l o w  dur ing  mining, 2nd 

seepaqe a f t s r  reclanaxion) . 

3 .  N a t x  aua l l cv  in the  backfill i s  more l o w e r  than a n t F c l ? a ~ d .  

If che quality o f  the wacer i n  che backfill were p o o r f  ami 

t h e  quality o f  "Le seepage was noc s i q n i f i c a n c l y  inodified .by 

f l o w  through che bedrock, ic is poss ib l e  chat t k e  q u a l i t y  o f  

t h e  surface w a t e r  downgradienc from the pit might be 

unexpectedly Impacted. Measurernenc o f  quality or' f l o w  f r o m  

the waste pile would provide p r i o r  i nd icac i cn  or' any such 2 

p o t e n t i a l  problem. I f  such ind ica t ions  occur,  then admixcure 

o f  more n e m r a l i z i n g  ma te r i a l  w k h  the p i t  bac!cr'ill, t o  

furcher  r e d x e  t h e  pocencial  f o r  f u t u r e  a c i d  drainage,  mignt 

be ifidicated. 

i,n,  summary, i f  t h e  cu r ren t  p red ic t ions  o f  t he  inpact or '  the p i c  OR 

t h e  hydrologic  syscem flow and quality prove t o  be s ign i f i canc ly  

dir 'ferenc from =he a c t u a l  c o n d i t i o n s ,  c h i s  will be Fdencifiable 
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prior to the completion of the project, at which time a v a i l a b l e  

and feasible remedies exist f o r  the rectification of any 

groundwacer-related problems that might occur as a result of the 

cnanged conditions. 
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5.0 PARTITIONING OF PSXCIPITATION 

5.1 CONCEPT 

The evaluations upon which th2 Stage I1 r e p o r t ,  the ABC 

Geohydrology Reporc, and t h e  cu r ren t  r e p o r t  a r e  based Fn parr: o n  

t he  a v a i l a b i l i t y  o f  Fn f i l t r ac ion  water t o  t h e  groundwater s y s t e m  

Th i s  secc ion  describes t k e  p a r r i t i o n i n g  o f  inc ident  p r e c i g i c x i c n  

t h a t  has been used in t h i s  study t o  develop groundwater :lows. 

Xppraximacely 2 . 1  meters o f  (mainly) r a i n  i s  e s t i a a c e d  iza fzll 

t h e  project s i t e  each yezr. The f a t e  of this precipitation is 

concern for the enc i r e  projecc,  boch i n  terms or" p r o j e c t  m t z r  

managemem, and i n  t z r m s  o f  che ix tpac~  or' the project on che 

su r face  and groundwacer resources or' t h e  a rea .  The process i s  

i l l u s t r a c e d  in Figura  7 and comprises t h e  following elewents:  

1. p r e c i p i t a c i o n .  About 2 . 1  mecers or' p r e c i p i t a t i o n  f a l l s  on 

on 

of 

t h e  project area,  mainly as r a i n ,  The p r e c i p i t a t i o n  occurs 

i n  a l l  monchs o f  the year. I n  the  wetter months of Occober, 

I 

November, and December, the p r e c i p i t a t i o n  r a t e  reaches 

m / m o n t h  (Stage 11 r e p o r t ) .  This  p r e c i p i t a c i o n  i s  t h e  

o f  all o f  t h e  wacer i n  t h e  project area ,  

300  

source 

.- 
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PREClPlTATlON 
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INTERCATCHMENT SEEPAGE 

F i g u r e  7 - Groundwater/Surface Water Concept 
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2 .  3unofZ.  D u r i n g  and a f t e r  high p r e c i p i t a t i o n  everts, some o f  

the  i n c i d e n t  p r e c i p i t a t i o n  r u n s  off d i r e c t l y  t o  streams, 

w i t h o u t  e n t e r i n g  che g r o u n d w a t e r  syscem.  In the  Queea 

Charlotces, the d e n s e  g round  c o v e r  a n d  lush growth make 

d i rec t  r u n o f f  re lacively l imited,  as t h e  r e t e n t i o n  capacity 

o f  t h e  g r o u n d  s u r f a c e  is high .  Normal ly ,  r u n o f f  i s  d e f i n e d  

as  water t h a t  moves t o  s u r f a c e  water c o u r s e s  w i t h o u c  rnoveifig 

b e l o w  t h e  g r o u n d  s u r f a c e .  In  t h i s  p r o j e c t ,  b e c a u s e  o f  t h e  

g r o u n d  c o v e r ,  runor '? is d e f i n e d  as any  water that reaches che 

streams w i t h o u t  en t e r ing  the g r o u n d w a t e r  s y s t e m  chat is below 

the  r o o t  zone o f  che p l a n t s  ( a b o u t  2 mecsrs b e l o w  g r o u n d  

s u r f a c e ) .  B e c a u s e  o f  chis d e f i n i t i o n ,  r u n o f f  i s  c o n s i d e r e d  

i n  t h i s  s t u d y  t o  be a r e s i d u a l  flow. 

3 .  Direcr, Zvaporaclon. When t h e  p r e c i p i t t c i o n  reaches the  

g r o u n d  

leaves 

s u r f a c e ,  a 

Of p l a n t s ,  

p o r t i o n  

o r  

O f  it d i r e c t l y  evapo  r a t  e s f rom t h e  

the  g r o u n d  s u r f a c e  ( s x m p s ,  p o o l s ,  

streams, lakes ,  and  ocher b o d i e s  o f  open  w a t e r ) .  The m o u n t  

o f  e v a p o r a t i o n  i s  dependen t  among o t h e r  c h i n g s  on t h e  amount 

o f  open water, t he  c e m p e r a c u r e ,  h u m i d i t y ,  w ind  v e l o c i t y ,  and 

o t h e r  f a c t o r s .  

4 .  Z v a p o t r a n s p i r a t i o n .  Some o f  t h e  i n c i d e n t  p r e c i g i t a t i o n  

e n t s r s  che g r o u n d w a t e r  system. O f  that p o r t i o n ,  some Fs 

c a p t u r e d  by the roots o f  plants and t x e e s ,  and Is 

e v a p o c r a n s p i r e d  as p a r t  o f  the growch c y c l e .  The q u a n t i t y  o f  

water t h a t  is e v a p o t r a n s p i r e a  by p l a n t s  i s  a complex f u n c t i o n  
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o f  many v a r h b l e s ,  i n c l u d i n g  temperature,  h u m i d i t y ,  wind 

v e l o c i t y ,  p l a n t  type,  s o i l  type,  a n d  water a v a i l a b i l i t y .  

II 

II 

5 .  I n f i l t r a t i o n .  The por t ion  o f  i nc iden t  p r e c i p i t a t i o n  t h a t  

p e r c o l a t e s  below t h e  r o o t  system o f  t h e  p l a n t  community is 

descr ibed  in t h i s  s tudy  as I' in r' i It r a c i o n . This water flows 

i n  che a l l u v i a l  and bedrock groundwater system. 

6 .  S a s e f l o w  Seepage. The groundwacer t h a t  f l o w s  in t h e  system 

musc ultimately emerge ta t h e  surface water sys t en .  This  

m 

seepage emerges a t  t h e  sur face ,  genera l ly  i n  topographic 

l o w s .  Upon emergi,?g, t h i s  water must once again pass t h r o u g h  

t h e  r o o t  zone, where uptake and evapotranspiration is 

p o s s i b l e .  If direct i n f i l t r a t i o n  i s  adequate t o  s a t i s f y  t h i s  

demand, chen che seepage emerges at t h e  su r face ,  and e i t h e r  

evapora tes  o r  f l o w s  by runoff t o  sur face  s t reams.  

7 .  Stream Losses. I f  a stream flows across  an area where t h e  

groundwater table is below the ground surface,  then t h e r e  

w i l l  be a tendency f o r  flow i n  t h e  stream t o  recharge t h e  

groundwater system. The r a t e  ac which t h e  stream i s  deple ted  

i n  chese circumstances depends among o the r  t h ings  on t h e  

permeability o f  t h e  screambed and underlying m a t e r i d s ,  t h e  

flcw depth and width o f  the stream, and t h e  depth ta t he  

watzr  t a b l e .  

8 .  Int2.r-catchment groundwacer f l o w .  Some o f  che grounchacer i n  

t h e  system may flow f r o m  one cat chmenr: to t h e  next 
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underflowing beneath catchment boundaries.  T h i s  "deep 

seepage" would escape the  local stream/evapotranspiration 

syscem, and represents  t he  ex ten t  o f  unaccounted f o r  flow (if 

neighboring catchments are  unmonitored) 

9 .  Stream F l o w .  The stream f l o w  i s  the r e s i d u a l  o f  t h e  

p rec ip i cac ion  l e s s  evzporation/evapotsrans~iration and less 

- i ncser-catchment seepage. 

The above concepc o f  f l o w  Fs expressed in s t eady- s t a t e  t e r n s -  The 

syscea has some s to rage ,  and in t h e  s h o r t  t e r x  (days t o  rnonchs) 

t h e  amount of water stored will very, creating a t r a n s i e n t  flow 

source o r  s i n k .  However i n  che contexc  or' evalua t ion  o f  a miniag  

pro jecr ,  t h e s e  t r a n s i e n t s  zre o f  s h o r t  du ra t ion ,  and in t h e  c3fitexT: 

o f  ehe 9 r e c i p i t a t i o n  i-rl che Queen Charloctes, the volumes of xacec 

a r e  r e l a t i v e l y  small- 

__ 

5 . 2  QUANTITATIVE ESTIYATF, OF FLOWS 

The syscsrn i n  t he  projecz area  has been c a l i b r a t e d  t o  e s t a b l i s h  

the most  reasonable  f l o w  races for the above p a r t i t i o n i n g .  

Q u a n t i t a t i v e  valces a r e  Zeeaed i n  order t o  be able to e s t a b l i s h  

t h e  l i k e l y  impact o f  t h e  projecz on groundwacer and sur face  wacsr 

resources .  The above discussion i l l u s t r a t e s  the  complexity o f  t he  

d e t a i l e d  f l o w  system; -,he approach taken in the  study was t o  

somewhat a r b i t r a r i l y  c m s i d e r  t h e  d iv id ing  l i n e  between t h e  

s u r f a c e  and t h e  grouncxacsr s y s t w  t o  be t h e  bo t tom o f  t h e  roots 
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* _- I 

I 

m 

zone o f  the su r face  p l a n t  community. The system was then 

c a l i b r a t e d  by f ind ing  t h e  i n f i l t r a t i o n  r a t e  t h a t  best matched the 

observed stream f l o w s  and groundwater t a b l e .  

C a l i b r a t i o n  o f  the  i n f i l t r a t i o n  w a s  performed by s e t t i n g  up a 

numerical  model o f  t h e  groundwater system, applying the  known 

topography, geology, hydrogeology, and o the r  information t o  the 

model, and computing what average i n f i l t r a t i o n  t o  t he  groundwater 

syscem i s  r equ i r ed  t o  crezcz the  observed groundwater tzable aver  

t h e  s i c e  a r e a .  This a c t i v i t y  is r epor t ed  in d e t a i l  i n  t h e  ASC 

Ge-!ohydrology Xeporc (Appendix B) . T h i s  a n a l y s i s  i n d i c a t e d  t h a t  

the  i n f i l t r a t i o n  race t o  t he  groundwater system below the root 

zone averages abouc 0 . 7 5  mete rs  per  y e a r .  

I n  addic ion  t o  t h i s  va lue ,  f i e l d  observat ions o f  stream flow 

i n d i c a t e  t h a t  about 65% c3 7 0 %  o f  t he  p r s c i p i t a x i o n  t h a t  f a l l s  

u l t i m a t e l y  r e p o r t s  t o  l o c a l  streams (thar: i s  within the  catchment 

a r e a  o f  t he  s t r e a m s ) .  

When a l l  these f a c t o r s  a r e  assembled i n t o  t he  conceptual model 

described above, t h e  t y p i c a l  annual average f l o w s  a r e  as indicaced 

i n  F igure  8 .  F l o w s  a r e  expressed i n  volurne/unit a r ea  o f  

catchment/unis  t i m e ,  and che u n i t  used is mecers/year, a l lowing 

direct  comparison w i t h  o r x i p i t a t i o n .  
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II 

QI 

5 . 3  BASEFLOW 

The t e r n  "5aseflow" has been used i n  t h e  reporcs  descr ib ing  the 

groundwater eva lua t ions  in t h i s  project. This term is 

s u f f i c i e n t l y  d i f f i c u l t  as t o  r equ i r e  some description here. A s  

shown i n  t h e  above figures, t h e  baseflow is  def ined  i n  t h i s  

projecc as t h e  flow t h a t  moves f rom t h e  groundwater system below 

the  rooc zone to the surface water system. In su r face  water 

hydrology, baseflow i s  usually reserved f o r  the f l o w  t h a t  remains 

i n  t h e  streams when a l l  surface runoff has ceased, and is 

freque-?cly measured as  the asymcote o f  t h e  recess ion  f l o w  curve 

ar'cer a p r e c i p i t a t i o n  evenc. However i n  t he  Queen Char lo t t e  

Islands context t h i s  definition poses a problem. Here, the 

prec ipcac ion  r a t e  i s  s u f f i c i e n t l y  high t h z t  the grounawacer table 

is near  the  su r face  over much o f  t h e  i s l a n d s ,  and thus p l a n t s  o n  

the su r fzce  have d i r ecc  access t o  t h e  sa turaced  groundwater 

s y s t e m  Dur ing  d r y ,  h o t  periods,  t he  forest's demand f o r  water 

exceeds t h e  inc iden t  p r e c i p i t a t i o n ,  and s o  t h e  p l a n t s  draw on t h e  

groundwater. This  has t h e  e f f e c t  o f  i n t z r c e p t i n g  t h e  "baseflow", 

and d i r e c t l y  evapotranspir ing it. Accordingly, in dry p e r i o d s  i.c 

would be expected t h a t  the s t r em f l o w  would be l e s s  than the  

"base f l o w "  . 

T o  overcome t h e s e  d i f f i c u l t i e s ,  baseflow i s  def ined i n  t h i s  study 

as t b e  streamflow when total evaporation plus evapot ransni ra t ion  

i s  e x a c t l y  equal t o  p r e c i p i t a t i o n .  
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6.0 CROSS SECTIONS IN THE VICINITY OF TEE PIT 

Two c r o s s  s e c t i o n s  through t h e  p i t  have been developed for t h i s  

r e p o r t  , and a r e  presented  on F i g u r e  9. The l o c a t i o n s  Of the 

s e c t i o n s  a r e  ind icaced  on Figure 1. In each case t h e  pos t -ad i t  

c o n s t r u c t i o n ,  pre-mining groundwater t a b l e  has been shown on the 

s e c t i o n .  These levels have been taken from t h e  concour plan 

presen ted  i n  F igure  2 .  

The geology information has been developed from d e t a i l e d  

i n f o r a a c i o n  col lect2d during explora t ion  o f  the  orebody,  

geo techn ica l  d r  F l  l i n g  

s t r u c t u r e s ,  and f rom 

f o r  the p i t  

condemnation 

s lopes ,  wasce p i l e s ,  

drilling o u t s i d e  the 

and o t h e r  

orebody 

l i m i t s .  The locations or' the  p r i n c i p a l  d r i l l  ho le s  used f o r  this 

c o n s t r u c t i o n  a r e  ind ica t ed  on t h e  sec t ions ,  and on Figure i. For 

more d e t a i l  on t h e  geology the  reader i s  d i rec ted  t o  the  Stage T I  

r e p o r t .  

Adrian Brown Consultants Inc 
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APPEM)IX 3.2.8-1 

SUMMARY OF KINETIC TEST DATA USED IN THE 

EVALUATION OF CRITICAL NNP VALUE FOR ACID GENERATION, 

CINOLA GOLD PROJECT 

(Pages 1 to 6) 
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APPENDIX 3.2.8-1 
TABLE 1 

Reprlnted From Stage II Report, Volume V 

TABLE 3.3.3-1 
Results of Acid-base Accounting From Norecol Humidity Cell Experiments (Series I and ll), Cinola Gold Project 

t CaC03/1000 t 

HUMIDITY 
CELL SAMPLE 

NET 
TOTAL LEACHABLE MAXIMUM NEUTRALI- NEUTRALI- KINETIC 

PASTE SULPHUR SULPHIDE SULPHATE POTENTIAL ZATION ZATION TESTSa 
SERIES PH (%s) (“/os) (%S) ACIDITY POTENTIAL POTENTIAL pH<5 

1 Weathered Skonun Sediments (Conglomerate) 

2 Skonun Sediments (Conglomerate) 

3 Argillically Altered Skonun Sediments 

4 Skonun Sediments (Single-phase breccia) 

Ib 4.6 0.38 11.9 -3.3 
Ilb 4.3 0.58 0.22 0.26 18.2 -0.33 

I 4.0 1.43 44.7 +1.3 
II 3.7 1.45 1.13 0.21 45.3 -3.97 

IIC 2.6 2.59 1.52 0.84 80.9 -20.8 

I 5.4 1.85 57.8 -0.1 
II 3.7 1.66 1.43 0.1 2 51.9 -1.06 

-1 5.2 YeS 
-18.5 YeS 

-43.4 YeS 
-48.8 YeS 

,101.7 Y0S 

-57.9 YeS 
-53.0 YeS 

~~ ~~ 

a Based on humidity cell data reported in Volume V Appendix 3.3.3 - 1 A and Appendix 3.3.3434 of the Stage II Report. 
Analysis for Series I and II were performed by different laboratories for comparison. 
Argillically altered Skonun sediments were only tested in Series II. Maximum potential acidity was calculated from sulphide for Series I and from total sulphur for Series II. 



APPENDIX 3.2.8-1 
TABLE 2 

Reprinted from Stage II Report, Volume V 

TABLE 3.4.3-2 
Summary of Norecol Acid-base Accounting Study Results for Waste Rock Pads, 

Cinola Gold Project 

PARAMETER UNITS BOTTOM SANDa PAD 1 PAD 2 PAD 3 PAD 4 

Quantity of waste rock 

Total S 

Total S 

Total S 0 4 b  

Neutralization potential 

Paste pH 

Net neutralization pote nti ai 

Kinetic Tests: pH& 
Time period of onset 

t 20 

Yo 0.003 1.95 

kg 390 

kg 1170 

t CaC03/1000 t 3.59 2.16 

7.8 5.3 

t CaCOd1000 t +3.50 -58.7 

Yes 
4 months 

30 

2.96 

800 

2660 

3.05 

7.2 

-89.5 

Yes 
2 months 

30 

3.06 

918 

2750 

-6.37 

3.5 

-1 02 

Yes 
immediate 

30 

1.75 

525 

1580 

0.69 

7.1 

-54.0 

Yes 
1 month 

a Sand used at the bottom of each waste rock pad. 
Total sulphate is calculated by assuming the total sulphur content could be completely oxidized to sulphate. 
Based on humidity cell data reported in Appendix 3.4.3-1 of Volume V of the Stage I1 Report. 



APPENDIX 3.2.8-1 
TABLE 3 

Reprinted from Table Stage II Report, Volume V 

TABLE 3.5.2-1 
Description of Waste Rock Samples Used in Norecoi Column Experiments, 

Cinola Gold Project 

WASTE ROCK 
GROUP 

SECT ION HOLE 
 NO.^ No? 

SAMPLE LITHOLOGIC ABA SAMPLING 
No. UNlF NET ~ p d  

KINETIC TESTS 
PH <5 

Skonun 
Sediments 
(Composite) 

Single and 
Multiphase 
Breccia 
(Composite) 

11+82 
14+89 
1 5+25 

13+20 
1 5+55 
12+12 

86-R-30 
86-R-43 
87-R-12 

86-R-38 
86-R-25 
86-R-27 

4351 5 
43286 
45580 

44438 
42642 
42478 

2d 
2c 
2c 

4c 
4c 
4b 

-41 
-102 
-44 

-52 
-59 
-28 

Y e 0  
Y e e  
Y e 0  

Y e '  
Y e '  
Y e '  

a Section locations on Fgure 3.2.3-1. 
Drill hole locations are shown on Table 3.2.4-1 , Volume V. 
Lithological units are described in Section 3.2.3, Volume V. 
Based on ABA data reported in Volume V Appendix 3.2.3-1 of the Stage II Report. 

e pH remained constant at low levels (2.2-3.8) or dropped to -3.5 in upper part of column for unflushed, constant trickle and wet/dry cyde conditions. 
pH generally remained >6 in lower part of columns and other conditions (flushed, unsaturated with water table) 

f pH constant in range 2.5 to 3.5 for all column experimental conditions. 

Refer to Table 3.5.3-1 of Volume V for details 



APPENDIX 3.2.8-1 
TABLE 4 

Reprinted from Table Stage II Report, Volume V 

TABLE 3.6.3-1 
Results of Norecol Acid-base Accounting Study of Argllllcally Altered Rock from the Clnola Gold Project (Serbs IV) 

SAMPLE 

~ ~~ 

TOTAL LEACHABLE MAXIMUM NET KINETIC 
SULPHUR SULPHIDE~ SULPHATE PASTE ACID NEUTRALIZATION NEUTRALIZATION TESTS 

(0/4 ("/os) (as V&) PH  POTENTIAL^^^  POTENTIAL^^^ FOTENTIAL~ pH<5 

Before Wash Tests 

R-1 

R-1 

R -3 

R -4 

After Wash Testa 

R-1 

R-2 

R-3 

R-4 

4.30 

4.42 

5.64 

4.71 

3.03 

3.91 

5.64 

5.51 

4.08 

4.30 

5.51 

4.59 

2.97 

3.87 

5.58 

5.44 

0.22 

0.1 2 

0.1 3 

0.1 2 

0.06 

0.05 

0.06 

0.77 

2.93 

3.58 

3.95 

3.96 

2.99 

3.54 

3.77 

3.76 

127.5 

134.4 

172.2 

143.4 

92.8 

120.6 

174.4 

170.0 

-3.1 

0.8 

3.3 

3.6 

-0.1 

1.6 

3.3 

2.6 

-130.6 

-133.6 

-1 68.9 

-1 39.8 

-92.0 

-1 19.0 

-171.1 

-1 67.4 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 

a Sulphide is calculated by subtracting leachable sulphate from total sulphur. 
Maximum acid potential is calculated from sulphide. 
Potentials expressed in tonnes of calcium carbonate equivalent per 1000 t of sample 
A negative net neutralization potential indicates that the sample has a potential to produce acid mine drainage. 

e Based on humidity cell data reported in Volume V, Appendix 3.3.4-2 of the Stage II Report. 
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APPENDIX 3.2.8-1 

TABLE 5 

REPRINTED FORM STAGE I1 REPORT, VOLUME V APPENDICES 

APPENDIX 3.3.4-3 

TABLE 1 

ACID-BASE ACCOUN?ING RESULTS FROH WASTE ROCK USED IN NORECOL HUMIDITY CELL 
EXPERIMENTS (SERIES 111), CINOLA GOLD PROJECT 

( t  C a C 0 3 / 1 0 0 0  t) 

TOTAL NET 
HUMIDITY PASTE SULPHUR MAXIMUM POTENTIAL NEUTRAL1 ZATI ON NEUTRALIZATION HUMIDITY 
CELL No. pH ( %  1 ACIDITY POTENTIAL POTENTIAL CELL p H < 5 '  WASTE ROCK GROUP 

HAIDA MUDSTONES 

SKONUN SEDIMENTS 

Sandstone 

6 
1 7  
1 9  
2 0  
2 2  
3 1  

4 
7 

1 6  
2 1  
2 3  
3 2  

Matrix Conglomerate 1 
5 
8 

1 0  
1 2  
2 7  

8 . 2  
8 . 2  
8 . 4  
7 . 7  
8 . 1  
7 . 6  

5 . 4  
4 . 9  
4 . 6  
4 . 1  
5 . 1  
4 . 1  

6 . 3  
4 . 7  
4 . 7  
4 . 8  
4 . 9  
5 . 7  

1 . 3 0  
1 . 3 8  
0 . 8 7  
1 . 1 5  
1 . 2 1  
1 . 7 1  

3 . 0 1  
1 . 9 8  
3 . 1 2  
2 . 4 6  
3 . 8 4  
3 . 0 8  

0 . 9 6  
0 . 8 4  
2 . 3 4  
2 . 1 6  
1 . 9 0  
2 . 3 5  

4 0 . 6  
4 3 . 1  
2 7 . 3  
3 5 . 9  
3 7 . 8  
5 3 . 4  

9 4 . 1  
6 1 . 9  
9 7 . 2  
7 3 . 8  

9,6. 3 
1 2 0  

2 9 . 9  
2 6 . 2  
7 3 . 1  
6 7 . 5  
5 9 . 4  
7 3 . 4  

2 9 . 7  

4 9 . 4  

8 6 . 4  
3 5 . 1  

1 5 1  

7 . 1 2  

1 . 3 2  
2 . 4 7  
0 . 3 0  

- 0 . 4 5  
- 1 . 8 9  

3 . 0 4  

1 . 0 0  
0 . 5 0  
1 . 2 5  
0 . 9 5  
0 . 3 7  
1 . 3 0  

- 1 0 . 9  

t 2 2 . 1  
- 2 8 . 8  
t 4 8 . 6  
- 1 8 . 3  

t 1 0 8  

- 9 2 . 8  
- 5 9 . 4  
- 9 7 . 2  
- 7 4 . 3  

- 9 3 . 3  
- 1 2 2  

- 2 8 . 9  
- 2 5 . 7  
- 7 1 . 9  
- 6 6 . 6  
- 5 8 . 8  
- 7 2 . 1  

No 
No 
No 
Yes 
No 
No 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

continued . . . 
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TABLE 5 (continued) 

REPRINTED FORM STAGE I1 REPORT,  VOLUME V APPENDICES 

APPENDIX 3.3.4-3 

TABLE 1 (concluded) 

ACID-BASE ACCOUNTING RESULTS F R O M  WASTE ROCK USED IN NORECOL HUMIDITY CELL 
EXPERIMENTS (SERIES 111), CINOLA GOLD PROJECT 

(t CaC03/1000 t )  

TOTAL NET 
HUMIDITY HUMIDITY PASTE SULPHUR MAXIMUM POTENTIAL NEUTRALIZATION NEUTRALIZATION 

POTENTIAL POTENTIAL CELL p H < S d  WASTE ROCK GROUP CELL No. pH ( %  1 ACIDITY 

Clast conglomerate and 11 
Single Phase Breccia 1 4  

1 5  
18  
2 8  
2 9  
3 0  

RHYOLITE 

MULTIPHASE BRECCIA 

ARGILLICALLY ALTERED 
SKONUN SEDIMENTS 

3 3  

7 . 7  
7 . 7  
6 . 4  
5 . 0  
6 . 5  
7 . 6  
5 . 0  

5 . 0  

2 . 5 3  7 9 . 1  
2 . 6 1  8 1 . 6  
2 . 2 0  6 8 . 8  
1 . 4 7  4 5 . 9  
2 . 5 5  7 9 . 7  
2 . 2 3  6 9 . 7  
1 . 6 3  5 0 . 9  

3 . 2 2  1 0 1  

9 4 . 4  1 . 5 1  
2 6  4 . 3  2 . 1 4  
34  6 . 9  3 . 0 0  

4 7 . 2  
6 6 . 9  
3 1 . 3  

2 4 . 9  4 . 1 0  1 2 8  
3 3 . 8  6 . 0 8  1 9 0  

1 3  6 . 5  4 . o o  1 2 5  
2 4  6 . 6  4 . 0 5  1 2 7  
2 5  7 . 2  4 - 8 3  1 5 1  

6 . 2 3  

1 . 7 4  
0 . 9 5  
2 . 5 4  
9 . 3 3  
0 . 2 5  

1 3 . 4  

2 . 3 9  

0 . 2 2  
0 . 0 1  
1 . 5 1  

1 . 3 2  
0 . 0 1  
3 . 9 9  
6 . 5 8  
7 . 1 5  

- 7 2 . 9  
- 6 8 . 2  
- 6 7 . 1  
- 4 5 . 0  
- 7 7 . 2  
- 6 0 . 4  
- 5 0 . 7  

- 9 8 . 6  

- 4 7 . 0  
- 6 6 . 9  
- 2 9 . 8  

- 1 2 7  
- 1 9 0  
- 1 2 1  
- 1 2 0  
- 1 4 4  

Yes 
No 
Yes 
Yes 
Yes 
No 
Yes 

Yes 

Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 

a Based on humidity cell data reported in Volume V Appendix 3 . 3 . 4 - 1 B  of the Stage I1 Report. All cells ran for 
2 0  weeks, except cells 11, 2 0 ,  2 2  which have been running for 2 years. 
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HIGH WEST MONTHLY WATER BALANCE FOR 

AVERAGE ANNUAL PRECIPITATION 

(Pages 1 to 50) 
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APPENDIX 4.2.3-1 

BASEFLOWS FROM THE YAKOUN RIVER NEAR PORT CIXMl3NTS 
(080A003) GAUGE AND FROM BARBIE 

AND FLORENCE CREEKS 

(Pages 1 to 2) 



APPENDIX 4.2.3-1 

BASEFLOWS FROM THE YAKOUN RIVER NEAR PORT CLEMENTS 
(080A003) GAUGE AND FROM BARBIE AND FLORENCE CREEKS 

BASE FLOWS I N  STUDY AREA STREAMS (rn3/s) 

BARBIE CREEK FLORENCE CREEK YAKOUN 
YEAR DATE MIDDLE LOWER MIDDLE LOWER WSC 

111 

II 

1986 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 

Dec 16 
M a r  3 
Mar 19 0.1 
A p r  6 0.037 
A p r  25 0.086 
May 9 0.051 
May 20 0.089 
May 2 3  0.044 
June 9 
June  25 0.035 
June  30 0.027 
J u l y  6 0.02 
J u l y  15 0.013 
J u l y  20 0 . 0 0 9  
A u g  10 0.013 
A u g  27 0.008 
Sept 5 0.023 
S e p t  10 0.013 
Sept 26 0.037 
O c t  11 0.034 
O c t  23 0.025 
Nov 2 0.086 
Nov 16 
Dec 17 0.132 
Jan  7 0.041 
Jan 31 0.04 
Feb 24 0.068 
Feb 28 0.057 
M a r  16 0.066 
Mar 27 
A p r  15 0.072 
A p r  27 0.036 
May 9 0.013 
June  6 0.071 
June  13 0.048 

0 159 
0.159 
0.226 
0 e 101 
0.159 
0 . 109 
0.146 
0 . 104 
0.093 

0 . 051 
0 . 023 
0.012 
0.041 
0.041 
0.093 
0 . 051 
0.4 
0.113 
0.083 
0.191 
0 e 353 
0 e 194 
0.062 
0 . 104 
0 . 133 
0 . 097 
0 . 114 
0 . 133 
0.057 
0 . 022 
0 . 171 
0 . 105 

0.114 
0.071 
0 . 058 
0.04 
0 . 025 
0.029 
0.03 
0.076 
0 . 038 
0.13 
0 . 115 
0 . 027 
0.341 
0.286 
0.24 
0.103 
0.092 
0.146 
0 . 112 
0 . 121 
0.2 
0.111 

0 . 121 
0.109 

11.6 
11.5 
17.9 
8.8 

20.6 
0.43 16.9 
0.52 22.1 
0.36 10.4 
Om39 10.4 
0 0 35 7.76 
0.24 5.41 
0.16 3.91 
0.1 3.22 
0.06 2.68 
0.08 2.24 
0.09 2.02 
0.31 8.57 
0.1 4.25 
0.56 23.1 
0.49 15.6 
O m 3  8.5 
0.66 25.9 
1.39 35.5 
0.84 30 
0.49 10 
0.58 21.8 
0.416 16.7 
0.344 13.2 
0.394 17.1 
1.27 36.3 
0.541 21.4 
0.269 10.5 
0.133 7.67 
0.61 21.9 
0.394 9.58 

c o n t i n u e d  . . 



APPENDIX 4.2.3-1 (concluded) 

BASEFLOWS FROM THE YAKOUN RIVER NEAR PORT CLEMENTS 
( 0 8 0 A 0 0 3 )  GAUGE AND FROM BARBIE AND FLORENCE CREEKS 

BASE FLOWS I N  STUDY AREA STREAMS ( m 3 / s )  

BARBIE CREEK FLORENCE CREEK YAKOUN 
YEAR DATE MIDDLE LOWER MIDDLE LOWER WSC 

1 9 8 8  
1 9 8 8  
1 9 8 8  
1 9 8 8  
1 9 8 8  
1988  
1 9 8 8  
1988  

J u l y  7 
July 20  
Aug 5 
Aug  1 6  
Aug  2 7  
Sept 4 
Sept 1 7  
O c t  28 

0 . 0 6 1  
0 0 1 2 2  
0 . 0 1 9  
0 . 0 1 9  
0 . 0 1 9  
0 . 0 1  
0 . 0 1 9  
0 . 2 1 1  

0 .113  0 . 3 7 6  7 . 9 8  
0 . 0 7 7  0 - 3 9 4  7 . 0 1  
0 . 1 0 1  0 . 2 1 5  6 . 8 5  
0 . 0 4 5  0 . 1 6 8  4 . 9 3  
0 . 0 4 5  0 . 1 4 3  3 . 0 4  
0 . 0 3 9  0.133 3 . 8 4  
0 . 0 4 4  0 . 1 5 4  5 . 3 6  
0 . 3 1 6  0 . 6 9 2  2 7 . 4  



APPENDIX 4.2.3-2 

LINEAR REGRESSION PLOTS FOR CONCURRENT BASE-FLOW 
DISCHARGES ON THE STUDY AREA CREEKS 

AND THE YAKOUN RIVER 

( P a g e s  1 to 4 )  
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APPENDIX 4.2.6-1 

M I N E  AREA: WATER MANAGEMENT PLAN 
FOR yII.IAR OF WETTEST PRECIPITATION 

(Pages 1 to 9) 



CINOLA 60LD PRlJECT - HINE AREA 
WATER RANAGEttENT PLAN FOR YEAR OF WETTEST PRECiPITATION: YEAR 3 

FILE: HINYAT3 

Pit (Hudstone) 
Pit (Acid Generating) 

l!SS?l: YRS Runoff 
HSSP2: WRS Active face 
HSSP3: Pit - A c i d  6en. 
FISSP4: ? i t  - nudstone 
M ? 5 :  Tea?. Haul Road 
ttSSP6: H b 0 
flSSP7: WilS North 
HSS?a: nine Plant 

Cat chrent 
Area 
(ha) 
0.00 

39.25 

1.10 
0.60 
1.35 
0.00 
0.20 
2.45 
1. !O 
0.00 

Runoff 
Factor 

0.90 
0.90 

!.OO 
1.00 
1.00 
1.00 
1.00 
1.00 
i.00 
i.09 

Cat chaent 
Area 
(ha) 

YRS: 3:l s!ope to  south 3.00 
0145: 3:l s lope to  north 1.60 
WilS: Top surface 8.00 
WRS: Active face 5.07 
Haul Road t o  WAS 1.44 
WRS t o  ? i t  b Area south 9.08 
Above WRS & below D i v  d i t c h  33.50 

h i s t o n e  dump 20.00 
Overburden durp 12.23 
Area around !/S & C/B 37.45 

50 
Sheet 1 

Runoff 
Factor 

0.98 
0.98 
0.90 
1.00 
1.00 
0.60 
0.80 

0.90 
0.70 
0.60 

YONTE DAYS ? P i W  POTEXTIA! D!SCHA%E LOCAL . 52GUSI)YATEI TOTAL nSSi’3 D I S C H A X E  L O C A L  TOTAL DISCHAilSE LOCAL TOTAL 
EVAQO- fror P I T  DISCHARGE PIT t o  HSSP3 to LIHE from WRS OISCtiARLiE INFLOW to  RS#l DISCHARGE INFLOW 
TSAIJSPI3ATION ACID 6EN to tlSS?3 TREATPLANT to  n s s ~ 2  to F S S P ~  to nssn t o  ESY1 to  ISWl 

am 8, (----------------------------------------- !OOO r3/d------------------------------------------- 
13 14 I 

JAN 31 281 14 I 3.20 0 . i 2  0.14 3.46 I 0.71 0.05 0.76 ! 4.22 0.40 4.62 I 
FEB 28 25i 16 I 3.17 0.12 0.14 3.42 ! 0.70 0.05 0.75 ! 4.16 0.39 4.56 I 
RAR 31 150 26 : 1.82 0.06 0.14 2.03 0.48 0.03 0.50 2.53 0.21 2.74 ! 
AP4 30 180 41 I 2.12 0.07 0.14 2.33 0.53 0.03 0.56 I 2.88 0.23 3.11 I 
RAY 31 104 66 ! 1.19 0.03 0.14 1.35 I 9.37 0,Oi 0.38 I 1.73 0.09 l.e2 
JUN 30 96 88 : 1.13 0.02 0.14 1.29 I 0.36 0.01 0.37 ! 1.65 0.06 1.71 I 
JUL 31 110 105 : 1.25 0.02 0.14 1.41 I 0.38 O . O !  0.39 I 1.80 0.06 1.86 I 
AU6 31 89 98 : 1.01 0.01 0.14 1.16 I 0.34 0.00 0.34 1.51 0.03 1.54 : 
SEP 30 185 71 : 2.18 0.06 0.14 2.38 ! 0.54 0.03 0.56 : 2.94 0.21 3.f5 ! 

NOV 30 33; !9 I 3.97 0.15 0.14 4.25 : 0.84 0.06 0.90 i 5.16 0.49 5.65 
DEC 31 268 11 : 3.05 0.11 (1.14 3.31 ! 0.68 0.05 0.73 : 4.04 0.38 4.42 I 

HEAN 198 50 I 2.30 0.07 0.14 2.51 ! 0.56 0.03 0.53 3.10 0.25 3.35 I 
TOTAL 2378 599 I 

4 6  1 2  3 4 :  5 6 7 8 1  9 10 11 I 1A 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OCT 31 317 44 t 3.61 0.13 0.14 3.88 I 0.78 0.06 0.83 1 4.71 0.42 5.13 I 

____--_____-____-__--------~------------~-------------------~------------------~-----~----~-~--~------------------------~-------------- 

NOTES RE COLUHNS: 
3 Fror Norecol (Yakoun R data * 18/17) 
4 Fror Norecol report Masset data)  
5 Fror area and runoff factor  
6 Fror area and runoff factor  l e s s  213 of 

potent ia l  evapotranspiration f r o r  pond 
7 Groundwater to tlSSP3 
8 Total of 5 t o  7 
9 Fror area and runoff factor  for  ac t ive  face, 

i n f i l t r a t i o n  f r o r  3:l slopes and horizontal 
surface,  and grounduater to YRS 

10 Fror area and runoff factor  
11 Total o f  9 and 10 

12 Total of 8 and I 1  
13 From area and runoff factor  less  213 of 

potent ia l  evapotranspiration from pond 
. 14 Total of 12 and 13 



Between Pit & Haul Road 
nine Plant incl. RSS?8 

HSY! 
HS32 

51 
Year 3 - Sheet 2 
Average Precip. 

Catchrent Runoff Quantity 
Area Factor fr3/d) 
(ha! 
4.25 0.60 Sroundwater to WRS 168 
1.45 0.80 Groundwater to HSSP4 !40 

Groundwater to HSSP3 140 
4.52 1.00 
3.13 1.09 

DISCHAGE DISCHAAGE LOCAL TOTAL GISCilARGE LOCAL IOTA!  D!SCHARGE LOCAL TOTAL 
fraa WPS fraa ABGVE DISCXARGE I8Wii  from P I T  INFLOW INF!OW fror INFLOW !NF!OY 
to HSSP1 W4S t o  I M P 1  t o  F S 3 I  t o  !SSP1 KIDSTONE t o  tfSSP4 to r’lSSP4 HAUL 40AD f o  S S P 5  t o  ESP5 

(-------------------------------------- !OOO o3/d-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  ) 

15 16 17 18 I 13 20 21 I 22 13 ?C I 

1.06 2.43 0.10 3.59; 0.14 0.00 0.14: 0.13 0.02 0 . 1 S f  
1.05 2.40 0.09 3.55 0.14 0.00 9.14 0.13 0.02 0.13 
0.60 i.38 0.05 2.04 0.14 0.00 0.14 ! 0.07 0.01 0.08 I 
0.70 1.61 0.06 2.37 : 0.14 0.00 0.14 i 0.09 0.01 0.10 i 

0.37 3.86 0.01 1.25 0.14 0.00 0.14 I 0.05 0.09 0.05 1 
0.42 0.35 0.01 1.38 1 0.14 0.00 0.14 ! 0.05 0.00 0.05 t 
0.34 0.77 0.01 1.!1 I 0.14 0.00 0.14 0.04 0.00 0.04 I 
0.72 1.65 0.05 2.43 ; 0.14 0.00 0.14 I 0.09 0.01 0.10 ! 
1.20 2.74 0.10 4.04 I 0.14 0.00 0.14 i 0.15 0.02 0.17 1 
1.32 3.01 0.12 4.44 0.14 0.00 0.14 0.16 0.02 0.18 
1.01 2.32 0.09 3.42 ! 0.14 0.00 0.14 : 0.12 0.02 0.14 I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.39 0.90 0.02 1.31 I 0.14 0.00 0.14 t 0.05 0.00 0.05 I 

0.76 1.75 0.06 2.57 I 0.14 0.00 0.14 : 0.09 0.01 0.10 I 

15 From areas and runoff factors 
16 From area and runoff factor 
17 Fror area and runoff factor less ?/3 of 

18 TotaI o f  15 to 17 
19 Fror area, runoff factor, and groundwater to HSSP4 
26 Fror area and runoff factor less 2/3 o f  

potential evapotranspiration f ror pond 
21 Total of 19 and 20 
2? iror area and runoff factor 
23 Froa area and runoff factor less 2/3 of 

potential evapotranspiration fror pond 

potential evapotranspiration fror pond 

24 Total of 22 and 23 
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0.58 0.27 0.72 0.03 0.08 1.73 0.04 1.77 ! 0.05 9.b: 0.06 
0.64 0.30 0.80 9.03 0.09 i.32 ! 0.04 1.96 I 0.06 0.01 0.07 

1.11 0.53 1.39 0.11 0.16 3.33 I 0.14 3.53 0.10 9.05 0.15 
1.84 0.88 2.30 0.23 0.26 5.67 I 0.29 5.96 ! 0.16 0.10 0.26 

0.52 9.25 0.65 0.02 0.07 1.54 i Om02 1.57 ! 0.05 3-01 0.05 

2.02 0.96 2.52 0.26 0.29 6.24 I 0.34 6m58 I 0.18 0.IZ 0.30 

0.04 I 
0.04 I 
0.03 : 
0.07 : 
0.12 : 
0.13 I 

1.56 0.74 1.94 0.21 0.22 4.66 I 0.26 4.93 I 0.14 0.09 0.23 I 0.10 : 

1.17 0.56 1.46 0.13 0.17 3.59 0.17 3.76 ; 0.10 0.06 0.16 i 0.08 I 

25 From area and runoff factor 
26 From area and runoff factor 
27 Fror area and runoff factor 35 Total of 33 and 34 
28 Fror area and runoff factor less 213 of 

29 Fror area and runoff factor 
30 Total of 25 to 29 
31 Fror area and runoff factor less 213 of 

32 Total of 30 and 31 
33 Fror area and runoff factor 

34 From area and runoff factor less 213 of 
potential evapotranspiration f roa pond 

36 Fror area and runoff factor 
potential evapotranspiration from pond 

potential evapotranspiration from pond 



CINOLA 60LD PROJECT - RIAE AREA 
WATER RANAGEHEWT PLAN FOR YEAR OF WETTEST PRECIPITATION: YEAR 7 

FILE: HIk'SIAT7 

Pit (Huds tone) 
Pit (Acid Generating) 

HSSP1: i i ~ ~  Runoff 
HSSt2: WRS Active face 
8SSP3: Pit - Acid 6en. 
BSSP4: Pit - Hudstone 
flSSP5: Terp. Haul goad 
HSfP6: t! f 0 
ilSSP7: YRS North 
HSSP8: Hine PIant 

Cat chren t 
Area 
(ha) 
0. 00 

39.25 

1.10 
0.60 
1.35 
0.00 
0.20 
2.45 
1.10 
0. 00 

Runoff 
Factor 

0. 90 
0.90 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Cat chrent 
Area 
(ha) 

WRS: 3:l slope to south 8.50 
WAS: 3:l slope to north 2.53 
WRS: Top surface 15.30 
HAS: Active face 5.29 
Haul Road to WRS 2.16 
WiZS to Pit t Area south 9.66 
Above W4S & below Div ditch 6.77 

Hudsfone durp 20.00 
Overburden durp 12.23 
Area around H/S t O/B 37.45 
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Runoff 
Factor 

0.98 
0.98 
0.90 
1.00 
1.00 
0.60 
0.80 

0. 90 
0.70 
0.60 

?IGNT% DAYS PPTN PCTEKTIAL D!SCHAR6E LOCAL 61OUNDwATEI TOTAL flSSP3 DISCHARGE LOCAL TOTAL DISCZAR6E LOCAL TOTAL 
EVAPO- fror PIT DISCHAXE PIT to %S?3 to LIIE from WRS DISCHAAGE INFLOY to HSHl DISCIARGE INFLOW 
TRANSTIRATIUN ACID SEN to !SSP3 TREATPLAtiT to RSSP2 to !SSP2 to %S?2 t o  KSYl t o  FSY! 

1 2  3 4 :  5 6 7 0 1  9 10 11 : 12 13 i 4  
) ma ,Q (----------------------------------------- 1000 r3/d-------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
JAN 31 281 14 I 3.20 0.12 0.34 3.66 I 0.81 0.05 0.86 4.52 0.40 4.92 I 
FEB 28 251 16 I 3.17 0.12 C. 3i 3.62 I 0.80 0.05 0.85 4.47 0.39 4.86 
H A R  31 160 26 1.82 0.06 0.34 2.23 : 0.53 0.03 0.56 : 2.78 0.21 2.99 : 
APR 30 180 41 ! 2.12 0.07 0.34 2.53 I 9.59 0.03 0.62 I 3.15 0.23 3.38 ! 
YAY 31 104 66 1.19 5.03 0.34 1.55 : 0.40 0.01 0.42 : 1.97 0.09 2.05 i 
JUN 30 96 80 I 1.13 0.02 0.34 1.43 f 0.39 0.01 0.40 I 1.83 0.06 1.34 I 
3tlL 31 110 105 1.25 0.02 0.34 1.61 : 0.42 9.01 9.43 I 2.04 0.06 2.09 I 
AU6 31 89 98 I 1.0! 0.01 0.34 1.36 : 0.37 0.00 0.37 : 1.74 0.03 1.77 I 
SEP 30 185 71 : 2.18 0.06 0.34 2.58 0.60 0.03 0.63 t 3.21 0.21 3.42 I 
OCT 31 317 44 f 3.61 0.13 0.34 4.08 f 0.89 0.06 0.94 I 5.02 0.42 5.44 
NOV 30 337 13 ! 3.97 0.15 0.34 4.45 : 0.96 0.06 1.02 I 5.48 0.49 5.97 
DEC 3 i  268 11 I 3.05 0.11 0.34 3.51 I 0.78 0.05 0.83 I 4.33 0.38 . 4.71 I ---------__---------------------------------------------------------------------------------------------------------------------------- 

BEAN 198 50 : 2.30 0.07 0.34 2.71 I 0.63 0.03 0.66 I 3.37 0.25 3.62 
TOTAL 2378 599 i 

NOTES RE COLUHNS: 
3 Fror Norecol (Yaicoun R data * 181!7) 
4 Ftor Norecol report (Hasset data) 
5 Fror area and runoff factor 
6 Fror area and runoff factor less 213 of 

7 Groundwater to HSSP3 
S Total of 5 to 7 
3 Fror area and runoff factor for active face, 

infiltration fror 3:l slopes and horizontal 
surface, and groundwater to YRS 

12 Total of 8 and 1 1  
13 Fror area and runoff factor less 2/3 of 

14 Total of 12 and 13 
potential evapotranspiration fror pond 

potentia1 evapotranspiration fror pond 

10 Fror area and runoff factor 
1 1  Total of 9 and 10 



Betueen Pit & Haul Road 
Hine Plant inc l .  flSSP8 

nsnr 
us12 
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Cat chrent Runilf f Quant i t y  
Area Factor (m3/d) 
(ha) 
4.25 0.60 Grounduater t o  WRS 168 
1.45 0.80 Groundwater t o  WSSPQ 340 

Groundwater t o  HSSP3 340 
4.52 1.00 
3.13 1.00 

DISCHAXE DISCHARGE LOCAL TOTAL DISCHARGE LOCAL TOTAL DISCHARGE LOCAL TOTAL 
f r o r  YRS f r o r  A W E  DISCiiARGE iNFLOW froo P I T  INFLOW ?NFLOY f r o r  INFLOW iNFlOW 
to  YSSPl ilRS to RSSPi to  tfSSPt t o  RSSPl HUDSiOWE t o  W P 4  t o  HSSPl iiAUL RGAD t o  r(SSP5 t o  E S P 5  

<-------------------------------------- !QOQ P3/d------------------------------------------ ) 

1s 16 17 18 I !9 20 2! 1 22 23 24 I ----------------------------------------------------------------------------------------------------- 
2.23 0.49 0.10 2.82 : 0.34 0.00 0.34 : 0.20 0.02 0.21 I 
2.20 0.49 0.09 2.78 I 0.34 0.00 0.34 I 0.19 0.02 0.21 f 

1.47 0.32 0.06 1.86 I 0.34 0.00 0.34 I 0.!3 0.01 0.14 I 

0.79 0.17 0.01 0.97 : 0.34 0.00 0.34 I 0.07 0.00 0.07 I 

0.71 0.16 0.01 0.87 i 0.34 0.00 0.34 I 0.06 0.00 0.06 I 
1.52 0.33 0.05 1.90 0.34 0.00 0.34 t 0.!3 0.01 0.14 I 
2.51 0.55 0.10 3.17 I 0.34 0.00 0.34 0.22 0.02 0.24 I 
2.76 0.61 0.12 3.49 0.34 0.00 0.34 0.24 0.02 0.26 I 
2.12 0.47 0.09 2.69 I 0.34 0.00 0.34 I 0.19 0.02 0.20 : 

1.60 0.35 0.06 2.01 I 0.34 0.00 0.34 I 0.14 0.01 0.15 : 

A +n 1.27 d a L G  0.05 1.60 i 0.34 0.00 0.34 I 0.1! 0.01 0.12 I 

0. a2 0.18 0.02 1.03 I 0.34 0.00 9.34 I 0.07 0.00 0.08 I 

0.87 0.19 0.01 1.oa : 0.34 0.00 0.34 I 0.08 0.00 0.08 I 

------------------_---------------------------------------------------------------------------------- 

15 Fror  areas and runof f  fac to rs  
16 Fror  area and runof f  fac to r  
17 Fror  area and runof f  fac to r  less 2/3 o f  

24 Total o f  22 and 23 

po ten t ia l  evapotranspi rat ion f r o r  pond 
18 Tota l  o f  15 t o  17 
19 Fror  area, runof f  factor, and groundwater t o  HSSP4 
20 Fror area and runoff factor  less 2/3 o f  

21 Tota l  o f  19 and 20 
22 Fror area and runof f  fac to r  
23 Fror area and runof f  fac to r  less 213 o f  

p o t e n t i a l  evapotranspi rat ion f r o r  pond 

potent ia1 evagotranspi rat ion f r o r  pond 
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DISC'rlARGE DISCHARGE AREA LOCAL DISCH from TOTAL LOCAL TOTAL DISCHARGE LOCAL TOTAL HINE PLANT 
from f r o r  around DISCHARGE Stun P I T  INFLOW LIISCHAIIGE INFIOii from YRS C!SC!!ARGE INFLOM i n c l u d i n g  
RIS Dun? OIP DUHP f l /S t OIB t o  IJSSP6 b HAUL R D  t o  HSS?6 t o  W 2  t o  RSil2 i o  NORTH to !!SSP7 t c  RSSP7 HSSPB 

(---------------------------------------------- 1000 r3/d------------------------------------------------------- ) 
25 26 27 20 29 30 1 31 32 : 33 34 35 I 36 : 

1.63 0.76 2.04 0.21 0.23 5.10 : 0.27 5,38 I 0 . 2  0.10 0.32 : 0.11 ! 
1.61 0.77 2.01 0.21 0.23 5.04 I 0.27 5.31 I 0.22 0.09 0,32 I 0.10 I 
0.93 0.44 1.16 0.11 0.13 2.90 : 0.14 3.04 I 0.13 0.05 0.18 ! 0.06 I 
1.08 0.51 1.35 0.12 0.15 3.36 I 0.16 3.52 I 0.15 0.06 0.20 I Om07 I 
0.60 0.29 0.75 0.05 0.09 1.85 f 0.06 1.91 I 0.08 0.02 0.10 I 0.04 I 
0.58 0.27 0.72 0.03 0.08 1.75 I 0.04 1.79 : 0.08 0.01 0.09 1 0.04 I 
0.64 0.30 o.ao 0.03 0.09 1.34 ! 0.04 1.38 I 0.09 9.01 0.10 I 0.04 I 
0.52 0.25 0.55 0.02 0.07 1.56 I 0.02 1.59 I 0.07 9.01 0.08 0.93 ! 
1.11 0.53 la39 0.11 0.16 3.44 I 0.14 3.58 I 0.15 0.05 0.20 I 0.07 i 
1.84 0.88 2.30 0.23 0.26 5.74 I 0.29 6.03 I 0.25 0.10 0.36 I 0.12 ! 
2.02 0.96 2.52 0.26 0.29 6.32 I 0.34 6.66 0.28 0.12 0.40 I 0.13 i 
1.56 0.74 1.94 0.21 0.22 4.67 0.26 4.93 I 0.21 0.09 0.31 : 0.10 I 

1.17 0.56 1.46 0.13 0.17 3.63 I 0.17 3.80 0.16 0.06 0.22 0.08 I 

-------------------------------------------------------------------------------------------------------------~------------ 

-----------------_-------------------------------------------------------------------------------------------------------- 

25 Fror area and r u n o f f  f a c t o r  
26 Fror area and runo f f  f a c t o r  
27 Fror area and r u n o f f  f a c t o r  
28 Fror area and r u n o f f  f a c t o r  less 213 of  

29 Fror area and runof f  f a c t o r  
30 To ta l  o f  25 t o  29 
31 Fror area and r u n o f f  f a c t o r  less 2/3 o f  

32 To ta l  o f  30 and 31 
33 i r o n  area and r u n o f f  f a c t o r  

p o t e n t i a l  evapo t ransp i ra t i on  f r o r  pond 

p o t e n t i a l  evapo t ransp i ra t i on  from pond 

34 Fros area and r u n o f f  f a c t o r  l ess  213 o f  

35 To ta l  o f  33 and 34 
36 Fro8 area and runo f f  f a c t o r  

p o t e n t i a l  evapotransgi rat ion fror pond 



II 

CINOLA 60LD PROJECT - HINE AREA 
NATER HAtiAGEtlENT PLAN FOR YEAR OF WETTEST PIECIPITATION: YEAR 12 

FILE: HINWAT12 

Pit (Hudstone) 
Pit (Acid Senerating) 

NSSP1: WRS Runoff 
tlSSP2: WRS Active face 
flSSP3: Pit - Acid Een. 
HSSP4: Pit - Hudstone 
flSSP5: Temp. Haui load 
ESSP6: I! b 0 
ttSSP7: YRS North 
HSSP8: Nine Plant 

Catchrent 
Area 
(ha) 
0.00 

41.60 

1.10 
0.60 
1.35 
0.00 
0.20 
2,JS 
1.10 
0.00 

ilunoff 
Factor 

0.90 , 

0.90 

1.00 
1.00 
1.00 
1.00 
1.00 
le00 
1.00 
1.00 

Cat chrent 
Area 
(ha) 

WRS: 3:l slope t o  south 25.63 
YRS: 3:1 slope to north 2.53 
WRS: Top surface 14.01 
WRS: Active face 5.25 
Haul Road to WAS 2.61 
YRS to Pit & Area south 9.71 
Above WPS & below Div ditch 0.00 

Iudstone dunp 20.00 
Overburden durp 12.23 
Area around H/S t O/B 37.:5 
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Runoff 
Factor 

0.98 
0. 96 
0.90 
1.00 
1.00 
0.60 
0.80 

O m  90 
0.70 
0.60 

JAN 31 281 
FEB 28 251 
HAR 31 160 
APR 30 180 
NAY 3i 104 
JUN 30 . 96 
JUL 31 110 
AU6 31 89 
SE? 30 185 
OCT 31 317 
NOV 30 337 
DEC 31 268 

14 t 3.39 0.12 
16 ! 3.36 0.12 
26 I 1.93 0.06 
4 1  : 2m25 0.07 
66 I !.26 0.03 
OG , !.20 0.02 

105 I 1.33 0.02 
38 I i.07 0.01 
71 : 2.31 0.06 
44 I 3.83 0.13 
19 : 4.21 0.15 
11 : 3.24 0.11 

*9 I 

0.63 
0.63 
0.63 

0. €3 
0.63 
0.63 
0.63 
0.63 
0.63 
0.63 
0.63 

O m  63 

4.14 : 0.82 9.05 0.87 : 5.01 0.49 5.41 I 
4.10 I 0.81 0.05 0.87 : 4.36 0.39 5.35 I 
2.62 : 0.54 0.03 0.57 I 3.19 0.2! 3.40 

1.91 I 0.41 0.01 0.42 I 2.33 0.09 2.42 I 
1.84 : 0.40 0.01 0.41 I 2.25 0.06 2.30 I 
1.97 0.42 0.01 0.43 i . 2.40 0.06 2.46 : 
i.71 : 0.38 0.00 0.38 i 2.09 0.03 2.12 I 
3.00 I 0.61 0.03 0.64 3.64 0.21 3.84 I 

4.98 I 0.98 0.06 1.04 I 6.02 0.49 6.51 I 

2.94 I 0.60 Om03 0.63 I 3.57 0.23 3.80 

4.58 I 0.91 0.06 0.96 : 5.54 0.42 5.96 : 

3.98 : 0.79 0.05 0.84 I 4.82 0.38 5.20 : 

REAN 198 50 I 2.44 0.07 0.63 3.14 : Om64 0.03 Om67 I 3.81 0.25 4.05 I 
TtlTAL 2378 599 : 

NOTES RE COLUHNS: 
3 Fror Norecol (Yakoun R data * 18/17] 12 Total of 8 and 11 
4 From Norecol report Masset data) 
5 Fror area and runoff factor 
6 From area and runoff factor less 213 of 

potential evapotranspiration fror pond 
7 Groundwater to HSSP3 
8 Total o f  5 to 7 
9 Fror area and runoff factor for active face, 

infiltration fror 3:l slopes and horironta1 
surface, and groundwater to WRS 

13 Fror area and runoff factor less 2/3 of 

14 Total of 12 and 13 
potential evapotranspiration from pond 

10 From area and runoff factor 
11 Total o f  9 and 10 
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Between Pit & Haul Road 
Hine Plant incl. ?ESP8 

HS# 1 
us12 

Catchrent Runoff 
Area Factor 
(ha) 
4.25 0.60 Sroundv t 

Quantity 
(r31d) 

to WRS 168 
1.45 0.60 Groundwater to HSSP4 625 

Groundvater to tlSSP3 625 
4.52 1.00 
3.13 l a 0 0  

DISCHARGE DISCHAAGE LOCAL TOTAL 0ISC;rARSE LOCAL TOTAL DISCHARGE LOCAL TOTAL 
from YRS fror A W E  D I S C H A X E  IHFLOW fror PIT iFii!OW INFLOW from INFLOW INFLOW 
to HSSPl YZS t o  HSS?! t o  ?tSS?i to HSSPi RUDS:OHi t o  flSSP4 t o  RSSP4 HAUL ROAI! to NSSPS t o  14SSP5 

(-------------------------------------- 100) ~3 /d- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  > 
15 16 17 18 : 19 20 21 : 22 23 24 : ----------------------------------------------------------------------------------------------------- 

3.64 0.00 0.10 3.74 I 0.63 0.00 0.63 I 0.24 0.02 0.25 
3.60 0.00 0.09 3.70 0.63 0.00 0.63 I 0.23 0.02 0.25 I 
2.08 0,OO 0.05 2.13 I 0.63 0.00 0.63 I 0.13 0.01 Oa14 
2.41 0.00 0.06 2.47 I 0.63 0.00 0.63 I 0.16 0.01 0.17 I 
!.35 0.00 0.02 1.37 : 0.63 0.00 0.63 ! 0.09 0.00 0.09 : 
i.29 0,OO 0.01 1.30 I 9.63 0.00 0.63 I 0.08 0.00 0.09 i 
!.13 0.00 0.01 1.44 f 0.63 0.00 0.53 I 0.03 0.00 0.10 ! 
1.15 0.00 0.01 1.16 I 0.63 0.00 0.53 I 2.07 0.00 0.08 i 
2.48 0.00 0.05 2.53 : C . 9  0.00 0.63 I 0.16 0.01 0.17 I 
4.11 0.00 0.10 4,21 I 0.63 0.00 0.63 ! 0.27 0.02 0.29 i 
4.52 0.00 0.!2 4.64 I 0.63 0.00 0.63 : 0.23 0.02 0.31 : 
3.48 0.00 0.09 3.57 I 0.63 0.00 0.63 I 0.23 0.02 0.24 I 

2.62 0.00 0.06 2.68 I 0.63 0.00 0.63 I 0.17 0.01 0.18 I 

15 Froa areas and runoff factors 
16 From area and rrlnoff factor 
17 Fror area and runoff factor less 213 of 

18 Total of 15 to 17 
19 Fror area, runoff factor, and groundvater to USSP4 
20 Fror area and runoff factor less 213 of 

21 Total of 19 and 20 
22 From area and runoff factor 
23 Fror area and runoff factor less 2/3 of 

24 Total of 22 and 23 

potential evapotranspiration froi pond 

potential evapotranspiration from pond 

potential evapotranspiration fror pond 
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COI 

DiSCHAlGE DISCHAIGE AREA LOCAL DlSCE from TOTAL LOCAL TOTAL D!SCI.IARGE LOCAL TOTAL M N E  PLANT 
f r o r  from around DISCHARGE S t v n  PIT INFtUW DISCHMSE INFiOil f roa WRS DISC1.I'ARGE I N F L O W  i n c l u d i n g  
H/s DUdP 019 DUR? HIS b O/B t o  HSSP6 b HAUL RD t o  HSSP6 t o  1532 tn W l  t o  NCi2Til t o  HSS?7 t o  FISSP7 ?lSSP8 

) (---------------------------------------------- 1000 P3/d------------------------------------------------------- 

28 29 30 : 3! 32 33 34 35 : 36 f -------------------------------------------------------------------------------------------------------------------------- 

1.51 0.77 2.01 0.21 0.23 5.09 f 0.27 5.35 : Om22 0.09 Om32 : 0.10 i 

25 26 27 

i . 6 3  0.78 2.14 0.21 0.23 5.14 I 0.F 5.42 ; 0.22 0.10 0.32 t 0.11 

0.93 0.44 1.16 0.11 0.13 2.32 : 0.14 3.06 i 0.13 0.05 0.18 : 0.06 : 
1.08 0.51 1.35 9.12 0.15 3.39 t 0.16 3.55 ! 0.15 0.06 0.20 f 0.07 I 
0.60 0.29 0.75 . 0.05 0.09 1.87 : 0.06 1.33 0.08 0.02 0.10 I 0.04 

0.64 0.30 0.80 0.03 0.09 1.96 I 0.04 2.00 f 0.09 0.91 0.10 0.04 

1.11 0.53 1.39 0.11 0.!6 3.46 I 0.14 3.6: : 0.15 0.05 0.20 ! 0.07 : 

2.02 0.96 2.52 0.26 0.29 6.37 I 0.34 6.71 f 0.28 0.12 0.40 i 0.13 f 
1.56 0.74 1.94 0.21 0.22 4.67 : 0.26 4.93 : 0.21 0.09 0.31 f O . ! O  I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1.17 0.56 1.46 0.13 0.17 3.65 I 0.17 3.82 f 0.16 0.06 0.22 i 0.08 l 

9.58 0.27 0.72 0.03 0.08 1.77 0.04 I n s 1  0.08 0.01 0.09 0.04 

0.52 0.25 0.65 0.02 0.07 1.58 t 0.02 1.60 I 0.07 0.01 0.08 ; 0.83 I 

1.84 0.88 2.30 0.23 0.26 5.79 0.29 6m08 f 0.25 0.10 0.36 0.12 t 

25 Fror area and runoff factor  
26 From area and runoff fac tor  
27 Fror area and runoff factor  
28 Fror area and runoff fac tor  l e s s  2/3 of 

29 Fror area and runoff fac tor  
30 Total of 25 t o  29 
31 Fror area and runoff fac tor  less 2/3 of 

po ten t ia l  evapotranspirat ion f r o r  pond 
32 Total of 30 and 31 
33 Fror area and runoff fac tor  

34 From area and runoff fac tor  less 2/3 of 

35 Total of 33 and 34 
36 Fror area and runoff factor  

potent ia l  evapotransgiration from pond 

potentia! ev;;straG;pi;ation f r o r  pond 



APPENDIX 6.2.3-1 

COMMENTARY FROM ENVIRONMENT CANADA 
ON MERCURY / NUTRIENTS 

(Pages 1 to 2) 



I NOTES 
CINOLA Hg/NUTRIENTS 

1. 7 The-concept/theory-of-Biodilution. Still have some problems with this 
concept. Jernelov -- e t a 1  offers no evidence of this in their paper. The 
theory that organisms in oligotrophic lakes tend to have higher Hg levels 

a than organisms in eutrophic lakes could be due to biodilution, could also 
be due to some other phenomenon such as reduced availability of mercury 
under eutrophic conditions owing to production of sulphides and organic 
chelators. 

Advice given to me is that Hecky -- et a1 in their 1imnocOrral experiments in 
Southern Indian Lake, found that doubling the primary productivity had no 
effect on either the uptake of mercury by fish or on the growth of the 
fish. This does not necessarily constitute evidence of biodilution, f o r  
biodilution would of been accompanied by an increase in the growth rate of 
fish. Also I understand that the report does not claim that biodilution was 
involved ! 

m 

Again, advice given to me re Rudd and Turner's experiment performed in 
limnocorrals with water-tight plastic bottoms installed in Clay Lake found 
that increasing the primary productivity 4X or 9X caused a substantial net 
increase in the mercury content of fish muscle. The authors concluded that 
enhancement of productivity increased both the rate of mercury methyl 
production (because of increased microbial activity) and the biodilution of 
mercury (because of increased fish growth), and that the effect of 
increased methyl mercury production far exceeded the opposing effect of 
biodilution. Thus, their conclusions are in direct opposition to the 
biodilution concept. 

ICD 

Jackson 1988 (Can. Jour. Fish. Aquat. Sci. 45: 1-744-1757) found evidence 
that biodilution does does not play a significant role. 

~ 2 .  Availability-of-Mercury-(especially-inert-inorganic-cinnabar). - 
The concerns about increased inorganic mercury mobilisation are dismissed 
on the grounds that cinnabar, the source of mercury, is relatively 

QI insoluble and unreactive. This could still be open to some question. For 
instance in Rudd and Turner's experiments there were major increases in 
nutrient levels and primary production and only a trace of mercury was 
added (as radioactive Hg-203); yet the result was a net increase in the 
accumulation of mercury by fish. Moreover, cinnabar, though very insoluble 
and relatively stable to oxidation, does have a finite solubility and 
undergo oxidation (e.g. by trivalent iron in acid mine waters) to the more 

elevated Hg levels at the Cinola site). Consequently, some increase in the 
pool of potentially available inorganic mercury is likely in the event that 
mining causes an increase in the cinnabar particles into the environment. 
The amount may be small compared with the amounts in a heavily polluted 
body of water, but experience with the polluted reservoirs in Northern 
Manitoba has shown that it does not take much mercury to create a problem 
id the conditions are right for a rise in the rates of mercury methylation 
and bio-accumulation. Even without an increase in the abundance of 

PI soluble mercuric sulphate. (As what could be happening now to cause the 



inorganic mercury, the enhanced primary production could cause an increase 
in methyl mercury production; the mercury from the cinnabar would simply 
enhance this increase, 

A contingency plan: 

In order to give approval of the mine, a contingency plan has to be 
I) developed as to what to do if mercury methylation does occur once mining 

begins , 
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File : NORE.02 

CONSULTANTS INC. 
One West 7th Avenue 

Vancouver, 6.C 
Canada V5Y 1L5 
(604) 875-6391 
F& 875-8363 

Norecol Environmental Consultants Ltd. 
Suite 700, 1090 West Pender Street 
Vancouver, B.C. 
V6E 2N7 

Attention : Ms. E. M. Neil 

Dear Ms. Neil 

Re: Ferquson Bay Dock Site 

In reference to o u r  recent meeting on t h e  physical impacts and 
compensation potential for the above project, this letter 
presents our opinion and comments as requested. 

The following comments are made on the basis of a review of 
existing data as no site visit was undertaken by Hay & Company. 
The data reviewed, included an air photo (BC86114 # OlO), a plan 
showing marine vegetation zones (Norecol 1989), underwater photos 
inside and outside the bay (Norecol), panorama photos taken f rom 
the existing breakwater looking north and east across the 
eelgrass bed and along the adjacent shoreline (Norecol), plan 
showing bathymetric contours and the existing breakwater (Taylor 
Peach), and a substrate and biological survey of Ferguson Bay 
(MacMillan Bloedel, 1978). 

Investigations by Taylor Peach (designers of the new facility) 
t h rough  aiscussions with locals anci +iiacMiIleri f3he<!al i i x € k a t ~  
that winds and waves approach the site from a variety of 
directions with some predominance from the north. Major winds 
around the Queen Charlotte Islands are southeast along Hecate 
Strait and westerly through Dixon Entrance. Overland winds are 
affected by local topography such as the mountains to the west 
and the north-south axis of Masset Sound. These topographic 
features will have an effect on wave directions at the site. In 
addition arctic outflow winds, which occur primarily during the 
winter, will cross Hecate Strait from the Skeena valley and 
generate waves across Masset Inlet approaching the site from the 
east . 
There are no definite indications of predominance in coastal 
processes as indicated by the geomorphic features shown in the 
air photo. The influence of the tidal flows through Juskatla 

OUNCAN HAY 
M.S.. Dip. HE. (Dem). P.Eng. 

S. ROBERT M. GARDINER 
Ph. 0.. P.Eng. 

DAVID 0. McCONNEU 
E.%.. P.Eng. 
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Narrows to the west of Ferguson Bay is evident in the alignment 
of bars and spits, and the development of the Yakoun River delta 
is evident to the east. There is little evidence of recent 
shoreline development between Ferguson Bay and Yakoun Bay. 

A narrow tidal shelf runs between the Yakoun River delta and the 
east side of the existing breakwater at the site. The air photo 
indicates the shelf to be approximately uniform in width except 
against the breakwater where it widens. No distinctive shelf is 
evident in the air photo to the west of the breakwater. 
change in the width of the shelf is also borne out in the 
surveyed contours, Figure 1. 

The 

The reasons for the wider shelf on the east side of the 
breakwater are not evident in the data reviewed. The portion of 
the shelf eqosed in the panoram photos -ap>gears quite stable 
with a heavy armouring of cobble and boulder although some minor 
erosion of the low backshore escarpment is evident in the fallen 
trees. The breakwater has been in place for at least 10 years 
and any significant littoral drift would be seen in either 
accretion or erosion of the upper foreshore at the root of the 
structure. 

A layer of fine sediments appears on the surface in the sub-tidal 
zone as seen in the underwater photos and documented in the 
substrate and biological survey of 1978. Such sediments settling 
out from the water column can be expected in a large inlet where 
tidal velocities are low and should not present any physical 
constraints on compensation development. 

With little source of sediments for shoreline development between 
Ferguson and Yakoun bays, it appears the wider shelf at the 
breakwater may have existed prior to cons-truction or have 
developed through backshore erosion in response to the prescence 
of the structure. In any event the present equilibrium of the 
foreshore east of the breakwater would indicate an opportunity 
for extending the existing eelgrass bed by excavating into the 
inter-tidal shelf at the appropriate elevation. 

A more detailed study than this overview is recommended to 
confirm the potential for extending the existing eelgrass bed, or 
creating additional beds along the foreshore east of the 
breakwater. The elevation of the beds are not precisely known, 
the scope for such development may not exist where the shelf is 
narrow, and any change to the shelf may impact the adjacent 
backshore until a new state of equilibrium exists. 

. 

We would be pleased to visit the site to more closely examine the 
physical conditions and discuss compensation potential with 
Fisheries and Oceans. We have undertaken similar compensation 
projects and are known to the Fisheries and Oceans staff at 
Prince Rupert. 

- 2 -  
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We trust this brief overview of site conditions meets your 
present needs and if there are any further queries, please call. 

Yours very t r u l y ,  

HAY 61 COMPANY CONSULTANTS INC. 
n 

II 

' D.D. McConnell, P.Eng. 

DMc/ 
encl . 
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