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6.0 IMPACTS OF THE PROJECT 

6.1 HY OROLOGY 

I 

u 

(a )  Ground  Water 

The f o l l o w i n g  assessment o f  impacts i s  based on t h e   s i t e  development plans 
described  in  four  unpublished  ,reports 1’29394. These repor ts   together   wi th  
approximately 60 add i t iona l  ta,Sles and f igures were provided f o r  t h i s  assess- 

men t . 

I n  making  the fo l lowing assessment of   potent ia l   inpacts  on hydrogeology, 
the  fol lowing  considerations  w?re examined f o r  each area and  phase o f  
development: - 

Changes i n  Ground Water Level: 

Higher ground  water tables werf! generally  considered as a benef ic ia l  
impact. However, t h i s   d i d  not include areas Mere  the  h igh  water  table 
cou.ld cause ei ther  water  logging  of   the  p lant  root  zone or  soi l   s lope 
instability. 

Changes i n  Ground Water Flow: 

Increased  ground  water  flows were considered to be benef ic ia l  impacts 
provided  that  no side  effects  would develop. These side  ef fects  could 
include;  deter iorat ion  of   water  qual i ty  and/or adverse e f fec ts  caused by  an 
accompanying r i se   o f   t he  ground  water  table. Water q u a l i t y  aspects  are  addressed 
i n  Section  6.2(a). 

I ( i ) Prel imi nary S i  t e  Development 

6 -  1 
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- Mine T r a i l e r  Camp 

The ex i s t i ng   exp lo ra t i on   , t ra i l e r  camp has been se t  up near  Hat Creek i n  the 
v i c i n i t y   o f   t h e  proposed coal p i t  (see  locat ion  Figure 6-11.  The water 
supply to t h i s  camp  comes from a shallow dug well approximately 5 m deep. 
Most of   the  est imated 10 d / d  f l ow   o f  ground  water  reaching  the  well 
will have i n f i l t r a t e d  almost d i r e c t l y  from  Hat Creek. D e t a i l s   o f   t h i s  well 
(DW-1) are  presented i n  Appendix A2.0. Th is   ra te   o f   abs t rac t i on   i s   on l y  
0.24 percent o f  the 1:20 year f l o w  i n  Hat Creek and hence represents 

on ly  a minor  impact on the  low  water  flow i n  the  creek. 

The  sewage treatment and disposal  from  this camp i s  by  means o f  a sept ic 
tank and d ra in   f i e ld .  The d r a i n   f i e l d   i s   l o c a t e d  near  the camp and 
seepage water  flows down from  the  drain f i e l d  to the  water  table i n  the 
al luvial   aqui fer   approximately 2.0 m below  ground. The average down va l ley  
f l o w   i n  t h i s  aqui fer  was estimated to be 2,300  m3/d (Section 4.1 (a) 
(ii A )  and  hence an estimated  discharge  of 8 m3/d to the  aqui fer  

represents Only 0.35 perC€!nt o f  the   to ta l   aqu i fe r   f low.  The al luvium has 
a h igh  hydraul ic  conduct iv i ty and hence, l i t t l e   o r  no r i se   in   the   water  
t a b l e  can be expected. 

The e x i s t i n g  camp water  supply and  sewage disposal system  induces an 
increased flow o f  i n f i l t r a t e d  water from H a t  Creek  and a f t e r  use i n  the 
camp returns  the  water to the   a l luv ia l   aqu i fe r   w i th   on ly  a minor  water 
loss.  This  water exchange i s  i l l u s t r a t e d   i n  Table 6-1. A similar type o f  
water  t ransfer has  been observed to w c u r   n a t u r a l l y   a t   v a r i o u s  reaches 
along  the  creek bed,  and  hence the  net  impact on the  physical  aspects o f  
the ground  water  resource  would be very minor. The estimated  water loss  i s  
2  m3/d  and represents  about 0.1 percent o f  ground water flow. 

6 - 2  



BRITISH COLUMBIA 
HYORO AND POWER AUTHORITY 

HAT CREEK PROJECT 

DETAILED  ENVIRONMENTAL STUDIES 
~~ 

G o l d e r  A s s o c i a t e s  

D R A W N  
I D T  

REVIEWED 

DATE A P R I L  '78 PROJECT No. 



m g  

.. m 

I 

m 

m 
I 

L 

m . 
I . 
.I 

beak ~~ 

TABLE 6-1 

s-ry of  Approximate  Quantit ies o f  Transfered Ground Mater 
Resul t ing frm Pmpased  Coal  Project 
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Exploratory Dri 1 1 i ng 

The exploratory  drilling program includes  several  boreholes which  were 
d r i l  led and developed as water we1 1 s. These we1 1 s have been pump tested so 
that  soil and rock hydraulic  conductivities can be determined. A total of 
seven we1 1 s have ej  ther been tc?sted o r  are planned for the period up to 
August 1978. The predicted  yislds from wells  that have  been screened off 
i n  the bedrock formations  are  expected to be low ( l e s s  t h a n  6 d / d  
total 1. However, the  total  yield from wells completed in surficial 
sediments i s  expected to be much greater. One well,  located on the western 
side of the coal p i t ,  i s  expected to  yield about 300 m3/d. The 
estimated ground water flow towards Hat Creek and the  alluvial  aquifer in 
the  vicinity of the proposed  coal p i t ,  i s  estimated to be about 1,000 
m3/d. This estimate i s  based on data  presented i n  Section 4.1 ( a )   ( i i )  
A ,  and assumes an effective  pit  wid th  of 3 km. Thus ,  the discharge from 
th is  well represents about 20 percent of the  natural ground water flow i n  
the area and 9 percent of the flow i n  the  alluvial  aquifer. 

I n  a11 cases, about 90 percent o f  the pumped ground water would be 
returned to the ground water table a t  a location  greater than 200 m from 
the  well. The only  water losses would result from evapotranspi.ration on 
the  soil  surface. The periods of  pumping, o r  in some cases  bailing, would 
n o t  exceed 40 days. 

T h e  impacts on local ground water aquifers caused by t h e  exploratory 
dr i l l ing program would  be  minor i n  relation to the  overall ground water 
resource. No impacts would be observed outside  the  area of the proposed 
coal p i t .  

Bulk  Sample  Program 

Excavations were  made a t  three locations in  the northwest sector of the 
proposed  coal p i t  for sampling purposes. Two  of these excavations, 

6 - 3  
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r e f e r r e d  to as Trench A and the Clay-Cut, were not  excavated down to the 
water  table.  Trench E. l o c a t e d   i n  the Hat Creek Val ley bottom, was 
excavated to a depth o f  9 m below the ground  water  table. The estimated 
seepage pumped from t h i s  trench was 2,000 m3/d. This seepage  had 
i n f i l t r a t e d  from  the  surrounding  alluvial  aquifer,  which i n   t u r n  had 
e x f i l   t r a t e d  from  Hat Creek. 

While  the  dewatering  of  Trench B represented a temporary  major  impact on 
the ground  water  flow i n  the  a l luv ia l   aqui fer ,   the pumping was r e s t r i c t e d  
t o  a per iod  of   only two months. During t h i s  period  the pumped water was 

discharged to a  pond i n  the Or,y Lake area  west o f  Trench E. Seepage losses 
from t h i s  pond  were very  low and m s t  of  the  water  losses were due to 

evaporation  from  the pond surface. The  pond i s  s t i l l  i n  existence as a 
f e a t u r e   i n   A p r i l  1978. 

The o the r   ac t i v i t i es   o f   t he  Bulk Sample Program have r e s u l t e d   i n  very  minor 
impacts on ground  water  resources i n  the  area. A more deta i led  descr ip t ion 
o f  these  impacts i s  presented i n   B r i t i s h  Columbia  Hydro and  Power Author i ty  
Report, 1977 5 . 
The bulk  sampling program has  lhad only a minor  negative impact. on the 
ground  water  flows i n  the   a l luv ia l   aqu i fe r  and most  of  the  impacts were o f  
short   durat ion.  

Summary o f  all A c t i v i t i e s  

The p re l im ina ry   s i t e  development a c t i v i t i e s  have been spread  over a number 
o f  y e a r s .   S i g n i f i c a n t   d r i l l i n g   a c t i v i t y   d i d   n o t   s t a r t   u n t i l  1964 and will 
probab ly   con t inue  in te rmi t ten t ly   un t i l   cons t ruc t ion   s ta r ts   poss ib ly  some 
t ime   i n   t he   ea r l y  1980's. The overall  impact o f  t he   s i t e  development 
a c t i v i t i e s  on the  ground  water  resources o f  the area have been  and probably 
will continue t o  be very  minor, 
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( ii ) Construction 

The basis  for   evaluat ion  of   the  impact on ground  water  resources and the 
development plan  are  the same as ou t l i ned   i n   Sec t i on  6.1 ( a )   ( i )  A. 
C o n s t r u c t i o n   a c t i v i t i e s  can be subdiv ided  into  three main categories:  mine 
( i n c l u d i n g   t h e   p i t ,  waste dumps and i n f r a s t r u c t u r e ) ;  power p lan t   ( i nc lud ing  
ash disposal  areas,  water  reservoir and const ruct ion camp); and o f f s i t e s  
(including  creek  diversions.  water  supply and access  roads). 

A. Mine 

Clear ing and S t r i p p i n g   i n  Pit Area 

The ground  water tab le  i s  general ly deeper  than 20 m over mst o f  t h e   p i t ,  
and  the only  exception  occurs i n  the  valley  bottom where the ground  water 
t a b l e  i s  close to  the ground  surface. The c lear ing  and s t r i p p i n g  
operations proposed  would remove top s o i l .  s u r f i c i a l  sediments and 
claystone  bedrock  from  part  of  the  upland  recharge  areas.  This removal 
would  reduce  ground  water  recharge and increase  surface  water  run-off i n  
these areas .  The r e s u l t  would be  a minor  negative  impact on recharge to 
the   a l luv ia l   aqu i fe r .  

Drainage  Di tching i n  P i t  Area 

A system o f  surface  di tching i s  proposed f o r  the p i t  perimeter. M o s t  o f  
t h i s   d i t c h i n g  would be  constru1:ted on the west s i d e   o f   t h e   p i t   M e r e  
surface  water  run-off i s  more s ign i f i can t .  Most o f   t he   su r f i c i a l  sediments 
i n  the v i c i n i t y   o f   t h e   c o a l   p i t  are c l a s s i f i e d  as g lac ia l  till and 

hydraul ic  conduct iv i t ies  are  expected to be low. 

The d i tch ing  system  would  probably  consist of a major  d i tch  located beyond 
the 35 year   p i t   per imeter ,   together   w i th  a system o f  temporary  ditches 
located  c loser to the  working p i t .  These diversion  ditches  would c o l l e c t  

" 
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surface  run-of f  from the areas  around  Finney and Aleece Lakes and would convey 
the  run-of f  away from  the p i t  area. In   the  genera l   p i t   area  these  d i tches 
may have t o  be l i n e d   i n   o r d e r  t o  minimize seepage losses  to  the  ground  water 
tab le .   In  areas outside  the cone of   depression  in  the ground  water tab le  
caused by the  coal p i t  dewatering,  these  ditches need not  be l ined. Some 
minor  recharge to   the  water   tab le can be expected i n  these  areas. The net  
impact o f   t h e   d i t c h i n g  system  would be a reduc t i on   o f  ground  water  recharge 
near  the p i t  and some increased  ground  water  recharge i n  areas beyond the 
p i t .  These impacts  are  both  rselatively  minor i n  terms o f   the  ground  water 
resource and are  respect ively  negat ive and p o s i t i v e  impacts, w i t h   t h e   r e s u l t  
t ha t   ove ra l l  impact i s  ambivalent. 

Lake  Dewatering 

The proposed  development plan  includes  the  dewatering o f  both  Aleece and 
Finney Lakes (see  locat ions on Figures 6-1). Uhen water  levels  are  high, 
these  lakes  could  cont r ibute  s ign i f icant   quant i t ies  o f  seepage water to the 
l o c a l  ground  water  table. However, based on an evaluat ion o f  natural  
isotopes  in  the  lake  water  (see  Sect ion 4.1 ( a )   ( i i i )  6) these  lakes were 
found to lose most  water by evaporation  from  the  lake  surface.  Only a 
small   port ion  of  the  lake  water i s   l o s t  as  seepage through  the  lake  bottom 
and  most o f  t h i s  seepage would be through  the upper 1 m around  the  wetted 
perimeter o f  the  lake. Thus, the  complete  dewatering  of  the  lakes would 
have 1 i t t l e   o r  no impact on thle ground  water  resources o f  the area. For 
t h i s  reason  consideration  could be given to lower ing  the  out let  from Finney 

Lake, but  not  completely  dewatering  the  lake. 

P i t  Area  Dewatering 

The dewatering  of  the  coal p i t  would be achieved by means o f   v e r t i c a l  w e l l s  
d r i l l e d   i n   t h e   p i t  around  the  rmrking  area and around  the p i t  perimeter. A 

proposed  schedule o f   w e l l   i n s t a l l a t i o n  was given i n  Table 56 (see  Reference 

6 - 6  
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NO. 1) .   Th is   tab le shows t h a t  a t  l e a s t  22 w e l l s  would be i n s t a l l e d  one 
y e a r   p r i o r  to t h e   s t a r t  0.F mine operations. The i n i t i a l   t o t a l  discharge o f  
ground water from  the coa'l p i t  has  been estimated to be 700 m3/d.  8y 
the  time  the  thermal p1an.t gets  into  operat ion  the number o f  wel ls  would 
have  increased to 266 and the ground  water  discharge  increased to a maximum 
o f  1,600  m3/d. Further  mwk will enable  these  predictions to be 
v e r i f i e d .  

The coal  deposits  are  encapsulated  within  low  permeabil ity  claystone and 
s i l t s tone  un i ts .   Hydrau l i c   conduct iv i t ies   o f  these  massive  claystone  units 
are around  10-lo m/sec. (see  Section 4.1 ( a )   ( i )  8) and  hence the 
rad ius   o f   in f luence  o f   the  dewatered  bedrock  around  the  coal p i t  will be 
r e s t r i c t e d  to distances 1l?ss than 100 m beyond the p i t  face a t  any stage. 
As the  f inal  radius  of  the  proposed  coal p i t  i s  approximately 1.5  km, the 
maximum distance to the edge of   the zone o f  ground  water  influenced i n  
bedrock  would be about 1.6  km (see  Figure 6-21. 

The s u r f i c i a l  sediments ajround the p i t  per imeter  general ly  consist   of  
g l a c i a l  and g lac io- f luv ia ' l  sediments and s l ide   debr is .  These sediments 
have higher.  hydraul ic  conductivi t ies  than  the  underlying  claystones, 
however, saturated  thicknesses  are  not  very  great.  Estimated  average 
hyd rau l i c   conduc t i v i t i es   f o r   t he   su r f i c i a l  sediments  range between 10-8 
t o  10-5  m/sec. and satura.ted  thicknesses  along  the  western  side  of  the 
p i t  average 20 in. Assumilig maximum hydraul ic  conduct iv i t ies,   the 

c a l c u l a t e d  maximum radius o f  inf luence caused by p i t  dewatering  could 
extend  about 1 km beyond the p i t  perimeter  (i.e.  extending to  a maximum 
radius o f  2 . 5  km from  the  center  of   the  f inal   p i t )   (see  Figure 6-21. 
However, i f  average hydraul ic   conduct iv i t ies  were lower  than 10-6 
m/sec. the  rad ius  o f   in f luence would be i n  the order o f  a few hundred 
meters beyond the p i t  perfmeter a t  any stage. 
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The hydrogeol ogy  of the  eastern  side of the p i t  is   mre  cmpl  ex,  due to the 
presence of a  buried bedrock valley. As described  earlier  (Section 4.1 ( a )  
( i i )  A )  this buried  valley  extends along the  northeastern  side of the p i t  
and is f i l l e d  w i t h  glacio-fluvial sediments. The volcanic bedrock  exposed 
along  the eastern  side of the Hat Creek Valley (Figure 4-1 1 l imits the 
extent of these  surficial sediments and the drawdown cone  imposed on the 
ground water table. 

The impacts  caused by the p i t  dewatering  will be threefold. 

-Y  

11 

" 

1 )  A cone of depression i n  the ground water table i n  the  surficial 
sediments around the p i t  could  extend to as much as 1 km from the p i t  
rim. 

2 )  A ground water discharge which would gradually  increase to about 
1,600 m3/d would be  pumped  and discharged back into Hat  Creek. 

3 )  The shallow a1 l u v i a l  valley  aquifer would be cut i n  Go by the p i t  
and blocked a t  the p i t  rim dam (see  Figure 6-21. The alluvial 
aquifer is fed both from the  creek and the  surficial sediments  along 
the  valley. Thus, dissection of this  aquifer by the p i t  would affect  
only that  part o f  the  aquifer  that  is w i t h i n  the  influence of the p i t  
dewatering, and downstream of the p i t  to the diversion  discharge 
pipe. The estimated  length of this  al luvial   aquifer  is  18 km and the 
length  affected by the p i t  is 5 km. Thus. 28 percent o f  the 
a1 l u v i a l  aquifer would be affected and similarly 40 percent of the 
buried channel would be affected. 

These impacts,  while significant i n  the  vicinity of the p i t ,  would be 
res t r ic ted  to the  area closie to the p i t  and hence would not cause a major 
regional impact. Hat  Creek flows downstream of the p i t  would be very 
s l igh t ly  reduced as a resu1,t of water losses due to evaporation i n  the 
p i t .  
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Clearing and S t r i p p i n g  i n  Dump Areas 

The clearing and s t r ipp ing  operations i n  the Houth Meadows Creek .dumps 
would result i n  a minor lowering of the ground water table i n  the  valley 
floor. In the Medicine Creek Valley where the water table   is  well below 
the vat ley  floor, no impacts would occur. The resul t  would be a minor 
negative impact. 

Creek Diversions Around Dumps 

As the ground water table is; well  below ground surface along the a1 igmnent 
o f  the proposed creek diversions,  there would be no impact on ground water 
d u r i n g  construction. 

Embankments  and Spoil Dumping 

The placing of the  spoil and embankment materials i n  the  valley  floors of 
both dump areas would  have 110 significant impact on the  local ground water 
regime. 

Stock Pi les  
" 

The topsoil, coal and low grade waste stock pile  areas would a1 1 retain 
moisture and under saturateal conditions this water mu1 d seep down to the 

bottom o f  the  pile. These areas  are  all  located i n  areas where the 
surf ic ia l  sediments are mostly g lac i a l   t i l l s  w i t h  low hydraulic 
conductivity. The estimateal  depth to ground water table  varies from 10 - 
80 m below  ground surface. 

While the  hydraulic  conductivity o f  the t i l l  i n  the vicinity o f  the 
proposed stockpiles is not k.nown a reasonable range. based on data  obtained 
on t i l  1 i n  the  vi.cini t y  of the coal p i t ,  i s  between lo-' and 10-9 
m/s. By assuming an average hydraulic  conductivity of 10-8 m/s, the 
estimated seepage loss through t i l l  is between 1 x 10-5 and 5 x 10 -4 

6 - 9  



I- 

" 

1 -  

sa- 

d / d / d  of storage  area. This seepage  range wi 11 depend on the 
geometry and type of surface  drainage  facil  ities. On this  basis  the 
seepage losses to the ground water table beneath the ful ly  developed coal 
blending and stocking  area rmuld be between 26 and 130 m3/d. The lower 
range would  be applicable i f  the surficial  area beneath the  pile was 
properly  drained. 

The seepage from these  three  areas would be only slightly  greater than  the 
present  rate o f  precipitation  seeping to the ground water table. 
Construction and stocking of these  storage  areas would therefore result i n  
an increased ground water recharge and hence on the  basis of hydrology 
alone,  is  considered to be :I minor beneficial impact. 

Mine C:amp Water Supply 

The offsi tes  description proposes that  two wells should be dril led and 
developed  near Hat  Creek i n  the vicinity of the proposed p i t .  These wells 
would supply  water a t  approximately 346 d / d  to both the mine and power 
p l a n t  camps and would operate u n t i l  the Hat  Creek diversion canal i s  i n  
operation. About 100 m3/d krould be required  for  the mine  camp. 

I f  we1 1 s were dr i l led and developed i n  the  area  close to Hat Creek, the 
ground water abstracted from1 these  wells would cane from  an a1 luvial 
aquifer which is hydraul ica l ly  connected to Hat Creek. As most of the 
water would come indirectly from Hat  Creek there would be l i t t l e  or no 
impact on the ground water f low i n  this  aquifer. 

A minor negative impact on the ground water table i n  the  area could be 
expected. However, this impact would be accompanied by a net withdrawal of 
about 346 m3/d from the flow i n  Hat  Creek. 

a 
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Mine C,amp  Sewage Disposal 

The  sewage e f f l u e n t  from the  aerobic sewage treatment  plant  would be 
d i scha rged   i n to   e i t he r   d ra in f i e lds ,   ex f i l t r a t i on  ponds,  deep wel ls  or spray 
i r r i g a t e d  on the ground. No de ta i l ed   so i l   t es t i ng  has  been car r ied  out, 
however prel iminary  data  indicate  that   these methods could be feas ib le  i n  
the area. 

The ground  water tab le  i s  estimated to be 100 m below  ground  surface and 
the   under ly ing   g lac io - f luv ia l  sediments have estimated  hydraul ic conduc- 
t i v i t i e s   r a n g i n g  between lO-;3 and 10-5 m/s ( 8 . 6  x  10-4 and 8 . 6  
x 10-1 m/d). A po ten t i a l   aq l l i f e r   i n   t he   g lac io - f l uv ia l  sediments 
extends  beneath  the camp, however t h e   i n f i l t r a t i n g  sewage would have only a 
minor  impact on t h i s   aqu i fe r .  The estimated sewage discharge  would be a 
maximum o f  100 m3/d and i f  a convent ional   dra in f ie ld  were b u i l t  to meet 
Po l lu t ion   Cont ro l  Board  requirements,  the sewage would  require an area o f  
about 1,000 square  meters. 'Thus, the  average i n f i l t r a t i o n   r a t e  over  the 
entire  disposal  area  would be 10 mm/d (10-2  m/d). For  the on ground 
disposal  options and depending on the  nature  of  the  sediments beneath the 
disposal  area,  the  eff luent \would e i the r   f l ow   l a te ra l l y   t h rough  more 
permeable  sediment  layers or would f l o w   v e r t i c a l l y  downward through 
unsaturated sediments. The former  flow  path  could  reach  Hat Creek wi thout  
recharging  the  buried channel aqui fer ,  however, the l a t t e r   f l o w   p a t h   i s  
more l i k e l y  to occur.  This  would r e s u l t   i n  recharge to the  buried channel 
aqu i fe r  and a minor  beneficial  impact would resul t .  

O f f i c e  and Warehouses Water Supply 

The project   descr ipt ion  indicates  that   the  water  supply  for   the shops  and 
warehouses  would be between 2!3 and 167 m3/d. This  water  could cone 
from a water well near  the  o f f ices  or  perhaps be l i n k e d  to the camp water 
supply. A well i n  t h e   v i c i n i t y  o f  the  o f f ices  could be l o c a t e d   e i t h e r   i n  
the  Marble Canyon or Al luv ia l   aqu i fe rs .  The projected  water  requirements 
a re  small i n   c m p a r i s o n  to the  aquifer  f lows o f  2,000 and 2,300  m3/d 
respect ive ly .  Hence, there  rmuld be a minor  negative  impact. 

. 
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6. Plant  

Ash Disposal F a c i l i t i e s  

The pro jec t   descr ip t ion  3 describes one proposed scheme ( the  base 
scheme)  and th ree   a l te rna t ive  !schemes (Schemes I, I I a  and I I b )   f o r  ash 
disposal. These  schemes are  sutnnarized i n  Table 6-2 and show that  d isposal  
areas  are  located  e i ther   in   the upper part   of   Medicine Creek o r   i n  the 
Harry Lake area  (see  locations  Figure  6-1). 

Embankment Construction: 

No de ta i l s   o f   t he  embankment construct ion  are  avai lable.  However there 
appears t o  be adequate fill and other  granular  mater ia l   avai lable to make a 
re la t i ve ly   imperv ious  dam. These c o n s t r u c t i o n   a c t i v i t i e s   a r e   n o t   l i k e l y  to 

a f fec t   the   loca l  ground  water  flows a t  e i t h e r   s i t e .  

Creek Diversions: 

Both  Medicine and Harry Creeks  would have to be d iver ted around  the ponds 
o r  dumps. AS wi th   the waste dump diversion  di tches some pos i t i ve   bene f i t  
could be expected  from  increased i n f i l t r a t i o n  from  the  bottom o f  the 
ditches. The seepage rates a r e  l i k e l y  to be low, 60 - 150  m3/d per km, 
and these seepage rates would  clnly apply  during  the few months of  the  year 
when there i s  water i n  the ditches. 

There  would be a very small net   pos i t ive  impact   resul t ing from a sl i g h t l y  
increased seepage  from the  diverted  creeks over the  present seepage losses 
from  natural  creek  channels. 
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Table 6- 2 

S u n a r y   o f  Proposed Ash Transport and Storage Schemes 

Scheme Notes Ash  T,ype Transport  Storage  Location  of(1) 
- - " Mode  Mode Storage Area 

Ease  1 Eottolm wet  sluice wet pond UMC 

F l y  wet s lu ice  wet pond UMC 

A1 t e r n a t i  ve I ( 2 Eo ttoia  wet  sluice wet pond(6) HC 

( 5 )  F l y  wet   s lu ice wet pond UMC 

A1 t e r n a t i v e   I I ( a )  ( 3 )  Eottoim wet s lu ice  dry dump  HL 

( 3 )  F l y  dry dry dump  HL 

A1 te rna t ive  II(b) ( 4 )  Eottola dry dry dump  HL 

( 4 )  F l y  dry dry dump  HL 

Notes: ( 1 )  UMC = Upper Medicine Creek Area (see  location  Figure  6-1) 
HL = Harry L8ake Area (see locat ion  Figure  6-1) 

( 2 )  Bottom ash  pond i s  shown i n   F i g u r e  6-5 
( 3 )  Ash  dumps are sinown i n  Figure 6-6 

( 5 )  No d e t a i l s  o f  t ,h is pond are avai lab le and i t  i s  assumed tha t  
( 4 )  Ash  dumps are shown i n  Figure 6-7 

i t  would be  a smaller  version of the  cmbined ash  pond 
(6) The  pond would be sel f -draining and approach a dry state.  

. 



Other Activities 

Construction  activities  including:  transport systems, base preparation, 
drainage  ditching and lagoons would  a11 be done above the water table and 
would not  involve any major water transfer. Hence, there would be no 
impact on the ground water. 

Clearin0 and Stripping  for  Reservoir 

The  removal  of vegetation and loose  topsoil on upland areas would cause 
increased run off and decreased inf i l t ra t ion  to the water table. This 
would cause a  minor negative impact on ground water table and flow 
regime. 

Act iv i t ies   a t  Power Plant  Site 

The  same comnents given for  clearing and stripping the reservoir  site 
a p p l y .  Only a minor negative impact would result. 

Sumary of Activities 

M o s t  construction  activities wou ld  be done  above the water table and only 
minor impacts would result  from clearing and stripping  operations and h e r e  
perennial streams are diverted. 

C .  Offsites 

Clearing and Stripping  for Hat Creek Diversion 

The  removal  of vegetation and loose topsoil on upland  areas would cause 
increased run-off and decreased inf i l t ra t ion to the water table  resulting 
i n  a lowering of water tables. A minor negative impact would result. 

6 - 13 
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Reservoir  Construction  for  Diversion Scheme 

The construction of cut off trenches and/or  grouting o f  permeable sediments 
beneath the embankment structures for the Head  Works  and P i t  R i m  Dams would 

par t ia l ly  cut off the ground water flow in the alluvial  aquifer  adjacent to 
Hat Creek. The estimated down valley flow i n  this aquifer  is  2,300 
m3/d (Section 4.1 ( a )  ( i i )  A ) .  The reduced ground water flow i n  this 
aquifer immediately downstream  of the Go embankments would be in the order 
o f  300 m3/d. Most  of this ground water would be collected  in 
dewatering wells around the pit perimeter. As i t   i s  the intent of these 
works t o  reduce ground water seepage, the net  result would be a  major 
negative impact on the allwial   aquifer.  

Main Access Road 

The limited hydrogeol ogic  data  avail  able along the access mad suggests 
tha t  there would be no impacts on ground water resources. 

Water :m 
The 1 imited  hydrogeologic data  avail  able suggests that  there would be no 
impacts . 

( i i i  1 Operatiorb 

A. Mine 

I 

1 

I 

Overburden Removal i n  P i t  Area 

The comments given for  construction  clearing and stripping  in p i t  area 
during construction would apply. 
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mine dewatering and slope  stabil ization) 
P i t  Area Dewatering (including: p i t  dewatering, 

The impacts discussed in the  construction phase apply. The total ground 
water abstraction  is  estimated to reach a peak o f  about 2000 m3/d about 
8 years  after  construction  starts. This includes an estimated 400 m3/d 
which  would seep from the diversion canal. This pumpage rate would 
gradually  decline to a rate of about 1000  m3/d a t  the end of 35 years 
of mining operations. The  maximum zone o f  influence due to p i t  dewatering 
i s  shown i n  Figure 6-2 and there would be no impact on local  aquifers 
beyond this zone. 

Orainaqe  Control in P i t  Area 

Comments given in the drainag'e  ditching  section of construction phase 
apply. In addition some additional in-mine drainage would be required to 
collect  surface water and somie ground water seepage a t  the bottom of  the 
p i t .  As in  the  construction phase the  overall impact would  be anbivalent. 

Finney Creek Diversion 

Very l i t t l e  data  is  available on the so i l s  along the  diversion canal mute. 
The surficial  soils  consist Of t i l l s  and outwash deposits  typical of 
respectively hummocky moraine and ice  contact deposits. Data from field 
observations i n  the  area  suggest that  the  route  crosses through a 
significant ground water discharge zone (see Figure 3 - 4 ) .  This zone 
appears to be discharging water from a series of shallow ground water flow 
systems t h a t  are  possibly  related to past  earth  slide  activity in the 
area. 

a 6 - 15 



m m  

I 
m 

a L 

.. a 

I 

L 

I 
I 

I 

I 

I 

I 

a 

beak 
.. .""" ~" 

The hydraulic  conductivity of the ground moraine i s  l ikely to be relatively 
variable, ranging from to 10-8 m/s. Estimated seepage losses 
from a lined  ditch  are in the order o f  50 t o  150 m3/d per km length of 
canal. Hence the diversion cainal would collect  ground water seepage flows 
around the Finney Creek area alnd distribute this seepage toward the s o u t h .  
Presently much of  the seepage that does appear on the ground surface around 
Finney Creek will re-infil trat .e i n t o  the ground and eventually reach Hat 
Creek through surficial sediments. 

The diversion  will  redistribute ground water seepage flows toward the 
south. Based on the limited  data the resulting impact i s  likely to be 
ambivalent. 

Houth Meadows Dump 

The hydrogeology of the  existing dump area i s  described  in  Section 4.1 ( a )  
( i i )  8. When dumping  comnences in this  area some major changes in ground 
water flow patterns  are  likely to occur particularly in the  limestone 
bedrock a t  the north of the dump. The placement of waste rock in  the 
ground water discharge  areas i n  the northern  part of the  valley  will cause 
a progressive  restriction of t:hese ground water flows from the  limestone 
and consequently the water table i n  the  limestone  will start  to rise. 

Hydraulic Conductivities  are  e'stimated to be  between 10-5 and 10-3 
m/s for  loose dumped waste rocI( and these  values would be reduced to about 
10-11 m/s as  the waste rock consolidated under i t s  own w e i g h t  a t  the 
bottom o f  the dump. Data on hydraulic  conductivities of Hat Creek waste 
rock materials  are very limited. The lower range values assumed  above are 
based on laboratory  tests of  Hat Creek samples and  some field data from 
other coal mine areas  (see Tab1 e 6-31. The upper range  values  are esti- 
mated hydraulic  conductivities and are assumed to apply to the upper 30 m 

m 
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Uasre Type 

Bottm Ash 

B o t r a  &h 

F l y  Anh 

F l y  Ash 

Coals from US 
N o r t h e a s t  

Hat Creek 

cu.1s fro. us 
N o r t h e a s t  

U.K. 

Hat Creek 

Hat Creek 

NE; USA Si l t s tone  
L Shale 

Uestern. USA 

- 10-2 

23 1378 

19.5-32 1188-1486 ZrlO" 

- 

12.5 

9 -51.9 

- 

C o d  f . H y d r a u l i c  Information 
of Conduccivlcy Source 

U n i f o r m i t y  11 a Ref. No. 

5 . 0 ~ 1 0 - ~  6 

Y . 4 ~ 1 0 - ~  

48  10-6(2) 

- 5 ~ 1 6 ~  6 

- 5 ~ 1 6 ~  

5x10" 

- 2 = 1 0 - ~  8 

1.2110-8 

1301-1568 0 . 2 1  23.4  1.2r10-fJ 10 

0 .44   31 .4  5.9.10-4 

752-1650 l.2~10'~ 5 . 6  'lo-8(l) 10 

0.1 40 .5  6.Ur10" 
- - - 10-5 IO" 12 

Notes: (1) Vertical hydraulic  eonductivltira. 
(2 )  Calculated hydraulic  conductivities fram s i z e  grading. These ve lure  are very   approximate .  
(3)  Based on laboratory caarlnb: of remoulded ua~ l te  rock samplra.  
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of  the  waste dump only. Due to  the wide  range o f  expected  hydraulic 
conduc t i v i t i es ,   p red ic t i ons  on seepage losses to the  ground  water table  are 
d i f f i c u l t  to make  as  much would depend on  dump operation  techniques used. 
However the  fo l lowing summarizes some o f  the probable  impacts: 

- i n i t i a l l y  when the waste rock i s  dumped it would be loose and 
seepage water  would e a s i l y  pass through. 

- as the dump height  increases  the  material  in  the  bottom  of  the 
dump would become  more compact and would  tend to seal o f f  the 
seepage flow  through  the base o f  the dump. 

- the  water  table i n  the 1 imestone  bedrock  would r i s e  a t  about  the 
same rate  that   the dump surface  rises. 

- ground water seepage  and surface runoff  from  the  l imestone 
bedrock  would f l o w  t w a r d  the dump until the  water  table i n  the 
dump  became higher Uhan the ground  water d iv ide   in   the  bedrock. 
A t  t h i s  po in t  seepagie f r o m  the dump would f l o w  i n t o  the  bedrock 
( s e e   i l l u s t r a t i o n s  i l n  Figure  6-3a). 

- the  major seepage 1o:sses t o  the  ground  water table '  would  occur 
i n  the  northeastern  corner,  around the saddle embankments  and 
beneath  the  east embankment (see i l l u s t r a t i o n   i n   F i g u r e  6-3a). 
Estimated seepages fi-om the dump through  the  limestone  bedrock 
have been  made assuming a hydrau l i c   conduct iv i t y   o f  bedrock 
equal to 10-7 m/s. These estimates  are:- 

under  the  east embankment 10 - 50 m3/d (see  Figure 
6-3a).  This i s  only 20 percent o f  the  est imated  natura l  

ground water seepage, see Section 4.1 (a) ( i i )  6. As 
shown  on Table  6-1,  approximately 30 percent o f  t h i s  
seepage could be intercepted by the coal p i t  dewatering 
system. 
northward  arourld the saddle embankments 200 - 600 m3/d 
( s e e   i l l u s t r a t i o n   i n   F i g u r e  6-3a) (note:  these  f igures do 

no t   inc lude seepages through the embankments themselves as 
t h i s  seepage dales not reach  the ground  water tab le) .  

The  dump would have a s i g n i f i c a n t  impact on ground water tables and f low 
d i r e c t i o n s   i n  the limestone  bedrock north o f  the  Houth Meadows. This  would . 
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r e s u l t   i n  a d ivers ion  o f  an (estimated  additional water f low  o f  400 & I d  
toward  the s u r f i c i a l   a q u i f e r  i n  Marble Canyon. This  represents  about a 50 
percentTncrease  in  ground  water f l o w  i n  the  limestone  bedrock on the 

south  side  of  the canyon. The ground water l e v e l  i n  the canyon aqui fer ,  
which  flows  eastwards,  would r i s e  by a few metres bu t  would not  reach  the 
ground  surface. The resu l t   rmu ld  be a major benef ic ia l   impact on the 
Canyon aquifer.  This assume!; t h a t  the seepage water qual i t y  would be 
sat is fac to ry .  

The est imat ion o f  seepage f l o w s  through  the embankment structures,   whi le 
n o t   s t r i c t l y  ground  water flows, have been estimated to be  between 300 and 
1,500  m3/d. This seepage w x l d  depend on  embankment  and dump 
construction  procedures used,  and on the  hydraul ic  conduct iv i ty o f  the 
loose upper ma te r ia l s   i n   t he  dump. 

Medicine Creek O u q  

The depth to ground  water tab le  below  the base o f  the dump i s  about 30 m 

below  ground  surface and hydr ,au l ic   conduct iv i t ies   o f   under ly ing bedrock and 
s u r f i c i a l  sediments  are  low (10-8 t o  ,IO-7 m/s). When the  waste 
rock dumping c m e n c e s  there lwi11 be some seepage down to the  water  table 
and l a t e r a l l y   i n t o  the s ide  wal ls.   This  would  resul t   in a r i se   o f   t he  
water  table by 10 t o  30 m and possibly to the ground surface.  Eventually 
the  steeper  hydraul i c   g r a d i e n t  toward  the  Hat Creek Val ley would daninate 
and ground water seepage would become greatest  i n  t h i s  d i rec t i on  (see 
Figure  6-3b). 

The waste  rock to be dumped i n  t h i s  area would be coarser  than t h a t  placed 
i n  the Houth Meadows. I n i t i a l l y  t h i s  material could be "free-draining'' f o r  
a per iod  o f  a few  months a f t e r  placement. However, the  e f fects   o f  weather- 
i n g  and consol idat ion would  reduce hydraul ic   conduct iv i t ies  to values 
s i m i l a r  to those  given for  the  Houth Meadows  dump. Recharge to the dump 
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would cane from; p r e c i p i t a t i o n  on the  loose  surface  materials (assumed to 

be re la t ive ly   coarse) .  1eaka.ge f rom diversion  canals around the dump and 
from seepage from  the small pond behind  the embankment a t  the  eastern end 

o f  the dump. 

Some minor seepage losses  from t h i s  dump to the ground  water, i n  the  order 
o f  about 10 - 50 m3/d, could be expected and a minor  beneficial  impact 
would  result. The estimated maximum short  term seepage through  the 
embankment would be between 300 and 2,000 m3/d.  However, t h i s  seepage 
would  not  reach  the ground w t e r  table. The f a t e   o f  these seepage flows 
are  sumnarired i n  Table 6-1. 

North  Val ley Dump 

This dump would Store aPProximatelY 9.2 x - 1 0 6 ~ ~ .  m-of su r f i c i a l   ma te r ia l s .  The 
estimated dump area i s  0.5 sq. km and the average hydraul ic  conduct iv i ty  of  

the  material  could be about m/s. 

The  dump straddles  the a1 l uv ia l   aqu i fe r  and cuts  across  the  eastern end o f  
the  marble canyon aquifer.  Estimated depths to the ground water  table 
suggest that   the ground  water  would be no closer than 7 m from the base o f  
the waste dump. Prec ip i ta t i ' on  on the  top  surface  of  the dump would e i ther  
run-of f  or seep  down through  the dump.  By assuming a maximum of 10 per- 
cent o f  the annual p rec ip i t a t i on  would seep through  the dump, the 
ca lcu lated maximum seepage olut o f  the base of   the dump would be 50 
m3/d. This would be  an unsaturated seepage f l o w  and most o f  the 
discharge would f l o w  down to the a l luv ia l   aqu i fe r  below. 

The resul tant   vould be a minor  beneficial  impact on the  local ground water 
resource. 
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Creek Diversions Around Dump Areas 

The d ivers ion   o f  the creeks wasuld r e s u l t   i n  some ground  water  recharge a t  a 
h igher   e levat ion as a r e s u l t   o f  leakage  from  the  diversion  canals. The 
hyd rau l i c   conduc t i v i t y   o f  the natural  s o i l s  around the proposed dumps would 
be r e l a t i v e l y  low ( l e s s  than IO" m/s) i n  most areas. By assuming a 
typ ica l   c ross-sect ion o f  channel and an estimated  wetted  perimeter o f  about 
5 m the  estimated seepage from  the  unlined  diversion  ditches  would be 

between 50 t o  150 m3/d per km length o f  channel. 

The ground  water t a b l e   i n  the Medicine Creek area i s  i n  the order  of  30 m 
below  ground  surface i n  the  va.lley  bottom and i s  estimated to be less  than 
30 m i n  the  bedrock on the  val ley  wal ls.  The leakage  from  the  ditches 
would cause the  ground  water tab le  to r i s e  by  a  few tens  o f  metres. 
However the  exact   mount   o f  r i s e  cannot be estimated a t  t h i s  stage. 

The proposed  Houth Creek diversions  are to go around  the dump perimeter and 
along  the  southern  side o f  t h e  Marble Canyon Valley. Most o f  the  surface 
s o i l s  would be g l a c i a l  till, hiowever the  ditches  would have to be cu t  
through  sol id  l imestone  bedrock i n  some sections, and i n  other  sections 
co l l uv ia l   depos i t s  would be encountered. Hydrau l i c   conduc t i v i t i es   i n  these 
areas  would be high and seal ing  of  the  bottom o f  the  ditches  would be 
required. 

The d ivers ion  o f   the two creeks  through  ditches  around  the two dumps would 
r e s u l t   i n   i n c r e a s e d  ground wat.er recharge i n  the  val ley  sides.  In  the 

Houth dump area, there would be a t rans fe r  o f  water to the  Marble Canyon. 
This  increased ground water recharge  would be  a minor  beneficial  impact 
p a r t i c u l a r l y   i n   t h e  Marble Canyon area where there i s  a s i g n i f i c a n t  
aqui fer .  

Dump Area  Drainage  Ditching and Lagoons 

These ditches  would he1  p to contro l  ground water tab les   i n   t he   va l l ey  
bottom. bu t  would  have no major impact on the  overal l  ground  water 
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a m  resource. The r e s u l t  would be a minor  impact on water  tables and the 
ground  water f low regime. .... 

" B. Plant  

I- 

a 
.. 

I 
c 

Water Reservoi r  

The s u r f i c i a l  sediments i n   l h e  area  are made  up p r i m a r i l y  o f  c lay   w i th  
g l a c i a l   d r i f t .  Based on l im i ted   boreho le   in fo rmat ion   in   o ther   par ts   o f   the  

Medicine Creek Val ley and on the  bedrock  geology map (F igure 4-11 the 
under ly ing bedrock i s  l i k e l y  to be a  sedimentary  rock wi th   hydraul ic  
conduc t i v i t i es   o f  about m/s. The depth to ground water tab le  i s  
n o t  known but  i s  1 i k e l y  to be i n  the  order  of 2-10 m below  ground. 
Estimated seepage losses  from  the  reservoir to the ground  water tab le  would 
be  between 3 and 10 d / d .  

The seepage from  the  reservoir  could  raise  the  local  water  table by  an 
order   o f  a few metres.  This, i s  considered a minor  benef ic ia l  impact. 

Ash Disposal  Faci 1 i t i e s  

The pro ject   descr ip t ion(3)   descr ibes one preferred scheme (base scheme) 
and th ree   a l te rna t ive  schemes  (Schemes I, I I a  and I I b )   f o r  ash disposal 

from  the power plant. These schemes are sunmarired i n  Table 6-2. 

The quant i t ies   o f   rec i rcu lat . ion  water  and water l o s t   w i t h  the ash f o r  
various  types  of  Hat Creek c:oal are  given i n  the water management study 
I n t e g - E b a s ~ o ~ ~ .   T h i s   r e p o r t .  shows that  the  estimated  water  discharge 
t o  the wet ash ponds i s  91.2 l / s  (7880 d / d ) .  All of  t h i s  water  would 

be stored i n  the pond, some would eventual ly be l o s t  as evaporation from 
the pond surface and some would seep through  the  retaining  structures or 
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through  the  local   surf ic ia l   Inater ia ls.  No deta i led   tes t ing   resu l ts  on the 
engineering  propert ies  of  Hat Creek f l y  and bottom ashes are  avai lable. A 

summary o f   se lec ted  ash proper t ies   repor ted   in   the   l i te ra tu re ,   together  
w i t h  some data on Hat Creek ,ash are  included i n  Table 6-3. These 
prel iminary  data  suggest  hydraul ic  conduct iv i t ies i n  the  range 10-6 - 
10-4 m/s for   Hat  Creek bottom ash  and 5 x  10-9 - n/s f o r  
Hat Creek f l y  ash. 

The fo l low ing  i s  a brief  discussion  of  hydrogeological  condit ions and 
estimated seepage flows  from  the  proposed ash disposal dumps  and three 
a1 ternate schemes.  The estimated  flows  are  approximate (t 5 0  Percent) 
and are  intended  to  represent. maximum steady.s tate seepage-flows.  The f a t e   o f  

the  ground  water seepage for  each scheme i,s sunmarired i n  Table. 6-1. 

Base Scheme - 
A till blanket  covers most 01' the  sandstone - shale - greenstone  bedrock i n  
the  proposed ash  pond area.  Boreholes RH77-48 and RH77-49 are  located i n  
the   v ic in i ty   o f   the   wes tern  embankment (see  logs i n  Appendix A3.0). F i e l d  
tests  of   the  hydraul ic  conduct iv i ty  of   these bedrock  sediments i n  the 
boreholes gave values o f  about  10-7 m/s. The depth to ground  water 
t a b l e   i n  the  bottom  of  the  valley i s  about 20 m. 

The upper  Medicine Creek Val ley forms a natural  containment bowl f o r  
re ten t ion   o f   the  wet ash.  Hclwever a major f a u l t  passes  beneath  the pond 
(see  Figure 4-1) and t h e   p o s s i b i l   i t y  of seepage along t h i s  f a u l t  was 
considered. However, t e s t s   i n  Boreholes RH77-48 and 77-49 do not   ind icate 
s ign i f i can t   hydrau l i c   conduct iv i t y   d i f fe rences  between f ractured and 
unfractured  rock i n  t h i s  val ley. If the  hydraul lc  conductivi ty  values 
obtained  from  the G o  boreholes  are  representative  of  the bedrock  over  the 
e n t i r e  sit., then  the seepage from t h i s  pond i s  n o t   l i k e l y  to be very 
high. 

By assuming  the condi t ions shown i n  Figure 6-4. the  estimate of  seepage 
105s to the  ground  water tab le  underneath  the  western dam embankment,  when 
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a t   f u l l   c o n s t r u c t i o n   h e i g h t ,   i s  20  m3/d. L i t t l e  data i s  ava i lab le  on 
the  geology a t  the  eastern  sidle  of  the pond ( i n  topographic  divide). However 
the  estimated seepage to the  ground  water tab le  beneath  the pond and 
f low ing  eastwards  through  the  topographic  divide i s  10 m3/d. Depending 
on the  type  of embankment const ruct ion a t  the  western end of  the pond, the 
seepage through t h i s  structure  could be between  20 and 100 m3/d. 

The seepage losses to  the  ground  water table  are  from  physical  considera- 
t ions  only,  considered to be a minor  beneficial  impact. 
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A1 te rna t i ve  Scheme I : 

L i t t l e  geologic  data i s  avai lable  for   the  evaluat ion  of   the  Harry Lake 
area. No boreholes have been d r i l l e d   i n  the  proposed  bottom ash disposal 
area. However, some ho les   d r i l l ed   sou theas t   o f   t he   s i t e  (see DOH-827, see 
F igure  3-4)   ind icate  that  bedr'ock i s  about 10 m below  ground surface and 
that  the  surface till deposits  are  extensive. The ground  water t a b l e   i s  
about 3 m below ground. 

I n  a wet ash disposal scheme at the  Harry Lake s i t e  a considerable  mount 
o f  seepage could  f low  both  out  of  the  toe  of  the ash spoil  slope and as 
ground  water seepage under the dump i t s e t  f (see  Figure 6-5). Most of  the 

ground  water seepage would  reappear i n  the channel o f  Harry Creek and would 
be c o l l e c t e d  i n  the catch basin. However the estimated  recharge added to 
t h e   l w a i  deep ground  water f low system resu l t i ng  from  the ash storage 
would be about 20 d / d  (see  Figure 6-5). This ground  water  flow system 
d ischarges  in to   the  g lac io- f luv ia l   aqui fer   in   the  bur ied bedrock va l ley  
(see  loca t ion   F igure   3 -4) .   In   add i t ion ,   dur ing   the   d r ie r  months, much o f  
t he   f l ow   i n   Har ry  Creek appears to seep  dorm to th is   aqu i fe r .  

W h i l e   n o t   s t r i c t l y  ground m t e r  seepage the maximum annual above ground 
seepage (i.e. i n  the ash o r   re ta in ing  embankment) would be between 20 and 
100 m3/d.  The seepage from  the pond  would  have  a  minor bene f i c ia l  
impact on the lwal ground  water  flows.  This seepage, plus seepage losses 
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from Harry  Creek  would indirlxtly recharge  the buried channel aquifer i n  
the Hat Creek Valley. 

The disposal of f l y  ash i n  the Upper Medicine  Creek Valley would have 
similar impacts to the base scheme w i t h  a lower magnitude. Annual  peak 
seepage flows through the embankment would be  between 20 and 80 d / d .  

Alternative Scheme IIa:  

Most of the water losses would be as  direct seepage out of the  toe of the 
bottom  ash storage  area. However,  some seepage to the ground water table 
would occur. The total seepage losses to the ground water table frm the 
bottom ash storage  area, wet pond  and f ly  ash storage  area combined i s  
estimated to be 35 m3/d (see Figure 6-61. Depending on the d e p t h  to  
na tura l  ground water table arid thickness and hydraulic  conductivity of the 
underlying til 1 ,  some ground water seepage  could surface i n  Harry  Creek. 
Peak  annual  above ground seepage would range between 20 and 120 d / d .  

As w i t h  A1 ternative Scheme I ,, the seepage from the ash storage  area would 
indirectly recharge  the  buried channel aquifer, both as seepage from 
beneath  the storage  piles and as seepage losses  resulting from increased 
flows i n  Harry  Creek. The ash storage would result i n  a minor beneficial 
impact on ground water resources. 

A1 ternative I l b :  

Precipitation and  some residual  moisture  retained i n  the ash.would seep 
down through the ash piles anld enter and eventually  saturate  the  surficial 
sediments and bedrock  below (see Figure 6-7). The total seepage losses to 
the ground water table would be about 35 d / d .  The  above ground 
seepages surfacing a t  the toe of the bottoRl  ash pile would be  between 20 
and 120 m3/d. These seepage losses would indirectly recharge  the 
buried channel aquifer. 

. 
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Flue Gas Desulphurization Vaste Sol ids Area 

No detailed information is   available on the  subsoil  conditions a t  the 
proposed pond s i te .  However, assuming a 10 m thickness of t i l l  and/or a 
compacted clay l iner w i t h  an average hydraulic  conductivity of 10-8 
m/s, the  estimated seepage loss from this pond would be 140 m3/d. This 
represents a minor beneficial impact on the ground water resource. 
However, water quality  considerations might  negate this  benefit. 

Ash Sluice Water Sludge Area 

L i t t l e  data  i s  available on the construction  details and soil  conditions a t  
the   s i tes  of  these f ac i l i t i e s .  However. the seepage losses to ground water 
are  likely t o  be low due to the  presence of t i l l  a t  or near the ground 
surface. This activity would result  i n  a minor beneficial impact. 

Creek Diversions 

The  same  comments given i n  the  construction phase will apply. 

C. Offsites 

. 

U 

Hat  Creek. Diversion 

Canal (Base Scheme): 

The surficial sediments along the canal route  are l ikely to be very varied 
ranging from relatively clean  sands and gravels to dense t i l l .  The 
estimated  hydraulic  conductivity of these sediments  could  range from 
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10-8 t o  mls. The depth to ground  water table  along most o f  
the  canal  mute  would  generally be greater  than 100 m. I f  we assume tha t  
the  h ighly  pervious zones are   l ined   w i th  a  low permeabi l i ty   mater ia l  and 
t h a t  the average hydrau l i c   conduct iv i t y   o f  the mate r ia l   a t   t he  canal base 
i s  10-6 m l s ,  then  the  estimated seepage loss per ki lometer would be  100 
m3/d. Thus, the  to ta l  seepalge over  the  ent i re 6.37 km canal  would be 
637 m3/d. 

Minor  ground movements  due t~ p i t  excavation  could cause some  damage to the 
l i n e r   m a t e r i a l   i n   t h e  canal  invert. However, t h i s  damage would be repaired 
as pa r t   o f   t he  on-going  maintenance of  the  canal system. 

The canal  follows  the same d, i rect ion  o f  the bur ied channel aqui fer  and most 
o f   the  seepage would i n f i l t r a t e  d m  through the unsaturated  sediments to 

th i s   aqu i fe r .  However, the  canal i s  located near  the p i t  rim and most o f  
the  recharge i s  wi th in   the zone o f   i n f l u e n c e   o f   t h e   p i t  dewatering. 
Consequently,  most of   the seepage would be c o l l e c t e d   i n   t h e   p i t  dewatering 
we1 1 s. Some seepage beneath  the  northern end of   the canal  would f low 
nor thwards,   resul t ing  in  a minor  beneficial  impact on the  bur ied channel 
aqui fer .  

Canal (A1 te rna t ive) :  

I n  t h i s  a l te rna t ive ,  some of  the  Hat Creek f low would be pumped i n  a pipe 
to   the power p l a n t  and a small l e r  f l o w  diver ted around the p i t   i n  a  small 
canal. The  seepage losses  from  the  pipe  would be negl  fgible, however a 
minor seepage loss of  about 1100 d / d  from  the  canal can be ant ic ipated. 
There  would be a minor  beneficial  impact on the  local ground  water f lows.  

R e w r v o i r  (Base Scheme): 

The s u r f i c i a l  sediments a t  the  proposed  reservoir dam s i t e  are l i k e l y  to be 

made  up o f  a1 luvium  close to the  creek and  dense til 1 deposits  beneath  the 
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alluvium and f lank ing the val ley  wal ls.  Average hydraul ic   conduct iv i t ies  
i n  the  order  of 10-5  m/s for the a1 luvium and  10-7 m/s for   the til 1 
can be expected. The estimated seepage losses  through and underneath  the 
dam would depend  on construct ion  detai ls.  However,  seepage losses  of about 
1,OOO d / d  could be expected even i f  a seepage blanket was insta l led.  

The estimated ground water f low down v a l l e y   i n  the  alluvium i s  2.300 
m3/d (see  Section 4.1 (a)  i i )  A).  Thus, the  reservoir  dam would  lower 
the ground water   tab le   in   th is   aqu i fe r  downstream of  the dam. Thus, the 
natural  ground  water f low i n  t h i s  aqui fer  would be reduced by  43 percent. 

There  would be a r i s e   o f  between 20 and 35 m i n  the ground  water tables 
along each side  of  the  val ley  south o f  the embankment.  However, the  overa l l  
impact on the   a l luv ia l   aqu i f 'e r  would be ambivalent. 

Reservoir (A1 ternate): 

Th is   a l te rna t ive  proposes tha t  a large  reservo i r  be retained  behind a 30 m 
high dam. The reservoir  would be  much larger  than proposed i n  the base 
scheme (15 m) .  Estimated seepage losses under the dam would be a t   l e a s t  
twice as great as the base  case. The resu l tan t  impact  would be 
ambivalent. 

Drainage  Control  Along Main Access Road 

There  would be a minor  ambivalent  impact due to increased ground water 
recharge i n  some areas and reduced  ground  water tables i n  others. . 
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Reclamation o f  Dumps 

Some ground  water  could be used to i r r igate  the  revegetated dump areas. 
The recharge to ground  water  table  would be neg l i g ib le  and considerably 
less  than  dur ing the operating stages. The overal l   impact on ground  water 
would be ambivalent. 

Reclamation o f  P i t  

The ground  water tab le  would re tu rn  to i t s  present  elevation. Based on 
geotechnical  data  obtained i n  the   eva lua t i on   o f   t he   s tab i l i t y   o f   t he   p i t  
side  slopes,  a moderate r i s e   i n  the ground  water tab le  would make the  wall 
unstable. Thus, as the   an t i c ipa ted   r i se  o f  the  water  table  during  the 
f i l l i n g   o f   t h e   p i t  would be very  large,  there  would be s i g n i f i c a n t  slope 
i n s t a b i l i t y .   T h i s  would cause very  severe  downhill  slope mvement. The 
resul t ing  downhi l l   s lope movemerlt would make the  task o f  maintaining  the 
d ivers ion   cana l   very   d i f f i c l  t and extremely  expensive. 

Ground water  recharge to the a l l u v i a l  and bur ied bedrock va l ley   aqu i fe rs  
would be restored to s l i g h t l y  msre than  pre-construction  f lows. However, 
the  overall  impact  of  the  decomnlissioning  of  the p i t  would be a  major 
negat ive  impact  resul t ing  f rom  the  r is ing ground  water  table. 

Maintain Creek Diversions Around the P i t  

The canal  would  continue to recharge ground water to loca l   aqu i fe rs  
r e s u l t i n g   i n  a minor  beneficial  impact on ground water resources. 

Maintain Wrainage Diversions 

As ou t l i ned  i n  the  construction phase the  impact from stream divers ion 
would be ambivalent. 

. 
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'. Reclamation o f  Ash Disposal  Areas 

The cessa t ion   o f   c i r cu la t i on  water discharge and the  plant ing  of   vegetat ion 
on dump surfaces  would reducle ground  water  recharge. However, the  ra te  o f  
recharge  would s t i l l .  be sl ig lht ly  greater than the  pre-construction  rates 
and  the n e t   r e s u l t  would be a minor  benef ic ia l  impact. 

Mainta ' in   Di tch ing Lagoons and  Creek Diversions 

As with const ruct ion phase, the  impact  would  be  ambivalent. 

c. O f f s i t e  

There  would be no impacts  caused by o f f s i t e   f a c i l i t i e s   d u r i n g  the 
decomnissioning phase. 

v)  Overall  Impact Assessment 

The impacts o f  the  proposed  development on the  ground  water  resource  are 
summarized q u a l i t a t i v e l y   i n  it matrix  given i n  Appendix E. Q u a n t i t a t i v e  
values  of  the more eas i l y  assessed  impacts  are  sumnarized i n  Appendix F. 

Th is   quant i ta t i ve   mat r ix  re lates impacts t o  the three major aquifers i n  the 
area. 

The t o t a l  ground  water  resource i n  the area  would  not be ser iously  af fected 
by  the  proposed  Hat Creek Project. However, most o f  the m i t i g a t i n g  
benef ic ia l  impacts  are  contingent on sat is factory   water   qual i ty  a t  the 
p o i n t  o f  recharge. Most o f  lhe ground water abstractions  apply to the 
const ruct ion  per iod  on ly  and would not  apply h e n  Thompson Rtver  water i s  
made avai lable.  
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The p i t  dewatering system would pump  up to 3,000  m3/d o f  ground water 
a t  peak periods.  This  dewatering and the p i t  excavation  would  cut  the 
a l l u v i a l   a q u i f e r   i n   h a l f  and s i g n i f i c a n t l y  reduce  gwund  water  flow i n  the 
northern end o f  t h i s  aquifer.. However,  even t h i s  peak flow  represents  only 
32 'percent o f   t h e   t o t a l  ground  water ava t lab le   fo r  development i n  the 
northern  part   of   the Val ley..  Most o f  t h i s  water  would be returned to Hat 
Creek  and only a small  percr!ntage ( less than  ZO.percent).,would be l o s t   i n  
evaporation from the p i t  walls. The steady state ground water pumpage from 
the p i t  would be about one ha1 f the peak f low and only 16 'percent o f  the 
t o t a l  ground water  resource. 

The upper parts of the waste dumps would act  as large sponges tha t  would 
re ta in   p rec ip i t a t i on  and surface  water  run-off  during wet periods and would 
release  th is  water,   a long  wi th  soi l   misture  expel led  wi th s i 1  water 
resu l t ing  from consolidation,  gradually  during  the remainder of  the  year. 
As the  bottom  of  the dumps h w l d  be we1 1 sealed,  most of  the seepage would 
be directed  into  the  val ley  walls and to surface  water channel;.  The to ta l  
seepages from  these dumps, bo th   d i rec t l y  to these  channels and to ground 
water,  could be s ign i f i can t  i f  the  rock does not  canpact under i t s  own 
weight. However, the combined maximum discharges to  the ground water table 
from  the  three waste dumps represents  only 7 percent  of  the  total 
resource. 

As with  the  waste dump, the seepage from the ash dumps  and ponds would 
largely  affect  the  surface water  flows and  have only a minor  impact on 
ground  water.  Most diversion  canals and ditches would red is t r ibu te  the 
surface  water and s l i g h t l y  increase  recharge to the ground water  aquifers. 
However,  seepage  from the  Hat Creek diversion canal  would cause some slope 
i n s t a b i l i t y  and during  the  clecmissioning  stage would seriously  affect  the 
operation  of  the  canal. 

All impacts on the  ground wa'ter resources would be r e s t r i c t e d  to an area 
with a radius  of  about 7 kin From the  center of  the  coal  pit.  Within  the  area 
of influence  there would be many minor negative impacts, however, these would 
be mi t igated by an equal nwnber of benef ic ia l  impacts and the  net impact  would 
be ambivalent. 
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(b) Surface  Water 

A major  surface  coal  mine and thermal  power  plant  can  affect  surface  waters 
in many ways. Before  discussing  the  detailed  impacts  of  the  various  project 
activities, a discussion of the  processes  which  generate  impacts  may be in 
order.  They  are  generally well understood,  although  some  cannot be quantified 
with the type  of  data  available  for  the Hat  Creek area. The  predominant pro- 
cesses by which  the  Hat  Creek  development  will  affect  surface  water  hydrology 
in the  Hat  Creek  area are: 1 )  modification  of  the local water  balance by chang- 
ing the  nature  of  the  ground  surface, and 2) re-arrangement  of  the  drainage 
system. 

The  project  will  eventually  involve some surface  disturbance  over an area 
o f  approximately 35 km , 97 percent  of  which lies i n  the Hat  Creek  drainage. 
Most  of  the  remaining  area lies in the  Cornwall  Creek  drainage.  The  effects 
of  surface  disturbance  can  vary  widely,  depending on the  details  of  the  activ- 
i ty. 

2 

Simple  clearing of the  relatively  sparse  forest  cover in the Hat  Creek  area 
has  the  following  three  principle  effects: 

1. Interception losses are  almost  eliminated,  thereby  making  more  pre- 
cipitation  available for storage in the  snowpack,  for  infiltration, 
and for  runoff. The magnitude  of  this  effect is difficult  to  estimate 
but, based on various studies cited by Chow13. the  increase in precipi- 
tation  reaching  the  ground  could  be  of  the  order o f  5 to 10 percent, 
or 15 to 30 mn. New  growth  of  grasses  or  shrubs on cleared  areas  could 
quickly  eliminate  most  of  this effect. 

2. The  depth  of soil available  for  active  soil  water  storage is reduced. 
Comparison  of  the  two  parts  of  Table 81-2, for 200 mn and 100 mn of 
soil storage  respectively,  gives an estimate  of  the  magnitude  of  this 
effect. Runoff is seen to increase  from  zero  to 22 mn. 
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3. The forest  canopy  tends  to  prolong and delay  snomnelt by several weeks, 
thereby  reducing  peak  runoff  rates  during  spring  freshet. 

Secondary  effects  due  to  clearing  include  decreased  infiltration  capacity, 
decreased  surface  storage and hydraulically  smoother  surface. A l l  these  fac- 
tors  work i n  the  same  direction  as  the  main  effects,  namely  towards  earlier 
and larger  flows.during  spring  freshet and during  rain  floods. 

These  conclusions  are  well  supported by extensive  studies on the  effects  of 
logging  on  streamflow  regimes . In the  case  of coal  mines  there  are  fewer 
studies and the  conclusions ar'e not  nearly as clear cut. Collier  et a1 , 
and Curtis 16'17 find  that minemd drainage  basins  do  produce  larger  floods but 
the  converse  has  also  been not'ed (Cederstrom18;  Curtis ). This is not  sur- 
prising  since  clearing i s  only  one  of  several  activities in coal  mining  that 
can have major  effects  on  the  surface  flow  regime.  Runoff  storage in pump 
sumps and in sedimentation  basins,  or  increased  ground  water  storage in deep, 
permeable  coal  or  waste  piles  .are  other  mining  activities  that  tend  to  delay 
and regulate  runoff. 

14 
15 
" 

19 

Another  important  secondary  effect  of  clearing is increased  erosion  and  sedi- 
ment yield. Clearing  exposes ,soil to erosive  action of rain, sheet  flow and 
concentrated flow. The effect of logging  on  sediment  yield has been  studied 
extensively but the  findings  depend  strongly on local  climate,  soils and ter- 
rain slopes and are therefore !not readily  transferable.  Assuming that clear- 
cut logging  corresponds  to  clearing,  the  sediment  yield  from  small  areas  could 
increase by a factor  of 2000 to 4000 . 14 

Collier et all5 list some  comparative  sediment  yields  for  various  surfaces 
in the  surface-mined  Beaver  Creek  drainage  basin of Kentucky,  indicating  that 
spoil  banks  produce 1000 and 2000 times  more  sediment  than  equal  areas  of 
undisturbed land. Sedimentation  problems  will  be  discussed in Section 6.2 
(b) but it should  be  noted  here that,  if sediment i s  not  properly  controlled, 
it could be redeposited i n  tht! stream  channel  downstream  of  the mine, where 
it might  obstruct  the  flow and cause  flooding and erosion  damage. 
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Grading  changes  surface  slopes,,  generally in the  sense  of  making  them  more 
uniform and hydraulically  smoother.  The  effect  on  surface  runoff is unpre- 
dictable  because  the  average  surface  slope and surface  storage  might be in- 
creased  or  decreased.  The  effects  will  likely  be  much  smaller than. those 
due  to  clearing, and therefore  not  recognizable. 

The  project  will  also  change  the  ground  surface  composition  over  extensive 
areas.  Forest and rangeland  wlth  rough 'and relatively  permeable soil sur- 
faces will  be replaced by extensive  impervious  surfaces (e.g. spoil  dumps, 
buildings,  paved  areas, open p:it mink), standing  water (e.9. Medicine  Creek 
ash  dump,  make-up water reservoir),  and  smoothly  graded  surfaces  with low 
infiltration  capacity (e.9. gravel roads, storage  areas,  camps, etc). These 
areas  will  provide  considerably  increased  runoff rates. More  important  than 
this  increased  annual  average  water yield,is the  much  increased  runoff  rates 
during  periods  of  intense  rainfall  or  snomnelt.  Impervious  surfaces  can  eas- 
ily produce  runoff  rates  that  may be ten  times as  high  as the  corresponding 
rate  from an undisturbed,  natural  surface . Under  wet  conditions,  fast  storm 
runoff  from all disturbed areas combined  might  reach  over 50 percent of pre- 
cipitation,  almost  twice  the  highest  observed  value  for  Hat  Creek  of  approx- 
imately 28 percent  (Table 4-6). 

20 

The  second  major  cause  of  project  impacts  on  surface  water  results  from  the 
extensive  rearrangement  of  the  drainage  system in the general area  of  the 
mine and plant. The mine, the two spoil  dumps, the ash dump and the make- 
up water  reservoir  will  occupy  valleys and displace  the  existing  streams. 
Extensive  diversion  channels and runoff  intercepting  ditches  will  have  to 
be constructed  to  prevent  flooding  of  the  mine and of  the  dump areas.  Natural 
streams and flood  plains  are  being  replaced by a system  of  small dams,  canals, 
ditches,  chutes,  sedimentation  ponds and pump  stations. 

While  the  natural  channels can, and frequently do, overtop  their banks, the 
diversion  canals  cannot be allowed  to  do so, since  they  generally  follow  hill- 
sides-  where  overtopping  could have  serious  consequences.  The  canals  therefore 
have  been  designed  for  much  larger  flows  than  the  capacity of  the natural 
channels  they  replace and they  will  generally  operate  far  below  design  capacity. 

.. .. __ 
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They will give  the appearance c l f  large,  almcst  dry  channels  during most of 
the  year.   This  g ives  r ise  to problems with water  temperature as discussed 

in Sect ion   6 .2 (b) ( i i i )C .  

The system o f  drainage  ditches will tend t o  speed up runof f   dur ing   per iods  
o f   m a j o r   r a i n f a l l  o r  snowmelt  and t h i s  i n  turn will tend to   i nc rease  peak 
flows. By i t s e l f  t h i s   e f f e c t  hlould be neg l i g ib le   bu t  i n  combination  with 
the  extensive  surface  disturbances  discussed  ear l ier ,   the  ef fect   could be 
not iceable,   a l though  not  necessar i ly   s igni f icant.  

The tendency  towards fas te r  and  somewhat increased  runoff  i s  counteracted 
by   the   p rov is ion   o f   s to rage  in   the  head ponds of  diversion  canals, i n  sedi- 
mentation  basins and i n  pump  sumps.  The mine i n   p a r t i c u l a r  will d r a i n   i n t e r -  
n a l l y   t o  a sump, which will be pumped o u t   t o  a sedimentation  basin  at a  much 
slower  rate  than  the peak in f lows from a major  rainstorm. 

Downstream o f   t he   p ro jec t  area, the  modi f ied  runof f   reg ime  o f  Hat Creek could 
cause changes i n  stream  morphology. It i s ,  however, we l l   es tab l i shed  tha t  
stream  channel  dimensions  are r e l a t i v e l y   i n s e n s i t i v e   t o  changes i n  the  f low 
regime. Channel width  tends  to be p ropor t i ona l   t o  9°'51 while  depth i s  norm- 
a l l y  found t o  vary i n  the  range o f  Q o S 3  t o  qoe4. In p r a c t i c a l  terms t h i s  
means tha t  a 20 percent change ,in the  channel-forming  discharge  would  eventu- 
a l l y  r e s u l t  in a 10 percent change i n  channel  width and  a 6 t o  8 percent change 
i n  channel  depth.  According to   Sec t ion  4.1 ( b )   ( i i )  0 the  channel-forming 
d ischarge  o f  Hat Creek i s   i l l - d e f i n e d  because the  channel i t s e l f  i s  i l l - d e f i n e d .  
It appears t o  be of   the   o rder  10 t o  25 m? s-' with a re tu rn   pe r iod  somewhere 
between 4 and 30 years. These values  would need t o  be al tered  considerably 
before any downstream changes i n  channel  morphology  could become not iceable.  
Only  the  a l ternate  d iversion scheme with s ign i f i can t   s to rage   i n   t he  Hat Creek 
v a l l e y  and decomnissioning  by  conversion of the mine p i t  into a lake have 
the   po ten t ia l   o f   do ing  so. Divc!rsion o f  the e n t i r e  Upper Medicine Creek i n t o  

21 
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MacLaren  Creek and Cornwall  Creek  offers  a  similar  potential  for  changing 
(increased)  channel  dimensions  there. 

As part of  the  general  rearrangement  of  the  natural  drainage  system in Hat 
Creek,  Finney  Lake (16 ha)  and  Aleece  Lake (4 ha will be drained.  This 
replaces 20 ha of  open  water  with  a  corresponding  area  of  lake  sediments, 
probably  fine  grained  and  quitr  impermeable.  The  effect will be a  tendency 
for  earlier,  higher peak flow )rates during  snowmelt  or  rainfall  events and 
increased  average  runoff  due  to  the  elimination  of  evaporation  from  perennial 
open  water  surfaces.  Re-forestation  of  the  dry  lake  basin  could  diminish 
both  of  these  effects  to  a  considerable  degree. 

The  proposed  project  involves  many  other  activities  affecting  surface  water 
hydrology.  besides  the  ones di:icussed so far in a  general  context (e.g. 
culverts,  a  water  intake  on  a  major  river,  drainage  of  a  water  pipeline etc.), 
but all the main  impacts  are  associated  with  the  activities  discussed here. 
Other,  minor  impacts will be d.iscussed in the  course  of  the  succeeding  de- 
tailed  discussion  of  the  project  activities. 

(i) Preliminary  Site Ilevelopment 

The  preliminary  site  development  activities  will  have  only  minor  impacts. 
The  surface  disturbance  caused by such  activities as access  road  construction, 
installation of trailer  camps,  exploratory drilling, etc., are  too  small t o  
cause  noticeable  changes in runoff  regime, but there  will be a  certain  amount 
o f  erosion,  generating  sediment. 

The  airport  would  result in a  paved  area  of  approximately 50,000 m at  an 
elevation  of 500 m in the  Ashcroft-Cache  Creek area. No drainage system ap- 
pears  to be planned,  runoff  frtm  the  Pavement  would  infiltrate  on  adjoining 
areas.  This  approach is probably  acceptable  since  the  water  balance  of  that 
area  shows  a  large  water deficit. Whether  the  soils  surrounding  the  paved 
area  are  sufficiently permeable! to  permit  infiltration  remains  to be investi- 
gated. 

2 
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The  Bulk  Sampling  Program is  n!ow completed and a preliminary  description is 
available . The  environmental  assessment of May 1977, prior to construction, 
pointed  out  two  potential  concerns  with  Trench 6. It appeared  that  runoff 
from  the  waste  pile  could  drain  into  Hat  Creek and that  the  pile  was  exposed 
to  erosion by floods on Hat Creek.22 From  the "as built"  report it now  appears 
that some  minor  design  changes  have  been  made  to  ameliorate  at least one of 
these  problems. The exposed toe of the  waste  pile  was  built  out  of  the  coars- 
est  gravel  available  from  the  excavation. The overburden  (waste)  pile  still 
drains  into  Hat Creek. However,  since  most  of  the  material  was  below  the 
Hat Creek  water  table and therefore "well washed", this  was not  expected  to 
create  any  water  quality problems. This  would  appear  to  have  been  borne  out 
(see Section 6.2(b)(i)A). 

5 

( i  i )  Construction 

A. Mine 

Construction of the  mine  and  associated  dumps and infrastructure  involves 
extensive  clearing,  grading and earth  moving.  According  to  the  mine  des- 
cription'  up to 3400 ha of terrain  will be disturbed  during  the  course of 
mining.  Detailed  estimates of how  much  of  this will  be disturbed  during  con- 
struction  are  not  available but it is likely to be of order 1000 ha, or 3 
percent  of  the  drainage  area  of  Hat  Creek in the  vicinity  of  the  mine area. 
Besides being only a small  percentage o f  the total Hat Creek drainage area, 
the  disturbed  areas  are  also  relatively low-lying, where  surface  runoff  tends 
to be negligible  according  to  Figure 4-39. 

Erosion and sedimentation  problems  will  depend  greatly on the  details  of  con- 
struction  planning. If the va:rious diversions and drainage  ditches  with  sed- 
imentation  ponds  are  built pritor to clearing and earthmoving,  impacts  should 
be  relatively  minor but if  extlsnsive earth  work i s  undertaken  near  or in the 
existing  stream  channels  prior to diversion,  sedimentation  problems  would 
likely develop in the  downstream channel. 

- "" 
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The Hat Creek and Medicine  Creek  diversions  replace 9 km and 11.5 km of natural 
stream  habitat,  with  comparable  lengths  of  canals and ditches.  Some  other 
smaller and mostly  intermittent  water  courses  such as Finney  Creek,  Harry 
Creek and Houth  Creek,  will  also be partially  eliminated  or  replaced by ditches. 

Draining  of  Finney  and  Aleece  Lakes  should  not  damage  the  stream  environment 
if  it i s  done  slowly and carefully  as  proposed in the  mine  description.  Drain- 
ing lakes is a  difficult  operation  that  can  easily  get  out  of  hand  because 
any  erosion  of  the  drainage  channel  tends  to  increase  the  channel  capacity 
and thereby  leads  to  further erosion. Field  supervision  of  the  drainage  work 
by a  hydraulic  engineer is recomnended. 

B. Plant 

As in the  case  of  the  mine,  power  plant  construction  also  involves  extensive 
clearing and grading, but the  affected  areas  are  generally  located  200  to 
400 m higher in elevation, in ii zone  where  there is significant  runoff  (see 
figure 4-39). To what  degree  the ash pond is to be cleared  during  the  initial 
construction  phase i s  not knowrl  at this stage. By assuming  that  only  one 
third of its final  area  will be! disturbed  initially, it appears  that  a  total 
of 300 ha will be disturbed  during  the  initial  construction  phase  (prior  to 
operation of  the  first unit),  but 13 percent of this  area is contained  within 
the  make-up  water  reservoir  dikes, and a  further 49 percent  within  the ash 
pond dikes. The  impacts  on  surface  waters will be essentially as described 
in the  introduction  to  Section 6.1 (b). As in the  case  of  the  mine  waste 
dumps,  the  magnitude  of  the  impacts will depend  greatly on the  details  of 
the  construction  schedule.  Impacts can be reduced  considerably if the  make- 
up water  reservoir and ash  stor'age  areas  are  cleared only  after  the  stream 
diversions,  drainage  ditches and sedimentation  ponds  have been  installed. 

The plant construction  site  has an area o f  approximately 1 km of  which  roughly 
15 percent will be impervious.  Under  conditions of a 2 hour-2  year ston, 
storm  drainage  flows  could m u n t  to 0.2 n1~.5-~. and this  drainage  will  prob- 
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ably be released into Harry  Creek  after  passage  through  a  sedimentation basin. 
The  rate  of  release  will  depend  on  the  size  of  that basin  and on  the detailed 
design  of its outlet works. Care will have  to be exercised  to  assure  that 
the  releases  to  Harry  Creek  combined  with  natural  flows  do not exceed its 
natural  capacity,  otherwise  gullying and erosion  damage  might occur. Accord- 
ing to  Figure 4-34. the natura:l capacity  of  the channel is probably of order 
100 l - s - ' ,  which  corresponds  to  the  estimated 5-year flood flow. 

Although the project  description  provides no details on  the proposed  source 
of the construction  water supply, the most  likely source would be from  wells 
in the buried bedrock  valley aquifer. A flow  of  approximately 18 1.s' or 
600,000 m3.yr-' will be required. Any  surface  water  source in the  valley 
might be significantly  affected by such a wi.thdrawa1 but  the  construction 
period of a few years is too  short  to  cause  significant  alterations in channel 
morphology or other long-term surface  water  hydrology impacts. 

3 

The  location  of  the  construction  waste  water  discharge is also not stated 
in the  plant description.  Section 6.2 (b)(ii) B recommends  against  discharge 
into Harry  Creek  from  a  water  quality point of view. From  a  morphological 
point o f  view, Harry  Creek cou'ld be used  as  long  as the  rate o f  release is 
kept  well below  the  natural  capacity of  the stream  channel,  as  discussed above. 

C. Offsites 

From a  hydrological point of vlew. the  most  important  activities  during  con- 
struction  of  off-site  facilities will be clearing, grading, installation  of 
culverts,  stream  diversions and construction o f  a  major  river  water intake. 

The  clearing and grading  activities  are  mainly  associated  with  the  construction 
o f  the access road, the  water  supply pipeline, the  transmission lines, the 
diversions  of Hat, Medicine and Finney  Creeks and the ash retaining embankments. 
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A to ta l   o f   approx imate ly  200 ha o f   t e r r a i n  will be disturbed, 48 percent  of 
which l i e s   i n   t h e  Hat  Creek (drainage and 52 percent i n  Cornwall Creek , 

23 

In   both cases, the  disturbed  area i s  a small   percentage  of  the  total  drainage 
area.  While re la t ive ly   smal l   in   areal   extent ,   these  d is turbances are, how- 
ever,  dispersed  over much wider  areas. This makes carefu l   eros ion  cont ro l  
and treatment  of   runoff   in  'sedimentat ion ponds much more d i f f i c u l t  than i n  
the case o f  the more concentrated  disturbances  associated  with  mine and p lan t  
construction.  Surface  water  hydrology  impacts due t o  such a c t i v i t i e s  as c lear -  
i n g  and grading will depend g rea t l y  on t h e   d e t a i l s   o f  day-by-day operations. 
While  road and p ipe l ine   cons t ruc t ion  have o f ten  been observed t o  cause exten- 
s ive  damage to  surface  water  resources,  mainly due to   eros ion and sedimenta- 
t ion,  most damage i s  avoidable  with  careful  construction  proceduresz4 and 
the  proponent i s  comnit ted  to  their   adopt ion.  The bas ic   p r inc ip le  i s  t o  min- 
imize  the exposed area and t.ime o f  exposure o f  unprotected  soi l   surfaces. 

Temporary  stream  diversions,  culvert  instal lat ion and const ruct ion  o f   the 
make-up wa te r  in take on the 'Thompson River a l l  have the   po ten t ia l  f o r  damaging 
stream  environments and f i s h  r e s o u r c e s .   V i r t u a l l y   a l l  damage i s  avoidable 
by proper  scheduling,  carefu'l  execution, and adequate  design o f  any temporary 
cu l ve r t s   t o  meet f isher ies  gu ide l ines.  

( i i i )  Operation 

A. Mine 

In  the  course  of  mining,  large areas tha t  produce p r a c t i c a l l y  no surface  run- 
o f f  i n  t h e i r   n a t u r a l   s t a t e  w'i11 be converted t o   r e l a t i v e l y  impervious  runoff- 
producing  areas. The mine d e s c r i p t i o n   l i s t s   t h e  main  areas o f  concern.  Both 
a t  the  mid-point and a t  the  completion o f  mining,  the  bulk  of  the  disturbed 
area  (roughly  three  quartersl l   consists  of   the  p i t   excavat ion and the two  main 
waste dumps, in   roughly   three  equal   par ts .  The remainder i s  d i s t r i b u t e d  on 
many d i s p e r s e d   f a c i l i t i e s  (e.g.  Hat Creek diversion, roads, etc.) and  on the 
s tockp i les   fo r  low-grade  coal, for   coal   b lending and f o r   t o p s o i l .  Surface 
runo f f   f r om  these   a r t i f i c i a l ,   r e la t i ve l y  smooth surfaces will be rap id  and 
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the  proposed  extensive  system 'of drainage  ditches will con t r i bu te   f u r the r  
t o   t h i s   u n n a t u r a l l y   r a p i d  response. The proposed  two  major  lagoons and the 
large sump capaci ty i n  the  mine will, however, ac t  i n  the  opposite sense by 
permi t t ing   regu la t ion   o f   ou t f lows.  The d e t a i l s   o f   t h i s   r e g u l a t i n g  process 
are  not  known a t   t h i s  stage  but some rough  estimates can be  made. 

A ten-year, 24 hour  ra instorm  would  del iver  roughly 150,000 m o f   r u n o f f   t o  
the  mine sump, assuming 60 percent  runoff.   This would be removed from the 
mine a t  a r a t e   o f  100 l -s- ' ,   t i lk ing 17 days. Storage i n  Lagoon No. 1 would 
n o t   s i g n i f i c a n t l y   a l t e r   t h i s   r a t e   o f   o u t f l o w  and  one can assume tha t   t he  mine 
might   cont r ibute 0.1 m3. s - l   t o  Hat  Creek f o r  17 days fol lowing  such a major 
storm.  Note tha t   t he  above 60 percent i s  not  a runo f f   coe f f i c i en t   bu t   s imp ly  
the  percentage o f   t o t a l   r a i n f a ' l l   o v e r   t h e   p i t   t h a t   i s  assumed t o   f i n d   i t s  way 
t o  the p i t  sump within 17 days o f   t h e  storm. The assumption i s  based on engin- 
eer ing judgement and i s  not   intended  to be par t i cu la r ly   conserva t ive .  

3 

The Houth Meadows  Dump, with an area o f  6.15 km' could  produce  approximately 
130.000 m3 o f   f a s t  storm  runoff  (again based on 60. percent  runoff),   requfr ing 

11 m o f  storage i n  a 1.2 ha lagoon.  Storage space for  the  water pumped from 
the  mine i s   t o  be added t o  th'is volume, i n d i c a t i n g   t h a t   t h e  proposed  lagoon 
area o f  1.2 ha may be somewhal: small.  Runoff  from  the  Medicine Creek dump 
i s  l e s s   c r i t i c a l  with the  material  to  be  depesited  there  being more permeable. 
This dump will have i t s  own lagoon. 

Assuming  a 20-day discharge  period,  releases  from Lagoon No. 1 would  take 
p lace   a t  a maximum r a t e   o f  175 1.s- l .   cons is t ing  o f  100  1.S-l  pumped from  the 
p i t  sump and 75 1-s-I  from  the  retained  Houth Meadow  Dump runof f .  Releases 
from  the  other lagoons are more d i f f i c u l t   t o  estimate,  but  doubling  the above 
r a t e   t o  350 1 a s  should  lead t o  a conservative  ( large)  est imate. -1 

In   o rder   to   es t imate   the   impact   o f  such a r a t e   o f  release, it can be  compared 
with Figure 4-31, which  sumarizes  natural  f lows  recorded  by  the gauge "Hat 
Creek near Upper Hat  Creek". It i s  reasonable t o  assume that  natural   Hat 
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Creek f lows would be a t   l eas t  a t  the median leve l   dur ing   the  20 days fo l low ing  
a major  rainstorm. On that  bdsis,  the added con t r i bu t i on   o f   t he  lagoon  re- 
leases to   p reva i l i ng   na tu ra l  .flows i n  Hat  Creek could  range from 10 percent 
dur ing   f reshet   to  100 percent i n  August and September. Being based on a 10- 
year  storm, it i s  exceed ing ly   un l i ke ly   tha t   re leases   o f   th is  magnitude  would 
occur more than 10 times  durilng  the l i f e   o f  the mine. I n  Hat Creek, the 
channel-forming  discharge and the  discharge a t  which  the  lowest  parts  of  the 
f l o o d   p l a i n  become innundated  are.of  order 10 t o  25 m3*s - l  (see  Section 4.1 
(b) ( i i )  D) .  Since  lagoon  releases  only amount t o  3.5 percent  of  10 m - s  , 3 -1 

no s i g n i f i c a n t  changes i n  the  frequency o f   f l o o d i n g   o r   i n  channel  morphology 
a re   l i ke l y .  

Surface  runoff will occur  infrequent ly a t  the mine s i t e .  Except dur ing snow- 
melt,  which will not   normal ly   last   for  more than a  month (Figure 4-28) there 
will be very few runoff-producing  rainstorms.  During  the  remaining  t ime  the 
ef fect   o f   the  min ing  operat ion will main ly   cons is t   in   re leas ing  some t rea ted  
e f f l u e n t  and f low  from  the  dewatering  wells  into Hat  Creek. The potable  water 
supply f r o m  the Thompson River   (v ia   the  P lant   S i te)  has a capac i ty   o f  1.6 
l . s - ' ,  which cons t i tu tes  an i ns ign i f i can t   add i t i on  t o  Hat  Creek except  under 
exceedingly  dry  conditions  (see  Figure  4-36). The expected  flow from dewater- 
ing  wel ls ,  a t  16 1 - s - l  and seepage in to   the  mine, also a t  16 1.s" could 
occasional ly   const i tu te  a more signi f icant  addi t ion.   According t o  Figure 
4-36 it could amount t o  50 percent  of Hat  Creek flows i n   l a t e  summer once 
i n  30 years. However, t h i s  f l o w   i s   n o t   r e a l l y  an a d d i t i o n   t o  Hat Creek. 
P r a c t i c a l l y  a1 1 the  f low  that  will be in tercepted by  dewatering  wells and 
by the  mine p i t  i s  now enter ing Hat  Creek as ground  water seepage. By de- 
pressing  the ground  water  tab'le. we l ls  and mine seepage will probably be more 
uniform  than  the  natural  ground  water seepage and the above  16 l.'.s-' may con- 
s t i t u t e  an a d d i t i o n   t o  Hat  Creek under  exceedingly  dry  conditions. The r e s u l t -  
ing  changes in   na tura l   f lows  i i re   fa r   too   smal l   to  have not iceable  e f fects  
on channel  morphology, but  increased  dry  weather  flows  are. a benef ic ia l   impact.  

~. .. "" 
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During  winter,  dust frmn  the  mine will settle on the  snowpack of the  surround- 
ing area and increase its  albedo.  Based on experience  with  snowmelt in urban 
areas  one  can  assume  that  this  will  have the effect  of  increasing the  rate 
o f  snownelt  under  clear sky, sunny conditions. Dusted  areas will produce 
snomelt on some  clear mid-winter  days  when there  would  otherwise not be any 
melt. In general, snownelt will occur  earlier and more  frequently,  the  dura- 
tion  of  snowmelt  will be extended, snow accumulation will be reduced and snow- 
melt  flows  will  normally be reduced but  could, under  some  circumstances,  also 
increase. 

Reclamation of  embankments and waste  dump  surfaces will create  surfaces  with 
similar  hydrological  properties as the  original  natural surface. The  volume 
o f  runoff  from  reclaimed  surfaces  will  therefore  return  to  approximately its 
natural  value but the time  distribution  of  runoff will remain  affected by 
the  project  since  terrain  slopes will be changed  permanently and the  system 
o f  ditches and  lagoons is to remain in place. The exact  effect will depend 
largely on the  operation and maintenance  of  the lagoons. Lagoons can only 
continue to regulate  flows i f  sediment  accumulations  are  removed regularly. 

B. Plant 

According to the Air Quality and Climatic Effects Report*'. the local and 
regional  effects of  the proposed power  plant on climate will be so minor  that 
noticeable  secondary  effects on surface  water  hydrology  appear highly improb- 
able. 

The main  effects  of the  power  plant  will be due  to  the isolation of signifi- 
cant  areas  from the natural  drainage  system and due  to  the  discharge  of  runoff 
from impervious or disturbed  areas  to Hat  Creek.  Both effects  are  considered 
mi  nor. 

The Medicine  Creek  ash  disposal  area  of 408 ha, the make-up  water  reservoir 
of 62 ha and the plant area of 1 0 0  ha  will  drain  internally and  will reduce 
the total  drainage  area  of Med.icine Creek by somewhat over 10 percent. Com- 
pared to the major  impact on Medicine  Creek  discussed  earlier  (diversion  into 
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ditches and loss  o f   the  natura l   channel )   th is   smal l  change i n  r u n o f f  will 
be i n s i g n i f i c a n t .  

From  a surface  water hydro1og.y p o i n t   o f  view  there i s  on ly  a minor  dif ference 
between the  impact  of  the  various ash disposal   a l ternat ives,   but   the  dry ash 
disposal schemes are  preferable.  All schemes invo lve   the   i so la t ion   o f   cons ider -  
able areas  from  the  Medicine Creek drainage  area. The dry  ash disposal schemes 
wou ld   avo id   the   in f i l l i ng   o f   the   UppwMedic ine  Creek Va l ley  and the  associated 
loss of 5 km of natura l  Medic.ine Creek channel. I n  view of the  fact  
t h a t  Lower Medicine Creek will have t o  be diverted  around a la rge   spo i l  dump 
and t h e   f a c t   t h a t  economic considerations will probably   d ic ta te  the use o f  
most of  Medicine Creek f lows i n  the  plant, th is  i s   n o t  a major  benef i t   a l though 
it i s  s i g n i f i c a n t .  

Whether the Upper Medicine Creek drainage i s   t o  be d i v e r t e d   t o  MdcLaren Creek 
appears t o  be uncertain. A d l ve rs ion   o f   l im i ted   capac i t y  from Medicine Creek 
t o  MacLaren  Creek i s   p resen t l y   ope ra t i ng  and could  be  en larged  to   handle  a l l  
possible  f lows.  Environmental  effects on Marbaren  Creek might  be  only  minor 
as the  stream may already be adjusted  to  handl ing  most  possible  f lows. The 

MacLaren Creek  channel  morphology has,  however, no t  been invest igated so f a r  
and, depending on p r e v a i l i n g  bed  and  bank mater ia ls  and  on the  magnitude o f  
d iver ted   f lows,   the   po ten t ia l   fo r   s ign i f i can t   de t r imenta l  impacts  through 
erosion and g u l l y i n g  does exis,t. 

Since  the  plant  water  supply  system can o n l y   r a i s e   t h e  make-up water  reservoir  
by 22 cm per day and s i n c e   t h e r e   i s   p r a c t i c a l l y  no sur face   runof f   in to   tha t  
reservo i r ,  i t  appears  most  improbable t h a t  the sp i l lway   o f   t ha t   rese rvo i r  
will ever  operate. I f it did,  there  could be some erosion and g u l l y i n g  down- 
stream. 
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C. Offsites 

The  offsite  facilities  associated  with  the  Hat  Creek  project  are  of  a  rather 
diverse  nature, so that  their  impact  on  surface  water  hydrology  cannot be 
discussed in a  general way. Thte following  item-by-item  discussion is arranged 
according  to  severity  of impact.s. 
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Stream  Diversions - 
From  a  surface  water  hydrology  point  of view, the  diversion  of Hat Creek  un- 
doubtedly  represents  the  most  severe  impact  of  the  entire  project  operation. 
Approximately 9 km o f  the  natural Hat Creek  channel is to be replaced by 500 m 
of  reservoir, 6.4 km of  open  canal and 1.9 km of  buried  conduit.  The  head- 
works  reservoir  has  a  maximum  area  of  only 7 ha, with an operating  range  of 
3 m and an active  storage  volume  of 154,000 m . This is too  small  to  modify 
Hat Creek  discharges  significantly. 

3 

According  to  Section 4.2 (b)(vii), the  mean  annual  suspended  sediment load 
o f  Hat Creek is approximately 3,000 tonnes,  with  well  over 90 percent  being 
carried  during  the  period  May  to July. This  estimate  does not include bed 
load (materials  rolling,  sliding and saltating  along  the  streambed) but in 
a  degrading  gravel-bed  stream  such as Hat Creek,  bedload is generally  small, 
certainly  not  more  than 10 percent  of  the  suspended load. No data  on  the 
grain size  distribution o f  the wspended load are  available, but a certain 
percentage,  probably  around 20 to 50 percent, i s  likely  to  consist o f  clay 
and would  pass  through  the  head pond. With 3,000 t-yt"'  of  sediment load 
deposited,  approximately 2,000 m yr of  reservoir  volume  may be lost init- 
ially.  but  as the  reservoir  volume  becomes  smaller,  an  increasing  percentage 
of  the  sediment load will  pass  through  the  reservoir  into  the  diversion  canal. 
It will  take  between 50 and 100 years  for  the  head pond  to fill  with  sedi- 
ment.  While  this  process will convert  the 7 ha  lake  to an equivalent  area 
of  flood  plain, it will  not impa.re the  functioning  of  the  diversion. 

3 -1 
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Downstream of   the  d ivers ion,  Hat  Creek will be l a c k i n g   i t s   n a t u r a l  sediment 
load and t h i s  will lead  to  some morphological  adjustments. They will be minor 
because  Hat  Creek i s  a degradi,ng  stream i n  i t s  natura l   s ta te,  with the bed 
becoming act ive  only  dur ing  infrequent  major  f loods. The stream will gradu- 
a l l y  develop  the appearance o f  a lake-outlet  channel with a better  def ined 
channel  than at  present. The  'change will probably  not  be noticeable  except 
through  careful  before-and-aftlar  surveys and it should  not  extend more than 
1 t o  2 km beyond the  diversion. Water leve ls  and the  extent   o f   f looding will 
d e c l i n e   s l i g h t l y   b u t   t h i s   a l s o  will be too  small  and too  slow a  change t o  
be noticeable. 

Some questions  concerning  winter  operation of the  diversion  canal and the 
condui t  have no t   ye t  been inves t iga ted .   Cons iderab le   quant i t ies   o f   f raz i l  
ice  could be generated i n   t h e  (conduit.. . In the  canals,  the  formation  of  icings 
( i c e  accumulations  formed  by s u r f i c i a l   a c c r e t i o n )  can be suppressed  by  pro- 
v id ing  bur ied,   insulated, or heated  conduits, or by  increasing  the  depth  of 
f low  in   the  canals   to   permi t   the  format ion  o f  a t h i c k   i c e  cover. The l a s t  
so lu t ion   i s   p resent ly   favored  bu t   s ince  sudden la rge   f lows  a re   poss ib le   in  
March (Figure 4-316) the  ice  cover  might become  an obstruct ion.  

An a l te rna te  Hat  Creek d ivers ion scheme, i n v o l v i n g   s i g n i f i c a n t  upstream s tor -  
age  and consequently  lower  capacity  diversion works,  has  been  suggested. 
I t s  downstream ef fects  would be  much more not iceable and would  extend t o   t h e  
Bonaparte  River as t h i s  scheme would e f f e c t i v e l y   r e g u l a t e  Hat  Creek. Over 
a pe r iod   o f  a few  years,  Hat Creek would  develop a smaller and bet ter   def ined 
channel downstream o f   the   d ivers ion  and most o f   t h e   f l o o d   p l a i n  would not  
be flooded  again  except  under  nnst  unusual  conditions  approaching  the assump- 
t ions  made for the maximum probable  flood.  Being  smaller and more regulated. 
Hat Creek could become more a t t r rac t i ve   t o  beavers and t h i s  would tend  to  counter-  
act   the above tendencies.  Major  parts o f   t he   p resen t   f l ood   p la in   cou ld   read i l y  
be converted t o  marshland  by  beaver dams. 
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The  natural  channel  of Hat Creek is lined  by  dense  phreatic  vegetation  which 
" must  withdraw  significant  quantities  of  water  from  ground  water  seepage  flow- 

ing towards  (or  out  of) Hat Creek. The  vegetation  also  shades Hat Creek. 
In the  diversion  canal,  on  the  other hand, no  trees  or bush can be allowed 
to  become  established in order  to  maintain its carrying  capacity and the  flow 
wil'l consequently be fully  exposed  to  the sun. The  combined  effect  on  evap- 
oration is probably  a  slight  reduction in losses. Assuming  a 20 m  vegetation 
band and maximum  evaporation  rates  (Figure 4-38) the  diversion  canal  could 
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" possibly  reduce  losses by 5 to 10 1-s-l  under  extreme  conditions. 

" Seepage  losses  from  the  canal  ire  estimated at 7.5 1. s-' in Section 6.1 (a) 
( i i i )  B and  these  losses  would  naturally  occur at all times.  Some  of  the 
seepage  flow  will be returned t o  Hat Creek  via  the  mine  dewatering system. 
Whether  the  overall  effect  of  changed  evaporation,  seepage  out  of  the  diversion 
canal, and discharge  of  mine  dewatering  flows  will be positive  or  negative 
is impossible  to  say but any  changes in flow will certainly be small,  probably 
too  small  to be detectable. 
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Make-up  Cooling  Water  Supply 

..- Even  under  extreme  conditions,  the  make-up  water  system  depletes the Thompson 
River by little  more  than  one  percent, so that  there  will be  no significant 

II 
.I hydrologic  effects on the  Thompson  River. 

1 
" 

Operation  of  the  pipeline  should not cause  any  major  impacts.  The  most  signifi- 
cant  impact is likely  to resu1.t from  minor  failures of drainage and erosion- 
control  measures  during  the  first  few  years  of  operation,  before  revegetation 
of  the  pipeline  right-of-way has taken hold everywhere.  Such  minor  failures 
are  almost  unavoidable.  They (:an cause  some  erosion  damage,  which will have 
to be repaired. A major  pipeline  rupture is highly  unlikely  to  occur. It 
would  release  a  large  flow  of ,short duration,  which  could  cause  significant 
damage,  depending on the  location  of  the  rupture.  The  capacity of the  pipeline 
drain to the  Bonaparte  River i:; too  small  to  introduce  significant  flows into 
that  stream. 
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Project  Access Road 

The  main  project  access  road w i l l  be a 31 km  long, paved, two-lane  highway. 
Its main  impacts on water  resources will be threefold: 

( i )  possible  damage  to  water  courses and particularly  to  their 
fish  resources  due  to  culverts, 

( i i )  sedimentation  due  to  gullying  of  road  ditches and erosion 
of  embankment  slopes and, 

( i  i  i ) increased  surface  runoff f r m  the  paved  surface. 

Only item ( i i i )  is relevant  to  this  section. 

The  quantity  of  storm  runoff c,an be estimated  conservatively as follows: 
Assuming  a  ten  year-one  hour  r'ainfall  of 15 mm. hour' falls  onto  the 25 ha 
of  paved  surface,  with 80 percent  running  off,  storm  runoff  of 0.8 m3* s-l 
would be generated.  Since 7 km of  the  road  parallels  Cornwall  Creek, 0.2 
m3. s-l  might  find its way  into  Cornwall  Creek  where it could  temporarily  con- 
stitute  a  significant  addition  to  normal  summer  flows (20 - 100 1 . s - ' ) .  The 
4 km road  segment  along  MacLaren  Creek  could  similarly  contribute  to  that 
stream.  Morphologically  the  road  runoff is insignificant in both  cases but 
impacts on water  quality  are  possible.  Significant  effects  on  McLean  Lake 
are  precluded  due  to  the  size  of  that lake. 

Other  Faci 1 i tier; 

The  other  off-site  facilities,  such as the 60 kV transmission  system,  the 
airstrip,  the  off-loading  facilities and other  minor  facilities  will  have 
insignificant  effects  on  surface  water  hydrology due to  their  small  areal 
extent and dispersed  locations. A l l  these  facilities  involve  a  certain  amount 
of  clearing and grading,  and thle creation  of  minor  amounts  of  impervious  paved 
and roofed  areas. 

. 
m 
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m -  (iv )  Decomnissioning 

Being  over 40 years i n  the  future,  the  details  of  the  project  abandonment 
process  are not well-defined at this stage. The bulk  of  the  cleared and 
graded  areas,  such as waste  dumps,  embankments.  plant  site,  coal  storage  sites, 
etc., will  be  revegetated  and  ,should  therefore  return  to  reasonably  natural 
water  balances.  The  main  permanent  impacts on surface  water  hydrology  result 
from  filling  of  the  mine pit alnd its  conversion  to  a  lake  and from the  perm- 
anent  disturbance  of  the  drain,age  system  caused by drainage  ditches and by 
the  permanent  diversion  of  Medicine  Creek  around  the ash pond. 

Conversion  of  the  mine pit to (1 225 ha  lake  will  create  far  more  extensive 
changes to the  surface  water  hydrology  of  the Hat Creek  area  than  any o f  the 
project impacts. Downstream 01’ the lake, Hat Creek  would be significantly 
depleted  during  the  26  year  filling  period and then highly regulated. As 
in the  case  of  the  alternate  diversion  scheme, it would  eventually  develop 
a  much  smaller but better  defined  stream  channel.  The  entire  present  flood 
plain  would be converted  to low terraces.  Extensive  beaver  activity  could, 
however,  change  this and could  result in extensive  flooding. A simple,  gated 
control  structure at the  lake  outlet  could  give  almost  complete  control  over 
flows in Lower Hat Creek.  Depending on developments i n  the  Lower Hat Creek 
Valley at that  time,  regulation  could  constitute  a  very  beneficial impact. 
The  relatively  deep  lake  might not freeze  during  winter  or it might  only  freeze 
late in winter. The large  open  water  surface  will  have some climatic  effects, 
particularly during cold spells,  when  open  water  tends  to  generate fog. 

Major  problems  concerning  the  period of  pit filling  remain  to be answered. 
In accordance  with  normal  mining  practice,  the pit slopes  will be  as steep 
as  possible and probably  only  marginally  stable in the long term. It is un- 
likely  that  such  slopes  could  rtmain  stable  during  filling  of  the pit, yet 
the  continued  operation  of  the ttat Creek  diversion  during pit filling  will 
probably  depend on stable pit slopes. 
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The  proposed  permanent diversiton of Medicine Creek around  the  ash  pond  also 
gives  rise  to  concern. A side-hill  canal  requires  continuing  maintenance, 
since  any  blockage (e.g. due tu  debris jams, beaver  dams,  ice  or  slides)  could 
lead to  overtopping  of  the banlts. followed by diversion  of  the  flow  straight 
down  the  slope  (in  the  present  case,  to  the  ash pond).  It would be desirable 
to  direct  Medicine  Creek  around  the  edge of the  full  ash  pond at a level 
belowthe pond level by excavating  into  the  side  hill. 

(v) Overall  Impact  Assessment 

The  overall  impact  of  the  Hat  Creek  power  development on surface  water  hydrol- 
ogy,  excluding  sedimentation, 'is significant.  The  most  severe  impacts  are 
the  draining  of  two  natural  lakes and the loss of 9 km of Hat Creek  channel 
and of most  of  Medicine Creek. With  the  prime  diversion  scheme  there  will 
be only  minor  impacts on the  quantity and time-distribution of  runoff but 
decomnissioning  with  conversion  of  the  mine  to a lake  could  result in almost 
complete  regulation  of  Hat Creek. 

Due  to the  relatively  short  life of the mine it would be unreasonable to design 
the  minor  engineering  works  associated  with  the  drainage  system  (ditches, 
culverts,  sedimentation  ponds, etc.) for  the  worst  possible  condition, which, 
i n  this  case,  would be the  probable maximum flows.  One  has to accept,  there- 
fore,  that some  failures will occur  during the life of the  project  and they 
are  likely to  result in erosion  damage  and  possibly  sane  sedimentation in 
Hat  Creek,  downstream.  The erosion  damage  can  easily be repaired but down- 
stream  sedimentation is not easily remedied. Its detrimental  effects  should 
not last more  than  one  or possibly two seasons. 

The  surface  hydrology  impacts on the  Bonaparte  and  Thompson Rivers are  not 
significant. 
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6.2 WATER QUALITY 

(a )  Ground water 

( i )   P r e l i m i n a r y   S i t e  Development 

A. Mine 

* 
W 

1 . 
.I . 
I 

Bulk Sample P r o g ~  

The Bulk Sample Program 5*26 involved  excavation and removal o f  coal f r o m  two 
trenches fo r   burn ing   tes ts .  Duiring t h i s  program three  ground  water  stat ions, i n  
t h e   v i c i n i t y  o f  the  trench  near  Hat Creek (Trench E), were monitored by E.C. Hydro. 
Data c o l l e c t e d   a t  these  stat ions  are  included i n  Appendix C ,  Tables C1-19 t o  C1-21. 
Based on t h i s  data,  the  Bulk Sarnple Program d i d   n o t   a l t e r  ground  water q u a l i t y  

s i g n i f i c a n t l y .  The only  noteworthy changes were a t  Ground  Water S ta t ion  Number 3, 
where concentrations o f  some metal  ions  increased between  June and August 1977; 

i ron,   z inc and strontium  increased by f a c t o r s   o f  about 2 t o  5 whi le sodium in -  
creased  by  about 20. percent. S,ince the   ac t i v i t ies   o f   the   Bu lk  Sample Program 
are unknown t o  Beak Consultants, it i s  not  possible  to  determine  whether  these 

increases  are due t o  p r o j e c t   a c t i v i t i e s   o r   n a t u r a l  causes. A Separate repor t  
on the  Bulk Sample Program  has been w r i t t e n  by B.C. Hydro. 
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6. Plant and Offsiites 

None of the activities  associated wl th  Preliminary S i t e  Developmnt for the 
power plant and o f f s i t e   f a c i l i t l e s  could have affected ground water  quality. 

( i  i ) Construction 

A. Mine 

Camp Sewage Disposal 

The project  description proposes that  
logical  treatment i n  an earthen  basin 

the  construction camp system involve bio- 
with ultimate  disposal of the  treated 

effluent by subsurface  injection or alternatively by surface  irrigation. The 
q u a n t i t y  of treated sewage  from a construction camp accomnodating 440 workers 
would be about 83 m3-d-' (22,000 USGPO), as  indicated i n  the  project  description. 
Seepage  from the  earthen  basin  should not be a problem, providing dykes and the 
bottom are  constructed of h igh  impermeable materials. Disposal by deep well 
injection, i f  feasible, should not significantly  alter ground water quali ty,  
providing there is sufficient subsurface  travel through a suitable  soil  type 
before emergence of the  effluent  as ground water  seepage i n  Harry  Creek. 

Disposal by irrigation would  have l i t t l e  impact,  provided there i s  no direct  
surface runoff t o  Harry Creek and provincial  pollution  guidelines and objectives 
are followed during design and operation. 27,20 

6 - 5 1  

I 



I. 

I l w  

I* 

m -  

I- 

" 

= -  

E 
. 

m -  

1 
I 

il 

beak 
~ ~. _ _ _  

A permit  from  the  Pol lut lon  Control  Branch  would be requi red f o r  construct ion 

and opera t ion   o f   the  sewage disposal system. 29 

O f f i c e  and Warehouses  Sewage Disposal 

The p r o j e c t   d e s c r i p t i o n   i n d i c a l r s   t h a t  sewage f r o m  the shops  and  warehouses would 
be t r e a t e d   i n  a  "package-type  extended  aeration system" wi th   u l t imate  d isposal  
from  a  storage  lagoon  by  using the t reated  wastewater  for   dust   control .  The 
e f f l uen t   quan t i t y  was estimated  by B.C. Hydro to   vary  f r o m  20 t o  136 m .d 
(5,000 t o  36.000  USGPD). It is unl i ke l y   t ha t   t h i s   d i sposa l  system will have 
any impact on ground  water  quality. A permit  will l i k e l y  be requi red f r o m  the 
Pol lu t ion  Contro l  Branch fo r   cons t ruc t i on  and operat ion o f  the system. 

3 -1 

29 

Refuse Disposal 

Land disposal has been proposed f o r   r e f u s e  f r o m  the  mine  construction camp, the 
shops and  warehouses. Prov ided  the   se lec ted   land f i l l   s i tes   a re  a safe  distance 
above the  water   tab le,   w i th   su i   tab le  so i l  base  and cover  materials,  the  impact 
o f  leachates on the  ground  water  should be minimal. M i n i s t r y   o f   t h e  Environment 
Guidelines on Refuse  Disposal d i c t a t e   l a n d f i l l  design and opera ti or^.^' Further, 
a permit  would be required  f rom  the  Pol lut ion  Control  Branch." Considering  that 
the  proposed f a c i l i t i e s  would b.e operated  for  several decades, it would be 

advisable t o  se lec t  a su i tab le   d isposa l   s i te   fo r   a l l   re fuse   ra ther   than  us ing  a 
temporary s i t e   f o r   t h e  mine const ruct ion camp. 

Coal Stockpi l e  

It i s  proposed t h a t  1,000,000 tonnes (1.1 x 10 tons) of  uncrushed  coal be s tored 
near  the mouth o f  the mine p r i o r   t o  comnissioning  the power plant. The estimated 
area o f   t h e   c o a l   p i l e  i s  approximately 8 ha (20 acres). The proposed  drainage 
c o n t r o l   w o u l d   c o n s i s t   o f   c o l l e c t i o n   o f   r u n o f f  by d i t ch ing  and d i ve r t i ng   t he   runo f f  

to   the  c losest  lagoon. 

6 

~- 
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Assuming the  coal  pi le  storage  area hase i s  properly  prepared with re la t i . ve l y  
impermeable  compacted material,, it i s  ant ic ipated  that   there  would be no s i g n i f i -  
c a n t   p o l l u t i o n   o f  ground  water  by  leachates. Most leachate  would  leave  the  coal 

p i le   a long  the  base  and become surface  water. An assessment o f  the q u a l t t y   o f  

the   runof f  and i t s  impact on surface  water  ( tncluding  leachates) i s  discussed i n  
more d e t a i l   i n   S e c t i o n  6.2 (b) ( i i )  A. 

Low Grade Waste Stockpi le  

The low grade  waste dump would  begin t o  be developed  during  the  construction 
phase o f   t h e   p r o j e c t .  Assuming proport ional   product ion on a year ly   bas is ,   th is  
dump could  contain 5 x 10 tonnes o r  more p r l o r   t o  power p lant   s tar tup.  Thus, 
the a r e a l  s i z e   o f   t h e  dump could be about 12 ha (30 acres). A proposed  design 
has not been developed f o r   t h e  dump; however, it i s  assumed t h a t  a r e l a t i v e l y  
impermeable  base  would  be  used to  minimize  percolat ion o f  leachate  into  the 
ground  water. I f  t h i s  were the case,  any leachates  would  appear i n  the  surface 
drainage  from  the dump. This  aspect i s  considered i n  more d e t a i l   i n   S e c t i o n  
6.2 ( b )   ( i i )  A. 

6 

Area Dewaterinq 

Both p i t  dewatering and area dewatering  would be required  during  the  construc- 
t i o n  phase. This would  be done with pumps i n  the mine and dewatering  wells on 
the p i t  periphery. The estimates o f  i n i t i a l   q u a n t i t i e s  o f  punped water  are 

about 6 1-s-I (100 WGPM) from the dewatering  wells and  about 6 1.s-I (100 USGPM) 
from  dewatering o f  the p i t  proper.  Additional  water will be  pumped from  the  mine 
as a r e s u l t  of p rec ip i t a t i on ;   t h i s   i s   es t ima ted  i n  the  mine  descr ipt ion  to be, 
a t   the  most, 9 l a s - '  (150 USGPM), dur ing the ear l y   yea rs   o f  the mine. Ext ract ion 
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of ground water from the  &watering  activities should not effect  the  quality of 
the remaining ground water. The impact o f  the mine water on surface  water  quality 
i s  discussed i n  Section 6.2 ( b )  ( i i )  A. 

Overburden Dump Construction 

During the i n i t i a l  stages of the mining operation, three  principal areas will be 
developed for  disposal of overburden: the Houth  Meadows region for clays and 
structurally weak, l o w  permeable materials,  the Medicine  Creek area  for  disposal 
of mre  stable  higher permeable overburden. and the North Val ley zone for other 
surficial  materials. Both the Houth Meadows and  Medicine  Creek dwnps will be 
contained by  embankments  made from selected  gravel and t i l l  materials.  Initially, 
the overburden materials  will be  removed  and taken t o  the  respective  areas by 
scrapers; however,. a t  a later  date,  when distance becomes  uneconomical for  d i -  
rect dumping, conveyors will be used. Each of  the main dumps would  be construct- 
ed w i t h  blanket or s t r i p  "underdrains" a t  the lower end of the  valley to  provide 
drainage of the embankment and dumped materials.  Surface  streams i n  the dump 
area will be diverted away  from and around the dumps. Control of in f i l t ra t ion  
and percolation of precipitation  into  the dumps will be minimized by maintain- 
i n g  relatively  level working surfaces and preventing ponding. Water  which per- 
colates i n t o  the dump or drains from saturated  sections of dumped materials  will 
be collected by dump underdrains. 

The material t o  be placed i n  the Houth  Meadows dump is h i g h l y  impermeable and 
seepage ei ther  i n t o  o r  o u t  o f  the bottom  of this dump i s  expected to be minimal. 
The material proposed for disposal i n  the Medicine  Creek dump i s  considerably 
mre  "free draining'' and seepage and leachate production will be greater. Conse- 
quently,  consideration  should ble given to sealing each layer w i t h  impermeable 
material a t   cer ta in  periods o f  the  year t o  minimize the inf i l t ra t ion  of  snowmelt 
and early swrmer rains. Tempor,ary reclamation, by grassing  over idle  areas of the 

- 
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dump t o  reduce i n f i l t r a t i o n ,  has been mentioned as a p a r t i a l   s o l u t i o n  t o  the  
problem. The est imated  quant i ty o f  seepage from each  dunp i.s given i n  Section 

6.1 ( a )   ( i i i )  A. Since  these seepages  becane surface  water a t  the  discharge 

o f   the   dmp  underdra ins ,   the   qua l i t y   o f  this water i s  discussed  under  Section 
6.2 ( b )   ( i i i )  A. 

O the r   Ac t i v i t i es  - 
Act i v i t i es   du r ing   cons t ruc t i on  phase o f   t h e  mine (eg. cons t ruc t ion   o f   the   coa l  

preparat ion  p lant,  access  roads,  power l ine,  substation,  conveyors and topso i l  
s tockp i les )   a re   no t   expec ted   to   a f fec t  ground  water  quality. 

6. Plant  

Construction Camp  Sewage Disposal 

The p ro jec t   desc r ip t i on   i nd i ca t ' es   t ha t   t he  Power Plant  construct ion camp  sewage 
disposal  system ~ ~ u i d  consis t  o f  b io log ica l   t rea tment   in  an earthen  basin  with 
discharge o f   t r e a t e d   e f f l u e n t  t'o Harry Lake  which  would be impounded (presumably 
by dyking  to  prevent  posi t ive  o,verf low) and the  wastewater  eventually  disposed 
by natural  evaporation. The pmposal  would  require  the  containment o f  a l l  nat-  
u ra l   sur face   runof f  i n  the  Harry Creek  watershed above the  impoundment as we l l  
as the   t rea ted  sewage. 

This  concept o f  sewage disposal  would have l i t t l e   e f f e c t  on ground  water  quality, 
provided  the  earthen  basin i s  constructed of su i tab le  impermeable So i ls  and 

seepage losses from the H a r r y  Litke impoundment and embankment a r e  negl ig ib le .  
I f  these  condit ions were met, there  would  be no danger o f   p o l l u t i n g   t h e  remainder 
o f   t h e  H a r r y  Creek surface o r  subsurface flows. A permit  under  the  Pol lut ion 
Control  Act will be required  for-   th is system. 29 

. . ...~ 
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Shops and Warehouses Sewage Disposal 

The p ro jec t   desc r ip t i on   i nd i ca tes   t ha t  a sanitary sewage disposal system will 
be i n s t a l l e d   t o   s e r v i c e   t h e   o f f i c e ,  shop, warehouses  and  Concrete  Batch Plant 
dur ing power plant  construction.  There i s  no ind ica t ion ,  however, o f   t h e  pro- 
posed  disposal method. The q u ~ n t i t y   o f  sewage for  dtsposal ,  based on pro jected 
potable  water  requirements.l ist.ed i n  the  descriptfon,  would be about 500 m. d 3 -1 

(130,000 USGPD). Water  supply  would  probably be v i a  a wel l   near H a t  Creek. 
Since  the  proposed  disposal  technique i s  unknown, i t  i s   n o t   p o s s i b l e   t o  comment 
on the  impact on ground  water  quality. It i s  recomnended, however, t ha t   t he  
design  comply with  relevant  gui idel ines  protecting  ground  water, i f  subsurface 
disposal i s  used. 

Refuse Disposal - 
Informat ion on the  d isposal   o f   re fuse  f rom  the camp and o f f i c e ,  shops and ware- 
house operat ions  dur ing  the  construct ion phase has no t  been provided i n  the 
pro jec t   descr ip t ions .  It I s  an,ticipated, however, t h a t   s e l e c t i o n   o f  a s i t e  meet- 

i n g  all c r i t e r i a  f o r  a Level A l and f i l l 3 '   shou ld   no t  be d i f f i c u l t ,  thus  negating 
any p o t e n t i a l   f o r  ground  water po l l u t i on   f rom  th i s  source. Toxic wastes should 

no t  be  disposed t o   t h i s   l a n d f i l l .  

Concrete  Batch P l a n t  

It i s  proposed to   l oca te  a batch  plant  near  the power p l a n t   s i t e   t o   s u p p l y   t h e  
concrete  during  construction. The plant  would have a capaci ty  of   about 153 m 3 

(200 cu. yd.)  per  hour, an area fo r   s tockp i l e   o f  sand and gravel, a washdorm 
area and sedimentation pond t o   t r a p  suspended s o l i d s   i n   t h e   p l a n t  wastewaters. 
The s ta ted   ra te  o f  supply o f  water t o   t h e   p l a n t   i s  6.9 1 - s - l  (100 USGPM). It i s  
est imated  that  95 percent o f   t h i s  water  would be conswed i n  production o f  the 
concrete  mix  while  the  remainder  would be  used f o r  washrooms and washdown. No 
t h r e a t   t o  ground  water q u a l i t y  ts  expected,  provided  the pond i s  constructed of 

impemable   mater ia l .  
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Ash Disposal   Faci l i t ies  Construct ton 

The pro jec t   descr ip t ion   ind ica tes   tha t   severa l   a l te rna te   s i tes  a r e  being con- 
s idered   fo r   d isposa l   o f   ash   genera ted   a t   the  power p lant .  However, bottom  ash 
and f l y  ash  are t o  be disposed  separate f r o m  mine  waste mater ia ls  due to   t he  

poss ib le   f u tu re   va lue   o f   t he  itsh as  a recoverable  resource. The disposal method 
proposed as the "base  case" i!; t o  sluice  both  the.bottom ash  and f l y  ash f r o m  
the power p l a n t   t o  an  ash  pond i n  Upper Medicine Creek Valley.  This will neces- 
s i t a t e   c o n s t r u c t i o n   o f  an engineered embankment a t  the ' lower  end o f   t he   p ro -  

posed  pond t o   r e t a i n   t h e  ash  and provide a  column o f  water above the ash.  Ash 
pond supernatant  would be returned to t h e   p l a n t   f o r   r e u s e   i n   t h e  ash s l u r r y  
system. Construction  operations  would  include base preparation, enbankment  con- 
struct ion,  creek  diversions, and const ruct ion o f  a c u t o f f   w a l l   f o r  ground  water i n  
the  embankment area to  prevent ash  pond leachate f r o m  entering  the  ground  water 
once the system i s  functional.. These a c t i v i t i e s   s h o u l d   n o t   a f f e c t  ground  water 
qua l i t y .  

Two al ternate  ash  disposal  systems are  under  consideration: 

e 

I 

Al te rna t i ve  I Bottom  ash s lu i ced   t o  an area i n   t h e   r e g i o n   o f   H a r r y  
Lake. F lyash  s lu iced   to  a  pond i n  Upper  Medicine 
Creek. 

Th is   a l te rna t ive  would be considered if segregation o f  f l y  ash  and  bottom 
ash i s  establ ished as d e s i r a b l e   t o   f a c i l i t a t e   f u t u r e  recovery. 

A l te rna t i ve  I1 Bottom  ash  disposal, e i t h e r  by dry methods o r  by 

s l u i c i n g .   t o  a Harry Lake s i t e .   F l y  ash  disposal 
by conveyor t o  a s i te   near   Harry  Lake. 

This  a. l ternative  would be evaluated if disposal i n  Medicine Creek Valley 
i s  impractical,   and/or uneconomical. 

A c t i v i t i e s   r e l a t e d  t o  these  alternatives  would  include: base preparation, em- 
bankment  and  berm cons t ruc t ion ,   runof f   d i tch ing  and stream  diversion,  possible 
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c u t o f f  wal l  construct ion,   construct ion of t he   rec i r cu la t i on  Water pump s t a t i o n  and 

the  t reatment   p lant ,   s lur ry   p ipe l ine  const ruct ion and  conveyor  constructton. 
These a c t i v i t i e s   s h o u l d   n o t   a f f e c t  ground water qua l i t y .  

Water  Supply  Reservoir  Construction 

Construction o f   t h e  main cool ing  water  supply  reservoir  (8.3 x 10 m ) will invo lve  
area  clearing,  embankmnt  construction  (49  meter dam), and cons t ruc t i on   o f   t he  

makeup water pumphouse and the  sp i l lway.  These a c t i v i t i e s   s h o u l d   n o t   a f f e c t  
ground  water  quality. 

6 3  

Power Plant  Construction 

Construction o f  the power p lan t  will i n v o l v e   b u i l d i n g   o f   o f f i c e s ,  warehouses, 
serv ices ,   tu rb ine   ha l l ,   bo i le r  house, coo l ing  towers,  switchyard,  construction 
laydown  area,  conveyors,  stack  construction, s i t e  drainage f a c i l i t i e s ,  roads 
and parking  areas. These a c t i v i t i e s   s h o u l d   n o t   a f f e c t  ground  water  quality. 
Construction o f   t h e  power p lan t  and a u x i l i a r y  systems will take  several  years 
as proposed  plans  indicate a t im-span o f  one year  between s t a r t   o f   t h e  con- 
s t r u c t i o n   o f  each u n i t  (one u n i t  i s  500 MW). 

C. O f f s i t es  

Hat Creek Diversion  Construction 

The proposed  Hat  Creek  diversiton  around  the open p i t  coal  mine  would  consist o f  
a headworks reservo i r ,  a p i t  rim rese rvo i r  and pump stat ion,  a 7.1 km (23,000 
ft) open earthen  canal, a 2.2 h (7.000 ft) steel discharge  conduit and  a  plunge 
pool a t   t h e  end o f   the   d ivers ion .  The a l t e r n a t i v e  scheme would  involve  the 
a d d i t i o n   o f  a l a rge r   rese rvo i r  upstream  and possibly a smaller  diversion  canal. 
Construction o f  these f a c i l i t i e s   s h o u l d   n o t   a f f e c t  ground  water  quality. 

." 
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Main  Access Road Construction 

Construction o f   t h e  proposed two lane,  paved  highway will i n v o l v e   a c t i v i t i e s  
such as c lear ing,  grade preparat ion and surface  preparation. No a c t i v i t i e s  
are  apparent i n   t he   i n fo rma t ion   conce rn ing   t h i s   ac t i v i t y   t ha t  would a f f e c t  
ground  water  quality. 

Plant  Cooling Water  Supply System Construction 

The proposed cool ing  water  supiply  system c o n s i s t s   o f  a 23 km (14 mi le )   p ipe l ine ,  
o r i g i n a t i n g   a t  a  pier-mounted r i v e r   i n t a k e   I n   t h e  Thompson River,  near  Ashcroft. 
There  would  be two (2) booster   s ta t ions  a long  the  p ipe l ine and  a water  treatment 
p l a n t ,   c o n s i s t i n g   o f  a g r a v i t y   c l a r i f i e r  (30 m). s i tuated  near  the  intake. Con- 
s t r u c t i o n   o f   t h e  system  would  ,involve a c t i v i t i e s  such  as clearing,  trenching, 
excavation f o r   s t r u c t u r e s ,  and cons t ruc t i on   o f  a cofferdam. None o f   t h e   a c t i v i -  
t i es   shou ld   a f fec t  ground  water  quality. 

. 

Other   Ac t iv i t ies  - 
The o ther  main o f f s i t e   c o n s t r u c t i o n   a c t i v i t i e s   i n v o l v e  an a i rpo r t ,  an unloading 
f a c i l i t y  and 60 kV transmissiort l i n e  systems.  These ac t i v i t i es   shou ld   no t  
a f f e c t  ground  water  quality. 

" " 
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w -  ( i i i )  Operation 

A. Mine 

B l a s t i n q  

One o f   t h e   a c t i v i t i e s   t h a t  will occur t o  a present ly  unknown degree i s  mine 
b last ing.   Pro ject   in format ion '*'31'32 var ies on th is  aspect from pro ject ions 
t h a t   b l a s t i n g  will n o t   l i k e l y  be! necessary t o  the use o f  considerable  b last ing 
mater ia ls  (0.12 t o  0.17 kg/tonne o f  coal  and overburden).  Blast ing  materials 
would  probably  consist o f  ANFO (Amnonium n i t ra te /d iese l   f ue l   m ix tu re )  where 
poss ib le  due t o  i t s  economy. B las t ing  can  cause f r a c t u r i n g  and cracks i n  
the  surrounding  bedrock  which  would  allow  mine  water seepage to   en ter   the  
ground  water  regime. The p o t e n t i a l  f o r  t h i s  i s  considered t o  be n e g l i g i b l e  
i n  the  case o f  Hat Creek. Mine water q u a l i t y  aspects  derived  from  blast ing 
are  discussed i n  Section 6.2 (b) (iii) A. 

. 

Mine  Area and P i t  Dewatering 

Once the mine i s  i n  f u l l  productlon,  mine  area  dewatering  requirements  increase 
considerably  over  the  rate  during  construction phase, p r i n c i p a l l y  because 
o f   t h e   p i t   s i z e .  Thus the  quanti ; ty o f  seepage i n t o   t h e   p i t ,   d i r e c t   p r e c i p -  
i t a t i o n  and runoff  increases. The quant i t ies  o f  mine  water  involved have 
been est imated  in   the mine descr ip t ion t o  be  about 30 1 . S  -' (500 USGPM) 
from  dewatering wells and from mine seepage and depending on time o f  year 
and weather,  about 9 - 125 1.s-l (150 t o  2080 USGPH) from d i r e c t   p r e c i p i t a -  
t ion   in to   the   p i t   p roper .   Accord ing  t o  project   descr ipt ions,   these waters 
are a l l   t o  be pumped i n t o  a  lagoon  treatment system near  the Houth Meadows 
area  (designated i n   p r o j e c t   d e s c r i p t i o n s  as Lagoon No. 1) and discharged  into 
Hat  Creek. Ex t rac t i on   o f  ground  'water f o r  p i t   s t a b i l i t y   c o n t r o l  and removal 
o f  mine  waters i s  not expected t o  pose any s i g n i f i c a n t  hazard t o  t h e   q u a l i t y  
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of the  remaining  ground  water  resources in the valley. The assessment  of 
the disposal of  this  water is discussed in Section 6.2 (b) ( i i i )  A. Figure 
6-8 shows  the  layout o f  the  proposed pit and overburden dumps. 

Location 
Dump 

" 

m I 

Mid Point of 

Area-ha  (acres)  Area-ha  (acres) Volume l0%3 
- Mining End o f  Mining 
" 

Mid Point of 

Area-ha  (acres)  Area-ha  (acres) Volume l0%3 
- Mining End o f  Mining 
" 

Houth Meadows  Oump 400 (1006) 608 ( 1520) 467 
Medicine  Creek  Dump 232 ( S80) 482 ( 1204) 289 
North  Valley  Dump 50 ( 124) 50 ( 124) 9.2 

The  maximum  volume  of  seepage  expected  to  emanate  from  the  respective  dumps 
to  the  ground  water  table as previously  stated in Section 6.1 (a) ( i i i )  A. 
i s  relatively low. totaling atrout 400 m!d" (106,000 USGPD)  from  the  proposed 
Houth  Meadows  dump and 40 m?d'" (10,500 USGPD) from  the  Medicine  Creek dump. 
However, the  estimated  maximum  seepage  through  the  embankments is much  higher, 
and is estimated  to be betweerr 300 and 1500 m3- d-' for  the  Houth  Meadows 
dump and  between 300 and 2000 m3- d-' for  the  Medicine  Creek dump. These 
flows  become  surface  water  which  would  be  directed  to  treatment  lagoons  near 
each dump.  The quality  of  the  seepages has  been  estimated  from  leachates 
test  data  done by others33  as  shown in Tables 6-4 to 6-8. The overburden 
material  would be similar to that  proposed  for  disposal  to  the  Medicine  Creek 
dump  whereas  the  waste  rock  would be similar to the  claystone  material  proposed 
for  disposal in the  Houth  Creek dump.  The chemical  qualtty  of  effluent 
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TOTAL  EXTRACTABLE  SALTS  TEST  RESULTS* 
OVER8URDEN BAH 76-1 AND BAH 76-13 

Parameter 

Suspended Sol i d s  
T o t a l   F i l t e r a b l e  Residue 
A l k a l i n i t y  as CaC03 
Chlor ide 
F1 uor ide 
N i  t rate-Ni  t rogen 

Total   Kjeldahl   Ni t rogen 
Ni  t r i te -N i t rogen 

Biochemical Oxygen Demand (5-day) 
Chemical Oxygen Demand 
Ortho-Phosphate - Phosphorus 
Sulphur 

Arsenic 
A1 umi num 

Boron 
Cadmi  um 
Calcium,  Hard  as CaC03 

Copper 
Chromium 

Lead 
I r o n  

L i th ium 
Magnesium, Hard  as CaC03 
Mercury 
Selenium 
Sod i um 
Strontium 
Vanadium 
Zinc 

pH 

-c1 
-F 
-N 

- FI -N 

-P 
-S 
-A1 
-AS 

-Cd 
-B 

-Cr - cu 
-Fe 
-Pb 
-L i  

-Hg 

- Na 
-Se 

-Sr 
-Y 
-zn 

Overburden 
BAH 76-1 

7.6 
72 
1900 
920 
28 

15 
< 0.4 

6 
370 
440 
2.7 
80 
26 
1.3 
1 .o 

< 0.08 
290 
1 .o 
2.2 
14 

< 3  
< 0.3 

358 
0.010 
0.2 
1 78 

< 0.2 
< 4  

6.8 

<..0.4 

Overburden 
BAH 76-13 

7.65 

2000 
412 

1120 
16 

~ 0 . 4  
18 

< 0.4 
5 
340 
440 
3.5 
111 
13 
0.5 
1 .O 

< .0.08 
400 
1.5 

31 
3.4 

c 3  
c .0.3 

380 
0.010 
0.2 
225 

.< 4 
< 0.2 

10.8 

Data f r o m  Acres Consulting  Services  Ltd. 

* Except  for pH, a l l   u n i t s   a r e  mg/kg, ind ica t ing   mi i l ig rans   ex t rac ted  
per   k i logram  of   dry  sol ids.  



TABLE 6-5 

TOTAL EXTRACTABLE SALTS TEST  RESULTS* 
WASTE ROCK 

Parameter Waste Rock 

Suspended  Sol id s  
PH 

Total Fi 1 terable Residue 

-S 
-A1 
-AS 
-B - Cd 

-Cr 

-Fe -cu 
-Pb 
-4 -Li 

-Se - Na 

-V -Sr 

-zn 

Alkalinity  as CaC03 
Chloride -c1 
F1 uor i de -F 
N i  tra te-Ni trogen - N 
Ni tri te-Ni trogen -N 
Total  Kjeldahl  Nitrogen - N 
Biochemical Oxygen Demand (5-day) 
Chemical  Oxygen  Demand 
Ortho-Phosphate - Phosphorus -P 
Sulphur 
Aluminum 
Arsenic 
Boron 
Cadmi um 
Calcium.  Hard a s  CaC03 
Chromium 
Copper 
Iron 
Lead 
Li th ium 
Magnesium,  Hard as CaC03 
Mercury 

Sodium 
Selenium 

Strontium 
Vanadium 
Zinc 

7.85 
7520 
3400 
1320 
270 
2.4 

6 
19 

400 
2 

660 
9.2 
250 
24 
1 .o 
0.08 
2.0 

480 

4.0 
76 

< 3  
< 0.3 

440 
0.006 
0.2 
542 

0.2 
8.8 

< 1  

< 4  

Data f rom Acres Consulting Services Ltd. 

per  kilogram of  dry  sol  ids. 
* Except for  pH, a l l  units are  mg,lkg. indicating  milligrams  extracted 



TABLE 6-6 
RATE OF ELEASE TEST RESULTS* 

OYLRSUilOfH Wi 76-1 

hrrwter I lndivldurl  Extract 

V O l U I .  of Extract 

8.05 
121 

52 
129 
110 
M 
3 

0.12 
3.0 

4.8 

- 
. - . 

a i .4  
0.07 
0.03 
1.5 

28.7 

11 

- 
- 
- 

81 
0.0 

100 

109 

0.0 7 .a 
. 150 

120 
10  22 

101 

8 
88 

110  82 
39  45  60 
2 2 2 

1,7 1.0 0.5 
0.25  0.25 
3.7 

0. ?a 
3.9 3.2 

- - - 

- - - 
- .  - - - - - 

20.9 

0.02 0.03 
0.04 0.05 

24.3 23.0 
.0.05 
0.02 

0.3 0.1 0.2 

19.7 25.4 26.9 

7 5 6 

- - - 
- - - 
. . 

0.04 0.03  0.02 0.0: 

lndlr ldual  Extract 

:y 
h Y  - -L - 01 250 . 200  200 

Gspndcd  Solids 
8.3  8.4 8.5 

Spcclfic Conductrnco - *I- 
- W l l  9 10 ' 10 

65 . 58 54 

- 
h Y  
1 - 
186 

21 
too 

102 
4 

0.09 

0.28 
7.4 

1.1 
0.1 
I 1. 

0% 

0.09 
24.6 

0.65 

Z 0.04 
0.6 

27.2 
0.037 

e 0.02 
21 

0.06 

tu  

01). 
2 

- 
- 

307 

160 
33 

156 
7 

0.40 
10.4 

6.1 

- 

- . - 
53.0 
0.16 
0.68 

2.1 
55.9 

40 

0.10 

- 
- 
- 

!a t i re  I - 
?y - 
390 

149 
31 

195 
9 

12.1 
0.65 
9.8 

- 
- 
. 

13.9 

0.71 
0.21 

2.4 

75.6 

41 

0.13 

- 
. -  

240 
11 - 

13.1 
0.80 
13.7 

. 
96.9 

0.73 
0.25 

2.5 - 
101.0 

52 
- 

0 . i ~  

"5' 
640 

22 
130, 

330 
11 

13.6 

16.9 

- 
1.1) 

- - - 
121.2 
0.30 
0.15 

2.6 

127.9 

58 

0.16 

- 
- 

high: o f  Sample: 
Par t ic le  Sirc: 

100 9 
2 m x 0.6 n u  

Packd Calm Length: 
Uatcr Requlred for Saturation: 25 01 

10 CD 

Average Tcmpcrature: 22' c 
Data f rom Acres'Consultinq  Services Ltd. 



TABLE 6-7 
RITE OF RELEASE TEST RESULTS. 

OVERDUAOLN WI 16-11 

YOlLG%~ b t  catract - a1 
Pn 
Suspended Solids 
S p c i f i c  Conductance , -pno/cn 

- .g/1 

Individual  Extract 

D U  
1 

' 117 
1 .9 

I60 
25 

290 
90 

0.08 
2 

1.0 
0.21 

1.8 
0.04 

: O . M ?  
0.02 

29.1 
0.06 
1.61 
1.2 

< 0.03 

0.002 
14.2 

4 1  ' 0.02 
0.04 - 

Individual  Eatract 

- "6' - 7y 
1w 
1.5 8.55 . 0.7 

115  150 

l6 40 
11 

41 
17 
40 

Cumulative Extract 

111 

164 
25 

90 
2 

0.08 
1.0 

0.23 
1 -8 

0.02 
0.04 

6.0.88: 

0.06 
29.1 

1.64 
1 .z 

0.01 

0.002 
14.2 

47 
0.02 
0.04 

384 

. 8 8  
IG 

181 
10 

11.0 
0.90 
11.9 

- 

- - - 
6a.7 
0.14 
I .61 

I .8 

51.2 

14 

0.01 

- 
- 

459 

39 
85 

208 
11 

12.1 
1.01 
15.1 

- 
- . 

64 .7 
0.11 
1.15 
2.0 

56.1 

BZ 

0.09 

- 
- 

564 

15 
81 

248 
I2 

1.20 
13.4 

11 .o 

. 
- - - 

78.7 
0.21 
1.18 

2.5 

64.5 

50 

0.11 

- 
- 
- 

684 

33 
14 

216 
13 

14.4 
1.10 
18.1 

- 
- . - 

0.24 
8B.l 

1 .a1 
1.2 

10.3 

95 

0.16 
- 

\"J, 0.6 m 
Y i g h t  o f  S w l e :  
Par t ic le  size: 
Packcd b l u m  length: 
Natcr Required for f i t u n t i o n r  25 p1 

10 Ell 

Avcrage TeaperItun: 229 c 

Data f r o m  ,Acres Consulting Services Ltd. 
LIccpt where noted, results are cxprersed in  uni ts  of mglkg, indicating milli raws cxtracted  per  kilogrw o f  dry  solids.  Individual  results 
are shoa for  extracts  collected after ruccerrtva 24-hour pertodr md turu\at!~e fiws are  calculated from individual  results. A dash [-I 
hdicates t h a t  the paramtcr was not analysed. 



TABLE 6-1) 
RATE OF RELEASE  TEST  RESULTS. 

LiASTE ROCK 

Prraaewr I T  
Yolum st  Extract 
P4 

- ml 
Suspec:sd Sol ids - ng/l 

IM, 

l a t a 1  F i l t a rab l r  Residue - E,/) 

8.1 
1210 
2078 

Sw:If:c Conductance 
Aikrlinity as tacox -pAo lcm 670 

th lo r idb  
- m9thg IC0 - molkn 53 

Sodim 
l r n a d l u  
Zlnc 

j Oj? 

~ 10.0 
' 0.40 

0.05 
0.1 

~ 76.2 
0.20 
2.10 
1.9 

s 0.02 

0.W) 
41.1 

10 
< 0.01 

0.28 

Ic0.M)z 

lndivldual  Extract 

0.09 
0.M 
3.9 

51 .o' 

- 

118 
1.7 
620 
465 
1 M  
04 
11 

0.12 
0.5 

2.1 

- 
- 
* . 

0.05 
31.9 

0.06 
2.2 

11.6 

30 

0.20 

* 

. 
- 

8.5 
155 

210 
210 

47 
95 

8 

0.16 
0.1 

2.5 

- 

. 
12.9 

3 

0.20 

- 
- 

8.4 
230 

1 2 t  
190 

11 
70 

3 

0.23 
0.2 

2.5 

- 
- - - 

28.8 
0.12 
0.23 
2.3 

19.1 

16 

2.76 

- 
- 
- 

?y - 
. 100 

1210 
2018 

180 
53 

0.06 
1.7 

0.40 
10.0 
0.1 

0.05 a:om 
16.2 
0.20 
2.10 
1.9 

0.02 

0.003 
43.1 

10 
0.01 
0.20 - 

C m l r t i v e  Extract 

01). 
2 - 
229 

I064 
1347 

309 
61 

4.0 
0.14 
13.5 

- 

- - 
121.2 
0.29 
1.18 

5.8 

66.6 

127 

0.41 

- 
- 
- 

b Y  
I - 
347 

1047 
913 

393 
18 

0.86 
4.S 

15.6 

- - 
159.1 
0.14 
2.24 
8.0 

74.2 

151 

0.67 

- 
- 
- 

- 4 

502 

696 
789 

410 
86 

4.8 
1.02 
18.1 - - - 

201 .o 
0.42 
2.30 
9.6 

81.1 
- 

l i 0  - 
0.81 - 

OaY 
5 - 
132 

600 
515 

511. 
69 

5.0 

20.6 
1.25 

- 

. 

. 
229.8 
0.54 
2 .SI 
11.9 

106.2 

l i b  

3.61 

- 

- 
- 

W i t l o n r l  Oata: Indlvidual  Extract 

Day ?Y - 6 - :y 

Yolw&o?  LXtract - rl 150 200 140 

Suspended Solids 
1.7 - rfll 1.9 8.3 

Speclfic Conductance - *la 
90 a0 
10 

en 
91 115 

- 
pn 

Data f r o m  Acres Consulting Services Ltd.  
k e p t  where  noted, results aru expressed in  un i ts  of og/tg: indicating rilli rams extracted  pcr  kilogram of dry  solids.  Individual  results 
a r e  sham for  extracts  collected  after  succcrrlvc 24-hour periods and cmlat!vc  f igurer an calculated  from  lndivldual  results. A dash (-1 
indicates t h a t  the pirarcter was not analyrcd. 

l k l g h t  o f  Sample: 1cQ 9 
Part ic le Sire: 
Packed  Coluam Length: 

2 ma & 0.6 lil 

Yatcr  Required f o r  Saturation: 65 
11 cm 

Average l w r a  ture: 22' c 
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seepages emanating f r o m  the dump under  drains i s  pro jected as be ing   s im i la r  
t o   t h a t   i n d i c a t e d   i n  Table 6-9 which  gives  the  qual i ty o f  the  leachate de- 
r i v e d   a t   t h e  first t e s t  ( the  lowest  pore volume displacement) i n  the column 

rate  of  release  leachate  experiments  conducted  by  others . 33 

Seepage f r o m  the  Medicine Creek dump could be  expected t o  have e levated  leve ls  

o f   i r o n  and copper whereas seepage f r o m  the  Houth Meadows dunp would be expected 
to  have e levated  leve ls   o f   arsenic ,  chromium, copper, i r o n  and d isso lved  so l ids 

( F i l t e r a b l e  Residue).  Both seepages would  contain  unpredictable  levels  of  
suspended so l ids.  The Houth  Meadwe seepage could be expected to  contain 
upwards o f  several  hundred  mill igrams  per l i t e r  due to   the  fact   that   the  mater-  
i a l  being  disposed i n  that   locat ion  would  cons is t  o f  f i ne   c lay   ma te r ia l s  (ben- 
tonite  etc.)  which produces d i f f i c u l t   t o  remove co l lo ida l   so l ids .  

It is   no t   poss ib le   to   es t imate   the   ac id   genera t ion   po ten t ia l   o f   these overburden 
mater ia ls  because the   pyr i te   su l fu r   con ten t   o f   these  mater ia ls  has not  been 
determined.  Given the   water   so lub le   neut ra l i z ing   po ten t ia l   o f   the   mater ia ls   f rom 
the  leachate  tests,   the  pyr i te  sulphur  percent above which acid  drainage  might 

be possible can be estimated. I n  the case o f   t h e  overburden  tested  the  cr i t ica l  
p y r i t i c   s u l p h u r   l e v e l   i s  about 0.03 pe rcen t   wh i l e   t he   c r i t i ca l   py r i t i c   su lphu r  
l e v e l   i n   t h e  waste rock  would be about 0.04 percent.  This does not, however, 
take  into  account any s o l i d  phase neutra l iz ing  capaci ty   which may be avai lable.  
Refer  to  Sect ion 6.2 (b) (ii) A f o r  method. 

Coal Stockpi le  

The discussion i n  Section 6;2 (a) ( i i )  A. Coal Stockpi le  regarding  projected 
e f fec ts  on ground  water q u a l i t y   a p p l i e s   t o  the mine mouth coal  storage  during 
the  Operation phase o f   t h e  development  and will not  be repeated. The only  
s ign i f icant   d i f ference will be that,  during  operation,  the  coal  storage  area 
inc lud ing  the  coal   preparat ion area, will be about 32 ha (80 acres) of which 

about 20 ha (70 acres) will be coal  !storage,  assuning  continued  existence 
of the  uncrushed  coal  pile. 



Sample: Overburden  76- I 

Parameters  (mg/l) 

pH (units) 
Filterable  Residue 
Dried at 105 degrees  C ** 
BOO5 
Alkalinity  (as CaC03) 
Chloride 
Fluoride 
Nitrate [as N) 
0-phos. (as P) 
Sulphur 
Arsen i c 
Boron 
Cadmium 
Calcium (as CaCo3) 
Chromium 
Copper 
Iron 
Lead 
Magnesium  (as  CaC03) 
Mercury 
Sodi  um 
Vanadium 
Zinc 

7.6 
180 

35 
55 
2 
0.05 
4.0 
0.15 
0.7 
0.03 
0.02 
0.002 
13.2 
0.05 
0.35 
0.3 
0.02 
14.6 
0.002 
15.0 
0.01 
0.031 

Overburden 76-13 

7.9 
160 

27 
77 

1.5 
0.07 
6.0 
0.2 
6.7 
0.03 
0.02 
0.002 
25 
0.05 
1.4 
1.05 
0.02 
29.2 
0.002 

40.0 
0.01 
0.031 

Waste Rock 

8.3 
2078 

244 
1 80 
53 
0.06 
3.7 
0.4 
10.0 
0.1 
0.05 

<0.002 
76.2 
0.2 
2.1 
1.85 
0.02 

43.7 
0.003 

70 
0.01 
0.275 

Data  from Acres Consulting  Services  Limited 
1* 

by ratio o f  filterable  residue  extracted in 24 hours to Total Extractable 
Estimated by BEAK utilizing BOO5 f lwm Total Extractable  Tests and multiplying 

Filterable Residue. * At low pore  volume  displacement (set? example  CalCUlatiOn) 
Leachate  Characteristic in mg/l = 

(Extractable  Component at Day 11 in mgskg )x(Weight o f  Sample in kg) -1 

(Volume o f  btract at  Day 1 in liters) 



Low Grade Waste Dump1 

The discussion  presented i n  Section 6.2 ( a )   ( i i )   r e g a r d i n g  impact on the 
ground  water qual i ty   appl ies  to   the  Operat ion phase o f  the Low Grade Waste 
Dump. There i s  not  expected t o  be any s ign i f icant   perco lat ion  o f   leachates 
t o  the  ground  water  providing  the base cons t ruc t i on   u t i l i zes   we l l  compacted 
impermeable mater ia l .  The on ly   s ig in i f i can t   d i f fe rence  i s   tha t   the  waste dump 
could expand t o  an estimated 128  ha (317  acres)  containing 46 x 10 tons o f  
low grade  waste coal  over  the  Operation phase o f  the development. The extent 
o f   u t i l i z a t i o n   o f  low grade c o a l   i n   t h e   p l a n t   i n   t h e   l a t t e r  stages o f  the 
p l a n t   l i f e  i s  not   predic tab le  accord ing  to   the  pro ject   descr ip t ion.  Runoff 
and leachates  emanating as surface  water  are  discussed i n  Section 6.3 (b) 
( i i )  and 6.3 (b) ( i i i ) .  

6 

Reclamation 

During  the  operating phase of   the mine. reclamation  would  proceed where poss- 
i b l e  on completed zones of   the waste dumps and r e t a i n i n g  embankments.  The 
pro jec t   descr ip t ion   ind ica tes   tha t  by midpoint   of   mining  the  outer  face  of  
the   re ta in ing  embankments (designated No. 1 and 2) of  the Houth Meadows  Dump 
(Tota l  Area  Reclaimed - 125 ha  (312 acres)) and No. 4 o f  the  Medicine Creek 
Dump (Tota l  Area  Reclaimed - 44 ha  (110  acres))  would be f u l l y  reclaimed and 
revegetated. A t  the  end of   mining t,he e n t i r e  dumps will have been reclaimed 
(Houth Meadows  Dump - 608 ha  (1520  acres) and Medicine Creek Dump - 482  ha 
( 1204 acres). 

Revegetation  studies  are  currently  h?ing  conducted by  others 3? It i s  known 
however, t h a t   f e r t i l i z a t i o n  will be requi red and t h a t   i r r i g a t i o n  my  
be u t i l i z e d   t o  enhance the  reclamat ion  process.  Fert i l izat ion  rates 

appl ied  are  not well def ined  a t   th is   po in t ,  however,  based  on experiences 
e l ~ e w h e r e ~ ~ a n d  recomnendations  by the! B.C. Department o f  M i n e ~ ~ ~ 1 7  - 34 kg. 
ha-! yr-' (100-200 l b  . acre". y-r-') would  probably be applied.  Estimates 
of the loss of n i t rogen and phosphorous t o  the ground water were found t o  be 

."" - 
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17 percent and 2 percent  of  the amount app l ied   in   l ys imeter   s tud ies  conducted 
i n  the Okanagan36. Although  these  nutrient  losses would enter  the ground  water 
w i th in   the  dump faces,  these  flows  would  surface a t  the seepage drains and 
enter  the  surface  water system. The impact o f  this aspect of  reclamation 
i s  d iscussed  fur ther   in   Sect ion 6.2 (b) ( i i i )  A. 

Sewage and Refuse D i s p o s a l  

Supply o f  the  potable  water  requiranents t o  the  mine o f f i c e  and warehouses 
will be by p ipe l ines fran the power plant. Sewage handling i n  the amount 
o f  140 m?d" (37,000 USGPD) will be by means o f  a  package biological   t reatment 
system, d i s i n f e c t i o n  by ch lo r ina t ion .   s to rage  in  a  pond and ul t imate  d isposal  
by u t i l i z i n g   t h e   t r e a t e d   e f f l u e n t   f o r  mine fugi t ive  dust  control .   Consider ing 
the   quant i t y   invo lved and proposed  treatment and disposal methods, impact 
on ground  water i s  pro jected as i n s l g n i f i c a n t .  

Refuse  disposal  would  cause i n s i g n i f i c a n t  impairment to   t he  ground  water q u a l i t y  
o f  the  val ley  provided  the  landf i l l   is   wel l   s i tuated,  designed and operated 
and p r e c i p i t a t i o n   i n f i l t r a t i o n  i s  minimized. 

Other A c t i v i t i e s  

The other  operations  associated  with  the mine,  waste dumps and in f ras t ruc tu re  
are  not  expected to  present any impact on ground  water qua l i t y .  The disposal 
o f   t a i l i n g s   f r c m  a  wet benef ic iat ion  process has not been addressed i n   t h i s  
report.  No conceptual  design has been done on which t o  base an assessment. 
Due to   t he   l a rge   s i ze   o f  the t a i l i n g s  pond requirements fran a wet benef ic ia t ion  
process, i t  would be necessary t o  coinduct a specif ic  environmental assessment 
i f  th is  a l ternate  is   cons idered  fur ther .  
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8. Plant 

Ash Disposal 

As ind ica ted   in   Sec t ion  6.2 (a) ( i i )  8. a number o f   a l te rna te  schemes are 
being  considered  besides  the "base I:ase* o f  wet disposal.  Estimates  of seep- 
age 'quant i t ies   in   the  wet disposal system and the  alternates have  been made 
as ind ica ted   in   Sec t ion  6.1 ( a )   ( i i i )  8. These have been sumnarized as fol lows: 

Seepage t o  Seepage t o  
Ground Water Surface Water 

Method (m - d  1 3 -1 (m3-d-') - 
Base  Case  Combined Ash Pond 20 20 - 100 

Alternate 1 Harry Lake - Bottom Ash  Pond 20 20 - 100 
Medicine Creek - F l y  I\sh Pond 15 20 - ao 

20 - 120 Alternate 2 Harry Lake - Bottom Ash  Dump 
1 35 

Harry Lake - F l y  Ash  llump 

The quant i t y  o f  ash produced as ind.icated i n   t he   desc r ip t tons ,   i s  about 6000 
tonnes  per day (6600 tons/day). The quant i ty   o f   recyc led ash pond supernatant 
present ly  est imated  for   the base case  would be about 13.4 m m n  (3500 USGPM). 
The seepage loss  thus amounts t o  about 0.6 percent of  s lu ice  water   input   to  
the Upper Medicine Creek  pond. On another  basis,  the seepage  amounts t o  about 

14 1, min" per 1000 tonnes per day (4  USGPM per lo00 tons  per day) o f  ash 
production.  Exist ing base metal mine t a i l i n g s   o p e r a t i o n s   i n   B r i t i s h  Columbia 
experience seepages a t  40 t o  115  1. min  per 1000 tonnes  per day (10 t o  30 
GPM per 1000 tons  per day) . 

3 . -1 

37 

Although rate  of   re lease  leachate  tests were not  run on f l y  ash o r  bottom 
ash, to ta l   ex t rac t ion   leachate   tes ts  were conducted  by  others3? and are shown 
i n  Table 6-10.  These  have  been reviewed in  comparison to   o ther   mater ia ls  
tes ted   to   p ro jec t   the   p robab le   qua l i t y  o f  leachates fran ash disposal areas. 
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TOTAL  EXTRACTABLE  SALTS  TEST  RESULTS* 
FLY ASH IV1D BorroM ASH 

- 
Parameter 

Suspended Sol i d s  
PH 

T o t a l   F i l t e r a b l e  Residue 
A l k a l i n i t y  as CaC03 
Chlor ide -c1 
F1 uor ide -F 
Nitrate-Witrogen -N 
Ni t r i t e -N i t rogen  -ti  
Tota l   y je ldahl   Ni t rogen -N 
Biochemical Oxygen Demand (5-day) 
Chemical Oxygen Oemnd 
Ortho-Phosphate - Phosphorus -P 
Sulphur -S 
A1 umi num -A1 
Arsenic -AS 
Boron 
Cadmium 
Calcium,  Hard  as CaC03 
Chromium - C r  
Copper 
I r o n  

-cu 

Lead 
- Fe 
-Pb 

L i th ium  -L i  
Magnesium, Hard as CaC03 
Mercury 
Selenium 

-Hg 

Sod i um 
-Se 
-Na 

Vanadium 
Strontium -Sr  

Zinc -zn 
-V 

-6 
-Cd 

9.4 
35 
9450 
2600 
110 
55.2 
5 
0.4 
9 
200 
360 
1.3 
2000 
10 
4.3 
6.3 
0.02 
3240 

< 1  
0.2 
1 

< 3  
0.3 
190 
0.002 
0.02 
100 

1.4 
40 

< 4  

F l y  Ash Bottom Ash 

80 
8.8 

4770 
1110 
110 
6.8 
3 
0.4 
4 
200 
700 
2.2 
1000 
7 

0.. 7 
3.1 

0.06 
1320 

< 1  
0.2 
1 

< 3  
0.3 
1 90 

< 0.001 
< 3.01 

110 
< .4 

3.8 
80 

Oata from Acres Consulting  Services  Ltd. 

per   k i logram  of  dry sol ids. 
* Except f o r  pH, a l l   u n i t s   a r e  mg/kg, ind icat ing  mi l l ig rams  ext racted 



The  literature  and  rate  of  release tiests on  other  waste  materials  indicate 
pore  volume  displacements  of 5 to 15 will be necessary  before  leachate  quality 
levels off. The  time  required  to  reach  this  point  depends  on  the  permeability 
of  the  material  as w e l l  as on  the  quantity  of  water  applied or infiltrated 
in excess  of  the  material  water  storage  capacity. 

Due  to  the  probable  permeability of the ash, it is estimated  that it will 
take  many  years  to  displace 5 to 15  pore  volumes.  Thus  the  quality  projec- 
tions  have  been  based  on  concentrations  which  are  likely  to  occur  during  the 
initial  pore  volume  displacements. 

Leachate  from  waste  disposal  areas  are  generally  of  similar  quality  to  the 
input  liquor  plus  any  extracted  compaments. In this  case  the  input  liquor, 
excluding  any  precipitation,  will be power  plant  wastewaters  such as reverse 
osmosis  wastewater,  water  treatment  regenerant  wastewater and general plant 
wastewater  used  for  the  ash  sluicing,  dewatering  and  wetting. 

By ratio  of  total  extractables in ash  materials  to  total  extractables in other 
materials  tested,  times  concentration in leachate at low pore  volume  displace- 
ments, an estimate  of  the  range  of  major  parameters in the ash leachate  due 
solely  to  extractables in the  ash  has  been  made  as  indicated in Table 6-11. 
Contribution  to  each  major  parameter  'concentration level due  to  input  liquor 
from  plant  wastewaters  can be  estimatied from  information on quality  of  this 
liquor as calculated  from  the  project d e ~ e r i p t i o n s ~ ~  and as shown in Table 
6-12, under  Combined  Wastewaters. 

Assuming  that  the  return  sluice  water  treatment  system  offsets  any  concentra- 
tion  effect  due  to  reuse, an estimate  of  the  leachate  quality  likely  to  emanate 
based  on  the  additive  contribution  frtm ash extractables and plant  wastewaters 
is as shown in Table 6-13. Plant  wastewater  parameters not shown in Table 
6-12 were  calculated  from  Thompson River values  assuming: the  cooling  tower 
blowdown is Thompson  River  water conce!ntrated 20 times,  the  combined  treatment 
waste is the  Thompson  River  concentrated 11 times, the  treated  floor  drains 



Parameter(mg/l) 

pH (units) 
Filterable  Residue (105'c) 
BOD5** 

Alkalinity  (as  CaCo3) 
Chlori.de 
Fluoride 
Nitrate (as N) 
Ortho-phosphate  (as p) 
Sulfate 
Arsenic 
Boron 
Cadm i urn 
Calcium (as CaC03) 
Chromium 
Copper 
Iron 
Lead 
Magnesium  (as  CaCO3) 
Mercury 
Sod i urn 

Vanadium 
Zinc 

Fly Ash  Bottom Ash 
Range Range 

9 - 10 8.5 - 9.5 
3000 - 8000 1500 - 4000 
15 - 175 15 - 175 
400 - 500 200 - 400 
10 - 25 10 - 25 
1.5 - 4.0 0.2 - 0.5 
0.7 - 1.8 0.3 - 0.7 
0.04 - 0.13 0.07 - 0.22 
80 - 160 40 - 80 
0.5 - 2.5 0.4 - 2.0 
1.5 - 2.5 0.2 - 0.3 
< 0.002 < 0.002 
400 - 500 150 - 200 
0.02 - 0.14 0.009 - 0.03 
0.1 - 0.2 0.1 -0.2 
0.1 - 0.2 0.1 - 0.2 
< 0.02 < 0.02 
20 - 30 20 - 30 

< 0.0004 - 0.0017 < 0.0002 - 0.0008 
20 - 30 20 - 30 

0.05 - 0.07 0.13 - 0.19 
0.3 - 1.5 0.6 - 3.0 

* 
At low pore  volume  displacement ** Estimated by B W  by comparison of  total  extractable BOD5 to  Projections 

of  BOO5 in other  waste  materials tiested. 

Developed  from  Leachate  Data  provided by Acres Consulting  Services  Limited 
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TABLE 6-13 

PROJECTED ASH LEACHATE QUALIn 

Fly Ash 
Parameter (mg/l) Range 

pH (units) 
Filterable Residue (10SoC) 

Alkalinity (as CaC03) 
Chloride 
Fluoride 
Nitrate (as N) 
Ortho-phosphate (as P) 
Sulphate 
Arsenic 
Boron 
Cadmium 
Calcium (as  CaC03) 
Chromium 
Copper 
Iron 
Lead 
Magnesium (as  CaCOj) 
Mercury 
Sod i um 
Vanadium 
Zinc 

80O5 

8.5 - 9.5 
4900 - 9900 

< 30 - 190 
1030 - 1130 
140. - 155 
3.3 - 5.8 
2.2 - 3.3 
0.15 - 0.24 
220 - 300 

< 0.6 - 2.6 
< 3.1 - 4.1 

< 0.08 
990 - 1090 

< 0.1 - 0.22 
< 0.2 - 0.3 
< 1.6 - 1.7 
< 0.04 

190 - 200 
< 0.0012 - 0.0023 

260 - 270 
< 0.13 - 0.15 

0.6 - 1.8 

Bottom Ash 
Range 

8.0 - 9.0 
3400 - 5900 

< 30 - 190 
830 - 1030 
140 - 155 
2.0 - 2.3 
1.8 - 2.2 

0.18 - 0.33 
1180 - 1220 

< 0.5 - 2.1 
< 1.8 - 1.9 

< 0.08 
740 - 790 

< 0.089 - 0.11 
< 0.1 - 0.3 
< 1.6 - 1.7 

< 0.04 
190 - 200 

< 0.001 - 0.0016 
260 - 270 

< 0.21 - 0.27 
0.9 - 3.3 
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are  the  same  as  the  Thompson  River, and the  treated  sanitary  wastewater and 
HVAC  are  insignificant.  Figure 6-9 shows  the  proposed  layout  of  the  power 
plant and ash disposal  areas  for  the  base  case and Alternate I. For  the 
layout  of  Alternate 11. see  Referenoe 3. 

The  literature  contains  many  references  to  studies on leachate  characteristics 
from ash  disposal. Brown, J. " et a13' conducted  laboratory  and  field  inves- 
tigations  on  pulverized  ash and found  the  quality  of  leachate is dependent 
upon  the  condition  of  the ash. Leachates  fran  ash  conditioned  to 15 percent 
water by weight  contained aPprOXimatc?ly 1.9 times  the  dissolved  solids  content 
of  leachates  from  lagooned  ash (7900 mg/l versus 4100 mg/l) at low bed volume 
detentions. The study  also  found tlhat the  levels  of  some  elements in leach- 
ates  may be reduced in passing  through  substrata  before  reaching  the  ground 
water  regime  or  surfacing. 

Chu, T.J. " et a140  characterized ash pond  effluents in recirculation  systems. 
It was  found  that  concentrations  of  calcium,  sulfate  and  total  alkalinity 
leveled  off  after  about  the  eighth  cycle in alkaline  recycled  ash  sluice 
water.  Further,  alkaline fly ash in repeated  contact  with  water did not 
release  cadmium, iron, lead, manganese and mercury  because  of low solubilities 
of  these  trace  metals. Boron, barium,  arsenic,  chromium,  copper,  nickel, 
selenium and zinc did leach  into  the  sluice  water, but concentrations  quickly 
leveled  off  after  about  three  to  four  cycles.  Sodium and potassium  continued 
to  increase in concentration  after 20 cycles  (Figures  6-10  and 6-11). The 
composition  of  the  ash  utilized is compared  to  that  of  the ash expected from 
Hat Creek in Table 6-14. 
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TABLE 6 - 14 
CHEMICAL  COMPOSITION OF DRY ASHES 

I. 

" 

" 

II- 

. 
I 

Constituent ( x )  * 
Hat Creek (Ash1  Plant E (F ly  Ash) 

** 

Alumina (A1 p 3 )  
Calcium Oxide (CaO) 
I ron Oxide (Fe203) 
Magnes i urn Oxide ( MgO) 
Potassium  Oxide (K20) 
Si 1 ica ( Si02) 
Sodium Oxide (Na20) 
Sulfur  Trioxide (SO3) 
Titanium Oxide (T i$ )  

22 - 38 
1.4 - 8.5 
2.4 - 28 
0.7 - 3.3 
0.2 - 0.8 

32 - 56 
0.4 - 2.6 
0.4 - 3.7 
0.4 - 1.3 

18.52 
5.74 

20.79 
1.23 
3.37 

46.28 
0.66 
1.55 
1.07 

Constituent (,,g/g) 
Hat Creek ** 
Bottam Ash 

Hat Creek, 
F l y  Ash Plant E- 

" 

Arsenic 
Boron 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Selenium 
Zinc 

12 
10 
0.3 

86 
166 
10 
0.03 
5.0 

61 

111 
47 
0.5 

280 
119 
32 

1.48 
4 

180 

55 
1800 

6 
90 
78 
75 
0.1 
6 

540 

From Integ-Ebasco. January 1!377 Power Plant Conceptual Design Report. 
** From Chu, T.J. e t  a l . '  October 1976. 
** From Acres Consultants  Limited, January 1977, Leachate And Vegetation  Report. 
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Theis, T.L. fi 41s42 studied  the movement o f  trace  metals i n  ground water 
near an ash d i s p o s a l   f a c i l i t y  and a lso  inves t iga ted   the   sorp t ive   charac ter ls t i cs  

i n   a s h - s o i l  environments. Thei r   s tud ies  found  that   the  sorpt ive  capaci ty  o f  s o i l  

increases  with pH and a l so  t h a t  o f  the so i l s  tested,  the  ranking f o r  sorp t ive  
capac i ty   o f   meta ls  was organic  peat > bentoni te  > c a l c i t e  sand > s i l i c a  sand. 
The q u a n t i t y   o f  metal  ions  adsorbed was found t o  be concentration dependent f o l -  
lowing  Freundlich  isotherms. The s tud ies   i nd i ca te   t ha t  a cont ro l   s t ra tegy   to  
reduce movement o f  metals i n  leachates f r o m  ash ponds i s   t o   l i n e   t h e  pond w i t h  

a h igh ly   adsorp t ive   so i l   mater ia l  such as bentonite. I n   o the r   s tud ies  by  Theis, 
T.L. it was found  tha t   the   re la t i ve  amount o f  ca lc iun  and amorphous i r o n  
oxides on the  surface o f   t h e  ash defines  whether  the ash i n   s o l u t i o n  will be 

a c i d i c  o r  basic i n  solut ion.  No such ext rac t ions  have been perfonned  on  Hat Creek 
coal f l y  ash o r  bottom ash, however, th is   should be considered t o   c o n f i r m   t h a t  
the ash  waters will be a l ka l i ne  as the  present  water  extract   leachate  test   data 
indicate.  Theis, T.L. also  found  that,  excepting  arsenic and cadmium, 
meta ls  i n  aqueous f l y  ash so lu t i on   f o l l ow  a predic tab le  pat tern  o f   decreas ing 
release  wi th  increasing pH. I n   t he   s tudy  by  Theis, T.L. e t  a141 on a f l y  ash 
d isposal   s i te ,  i t  was found that  t race  metals were released  to  the  ground  water 
a t  general ly  low  levels. Meta1:s were found t o  accunulate i n   t h e   s o i l s  beneath 
and around  the pond. P rec ip i t a tes   o f   i nso lub le  phases  and adsorption o f  metals 
on to   h ighe r   l eve l s   o f  hydrous i r o n  and manganese oxides were thought t o  be re- 
sponsible.  Nickel was found to  migrate  without  forming any p rec ip i t a te   o r   be ing  
adsorbed. The soi l   surrounding  the ash d isposa l   s i te  was a f i n e  sand, having a 
permeabi l i ty   o f   about  0.1 cm-s. 

" 

.- 1 

The s t r a t e g i e s   f o r   c o n t r o l l i n g  ' leachate  percolation from the ash d isposa l   s i te  

are  not   deal t  with in  the  pro ject   descr ip t ions.   Fur ther ,   d isposal   o f  seepage 
sur fac ing a t  t he   re ta in ing  embankments i s  n o t  addressed. As i n d i c a t e d   i n  Sec- 
t i o n  4.1 ( a )   ( i i )  0. t h e   e x i s t i n g   i n f o m a t i o n  suggests that  the  Medicine Creek 
Va l l ey   i s   ove r la in   w i th   l ow  pernneable till (hydrau l i c   conduc t i v i t y   o f  m.s'') 
of   var iab le  th ickness.  The bedlock  below the  till i s   h i g h l y  impermeable (hydraul- 

i c   c o n d u c t i v i t y   o f  mas-') mixture  of  l imestone,  altered  sedimentary  rocks, 

volcanic  rocks and  sedimentary  rvcks. The present  ground  water  flow, of which 
90 percent i s  est imated  to  flow through  the till, m u n t s   t o  about 35 m3. d-' per 
ki lometer  along  the creek. A l l r l v iun  i s  a l m s t  absent i n  the  creek bed. 

"- _" 
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The proposed  ash  disposal pond i n  Upper Medicine Creek  would  be  about 3 km i n  
length and the   p ro jec ted  seepage from  the pond t s  20 m? d-' compared to   the 

e x i s t i n g  ground  water flow o f  175 m3*d-' from the  total   reach above the ash 
pond embankment. This  Indicates a m d e r a t e   d i l u t i o n   p o t e n t i a l   e x i s t s   f o r  any 
contaminated  percolation  from  the ash pond. There are no known ground  water 
users i n   t h e  Upper Medicine Creek Valley. It would  thus seem unnecessary  from 
a  ground  water qua l i t y   v iewpo in t   t o  require l i n i n g   o f   t h e  proposed ash  pond t o  
f u r t h e r  reduce seepage and percolat ion.  I t  would,  however,  be prudent t o   i n s t a l l  
a c u t o f f   w a l l  a t  the  lower embankment such that  contaminated seepages are   in te r -  
cepted  before  reaching  aquifers i n  the  Hat Creek Valley.  Also, as i s   c o m n  
p rac t i ce   i n   t he   m in ing   i ndus t r y ,  i t i s  assumed t h a t  a surface and sub-surface 
seepage recovery system  below the   re ta in ing  embankments would  be i n s t a l l e d   w i t h  
co l l ec ted  seepage returned  to   the ash system e l im ina t ing   a l l   d ischarges   to   the  
environment  outside  the  imnediate ash disposal  areas.  Provided  this i s  done, 
the  ground  water qua l i t y   o f   the   remain ing  ground  waters o f   the   va l ley   shou ld   no t  
be a f fec ted  by the  ash disposal  operations i n   t h e  Upper Medicine Creek Valley. 

Ash disposal  to  the  Harry Lake region i n  the   a l te rna te  schemes (Al ternate I - 
bottom ash s lu iced  to   Harry  Lake!, f l y  ash s lu i ced   t o  Upper Medicine Creek: Alter- 
nate 11 - bottom ash and f l y  ash t o  dry  disposal i n  Har ry 'Lake  s i te  dumps) will 
also  generate  leachates.  Bottom ash i s  q u i t e  permeable (hydraul ic   conduct iv i ty  
I C 5  m.s-l) would  dra in   qu i te   rap id ly  and e x i s t   a f t e r   d i s p o s a l   i n  an unsaturated 
s ta te .   F ly  ash having  extremely low permeabi l i ty   (hydraul ic   conduct iv i ty  
m-s-') will e f f e c t i v e l y  become a saturated dump a f t e r  compaction. The geological 
nature of the Harry Lake area i s  not  well def ined a t  th is   s tage as t e s t  holes 
have not been  sunk i n  the   a l te rna te  ash s i t e   o f   t h e   H a r r y  Lake region. 

Disposal  design  strategies  similar  to  those  required i n  Upper Medicine Creek will 
be necessary to  prevent  contamination  of  ground  waters  (suitable base preparation, 
c u t o f f   w a l l s  i f  necessary  and seepage c o l l e c t i o n  and re tu rn   to   the  ash water 

c i r c u i t ) .  
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Ash S lu ice  Water  Treatment  Sludge 

Several o f   t h e   a l t e r n a t e s  f o r  ash disposal  require  treatment o f  the  recyc led ash 
pond supernatant to   avoid  sca l ' ing o f  t h e   s l u i c i n g  system  pipel ines.  This  treat- 

ment would  generate a calc ium  carbnate,  magnesium hydroxide and calcium  sulphate 
type  sludge  which  would be dewatered  by  mechanical means t o  10 - 25 per  cent 
so l i ds  by  weight.38 The sludge, ca l cu la ted   t o  be 45 - 68  tonnes per  day (50 - 
75 tons  per day)  based on a s ludge  f low  of  1.6 - 2.3 1;s-' a t  3.5 percent 
sol  ids,  would be disposed t o  a  sludge  storage pond. 

The s i ze   o f   t he   d i sposa l   a rea   wqu i red   ove r   t he   l i f e  span of   the power p lan t  i s  
estimated a t  2 - 4 ha and will contain 600,000 tonnes o f  dewatered  sludge. Leach- 
ate  data i s  n o t   a v a i l a b l e   f o r  this mater ia l ,   howver,  assuming  adequate  pond 
l i n i n g   w i t h  impermeable mater ia ls  and s t t ing   the   d isposa l  pond su i tab l y  above 
loca l  ground  water,  the  operation  should  not  impact on the  ground  water  qual i ty. 
The na tu re   o f   t he  s ludge,  being  highly  a lkal ine,   would  prevent  d issolut ion  of  
most m t a l   c o n s t i t u e n t s   i n   t h e  sludge. 

It i s  noted f r o m  the   p ro jec t   desc r ip t i ons   t ha t  power p lan t   bo i l e r   c lean ing  wastes 
are  a lso  proposed  for   d isposal   into  the ash sluice  water  treatment system. These 
discharges a r e  first n e u t r a l i z e d   i n  a ho ld ing pond p r io r   t o   d i scha rge   t o   t he  ash 
sluice  water  treatment system.  These discharges  although  infrequent  (every 3 t o  
5 years - 1135 m per 500 MW un i t )   usua l l y   con ta in   h igh   leve ls  o f  amnonia, i r o n  
and  copper  ranging f r o m  80 - 300 mg/l. 30 - 4000 mg/l and 0 - 131 mg/l  respective- 

and be disposed  with  the  sludge f r o m  t h i s  brocess. 

3 

ly. 44'45 The metals  should  precipi tate i n  the  sluice  water  treatment  process 

FGD S1 udge Oi !;posal 

The a l t e r n a t i v e   t o  a Meteorological  Control System (MCS) f o r   con t ro l l i ng   su lphu r  
d iox ide   leve ls  i s  a Flue Gas Dasulphurization (FGD) system  whereby a por t ion  of 
t h e   f l u e  gas i s  t r e a t e d   i n  absorbers u t i l i z i n g  a lime o r  limestone  process. The 
sludge  produced i n   t h e  process  resul ts f r o m  chemical  reaction between the  reagent 

and SO2 i n  the   f lue  gas. The sludge  would be converted t o  a s o l i d  waste mater ia l  
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and transported t o  'a storage  area. The quant i t ies   oFsludg&-  invo lved  are.about  

9 tonnes  per  hour  per 500.Mw u n i t  o r  about 7.2 x 10 tonnes  over  the.  plant l i f e  

f r o m  a l l   u n i t s ,  if all were so equipped, Other  than  the  sludge for   d isposal ,  

a l l   u n i t  process  wastewaters  would  be  recycled  thus  eliminating any pos i t i ve   d i s -  

charge. The sludge  would be mixed  with  dry f l y  ash  and add i t iona l  lime to   condi -  
t ion   the   mater ia l .   p r io r i , to   d isposa l .  The mater ia l   repor ted ly  can at ta in   cons ider-  
ab le   s t rength   a f te r .a  'week.of cur ing   in   the   d isposa l   s i te .  I f  disposed o f   i n  a 
d e d i c a t e d   l a n d f i l l ' s i t u a t i o n ,  an area o f  about 80 ha (200 acres-)  could  eventually 
be  required. 'No s p e c i f f c   s i t e  has  beerr s tud ied o r  i d e n t i f i e d   i n .   t h e   p r o j e c t  de- 
s c r i p t i o n s   f o r ' e v a j u a t i o n  . .  i n '   t h i s  'envl'&nmenfaT' assessment. I f  FGD i s  chosen, 
a separate  environmental'  itudy wduld. tri k q u i k d   in^ the  s i t e  .seTection phase t o  
examine  iinpact"bn  ground'water''anh  &&ace i & t e r s ' . . .  Leachates  from th i s   ma te r ia l  

can contain  extremely  e levated  levels  of   calc ium,  sul fates,   chlor ides,  and t o t a l  
dissolved'  solids.46 The quant i ty  o'? l'eachates  is"dependant on the  permeabi l i ty  
o f   t h e  sludge. Raw 'sTudge pe rn ieab i l ' i t i es   haw  bkn   repo r ted  by  Rossoff, J. e t  
a1.47 t o  be 1 x IO- cm.s t o  l'X:10'5 an-s , whereas chemical ly  f ixed 3 . ,  -1 . "1 , ' ' 

s ludges  are  reportedly  less permeable  by one 'order of magnitude. ' Rossoff  also 
repor ted no evidence o f   a l t e r e d  ground water 'qua l i t y   near   tes t  FGD disposal   s i tes 
where  base soils had permeabi l i t ies  of  10" an.s''. Schafish, R.J. " e t  a1 48 
reviewed  the  factors  to be considered: ' in '   select ing a FGD sludge  disposal  site. 
Environmental   factors  out l ined  relate  mainly  to:  . avoidance o f  ground  water i n t e r -  

act ions;   control  o f  sur face ' run-of f ;   bear ing  s t rength  o f   s ludge such t h a t   t h e  
s i t e  can eventual ly  be reclaimed, and dust  control .  

6 
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A b r i e f   r e v i e w  o f  FGD waste reuse has  been conducted by others. 33 

Plant  Wastewaters 

As indicated. i n  the  pro ject .descr ip t ions  the power plant  would be  designed  and 

operated i n   . a  "no -liquf,d,  discharge" mode u t i l i z i n g  a  "cascading"  water use 

philosophy whereby  wastewaters , a r e  reused  'where  requi&ments on qua l i t y   a l l ow  

recyc le   w i thout   d is rup t ing   the  Iprocess thereby  minimizing  overall  water use. 
There  appears t o  be  no p lan t  wastewaters  other  than  those  discussed i n   t h i s  
sec t ion   tha t  would i n t e r a c t   w i t h  ground  water i n  the area. 

.. ~~ . . . . . .. ~. .. . . 
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The poten t ia l   fo r   con taminat ion   o f   the   env i ronment  due to   acc identa l   re lease 

of  P.c.6. '~  from  the  plants  eff luent  system i s  considered  negl igible. Regula- 
t i o n s  proposed  under the  Environmental  Contaminants  Act will ban the  purchase 
o f  new equipment f i l l e d   w i t h  P.C.B.'s as o f  18 October 1978. 

O t h e r   A c t i v i t i e s  - 
Sanitary  wastewater  would be t r e a t e d   i n  a package extended  aeration  treatment 
plant.  Treated  wastewater  would  then be reused in  t h e  ash handling system. 
Waste sludge f r o m  the  t reatment  p lant   would be disposed o f  with sludge  from 
the ash rec i rcu lat ion  water   t re ,atment   p lant .  Ilo impacts on ground  water  qual i ty 
are  foreseen due to   the   re la t i ve ly   smal l   quant i t ies   invo lved.  

An a l t e r n a t e   t o   t o t a l   c o a l   s t o r a g e   a t   t h e  mine mouth storage  area i s  t o   p r o v i d e  
a coal   stockpi le  near  the power p l a n t   o f  7 t o  30 days supply on  a 10 ha (25 
acre)   s i te .  Assuming  base preparation o f  an impemable   mater ia l ,   perco la t ion  
o f  leachates  to  the  substrata would be minimal.  Leachates  would  surface as 
seepage in to   the   coa l   p i le   d ra inage system becoming par t   o f   sur face   water   run-  
o f f .  The system o f   c o l l e c t i n g   s u r f a c e   r u n o f f  and  conveying t o  a bas in   p r i o r  
to   t reatment   wi th   the  ash  rec i rcu lat ion  water   would  avoid  any  in teract ion  wi th  
uncontaminated  surface  or  ground  waters i n  t h e   p l a n t   s i t e  area. The q u a l i t y  
o f  c o a l   p i l e  seepage would be  as discussed i n  Section 6.2 (b) (ii) A and 6.2 
( b )   ( i i i )  A. 

C. O f f s i   t e s  

. 
I 

. 
I 
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v i a  percolat ion  of  contaminated  sno~,melt,~g Wherever shallow  ground  waters  are 
encountered  during  construction and w i t h i n  a reasonable  distance fran surface 

" 

. creeks o r  streams, use o f   d e i c i n g  compounds should be  avoided. 

m *  

Coolinq  Water  Supply  System 

" Operation o f   the   coo l ing   water  !;Upply p ipe l i ne  and punp stat ions  should  not  cause 

any sign' i f icant  impact on ground  water  resources  and i t s   qua l i t y .   P rov i s ions  

I- should be provided a t  each pump s ta t ion   fo r   sa fe   d isposa l   o f  used l u b r i c a t i n g  
l i qu ids ,   o the r  waste mater ia ls  and sani tary  waste  waters.  Provided  proven  and 

..- environmentally  acceptable methods are   u t i l i zed ,   there  would be  no s i g n i f i c a n t  
i n t e r a c t i o n   w i t h  ground  water,  thus no impact on ground  water  quality. 

n I 

Other   Ac t iv i t ies  - 
The o ther   ac t i v i t ies   inc lude  opera t ion   o f   the   Hat  Creek diversion, 60 kV trans- 

miss ion   l ines ,   a i rpor t  and o f f - l oad ing   f ac i l i t y   (no te :   o f f - l oad ing  may only  be a 
"const ruct ion phase" a c t i v i t y ) .   S i g n i f i c a n t   i n t e r a c t i o n s  with the  ground  water 
regime  are  not  projected f r o m  thlese a c t i v i t i e s .  There  would o f  course be some 
seepage loss  f rom  the  d iversion  canal  and r e s e r v o i r   i n t o   t h e  ground. I n  general, 
however, Hat Creek water i s  a h igher  qual i ty  water  than ground  waters o f   t h e  area 
and thus  the  impact  from seepage could be ra ted   benef ic ia l   a l though  ins ign i f i can t .  

( i v )  Decomnissioning 

A. Mine 

m 
. 
. * 

-1 
. 

Reclamation o f  The Nine And  Oomps 

Following  completion o f  mining,  ,reclamation o f   t h e  remaining  disturbed  areas 
would comnence. A s '  i nd ica ted  by the  project   descr ipt ions,   th is  would  include: 

~ 
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mine p i t ;   Nor th   Va l ley  fill area  a f te r  removal o f   I n f ras t ruc tu re ;   s tockp i l es  
(low  grade  coal;  blending  stockpile; and topso i l ) ;  and the  in tervening areas. 

According to   p ro jec t   descr ip t ions ,   the  Houth  Creek  and Medicine Creek dumps will 
have been reclaimed  by  the end o f   t h e  mine operat ion phase. 

I n   t h e  case o f   t he   p i t ,   r ec lamat ion  would include  recontouring p i t  slopes,  top 
dressing,  covering o f  exposed coaly  materials,  revegetation and f looding  of   the 
p i t   (over   severa l   years) .  The total   reclaimed  area as given in   t he   desc r ip t i ons  
would  be 570  ha (1426 acres). 

The s tockp i l e  areas 340  ha  (8541 acres)  would be reclaimed i f  necessary, by top 
cover ing  wi th   so i l .  It cannot be predic ted a t  t h i s  time whether any o f   t h e  

coal   or   low  grade  coal   stockpi les will remain a f te r   comple t ion   o f  mining. All 
in f rast ructure  would be dismantled and remved (conveyors, buildings,  etc.) and 
the 50 ha (124  acres)  North  Valley fill area  reclaimed. Lagoons and drainage 
contro l   d i tches will be maintained and no t  decomnissioned. The in tervening 
area o f  1050 -ha .(2615 acres) will also be reclaimed as will the 25 ha ( 5 1  acres) 
o f  roads  and  conveyor r i g h t   o f  ways. 

The exact  strategy o f   revege ta t i on  has no t  been developed a t   this^ time. It i s  
l i k e l y ,  however, t h a t   f e r t i l i z a t i o n  will be  necessary  and i n   a d d i t i o n   i r r i g a t i o n  

m y  be required  to  expedite  the  process. 

The to ta l   a rea   t o  be reclaimed i n   t h e  decomnissioning phase i s  2035 ha (5090 
ac res )   re la ted   t o  the mining  project. The reclamation will have a bene f i c ia l  
impact on ground  water q u a l i t y   i n   t h a t  any leaching by p r e c i p i t a t i o n   o f   s o l u b l e  
const i tuents  f rom  the waste m a t e r i a l ,   p i t  slopes, dumps and s tockpi les will be 
lessened.  Cover mater ia l  will also prevent   fur ther   ox idat ion and weathering o f  
waste  materials. The a p p l i c a t i l m   o f   f e r t i l i z e r s   d u r i n g   r e v e g e t a t i o n  will i n -  
c r e a s e   t h e   n u t r i e n t   l e v e l   i n   t h e   s u r f i c i a l  ground  water. As discussed i n  Sec- 

t i o n  6.2 (b)  ( iv ; ,   the  major  interact ion will ul t ima te l y  be with  surface  water 
s ince   t he   su r f i c i a l  ground waten  eventual ly  appear as seepage to   the  sur face 

water  regime i n  the   va l ley  bottom. 

1 
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Flooding of the p i t  is not expected t o  cause any significant ground water  quality 
impairment because ground waters will be emanating i n t o  the p i t  lake  over the major- 
i t y  of the p i t  rather than o u t  f r o m  the lake as dictated by the water table gov- 
erned ground water flow patterns t h a t  will s t i l l  prevail i n  the  area  after mining  
ceases. There will be a recharge i n t o  the valley alluvium and buried bedrock 
channel aquifers o f  500-700 m . d". The quality of the water  in the channel 
aquifer  is  presently unknown and the quality  of the lake  water requires further 
study. The impact of this recharge is  t h u s  indeterminant a t  this stage. 

3 
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B. Plant 
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Reclamation o f  the Disposal Areas 

Project  descriptions  available provide l i t t l e   d e t a i l  on reclamation  plans for  
the  plant  site,  ash  disposal  areas or waste sludge  disposal  areas. In the  case 
of  the ash disposal pond in Upper Medicine  Creek (434 ha; 1085 acres), reclama- 
t i o n  would not be able  to proceed until the area had dried  out and attained 
sufficient bearing  capacity t o  allow machines to  operate. Based on net evapora- 
tion (300 mn per year) and the volume of water above the ash (6.8 x 10 m ) this 
interval could l a s t  about five  years or more. Descriptions  indicate a top  cover 
of 300 mn (1 f t )  of  topsoil would be placed  followed by revegetation. I t  i s  
not known whether this quantity o f  topsoil i s  available (50,000 m o r  1.75 x 10 3 6 

cu yd).  As i n  the  case o f  mine reclamation, i t  i s  possible  that any suitable 
"soil-foning"  materials may be r e q u i r e d  t o  be used which would tend t o  prolong 
the reclamation  duration. 

6 3  

Reclamation will have  a benefidal impact on ground water quality  in  that the 
quantity  of p rec ip i t a t ion  percol,3ting through the ash pond will be  reduced in 
the long t e n .  Because of the pmmeability of f l y  ash, however, many years 
would pass before leachates and !seepages will cease t o  emanate  from the ash 
pond even a f t e r  reclamation.  Felrtilization and possibly  irrigation would be 
activit ies  of the revegetation program i n  order to  expedite the process. As i n -  
dicated  in  other  sections of the report, some residual nutrients inevitably 
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m i g r a t e   i n t o   t h e   s u r f i c i a l  ground  water  system  and  then  eventually  into  the  sur- 

face  water  regime. The impact o f   t h i s   a c t i v i t y  i s  discussed more f u l l y   i n  

Section 6.2 (b), 

Reclamation o f   t h e   a l t e r n a t i v e  dry ash disposal  system dumps would  proceed  through- 
out  the  "operation" phase  and would be a l t m s t   f u l l y  completed by the  plant  decomis- 
sioning  stage. The f ly  ash dump would  continue  to  produce seepage af ter   rec lamat ion 
however,  because the  penneabi1it:y o f  the ash d ic ta tes  a very  slow  desaturation 
process.  Bottom  ash on the other  hand would become  an unsaturated dump i n   r e l a t i v e -  
ly short   per iods o f  time and onc:e topped  and  revegetated  should e f f e c t i v e l y  be- 
come " i n a c t i v e "   r e l a t i v e   t o   i n n e r  drainage. 

The e f f e c t  on ground  water o f  a  future  resource  recovery  operation  (ash  ut i l iza- 
t ion)  from  the  reclaimed ash disposal  areas i s  not  addressed i n   t h i s   r e p o r t .  De- 
comnissioning o f  the power p lan t  and r e l a t e d   i n f r a s t r u c t u r e  (conveyors,  buildings, 
cooling  towers,  switchyard,  etc.)  would  not be expected t o  cause any s i g n i f i c a n t  
impact on ground  water  quality. It i s  presumed, al though  not  stated  in  the  pro- 
j ec t   desc r ip t i ons   t ha t   t he  main  'water  supply reservoir  would  remain  intact. I t s  
potent ia l   value  for   water  supply purposes i s  discussed i n  Section 6.3. 

C. O f f s i t es  

There are no s i g n i f i c a n t  ground  water q u a l i t y  impacts  visualized  from decommis- 
s ion ing o f  the  Hat Creek diversion, power plant  water  supply system, o r  60 kV 
transmission  l ines. I t  i s  assumed that   the main access road and a i r p o r t  would 
remain i n tac t .  

A. Prel iminary  S i te  Development 

A c t i v i t i e s  undertaken i n  the   p re l im inary   s i te  development stage such as the  Bulk 
Sample Program, e x p l o r a t o r y   d r i l l i n g ,  and environmental  sampling and surveying 
have no t  had, nor  i s  it ant ic ipat ,ed  that   they will have, any s i g n i f i c a n t   e f f e c t  

on the  ground  water  qual i ty  of   the area. 
. . . . __ 
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6. Construction 

Activities  occurring during the  construction phase of the  project should  not pro- 
duce any significant environmental impact on the ground water provided that pro- 
posed  and  recomnended  procedure!;  and design methods are followed.  This i s   par t i -  
cular ly   cr i t ical   for  sewage treatment and  impermeable storage lagoon fac i l i t i es .  

C. Operation 

Mine water removed from the p i t  dur ing  operation will be  pumped i n t o  a treatment 
lagoon and will not have  any effect  on ground water  quality. In the overburden 
dumps, because o f  the  provision of drain systems,  the  majority of leachates from 
these dumps will no t  reach the ground water system and, thus, will have  minor 
effects on ground water  quality. In the coal stockpile and low grade  waste 
dump, given that  the bases o f  these  are made from well compacted  impermeable 
material and that  drainage syste!ms i n  the form of ditching  are provided,  then 
insf gni  f icant amounts of the  runoff o r  leachates produced will reach the ground 
water; hence there will be no impact on the gmund water from these  areas. Re- 
clamation work undertaken dur ing  the  operating  period of  the mine will require 
the use  of f e r t i l i ze r s .   I t  is anticipated, however, that  any nutrient  losses 
that  enter the ground water system will surface a t  seepage drains and enter  the 
surface  water system. Sewage  and refuse  disposal  for  the mine i s  projected as 
having an insignificant impact on the ground water.  Other activities  associated 
w i t h  the mine are no t  expected to present any impact on ground water quality. 

In the  operation o f  the  plant, the only possible  source of  impact on the ground 
water system would be leachate from the ash disposal s i t e .  The amount and extent 
of the impact will be dependent upon the particular opt ion  selected for f l y  ash 
disposal; b u t  i n  any case,  the impact should be  minimal provided that  suitable 
control  actions  are taken (suitable base prepara t ion ,  cutoff  walls, and seepage 
collection and return). Because  .the plart  is designed and will be operated i n  
a "no liquid  discharge" mode there will be no other  plant wastewater t o  have  an 
effect  on the ground water. Sanitary wastewater will be treated by extended 
aeration w i t h  the treated wastewater being used i n  the ash handl ing system and 
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the  sludge  being  disposed o f  wiith  sludge f r o m  the ash rec i rcu la t ion   water   t rea t -  
ment plant. Thus there will be  no impact  on  the  ground  water f r o m  t h i s  source. 

I f a coal   s tockpi le  i s  located  near  the  plant,  proper  preparation o f  the base 

will ensure that  leachates do no t   en ter  the ground  water system. 

During  the  operation o f  the   p ro jec t ,   the   on ly   o f fs i te   ac t i v i t y   wh ich   cou ld  have 
an impact on the  ground  water  would be the use o f   s a l t s   f o r   i c e   c o n t r o l   d u r i n g  
w in te r  maintenance o f   t h e  main  access  road. To min imize   th is   e f fec t ,  wherever 
surf ic ia l   aqui fers  are  encountered  dur ing  construct ion and w i t h i n  a reasonable 
distance  from  creeks o r  streams, de ic ing  compounds should  not be  used. 

D. Decommissioning 

During  the  decommissioning phase o f   t he   p ro jec t ,   t he  main a c t i v i t i e s   t h a t  will 
be taking  place will be reclamation of the  mine and p lan t   s i tes .  The only  im- 
pac t   t h i s  wi 11 have  on the ground  water will be the small, and bene f i c ia l  one, 
o f  reducing any s l i g h t   i n p u t  o f  leachates to  the ground  water o f  the  valley,  which 
may have been occurr ing  dur ing  the  operat ing phase. Flooding o f  the p i t  will 
cause a recharge t o   t h e   v a l l e y   i ~ l l u v i u m  and bur ied  bedrock  channel aqu i fe r  on 
the  nor th  end o f  the  p i t .   Since  the  water  qual i ty o f  t he   bu r ied   aqu i fe r   i s  
unknown and the  eventual  lake  water  requires  further  study,  the  impact o f   t h i s  

a c t i v i t y  on ground  water q u a l i t y  i s  i n d e t e n i n a n t  a t  t h i s  stage. The decomnis- 
s i o n i n g   o f   t h e   o f f s i t e   f a c i l i t i e s  will n o t  have any impact on the  ground  water 
regime i n  the val ley.  
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(b)  Surface Water 

(i ) Pre l iminary  S i te  Development 
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A. Mine 

The o n l y   a c t i v i t i e s  which  had p o t e n t i a l   f o r   i n t e r a c t i n g   w i t h   t h e   q u a l i t y  o f  
surface  water i n  this phase o f   t h e  proposed  development were the  Bulk Sample 
Program; e x p l o r a t o r y   d r i l l i n g ,  and  access road  construction.  Surface  water 
q u a l i t y  was m n i t o r e d  by BEAK and B.C. Hydro  throughout t h i s  phase as ind ica ted  
in   the   Inventory   Sec t ions  4.2. The surface  disturbance f r o m  the  Bulk Sample 
Program consisted o f  two trench  areas  canprising an es t imated   to ta l   a rea   o f  4 
ha (10 acres), A f u r t h e r  8 ha (20 acres) was u t i l i z e d   f o r  overburden  disposal 

and coal   stockpi les and rec lamat ion   tes t   p lo ts   in   var ious  areas o f  the  val ley.  
Mon i to r ing   o f   the  events by B.C. Hydro5 ind ica ted  no p ro jec t   re la ted   a l t e ra t i ons  
to  H a t  Creek water   qua l i t y   to  date.  Dusting was apparently  only a l o c a l  opera- 
t i o n a l  problem  and no leachates have  been observed f r o m  the  storage  piles.  Fur- 
ther   moni tor ing i s  proposed  dur ing  the  revegetat ion  t r ia ls   o f   the waste p i les.  
Ground water  entering  Trench B near  Hat Creek was  pumped t o  D r y  Lake area  with- 
ou t   in f luenc ing  H a t  Creek water  qual i ty.  

Review o f   t h e  w a t e r  qua l i t y   da ta   ava i l ab le   t o  BEAK i nd i ca tes   e leva ted   l eve l s   o f  
to ta l   o rgan ic  carbon (20 mg/l a t  Bulk Sample Sta t ion  3) i n  comparison w i th  annual 

mean values (8  mg/l a t  BEAK Sta t ion  7) f o r   t h i s  parameter.  This was the case 
f o r   s t a t i o n s  above and  below the  trench areas  which  would ind ica te  a natura l  
phenomenon t h a t  occurs  during a low spr ing   run-o f f   year  and i s  not  detected i n  
the annual means based on o ther   ava i lab le   ana ly t i ca l  data. 

Construction o f  access mads  to   the   t rench  a reas ,   d r i l l  camp and informat ion 
t r a i l e r   f o r  example,  causes surface  disturbance  subject to   fu tu re   e ros ion  by 
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precipitation and spring run-off.  Exploratory d r i l l i n g  1 ikewise  causes  .very 
localized small area  disturbances t o  the existing  vegetation cover which then 
becomes subject  to  erosion. The probable sediment yield  increases in Hat  Creek 
due to  preliminary s i t e  development activities  are  not  predictable  quantitatively 
and are  not  detectable i n  inventory  monitoring  water quality  data. However, the 
period  of  mrritoring has  been during a relatively dry  period and may be non-re- 
f lect ive of conditions  during a. noma1 o r  above  normal precipitation and run-off 
year.  Considering  the small size  of the disturbances  created i n  the preliminary 
s i t e  developmnt,  should the project  not proceed,  reclamation would be quite 
s t ra ight  forward and no long-term impacts are  visualized. Al l  sewage  from the 
drill camp has been contained by u t i l i z i n g  septic  tanks w i t h  no discharge to  
any surface  water  course. 

8. Plant and Offsites 

There are no activities  associated w i t h  Preliminary S i te  Development of the 
power plant and of fs i tes   tha t  have caused long-term impacts on surface  water 
quality.  Exploratory d r i l l i n g  cundertaken t o  establish foundation  conditions 
a t   t he  proposed locations  for power plant   faci l i t ies ,  ash  disposal,  reservoir 
embankments  and for  subsoil  data along the proposed  Hat  Creek diversion  route 
have caused only minor localized  disturbances which could be reclaimed  should 
the project  not proceed. No long-term impacts on surface  water  quality  are 
projected. Dusting from  added t r a f f i c  on Hat  Creek Valley  roads and  upper 
t r a i l s  probably  caused a certain amount of  fine sediment to  enter  the  creeks 
directly and through precipitation washout. The impact t o  this stage is con- 
sidered minor to  insignificant. 



( i i )  Construction 

A. Mine 

The 

P i t  and Dump Area A c t i v i t i e s  

p r imary   ac t i v i t i es  which will cause in te rac t i ons  w i th  surface  water  during 
the  const ruct ion phase o f   t h e  mine, will be  operations  which  disturb  the  land- 
scape by  removing or  destroying  exlst ing  vegetation  cover  and  exposing  areas 
which  then become subject   to  erosion  by  the elements. S im i la r l y   ma te r ia l s  
removed  and s tock   p i led   c rea te   add i t iona l   d is tu rbed areas.  These operations 
inc lude  c lear ing  and str ipping,  excavation,  construction  of  drainage  ditching, 
enbankment cons t ruc t ion ,   sur f i c ia ls  and claystone  removal,  hauling and disposal, 

Sediment y i e l d  f r o m  c o n s t r u c t i o n   a c t i v i t i e s  i s  d i f f i c u l t   t o   e s t i m a t e  and  governed 
by many var iables.  These include  character  of   the  mater ia l ,   s lope,  c l imate,  
amount and i n t e n s i t y   o f   p r e c i p i t a t i o n .  Sediment y i e l d   t o  surface  runoff i s  a lso 
increased  v ia   fug i t ive  dust   fa l lout  and eventual washout  by p r e c i p i t a t i o n  and 
sp r ing  snowmelt?6  Since the  areal  disturbance i n   t h e  Hat Creek Val ley  dur ing  the 
const ruct ion phase i s  on ly  a sma l l   f r ac t i on   o f   t ha t   wh ich  will exist  throughout 
t h e  mine l i f e ,   p r e d i c t i o n s  on sediment y i e l d   a r e  made i n  Section 6.2 (b) ( v )  
based on the   junc ture  o f  maximum disturbance  subject   to  runoff   erosion. 

Other p i t  a rea  a c t i v i t i e s  which h'ave potent ia l   for   impact  on water   qual i ty   inc lude 
b l a s t i n g  and  dewatering. The po ten t ia l   fo r   caus ing   inc reases   in   the   nu t r ien t  
(n i t rogen)   l eve l   o f   Ha t  Creek v ia   b last ing  res iduals   conta ined i n  the mine  water 
i s  discussed i n  more d e t a i l  i n  Section 6.2 (b) (ill) A. 

According to  the  project   descr ipt fons  considerable  &water ing will occur i n  the 
const ruct ion phase. The quanti ty  involved, as  estimated i n   t h e  mine descr ipt ion,  
i s  12 1. s-' (200 USGPM) from  the  clewatering  wells and p i t  proper  plus 9 1. s-l 
(150 USGPM) a t  times from prec ip i t a t i on   f a l l i ng   w i th in   t he   p i t .   D i sposa l  would 

be by punping t o  a treatment  lagoon  (designated Lagoon #l) and ult imate  discharge 
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t o  Hat  Creek. The q u a l i t y  o f  the water i s  d i f f i cu l t  t o  estimate as only  a few 
analyses have been conducted 0.F ground waters i n  the p i t  area.  These analyses 
are   for  Well RH 76-19 and Bucket Auger Hole #7 (Tables C1-16 and C1-17 
of Appendix.C). I t   i s  considered  the best available  estimate of the probable 
quality  of  the water t o  be disposed from the p i t  area dewatering act ivi t ies .  
The suspended sediment (Nonfiltrable Residue)  could be h igh  and the chemical 
characteristics would l ikely be diluted whenever precipitation water made up a 
significant  portion of  the  total .  

This  water, a f t e r  passing through a   set t l ing pond, should be o f  acceptable  quality 
for  discharge t o  Hat Creek although i t  would  be quite saline (TDS 1200 - 1600 mg/l) 
and contain sone color (20 P.t-Co units). This water may also contain s m  bio- 
degradable  materials (BOD5 of Coal  Seam Water was 7 mg/l); however,  Hat  Creek 
should  provide a satisfactory di i lut ion (5-1O:l) even a t  low flow. This source 
would add about 10 kg per day (25 l b  per day) of BOD5 which would be about 10 
percent of the  total  future  assimilative  capacity of Hat Creek a t  low flow. 
This  water may also  contain  elevated  levels o f  amnonia from blasting  residuals. 
Comparison o f  Coal Seam ground water indicates  al l  parameters t o  be w i t h i n  reg- 
ulatory  guidelines fo r  discharge  excepting  sulphate (260 mg/l versus  guideline 
for Level A of 50 mg/l). 

Lake dewatering proposed includes dra in ing  Finney and Aleece Lakes.  The impact 
o f  th i s  activity regarding wate,r qua l i t y  could result from highly  enriched  water 
drained from the bottom of  these  lakes i n t o  Hat  Creek.  Timing of  these dewater- 
ings would appear t o  be the critical factor. Draining during a period such as 
spring would allow considerable d i l u t i o n  potential  in Hat Creek. Otherwise, 
i t  may be desirable t o  allow evaporation o f  the last portions of water from the 
lakes. I t  is not  possible t o  predict  the exact qual i ty  t o  be expected based on 
existing data. I t  i s  known only t h a t  the dissolved oxygen level i n  Finney Lake 
near  the bottom (1.0 mg/l: Figure 4-47) i s  indicative o f  an enriched environment 
a t  this  level. 
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Coal Stockpi le  
. .  

The proposed  coal  stockpile  near  the  mine  Guth i s  estimated t o  contain  approx- 
imate ly  1.0 x 10 tonnes (1.1 x 10 tons) o f  coarse  uncrushed  coal  on  a s i t e  
covering  approximately 8 ha (20 acres). The q u a n t i t y   o f   r u n o f f  and leachates 
(which  eventual ly become surface  drainage from coa l   p i les   loca ted  on impermeable ' 

base mater ia l )  depends on the  amount o f   p r e c i p i t a t i o n  which fa l l s   on to   t he   p i l e .  
Th i s   p rec ip i t a t i on   i s   t hen   d i v ided   i n to   runo f f  and i n f i l t r a t i o n   i n t o   t h e   p i l e .  
The l i t e r a t u r e   i n d i c a t e s   t h a t   t h e   r u n o f f  and leachate  co l lect ion and treatment 
systems a r e   c o m n l y  designed on the   bas is   o f   a   cer ta in   s to rm  p rec ip i ta t ion  rang- 
i n g  f r o m  the   ten  , ~ .  .year ~ . .  1 hour r a i n f a l l   t o   t h e   t w e n t y - f i v e . y e a r  15 day r a i n f a l l .  50,51,52 
I n   t h e  case . of , < _ ?  -Hat . Creek!:if . a reasonabl.e.design , . .. storm  basis o f  ten  year 24 hour 
s t o n .  (35 mn), :is u t i l i . zed .and assuming. 80 percent  d i&ct ; runoff ,   the  quant i ty 
o f  wastewater $o,be . - . .handled . . _ . .  f r a m ~ a .  . . 8 . .. ha.,(ZO  acre)  coal p i l e  would  be 2300 m 3 
(600,000 USG),. . .  If t h i s   quan t i t y  . i s ,  equalized and d is t r ibu ted   over  a one  day 

period,,  the  discharge  flow  would. be.0.03. m3?'S-'. (420 USGPM). 

6 6 
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Under  normal ,conditions,, however,. i t  . i s  l i k e l y   t h a t   r u n o f f  and leachates  would be 

non-existent as the a.verage. s h o r t   d u r a t i o n   r a i n f a l l  would l i k e l y  be t o t a l l y   i n -  
f i l t r a t e d   i n t o   t h e   c o a l   p i l e  and  would  subsequently  evaporate. It i s  however, 
necessary that   the  t reatment system  be  designed t o  handle  extreme  cases  such as 
ind ica ted  abovei.  The r u n o f f   f m m . t h e   c o a l   p i l e  will be c o l l e c t e d   i n   d i t c h e s  
and d i rected  to   the  "nearest   lagoon" ,  . .  accord ing  to   the.   pro ject .   descr ip t ion.  

. . .  

I n   o r d e r   t o  assess  the  impact o f  the  discharged  wastewater,  the  quality o f  the 
e f f l u e n t  must  be examined.. . Le,achates tests  conducted by others were examined 
as we l l  as evidence  presented  , in.  the  avai lable  l i terature;  leachates  are con- 

sidered  the  worst case. f o r  runof f   water   qual i t ies .  

. .  

. 
The coal   to  be s tockp i led   dur ing   the   cons t ruc t ion  phase will be f r o m  Zone A 
primarily.  According, to' inforniat ion.  given i n  the  various  .project  documentation 
th is   coa l  would  contain  approximately 0.60 percent  Total  Sulphur on a  dry  basis. 

Assuming approximately 30 percent o f  the  sulphur i s  present as py r i t e53 ,   t he   t o ta l  
py r i t e   su lphu r   ava i l ab le   f o r  potential ac id   product ion i s  0.18 percent. Based on the 

. . .  ., .  , . . .  

. 
a 
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fo l lowing  equat ion5?  the  ac id   potent ia l  can be   p red ic ted   in  terms o f   a c i d i t y  
expressed.as CaC03: . . . ., .. . 

FeS2 + 3.750 .. . 2  .~. .  + 3 . :. 5H 2 0 =' ~ Fe(OHI3 . + 2HiS04 

The calculated  value o f  p o t e n t i a l   a c i d i t y  i s  5600 mg/kg of  coal  expressed as 
Cam3.  the leachate  tests~cont lucted by  others, as  shown i n  Tables 6-15,16,17,18 
ind icates a to ta l   ex t rac tab le   a l l ka l i n i t y  (as CaC03) of 1850 ng/kg. The Rate o f  
Release.:leachate  tests  conducted ow the  Coal. A i nd fca te  a cumulative  extracted 
a l kaT in i t y  ,Of. 12,63;mg/kg. This comparison indicates, a fa i r l y  h igh   po ten t ia l  
f o r   a c i d   g e n e ~ t i o n ~ ' i n , t h . ~ . c o a l   p i l e  and t h e ' p o s s i b i l i t y  of h i g h   l e v e l s   o f  
heavy * t a l  and,unpesirabl~P.'aiss-oive~'lians. Other  evidence,'exists  which  indi- 

: cates:,'further  de.tat.led :study i s  .necessary on: th is   subject .  The leachate  tests 

they  tests on unweathered mater ia l  and o f  too  short  a durat ion t o  a l low 

surface.coa1 samples  reduced  thie pH of d i s t i l l e d   w a t e r   t o  values o f  3.7 - 4.5 

34 
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" conducted t o  date were not  designed to  assess'acid  generat ion  potent ia l  i n  t h a t  

" acid  producing  bacter ia  to develop. ilork on  Hat Creek coal by others  indicated 

" while  corysamples  of   Hat Creek coa l   d id   no t  change the pH to  acidic  condi t ions.  

54 
. , .  

T h e r f ' a r e   b a s i c a l l y   f o u r   t y p e s   o f   p y r i t e   o c c u r r i n g   i n   c o a l   s t r a t a ;  these  are i n  
tu rn   re la ted   to   the   pa leo  environment of the  host  strata.   Fine  grained  pyr i te 
(< 10 microns)  occurs  either as c r y s t a l s  where pyramid l i k e  fons  can be discerned 
o r  as spher ica l   c lus te rs  o f  0.5 micron  par t ic les  ca l led  f ramboidal   pyr i te .  The 
former. alth,ough  averaging about: 2~microns   o r   less ,  i s  s tab le  whereas t h e   l a t t e r ,  
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I the  framboidal  type i s  extremely reactive, readi ly   ox id ized,  and  accounts f o r  

I m i  crons)  occups  as  . joint  .coatings,  'plant  tfssue  replacements and layers,   wi th in 

the  h igh degree o f   a c i d i t y  found i n  mine  drainages.  Coarse  grained p y r i t e  (>50 .. 
sections. These types o f  py r i t es   a re   re la t i ve l y   s tab le ,  i.e., they do no t   read i l y  
ox id ize.  and t h e   s l i g h t  amount o f  ac id i t y   t hey  produce can be read i l y   neu t ra l i zed  
by  the alkalinity,'available.in trhe ground-water regime. The presence  of  trace 

.) 

~. 

.I 

. amounts o f   t i t a n i u m  may a c t  as a negat ive  cata lyst   whi le   t race amounts o f   s i l v e r  

II Westem  coals  are  not n o m l l y  known f o r   a c i d  problems  because of  low sulphur  and 

li 
may a c t  as a pos i t i ve   ca ta lys t .  

. 
that  drainage i s  usual ly   a lka l ine.  52D56*57 Hcuever. t h i s  depends  on the  neutra l iza-  

I. ~ . ." 

s 6 - 8 4  
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TABLE 6-15 

TOTAL  EXTIUCTABLE  SALTS  TEST  RESULTS* 
COALS A, B & C (LOW. MEDIUM AND HIGH HEATING VALUE) 

Parameter 

PH 
Suspended Sol i d s  
Total  F i  1 te rab le  Residue 
A1 k a l   i n i  ty  as  CaC03 
Chloride -c1 
Fluor ide -F 
N i  t rate-Ni  t rogen - 11 
Total  K je ldahl   Ni t rogen 
N i  tri te-Ni  trogen - N - 11 
Biochemical Oxygen Demand (5-day 
Chemical Oxygen Demand 
Ortho-Phosphate - Phosphorus -p 
Sulphur -5 
A1 umi num 
Arsenic 
Boron 
Cadmium 
Calcium,  Hard as CaC03 
Chromium 
Copper 

- C r  
-cu 

I ron - Fe 
Lead -Pb 

Magnesium, Hard as CaCO3 
L i th ium  -L i  

Mercury -Hg 
Selenium 
Sodi um 

-Se - Na 
S t r o n t i  urn -Sr 
Vanadium, 
Zinc -zn 

-V 

-A1 
-AS 
-B 
-Cd 

Coal A 
(Low H V I  

7.1 
201 0 

1850 
2940 

220 
1.2 
24 

9 
6 

1400 
1840 
3.0 
96 
10 
0.6 
1 .o 

< 0.08 
80 
1 .o 
40 
7.0 

0.3 
80 
0.004 
0.6 
980 

0.2 

< 3  

c 4  

8.4 

Coal B 
Oledium HV 1 

7.0 
640 
3500 

200 
1750 

1.4 
21 

< 0.4 
13 
1250 
1840 
3.0 
160 
20 
0.4 
1 .o 

< 0.08 
90 

< 1  
5.0 
30 

0.3 
86 
0.006 
0.6 
975 

0.2 
7.2 

< 3  

< 4  

Coal C 
1 Hi gh tiv) . 

7.4 
1000 
'3700 

80 
1080 

< 0.4 
2 

< 0.4 
21 
1520 
2940 

420 
3.6 

12 
0.8 

c 0.08 
1 .o 
60 

c l  
6.5 
32 

c 3  
0.6 
100 
0.008 
0.6 
9 20 

0.2 
15.0 

c 4  

Data from Acres Consulting  Services  Ltd. 

* Except f o r  pH, a l l   u n i t s   a r e  mg/kg. ind icat ing  mi l l ig rams  ext racted 
per  ki logram  of  dry  sol i lds. 



TACLE 6-16 
PATE OF RELEASE TEST RESUCTS. 

CW A (LOU DIU) 

1 I h r m t e r  I Indlvldual  Extrlct I CGlilIatlV~  Extract 1 
j O l Y  

1 7 Y Y  
h Y  O l Y  

2 
Day 

3 5 ?y 
cay 

I 
~ 

3 . 4  

I 
I 

Volwd of  Cxtrtct - 81 

i 3 i  I t ?  I 1 0  
0.04 

63 ? L 55 63 
Fluorldr - .gM 

6 Chloridr - IDpIkp 
i 1263 1143  1036  973  606  120  107  63 367 606 Alkalinity rs CtC03 - nglkg 

115 
i 593 793 IO36 1202  2560 1% 

156 
190 

215 410 
310 570 

1900 -#dlolu 
2560 

SptCi rk  Conductanca 
Total Filterable Resldue - wll 

i 1.45 
96 112 135 149  209 58 55 14 84 289 Susrrrdol SolIda - aoll 995 695 49s 403 128 

1.35 1.65 1.5 6.95 cn 300 200 92 215 128 

l l l t ra t~-n l t rogcn - W k P  6.0 1.3 1.2  2.1  1.0 '. 6.0 13.3 14.5 17.2  18.2 
Ortb-PhoSphrta - PhOSphOrus - q l k g  0.26  0.55 0.12 0.21 
Sulphur - w r p  12.5 20.1 3.9 3.6 1.0 . 

0.40 0.26 0.81 0.93 1 .20 1.64 i 
12.5  33.2  31.1 

Arsenic 
40.7 44.1 - %/kg 0.03 - - - - - - - 

Sorcn - .g/l;g 0.26 - - - - . - . 0.03 

caecllr 
'0.26 - Wlk9 8 0.002 

Calcium.  Hard as UC03 - mukg 
Chrmiva 

9.1 - .plkg 0.21 0.M 0.03 0.05 
15.9 0.8. 1.3 3.0 9.1 25.0 25.8 21.1 

0.06 0.21  0.29 0.32 
39.1 

0.37 0.43 1 
h p w r  
Iron 

- W k 9  2.05 0.21 0.15  0.11 0.26 2.05 2.32 2.41  2.64 2.90 - W k 9  2.8 2.5 0.8 
Lead - W k 9  0.02 

1.2 1.5 2.a  5.3 6.1 1.3 8.8 

Ib,tneslm. HIrd rs UC03 -.&kg 14.5  16.8 3.8 
Farwry - mglk9 0.002 

5.6 .10.1) 14.5 31.3 35.1 40.1 51.5 

Sodla - m f i 9  314 213 16 48 50 
Yanadlu 

314 521 S t 3  611  661 

.." .-. _.. 
- - - 0.04 - IJJ 1 

. .  - - I -. . - 0.002 - - - 

- - - - - " 0.02 

0.w2 
- s 0.01 

- - - - - - . 
. - WlL9 < o.o\ - - - - - 

ZlbC - lVllKP 0.22  0.21  0.20 0.19 0.16  0.01  0.01  0.01 0.01  0.18 

Individual  Extract 
"6' FY "8' - - - 

v01uua Of Extract - ml 200 . 230 299 
1.2 pH 

Sus?cnded Solids 
7.0 7.3 
13 

Speciflc Conductanc! - JmhoIca 13 . 75 76 
19 . 39 - hp/l 

Height o f  Snmple: 
Pnrt lc le  Size: 2 m x O . 6 m  

150 g 

Pncked Colwan Length: 20 u 
Water Requlrcd for  Saturation: 60 
Average Tfmpcraturc: 22' c 

I L - . .  I 

Data from Acres Consultima Services Ltd.  
~ ~ . .  

Except **ere noted, results are crprerrcd In units of mglkg. lndlcating nllll rnnr crtractcd  per  kilogram o f  dry  solids.  Indlvldual  results 
arc show for  extracts  col lcctrd a f te r  successive 24-hwr  poriods and curulat?ve fiwrer are  calculatcd froo Indlvtdual  results. A dash (-1 
indlcates  that the PararStcr was not analysed. 

~. 



TABLE 6-17 

COAL 8 (IEDIUI BTU) 
RATE OF RELEASE TEST RESULTS* 

V O l ~  o f  t t r a c t  
. PH 

- m1 197  175 160 

SUSMnded 501 lds 
1.05 7.0 7.2 

S P r C l f l C  Eonductmc* 
- .o/l - &lU 

8.3 
135 

0.0 
105 

0.0 
15 

Ueipht of Saaple: 
Part icle Slzo: '?%?x 0.6 m 
Packed Colukn Lengtht 
Mater  Requlred for  Saturation: 00 m1 

20 cm 

I Averape Temprature: 22' c I 
Except where mted,  resul ts  are expressed In unl ts  of & k ~ ,  indlcatlng m111l  rams extracted  per  kllogram  of  dry SoliVs. Indlv ldual   resul ts 
are shorn for  extracts  collected  after successive 24-hour perlods and cMulat!ve figurer arc calculated from indlv1dual  results. A dash (-1 
lndlcates  that  the parameter was mat anrlyred. 

Data from  Acres Consulting Services Ltd. 



Indlvidurl Extract 
" 

DAY 
2 - 

6.21 
11e 

36 
853 
590 
310 

9 

0.15 
0.3 

19.2 

1.3 
0.03 
0.M 
1.1 

19.2 

148 

0.03 - 

- 
7 1  - 
305 
6.8 
I2 

8 1  
)en 
le9 

8 

0.1 
0.21 
10.5 

0.01 
5.1 

0.03 
0.9 

21.2 

86 

0.09 - 

- 
01s 

4 - 
6W 

4.31 

92 
2 

14 
100 

1 

0.3 
0.33 
13.3 

0.M 
11.0 

0.01 
0.1 

11.3 

53 

0.01 

6.1 
5MI I65 363 

DO I650 1200 
1 253 I29 
" 
67 291 611 
1 44 53 

0.3 
0.21 

0.31 0.11 0.26 
0.3 0.6 

13.3 46.9 66.1 
0.04 
0.11 - - ' o.rn22 

- 

0.04 0.66 0.09 
12.3 15.1 22.4 

0.1 1.1 2.5 

10.1 18.9 28.1 

339 

0.01 0.01 0.M 

0.03 2.09 2.11 
- 4 0.022 

- 0.002 

- < U."li 21 !91 

I I 

- 
brl*c - 
"r - 
(M 

191 
11 

a06 
61 

0.41 
0.8 

16.6 

21.1 
0.12 
2.16 
3.4 

59.3 

425 

0.13 - 

act 

4% I 311 
32 

906 u 913 
15 

1.1 1.4 
0.80 1.13 
09.9 103.1 

42.1 
0.17 

55.0 
0.21 

2.19 2.22 
4.1 4.4 

16.G m.9 

I 

Data frum Acres Consultlng Services Ltd. 

, 
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t ion  potent ia l ,   the  length  o f  storage, and potential  estahlishment o f  acid  pro- 
duci  ng  bacteria. 

Given the  previous  information, i t  i s  not   poss ib le   to   s ta te  wi th  any cer ta in ty  
whether  drainage from the  coa l   p i le  will be ac id i c  o r  a lka l ine  i n  nature  except 
t o  say t h a t  evidence appears t o  suppor t   the   poss ib l l i t y   tha t  weathered coal does 
have po ten t i a l   f o r   ac id  generation.  Table 6-19 l i s t s   t h e  probable  range o f  raw 
wastewater q u a l i t y   f o r  both alk,al ine and acid  drainage from surface  coal  mining 
operations.  Estimates o f   the   leachate   qua l i t y  from the Rate o f  Release  Tests 
a t  the  lowest  pore volume detention  time  tested,  simulating  the  probable  worst 
wastewater q u a l i t y  from the  coal   p i le   dur ing the " f lush  phenomena" e f f e c t   o f  a 
quite  prolonged  rainstorm,  assuning  acid  conditions do no t  develop, are shown 
i n  Table 6-20. 

Comparison o f   the   coa l   p i le   d rahage  qua l i t y   f igures   w i th   M in is t ry   o f   the   Env i ron-  
ment Guidelines58  Table 6-21, considering  the proposed treatment o f  discharging 
through a lagoon, indicate  the  fol lowing: 

1. 

2. 

3. 

I f  the wastewater i s   s i m i l a r  t o  that   pro jected f r o m  the  Rate o f  
Release tests,   the  fo l lowing components o f   t h e   e f f l u e n t  would be 
above levels  al lowed fo r  fresh-water  discharges - 

Chrmi un 
Copper 
I ron  
k K U r Y *  

operations i n  the USA (Table 6-19). the  following  constituents 
I f  the wastewater i s  comparable t o  the average from a lka l ine  mine 

would be above acceptable  levels. 
Iron 
Manganese 
Amnonia* 
Sul fa te 

If the wastewater i s  cornparable t o  average acidic  type  drainage,  the 
effluent would not  meet any of   the  requi red  ob ject ives and will require 
extensive  treatment. 

The suspended so l i ds   l eve l   i n   t he  raw coal  pi le  drainage  could range from 0-700 

mg/l and would be substant ia l ly  reduced by plain  sedimentation i n  a lagoon. It 
i s  un l ike ly ,  however that  the  reqluired level  o f  50 mg/l would be met a t   a l l  

*Guide1 ines an.. s .ubiec~to  review. see Table 6-21. 
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TABLE 6-19 

RAW IiIIIE DRAINAGE  CHARACTERISTICS - SURFACE MINES 

ALKALINE 

Parameter 
-0 
Minimum Std .  Dev. 

pH (units) 6.2 
Alkalinity 183 
Total  Iron 0.02 '. 6.70  0.78  1.87 
Dissolved Iron 0.01  2.7 0.15 0.52 

8.2 
30  860 313 

7.7 

Manganese 
A1 umi num 
Zinc 
Nickel 
TDS 
TSS 
Hardness 
Sulphate 
Amnoni a 

0.01 6.8 
0.10  0.85 

0.61 
0.20 

1.40 

0.01 
0.22 

0.59 
0.01 

0.14 
0.18 

0.16 
0.02  0.04 

152 
1 

8,358 
684 

2,867 
96 

2,057 
2 15 

76 2.900  1.290 85 7 
- " 

42 
0.04 

3,700  1,297 1,136 
4.19  6.88 36 

RAW MINE  ORAINAGE  CHARACTERISTICS - SURFACE MINES 
ACID OR FERRUGINOUS 

Parameter Minimum Maximum k a n  Std .  Dev. 

A l k a l i n i t y  
pH (units) 2.6  7.7 3.6 

Total Iron 
184 5 

0.08  440  52.01  101 
32 

Dissolved Iron 0.01 440 50.1 102.4 
tlanganese 0.29  127 
A1 umi num 0.10 71.2 79.34 

45.11 
271 

42.28 

Zinc 0.06 7.7  1.71 1.71 
Nickel 
TM 

0.01 5 
120 8.870  4,060 

0.71 1.05 
3,060 

TSS 4 15,878  549  2,713 
Hardness 24 5.400 1,944 1,380 
Sulphate 22 3.860 
Pmnoni a 

1,842  1,290 

- 
0 

0.53 22 6.48 4.70 

From EPA. May, 1976. Development  Document  For Interim Final Effluent  Limitations 
Guidelines And flew Source Performance Standards For Coal Mining. 



a -  

" 

Sample: 

a 
- 

. 
I 

. 
I 

Parameters (mg/l) 

pH (un i ts )  
F i l t g a b l e  Residue (105OC) 

A l k a l i n i t y  (as CaCO,) 
Chloride 
F1 uor i  de 
N i t ra te  - N 

BOO5 

0-phos. - P 
Sulphur 
Arsenic 
Boron 
Cadmi  um 
Calcium (as CaCo3) 
Chrorni um 
Copper 
I ron  
Lead 
Magnesium (as CaC03) 

Mercury 
Sodi urn 
Vanadi um 
Zinc 

TABLE 6-20 

COAL LEACHATE CHARACTERISTICS* 

COAL A,. COAL 6 COAL C 

6.95 

2560 
12 19 
7 10 
74 
0.05 

7.0 
0.3 

14.65 
0.03 
0.3 

co.002 
10.7 
0.25 

2.4 
3.3 

CO .02 
17.0 
0.002 

368.2 
co.01 
0.213 

7.2 
2735 
977 
540 
52 
0.1 
5.3 
0.2 

21.3 
0.02 
0.3 

<0.002 
24.2 
0.075 
3.5 
0.9 

CO.02 
18.3 
0.005 

286 
<0.01 
0.125 

5.0 
1658 
681 
2 70 
40 
0.2 

0.3 
0.1 

42.6 
0.04 
0.1 

eo. 002 
13.7 
0.05 

1.9 
1.0 

c0.02 
17.2 

0.002 

174 
<0.01 
0.125 

* 
A t  low pore volume displacement(See  Table 6-9 f o r  example calculat ion). 

by r a t i o  o f  F i l te rab le  Residue ex t rac ted   i n  24 hours to  Total  Extractable 
Estimated by BEAK u t i l i z i n g  BOO o f  Total  Extractable Tests and mul t ip ly ing 

F i l te rab le  Residue. 

** 

From Acres Consulting  Services  Limited. March 1977. Leachate Data. . 
il 



TABLE 6-21 

Objectives for Eflllcent Discharges 

Chrrzorrirlicr Dc'cdPIIoD 

1.00 
I .M 
0.25 
025 
oai 
0.30 
0.50 

0.H 
0.30 

3.00 
1.00 
0.10 
0.50 

0.003 

0.50 
I M  

25.W 
5m 
0.10 
0.50 

J.M 
1JO 

1.00 
lJ .M 

3m 

1o.m 
1.m 

0.01 
0.50 

1o.m 
I .m 

t .m am 
t m  
1.m 

0.50 
J.00 

1.50 sm 
0.01 

10.00 

5O.M 
1.M 

10.00 
1 .M 

I Mo 
1o.m 
1O.M 
15.03 

I .m 

0.JO 

0.OJ 
0.50b 

0.MS 
0.OJ 

0.05 
0.10 

0.10 
0.05 

0.a 
1.50 . 
0.OJ 
0.05 

I so 
0.504 

1O.M 
0.30 

0.OJ 
2.w 

0.10 

2.m 
504 

0.50 
1J.W 

0.0314 



beak . . 

times. Metry, A.A. e t  a1 i n d i c a t e   g r a v i t y   s e t t l i n g  o f  Western coal  storage 
runo f f   d id   no t  meet EPA's e f f l u e n t   d i s c h a r g e   c r i t e r i a   o f  15 mg/l  suspended so l ids  
and tha t   chemica l l y -a ided   se t t l i i ng   o f   coa l   f i nes   cou ld  be e f fec t i ve   us ing  a com- 
b i n a t i o n   o f   l i m e  and  polymer.  Further,  sludge f r o m  t h e   c l a r i f i c a t i o n  system  cannot 
be  thickened  by  gravity  but must  be  chemically  assisted. Coal p i l e  drainage  also 

contains  biodegradable  organics, as. ind ica ted  by the  leachate  test  data. (Ex- 
t r ac tab le  BOD5 = 1400 mg/kg). Assuming BOO5 i s  ex t rac ted   a t   t he  same r a t e  as 
d isso lved  so l ids,   the BOO5 concmt ra t i on   o f   coa l   p i l e   l eacha te   cou ld  be as high 
as 1200 mg/l.  Discharge o f   t h i s   q u a l i t y   o f   e f f l u e n t  would  not be possible.  This 
aspect i s  discussed i n  more d e t a i l   i n   S e c t i o n  6.2 ( b )   ( i i i )  A. 

52 
" 

Low Grade Waste Stockpi le  

The low  grade  waste stockpi le  would  begin  to be developed i n   t h e  
phase.  The s i ze   du r ing   t h i s  phase could  reach 12 ha (30  acres). 
t ha t   t h i s   ma te r ia l  would be placed i n  a s i d e   h i l l  non-impounding 
the  pro ject   descr ip t ions do no t   i nd i ca te  a re ta in ing   s t ruc tu re .  

construct ion 

I t i s  assumed 
embankment s ince 
It could be 

expected t h a t   t h i s   s t o c k p i l e   w o u l d   e x i s t   i n  an unsaturated  condit ion and be un- 
l i k e l y   t o  produce any continuous  leachate seepage. The only  leachates  expected 
would  be  during  spring s n o m i t   r u n o f f  and during  rainstorms. 

The leachate  test   data produced  by  others i s  shown i n  Tables 6-22 and 6-23.. 
Table 6-24 ind icates  the 1eacha.te q u a l i t y  a t  low  pore volume displacement,  which 
i s  considered to  represent  the  worst  case, assuning  the  low  grade waste does no t  

deve lop   ac id   d ra inage  charac ter is t i cs   in   the   long   ten .  There  are some i nd ica tors  
t h a t   p o i n t  t o  poss ib le   ac id  dra'inage. Analysis o f  low grade  waste fo r   o thers  33 

by the B.C. Department o f  Agr icu l tu re   ind ica ted  a low pH (pH 5.0) o f  the waste- 
w a t e r  so lu t ion.  The n e u t r a l i z i n g   c a p a c i t y   o f   t h e   e x t r a c t a b l e   a l k a l i n i t y   i n   t h e  
low  grade  waste  (3120 mg/kg) i s  such t h a t  i t  cou ld   theore t ica l l y   o f fse t   the   ac id  
p o t e n t i a l   o f   t h e  waste only  i f  i t  contains  less  than 0.10 percent p y r i t i c   s u l p h u r  
The ac tua l   py r i t i c   su lphu r  i s  not  presented i n  the  pro ject   in format ion  avai lab le 

f o r   t h i s  assessment. The quant i ty   o f   runof f   water   f rom  the  p i le   for   des ign  pur-  

33 
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TOTAL EXTRACTABLE SALT5  TEST  RESULTS* 
LO)! GRADE COAL MSTE 

Paraceter 
~~~ 

PH 

Total Fi 1 terabl e Residue 
Suspended Sol ids 

Alkalinity  as CaC03 
Chloride - C l  
F1 ucride -F 
Nitrate-Nitrogen - N 
1litrit.e-Ritrogen -M 
Total  Kjeldahl  Nitrocen - 11 
Biochemical Oxygen Dzrkand (5-day) 

Ortho-Phosphate - Phosphorus-p 
Chanical Oxy9211 02~and 

Sulphur 
A1 uminum 
Arsenic 
Covon 
Cddnium 
Calcium; Hard as CaC03 
Chroiitium 
Copper 

Lead 
iron 

L i t h i i r m  
Hasmsium, Hard a s  CaCO 
t lercury 
Selenium 
Sodis1 
Strontium 
Vanadium 
Zinc 

3 

-AS -s 
-A1 

-6 
-Cd 

-Cr 
-cu 
-Fe 
-Pb 
- L i  

-Hg 

- Na 
-Se 

-V 
-Sr 

- Zn 

Low Grade 
Coal k'aste 

7.85. 
1650 
5320 
31 20 

1.5 
19 
9 
12 
520 
950 
5.0 
224 
25 
0.8 
1 .o 

< 0.08 
600 

< 1  
6.0 
76 

0.6 
540 
0.006 
0.9 
1280 

0.3 
15.0 

380 

< 3  

< 4  

Data  from Acres Consulting  Services Ltd. 
* Except for pH, a l l  wi ts  are  mg/kg, indicating  milligrams  extracted 

per  kilogram  of  dry  :solids. 



TABLE 6-23 
RATE OF RELUSE TEST RESULTS' 

Lou GiUOE CML WASTE 

Volun0,ol Extract 
pH 

- .I 2 M  27s  115 b i g h t  of Sample: loo 9 

Suspended Solids 
2 ca x 0.6 m - w/l 

Speclflc Ccnductancr - .umhoIsll 31 40 37 
46 

Packed Colwm LEngtk: 
13 

11 cm 
21 U I tc r  Rcqulred for  SdtYratiOn: 30 111 

Average Tmpcrature: 22' c 

7.25 7.2 1.4 Part ic le Size: 

Data from Acres Consulting Servtces Ltd. 
Except where notcd. results arc expressed in units of mg/kg. indicating milligram extracted  per  kilogrra of dry  solid$.  lndlvidual  results 
are sholm for  extracts  collectcd  aftcr successive  24-hour pcriods and c m l a t i v c  figures are calculatcd from Individual  results. A dash (-1 
Indlcates  that the paramtcr vas not analyscd. 



PROJECTED LOW GRADE  LEACHATE  CHAWCTERISTICS 

Parameters ( n g / l )  

pH (un i t s )  

F i l t e r a b l e  Residue  Dried  at 
105 degrees C 

BOD5 
** 

A l k a l i n i t y  (as  taco3) 

Chlor ide 

F I   uor i  de 

N i t r a t e  - N 
0-phos. - P 
Sulphur 

Arsenic  

Boron 

Cadmi  um 

Calcium (as CaCO3) 

Ch rom i um 

Copper 

I roo 

Lead 

Magnesi urn (as CaCO ) 3 
Mercury 

Sod i urn 

Vanad i um 

Zinc 

7.8 

1520 

148 

393 

40 

0.08 
2.4 
0.15 

10.0 

0.06 
0.12 

0.002 

37.5 

0.2 
2.45 

5.7 
0.02 

34.02 

0.002 

267 
0.01 
0.125 

“ A t  I W  pore volume displacement (See Table 6-9 f o r  example Calculat ion) 
** 

Estimated  by BEAK u t i l i z i n g  BOD o f  Tota l   Ext ractable  Tests  and m u l t i p l y i n g  
by r a t i o  o f  F i l t e r a b l e  Residue  extracted i n  24 hours to Tota l   Ex t rac tab le  
F i l t e r a b l e  Residue. 

From Acres  Consult ing  Services Litnited. March 1977. Leachate Data. 
- .. ~ - 
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poses based on a ten  year 24 hour storm (35 mn) and assuming an 80 percent d i -  
rect  runoff would be 3400 m (1,400,000 USG) or  0.04 m ? ~ - '  (980 USGPM). P r o -  
ject  descriptions  indicate runoff would be directed through lagoons (No. 5 and 
then No. 4 )  prior t o  discharge t o  Hat  Creek i n  the  diverston  channels.  If  the 
quality of the  effluent  is   as  l isted i n  Table 6-24, the  following chemical 
parameters would be above  Level A requirements  considering  the  physical treat-  
ment proposed: 

3 

Arsenic 
Chromi um 
Copper 
Iron 
Mercury 

* 

I t  should be noted that  as  the runoff quality is considered t o  be the same as 
the  leachate q u a l i t y ,  the  estimstes  for  dissolved parameter levels  is  probably 
conservatively h igh .  The level of suspended solids i n  the  untreated runoff 
would be several hundred millig'rams  per l i t e r ,  however, this would  be reduced 
through treatment i n  the  settliing lagoons. The chemical constituents i n  the 
runoff from the low grade  waste are,  excepting  arsenic,  the same parameters 
that could be present i n  elevated  levels from the  coal pi le  runoff (see Section 
6.2 ( b )  ( i i )  A ) .  

The level of  biodegradable  orgarlics  could be substantial i n  the runoff and based 
on the flow from the storm utilized and projected BOD5, could add about 800 kg 
(1700 l b )  of BOD t o  Hat Creek. Color of the runoff would also be expected t o  be 
elevated due t o  the.fact   that   the low grade waste i s ,  i n  effect ,  low grade coal. 
I t  would appear from the  predictions  that  the proposed physical  treatment will be 
inadequate and ei ther  more extensive  treatment is required or other means o f  
disposal such as  total  containm?nt and evaporation or reuse by i r r iga t ion  may  be 
required. 

* 
Guideline is   subject t o  review. See Table 6-21. 

1 

1 6 - 87 



r l r  

" 

beak 
~~~ ~ ~~ ~ . ~~ ~~~ ~ 

O ther   Ac t i   v i   t ie ! i  

Construction o f  the  mine  suhstation,  roads and  conveyors  could be expected t o  

a l t e r  some surface  area,  thus  increasing  the  disturbed  area  subject  to  erosion 
and sediment  loss to   runof f .  

Dust con t ro l  i s  considered a ma jo r   bene f i c ia l   ac t i v i t y  as i t  will minimize  dust 
f a l l o u t  and  subsequent  washout due to   p rec ip i t a t i on .  The l i t e r a t u r e   i n d i c a t e s  

the   po ten t ia l  f o r  f u g i t i v e  dust: generation  from a coal  mining  operation f r o m  
dr i l l ing,   b last ing,   haul ing,   loading,   un loading and crushing  operations a t  about 
3.3 kg  per  tonne o f  coal produced. 

Est imates  speci f ic   to  the  Hat Creek p r o j e c t  by  others,25  also  indicates  the ex- 
t e n t   o f   d u s t  problems t o  be expected  with a p ro jec t ion  a t  0.24 kg per  tonne o f  
coal (2400 tonnes o f   p a r t i c u l a t e s   d u r i n g   t h e   y e a r   o f  peak a c t i v i t y )  presumably 
w i th   dus t   con t ro l  measures. Whi le   the   quant i t y   o f   th is   mater ia l  which may end 
up i n  the  surface  water  runoff i s  no t   p red ic tab le ,   the   ma jor i t y  will undoubtedly 

f a l l   w i t h i n  drainage  areas f r o m  which  runoff i s   t o  be t rea ted   in   sed imenta t ion  
ponds. 

36 

B. Plant  

Ash Disposal 

The main a c t i v i t i e s  which  would  cause interact ions  wi th  the  surface  water  qual i ty 

are  c lear ing and s t r ipp ing ,  embankment and  creek  diversion  construction, base 
preparat ion and const ruct ion o f  drainage  ditching and sedimentation ponds. It 
i s  not  possible  to  predict   the  ' level  o f  sediment  which will reach  the main surface 
watercourses  (Medicine Creek and  Hat  Creek). I f  the  wet ash  pond i n  Medicine 
Creek i s  selected as the  disposal method, i t  will l i k e l y  be necessary to   avo id  
cons t ruc t ion   ac t i v i t ies   dur ing   spr ing   runof f .   Prov ided  a l l   cons t ruc t ion   a rea  

r u n o f f  i s  t r e a t e d   v i a   s e t t l i n g  lagoons to  the  prescr ibed  levels (50 mg/l i n  the 
pond e f f l u e n t  and maximum  change! i n   r e c e i v i n g  stream t u r b i d i t y   o f  5 APHA un i t s ) ,  
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the  impact  would be acceptable f r o m  a Water qual i ty  v iewpoint .  It i s  not  possible 
t o  assess the  design o f   runo f f   con t ro l  and treatment systems due to   the  lack of 

conceptual  design  information osn these  items i n  the  project   descr ipt ions.  

Water  Supply  Reservoir 

Clear ing,   str ipping, embankment const ruct ion and  base p repara t i on   ac t i v i t i es  will 
generate  dust and surface  areas  subject   to  erosion and  sediment  loss.  Construc- 
t i o n  sediment cont ro l  systems will be  necessary to  protect   Medicine Creek water 
qua l i t y .  

Other  Actf v i   t i e s  

L 
.. 

.. 

. 
I 

A t  the  p lant  s i te  considerable  grading,  c lear ing,   str ipping,  excavat ion and fill, 
drainage  ditching,  lagoon and road   cons t ruc t i on   ac t i v i t y  will occur. These 
ac t iv i t ies   th rough  d is tu rbances   o f  ground  cover and dust  generation have the 
p o t e n t i a l   t o  cause impact on th 'e   phys ica l   qual i ty   o f   Harry  Creek  and Medicine 
Creek surface  water  via  erosion and  sediment  loss.  Sediment c o n t r o l   f a c i l i t i e s  
will be necessary t o   p r o t e c t  thlese t r i b u t a r i e s  of Hat Creek. 

The disposal method fo r  sewage ,from the shops, of f ice and const ruct ion warehouses 
has not been established. The Iquanti ty  could be about 500 m3*d-' (130,000 USGPO). 
Considering  the  size  of  the  creeks  near the p l a n t  s i t e ,  having  extremely  l imited 
d i l u t i o n  and ass imi la t i ve  capacity, it would not be advisable t o  discharge t r e a t -  

ed sewage. Total  containment i n  an aerobic  lagoon  with  ult imate  disposal by 

evaporat ion  or   possibly  coupled  wi th  i r r igat ion  would appear t o  be the most des i r -  
able methods to  avoid  impact on surface  water  quality  of  area  watercourses. 

The concrete  batch  plant will be provided with a c losed  c i rcu i t   water  system u t -  
i l i z i n g  a sedimentation pond.  Thus there  would be no i n t e r a c t i o n   o r  impact on 
surface  water  qual i ty from t h i s   a c t i v i t y .  
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C. O f f s i t e s  

Hat Creek Diversion 

Construction o f   t h e  H a t  Creek d ivers ion  will enta i l   c lear ing ,   s t r ipp ing ,  excava- 
t ion. f i11,  embankment and  access  road  construction. The to ta l   d i s tu rbed  area 
including  reservoirs  (base case) i s  about 46 ha (115 acres) assuming the   reservo i r  
bases  are s t r i pped   o f   t opso i l .  These a c t i v f t i e s  expose barren  soi ls  to  the  pro- 
cess o f  erosion. I n   a d d i t i o n  tine c o n s t r u c t i o n   a c t i v i t i e s  cause fug i t i ve   dus t  
s u b j e c t   t o   p r e c i p i t a t i o n  washou,t. L i t t l e   d e t a i l  i s  provided i n   t h e   p r o j e c t  
descr ip t ions on the   s t ra teg ies  'to be used t o  minimize  these  interact ions  wi th 
surface  water  qual i ty. It will be  necessary, however, t h a t  all runo f f  from con- 
s t r u c t i o n  areas be contro l led,   co l lected and t rea ted   to   appropr ia te   leve ls  (50 
mg/l o f  suspended so l ids  and maxirmm change i n   r e c e i v i n g   w a t e r   t u r b i d i t y   o f  + 5 
APHA u n i t s )  t o  avoid  serious  impact on Hat Creek water  qual i ty.  Construction 
o f   t h e   r e s e r v o i r s  and discharge  conduit  plunge  pool  within  the  exist ing  creek 
bed would l i k e l y  be  done dur ing summer low  flow  period. However, a t  l o w  f low 
the  creek i s  l e a s t   a b l e   t o  cope with  sediment-due  to i t s  then  low  carrying 
capacity.  Sediment will tend to s e t t l e   o u t   i n   t h e  first few kilometers  having 
po ten t i a l  o f  s i l t i n g  up t r o u t  spawning  areas  and  smothering  creek  benthos. Low 
flow  periods will require  extremely good eros ion  cont ro l   to   protect  downstream 
creek Val ues. 

Main Access Road - 
Construction o f   t h e  main  access road will e n t a i l  such a c t i v i t i e s  as c lear ing,  
str ipping,  excavation, fill, borrow  areas, c u l v e r t   i n s t a l l a t i o n  and drainage 
d i t ch ing ,   d i s tu rb ing  a t o t a l   o f  100 - 120 ha (250 - 300 acres) between Ashcroft 
and the   p lan t  and mine s i t e .  The m a d  crosses  surface  streams  and  creeks  nine 
( 9 )  times. It will be  necessary to   con t ro l   e ros ion   re la ted  sediment loss and 
f u g i t i v e  dust, p a r t i c u l a r l y  a t  crossing  of   Cornwal l  Creek  because o f   e x i s t i n g  

1 

, 
I 
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domestic  water  uses. Normal road construction sediment control measures will be 
necessary t o  protect  surface water quality. 

Cooling Water Supply System 

Construction o f  the 23 km (14 miles) of pipeline, pump stations,  access road  and 
Thompson Ri.ver intake  will 'disturb about 38 ha (97 acres) of terrain.  Activities 
such as clearing, s t r ipp ing ,  trench  excavation,  blasting and spoil  disposal have 
potential t o  cause  erosion and fugitive d u s t  related sediment loss t o  surface 
drainages. Extra precautions t o  avoid  impact from sediment entering  the creek 
will be necessary a t  the Comwall Creek and Bonaparte  River crossings.  Attention 
t o  construction t iming will be necessary a t   the  Thompson River intake  construction 
s i t e  and a t  the Bonaparte  River pipeline  crossing due t o  anadromous f ish migration 
and spawning. 

Provided precautions  are  taken, impact on water quality should be o f  short dura- 
t i o n .  The level o f  physical  water  quality  impaimnt due t o  construction is not 
predictable. Provided regulatory  levels  are met for discharge o f  suspended solids 
and allowable  increases i n  r e w i v i n g  water turbidity,  the impacts would  be minor. 

A i  rport and O f f l  oadi ng Faci 1 i t ies  

The ac t iv i t i e s  o f  clearing,  stripping, base preparation and construction o f  drain-  
age control will expose areas to possible  erosion and a certain amount o f  fugi-  
tive dust will occur. The areas, involved a r e  24 ha (60 acres) a t  the a i rpor t  
s i t e  and about  3 ha (7 .5 acre's) at   the  offloading  si te.  These s i tes  have no t  
been studied i n  the inventory program.  Impact on water quality due t o  sediment 
loss would likely be minor providing normal construction sediment loss procedures 
are  utilized. The sites  for  the  airport  (A  and C )  being  considered  appear t o  be 
away from significant developed surface  runoff  systems, thus sediment loss should 
not be diff icul t   to   control .  

6 - 91 
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le used  where p r a c t i c a l  and where moisture  condi- 
t i o n s  will allow. Th is   exp los i ve   cons i s t s   o f   amn ium  n i t ra te   pe l l e t s  which a r e  
coated  wi th  d iesel   fuel .  When these  pe l le ts   get  wet, they  tend  to deform i n t o  
a  sludge t h a t  will not  explode on detonation. When the  moisture  content o f   t h e  

p e l l e t s  exceeds about 8 percent by weight,  explosion will not  occur. 

Since a m n i u m   n i t r a t e  i s  h igh ly   so lub le   in   water ,  use o f  ANFO may r e s u l t   i n  
nu t r i en t   d i scha rge   i n  mine  waters  and  subsequent  increased  algal and weed growth 
i n  H a t  Creek. The main potentia,l  for  contamination  of  water  courses  would be 
f r o m  ANFO spi l lage  dur ing  handl ing,   b last -ho le  loading and  from m i s f i r e d  charges 
dur ing  the  b last .  Some contamination  would  also  result f r o m  the  comnon prac t ice  
o f   f l u s h i n g  away p a r t i a l l y  used explos ives  instead  o f   re turn ing them to  explos ive 
 tora age.^' Normal sa fe ty   p rac t i ce   requ i res   t ha t   a l l   m is f i red  charges be complete- 
l y  washed from  the  blast-hole ; such pract ices  would  increase  the  l ike l ihood  o f  
amnonium n i t r a t e  discharges. 

59 

Pol lu t ion  o f  mine water by amnonim n i t r a t e  fran ANFO can be minimized by the 
fo l low ing  measures: 

(a)  strong  packaging o f  ANFO 
(b) careful   handl ing and load ing   o f   ma te r ia l  
( c )   t o t a l   r e t u r n   o f  unused explosives  to  the stDrerom 
( d )   u s e   o f   p l a s t i c   l i n e r s   i n  boric holes  to  minimize exposure o f  ANFO to   mois ture 

(e )  use of   less  soluble  water  gel   type  explosives i n  wet  sections o f   t h e  mine 

6 - 92 
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Litt le  infomation  is  ava i lab le  t o  predict the seriousness of mine water pollu- 
t i o n  from ammonium ni t ra te  type explosives. However, a m n i a  nitrogen  (includes 
amnonium) concentrations of about 5 mg/l have been observed i n  mine waters a t  one 
s i t e .  60 

Amnonium n i t r a t e   i s  toxic t o  f ish a t  about 1000 
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Dewatering 

The degree  of  dewatering  increases  substantially  in  the  operation phase t o  about 
30 1.s-l (500 USGPM) from dewatering  wells and from  mine seepage. A further 9 
- 125 1-s-l (150 to  2080 USGPM) will r e q u i r e  pumping from the p i t  a t  times due 
to  direct  prec ip i ta t ion   in to  the p i t  area. Project  descriptions  indicate  these 
waters  will be pmped t o  a lagoon (Lagoon #I) for treatment prior t o  discharge 
t o  Hat  Creek  downstream  of the mine. As indicated i n  Section 6.2 ( b )  ( i i ) ,  the 
best  estimate  of probable quality of this  water i s   t h a t  i t  will contain high 
levels of dissolved  solids (1200 - 1600 q / l ) ,  sane color (20 Pt -Co units) and 
some biodegradable  organics (BOO5) similar  to  the  water  quality o f  Inventory 
p i t  a r ea  wells sampled  (Well RH 76-19 and Bucket Auger Hole #7: Tables C1-16 
and C1-17 o f  Appendix C) .  The  sluspended solids  level  in the raw mine water could 
be  high and the chemical constituents would  be diluted wherever precipitation 
waters made up a significant  portion  of the total.  After passing t h r o u g h  a 
se t t l ing  basin  the  level o f  suspended solids would be reduced. However, color, 
@.OD5 and a m n i a   ( l a t t e r  fmm blasting  residuals) will not change appreciably 
by sedimentation treatment alone.. Assuming a  dilution i n  Hat  Creek a t  low flow 
(about 3:1), the  color  addition could cause a minor aesthetic impact while the 
BOD5 a d d i t i o n  of  about 20 kg per day (50 l b  per day) could reduce the  dissolved 
oxygen level i n  future Hat Creek t o  less than 5 mg/l. The amnonia level  could 
also be substantially above regulatory  levels (0.50 mg/l). Sulfates may also be 
considerably above current  regulatory  levels (50 mg/l). Table 6-25 l i s t s  the 
projected  quality of this water based on limited  inventory in fomt ion .  
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TABLE 6-25 

PROJECTIED M ~ N E  WATER QUALITY* 

Parameter  (rng/l) 

pH (units) 
Filterable Residue 
BOD5 
A1 kal i n i  t y  
Chloride 
F1 uori de 
Nitrate  (as N )  
Kjeldahl Nitrogen (as N)** 
Ortho Phosphate (as P )  
Sulfate 
Arsenic 
Boron 

Cadmi um 
C ~ I  cium (as CaCO3) 
Ch romi urn 
Copper 
Iron 
Lead 
Magnesium (as CaC03) 
Mercury 
Sodium 
Vanadium 
Zinc 

*.I 

- Value 

7.5 
1400 

3.5 
a70 

4 

0.2 
< 0.06 
14.0 

c 0.03 
140 
<0.009 
(0.05 

< 0.005 

120 
< 0.010 
< 0.006 
< 0.08 

< 0.015 
128 

< 0.0003 
315 
< 0.05 
1.0 

* 
Based on the average of Well RH76-19 and Bucket Auger  Hole #7 
as given i n  Tables C1-16 and C1-17 o f  Appendix C. 

Not including any contribution f r o m  blas t ing  residuals. 
c* 

rl 
. 



" 

" 

II- 

I- 

" 

1- 

e- 

. 
Q 

Overburden Dunpq 

The overburden dumps excepting  the North Valley dump, are of retaining embankment 
type.  Excepting the  faces of  the  retaining embankments, overburden will not be 
subject t o  significant reclamation and revegetation u n t i l  completion of mining. 
Thus the  entire dunp'surfaces  (excluding embankments) will be subject t o  precipi- 
tation  runoff and sediment  loss.. Due to  the  short  contact time of precipitation 
runoff,  the major water  quality parameter of concern during storm periods  will be 
suspended solids. The level o f  suspended solids i n  the runoff i s  not predictable 
as there  are many variables. Mean values ranging from about 0 - 1300 mg/l dur ing  
baseline  conditions t o  values  ranging from 250 - 3900 mg/l during rain  events have 
been observed by others i'n studlies  of  sedimentation ponds a t  surface mining opera- 
tions.62 Under normal circumst.ances of low precipitation i n  the Hat  Creek Valley, 
there will be insignificant runoff f r o m  the dunps. Under these  conditions  the 
only waters t o  contend w i t h  are seepage from the  toe  drains of the dumps.  The 
quality of these f l o w s ,  as predicted i n  Table 6-9 of Section 6.2 ( a )  ( i i i )  A,  
could contain  elevated  dissolved  solids and metals such as arsenic, chromium, 
copper, and iron. Treatment by sedimentation  alone would not be expected t o  re- 
duce levels of dissolved  metals. Without additional  treatment,  considering  the 
d i l u t i o n  provided by Hat  Creek ( 3 : l )  a t  low flow, the impact on water quality of 
the  creek would  be high .  I t  appears that  treatment t o  reduce heavy metals t o  
regulatory  levels will be necessary. 

During a storm event  the  quantity of surface  runoff t o  be treated will be of  
considerable magnitude. Assumi:ng a  ten  year 24 hour rainstorm as the design 
basis, (Note: Environmental PrIDtection Agency of the USA require no treatment 
limitations for runoff i n  exces:j  of that  produced by a  ten  year 24 hour precipi- 
tation  event) a  runoff coefficient o f  0.6  and rainfall  of  35 mn, the  quantity 
of runoff from the two main  dumps  would  be as follows: 

.. 
Area-ha  Runoff m' 

Houth Meadows Dump 608 128,000 
Medicine  Creek D u n p  482  101,000 
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As presently  laid o u t  the lagoons servicing the Houth Meadows ( 3  lagoons) and 
the Medicine Creek dumps ( 1  lagoon) will also intercept surface runoff from un- 
disturbed  areas  as well as from the dump areas. This arrangemnt does not 
provide  the  best approach to erosion sediment loss control  as  the lagoons are 
in   effect  "in-stream" fac i l i t i es .  Lagoons of a "dedicated"  nature  are  considered 
by industry and regulatory authorities to  function bet ter  and of  course can be 
smaller i n  size. Further discussion of the design c r i t e r i a  and efficiency t o  
be expected is included i n  this  Section under Drainage Control And Laqoons. 

Coal Stockpile 

The volume of coal to be stored a t  the mine mouth fac i l i ty  will be 0.9 x 10 
tonnes  (1.0 x 10 tons) of  crus,hed blended coal and the uncrushed coal pile 
developed d u r i n g  construction phase will gradually be reclaimed. The area  of 
the coal p i les   a t  maximum will be about 28 ha (70 acres). Since the coal w i  11 
be crushed to 3 cm size and  compacted i t  will be  somewhat more resistant t o  pre- 
cipitation  infi l tration. The a.verage s u l p h u r  content  of the pile will probably 
be about 0.45 percent (wet basis).  Similar  calculations  to  those  presented i n  
Section 6.2 ( b )  ( i i )  A on acid  potential based on pyrite  content  indicate an 
equivalent  acidity  of 5015 mg/kg of coal as CaC03. The average neutralizing 
capacity  of  the  extractable  alkalinity based on leachate  tests by others is 
1560  mg/kg. The coal usage rate  of the plant i s  about 420 kg-s-l (1660 tons/ 
hour) which translates t o  a possible  coal stockpile turnover rate of about 14 
days. I t  i s  not known i f  this storage time i s  w i t h i n  the time frame required 
for weathering and acclimation of acid producing bacteria resulting in  possible 
acid  drainage d u r i n g  " f lush ing"  by a prolonged rainfall .  The following  subsection 
discusses  sulphide  oxidation i n  some detail i n  an attempt to  assess  the  probabil- 
i t y  of acid  drainage  production. 

6 

6 

Sulphide and reduced s u l p h u r  compounds can be ei ther  chemically or  biologically oxi- 
dized  to  sulphuric  acid. The b,iological mechanism is generally  believed to  be pre- 
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dominant. 63964 The major sulphur ox id iz ing  bacterium is Thiobacillus  ferroxidans 
which is capable of  directly oxid iz ing  'dissolved and undissolved reduced sulphur 
compounds and ferrous  iron. For example, the complete biological  oxidation of 
pyrite  results  in  the formation of two moles of sulphuric acid  per mole o f  pyrite: 

4FeS2 + 1502 + 14H20--4Fe(OH)3 + 8H2S04 

The amount of  acid formed will vary w i t h  the nature o f  the sulphide  mineral. With 
regard to  the  dissolved components, acid may result from the chemical or  biological 
oxidation of ferrous i r o n  or reduced sulphur compounds.  In the oxidation o f  ferrous 
iron,  there is  a net gain of t h m  moles of hydrogen ion per mole of ferrous  iron: 

2Fe2+ + 'io2 + 2H+--i!Fe3+ + H20 

2Fe3+ + 6H20--2Fe(G'H)3 + 6H + 

With  reduced sulphur compounds, the amount of  acid  released would depend on .the 
species  present and the mode o f  oxidation: 

'2'3 

'4'2 2- + 3W2 + 3H20--4S042- + 6H+ 

2- + 202 + H20-*2S04 2- + 2H+ 

For the  sulphur ox id iz ing  bacteria to  thrive they  require an acidic medium, the 
presence  of  dissolved oxygen, nutrlents and favourable  temperature, As a rule, 
sulphur  oxidation  occurs  only to  a sl ight  degree i.n polar  areas.65  If  sulphur 
oxida/tion does occur, the eventual pH I s  dependent on the  acid consuming a b i l i t y  
of the effluent which i s  due t o  the alkalinity and the precipitated  carbonate 
species. 

Rivett and Oko66 also found t h a t  the factors  influencing the fona t ion  o f  sulphur- 
i c  acid were determined t o  be srmlight, temperature, pH and the presence o f  sul- 
p h u r  for  oxidizing  bacteria. 
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Kuznetsov " e t  a165 discuss  factors  affecting  the  oxidation o f  sulphide  ores. 
They state tha t  the susceptibi'llty  to  bacterial  or chemical oxidation is depen- 
dent on the type  of  sulphide present. Apparently, the  oxidation is  also  influ- 
enced by the solubility  of the resulting  sulphate. 

Singer and S t u n ~ n ~ ~  Investfgated the chemical oxidation of iron  pyrite (FeS2). 
They concluded t h a t  f e r r i c  ion is  r e q u i r e d  i n  this oxidation  according t o  the 
following sequence: 

Fe3+ + FeS2 + 4 0 2 d p  Fe2+ + ,?SO:- 

The oxidation  of Fe2+ i s  the ra.te l i m i t i n g  step. The chemical oxidation o f  
Fe2+ i s  very slow and bacteria  are needed t o  accelerate this rate. 

Chen and Morris64 found t h a t  the kinetics of the chemical oxidation o f  dissolved 
sulphide is  complicated. There i s  a canplex dependence on the sulphide  to oxygen 
ra t io  and this ra t io  combined w i t h  pH can  be c r i t i ca l  w i t h  regard t o  the product 
formed. Catalysts (eg. heavy metal ions)  also  play an important  role. 

The pH of  natural  waters is  largely  regulated by i t s  alkalinity.  Carbon dioxide 
and the three forms of  alkalinity (C03 , HC03 , OH-) a re   a l l   par t  of  one 
system that  exists i n  equilibrium  according t o  the  following  equations: 

2- - 

COz + H20 e H CO - HC03- + H + 
2 3- 

M(HC03)2 M2' t 2HC03- 

HC03 - A  - C03'- +H+ 
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tern conta in ing  so l id   ca lc ium  carbonate,   th is  will l e a d   t o   d i s s o l u t i o n   o f   t h e   c a l -  

cium  carbonate  which will n e u t r a l i z e   t h e   a c i d  and es tab l i sh  a new p o s i t i o n   o f  
equi l ibr ium.  The r e s t r a i n t   t o  an a l k a l i n e  pH i s  the l a r g e   r e s e r v o i r   o f  carbon 
d i o x i d e   i n   t h e  atmosphere. Stumnl and Morgan68 discuss t h i s   e q u i l i b r i u m   q u i t e  
extensively.  

Consider ing  the  short   per iod o f  storage o f  the  crushed  blended  coal   p i le (assuming 
a tu rnove r   t ime   o f  14  days), i t  'is u n l i k e l y   t h a t   s i g n i f i c a n t   w e a t h e r i n g   o f   t h e  

coal o r  development o f   ac id   p roduc ing   bac ter ia   wou ld   occur .  On th is   bas is ,   the  
q u a l i t y   o f  drainage is pro jected as be ing   a lka l ine  and o f  a nature and q u a l i t y  as 
p r e v i o u s l y   l i s t e d  i n  Table 6-19 (Alkaline  Drainage) and Table  6-15(Coal A, B and C) 
of Section 6.2 (b) (ii) A. As s t a t e d   i n   t h a t  Section,  problems  are  projected 
i n  meeting a l l   cu r ren t   regu la t i ng   gu ide l i ne   l eve l s  with treatment  proposed i n   t h e  
p ro jec t   desc r ip t i on  documents. Total  containment o r   add i t iona l   t rea tment  appears 
necessary. 

As es t imated   ear l ie r ,   the  6OO5 of the   coa l   p i le   runof f   cou ld  range as high as 
1200 mg/l. i f  contact   t ime was 24  hours. Based on  a  nomograph so lu t i on   f o r   t ime  

o f   c o n c e n t r a t i o n   i n   t h e  comnonly  used Rational Method for  est imat ing  runoff ,   the 
contact  t ime, assuming the   ma jo r i t y   o f   p rec ip i t a t i on   rem ins   as   su r face   f l ow   ove r  
the  pi le,  would  be i n  t h e   o r d e r   o f  10 t o  15 minutes69 f o r   t h e  proposed  coal p i l e .  

Some o f   t h e   p r e c i p i t a t i o n  will p e r c o l a t e   i n t o   t h e   p i l e  and f lush   ou t   mater ia ls  
prev ious ly   d isso lved i n  the  moisture within the  coal   p i le .  

The quant i t y   o f   runof f  and leachate  from  the  crushed  coal p i le   could  probably  

be  about 8000 m (2.1 x 10 USG) dur ing a ten  year  24 hour  storm  or  about 
0.09 m 0 s (1500 USGPM). This  (quanti ty may seem hiyn, however It was noted  dur- 
i n g  a v i s i t   t o   t h e   C e n t r a l i a   S t e a m E l e c t r t c  Plant a t  Central ia,  Washington t h a t  
runof f   f rom a 32 ha (80 acres)  coal  storage  area has reached peaks of  0.25 m 3 . s -1 
(4000 USGPM) which i s  then  direc.ted  to  treatment.34 Anderson. W.C. e t  a1 50 
stud ied a c o a l   p i l e  and  found  about 12 l i t r e s  o f  water  per  tonne  of  coal was 

requi red  for  a complete  flushing o f   t h e   p i l e ,  
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It i s  thus d i f f i c u l t   t o   p r e d i c t   t h e  BOD5 l e v e l   t o  be expected i n  the  e f f luent .  
Assuming 80 percent  surface  runoff and 20 percent  percolat ion and contac t   fo r  
upwards o f  12 hours  and  a s t ra igh t   l i ne   t ime   p ropor t i ona l  BOD ext rac t ion   ra te ,  
the combined e f f l uen t  would  contain i n   t h e   o r d e r   o f  130 mg/l. I f  t h e   e f f l u e n t  
from such a s torm  runof f  were  di!;charged t o  Hat Creek, the   po ten t ia l  BOD5 l oad  
would  be i n  t h e   o r d e r   o f  1500 kg.. 

Data repor ted  here in   wi th   respect   to   the  inventory  o f  cur ren t   water   qua l i t y   in -  
d icate  that   the  waters   o f   Hat  Creek are  usual ly  a lmost  saturated  wi th  d issolved 
oxygen. I f  condi t ions  su i tab le  for   the  cont inued  wel l -be ing  o f   ra inbow  t rout  
a r e  an o b j e c t i v e   f o r   H a t  Creek, the  d issolved oxygen concentration must  be  main- 
ta ined a t  5 q/l o r  greater. 61,70 

Methods  used fo r   p red ic t ing   the   e f fec t   o f   d ischarged  b iochemica l  oxygen demand 
(BOD) on the  dissolved  concentrat ions i n   r e c e i v i n g  waters  are  approximate and 
have some deficiencies.  Nonetheiess,  the  Streeter/Phelps  equation" was used 
to   ca l cu la te   t he   quan t i t i es   o f  BOD tha t   cou ld  be discharged t o  Hat Creek, wh i le  
maintaining  the  concentrat ion o f  d issolved oxygen a t  5 mg/l or  greater.  This 
equation  involves  the use o f  two important  coeff icients,  the  value  of  which had 
t o  be assumed, based on related  experience elsewhere. 

Temperature pred ic t ions   assoc ia ted   w i th   the   d ivers ion   o f  H a t  Creek i nd i ca te   t ha t  
a t  the two-year-return minimum f l o w   o f  0.12 m .s-l, the  temperatures i n  lower 
H a t  Creek could be  as h igh as  40aC, under  extreme  weather  conditions.  With a 
f l o w   o f  0.12 m3.s-' and  a  temperature o f  4OoC. the maximum allowable  discharge 
o f  BOD5 would be about 20 kgeday-', f o r  maintenance o f  5 mg/l dissolved oxygen. 

3 

For a BOD5 discharge o f  BO kg-day'' or higher,  the  creek  would be sept ic ,   w i th  
no dissolved oxygen; f o u l  odours would resu l t .  

I f  the  temperature  of  the  water  fran  the  diversion  channel was 25OC, ra ther  

a 
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than 40"C, the maximum allowable  discharge of BOD5 would  be approximately 100 
kg-day-', based on a flow of 0.1.2 m3.sec'l, and a minimum allowable  dissolved 
oxygen concentration of 5 mg/l. 

W r i n g  the  freshet i n  June, the flow i n  Hat Creek could be about  2.8 m3. sec-l 
w i t h  a temperature  of  approximately 8OC. Under these conditions, about  17,500 
kg.day-'  of BOD5 could be discharged,  while maintaining a minimum dissolved oxygen 
concentration  of 5 mg/l i n  Hat Creek. The discharge o f  17,500 kgsday-' of BOD5 
into Hat  Creek during June would lower the dissolved oxygen levels i n  the Bonaparte 
River by about 1 mg/l. This estimate i s  based on a June flow i n  the Bonaparte 
River  of 14 m3. sec'', a temperature  of about l l ° C ,  normal BOD5 concentrations 
less than 1 mg/l, up-stream dissolved oxygen levels a t  saturation and a travel 
time of 12 h o u r s  i n  the Bonapartle River. The effect  of the BOD on the Thompson 
River would  be insignificant, because of extenslve  dilution.  If  discharges of 
BOD t o  Hat Creek  were restricted t o  maintain a minimun concentration o f  dissolved 
oxygen of  5 mg/l i n  Hat Creek, the impact of the  discharged BOD5 on the Bonaparte 
River would be insignificant. 

5 

As indicated by the foregoing  discussion,  discharge of 1500 kg of BOD5 from the 
coal pile drainage would not be possible during n o m 1  summer flows i n  Hat Creek 
w i t h o u t  severe impact on the water quality. Containment or additional  treatment 
thus  appears  necessary for  this runoff  source. 

Low Grade Waste Stockpile 

The area of the low grade waste stockpile a t  maximum size is  projected a t  127 ha 
(317 acres). I t  i s  assumed t o  be a side h i l l  non-impounding embankment.  The 
quantity of  runoff from the  pile based on a ten year 24 hour r a ins ton  (35 mn) 

and an 80 percent  runoff  coefficient would  be about  36000 m . Runoff  from the 
stockpile  is  scheduled t o  be muted th rough  two lagoons (No. 5 a n d  No, 4) prior 
t o  discharge t o  Hat  Creek. As indicated i n  Section 6.2 (6) ( i i)   the  quali ty of 
th i s  runoff a f t e r  removal o f  sett leable solids f n  the basins could contain elevated 

3 
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l eve ls   o f   a rsen ic ,  chromium, copper iron,  organics (BOD5) and c o l o r  based  on the 
leachate  data on t h i s   ma te r ia l .  

It i s  thus  concluded tha t   fu r ther   t rea tment  beyond sedimentation will be  necessary 
f o r  any runo f f  from this   s tockpi le   o therwise  pos i t ive  d ischarge  should  not  be con- 
s ide red   i n   o rde r   t o   avo id   impac t ing   wa te r   qua l i t y   i n   Ha t  Creek. 

r 

Drainage  Control And Lagoons 

Surface  mining  operations have , the  potent ia l   to  generate  large  volunes  of  sediment. 
As long,as  the sediment  generabsd i s  contained on the  mine s i t e ,  it does not  pre- 
sent a problem. However, i f  i t  washes i n t o  watercourses,  the  sediment can have 

several   detr imental   ef fects;  some o f   t h e   e f f e c t s   a r e   l i s t e d   i n  a repor t  by the 
U.S. Environmental  Protection Agency." The f i r s t  step i n   c o n t r o l l i n g   t h e   d i s -  
charge o f  sediment i s   t o  use  mining  practices  which  minimize  erosion;  the EPA 
report  discusses  these  practices. The second step i s  t o  use sedimentation  basins 
t o  remove se t t l eab le   pa r t i c l es  I'rom surface  waters, as c lose as poss ib le   t o   t he  
sediment  source. The basins  should  intercept  drainage ways before  they meet the 
main stream; off-stream  sedimentation ponds are more effective  than  on-stream ponds, 
which keep streams tu rb id   f o r   l ong   pe r iods   f o l l ow ing  a s t o n .  The U.S. S o i l  

Conservation  Service  suggests  that  sedimentation  basins have a volune o f  a t  l e a s t  
380 m per  hectare of   d is turbed  area  in   the  dra inage  bas in.  However, a study 
of  nine  basins  designed by t h i s   c r i t e r i a   r e v e a l e d   t h a t  during a storm,  the sus- 
pended so l ids  removal e f f i c iency   cou ld   d rop   f ran  a n o m 1  l eve l   o f   about  90 

percent   to  a value as low as 35 - 50 percent. 

3 20 

The approach that   best  ensures t h a t   t h e  performance o f  a sedimentation  basin will 

be adequate t o  meet water   qua l i t , y   c r i te r ia  i s  based  on considerat ion o f  the  over- 
f l ow   ve loc i t y  and t h e   c r i t i c a l   s e t t l i n g   v e l o c i t y   o f   t h e   s m a l l e s t   p a r t i c l e s   t h a t  
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a r e  t o  be removed. Set t l ing  condi t ions  should be as i dea l  as possible;  turbulence 

should be minimized and the  entrance and ex i t   e f fec ts   shou ld  be minor. The EPA 
report2’  discusses  several measures which can be used t o  improve pond ef f ic iency.  
For example, s h o r t   c i r c u i t i n g  i!i minimized  with a length- to-width  ra t io   o f   about  
f i ve .  Also,  two o r  more ponds  ‘in se r ies ,   i ns tead   o f  one larger   bas in  cover ing 
the same area,  increase  overall removal e f f t c lency .  

If t h e   i n f l o w   o f  a s e t t l i n g  bas:in  has a h igh  propor t ion  o f   f ine-gra ined sediments 
( s i l t  and c lay) ,   there may n o t  be  enough land  a rea   ava i lab le   to   cons t ruc t  a s e t t l -  

ing   bas in   o f   the   s ize   requ i red  t o  obta in   the   des i red   water   qua l i t y .   In  such  a 
s i t ua t i on ,  i t  may be necessary t o  add coagulants  to  increase  sedimentat ion  ef f i -  
ciency.  Coagulants  which have heen demonstrated t o  be e f f e c t i v e  f o r  c l a r i f i c a t i o n  
o f  mine  waters include lime and high-molecular-weight  polyelectrolytes. 62 I f  
coagulant  addit ion  is  contemplated,  consideration  should be g iven  to   the  poss ib le  
e f f e c t s  o f  the  coagulant on downstream w a t e r   q u a l i t y   i n  H a t  Creek and the Bona- 
parte  River. 

The most  important  maintenance  problem  associated  with  sedimentation  basins i s  
the removal o f  accumulated  sediment.  Accumulation o f  sediment in   the   bas in   re -  
duces the  re tent ion  t ime  for   runof f   thereby  reducing  par t ic le  removal e f f i c iency .  
The highest  sediment  loads  are  often  observed  during  the first s i x  mnth,s a f t e r  
mining  begins.20  Basins  are  usually  cleaned  out when h a l f   o f   t h e   b a s i n  volune 
i s  occupied by sediment, o r  six m n t h s  a f t e r  the mining operation was s ta r ted ,  

whichever comes f i r s t .  The sediment removed from the  basin must be disposed i n  
such a manner t h a t  i t  will not  re-enter  the  surface  drainage system dur ing  suc- 

cessive s tons .  

Reclamation 

Throughout t h e   l i f e   o f   t h e  mine  c.onsiderable  reclamation will occur,  mainly on 
the  outer  faces o f   re ta in ing  emba.nkmnts i n  the  early  years  fol lowed by gradual 
reclamation o f   t he   t op   su r faces   a f te r   m id   po in t  o f  mining. The t o t a l  area o f  
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the  Houth Meadows  dump (608 ha: 1520 acres) and o f  the  Medicine Creek dump 
(408 ha: 1204 acres) will have  been reclaimed by the end o f  mining.  Reclamation 
o f  the p i t  will not be poss ib le   un t i l   a f te r   cessat ion   o f   m in ing .  

Once t h e   r e s u l t s   o f   t h i s   a c t i v i t y   b e g i n   t o  have  an e f fec t ,   the   ra tes  o f  s o i l  
erosion,  chemical  leaching and wind caused dust f r o m  prev ious ly   d is turbed areas 
will dimin ish  to   the  benef i t   o f   both  sur face and subsurface  water  quality. I n  

the case o f   t h e  Hat Creek Proj'ect, due t o   t h e   a r i d   c l i m a t e  and the  general  lack 
o f   t o p s o i l s  t o  u t i l i z e   i n   t o p   s u r f a c i n g  o f  s p o i l  dumps, it will be necessary t o  
u t i l i z e   a r t i f i c i a l   f e r t i l i r a t i s o n  and l i k e l y   i r r i g a t i o n   t o   e x p e d i t e   t h e  revegeta- 
t i o n  process. This  aspect o f  the  rec lamat ion  act iv i ty  i s  considered a po ten t i a l  
negative  impact on water  qual i ty.  Loss o f   n u t r i e n t s  will raise   the   leve l   o f   b io -  
l o g i c a l  parameters  (nitrogen and  phosphorous) t o   l e v e l s  which  could  foster  algae 
and sl ime growth i n  Hat Creek. This impact i s  discussed  fur ther i n  Section 6.2 

( b )   ( i v ) .  

In f ras t ruc tu re  

Operation o f   t h e  mine in f ras t ruc tu re   inc ludes   on ly  a few act iv i t ies   which  are 
considered  to pose potential  minor  negative  impacts on surface  water  qual i ty. 
These act iv i t ies   are  operat ion  o f   the  coal   crushing and blending  plant,  coal 
conveyors  and coal  haul  roads.  Operation o f  coal  crushing and blending  plant,  

i nc lud ing  1oading;unloading and crushing,  could  produce  about 1.2 kg  of f u g i t i v e  
dust and emissions per tonne o f  coal  processed. An undeterminable  portion o f  
th is   dus t  will even tua l l y   se t t l e  on the  area  vegetation i n  sumner and i n  the snow 
blanket i n  w in te r  where it i s  sub jec t   to   t ranspor t   v ia   ra in   runof f  and snowmlt  
runoff.  Provided  surface  drainage i n  the   v i c in i t y   o f   t h i s   coa l   c rush ing  and 
blending  plant i s  routed  through  sedimentation  basins  the  impact from t h i s  source 
will be minimized. Some fugi t ive  dust  emissions will also  occur a t  coal  transfer 
points  (conveyors,  stacker,  rec:laimr  etc.)  which,  although  controlled by emission 
control  devices and other measLlres cannot be t o t a l l y  avoided.  Runoff t o  Harry 

Creek which i s  near  to  the  coal  crushing and blending  area may be  subject   to 
impact  from  coal  fines.  Consideration  should be given t o  p lac ing a s e t t l i n g  
basin on t h i s  creek to   p ro tec t  Hat Creek water qua l i t y .  
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Ash Disposal 

The base  case  ash disposal  system  under  consideration i s  a  combined f l y  ash  and * 

bottom ash  pond i n  Upper Medicine Creek. This pond would  be retained  behind an 
engineered embankment.  The approximate  size o f   t h e  pond a t  maximum capacity 
would be about 440 ha (1,100 acres).  Uncontaminated  surface  runoff from con t r i -  

buting  drainage  areas above tho pond would be d iver ted  around  the pond. 

The ash  pond would  be  designed t o  have  no discharge of   e f f luent .   Consider ing 
th is   fac to r ,   there  i s  no d i rec t   in te rac t ion   w i th   sur face   water   qua l i t y  by  the 
ash disposal scheme  as p r e c i p i t a t i o n   f a l l i n g   o n t o   t h e  ash  pond will be contained 
i n  the pond. Contaminated seepage through  the  retaining embankment, as discussed 
i n  Section 6.2 ( a )   ( i i i )  B. should be co l l ec ted  and returned  to  the pond. Ousting 
around  the edge o f  the ash  pond i s  considered  to pose  a potent ia l   minor  negat ive 
impact on water   qual i ty   o f   Medic ine Creek  and  MacLaren  Creek. Diversion o f   i n t e r -  
cepted  runoff  around  the ash  pond could cause add i t iona l  sediment l e v e l s   i n  creeks 
receiv ing  the  d iverted  waters.  The pro jec t   descr ip t ion   ind ica tes   the   d ivers ion  
of some o f  these  waters  eastwald i n t o  Cornwall Creek v i a  MacLaren Creek. This 
could cause interact ion  wi th  domest ic  water  users i n   t h i s  watershed. 

All waters  col lected below the   ex i s t i ng  Upper Medicine Creek d ivers ion presumably 
would be conveyed  westward to   eventual ly  be discharged  into  the H a t  Creek main 
d ivers ion  canal. It i s  no t  cer ta in  whether i t  is intended t o  d i r e c t   t h i s   r u n o f f  
through  the  sedimentation  lagoon a t   t h e  base o f   t h e  Lower  Medicine Creek over- 

burden dump. Should t h i s  turn out  t o  be the case, the  sedimentation  basin  would 
have t o  be sized  accordingly and equipped  such that  f lood  f lows  could be bypassed 
t o   a v o i d   f l u s h i n g   o f   c o l l e c t e d  sediment i n t o  Hat Creek. 

~~ 
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The first al terna te   (A l te rna te  I )  ash disposal  plan i s  p lac ing f l y  ash i n  a 300 
ha (750 acre) Upper Medicine Creek ash pond  and bottom ash i n  a  152 ha (380 acre) 

H a r r y  Lake dump. The wa te r   qua l i t y   i n te rac t i ons   f o r   t he   f l y  ash  pond i n   t h i s  
a l te rna te   a re   the  same as f o r   t h e  base case  combined  pond discussed  previously. 
The bottom ash disposal dump would  be  constructed  by  slurrying  bottom ash onto 

sloping  ground and al lowing  natural   separat ion.  A system o f  berms and di tches 
and  a bas in  would  co l lect   the  dra ined  waters   for  return t o   t h e   p l a n t  f o r  reuse 
i n   t h e  ash system. This systent o f  bottom  ash  disposal  would  preclude  any re- 
clamation o f   t h i s  dump dur ing  operat ion phase.  The return  water system  would 
have t o  be  designed t o  handle a11 p r e c i p i t a t i o n  and  snowmelt runo f f  f r o m  the 
dump and contributing  drainage  area  around  the dump. Seepage through  the  col- 
l e c t i o n  dam would  also have t o  be co l lected  to   avoid  contaminat ion o f  lower 
Harry Creek water  qual i ty.  Assuming these  actions  are  taken i n   t h e  design  and 
opera t i on   o f   t he  dump, there  would  effect ively  be no in teract ion  wi th   the  sur face 
waters  outside  the  imnediate  area o f   t h e  ash dunp. Dusting  should  not be  a 
problem  from  bottom  ash'as i t  i s  a considerably   coarser   mater ia l   than  f ly  ash. 

Disposal o f  ash i n   d r y  dumps at.  Harry Lake  area (A l te rna te  11) would  consist o f  
d i sposa l   o f   we t ted   f l y  ash t o  a 190 ha (470 acre) dump while  bottom ash  would 
be  dewatered e i the r   i n -p lan t  or i n  a small  dewatering pond (3 month capaci ty)  
and then conveyed i n  a dewatered s t a t e   t o  a 90 ha (230 acre) dump.  The p rec ip i -  
ta t ion  runof f   f rom  these dumps i s  dependent upon  many factors   inc lud ing  durat ion,  
runo f f   coe f f i c i en t .   s i ze   o f   d i sposa l  area,  and  slope. 

As planned  these dumps would be developed in sections  such  that as each sect ion 
i s  completed it could  be  covered  with  topsoi l  and  revegetated. The process will 
minimize  the  disturbed  area  sub,ject t o  runoff, l ikewise  the amount o f  contaminated 
r u n o f f   t o  be  handled.  Assuning the  maximum disturbed  area  subject   to  d i rect   pre- 
c i p i t a t i o n   r u n o f f  from a ten  year - 24 hour  rainstorm (35 mn) t o  be  one h a l f   t h e  
eventual dump sizes and  a r u n o f f   c o e f f i c i e n t   o f  0.36, the  quantity  of  runoff 
could be  12,100 m from  the f ly  ash dunp  and 5,700 m from  the  bottom ash dump. 3 3 
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The qual i ty   o f   th is   water   would be similar t o  t h a t   l i s t e d   i n  Table 6-11 o f  Sec- 

t i o n  6.2 ( a )   ( i i i )  B during  dry  periods when the seepage water  consti tutes  the 

major  port ion. The qua l i t y   du r ing  a ra instorm will be dependent on i nd i v idua l  
s torm  in tens i ty  and r u n o f f  volume. The shor ter  mare i n t e n s e   r a i n s t o n  will cause 

the   runo f f   t o   con ta in   h igh   l eve l s   o f  suspended so l ids  and only  moderate leve ls  

o f  d issolved  sol ids.  Longer durat ion low i n t e n s i t y   r a i n f a l l  will cause  moderate 
l e v e l s   o f  suspended so l ids  and dissolved  sol ids.  The q u a l i t y   o f  ash p i l e   r u n o f f  
will most l i k e l y  be o f   s i m i l a r  makeup  as ash p i l e  leachates  except ing  that   levels 
o f  each parameter will be less on a concentrat ion  basis due t o  low contact  time 

o f  runoff   waters and t h e   d i l u t i o n   e f f e c t .   F l y  ash  suspended sol ids  are  very 
smal l  i n   s i z e  and have poor   se t t l ing   charac ter is t i cs .  Bottom  ash  suspended 
so l ids  are le.ss soluble  than f l y  ash. a r e  l a r g e r  and s e t t l e  more rap id ly .  

The s t ra tegy   t o  be used fo r   d i sposa l   o f   runo f f  and leachates  from  the  ash dumps 
i n  th i s   a l t e rna te   a re   no t   s ta ted   i n   t he   p ro jec t   desc r ip t i ons .  A water manage- 
ment study by others 38 however ind icates a runof f   ho ld ing  pond  would be i nc lu -  
ded i n   t h e  scheme with  reuse o f  waters   co l lec ted   fo r  ash dust  control  and pre- 
sumably no positive  discharge.  This  course o f   a c t i o n  would be necessary,  given 
the  extremely  poor  qual i ty  water  to be expected frwn the ash dump, i n  o r d e r   t o  
p ro tec t  uncontaminated  natural 1-unoff i n  both  Medicine Creek  and Harry Creek. 
The hold ing pond should be constructed  with  impervious  material  to  minimize 
seepage. 

Coal P i l e  Storalge 

Runoff  and  leachate f r o m  the coa.1 p i l e  (an  Alternate) a t  t he   p lan t   s i t e ,  accord- 
i ng   t o   p ro jec t   desc r ip t i ons ,  would  be col lected,  routed  to a holding  basin and 
subsequently  reused i n   t h e  ash  handling system. The q u a l i t y  o f  th is   water  would 
be poor as discussed i n  Section 6.2 (b) (ii) A and 6.2 (b) ( i i i )  A. Since  there 
will be no posit ive  discharge,  there will be no in te rac t i on   w i th  uncontaminated 
surface  waters i n   t h e   p l a n t   s i t e  area. 

"" 
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Ash Sluice Water Treatment  Sludge  Disposal 

The s i t e  for disposal  of  sludge from the ash pond recirculation  water  treatment 
plant has n o t  been established. I t   i s  not  possible t o  assess  the  possible im- 
pact of surface  water  quality  without some basic  information on the  type of dis- 
posal mthod. If a pond storage system for  disposal is uti l ized i t  will be 
necessary to insure isolation ,from interaction w i t h  uncontaminated.surface run- 
of f  by means o f  dyking and diwsrsion ditches. Disposal of this dewatered sludge 

. i n  the  alternate ash disposal !scheme, as  indicated i n  the water management study, 
would  be to  bury w i t h  the f l y  ash i n  the dry f l y  ash dunp. Leachates and runoff 
from th is  sludge would be high'ly alkaline, and  be unlikely  to  contain  signifi- 
cant  dissolved metals.  Provided  runoff from the dunp i s  contained and returned 
t o  the ash system, there should be  no interaction or contamination o f  area  sur- 
face waters. 

38 

FGD Sludge  Disposal 

Flue  gas desulphuriration is an alternate t o  a  Meteorological Control System 
(MCS) for  controlling ambient a i r  su lphur  dioxide  levels. Sludge disposal from 
the process would require a  faiirly  large  site.  If FGD i s  chosen, a separate 
environmental study would be conducted to  examine all   aspects,  including  assess- 
m e n t  o f  interactions w i t h  surface water quality. 

P l a n t  Operaticm - 
The proposed "no l i q u i d  discharge" mode of operation and minimization of wastewater 
production by recycling of effluents  for reuse will reduce the  conflict and 
interactions of the development. with the water  resource and environment i n  gen- 
eral .  Since  there will be  no dlirect  discharge  of  plant wastewaters t o  the  creeks 
and streams  of the Hat  Creek Valley, there will be  no direct  impact on water 
quality o f  these  resources from1 this source.  Experience  elsewhere34 indicates 
tha t  "no l i q u i d  discharge" i s  d i f f i cu l t   t o  meet i n  practise when al l   factors  i n -  
cluding contaminated precipitation  runoff. seepages and leachates,  are considered. 



= -  
All sources  such as these must eventual ly  be  careful ly  considered by the  design- 
e r s  in  the  water  balance o f   t h e  power plant,  otherwise an  excess of  water  results. 

Disposal methods  such as evaporator  train^^**^^ or   d i rect   d ischarge  to   the  sur-  
face  water  environment may then be necessary. 

p a r t i c u l a t e  and sulphur  dioxide  emissions from the Power Plant  have been estimated 

by  others25  to be 79 x IO tonnes  and 9.7 x IO tonnes  per  year,  respectively. 
The impact o f   p a r t i c u l a t e   f a l l o u t   i n   t h e   H a t  Creek watershed  and o f  any sulphur 
d iox ide   ac id   ra in   po ten t i a l  i s  n o t  addressed i n  this assessment. There will un- 
doubtedly be an increase i n   t h e   d u s t f a l l   l e v e l   i n   t h e   v a l l e y   f r o m   p a r t i c u l a t e  
emit ted  by  the  p lant.  Some o f   t h i s  will f a l l   d i r e c t l y  on water  bodies and a 
p o r t i o n   o f   t h e  remainder will be s u b j e c t   t o  washout by p r e c i p i t a t i o n  and snow- 
me1 t. 

3 3 

Other   Act i   v i  ti E!S - 
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Operation o f  creek  diversions  around  the ash d isposa l   s i te  can be  expected t o  
cont r ibu te  sone sediment loss to   the   runof f   dur ing   spr ing   f reshet .  The leve ls  
o f  sediment a r e  no t   p red ic tab le  and are  f low and ve loc i t y  dependent. It will 
be important t o  ensure  sediment  losses  are  low  during  nonfreshet  conditions 
as i t  i s  dur ing   th is   per iod   tha t   Hat  Creek will be most suscept ib le and have 
the   leas t  sediment carrying  capalcity. 

Reclamation  during  the  operation phase o f   t h e  power p lan t  would be ca r r i ed   ou t  

on the   re ta in ing  embankment faces  and  dry  ash dumps (shou ld   th is   a l te rna te  be 
se lec ted) .   Th is   ac t i v i t y  will FlrodUCe a posi t ive  impact on water   qual i ty  by 
reducing  disturbed areas.  Addit:ion o f   f e r t i l i z e r s  however.  can  be  expected t o  
Contr ibute some nu t r i en t   l oss  to the  watershed. Nut r ien t   loss   dur ing  reclama- 
t i o n  i s  discussed i n  more d e t a i l   i n   S e c t i o n  6.2 (b) ( i v ) .  
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Hat Creek Diver* 
Canal  and Reservoir Temperature Predictions 

Information available on n o m 1  water temperatures i n  Hat  Creek i s  restricted 
to a limited number of spot checks a t  two stations74. In mid-sumner, the water 
temperature at   Station 08LF061,, near  the proposed mine, i s  usually between lo°C 
and  15OC. The highest  observed  water  temperature a t  this sampling station is 
18Oc, w i t h  a corresponding f low o f  0.11 m3.s-l. Further downstream at  Station 
OGLF015, near the Bonaparte River, mid-sumner temperatures in Hat  Creek are 
usually between 15OC and 2OoC, the highest observed  temperature being 24OC. 

The diversion o f  Hat  Creek  would raise water  temperatures because the  surface 
area exposed to  solar  radiation would increase  significantly. Methods available 
for  predicting  temperature changes i n  running and standing  waters  are  approxi- 
mate  and  have many deficiencies. Nonetheless,  estimates were made of  the maxi- 
mum water  temperatures  expected ilt the downstream  end of the  diversion canal 
on a clear,  hot, humid, s t i l l ,  mid-summer day, for two situations. The f i r s t  
situation,  referred t o  as the ba!je case,  involves a 7.3  ha reservoir w i t h  a 
maximum storage  of  about 220,000 m and no flow regulation. Downstream of  the 
reservoir i s  a 7,000 m diversion  canal,  followed by a 2100 m discharge  conduit. 
The canal considered was tha t  proposed i n  t h e  September 1977 Hat Creek Project 
Description: a trapezoidal  canal w i t h  a 3.7 m base. The second situation, re- 
ferred  to  as  the  water supply alternate,  involves  addition  of a 120 ha reservoir 
upstream from the 7.3 ha reservoir. This large reservoir would  have a sufficient 
storage  to maintain a minimum flow of 0.23 m? s- l  in the diversion  canal and pro- 
v ide  an average flow of 0.45 m3.s,-1 for water supply. 

3 

Predictions  of  water  temperature were  based on a methodoutlined by Velz  and 
Gannon 75 w i t h  appropriate  modifications. The calculations  considered  solar 
insolation,  radiation fmm the water t o  the atmosphere, convective  heat 
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t r a n s f e r  between the  water  and the air, and evaporation from the  water  surface. 
I n  absence of   required  informaYion, it was necessary t o  make several  assumptions, 
some o f  which a r e  impor tan t   to   the   resu l ts  o f  the  ca lcu lat ions:  

1. Water  could  take  six  hours t o  t r ave l   t he   l eng th   o f   t he   d i ve rs ion  channel 

(7000 m). 

2. No conductive  heat  transfer between the  water and the  channel bed. I n  r e a l -  
i ty ,  heat  would be t rans fer red  from the  water  to  the channel bed during  the 
warmer p a r t  o f  the  day,  and in   t he   oppos i te   d i rec t i on  a t  o ther  times. 

76 

3. No shading o f   t h e   d i v e r s i o n  channel  by  trees o r  topography  between 9 a.m. 
and 3 p.m. s o l a r  time. 

4. 90 Percent o f  inc ident  SOla,r  r ad ia t i on  absorbed by the  water,  the  balance  being 
ref lected  at  the  water  surface. A t  a f l o w   o f  about  0.1 m3*s-', the  water 
depth in   the  d ivers ion  canal   would be  about 10 cm. This  shallow  water  depth 
may r e s u l t   i n  a reduced  leviel o f   s o l a r  energy  absorption because some o f  
the   rad ia t ion  would  be re f l l ec ted   o f f   t he  channel  bottom. 77 

5. Harry, Finney,  Lloyd and Ambusten Creeks would  be  dry and t h e   f l o w   i n  
Medicine Creek would  be 0.003 m3. s - l ,  a t  14OC. Flow  from  the p i t  rim 
r e s e r v o i r  would  be i n s i g n i f i c a n t .  

6. Meteorological  conditions: 

(a)   Solar   rad iat ion  inc ident  on a horizontal  surface  varying  from 3.27 
MJ.hr-?m-* a t  noon t o  2.55 MJ-hr-1.m-2 three  hours  before and a f t e r  noon. 

(b) Air temperature  varying  from 15OC a t  9 a.m. t o  35OC a t  3 p.m. 

(c)  Absolute  humidity  (part ial   pressure  of  water  vapour) 13.5 rn Hg f r o m  
9 a,m. t o  3 p.m. 

..~ 
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(d) Wind  speed varying  from 6.4 lan-hr-' a t  9 a.m. t o  1.6 km.hr-' a t  3 p.m. 

These condi t ions a r e  considered  extremes  for  the  area. 

For  the base  case,  a f l o w   o f  0.12 m3. s-l was used f o r  temperature  calculat ions 
i n   t h e   d i v e r s i o n  channel. This  f low i s  the  two-year-return  f low a t  S ta t ion  

08LF061  on  Hat Creek. A t  th is  f low,  the  water  temperature  at   the end o f  the 

d ivers ion  channel was ca lcu la ted  as about 4OoC. almost  independent o f   the  water  
temperature a t   t he   beg inn ing   o f   t he  channel. A t  4OoC, the  water i n   t h e  channel 
would be close  to  thermal  equi l ibr ium  wi th  the  prevai l ing  environmental   coi id i -  
t ions.  

For  the  water  supply  alternative,  the  water  temperature a t   t h e  end o f   t he   d i ve r -  
sion  channel  could  be as high as 35OC. based on a f l o w   o f  0.23 m . s-l and a 
temperature o f  20°C a t  the  beginning o f   t h e  channel. 

3 

Since  the  calculated  increases i n  water  temperature i n  the  d iversion channel 
were considerable, no e f f o r t  was  made to   es t ima te   t he   e f fec ts   o f   t he  impound- 
ments on water  temperature. However, surface  water  temperatures i n  lakes, 
creeks and canals i n   t h e   i n t e r i o r   o f   B r i t i s h  Colunbia seldom  exceed 25 C. 
Therefore, 25OC would l i k e l y  be the  maximum temperature  expected f o r  water 
l e a v i n g   e i t h e r   o f   t h e  two proposed  reservoirs. I f  the  diversion  design was 
a l t e r e d  t o  reduce  water  temperature  increases to minimum levels ,  a more serious 
examination o f   t h e   e f f e c t   o f  an,y impoundments on water  temperature  would be 

warranted. 

0 74 
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Mid-sumr  water  temperatures im an evaporation pan a t   S~mmer land '~  have  been i n  
the  range o f  32' - 35OC on several  occasions and the maximum observed  temperature 
i n  recent  years i s  37OC. Altholugh the  water i n   t h e  pan i s  stagnant,  the  informa- 
t ion  indicates  that   the  calcula, ted  temperatures o f  40°C and 3SoC, a t  the end o f  
the  d iversion  channel ,   are  real lst ic as po ten t i a l  maximums. 

~- ~ 
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Temperatures i n   H a t  Creek  below the  d ivers ians  would  l ike ly  be less  than  the 

temperature i n  the  diversion  channel, for several  reasons: 

(a) There  would  be some evaporat, ive  cool ing i n   t h e  plunge  pool a t  the  bottom o f  
the  discharge  conduit. 

(b)   Tr ibutar ies  to   Hat  Creek  would b r i ng  some cooler  water  to be mixed w i t h  up- 
stream  water. 

(c)   Evaporat ive  cool ing and  back rad ia t i on  would  be more s i g n i f i c a n t   r e l a t i v e  
to   so la r   i nso la t i on   t han  was the  case i n   t h e   d i v e r s i o n  channel. 

It i s  d i f f i c u l t   t o   q u a n t i f y  these  ef fects so it must  be assumed,  as a w r s e  case, 
that  water  temperatures o f  4OoC or 35OC cou ld   pe rs i s t   i n   Ha t  Creek down t o   t h e  
confluence  with  the  Bonaparte  Ri'ver. 

The ten-year-return f l o w  i n   t h e  I3onaparte River  i s  about 5.5 m3.s-' and the  mid- 
sumner water  temperature a t  the  confluence  with H a t  Creek could be as h igh as 
20°C. Even i f  the  temperature 0.f water from Hat Creek  were increased t o  4OoC, 
the  temperature i n  the  Bonaparte  River  would  increase by on ly  0.5OF, a t  low 
flow. 

The preferable w a t e r  temperature f o r  rainbow t r o u t  i s  13'C and temperatures o f  
about 25OC are   le tha lP1  For  comnon white  suckers,  the  lethal  temperature is 
about 31OC. Therefore, it i s  poss ib le   t ha t   d i ve rs ion   o f  H a t  Creek through  the 
proposed  channel  could make  mid-s,unaner water  temperatures i n  the   l ower   pa r t   o f  
H a t  Creek u n s u i t a b l e   f o r   f i s h   l i f e .  Furthermore, mid-sumner water  temperatures 
would be we l l  in  excess o f   t h e  lS°C maximum temperature recommended fo r   d r i nk ing  
water  ~upplies. '~  While  the  ca1c:ulat ions were approximate, i t  appears tha t   the  
d i ve rs ion   o f   Ha t  Creek,  as  planned,  would s i g n i f i c a n t l y   r a i s e   t h e  surmner water 

temperatures i n  the  lower  part  o f  Hat Creek. The high  temperatures i n  H a t  Creek 
would have minimal  impact on the  temperature of the  Bonaparte  River.  Further 

. . . . . .- " . .. _" 
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study would  be warranted t o  improve the  re l iabi l i ty  of the  temperature  predic- 
tions and t o  investigate methods t o  minimize water  temperature  increases  in 
lower  Hat  Creek. 

Hat  Creek Diversion 
Supersaturation of  Nitrogen Gas i n  Lower Hat Creek 

- 

The diversion scheme proposed i n  the September 1977 Hat  Creek Project Descrip- 
tions could result  i n  supersaturation o f  nitrogen gas i n  the downstream waters 
o f  Hat  Creek.  Such supersaturation would represent a threat t o  fish. 

Nitrogen supersaturation could n s u l  t from both temperature  increases i n  the 
diversion canal and the  discharge of diverted  waters from the  conduit i n t o  a 
plunge pool. 

Mid-sumr  increases i n  water  temperature i n  the d ivers ion  canal would decrease 
the  saturation  concentration for nitrogen.  Supersaturation o f  nitrogen would 
result  and i f  the supersaturated gas d i d  not transfer o u t  of the  water f a s t  . 

enough, the  extent of nitrogen  supersaturation i n  downstream  Hat  Creek waters 
could be significant. For  examp'le, i f  water  saturated w i t h  nitrogen a t  lSoC 
was heated t o  4OoC, w i t h  no release of nitrogen  gas,  nitrogen  concentrations 
of 140 percent of saturation wou'ld result .  

When water i s  discharged i n t o  a plunge pool, there  is  considerable  turbulence. 
As a resul t ,  air is  entrained  in  the  water and taken to  various depths, where 
the  increased  pressure  forces move nitrogen i n t o  solution than would  be the 
case a t  the  water  surface. When the  water  returns t o  a p o i n t  closer t o  the 
surface,  the  nitrogen  concentrations i n  the  water could be as much as 140 percent of 
those  corresponding t o  saturation a t  the  water  surface.  If  the  water were 
discharged,  instead, i n t o  a s t i l l i n g  basin  the  potential  for  causing  nitrogen 
supersaturation would  be reduced b u t  i t  would s t i l l   ex is t ,   espec ia l ly   i f  water 
i n  the  basin was reasonably deep and there was considerable  turbulence. 

". "" 
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The s i m p l i f i e d  examples i1 lustral :e  that  a mope extensive  examination o f  the 

problem  appears  warranted. 

To avoid  n i t rogen  supersaturat ion from the  discharge o f   the   d iver ted   water ,  a 

long  rock-covered  slope  resembling a steep  creek bed i s  suggested. The system 
would be designed  such t h a t   t h e   k i n e t i c  energy of   the  d ivers ion  water   could be 
d iss ipated on the  rocks,   wi th  no  pools  or   s igni f icant depth. The System  would 
provide  turbulent  contact   of   the  water  wi th  the  surrounding atmosphere. As 
a resu l t ,  any nitrogen  supersaturation  from  the  temperature  increases i n   t h e  
channel  would  tend  to be reduced  by the enhancement of the  t ransfer  Of ni t rogen 
f r o m  the  water  to  the a i r .  A l s o ,  evaporative  cooling  would be enhanced, thereby 
reducing  water  temperature. The system  would have t o  be designed t o   a v o i d  
erosion and t o  minimize  problems  associated  with  icing i n  the  winter. 

Main Access Road 

The only   water   qual i ty  concerns re la t i ng   t o   ope ra t i on  o f  the access  road  would 
be minor  sediment loss f r o m  runof f   concent ra t ion   in   d i tches  channeled i n t o  
Cornwall Creek  and possible  excessive use of  deicing  products  near  creek  cross- 
ings.   Nei ther of   these  interact ions  are  quant i f iable  but  a r e  considered  minor 
negative  potential  impacts. 

Cooling Water Sul~ply System 

Discharge o f   water   t rea tment   c la r i f i ca t ion   p lan t   s ludge blowdown to   t he  Thompson 
River will cause minor   loca l i zed   tu rb id i ty .  The discharge  point  should be se- 
l ec ted   w i th   care   to   avo id   in te rac t ion   w i th   o ther   in takes  downstream  and also t o  
ensure  acceptabi l i ty  by regulatory  agencies  concerned with f ish spawning  and 
rea r ing  areas espec ia l l y  i f  i n  the  future  coagulants a r e  found  necessary a t  
cer ta in   t imes  o f   the   year .  

Discharge  of  pipeline  drainage  to  Cornwall Creek and the  Bonaparte  River  are 
proposed  during line maintenance  procedures. f o r  discharge  into  Cornwall Creek 

i t  will be necessary t o  es tab l i sh  a control led  drainage  rate below  which tu rb id -  

-. 
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i t y   l e v e l s  do no t   d i s tu rb  downstream  domestic  water users. Discharge t o  the 

Bonaparte R ive r   a t   t oo   l a rge  a Irate  during salmon migrat ion may cause f i s h   d i s -  

o r i e n t a t i o n  problems. The pro jec t   descr ip t ion   ind ica tes  some ch lo r ina t i on  for 
c o n t r o l   o f   b a c t e r i a l  growth i n   t h e   p i p e l i n e  my be necessary. It i s  u n l i k e l y  
tha t   t he   l eve l   o f   ch lo r i ne   wou ld  be  very  high, however discharge o f  any ch lo r ina ted  
water may be objecCionable fran a f isher ies  v iewpoint .   Fisher ies  regulatory 
agencies  should  be  consulted on both o f  these  issues. 

O f f l o a d i n g   F a c i l i t y  And A i r p o r t  

Operation o f  t h e   o f f l o a d i n g   f a c i l i t y   ( n o t   y e t   l o c a t e d )  and the  proposed a i r s t r i p  
should  not cause any a f f e c t  on s,urface  water  qual i ty  providing  environmental ly 
conscious  decisions  are made during  design f o r  disposal o f  sewage and refuse, 
con t ro l   o f   runo f f ,  and s p i l l  conitrol if hazardous m a t e r i a l s   o r   l i q u i d s   a r e   t o  
be used o r  handled. 

( i v )  Decomnissioning 
" 

I 
. 

A. Mine 

Reclamation o f  Disturbed Areas 

I n  the  reclamation o f   t h e   l a n d  area  during and fol lowing  mining,  the  appl icat ion 
o f  f e r t i l i z e r s  will be  required.'33 The f e r t i l i z e r  recomnended f o r  use35 i n   t h i s  
app l i ca t ion  i s  a composite f e r t i l i z e r   o f   t h e   f o m l a t i o n  20-24-15 appl ied a t  a 
r a t e   o f  225 kg-ha-'. The loss o f  f e r t i l i z e r  due t o  ground  water runo f f  can  be 
approximately 17 percent  for   n i t rogen and 2 percent  for  phosphorous." Based  on 

topography o f   the  mine  area, i t  may be an t ic ipa ted   tha t   the   ma jor i t y   o f   th is   runof f  
will eventual ly  enter  Hat Creek. The two possible extremes t h a t  may occur i n  the  re- 

clamation  program  are: 

(1) A s i n g l e   a p p l i c a t i o n   o f   f e r t i l i z e r  a t  the  t ime  of  the f i r s t  seeding. 
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( 2 )  Annual app l i ca t ion  o f  f e r t i l i z e r  over all reclaimed  land.  Experience 
elsewhere" ind ica tes   tha t  annual f e r t i l i z a t i o n  may be requi red  for  
an i nde f in i t e   pe r iod .  

Based on these two cases  and us ing   the  proposed  reclamation  plans  provided i n  
the  project   descr ipt ion, the  average annual f e r t i l i z e r   a p p l i c a t i o n   f o r   t h e   v a r i -  
ous stages o f  reclamation were ca lcu lated t o  be: 

S i n g l e   F e r t i l i z a t i o n  Annual F e r t i l i z a t i o n  

From s ta r tup   t o   m idpo in t   o f   m in ing  2,400 kg 20,300 kg 

From midpo in t   t o  end o f  mine 13,100 kg 149,400 kg 

From end o f   n i n e  t o  10 yea rs   a f te r  54,900 kg 549,700 kg 

The average f l o w   r a t e   o f  Hat Creek a t   t h e  mouth  based on ex is t i ng   f l ow   da ta  82 

i s  about 80,000 m d". Using th i s   da ta   t he   con t r i bu t i on   f rom  fe r t i l i ze r   t o  
the  n i t rogen and phosphorous levels i n  Hat Creek may then be ca lcu lated and 
the  percentage  increase i n  these! nutr ients  at   var ious  stages  in  the  reclama- 
t i o n  program  determined. The r e s u l t s   o f   c a l c u l a t i o n s   o f   f e r t i l i z e r   a p p l i c a t i o n  
fo r   t he  two  cases are shown i n  Table 6-26,  and the   po ten t i a l   add i t i on   o f  
n u t r i e n t s   t o  H a t  Creek f o r  these!  two cases i s  as  shown i n  Table 6-27. 

3 

From th i s   da ta  i t  may be seen t h a t   f e r t i l i z a t i o n   c o u l d  cause a s ign i f i can t   inc rease 
in t h e   n u t r i e n t   l o a d i n g   t o   H a t  ICreek even i n  the  minimal  case o f  a s ingle  appl ica- 
t i o n  o f  f e r t i l i z e r ,  p a r t i c u l a r l y   i n   t h e  l a s t  stage o f  reclamation. This increase 
i n  nu t r i en t   l oad ing  will probably  have  the  ef fect  o f  markedly  increasing  plant 
l i f e   i n  the creek t o  i t s  eventual  detriment. 

With  respect t o   t h e  Bonaparte  River, i f  a d i l u t i o n  e f f e c t  o f  6:l i s  assumed, 82 
and  using  the  base  value o f  0.27 mg/l f o r  n i t rogen and 0.039 mg/l f o r  phosphor- 
ous, the  percentage  increase on t h e  base value f o r  s i n g l e   f e r t i l i z e r   a d d i t i o n  

dur ing   the   per iod  from end o f  miine t o  10 years a f t e r  would be 3.9 pe rcen t   f o r   n i t ro -  
gen and  1.7 percent f o r  phosphorous. It i s  not  considered  that  this  increase  would 
exer t  any no t iceab le   e f fec t  on the  Bonaparte  River. I n   t h e  case o f  annual addi t ion,  
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TABLE 6-26 

" CALCULATIONS OF FERTILIZER APPLICATIONS 

" Area(ha) Appl i rati on (kg)  
Year  Average  Per Ylsar Totar  Average Per  Year  Total 

I- 

SINGLE FERTILIZATION APPLICATIOJ 
" 1. Startup To Midpoint 

1 - 16 10.7 170  2,400  38,400 

I 
.) 2. Midpoint To  End 

17 - 32 543 9 32 13,100  209,300 

'1. m 3. End To 10 Years  Later 
33 - 42 2 4!j 2,446  54,900  549,400 

.I 
. 

ANNUAL FERTILIZATION APPLICATION - 
1. Startup To Midpoint 

" 1 - 16 90 170 20,300  325,900 

2. Midpoint To  End 
I 
. 17 - 32  745 1,102  149,400  2,392,400 

3. End To 10 Years Later 
1. 33 - 42  2.448  3,549  549,700 

1 
5,497,900 

c 



Per iod  

1. Frcm s t a r t u p  to 
midpo in t  o f  mining: 

S ing le   Add i t i on  

Ni t rogen (N) ,mg/l 
Phosphorqus (P) ,-/I 

Annua 1 Add i t ion  

N i t rogen (N),mg/l 

Ba sei 
Va I ue 

Fer t  i 1 i z e r  % Increase 
A d d i t i o n  Tota l  on Base Value 

" - 

0.19 0.003  0.193 
0.043 

1.5 
0.0002  0.043 0.4 

0.19  0.023  0.213  12.3 
Phosphorous (P), mg/l 0.043 0. ooi 

2 .  From midpo in t   t o  end o f  mine: 

S ing le   Add i t i on  

Ni t rogen (N) ,mg/l 0.19  0.01 5 
Phosphorous  (P) ,mg/l 0.043  0.001 

Annua 1 Add i t ion  

Ni t rogen (N) ,mg/l 0.19  0.172 
Phosphorus  (PI ,rng/l 0.043  6.01 1 

3 .  F r o m  end of mine to  10 years a f t e r  

S ing le   Add i t i on  

N i t rogen (N) ,mg/l 0.19  0.063 
Phosphorous (PI ,mg/l 0.1343 0.004 

Annua 1 Add i t ion 

N i t rogen (N) , m g / l  0.19  0.063 
Phosphorous ( P I  ,mg/l 0. I143 0.039 

0.044 3.4 

0.205 
0.044 2.2 

7.9 

0.362 
0.054  25 

90 

0.048 
0.253 33 

9 

0.822 333 
0.082 91 
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however, the percentage  increase on the base  value would be 39 percent for n i t -  
rogen  and 17 percent for phosphorous for  the  period from  end  of  mine t o  10 years 
af ter .  This amount of increase  could be detrimental t o  the Bonaparte  River and 
if   this  pattern of fe r t i l i za t ion  was required,  preventative measures would  have 
t o  be implemented. 

With respect t o  the Thompson River, if a further  dilution  effect  of 175:l i s  
a~sumed,~2 and using the base vallue of  0.08 mg/l for  nitrogen and  0.020 mg/l 
for  phosphorous, the  percentage  increase on the base value for annual f e r t i l i z e r  
addition dur ing  the  period from  end  of  mine t o  10 years af ter  would be 0.8 per- 
cent for nitrogen and 0.2 percent  for phosphorous. I t  i s  not  considered that 
this  increase would exert any noticeable  effect on the Thompson River. 

Reclamation of t.he P i t  

Reclamation of  the p i t  would include  recontouring of the p i t  slopes which will 
improve s t ab i l i t y ,  drainage and aesthetics i n  a d d i t i o n  t o  provid ing  a suitable 
profile  for a t o p  dressing prior t o  revegetation  activities. Exposed coal would 
be covered w i t h  s t e r i l e  material t o  p r e v e n t  spontaneous combustion. Subsequent 
to  these  preparations,  the proposed strategy is to  begin flooding of the p i t  w i t h  
excess Hat  Creek water over  a period which could l a s t  as long as 26 years. Once 
the p i t  i s   f i l l ed  t o  a predetermined level ,   a l l  of Hat  Creek  would be redirected 
through the newly  formed lake w i t h  the overflow channelled back t o  i t s  original 
course downstream o f  the lake. 

Creation o f  the  lake  is expected t o  have a positive  effect on the  physical  water 
quality i n  that  the  lake would cause Upper  Hat  Creek t o  deposit i ts  entire  sedi- 
ment load a t  a l l  times of  the  year. Th i s  has other consequences on downstream 
Hat  Creek stream morphology as discussed i n  Section 6.1 (b). This  impoundment 
would increase  water temperatures. above  nonnal temperatures i n  Hat Creek.  Calcu- 
lations were not made, b u t  based on masuremnts of relevant  surface water temp- 
eratures,  74 the temperature of  water leaving the flooded p i t  could be as h i g h  as 
25OC. The impact on physical  water  quality i s  thus considered adivalent  overall .  

. . ~ - 
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The e f f e c t   o f   c r e a t i n g  a lake  on the  chemical   water  qual i ty i s   d i f f i c u l t  t o  pre- 

d i c t  and it i s  recomnended t h i s  #aspect be s tud ied   f u r the r  when more de ta i l s   a re  
known o f  the  probable  top  dressi;ng  materials,  Water  colunn  studies  should be 
undertaken to   he lp   p red ic t   the   d isso lved  so l ids   leach ing   ra tes  f r o m  the  proposed 

lake  bottom  sediments.  Since  th'e  lake  would  be o f   s u b s t a n t i a l   s i r e  and  depth 

(335 ha. and 120 meters  deep), i,t may be subject  t o  the rma l   s t ra t i f i ca t i on  and 
semi-annual  turnover. a3 

The lake  has t h e   p o t e n t i a l   t o  be  a '?neromictic"  lake, where  a l aye r   o f   wa te r  a t  
the  bottom i s   s t a b i l i z e d  by  dissiolved  solids o r  even suspended matter  causing 
a permanent increase i n  density.  This  would be caused  by leach ing   o f   d isso lved 
mater ia l  f r o m  the  bottom sedimen.ts  and f r o m  h igh l y   sa l i ne  ground  waters  entering 
the  bottom o f   t h e  lake.  Lake Mahony, near Okanagan Fa l ls ,  i s  an  example o f  a 
highly  neromict ic  lake. The avai lable  leachate data on Hat Creek s u r f i c i a l  and 
waste  rock i s  no t   d i rec t l y   app l i cab le  t o  making p r e d i c t i o n s   i n  a lake   s i tua t ion .  
I f  the   lake  were t o  be meromictic. t h i s  would be b e n e f i c i a l   t o   w a t e r   q u a l i t y   i n  

the  upper  levels as turnovers  would  not  mix  the  high-density  highly-saline  bottom 
waters  with  the  remainder o f   the   water  colunn.  Previous  experience o f  f lood ing  
a s i m i l a r   l a r g e  open p i t  coal mine was not  found i n   t h e   l i t e r a t u r e .   I n   t h e  

Estevan  area o f  Saskatchewan, water  bodies o f  about 36  ha and 6 meters deep have 
been created  within  reclaimed COi t l  mine s p o i l  areas84 and subsequently  stocked 

with  rainbow  trout  with  apparent success.  Data was not  reported on Water q u a l i t y  
changes a f t e r  f looding. 

Runoff o f   n u t r i e n t s  from  reclamation as indicated  in  the  previous  subsect ion will 
raise  the  n i t rogen and  phosphorous l eve l s  depending on the  degree o f  f e r t i l i z a -  
t i on .  The project   concentrat ions were 0.19 - 0.8 mg/l f o r   n i t rogen  and 0.043 - 
0.082 mg/l f o r  phosphorous.  These levels,  even at   the  lowest   va lues  (ex is t ing 

H a t  Creek wa te r   qua l i t y ) ,   a re   i n   t he  range generally  accepted as being  able  to 
stimulate  algae  growth i n   l a k e  walters (n i t rogen above 0.1 mg/l  and  phosphorous 
above 0.01 mg/l). 85 
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I n  sumnary, f r o m  a water  qual i ty  viewpoint,  the  impacts o f  t h e  proposed p i t  re- 
clamation  plans  are  considered t o  be mainly negative. The proposal  should be ex- 
amined i n  a thorough  l imnological assessment  which i s  considered beyond the scope 

" 

" 
o f   t h i s  study. 

9 -  Drainage  Control - 
The plan  to  maintain  creek  diversions,  drainage  di tches  and  lagoons  af ter  phase 

-a out  o f  the mine, i s  considered  beneficial.  These f a c i l i t i e s  will contain  run- 

o f f  and erosion, and minimize  sediment  losses. 

" 

Other   Ac t i v i t i es  - 
Removal o f  n ine   in f ras t ruc tu re   (bu i ld ings ,  conveyors,  etc.) will undoubtedly 
cause some s h o r t - t e n  area  disturbances  which  would be subject   to  erosion. The 
impact o f   t h i s  decomnissioning ac t iv i t y   i s   cons idered  minor   negat ive .  

6 .  Plant  

I- 

" 

. 
1 

. 
m 

Reclamation o f  Disposal Areas 

The impacts of reclamation o f   d i sposa l  areas  associated  with  the power p l a n t  
would be the  same  as those  discussed in Section 6.2 (b) ( i v )  A fo r   rec lamat ion  
o f  mine  waste disposal areas. 

Drainage  Control - 
Continued  existence o f  drainage f a c i l i t i e s   i s  considered a beneficial  impact as 
these f a c i l i t i e s  Will p r o t e c t   t h e   i n t e g r i t y  o f  waste dumps and control  runoff 
erosion. 

-" 
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Other Ac ti vi t s  

Minor impacts relating t o  sediment loss fran short t e n  area  disturbances during 
removal of plant  infrastructure (bui ld ings ,  cooling  towers,  switchyard conveyors, 
etc.)  can  be expected t o  occur. I t  i s  assumed tha t  the water supply reservoir 
would be l e f t   i n t ac t   a f t e r  phase o u t  of the power plant. No interactions  are 
visualized if  t h i s   i s  done. Because the  drainage  area above the  reservoir  is 
minimal, this  reservoir  will  eventually become dry through  evaporation  losses. 

C. Offsites 

Hat  Creek Diversion - 
Lkcmissioning o f  Hat  Creek diversion i n as s c  d a t i o n  w i t h  crea t i o n  o f  a lak :e i n  
the p i t  i s  considered t o  offer  both beneficial and negative impacts.  Physical 
water  quality i n  t e n s  of temperature  should improve  somewhat over that  which i s  
projected  to  occur i n  the  diversion canal a t  low flow. In addition,  the newly 
created  lake will reduce  sediment  load  formerly carried i n  the canal from t r ibu -  
ta ry  streams  (such  as Medicine  Creek  and Houth Meadows area  drainage). The  chem- 
ical  water  quality impacts associated w i t h  decomnissioning o f  the  diversion  are 
considered  negative.  This i s  due t o  the potential degradation  of Hat  Creek  chem- 
ical  water  quality i n  passing thirough the  lake as discussed previously. Contin- 
ued existence of the  reservoirs  associated w i t h  the  diversion ( i n  Upper Hat C r e e k )  
i s  considered an ambivalent impact (both positive and negative effects) .  The re- 
servoirs  will reduce sediment levels i n  Hat  Creek  which i s  considered  beneficial, 
while  they will continue to  cause  water  temperatures i n  the sumner a t  higher 
levels than occur i n  the  natural creek. 

Cooling Mater Supply System 

Decomnissioning of the water  supply system i s  considered to  have  minor beneficial 
implications on water qual i ty .  Phase o u t  will mean  no further  dlscharges of water 
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plant  s ludge  to  the Thompson River. I n   add i t i on ,   t he  need of  emergency 
f r o m  the  p ipe l ine  to   both  the  Cornwal l  Creek  and  Bonaparte River will 

cease t o   e x i s t .  It i s  assumed t h a t   t h e   p i p e l i n e   i t s e l f  would be l e f t   i n  place. 

Other  Acti v i  t& 

S i g n i f i c a n t  impacts on water  qulal i ty  f rom  decomissioning  of  60 kV transmission 
l i n e s  and the   o f f l oad ing   f ac i l i t i es   a re   no t   v i sua l i zed .  The access  road  and a i r -  

po r t   a re  assumed t o  remain i n tac t .  

(v)   Overal l   Impact Assessment 

A. P re l im inary   S i te  Development 

The a c t i v i t i e s   d u r i n g   t h i s   s t a g e   o f   t h e   p r o j e c t  which  could have af fected  surface 
water   qua l i t y  were the  Bulk Sample Program, e x p l o r a t o r y   d r i l l i n g ,  and access 
road  construct ion.   Surface  water  qual i ty  monitor ing  dur ing  th is  per iod has 
ind ica ted  a min imal   e f fect  on water  qual i ty.  Should  the  project  not proceed, 
reclamation  would be  implemented and thus no long-tern  impacts  are  foreseen. 
Thus, the  impact on sur face  water   qual i ty   a t   th is   s tage i s  i ns ign i f i can t .  

B.  Construction 

The main  impacts to   the  sur face water qual i ty   dur ing  const ruct ion o f  the  mine 
will be: 

1. An increase i n   t h e   l e v e l s   o f   n o n - f i l t r a b l e   r e s i d u e  and t u r b i d i t y  due t o  
increased  erosion caused  by  removing or destroy ing  ex is t ing  vegetat ive and 
s o i l  cover. 

2.  An increase i n   t h e   l e v e l s  oC f i l t r a b l e  residue,  nutr ients and co lour  due 
t o  p i t  dewater ing  act iv i t ies .  
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The main  source of   possible  impact  to  the  surface  water  dur ing  construct ion o f  
t he   p lan t  and t h e   o f f s i t e   f a c i l i t i e s  will be increased  non-f i l t rable  residue and 
t u r b i d i t y  caused  by erosion and p r e c i p i t a t i o n  washout o f   f u g i t i v e  dust as a re- 

s u l t   o f   t h e   c l e a r i n g ,   s t r i p p i n g ,  etc., assoc iated  wi th   const ruct ion  act iv i ty .  
The e f f e c t   o f   t h i s  will be con t ro l l ed  by c o l l e c t i o n   o f   r u n o f f  and treatment i n  
s e t t l i n g  basins. The o ther  sou8rce o f   poss ib le   impact   dur ing   cons t ruc t ion   o f  
the  plant  would  be sewage f r o m  the  shops, o f f i c e  and const ruct ion warehouses. 
This  should be t rea ted  by t o t a l  containment i n  an aerobic  lagoon  with  ult imate 
disposal by evaporation,  possibl ly  coupled  with  irr igation.  Provided  regula- 
t o ry  levels  for  Point  source  discharges and rece iv ing  streams  are  met,  the 
impact on water q u a l i t y  would be minor. 

C. Operation 

The main  impacts to   sur face  wafm  dur ing  operat ion  o f   the mine  and p lan t  will be 
from: 

1. 

2. 

3.  

4. 

5. 

6 .  

Disposal o f  mine  water  from p i t  area  dewatering. 

Seepage and runoff  from  the  Houth Meadows and Medicine Creek waste  disposal 
areas. 

Increased  temperature i n  Hat Creek w i th in   t he   d i ve rs ion   cana l   du r ing   sumr  
periods o f  low flow. 

Sediment l o s s  from intervening  d is turbed  areas  and  fug i t ive  dust   prec ip i ta-  
t i o n  washout. 

Nut r ien t   loss  from fer t i l i za t i on   ac t i v i t i es   du r ing   rec lamat ion .  

Dissolved  sol ids loss to   runof f   v ia   sur face  leaching of d isturbed areas. 

It i s  assumed t h a t  due to  the  probable  low  qual i ty  leachate and runoff   f rom  the 

coal   p i le ,   low grade  waste  dunp  and leachate f r o m  the  ash disposal areas, these 
sources  of  contamination will n o t  be discharged t o   t h e  Hat Creek surface  water 
streams. 

U 
li 
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In order t o  project a 
after  the development 

probable maximum change i n  quality of Hat Creek water 
is i n  place and operating, a water quality balance was 

made  of the main discharges t o  Ha.t Creek. A period of sumner low flow  has 
been  assumed when the  dilution  effect  is minimum; surface runoff is  negligible; 
mine water from dewatering and waste dump surface seepages are a t  a maximum. 
Minor ground water subsurface flows from waste dump areas which eventually 
reach Hat Creek, as discussed in  Section 6.1 (a), are not considered in the 
water q u a l i t y  balance. The discharges  considered i n  t h i s  case were as follows: 

Q, /"line  Water 0.030 m a  s 

9, Houth Meadows Dump Seepage 0.017 m s 
Q3 Medicine  Creek Dump Seepage 0.023 m * Q, Hat Creek Discha,qe 0.12 m 3 e s -1 

9, Total Discharge 0.19 m .s 

3 -1 
3 -1 
3 -1 

3 -1 

In order t o  derive  the  resultant  concentration of any water  quality  paramter i n  
the final combined flow downstreitm of a l l  discharges, the following  water  quality 
balance formula was utilized: 

where C - C4 = levels of the parameters i n  component 1 
discharges 

C = level i n  the combined discharge. 

In the  case of  the foregoing  scenario, this formula can be transposed in to  the 
following: 

The quality of various component project related discharges utilized were those 
projected PreViOUSlY i n  Tables 6-'9 and 6-25 adjusted as follows: 
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Level ' A '  Objectives were  re!duced t o  the  Objective  level t o  simulate  the 
result  of treatment prior to  discharge. Based on available data .  the  level 

o f  sulphate t o  be expected from the ground water w i t h i n  the  coal seam could be 
about 260 mg/l. I t  can thus, be expected t h a t  whenever the  proportion of ground 
water from dewatering  wells w i t h i n  the coal seam is  greater t h a n  about  15 

this  discharge  will exceed the Level ' A t  Objective of 50 mg/l. Since  there 

fact   that   this  objective  is  under review (see Table 6-21), the  sulphate  levels 

-.I, 

I- 

" percent  of  the  total  water from dewatering activities,  the  sulphate  level i n  

" i s  not  a  cost  effective technology available  for removing sulphate plus the 

I- i n  the  relevant  discharge t o  Hat  Creek  were not assumed t o  be altered by any 
treatment. I t   i s  assumed that  cost  effective  treatment  is  available t o  meet 
Level ' A '  Objectives for a l l   o ther  parameters. This may or may not be the 
case however, and treatabil i ty  studies will be necessary  as recomnended in 
Section 8.2 ( b ) .  

" 

I- 

2. 
L1 

II 

I 
I, 

II 
I 

The quality  of  the  discharge was averaged where necessary. For instance,  the 
quality  of  the Medicine  Creek seepage i s  assumed to be the average of that  
produced by Overburden 76-1 and 76-13 o f  Table 6-9. Likewise, the  quality 
o f  the mine water is assumed t o  be the average of Well RH 76-19 (Surficials) 
and Bucket Auger  Hole #7 (Coal Seam) o f  Tables C1-16 and C1-17. This l a t t e r  
assumption would represent  the worst case because on average the  quantity of 
coal seam water would  be considerably less than t h e  amount o f  water removed 
from the  surficials. 

3. The level o f  suspended sol ids   af ter  treatment i s  assumed t o  be less than or .. .I equal t o  Level ' A '  requirement of 50 mg/l. 

(I 
4. The  maximum temperature i s  t h a t  value projected t o  occur i n  the  diversion  canal. 

I 5. The nutrient  levels  are  those values  projected t o  result  from reclama- 
t i on  fe r t i l i za t ion  on an annu'al basis, p lus  contributions from seepage 
and mine waters t o  be discharped t o  Hat Creek. I t  does not include any 
contribution from blasting  residuals. 

I 

a . .. _" 
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The water  quality  of  Hat  Creek  utilized  was  that  established in the  Inventory 
as the  mean  as  shown in Table 4-16. The  resulting  water  quality  derived 
from  this  balance is given in Table 6-28 for  pertinent  parameters. 

The  results  indicate a substantial  increase  can be expected in the  salinity 
of  Hat  Creek  water (90 percent  increase i n  dissolved  solids level). The 
sum  of  inorganic  ions  does  not  balance  with  the  projected  filterable  residue 
because  the  filterable  residue  includes  the  volatile  fraction  from  the 
leachate  data  utilized.  Increases  are  also  projected in the  alkalinity, 
sodium and chloride levels. The  increase in levels of dissolved  trace  metals 
varies from nil to about a sixteen-fold  increase in zinc.  With  the  exception 
o f  dissolved  solids, temperaturle, arsenic,  chromium,  copper, iron, and 
lead, all other  parameters  remain  within  the  Objective Level  of  Recomnended 
Limits f o r  Drinking  Water as li,sted  in Table 4-12. 

The  increase in dissolved solid!j by more  than  one-third  of  the  natural 
value  may  present  problems to aquatic  life . The level of arsenic  projected 
exceeds  the  acceptable  levels of 0.01 mg/l'but  would  still be considerably 
lower than  the  maximum  permissible level of 0.05 mg/l. The  projected  levels 
of chromium,  copper, iron, and 'lead, however,  would  remain  below  the  accept- 
able limits. Temperature  of  the  water  will pose a severe  problem  to  exist- 
ing fisheries  resources and would  also be above  the level deemed  maximum 
acceptable  for  drinking  water pttrposes  (15OC). The  projected level of 
suspended  solids is such  that  the  corresponding  turbidity  (from  Figure 
4-44) will be about 7 NTU which is somewhat  above  the  acceptable level 
of 5 NTU. This  factor indicates; treatment for turbidity  removal  may be re- 
quired at times by any  downstream Hat Creek  domestic  water users. 

95 

Predictions  have not been made  for BOD5 or  dissolved  oxygen  levels  because  BOD5 
load projections  from  component  discharges  based on existing  data  are  not COn- 
sidered  reliable. If further  testing  indicates  thdt  the  B0D510ad is above  about 
50 kg. day-', biological  treatment  may be required to  maintain  adequate 0.0. 
levels in Lower  Hat Creek. 
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TABLE 6-28 
COMPARISON OF PROJECTED  WATER  QUALITY AND 

EXISTING W,RTER QUALITY I N  HAT CREEK 

Parameters  (rng/l) 

pH ( u n i t s )  
Temperature (OC) 
Suspended Sol i ds  
F i l t e r a b l e  Residue 
Total Hardness (as CaC03) 
A l k a l i n i t y  (as CaC03) 
Chloride 
F luor ide 
Total  Nitrogen - N 
Phosphorus - P 

Su 1 phate 
Arsenic 
Boron 
Cadmi  urn 
Calcium  (as CaC03) 
Chromi um 

Copper 
I ron  
Lead 
Magnesium (as  CaC03) 
Mercury 
Sodi urn 
Vanadium 
2 inc 

Projected 

8.2 
40 

2 22 
642 
197 
305 

6.2 
0.15 
3 .61  

< 0.096 
60 

< 0.013 
< 0.10 
< 0.005 

118 
< 0.018 
< 0.015 
< 0.092 
< 0.013 

75 
< 0.0005 

72 
< 0.013 
< 0.111 

E x i s t i n e  

8.4 
24 

6 
342 
224 
226 

1.1 
0.16 
0.19 
0.043 
54 

< 0.005 
< 0.10 

0.005 
143 

< 0.010 
< 0.005 
< 0.026 
< 0.010 

77 
< 0.0004 

20 
< 0.005 
< 0.007 
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The pro jected  leve ls  o f  the   nu t r ien ts   n i t rogen and phosphorus ind ica te  a Sig- 

n i f icant   increase can be expected. The mine water and waste dump seepages con- 
t r i b u t e  a major   por t ion o f  the  projected increases. The projected  levels are 
considerably i n  excess o f  those  generally  accepted as being  able t o  St imulate 

algae  growth . 
With  the  exception  of  the  period,s where the a v a i l a b l e   d i l u t i o n   i n   t h e  Bonaparte 
River i s  low, the  impact  of changes i n  the Hat Creek water   qua l i t y  will 
have an i n s i g n i f i c a n t   e f f e c t  on the  Bonaparte  River.  During  lor) f l o w  the 
l eve l   o f   d i sso l ved   so l i ds  may inscrease by 10 t o  20 percent. The n u t r i e n t  
leve ls  may a lso   inc rease  s ign i f i can t ly   dur ing  th i s  period.  Total  nitrogen 

levels  may increase  from  about 0.3 mg/l t o  upwards o f  0.8 t o  0.9 mg/l whereas 
phosphorus levels  could  increase t o  0.048 mg/l from the   ex i s t i ng  mean o f  
0.039 mg/l. As w i t h  Hat  Creek these  nut r ient   addi t ions may f o s t e r  some i n -  

creased  algae  growth. 

85 

Studies  by  others on water q u a l i t y   e f f e c t s  o f  surface  mining  operations o f f e r  
some information  for  comparative purposes f o r  parameters  such as d isso lved  so l ids 
and sediment y ie lds .  

McWhorter, D.8. s&*6 found that  the  equivalent  d issolved  sol ids  f rom  disturbed 
areas o f  a Colorado  coal  mining  operation was  6.5 times as grea t  as f r o m  undisturbed 
areas, and that   about  99 percent o f   t h e  annual  pickup was a t t r i b u t a b l e   t o  ground 
water  runoffs  (mine and dump seepages etc.). As ind icated i n  Section 4.2 (b),  t h e  

ex i s t i ng   d i sso l ved   so l i ds  y i e l d  on average i n  Hat  Creek  ranges from 12-14 t-km'2.yr'1. 
I f  t h e   y i e l d  f r o m  disturbed  areas o f   t h e   p r o j e c t  (about 35 km ) were 6.5 times 
h igher   o r   about  85 t.km'2. yr", the p r o j e c t e d   y i e l d  o f  d isso lved  so l ids from the  
t o t a l   H a t  Creek Valley  would be about'16.8 t.km-2. yr-', o r  an increase o f  about 
30 percent  on an average  annual  basis. 

2 

The l i te ra tu re   con ta ins   in fo rmat ion  on the  sediment y i e l d  that  can  be expected 
from  surface  mining  operations. A document developed by the U.S. Environmental 
Protect ion Agency2', s ta tes  t h a t  17,000 t.km'2.yr'1 i s  representat ive o f  the  ra te  
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of  eros ion f r o m  act ive  surface mines i n  eastern  United  States.  Further,  the 
document l i s ts   ra tes   o f   e ros ion  from spoil banks  and haul roads a t  9,600  t.km'2. 
yt" '  and 20,400 t.km-2.yr-1 based on experience in   t he   eas te rn  U.S. Appalachia 

area. These values a r e  s ta ted as rates  of  erosion  approximately 970 t o  2,070 

times t h a t  from  unmined-undisturbed  areas. S te leB7  repor ted  on the  project ions 
o f  sediment loss made i n  envimnmental assessments o f   c o a l  developments i n  Colorado. 

The assessment estimated  about 20 percent   o f   the sediment load  generated by the 
development  would  be  discharged t o  stream systems. Over a 15 year  per iod  the 
residual  sediment  loss'was  projlected a t  about 30 t.km'*-yr-' o r  about  three  times 

the pre-development l eve l  on a 100 km development. Jams e t  ala8 states 
the  generation o f  water-borne  sediment from surface  Colorado  coal  mining opera- 
t ions  wi thout  reclamat ion and slediment c o n t r o l   f a c i l i t i e s ,  would  be  about 30,000 
t - y r - l  p e r   m i l l i o n  tonnes o f   coa l  mined. 

2 
" 

Informat ion on the  rates o f  res'idual  sediment and d isso lved  so l ids  y ie ld   f rom 
surface  mining  in B.C. i s , v e r y  !;parse.  The M in i s t r y  o f  t h e   E n ~ i r o n m e n t ~ ~ ,  has 
not  studied  the  surface  mining  operations i n  the  Highland  Val ley  or  the Kootenays 

w i th  a view t o   p r o v i d i n g  data amenable t o   p r e d i c t i v e  assessments f o r  new mines. 

I n   t he  case o f   t he   Ha t  Creek  development, about 35 km will be disturbed and the 
annual coal  production will be about 11 x 10 t-yr''. As i nd i ca ted   i n   t he   I n -  
ventory  Section 4.2 (b) ,   the  ex is t ing mean annual  sediment y i e l d   i n  Hat Creek i s  
about 5.6 t-km-2.yr-1. U t i l i z i n g  a projected  residual  sediment y i e l d  from  the 
disturbed a rea  o f   th ree   t imes  the   ex is t ing  mean annual o r  17 t-km'z.yr-l  on 

35 km , the development could be  expected t o  c a s e  a to ta l   res idua l  sediment  of 
390 t.yr-' t o  enter  the  water course. This  would  represent a sediment y i e l d  
increase from t h e   t o t a l  Hat Creek drainage  basin (660 km ) o f  about 0.6 t-km-? yr-' 

o r  an increase o f  1L percent on  an annual basis. This increase i s  considered 
to  be a minor  neaative  effect. 

2 
6 

2 

2 

The projected  increase  in  d issohed  sol ids and sediment loss  from Hat Creek 
(2.500 t - y r - l  and  390 t-y"' respect ive ly)  would  cause increases i n   t he  mean 
annual d issolved  sol ids and sediment y i e l d   i n   t h e  Bonaparte  River  of about 6 

- .. "" __.__ 
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percent. This increase i s  considered a minor negative effect  unlikely t o  
cause any impact on stream values. Considering the  dilution  potential a v a i l -  
able i n  the Thompson River, water quality changes i n  the Thompson River will 
be insignificant. 

The  Hat  Creek  development  would result i n  a substantial increase i n  the population 
of the  village of Cache Creek and Ashcroft. Providing treatment f ac i l i t i e s  were 
expanded, the impact of the addltional sewage on the Bonaparte and Thompson Rivers 
would likely be minimal. 

0. Decmissioning 

The potential  significant impacts projected dur ing  the decomnissioning phase are 
as  follows: 

1. Nutrient  loss t o  Hat Creek and t o  the proposed p i t  lake,  resulting i n  possible 
fostering of algae and eutrophication  effects. 

2 .  Potential degradation of Hal: Creek water quality upon passing t h r o u g h  the  pit  
lake. In addition, Hat Creek would have a considerably reduced flow for an 
extended period  of time during f i l l i ng  of the p i t .  This flow reduction 
reduces the  capacity of Lower  Hat  Creek t o  assimilate runoff residuals. 

3. Reclamation of remaining diaturbed  areas  will be a major positive impact in 
reducing  water-borne sediment and dissolved  solids  leachates  residuals 
reaching  the  surface  water s;ystems. 
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6.3 WATER USE 

( a )  Ground  Water 

(i) Preliminary Site Development 

A .  Mine '.' 

The exploration camp well would  be the only new ground water source. This 
would be classified as a minor municipal impact on ground water use. 

B. P l a n t  

No wells would be dril led and there  are no existing ground water users i n  
the  vicinity o f  the p l a n t .  Hence, there would be no impact on ground water 
use. 

C. Offsites 

No we1 1 s would  be dril led and existing ground water users would not be 
disturbed. Hence, there would be no impact on ground water use. 

(ii) Construction 

.. . . ~ 
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A. Mine 

All e x i s t i n g  domestic  wells and developed  springs  within  the p i t  perimeter 
would be  abandoned.  These would  include DY-1, DU-2, DW-3. DU-4 and OW-14, 
(see  locat ions i n  Figure 3 4 ) .  The est imated  total  punpage from these f i v e  
ground  water  sources i s  16 d / d .  The proposed water wells supplying 
the   o f f i ces  and warehouses, and the  mine and p lan t   cons t ruc t ion  camps would 
be  the  only new we l l s   i n   t he  area. The estimated maximum water  requirement 
fo r   t he  mine camp i s  100 m3/d and mine o f f i ces  and warehouses i s  
between 20 t o  136  m3/d.  These f lows are a1 1 s a l  1 i n  canparison to 

aqui fer   f lows and hence minor  negative  impacts would resu l t .  

6. Plant  

As discussed e a r l i e r  the water supply t o  the p lan t   cons t ruc t ion  camp would 
use  about 228 m3/d from a wel l .  An addi t ional  1,096 d / d  would be 
requ i red   fo r  a concrete  batch  plant. workshops and warehouses. The t o t a l  
requirement  of 1,324 m3/d would  probably have to be obtained from a 
we l l  o r  wel ls  located a t  the  bur ied bedrock val ley  aquifer.  This  water 
requirement  represents 26 percent o f  the  f l o w  tn th is  aqui fer ,   The-ground 
water use would  increase from IW) usage a t  the  present to 1324  m3/d. 
Th is  represents a major  impact on ground  water use. 

C. O f fs i tes  

The o f f s i t e   a c t i v i t i e s  do not  require the use o f  ground  nater.  There  are 
no wl ls M i c h  are  presently  located  close to the d ivers ion canal and d a m  
t h a t  would have to be  abandoneal.  Hence there would be no impact on ground 
water usage. 
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i i i ) Operation 

Some ground  water may be  used to supply  water f o r   i r r i g a t i o n  o f  revegetated 
areas i n  waste dumps.  Some o f  t h i s  water  could be supplied from  the p i t  
area  dewatering  wells. However, some addi t ional  wells could be developed 
as required and would cause an impact  ranging  from  minor to s ign i f i can t .  

i v )   D e c m i s s i o n i n l g  

The  same c m e n t s  as given i n  clperation  (see  previous  Section iii) would 

apply. 

v)  Overal l   Impact Assessment 

Domestic: 

The cur ren t   dmest ic  water  consumption o f  about 30 m3/d would be 
reduced by about ha1 f. The proposed  development will have no impact on the 
quan t i t i es   o f  ground  water  presently  being used by res idents   e i ther  
upstream or downstream of the study area. 

Municipal : 

The const ruct ion camps would use a maximum of about 328 d / d   o f  ground 
water  for  about  f ive  years only. 
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Indus t r ia l :  

The present ground  water  use i s  about 125 m /d which i s  uszd as  wash 
water a t  a limestone  quarry. With water  required f o r  concrzte  batch 
plants, warehouses, workshops and other f a c i l i t i e s .   t h e   t o t a l   i n d u s t r i a l  
usage could  increase  to  about 1,357 m /d. 

3 

3 

I r r i g a t i o n :  

Ground water i s   n o t   p r e s e n t l y  bein7  used f o r  ir ,r i it i  on i n  the v ,a1 ley. 

Many o f   t h e   p i t  area  &watering wr'ls plus some addit ional   wel ls  could 
be used t o   i r r i g a t e  vegetated  waste dump areas. 

The t o t a l  ground  water  use  would  increase  during  the  construction  period 
from the  present  estimated 155 m 3 /d t o  about 2,500 m 3 /d. The  maximum 
f igure  would depend on the   moun t   o f   i r r i ga t i on   wa te r   t ha t  would be 
supplied from water  wells. Some o f   t h e   i r r i g a t i o n  water  colrld  possib1.y 
be supplied from the  dewatering  wells  around  the p i t  perimeter. However, 
the maximum ground  water usa,ge w i t h o u t   i r r i g a t i o n  would be about 1,700 m 3 /d 
and represents a moderate  impact on the t o t a l  ground  water  available. 
The three  major  aquifers  (Marble Canyon, Buried Bedrock  Channel and A l l u v i a l )  

have a combined p o t e n t i a l  ground  water y i e l d   o f  about 4.700 m 3 /d. This 
assumes t h a t   h a l f   t h e  combined aqui fer   f lows can  be intercepted  by  water 
wel ls.  

Thus, the  proposed  ground  water usage requi red f o r  the pro jec t   a t   the  
end o f   the   cons t ruc t ion   per iod  and excluding  i r r igat ion  requirements 
would be about 36 percent  of  the avai lab le ground  water.  This i s  a  mod- 
erate  impact on water usage. 

" 
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(i) Preliminary  Site  Development 

A. Mine,  Plant and Offsites 

The preliminary site  development will have no significant affect on  surface 
water usage. 

( i i )  ' Construction 

A. Mine,  Plant and Offsites 

Irrigation 

The quantities  of irrigation  water  use  affected by alienation  of  irrigable 
land by the  construction  of  the mine, plant,  and offsite  facilities  are  tab- 
ulated in Table 6-29. Activities  of  the  base  project  scheme  would  alienate 
a total o f  273 ha (675 ac)  of lands  projected as being  irrigated in the  future 
(probable  use)  without  the project., The quantity  of  irrigation  water  associated 
with  these  lands is 156.5 ha-m (1268 ac-ft). The large  majority  of  this  water 
use,  147  ha-m (1190 ac-ft ) i s  located in Subregion I 1  o f  the Hat Creek drain- 
age  basin (Figure 4-48) and represents about 53  percent  of  the  total  probable 
water  use  projected  for  this  subregion  (Table 5-5). The  remaining  alienation 
o f  irrigation  water  use  occurs in the Cornwall  drainage  study  area - 7  ha-m 
(57 ac-ft ), and the lower Bonalparte drainage  study  area - 3 ha-m (24 ac-ft ). 
Includcd in water  use alienatioln i s  45 ha ( 1 1 1  ac) of land that is presently 
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TABLE 6-29 

IRRIGATION UATER USE I M P A C T S  
DUE T O  PROJECT CONSTRUCTION 

I m p a c t  of L a n d   A l i e n a t i o n  

' d a t e r   U s e   P r o j e c t  
C a t e g o r y   A c t i v i t y   ( h a - m - y r  1 1 

A r e a   W a t e r   Q u a n y i t y ,  
( h a )  

E a s e   P r o j e c t  Scheme: 

P r e s e n t l y   M i n e  
i r r i g a t e d   P l a n t  
Land 

12.5  8.3 
16.2  10.7 
16.6  13.8 

32.8 
O f f s i t e s  
Sub T o t a l  45.3 

- - 

P r o j e c t r d   M i n e   1 1 3 . 0  
I r r i g a t ( ? d  
Corn 

P l a n t  
O f f s i t e s  6 1 . 5  

74.6 

40.6 
- 
- - 

Sub Tota l   174.5   115.2  

P r o j e c t # ! d  
I r r i g a t e d  

M i n e  
P l a n t  

47.7  7.6 

S p r i n g   O f f s i t e s  
P a s t u r e  

0 .9  
S u b  T o t a l  5 3 . 4  8.5 

- - 
5.7 - - 

To t a  1 
P r o j e c t e d  

N i n e   1 7 3 . 2  
P l a n t   1 6 . 2  

90.5 
10.7 

U s e   O f f s i t e s   8 3 . 8  5 5 . 3  
To t a  1 273.2 1 5 6 . 5  

- - 

A l t e r n a t e  Schemes: 

P r e s e n t l y  
I r r i q a t e d   O f f s i t e s   1 0 5 . 0  78.0 
Land 

O t h e r   l a w a c t s  

Water U s e  C a t e g o r y  
W a t e r   Q u a n i f t y  

P r o j e c t   A c t i v i t y   ( h a - m - y r  1 

L O S S   o f   ' r e s e n t   S t o r a g e   f i n n e y   L a k e   D e w a t e r i n g  12 
C o n v e y a n c e   D i s r u p t i o n   F i n n e y   C r e e k   O i v e r s i o n  

H a t   C r e e k   D i v e r s i o n  
1 2' 
23 - 

To t a  1 47 

e x c l u d e s  1 2  lh -m-yr - '  o f  use l o s t  due t o  F i n n e y  Lake d e w a t e r i n g .  



A l l  sources such as these  rmst  eventual ly  be  careful ly  considered by the  design- 
ers  in  the  water  balance o f   t h e  power plant.   otherwise an  excess o f  water  resul ts.  

Disposal methods such as evaporator or di rect   d ischarge  to   the  sur-  
face  water  environment may then be necessary. 

p a r t i c u l a t e  and sulphur  d ioxide  (missions  f rom  the power p lan t  have been estimated 

by  othersz5  to be 79 x 10 tonnes  and 9.7. x 10 tonnes per  year,   respect ively.  
The impact o f   p a r t i c u l a t e   f a l 1 o u . t  i n  the  Hat Creek watershed  and o f  any sulpnur 
d iox ide   ac id   ra in   po ten t i a l  i s  n o t  addressed i n  t h i s  assessment. There will un- 
doubtedly  be an increase i n   t h e   t l u s t f a l l   l e v e l  i n  the   va l ley   f rom  par t i cu la te  
emi t ted  by  the  p lant .  Some o f   t h i s  will f a l l   d i r e c t l y  on water  bodies and a 
po r t i on  o f  the  remainder will be s u b j e c t   t o  washout  by p r e c i p i t a t i o n  and snow- 
me1 t. 

3 3 

Other   Act i   v i  ti e5; 

Operation o f  creek  diversions  around  the ash d isposa l   s i te  can be expected t o  
cont r ibu te  some sediment loss   to   the   runof f   dur ing   spr ing   f reshet .  The leve ls  
o f  sediment a re   no t   p red ic tab le  and are  f low and ve loc i t y  dependent. It will 
be important  to  ensure  sediment losses are  low  dur ing  nonfreshet  condi t ions 
as  i t  i s  du r ing   t h i s   pe r iod   t ha t   Ha t  Creek will be most susceptible and  have 
the  least   sediment  carry ing  capaci ty.  

Reclamation  during  the  operation phase of the  power p lan t  would be ca r r i ed   ou t  

an the   re ta in ing  embankment faces and dry ash dumps (should t h i s   a l t e r n a t e   b e  
se lec ted) .   Th is   ac t i v i t y  will produce a posi t ive  impact on water   qua l i t y  by 
reducing  disturbed areas, Addit i 'on o f   f e r t i l i z e r s  however, can be  expected t o  
cont r ibu te  some n u t r i e n t  loss t o   t h e  watershed. Nut r ien t   loss   dur ing  reclama- 
t i o n  i s  discussed i n  more d e t a i l   i n   S e c t i o n  6.2 (b )   ( i v ) .  
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Hat Creek Diversion - 
Canal  and Reservoir  Temperature  Predictions 

In format ion  avai lab le on  noma1  water  temperatures In  Hat Creek i s   r e s t r i c t e d  
t o  a l i m i t e d  number o f  spot  checks a t  two stat ions74. I n  mid-sunmer, the  water 
temperature a t   S t a t i o n  08LF061, near  the  proposed mine, i s   u s u a l l y  between lo°C 
and 15OC. The highest  observed  water  temperature a t   t h i s  sampling s t a t i o n   i s  
18Oc, w i t h  a corresponding f l o w  o f  0.11 m3.s-'. Fur ther  downstream a t   S t a t i o n  

03LF015, near  the  Bonaparte Rive]*, mid-sumner temperatures i n   H a t  Creek are 
usual ly  between 15OC and 20°C, the  highest  observed  temperature  being 24OC. 

The d i v e r s i o n   o f   H a t  Creek  would raise  water  temperatures because the  surface 
area exposed t o   s o l a r   r a d i a t i o n  would  increase  s ign i f icant ly .  Methods ava i lab le  
fo r   p red ic t ing   tempera ture  changes i n  running and standing  waters  are  approxi- 
mate and  have many deficiencies.  Nonetheless,  estimates were made o f   t h e  maxi- 

mum water  temperatures  expected a,t t h e  downstream end of  the  diversion  canal 
on  a c lear ,   hot ,  humid, still, mid-summer  day, f o r  two s i tuat ions.  The f i r s t  
s i t u a t i o n ,   r e f e r r e d   t o  as the  base  case, involves a 7.3 ha rese rvo i r   w i th  a 
maximum storage o f  about 220,000 m and no  f low  regulat ion.  Downstream o f   t h e  
reservo i r  is a  7,000 m diversion  canal,  fol lowed by a  2100 m discharge  conduit. 
The canal considered was t h a t  proposed i n  t h e  September 1977 Hat Creek Project  
Descr ipt ion:  a trapezoidal  canal with a 3.7 m base. The second s i tua t ion ,  re- 
f e r r e d   t o  as the  water   supply   a l ternate,   invo lves  addi t ion  o f  a 120 ha reservo i r  
upstream from the 7.3 ha reservoir .   This  large  reservoir   would have a s u f f i c i e n t  
s torage  to   mainta in  a minimum flow o f  0.23 m .  s-' i n  the  diversion  canal  and pro- 
v ide an average f l o w   o f  0.45 m '-s.-' for   water  supply.  

3 

3 

Predictions  of  water  temperature were based on  a methodoutlined  by  Velz and 
Gannon 75 with appropriate  modif icat ions. The calculat ions  considered  solar 
i nso la t i on ,   rad ia t i on  f r o m  the   water   to   the  atmosphere, convective  heat 
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transfer between the water and the a i r ,  and evaporation from the water  surface. 
In absence o f  required  information, i t  was necessary t o  make several  assumptions, 
some of which are important t o  the results o f  the  calculations: 

1. Water could take six h o u r s  t o  travel the length  of  the  diversion channel 
( 7000 m) . 

2 .  No conductive  heat transfer between the water and the channel bed.  In real- 
ity,  heat would be transferred fran the water to  the channel bed dur ing  the 
warmer pa r t  of  the day, and i n  the opposite  direction a t  other times. 76 

3 .  No shading  of  the  diversion channel by trees or topography between 9 a.m. 
and 3 p.m. solar  time. 

4. 90 Percent O f  incident  solar  radiation absorbed by the  water,  the  balance being 
reflected  at  the water surface. A t  a flow of  about 0.1 m - 5  , the water 
depth in  the diversion canal would be about 10 cm. This shallow  water depth 
may result  in  a reduced level  of  solar energy absorption because some of 
the  radiation would be reflected o f f  the channel bottom. 

3 -1 

77 

5. Harry,  Finney, Lloyd  and  Ambusten Creeks would  be dry and the flow i n  
Medicine  Creek  would be 0.003 m3- s-', a t  14OC. Flow  from the p i t  rim 
reservoir would be  insignificant. 

6 .  Meteorological  conditions: 

1 
. 

(a)  Solar  radiation  incident on a horizontal  surface  varying from 3.27 
MJ*hr-1.m-2 a t  noon t o  2.55 MJ-hr -?m-* three hours before and af te r  noon. 

( b )  Air  temperature  varying from 15OC a t  9 a.m. t o  35OC a t  3 p.m. . 
c 

. 
II 

. 
rn 

. 
-1 

( c )  Absolute humidi ty  (partial  pressure of  water vapour) 13.5 mm Hg f r o m  
9 a.m. t o  3 p.m. 



(d)  blind speed varying from 6.4 k w h r - l  a t  9 a.m. t o  1.6 km.hr-l a t  3 p.m. 

These condit ions  are  considered extremes f o r   t h e  area. 

For  the base  case, a f l o w   o f  0.12 m s-' was used f o r  temperature  calculations 
i n  the  d ivers ion channel. This; f low i s   t h e  two-year-return  flow a t   S t a t i o n  

08LF061 on  Hat Creek. A t  th is   f low,   the  water   temperature  a t   the end o f   the  
diversion  channel was ca lcu la ted  as  about 4OoC, almost.independent o f   t h e  water 
temperature a t   t he   beg inn ing  o f  t h e  channel. A t  4OoC, t h e   w a t e r   i n   t h e  channel 
would be c lose  to   thermal   equi l ibr ium with the  prevai l ing  env i ronmenta l   co id i -  
ti ons . 

3 

For  the  water  supply  alternative,  the  water  temperature a t   t h e  end o f   t he   d i ve r -  
sion channel  could  be as high as 35OC, based on  a f l o w   o f  0.23 m3.s-' and a 
temperature o f  20°C at   the   beg inn ing  o f  the  channel. 

Since  the  calculated  increases i n  water  temperature i n  the  diversion  channel 
were considerable, no e f f o r t  was  made t o  es t ima te   t he   e f fec ts   o f   t he  impound- 
ments on water  temperature. However, surface  water  temperatures i n  lakes, 
creeks  and  canals i n   t h e   i n t e r i o r   o f   B r i t i s h  Colunbia  seldom  exceed 25 C. 
Therefore, 2S0C would l i k e l y  be t h e  maximum temperature  expected fo r   wa te r  
l e a v i n g   e i t h e r   o f   t h e  two proposed  reservoirs. I f  the  diversion  design was 
a l t e r e d   t o  reduce water temperalture  increases t o  minimum levels ,  a  more serious 
examination o f  t h e   e f f e c t  o f  any impoundments  on water  temperature  would be 

warranted. 

0 74 

Mid-sumner water  temperatures i n  an evaporation pan a t   S ~ m n e r l a n d ' ~  have been i n  
the  range o f  32' - 35OC on several  occasions  and  the maximum observed  temperature 
i n  recent  years i s  3 f C .  Although  the  water i n   t h e  pan i s  stagnant,  the  informa- 
t ion   ind ica tes   tha t   the   ca lcu la ted   tempera tures   o f  4OoC and 35OC, a t   t h e  end o f  
the  d ivers ion channel, a r e   r e a l i s t i c  as p o t e n t i a l  maximums. 
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Temperatures i n  Hat Creek  below the  diversions Would l ikely be less t h a n  the 
temerature in the  diversion  channel,  for  several reasons: 

( a )  There would  be some evaporative cooling i n  the plunge pool a t  the bottom of 
the  discharge  conduit. 

( b )  Tributaries t o  Hat Creek would bring some cooler  water t o  be mixed w i t h  up- 
stream  water. 

( c )  Evaporative  cooling and back radiation would  be more significant  relative 
t o  solar insolation than was the case in the diversion channel. 

I t  i s   d i f f i cu l t  t o  quantify these effects so i t  must be assumed, as a worse case, 
t h a t  water  temperatures  of 4OoC or 35OC could persist  i n  Hat  Creek down t o  the 
confluence w i t h  the Bonaparte  River. 

The ten-year-return flow i n  the Bonaparte River i s  about 5.5 m3- s-l and the mid- 
sumner water  temperature a t  the c:onfluence w i t h  Hat  Creek could be as h i g h  as 
20°C.  Even i f  the  temperature o f  water from Hat Creek  were increased t o  4OoC, 
the temperature  in  the  Bonaparte River would increase by only 0.5OF, a t  low 
flow. 

The preferable  water  temperature f o r  rainbow trout i s  13OC and temperatures o f  
about  25OC are   1ethalPl  For c m n  white  suckers, the le tha l  temperature i s  
about  31OC. Therefore, i t   i s  possible  that  diversion o f  Hat  Creek th rough  the 
proposed channel could make mid-smner  water  temperatures i n  the lower part o f  
Hat Creek unsuitable  for  fish  life. Furthemre, mid-srmmer water temperatures 
would be well i n  excess  of the 15°C maximum temperature recommended for dr inking  
water s ~ p p l i e s . ' ~  While the calculations were approximate. i t  appears that  the 
diversian of Hat Creek, as planned, would s ignif icant ly  raise the sununer water 
temperatures i n  the lower part  of Hat Creek. The high temperatures i n  Hat Creek 
would  have  minimal impact on the temperature of the Bonaparte River. Further 
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study would  be warranted t o  improve the  re l iabi l i ty  of the  temperature  predic- 
tions and to  investigate methods to minimize water  temperature  increases i n  
lower Hat Creek. 

Hat  Creek Dive- 
Supersaturation of Nitrogen Gas i n  Lower  Hat  Creek 

The diversion scheme proposed in the September 1977 Hat  Creek Project Descrip- 
tions could result  i n  supersaturation of nitrogen gas i n  the downstream waters 
of Hat Creek. Such supersaturation would represent a t h r e a t . t o  fish. 

Nitrogen supersaturation could result  from both temperature  increases i n  the 
diversion canal and the  discharge o f  diverted  waters from the  conduit i n t o  a 
plunge pool. 

Mid-sumner increases i n  water  temperature i n  the  diversion canal would decrease 
the  saturation  concentration  for,  nitrogen.  Supersaturation of nitrogen would 
result  and i f  the  supersaturated gas d i d  not transfer o u t  of the  water f a s t  . 

enough, the  extent of nitrogen  supersaturation i n  downstream  Hat  Creek waters 
could be significant. For example, i f  water saturated w i t h  nitrogen a t  1 5 O C  
was heated t o  4OoC, w i t h  no release o f  nitrogen gas, nitrogen  concentrations 
o f  140 percent of  saturation would resul t .  

When water i s  discharged i n t o  a plunge pool,  there i s  considerable  turbulence. 
As a resul t ,  air i s  entrained  in  the  water and taken to  various  depths, where 
the  increased  pressure  forces more nitrogen i n t o  solution than would  be the 
case a t  the  water  surface. When the water returns t o  a point  closer t o  the 
surface,  the  nitrogen  concentrations i n  the  water could be as much as 140 percent of 
those  corresponding t o  saturatioln a t  the  water  surface. I f  the  water were 
discharged,  instead, i n t o  a s t i l l i n g  basin  the  potential  fgr  causing  nitrogen 
supersaturation would  be reduced b u t  i t  would s t i l l   exis t ,   especial ly  i f  water 
i n  the  basin was reasonably deep and there was considerabl'e  turbulence. 
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The s i m p l i f i e d  examples i l l u s t r a t e   t h a t  a more extensive  examination o f  the 

problem  appears  warranted. 
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To avoid  nitrogen  supersaturatioln from the  discharge o f   t h e   d i v e r t e d  water, a 
long  rock-covered slope resemblilng a steep  creek bed i s  suggested. The system 
would be designed  such t h a t  the k i n e t i c  energy o f  the  diversion  water  could  be 
d iss ipated on the  rocks,  with no  pools   or ,s ign i f icant  depth. The system  would 

p rov ide   tu rbu len t   con tac t   o f   the   water   w i th  the surrounding  amsphere. As 
a resu l t ,  any ni t rogen  supersaturat ion from the  temperature  increases i n   t h e  
channel  would  tend t o  be reduced  by  the enhancement O f  the  t ransfer  of n i t rogen 
f rom  the  water   to   the  a i r .  Also, evaporative  cool ing  would be  enhanced, thereby 
reducing  water  temperature. The system  would  have t o  be  designed t o   a v o i d  
erosion and t o  minimize  problems  associated with i c i n g   i n   t h e   w i n t e r .  

Main Access Road - 
The only   water   qual i ty   concerns  re la t ing t o  operation o f   t h e  access  road  would 
be minor  sediment  loss f r o m  runof f   concent ra t ion   in   d i tches  channeled i n t o  
Cornwall Creek  and possible exce!;sive  use of   deic ing  products  near  creek  cross- 
ings.   Nei ther   o f   these  in teract ions  are  quant i f iab le   but   are  cons idered  minor  
negat ive   po ten t ia l  impacts. 

Cooling  Water Supply System 

Discharge o f  water  treatment c l a r i f i c a t i o n  plant  s ludge blowdown t o  the Thompson 
River  will cause minor   loca l i zed   tu rb id i ty .  The discharge  point  should be se- 
lec ted   w i th   care  t o  avoid  in terac: t ion with other   in takes downstream and a l s o   t o  
ensure  acceptabi l i ty  by  regulatory  agencies  concerned with f i s h  spawning  and 
rear ing  areas  especial ly i f  i n  the  future  coagulants  are  found  necessary a t  
c e r t a i n   t i m s   o f   t h e  year. 

Discharge  of  pipel ine  drainage  to Cornwall Creek  and the  Bonaparte  River  are 
proposed  during l i n e  maintenance  procedures. For discharge  into Cornwall Creek 
i t  will be necessary t o   e s t a b l i s h  a contro l led  dra inage  ra te below  which tu rb id -  

. 
1 
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i t y  leve ls  do n o t   d i s t u r b  downstream  domestic  water  users.  Discharge t o  the  

Bonaparte  River a t   t o o   l a r g e  a r a t e  dur ing salmon migrat ion may cause f i s h   d i s -  

o r i e n t a t i o n  problems. The pro jec t   descr ip t ion   ind ica tes  some c h l o r i n a t i o n  f o r  
cont ro l  o f  bacter ia l   growth i n  t.he p i p e l i n e  may be  necessary. I t  i s  u n l i k e l y  
t h a t   t h e   l e v e l   o f   c h l o r i n e   w o u l d  be very  h igh, however discharge o f  any ch lo r ina ted  
water may be  object ionable fran a f isher ies  v iewpoint .   F isher ies  regulatory  
agencies  should  be  consulted on both o f  these  issues. 

O f f l o a d i n g   F a c i l i t y  And A i r p o r t  

Operation o f   t h e   o f f l o a d i n g   f a c i l i t y   ( n o t   y e t   l o c a t e d )  and the  proposed a i r s t r i p  
should  not cause any a f f e c t  on sur face   water   qua l i t y   p rov id ing   env i ronmnta l l y  
conscious  decisions  are made during  design f o r  disposal o f  sewage and refuse, 
cont ro l  o f  runof f ,  and s p i l l  control i f  hazardous mater ia ls   o r   l i qu ids   a re  t o  
be used o r  handled. 

( i v )  Decomnissioning 

A .  Mine 

Reclamation o f  0.i s tu r ted  Areas 

I n  the  rec lamat ion  o f   the  land a'rea dur ing and fol lowing  mining,  the  appl icat ion 

o f  f e r t i l i z e r s  will be  required.33 The f e r t i l i z e r  recomnded for use35 i n   t h i s  
app l i ca t ion  i s  a composite f e r t i l i z e r   o f   t h e   f o n n u l a t i o n  20-24-15 a p p l i e d   a t  a 
r a t e   o f  225 kg-ha-'. The loss of f e r t i l i z e r  due t o  ground  water  runoff can  be 
approximately 17 percent   fo r   n i t rogen and 2 percent   for  phosphorous.80 Based on 
topography o f  the mine  area, i t  nray be an t ic ipa ted  
will eventual ly  enter  Hat Creek. The two possible 

clamation  program  are: 

(1 )  A s i n g l e   a p p l i c a t i o n   o f   f e r t i l i z e r   a t  the time 

tha t   t he   ma jo r i t y   o f   t h i s   runo f f  
extremes t h a t  may occur i n  the  re- 

of the first seeding. 
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( 2 )  Annual a p p l i c a t i o n   o f   f e r t i l i z e r  over a l l  reclaimed  land.  Experience 
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elsewhere" ind ica tes   tha t  annual f e r t i l i z a t i o n  may be requ i red   f o r  

an i nde f in i t e   pe r iod .  

Based on these two cases and using t h e  proposed reclamation plans  provided i n  
the  pro ject   descr ip t ion, the  average  annual   fer t i l izer   appl icat ion f o r  t he   va r i -  
ous stages o f  reclamation were ca lcu lated t o  be: 

S i n g l e   F e r t i l i z a t i o n  Annual F e r t i l i z a t i o n  

From s tar tup   to   m idpo in t  o f  mining 2,400 kg 20,300 kg 

From midpoint t o  end o f  mine 13,100 kg 149,400 kg 

From end o f   n i n e  t o  10 years a f t e r  54.900 kg 549,700 kg 

The average f l o w   r a t e   o f  Hat Cr,eek a t   t h e  mouth  based on ex i s t i ng   f l ow   da ta  

i s  about 80,000 m . d-'.  Using th i s   da ta   t he   con t r i bu t i on   f rom  fe r t i l i ze r   t o  
the  n i t rogen and  phosphorous l e v e l s   i n  Hat Creek may then be ca lcu lated and 
the  percentage  increase i n  thes'e nutr ients  at   var ious  stages  in  the  reclama- 
t i o n  program  determined. The r , e s u l t s   o f   c a l c u l a t i o n s   o f   f e r t i l i z e r   a p p l i c a t i o n  
for   the two cases  are shown i n  Table 6-26,  and the   po ten t i a l   add i t i on   o f  
nu t r i en ts   t o  Hat Creek f o r  thes'e two cases i s  as  shown i n  Table 6-27. 

a2 
3 

From th i s   da ta  i t  my be seen t h a t   f e r t i l i z a t i o n   c o u l d  cause a s ign i f i can t   i nc rease  
in the  nu t r i en t   l oad ing   t o   Ha t  Creek  even i n  the  minimal  case o f  a s ingle  appl ica- 
t i o n  o f  f e r t i l i z e r ,   p a r t i c u l a r l y  i n  the l a s t  stage o f  reclamation. This  increase 
i n   n u t r i e n t   l o a d i n g  will probably have t h e   e f f e c t   o f  markedly  increasing  plant 
1 i f e   i n   t h e  creek t o   i t s  eventual  detriment. 

With  respect t o  the  Bonaparte R.iver, if a d i l u t i o n   e f f e c t  of  6:1 i s  assunred. 
and using  the base  value o f  0.27 mg/l f o r  n i t rogen and 0.039 mg/l f o r  phosphor- 
ous, the  percentage  increase on the  base value f o r  single f e r t i l i z e r   a d d i t i o n  
dur ing  the  per iod f r o m  end o f  mine t o  10 years   a f te r  would be 3.9 percent   for   n i t ro-  
gen and 1.7 percent   fo r  phosphorous. I t  i s  not  considered  that  this  increase  would 
exer t  any no t iceab le   e f fec t  on the  Bonaparte  River. I n   t h e  case o f  annual  addition, 

82 
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TABLE 6-26 

CALCULATIONS OF FERTILIZER  APPLICATIONS u- 

I -  

.) 

" 

1 

*. 

Area (ha 1 Appl icat ion  (kg) 
Year  Average Per Year Tota l  Average Per Year Total  

SINGLE  FERTILIZATION APPLICATm 

1. Star tup To Midpoint 
1 - 16 10.7 170  2,400  38,400 

2. Midpoint To End 
17 - 32 5a 932  13,100  209,300 

3. End To 10 Years La ter  
33 - 42  245  2,446  54,900  549,400 

ANIIUAL FERTILIZATION APPLICATIa 

1. Star tup To Midpoint 
1 - 16 90  170  20,300  325,900 

2. Midpoint To End 
17 - 32  74!5  1,102 149,400  2,392,400 

3. End To 10 Years Later  
33 - 42  2,4413  3,549  549,700  5,497,900 
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TABLE 6-27 
beak 

EST I MATED NUTRl ENT AVO tTiON-FO +tkT -tR€€t?CROtSRf- 

Base Fertilizer 
Va 1 IJe Addition 

% Increase 
Tota 1 on  Base  Value Period 

" - 
1 .  From  startup to 

midpoint of mining: 
Single  Addition 

Nitrogen  (N) ,mg/l 0.19 0.003 0.193 
Phosphorous (P) ,mg/l 

1 . 5  
0.043  0.0002  0.043 0.4 

Annua 1 Addition 

Nitrogen'  (N) , m g / l  
Phosphorous (P),  mg/l 0.043 

0.19 

2. From midpoint to end o f  minNe: 

Single  Addition 

Nitrogen (N),mg/l O:l9 
Phosphorous (P) ,mg/l 0.043 

Annual  Addition 

Nitrogen (N),mg/l 
Phosphorus (P) ,mg/l 

0.19 
0.043 

3. From end o f  mine to 10 years after 

Single  Addition 

Nitrogen (N),mg/l 0 . v  
Phosphorous (P) ,mg/l O.Oa43 

Annual  Addition 

Nitrogen (N) ,mg/l 0.19 
Phosphorous (PI ,mg/l 0.043 

0.023  0.213  12.3 
0.001  0.044  3.4 

0.015  0.205 
0.001 

7.9 
0.044  2.2 

0.172  0.362 
0.01 1 

90 
0.054 25 

0.004 
0.063  0.253 33 

0.048 9 

0.063 0.822 
0.039 

333 
0.082 91 
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however, the  percentage  increase on the base  value  would be 39 p e r c e n t   f o r   n i t -  

rogen and 17 percent   fo r  phosphorous fo r   the   per iod   f rom end o f  mine t o  10 years 
a f te r .   Th is  amount o f  increase  could  be  detr imental t o  the  Bonaparte  River and 
i f  t h i s   p a t t e r n   o f   f e r t i l i z a t i o n 1  was required,  preventat ive measures would  have 
t o  be  implemented. 

Wi th  respect   to   the Thompson River, i f  a f u r t h e r   d i l u t i o n   e f f e c t  o f  175:l  i s  
assumed,32 and using  the base  va.lue o f  0.08 mg/l f o r   n i t r o g e n  and 0.020 mg/l 

f o r  phosphorous, the  percentage  increase on the base va lue   f o r  annual f e r t i l i z e r  
addi t ion  dur ing  the  per iod  f rom end o f  mine t o  10 yea rs   a f te r  would be 0.8 per- 
c e n t   f o r  nitrogen and 0.2 percent   fo r  phosphorous. It i s  not  considered  that  
th is  increase  would  exert  any no t i ceab le   e f fec t  on the Thompson River.  

Reclamation  of  the P i t  

Reclamation o f   t h e   p i t  would  include  recontouring o f  t h e   p i t  slopes  which will 
improve s t a b i l i t y ,  drainage  and  aesthetics i n  add i t i on   t o   p rov id ing  a su i tab le  

p r o f i l e   f o r  a top   d ress ing   p r i o r   t o   revege ta t i on   ac t i v i t i es .  Exposed coal  would 
he covered w i t h   s t e r i l e   m a t e r i a l   t o   p r e v e n t  spontaneous  combustion.  Subsequent 
t o  these  preparations,  the  proposed  strategy i s  t o   b e g i n   f l o o d i n g   o f   t h e   p i t  with 
excess Hat Creek water  over a per iod  which  could  last  as long as  26 years. Once 
t h e   p i t   i s   f i l l e d  t o  a predetermined  level, all o f  Hat Creek would be red i rec ted  
through  the  newly  formed  lake with the  over f low channelled back t o   i t s  o r i g i n a l  
course downstream o f  the  lake.  

Creation o f  the  lake i s  expected t o  have a p o s i t i v e   e f f e c t  on the  physical   water 
q u a l i t y   i n   t h a t   t h e   l a k e  would cause Upper Hat Creek t o   d e p o s i t  i t s  en t i re   sed i -  
ment l o a d   a t   a l l  times o f  the  yeitr. This has other  consequences on downstream 
Hat Creek stream  morphology as discussed i n  Section 6.1 (b).  This impoundment 
would  increase  water  temperatures above normal  temperatures i n  Hat Creek. Calcu- 
l a t i o n s  were n o t  made, bu t  based on measurements o f  re levant  surface  water temp- 
eratures, 74 the  temperature o f  water  leaving the   f l ooded   p i t   cou ld  be as h igh as 

25OC. The impact on physica l  wat.er q u a l i t y   i s  thus  considered  ambivalent  overall. 

I ~ 
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The effect  of creating a lake on  the chemical water  quality i s  d i f f icu l t  t o  p r e -  
d ic t  and i t  i s  recommended this aspect be studied  further when  more details  are 
known of the  probable top  dressing  materials. Water  column studies should be 
undertaken to  help predict  the  dissolved  solids  leaching  rates from the proposed 
lake bottom sediments.  Since the lake would be of  substantial  size and depth 
(335 ha.  and 120 meters deep), i t  may be subject t o  thermal stratification and 
semi-annual turnover. 83 

The lake has the  potential  to ble a "meromictic" lake, where  a layer o f  water a t  
the  bottom!is  stabilized by disolved  solids or even suspended matter  causing 
a  permanent increase in density, This would be caused by leaching  of  dissolved 
material from the bottom sediments and  from highly saline ground waters  entering 
the bottom of  the  lake. Lake  Mithony, near Okanagan Fa l l s ,   i s  an example of a 
highly merumictic lake. The available  leachate  data on Hat Creek surf ic ia l  and 
waste rock i s  not  directly  applicable t o  making predictions i n  a lake  situation. 
If  the  lake were to  be meromictiic, this would be beneficial  to  water  quality in 
the upper levels  as turnovers wcluld no t  mix the high-density  highly-saline bottom 
waters w i t h  the remainder  of the  water column. Previous  experience of flooding 
a similar  large open p i t  coal mine was not  found in the l i terature .  In the 
Estevan area  of Saskatchewan, water  bodies o f  about 36 ha and 6 meters deep  have 
been created  within reclaimed  coal mine spoil areas84 and subsequently  stocked 
with rainbow trout w i t h  apparent  success. Data was not reported on water  quality 
changes a f t e r  flooding. 

Runoff  of nutrients from reclamation as indicated  in the previous subsection  will 
raise the nitrogen and phosphorous levels depending on the degree of fe r t i l i za-  
t i o n .  The project concentrationrs were 0.19 - 0.8 mg/l for nitrogen and 0.043 - 
0.082 mg/l for  phosphorous. These levels. even a t  the lowest  values (existing 
Hat Creek water quality),  are  in the range generally  accepted as being able t o  
stimulate  algae growth i n  lake waters  (nitrogen above 0.1 mg/l and  phosphorous 
above 0.01 mg/l). 85 
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In sumnary, from a .water  qual i ty  viewpoint,  the  impacts o f  the  proposed p i t  re- 
clamation  plans  are  considered t o  be  mainly  negative. The proposal  should be ex- 
amined i n  a thorough  l imnological assessment  which i s  considered beyond the scope 

o f   t h i s  study. 

" 

" 

" Drainage Control - 
The plan  to  maintain  creek  diversions,  drainage  ditches and  lagoons a f t e r  phase 

I 
- o u t   o f   t h e  mine, i s  considered  benef ic ia l .  These f a c i l i t i e s  will contain  run- 

o f f  and erosion, and minimize  sediment losses. 

m - 
O t h e r   A c t i v i t i e s  - 

(I 

Removal o f  mine in f ras t ruc tu re   (bu i ld ings ,  conveyors,  etc.) will undoubtedly 
cause some short-term  area  disturbances  which  would be subject   to  erosion. The 

I .. impact o f   t h i s  decomnissioning a c t i v i t y   i s  considered  minor  negative. 

8. Pl.ant 

I 

U 

I 

1 

Reclamation o f  Disposal Areas 

The impacts o f  reclamation of disposal  areas  associated  with  the power p l a n t  
would be t h e  same  as those  diswssed i n  Section 6.2 (b) ( i v )  A fo r   rec lamat ion  
o f  mine  waste  disposal areas. 

Drainage  Control - 
Continued  existence  of  drainage f a c i l i t i e s  i s  considered a beneficial  impact as 
these f a c i l i t i e s  will p r o t e c t   t h e   i n t e g r i t y  o f  waste dumps and control runoff 
erosion. 

. 
1 
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Other   Act i   v i  M i  

Minor  impacts  re lat ing  to  sediment  loss from short  term  area  disturbances  during 
removal o f   p l a n t   i n f r a s t r u c t u r e   ( b u i l d i n g s ,   c o o l i n g  towers,  switchyard  conveyors, 

etc.) can  be expected t o  occur. It i s  assumed that  the  water  supply  reservoir 
would  be l e f t   i n t a c t ' a f t e r  phase ou t  o f  the power p lant .  No in te rac t ions  a r e  
v isua l i zed  i f  t h i s  i s  done. Because the  drainage  area above the  reservo i r  i s  
min imal ,   th is   reservo i r  will eventual ly  become dry  through  evaporation  losses. 

C. O f f s i  tes 

Hat Creek Diversion 

I 

. 
t. 

.. 

Decomissioning o f  Hat Creek d i \ re rs ion   in   assoc ia t ion   w i th   c rea t ion   o f  a l a k e   i n  
the  p i t  is considered  to   o f fer   both  benef ic ia l  and negative  impacts.  Physical 
w a t e r   q u a l i t y   i n  terms o f  temperature  should  improve somewhat over  that  which is 
pro jected  to   occur  in  the  diversion  canal   at   low  f low. I n  addition,  the  newly 
created  lake will reduce sedimnt   load  former ly   carr ied  in   the  canal   f rom  t r ibu-  
ta ry  streams (such as tledicine Creek  and  Houth Neadows area  drainage). The  chem- 
i ca l   wa te r   qua l i t y  impacts  associated  with  decomnissioning o f   t h e   d i v e r s i o n  a r e  
considered  negative.  This is due t o  the  potent ia l   degradat ion  o f  H a t  Creek chem- 
ica l   water   qua l i t y   in   pass ing   th rough  the   lake  as discussed  previously.  Contin- 

ued existence  of   the  reservoirs  associated  wi th  the  d iversion  ( in Upper H a t  Creek) 
i s  considered an ambivalent  impact  (both  posit ive and negat ive  ef fects) .  The re- 
servo i rs  will reduce  sediment levels i n  Hat  Creek  which i s  considered  beneficial,  
whi le  they will cont inue  to cause  water  temperatures i n  the s u m r  a t  h igher 
levels  than  occur i n   t h e   n a t u r a l  creek. 

Cooling Water ljupply System 

Decomissioning  of  the  water  supply system i s  considered  to have minor   benef ic ia l  

imp l ica t ions  on water   qual i ty .  Phase o u t  will mean no further  discharges o f  water 
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t reatment  p lant   s ludge  to  the Thompson River. In addi t ion,   the need o f  emergency 
drainages f r o m  t h e   p i p e l i n e   t o   b o t h  the Cornwall  Creek  and  Bonaparte  River will 
cease t o   e x i s t .  It i s  assumed t h a t   t h e   p i p e l i n e   i t s e l f  would be l e f t  i n  place. 

Other   Ac t iv i t ies  - 
S i g n i f i c a n t  impacts on water   qual i ty   f rom  decomiss ion ing o f  60 kV transmission 

l i n e s  and t h e   o f f l o a d i n g   f a c i l i t i e s   a r e   n o t   v i s u a l i z e d .  The access  road and a i r -  
p o r t   a r e  assumed t o  remain in tac t .  

(v)  Overall  Impact Assessment 

A. P re l im inary   S i te  Development 

The a c t i v i t i e s   d u r i n g . t h i s   s t a g e   o f   t h e   p r o j e c t  which  could have af fected  sur face 

wa te r   qua l i t y  were the  Bulk Sample Program, e x p l o r a t o r y   d r i l l i n g ,  and access 
road  construct ion.   Surface  water  qual i ty  monitor ing  dur ing  th is  per iod has 
ind ica ted  a minimal e f f e c t  on water  qual i ty.   Should  the  project   not  proceed, 
reclamation  would  be  implemented and thus  no l o n g - t e n  impacts  are  foreseen. 
Thus, the  impact on su r face   wa te r   qua l i t y   a t   t h i s   s tage   i s   i ns ign i f i can t .  

B. Construction 

The main  impacts to   the   sur face   water   qua l i t y   dur ing   cons t ruc t ion  o f  the  mine 
will be: 

1. An increase i n   t h e   l e v e l s   o f   n o n - f i l t r a b l e   r e s i d u e  and t u r b i d i t y  due t o  
increased  erosion caused by  removing or   des t roy ing   ex is t ing   vegeta t ive  and 
s o i l  cover. 

2. An increase i n   t h e   l e v e l s   o f   f i l t r a b l e  residue,  nutr ients  and  colour due 
t o   p i t  dewater ing  act iv i t ies .  
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The main  Source of possible  impact t o  the  surface  water  dur ing COnStrUCtiOn Of 

the  p lant  and t h e   o f f s i t e   f a c i l i t i e s  will be  increased  non-f i l t rable  residue and 
t u r b i d i t y  caused  by erosion and p r e c i p i t a t i o n  washout O f  f ug i t i ve   dus t  as a re- 

s u l t  of   the  c lear ing,   str ipping, etc., associated w i th   cons t ruc t i on   ac t i v i t y .  

The e f f e c t   o f   t h i s  will be c o n t r o l l e d  by c o l l e c t i o n   o f   r u n o f f  and treatment i n  
s e t t l i n g  basins. The other  source o f  possible  impact  during  construction of 
the  plant  would  be sewage f r o m  t h e  shops, o f f i c e  and const ruct ion warehouses. 

This  should be treated  by  total   containment i n  an aerobic  lagoon  wi th  u l t imate 
disposal by  evaporation,  possibly  coupled  with  irr igation.  Provided  regula- 
t o r y  1eve.ls f o r   p o i n t  source  discharges and rece iv ing  streams are met, the 

impact on water q u a l i t y  would be minor. 

C. Operation 

The r a i n  impacts to   sur face  water   dur ing  operat ion of the mine  and p l a n t  will be 
from: 

1. 

2. 

3 .  

4. 

5. 

6. 

It 

Disposal o f   n i n e   w a t e r  from p i t  area  dewatering. 

Seepage and runoff  from  the  Houth Meadows and Medicine Creek  waste  disposal 
areas. 

Increased  temperature i n  Hat Creek w i th in   the   d ivers ion   cana l   dur ing  summer 
Deriods o f  low  flow. 

Sedinent  loss from intervening  d is turbed  areas  and  fug i t ive  dust   prec ip i ta-  
t i o n  washout. 

h t r i e n t  loss from fer t i l i za t i on   ac t i v i t i es   du r ing   rec lamat ion .  

Dissolved  so l ids  loss t o  rulnoff v ia   sur face  leaching o f  d isturbed areas. 

i s  assumed t h a t  due to   the   p robab le  low qua l i t y   leachate  and runof f   f rom  the 

coal  Pile,  low  grade  waste dunp and leachate f r o m  t h e  ash  disposal  areas,  these 
sources  of  contamination will n o t  be discharged t o   t h e  Hat Creek surface  water 
streams. 

a 
. 
. 
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I n  order   to   p ro jec t  a probable maximum change i n   q u a l i t y   o f  Hat Creek water 
a f te r   the  development i s   i n  place and operating, a water  qual i ty  balance was 
made o f   the  main  discharges t o  Hat  Creek. A per iod   o f  sumner low f low has 
been assumed  when t h e   d i l u t i o n   e f f e c t  i s  minimum; su r face   runo f f   i s   neg l i g ib le ;  
mine  water  from  dewatering and waste dump surface seepages are   a t  a maximum. 
Minor  ground  water  subsurface  flows from waste dump areas  which  eventually 
reach Hat  Creek, as discussed i n  Section 6.1 (a), are  not  considered i n   t h e  
water q u a l i t y  balance. The discharges  considered i n  th is case were as fo l lows:  

Q, Mine Hater 0.030 m s 
Q2 Houth Meadows  Dump Seepage 0.017 m s 
Q3 Medicine Creek [lump  Seepage 0.023 m - s 
Q, Hat Creek  Discharge 0.12 m 3 e  s-' 
Q, Total  Discharge 0.19 m .s 

3 -1 
3 -1 
3 -1 

3 -1 

I n  order t o  der ive   the   resu l tan t   concent ra t ion   o f  any water  qual i ty  parameter i n  

t h e   f i n a l  combined f low downstream o f   a l l  d ischarges,  the  fo l lowing  water  qual i ty 
balance  formula was u t i l i z e d :  

t e  r where C1 - C4 = 1 evels o f  the  parame 
discharges 

's i r  I compon en t 

C = l e v e l  i n  the  combined  discharge. 

In the  case of   the  foregoing  scenar io ,  t h i s  formula can be transposed i n t o   t h e  
fo l lowing: 

C .=  
(0.158 QT)Cl +(0.0,89 Q,)% + (0.121. QT)C3 + (0.632 QT)C4 

QT 

The q u a l i t y  o f  various component p r o j e c t  r e l a t e d  discharges u t i l i z e d  were  those 
p ro jec ted   p rev ious l y   i n  Tables 6-9  and  6-25 adjusted as fo l lows: 

."" __ 
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3.  

4. 

5. 

Those parameters,  excepting  sulphate,  which exceeded the  Current  regu1atorY 

Level ' A '  Objectives  were  reduced t o   t h e   O b j e c t i v e   l e v e l   t o   s i m u l a t e   t h e  

resu l t   o f   t rea tment   p r io r   to   d ischarge.  Based on ava i lab le  data, t he   l eve l  

o f   su lphate  to  be expected .From the  ground  water  within  the  coal seam could be 

about 260 mg/l. It can thus  be  expected t h a t  whenever the  propor t ion o f  ground 
water from dewatering  wells within the  coal seam i s  greater  than  about 15 
percent o f   t he   t o ta l   wa te r   f rom  dewa te r ing   ac t i v i t i es ,   t he   su lpha te   l eve l   i n  
th is   d ischarge will exceed the  Level  ' A '  Objec t i ve   o f  50 mg/l.  Since  there 
i s  n o t  a cost   e f fect ive  technology  avai lab le f o r  removing  sulphate  plus  the 

f a c t   t h a t   t h i s   o b j e c t i v e   i s  under  review (see Table 6-21), the  su lphate  leve ls  
in   the  re levant   d ischarge  to   Hat  Creek  were not  assumed t o  be a l tered  by any 
treatment. It i s  assumed t h a t   c o s t   e f f e c t i v e   t r e a t m e n t   i s   a v a i l a b l e   t o  meet 

Level ' A '  O b j e c t i v e s   f o r   a l l   o t h e r  parameters.  This may o r  may n o t  be  the 
case  however,  and t r e a t a b i l i t y   s t u d i e s  will be  necessary as recomended i n  

Section 8.2 (b) .  

The qua l i t y   o f   t he   d i scha rge  was averaged where necessary.  For  instance,  the 
qua l i t y   o f   t he   Med ic ine  Creek seepage i s  assumd  to  be  the  average o f   t h a t  

produced  by  Overburden  76-1  and 76-13 o f  Table 6-9. L ikewise,  the  qual i ty 
o f   t h e  mine  water i s  assumed t o  be the  average o f  Well RH 76-19 ( S u r f i c i a l s )  
and Bucket Auger Hole #7  (Coal Seam) o f  Tables C1-16 and C1-17. T h i s   l a t t e r  
assumption  would  represent  the worst case  because on average t h e   q u a n t i t y   o f  
coal seam water  would be considerably less than  the amount o f  water removed 
from the s u r f i c i a l s .  

The l e v e l   o f  suspended so l ids   a f te r   t rea tment  i s .  assumed t o  be less  than o r  
equal to   Level  'A'  requiremant o f  50 mg/l. 

The maximum temperature i s  that   va lue  pro jected  to   occur  i n  the  diversion  canal. 

The nu t r i en t   l eve l s   a re  thosc? va lues  pro jected  to   resul t  from  reclama- 
t i o n   f e r t i l i z a t i o n  on  an annual  basis,  plus  contr ibutions from seepage 
and mine  waters t o  be discharged t o  Hat  Creek. It does not  include any 
contr ibut ion  f rom  b last ing  r t !s iduals .  

. ~~ - 
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The rater  quality  of Hat  Creek  utilized  was  that  established in the  Inventory 
as  the  mean as shown in Table 4-16. The  resulting  water  quality  derived 
from  this  balance is given in Table 6-28 for  pertinent  parameters. 

The  results  indicate a substant.ia1 increase  can be expected in the  salinity 
of  Hat  Creek  water (90 percent  increase in dissolved  solids level). The 
sum  of  inorganic  ions  does  not  balance  with  the  projected  filterable  residue 
because  the  filterable  residue  includes  the  volatile  fraction  from  the 
leachate  data  utilized.  Increases  are  also  projected in the  alkalinity, 
sodium and chloride levels. The  increase in levels  of  dissolved  trace  metals 
varies  from nil to  about  a  sixteen-fold  increase in zinc. With  the  exception 
of  dissolved  solids,  temperature,  arsenic,  chromium,  copper, iron, and 
lead, all other  parameters  remain  within  the  Objective  Level  of  Recomnended 
Limits for Drinking  Water as  listed in Table 4-12. 

The  increase in dissolved  solids by more  than  one-third  of  the  natural 
value  may  present  problems  to  aquatic life . The level of  arsenic  projected 
exceeds  the  acceptable  levels o f  0.01 mg/l but would  still be considerably 
lower than  the  maximum  permissible level  of 0.05 mg/l. The  projected  levels 
of  chromium,  copper. iron, and  lead, however,  would  remain  below  the  accept- 
able limits. Temperature  of  the  water  will  pose a severe  problem  to  exist- 
ing fisheries  resources and would  also be above  the level deemed  maximum 
acceptable  for  drinking  water  purposes (15OC). The projected level of 
suspended  solids is such  that  the  corresponding  turbidity  (from  Figure 
4-44) will be about 7 NTU which is somewhat  above  the  acceptable level 
of 5 NTU. This  factor indicate!; treatment for turbidity  removal  may be re- 
quired at times by any  downstream Hat Creek  domestic  water users. 

95 

Predictions  have  not  been  made  for BOD5 or  dissolved  oxygen  levels  because BOD5 
load projections  from  component  discharges  based  on  existing  data  are  not  con- 
sidered  reliable. If further  testing  indicates  that  the  B0O51oad is above  about 
50 kg. day-', biological  treatment  may be required  to  maintain  adequate 0.0. 
levels in Lower  Hat Creek. 
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TABLE 6-28 
COMPARISON OF PROJECTED WATER QUALITY AND 

EXISTING WATER QUALITY I N  HAT CREEK 

Parameters (mg/l) 

pH (un i t s )  
Temperature (OC) 
Suspended Solids 
F i l t e r a b l e  Residue 
Total Hardness (as CaC03) 
A l k a l i n i t y   ( a s  CaC03) 
Chloride 
F luor ide 
Total  Nitrogen - N 
Phosphorus - P 
Sulphate 
Arsenic 
Boron 
Cadm i um 
Calcium (as CaC03) 
Chromium 
Copper - Iron 
Lead 
Magnesium (as CaC03) 

Mercury 
Sod i urn 

Vanadium 
Zinc 

m 
- 

- 
1 

m 

Projected 

8.2 
40 

2 22 
642 
197 
305 
6.2 
0.15 
3.61 

0.096 
60 

< 0.013 
< 0.10 
< 0.005 

118 
< 0.018 
< 0.015 
< 0.092 
< 0.013 

75 
< 0.0005 

72 
0.013 

< 0.111 

Ex is t ing  

8.4 
24 
6 

342 
224 
226 

1.1 
0.16 
0.19 
0.043 
54 

< 0.005 
c 0.10 
< 0,005 

143 
< 0.010 
< 0.005 
< 0.026 
< 0.010 

77 
< 0.0004 

20 
< 0.005 
< 0.007 

m 
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The p ro jec ted   l eve l s   o f   t he   nu t r i en ts   n i t rogen  and phosphorus ind ica te  a s ig -  
n i f i can t   inc rease can be expected. The mine  water and waste dump seepages con- 
t r i b u t e  a major   por t ion  o f   the  pro jected  increases.  The projected  levels  are 
considerably i n  excess o f  those  generally  accepted as being  able  to  st imulate 
algae  growth . 85 

With  the  exception  of  the  periods where the   ava i l ab le   d i l u t i on   i n   t he  Bonaparte 
R i v e r   i s  low, the  impact  of changes i n   t h e  Hat Creek water   qua l i t y  will 
have an i n s i g n i f i c a n t   e f f e c t  on the  Bonaparte  River.  During  low  flow  the 
l eve l   o f   d i sso l ved   so l i ds  may increase  by 10 t o  20 percent. The n u t r i e n t  
leve ls  may a lso   inc rease  s ign i f i can t ly   dur ing   th is   per iod .   To ta l   n i t rogen 

leve ls  may increase  from  ,about 0.3 mg/l t o  upwards o f  0.8 t o  0.9 mg/l whereas 

phosphorus levels  could  increase!  to 0.048 mg/l from the   ex i s t i ng  mean o f  
0.039  mg/l. As w i t h  Hat Creek these  nut r ient   addi t ions may f o s t e r  some i n -  
creased  algae  growth. 

Studies by others on water   qual i ty   e f fects   o f   sur face  min ing  operat ions  o f fer  
some information  for  comparative purposes f o r  parameters  such as dissolved  sol ids 
and sediment y i e l d s .  

McWhorter, D.B. 2fiR6 found that   the  equiva lent   d isso lved  so l ids  f rom  d is turbed 
areas o f  a Colorado  coal  mining  operation was 6.5 times as grea t  as f r o m  undisturbed 
areas, and that  about 99 percent o f   t h e  annual  pickup was a t t r i b u t a b l e   t o  ground 
water  runoffs  (mine and dmp seepages etc.). As i nd ica ted  i n  Section 4.2 (b),  t h e  

ex i s t i ng   d i sso l ved  s o l i d s  y i e l d  on average i n  Hat  Creek ranges from 12-14 t.lon'2.yr'1. 
If t h e   y i e l d  from  disturbed areas o f   t he   p ro jec t   (abou t  35 km ) were 6.5 times 
h igher  o r  about 85 t.km-2.yr-1, t h e   p r o j e c t e d   y i e l d  o f  d isso lved  so l ids f rom t h e  
t o t a l   H a t  Creek Val l e y  would be about -16.8 t. h'*. yr-l, o r  an increase o f  about 
30 percent on  an average  annual  basis. 

2 

The l i te ra tu re   con ta ins   in fo rmat ion  cn t h e  sediment y i e l d   t h a t  can be expected 
from  surface  mining  operations. A document developed by the U.S. Environmental 
Protect ion Agency", s ta tes  t h a t  17.000 t.krn-'.yr-l i s  representative o f  the r a t e  

"_ . . "_ " " 
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of erosion from active  surface mines i n  eastern Uni t ed  States.  Further,  the 
document l ists rates of erosion fran spoil banks  and haul roads a t  9,600 t b k m - ' .  

yr-' and 20.400 t-km-2.yr-1 based on experience i n  the eastern U.S. Appalachia 
area. These values are  stated (IS rates  of  erosion approximately 970 to 2,070 

times that  f r o m  unmined-undisturbed areas,  Steele87  reported on the projections 
of sediment loss made i n  envirurlmntal  assessments o f  coal developments i n  Colorado. 
The assessment  estimated about 20 percent  of the sediment load  generated by the 
developmnt would be discharged to  stream systems. Over a 15 year  period the 
residual sediment loss was projected a t  about 30 t.km"-yr-l o r  about three times 
the pre-development level on a 100 km development.  James e t  a188 states 
the generation  of water-borne sedimnt from surface Colorado coal min ing  opera- 
tions without  reclamation and sediment control f ac i l i t i e s ,  would be about 30,000 
t.yr-' per mil lion tonnes  of  coal mined. 

2 
" 

Information on the rates  of  residual sediment and dissolved  solids  yield from 
surface mining i n  B.C. i s  very sparse. The Ministry of the Environment8', has 
not studied the  surface mining operations i n  the Highland Valley or  the Kootenays 
w i t h  a view t o  providing  data amenable to  predictive assessments for  new mines. 

In the case  of the Hat Creek development, about 35 km will be disturbed and the 
annual coal  production will be about 11 x 10 tayr'l. As indicated  in  the In- 
ventory  Section 4.2 ( b ) ,  the existing mean annual sediment yield i n  Hat  Creek i s  
about 5 .6  t - k m  .yr  . Utilizing a  projected  residual sediment y ie ld  from the 
disturbed  area  of  three times the existing mean annual o r  17 t-km'2.yr-1 on 
35 km , the development could be expected t o  cause  a total  residual sediment o f  
390 t0yr-l  to  enter  the water course. This would represent  a sediment yield 
increase from the total  Hat  Creek drainage  basin (660 km ) of about 0.6 t-km'? yr- l  
or  an  increase o f  11 percent on an1 annual basis. This increase is considered 
t o  be a minor neaative  effect. 

2 
6 

-2 -1 

2 

2 

The projected  increase i n  dissolved  solids and sediment loss from Hat  Creek 
(2,500 t .yr-l  and 390 t-yr-l respectively) would cause  increases i n  the mean 
annual dissolved  solids and sediment yield i n  the Bonaparte River of about 6 
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percent.  This  increase i s  considered a minor   negat ive   e f fec t   un l i ke ly   to  
cause  any  impact on stream  values.  Consider ing  the  d i lut ion  potent ia l  a v a i l -  
able i n  the Thompson River, water q u a l i t y  changes i n   t h e  Thompson River will 
be i n s i g n i f i c a n t .  

The Hat Creek  development  would r e s u l t   i n  a substant ia l   increase i n   t h e   p o p u l a t i o n  
o f  t h e   v i l l a g e   o f  Cache Creek  and Ashcroft. P rov id ing   t rea tmen t   f ac i l i t i es  were 
expanded, the  impact o f   t h e   a d d i t i o n a l  sewage on the  Bonaparte  and Thompson Rivers 
would 1 i ke ly  be  minimal. 

D. Decomnissioning 

The p o t e n t i a l   s i g n i f i c a n t  impact.s projected  during  the  decomnissioning phase are 
as fol lows: 

1. Nut r ien t  loss t o  Hat Creek  and t o  the  proposed p i t  lake, r e s u l t i n g   i n   p o s s i b l e  
f o s t e r i n g   o f   a l g a e  and eut rophicat ion  e f fects .  

2. Potent ia l   degradat ion  o f   Hat  Creek wa te r   qua l i t y  upon passing  through the p i t  
lake. In addit ion,   Hat Creek would have a considerably  reduced  flow f o r  an 
extended  period o f  t i m e   d u r i n g   f i l l i n g  o f  the  p i t .   Th is   f low  reduct ion 
reduces the   capac i ty   o f  Lower Hat  Creek t o  ass imi la te  runoff residuals. 

3. Reclamation o f  remaining  disturbed  areas will be a major  posi t ive  impact i n  

reducing  water-borne  sediment  and  dissolved  solids  leachates  residuals 
reaching  the  surface  water systems. 
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6 . 3  WATER USE 

( a )  Ground  Water 

(i) Preliminary Si te  Development 

A .  Mine '.' 

The exploration camp well would be the only new ground water source.  This 
would be classified  as a minor municipal impact on ground water use. 

8. Plant 

No wells would be dril led and there are no existing ground water users  in 
the  vicinity of the plant. Hence, there would be no impact on ground water 
use. 

C .  Offsites 

No we1 1 s would be d r i l l e d  and existing ground water users would not be 

disturbed. Hence, there would be no impact on ground water use. 
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A. Mine 

All ex is t i ng  domestic wel ls  ansd developed spr ings  wi th in the p i t  perimeter 
would be  abandoned.  These would include DW-1, MI-2. "3, MI-4 and DW-14, 
(see  locations  in  Figure  3-4). The est imated  total  pumpage from  these f i v e  
ground  water  sources i s  16 d / d .  The proposed water wel ls supplying 
the  o f f ices and warehouses, an'd the mine and p lant   const ruct ion camps would 
be the only new we l l s  i n  the area. The estimated maximum water requirement 
f o r  the mine camp i s  100 m3/d and mine o f f i ces  and warehouses i s  
between 20 t o  136  m3/d.  These flows are a l l  small i n  canparison to 
aqui fer   f lows and  hence minor  negative  impacts would resu l t .  

" 
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B. Plant  

As discussed ea r l i e r   t he  water  supply to the p lant   const ruct ion camp would 
use about 228 m3/d from a well. An addi t ional  1.096 d / d  would be 
required f o r  a concrete  batch  iplant, workshops and warehouses. The to ta l  
requirement  of 1.324 m3/d  would probably have to be obtained from a 
we1 1 o r  w e l l s  located a t  the bur ied bedrock val ley  aquifer.  This water 
requirement  represents 26 p e r c m t  o f  the f low i n   t h i s   a q u i f e r .  me ground 
water use would increase f rom I~K) usage a t  the  present to 1324 m3/d. 
Th is  represents a major impact on ground water use. 

C. Offs i  tes 

The o f f s i t e   a c t i v i t i e s  do not   requi re  the use of  ground  water.  There  are 
no wells  vhich  are  presently  located  close to the  diversion canal and dam 
t h a t  would have to be  abandoned.  Hence there would be no impact on ground 
water usage. 
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i i i I Operation 

Some ground  water may be  used to supply  water f o r  i r r i g a t i o n  o f  revegetated 
areas i n  waste dumps. Some of  t h i s  water could be supplied from the p i t  

area  dewatering wells. However, some addi t ional  we1 1 s could be developed 
a s  required and would cause an impact  ranging  from  minor to s ign i f i can t .  

i v )  Decommissioning 

The same  comments as given i n  operation  (see  previous  Section i i i )  would 

apply. 

v )  Overall  Impact Assessment 

Dome!;tic: 

The current  danestic  water  consumption o f  about 30 m3/d would be 
reduced by about ha1 f~. The prclposed development will have no impact on the 
q u a n t i t i e s   o f  ground  water presently  being used by res idents   e i ther  
upstream or downstream o f  the  study  area. 

Municipal:  

The const ruct ion camps would use a maximum o f  about 328 m3/d of ground 
water  for   about  f ive  years  only.  

. .. - 
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Industrial: 

The present ground water use i s  about 125 in /d which i s  us?d as wash 
water a t  a limestone  quarry. With water required  for conc rm batch 
plants, warehouses, workshops and other f ac i l i t i e s ,  the total  industrial 
usage could  increase to  about 1,357 m /d. 

3 

3 

1rrigat.ion: 

Ground water i s  not presently being used for  irr igation  in the Valley. 
Many  of the p i t  area  jewateriny rr' ls  plus some additional  wells could 
be used to   i r r igate  vegetated waste dump areas. 

The total  ground water use would increase  during the construction period 
from the present estimated 155 m3/d t o  about 2,500 m /d.  The maximum 
figure would depend on the amount  of irrigation  water  that would be 
supplied from water wells. Some o f  the irrigation water colrld possibly 
be supplied from the dewatering  wells around the p i t  perimeter. However, 
the maximum ground water usage without irrigation would be about 1,700 m /d 3 

and represents a moderate impact on the total  ground water available. 
The three major aquifers (Marble Canyon, Buried Bedrock Channel and A l l u v i a l )  
have  a  combined potential ground water yield o f  about 4,700 m /d. This 
assumes that  half the combined aquifer flows can be intercepted by water 
we1 1s. 

3 

3 

Thus, the proposed ground water usage required f o r  the project a t  the 
end of the construction  period and excluding irrigation requirements 
would be about 36 percent o f  the available ground water. This  i s  a mod- 
erate impact on water usage. 
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(b) Surface  Water 

(i) Preliminary  Site  Development 

A. Mine.  Plant  and Offsites 

The preliminary site  development will have  no  significant affect on surface 
water usage. 

P- 

( i i) ' Construct ion 
" 

" 

" 
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A. Mine,  Plant and  @ffSiteS 

Irrigation 

The quantities  of  irrigation  water  use  affected by alienation of irrigable 
land by the  construction  of  the mine.  plant,  and offsite  facilities are  tab- 
ulated in Table 6-29. Activities  of  the  base  project  scheme  would  alienate 
a total o f  273 ha (675  ac)  of lands  projected  as  being  irrigated i n  the  future 
(probable  use)  without the project. The quantity o f  irrigation  water  associated 
with  these  lands is 156.5 ha-m ('1268 ac-ft). The  large  majority  of  this  water 
use. 147  ha-m (1190 ac-ft ) i s  located in Subregion I1  o f  the Hat Creek  drain- 
age  basin  (Figure 4-48) and represents about 53 percent of the  total  probable 
water  use  projected  for  this sutlregion (Table 5-5). The  remaining  alienation 
of  irrigation  water  use  occurs in the Cornwall  drainage  study  area - 7 ha-m 
(57 ac-ft ),  and the lower Bonaparte  drainage  study  area - 3 ha-m ( 2 4  ac-ft ) .  
Included in water  use  alienation i s  45 ha ( 1 1 1  ac)  of land that i s  presently 
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TABLE 6-29 

IRRIGATION WATER USE IMPACTS 
DUE TO PROJECT CONSTRUCTION 

" 

" 

V 

c 
u 

I m p a c t  o f  L a n d   A l l e n a t i o n  

Y a t e r  Use P r o j e c t   A r e a   W a t e r   Q u a n f i t y ,  
C a t e g o r y  A c t i v i t y   ( h a )   ( h a - m - y r  ' 1 

B a s e   P r o j e c t  Scheme: 

P r e s e n t l y  M i  ne 
I r r i g a t e d   P l a n t  16.2 

12.5  8 .3 

L a n d   O f f s i t e s  
10.7 

16.6  13.8 

Sub T o t a l  45.3  32.8 
- - 

P r o j e c t e d  Mine 113.0  74.6 
I r r i g a t e d  
Corn  

P l a n t  
O f f s i t e s  61.5  40.6 
Sub T o t a l   1 7 4 . 5  115.2 

- 
- - 

P r o j e c ' t e d  Mine 
I r r i g a t e d  

47.7 
P l a n t  

7 .6 

S p r i n g  
Pas tu r , !  

O f f s i t e s   5 . 7  0 . 9  
Sub T o t a l  53.4  8.5 

- - 
- - 

To t a  1 Mine  173.2 
P r o j e c t e d   P l a n t  16.2 

90.5 

Use O f f s i  tes  83.8  55.3 
10.7 - - 

To t a  1 273.2  156.5 

A l t e r n a t e  Schemes: 

P r e s e n t l y  

Land 
1 r r i g a l : e d   O f f s i t e s   1 0 5 . 0   7 8 . 0  

Other   Impacts ,  
W a t e r   Q u a n f i t y  

U a t e r   U s e   C a t e g o r y   P r o j e c t   A c t i v i t y   ( h a - m - y r  ' )  

LOSS o f  P r e s e n t   S t o r a g e   F i n n e y   L a k e   D e w a t e r i n g   1 2  
C o n v e y a n c e   D i s r u p t i o n   F i n n e y   C r e e k   O i v a r s i o n  

H a t   C r e e k   D i v e r s i o n  23 
12' - 

T o t a l  47 

excludes 12  ha-m-yr"   of  use l o s t   d u e   t o   F i n n e y   L a k e   d e w a t e r i n g  
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under i r r i g a t i o n  with an associat.ed water use quant i t y  o f  33 ha-m (243 ac-f t ) .  
O f  t he   t o ta l  156.5 ha-m o f   i r r i g a t i o n  water use d i r e c t l y   a l i e n a t e d  by base 
p r o j e c t  scheme a c t i v i t i e s ,  90.5 ha-m o r  58 percent  are  a l ienated by  mine ac t i -  
v i t i e s ,  10.7  ha-m o r  7 percent by p l a n t   a c t i v i t i e s ,  and 55.3  ha-m o r  35 
p e r c e n t   b y   o f f s i t e   a c t i v i t i e s .  The a l i e n a t i o n  o f  i r r i g a b l e   l a n d s  and associ- 
ated  water  use  quanti ty may not   represent  a t o t a l   l o s s  o f  the  use o f   t h i s  water 
f o r   i r r i g a t i o n .  As long as the p r o j e c t  does no t  a f f e c t  t h e   a v a i l a b i l i t y   o f   t h i s  
water,  then i r r i g a t i o n  o f  other  lands may resul t .  However, t h e   p r a c t i c a l i t y   o f  
t rans fer r ing   water  use t o   o the r   i r r i gab le   l ands  has n o t  been assessed i n   t h i s  
study . 

Two a l t e r n a t e   p r o j e c t   a c t i v i t i e s ,  the Hat Creek water  supply  reservoir and the 
a i r p o r t   ( S i t e  C) would  a l ienate  a 'dd i t ional   i r r igated  lands.   In   the case o f   t h e  
Hat Creek reservo i r ,  69 ha (170 a'c) and wa te r   quan t i t y   o f  45 ha-m (365 a c - f t )  
would be af fected.  This  impact  l ies  wi th in  Subregion I11 o f   t h e  Hat  Creek drain- 
age basin and represents  about 12 percent o f   t he   p robab le   i r r i ga t i on   wa te r  use 
quant i t y   p ro jec ted   fo r   th is   subreg ion .  I n  the case o f   t h e  S i t e  C a i r p o r t  loca- 
t ion,  36 ha (89  ac) and water  quant i ty of 33 ha-m (267 a c - f t )  would be af fected. 
This  impact l i e s   e a s t   o f   t h e  Bonaparte  drainage  area  defined i n   t h i s   s t u d y  
(Figure 4-48) 

Aside f rom the d i r e c t   a l i e n a t i o n  of i r r i g a t i o n   w a t e r  uses, the  dra in ing of 
Finney  Lake  would resu l t   i n   t he   l oss   o f   i r r i ga t i on   s to rage   p resen t l y   l i cenced  

i n  the amount o f  12 ha-m per  year  (Table 6-29). A r e l a t i v e l y  small   quanti ty i n  
i t s e l f ,  i t  represents  about 30 pe rcen t   o f  the t o t a l  storage  present ly  l icenced 
w i th in   the   Hat  Creek drainage  basin. 

. 
m 

. m 

. 
m 
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The c o n s t r u c t i o n   o f   c e r t a i n   p r o j e c t   f a c i l i t i e s  would r e s t r i c t   t h e  use o f  
p resent   i r r iga t ion   water  conveyance  systems (d i tches)  by b lock ing  the i r   present  
routes. The Finney Creek d ivers ion  channel would cut  across two i r r i g a t i o n  
d i tches   a f fec t ing   the  use o f  12 ha-m (9.7 a c - f t )   o f  water.  This  channel 
would  also have affected  the  conveyancing o f  the 12 ha-m o f  water l o s t  from 

use by  the  dewatering o f  Finney Lake. The Hat Creek diversion  canal  would 
cu t   o f f   i r r i ga t i on   wa te r   supp ly   assoc ia ted   w i th   f i ve   p resen t   d i ve rs ion   po in ts ,  
the  associated  water use t o t a l l i n g  about 23 h a d  (186 a c - f t ) .  One of  these 
points  o f  d ivers ion  on Medicine Creek would  also be al ienated by the  Medicine 
Creek mine  waste dump.  Some of   these  a f fected uses may be e f f e c t i v e l y  comp- 
ensated by the  prov is ion o f  an i l l ternate  water conveyance rou te  o r  a l te rna te  
source  of  water. 

Livestock Use -. 

The impacts on l ivestock  water use due t o   t h e   c o n s t r u c t i o n   o f  mine, plant,  
and o f f s i t e   f a c i l i t i e s  a re   assoc ia ted   p r imar i l y   w i th   the   a l iena t ion   o f  range- 

land. The Agriculture reportg0  states  that  about 3400 ha (8400  ac) of range- 
land will be a l ienated  ( lost   to   graz ing  use)   by  the B.C. Hydro p r o j e c t  and 
thus  el iminate, as wel l ,   the use o f   water ing   s i tes   w i th in   the   a l iena ted  areas. 

I n   add i t i on  t o  the loss of watering s i t e s  due t o  land  al ienat ion,   the  draining 
o f  Finney and Aleece Lakes to   t he  west o f   the  mine p i t  will el iminate them 
as ca t t l e   wa te r ing   s i t es .  The e f f e c t  th is  will have on water use i s  not   c lear  
as there  are  other  small  lakes and creeks i n   t h e   v i c i n i t y   o f  these two lakes 
which may provide adequate watering f o r  t he   f u tu re  use o f   t h i s  range  area. 

. 
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TABLE 6- 30 

POPULATION All0 SURFACE  \HATER USAGE* PROJECTIONS 

ASHCROFT CACHE CREEK 

l l i thout   Project   1 I i th   Project  lli thout   Project   Wi th   Project  
- Year  Population Usage Population Usage Population Usage Population Usage 

1976 2030 184 7 - - 1050  956 - 
1980 

- 
2455 2234 rn?! 2?95 I205 !09? 1509 1373 

1986 2685 2443  4665  4245 1355  1233 2330  2120 
1990  3035 2762 5242 4770 1595 1451 2683  2442 

* 
Water usage figures a r e  m.d 3 -1  . 
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i c i p a l ,  and I n d u s t r i a l  

All water  requirements f o r  the mine and p lan t   inc lud ing   cons t ruc t ion  camp 
and infrastructure,  are  from  ground  water  sources and are  discussed i n  Section 
6.3 ( a ) .  

Domestic surface  water  requirements  are based on popu la t ion   p ro jec t ions   fo r  
the towns o f  Cache Creek  and Ashcroft,  and the r u r a l  areas.  This  discussion 
encompasses the  operat ion phase o f   t he   p ro jec t  as we l l .  

Populat ion  project ions f o r  Ashcroft and  Cache Creek as determined  by  Strong 
H a l l  & Associatesg1  are  presented i n  Table 6-30. Total  water usages  have 
been ca lcu lated based on a per  capita usage o f  0.91 mad- '  (240 USGPO) . 
Strong  Hall  & Associates  provided  populat ion  project ions  for   Ashcrof t  and 
Cache Creek combined. 

3 92 

Due to   t he   p rox im i t y  and a c c e s s i b i l i t y   o f   A s h c r o f t   t o   t h e   p r o j e c t  s i t e  BEAK 
has assumed t h a t   t w o - t h i r d s   o f  t h i s  populat ion  increase would  occur i n  Ashcroft 
and o n e - t h i r d   i n  Cache Creek. Ashcrof t   obta ins  i ts   water  from the Thompson 
River and  Cache  Creek from  the  Bonaparte  River. 

As Table 6-30 shows, the  naximufil domestic  water  requirement  by  Ashcroft from the 
Thompson River  would  be  about 5,,000 m3. d-', an i n s i g n i f i c a n t  volume  when  compared 
to the two y e a r  m a n  ninimm f l o w   o f  about 13 x 10 6 3  m (Figure 4-16]. Cache 

Creek's maximum domestic water requiremnts would be about 2,500 n 3 0 d'l, which 
i s  a p p m x i m t e l y  0.2. percent o f  the mean s u m r  Bonaparte  River  discharge o f  1.2 x 10 6 

m3.d-'; again an i n s i g n i f i c a n t  atmount and producing no s i g n i f i c a n t  impact. 93 

St rong  Ha l l  & Associates  projected  that  the m a x i m  increase i n  ru ra l   popu la t ion  
dur ing  the  construct ion  and  operat ion phases would be 200. This  cmpares t o  an 
e x i s t i n g   r u r a l   p o p u l a t i o n  o f  abolut 500 as o u t l i n e d   i n   S e c t i o n  4.3 (b) ( i i i ) .  
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This  population is not  expected to  significantly  increase  without  the  project 
and therefore  the total  estimated  rural  population  during  construction and 
operation is 700. At 0.91 m'e~t-~ per capita  (this  is  the  same as the  esti- 
mated  domestic  consumption  for Ashcroft", and  approximately  the  present  dom- 
estic  consumpton in Hat  Creek  from  both  ground  water and licenced  surface 
water  sources as discussed in Section 4.3 (a)  and 4.3 (b) ( i i i ) ,  respectively) 
the total  usage  would  be 637 m3-d", some of which  would be ground  water. 
Because  this  water  usage is distributed  over a  large area, the  overall impact 
on the  surface  water i s  deemed  insignificant. 

( i i i )  Operation 

A. Mine,  Plant,  and Offsites 

Irrigation 

The  impact of the  operation  of  the  project on irrigation  water  use is summarized 
i n  Table 6-31. These  items all deal with  impacts  that  limit o r  reduce  the 
availability  of  irrigation water.. In addition  to  the  tabulated impacts,  a 
very  small  amount  of  irrigated land, 9 ha (22.2 ac), was  identified in the 
Agriculture report" as  possibly  being  removed  from  production  because  of 
the loss o f  productivity  due  to  injury  caused by plant  stack  emissions.  This 
projected  impact  occurs in the  south  end o f  Hat  Creek  Valley  (Subregion IV) 
with an associated  water  quantity  of  approximately 5 ha-m. 
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TABLE 6-31 

I .- 
IMPACT ON IRRIGATION WATER USE 

DUE TO PROJECT OPERATION 

Project  Activity Impact 

Base  Scheme: 
Mine Dust Control 

P i t  R i m  Reservoir 

Headworks Reservoir 

Mine P i t  Seepage 

Pi t  Rim Dewatering 
a- 

" 

1 -  

111- 

1' 

I 
. 

Coal Stockpiles 

Alternate  ActivitL: 

Medicine  Creek Diversi 
to MacLaren  Creek 

on 

- Evaporation o f  10 ha-m dur ing  
irrigation season;  intended  source 
of water  unspecified. 

- Evaporation  of  approximately 3 ha-m 
from reservoir  surface  during irri-  
gation  season. 

- Evaporation  of  approximately 3 ha-m 
from reservoir  surface d u r i n g  i r r i -  
gation  season. 

- Evaporation  of up t o  21 ha-m of 
seepage dur ing  irrigation season. 

- Potentially  unsuitable water quality. 

- Collection o f  up t o  21 ha-m of 
ground and surface water i n  vicinity 
of mine; diversion t o  Hat Creek 
canal d u r i n g  irr igation season. 

- Potentially unsuitable leachate 
quality. 

- Diversion of unknown quantity of 
o f  water from Hat Creek drainage 
to Cornwall  Creek drainage. 

Medicine  Creek  Water  Supply - Storage and use of unknown quantity 
of Medicine  Creek Water. 

Hat Creek Water Supply Reservoir - Storage and use of Hat Creek flow. 

. 
II 
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The base project scheme includes four ac t iv i t ies  in which loss of water from 
the Hat Creek flow regime would occur due t o  evaporation and one other  activity 
which  would divert water from it.s present si tuation, while making i t  available 
for use elsewhere. 

Water consumption  used for  the  c,ontrol of d u s t  around the mine i s  estimated 
t o  be about 10 ha-m (81 ac-ft)  during  the irrigation season. Al though the 
source of th i s  water has not been given,  surface water use would require ap- 
propriate  licencing, and due t o  the lack of available water i n  Hat  Creek d u r i n g  
part of June. August, and September (see Table 5-3) this use would conflict  
with irrigation water use unless,  storage of freshet flows or an alternate water 
source i s  developed. 

The p.it rim and headworks reservoirs could each lose about  3 ha-m t o  evapora- 
tion d u r i n g  the period o f  irr igation - May through September. These estimates 
were  based on potential  evaportranspiration  rates shown in Table 4-24 and the 
assumption that each  has a surface  area of about 7 hectares. 

Mine seepage  water  could  account for  the  largest  evaporation  loss, u p  t o  21 

ha-m-yr-'. This represents  a wo'rst case, though, as i t   i s  based on the 
highest mine water  seepage rate  given in  project  description and assumes that 
seepage i s  completely  evaporated d u r i n g  the  irrigation season. The o r i g i n  
o f  this water m i g h t  no t  to ta l ly  be from the  surface water regime and there- 
fore the effect  or conflict  with irrigation water use could be less than 
the total  amount of water lost .  The potential water quality of mine seepage 
water  with respect t o  total  dissolved-solids (Table 6-25) indicates  levels  that 
would be unacceptable for  i r r i g a t i o n  use. 

. 6 - 138 



beak . ~ ~ __- 

The in te rcept ion   o f   sur face  and ground  water  by  the p i t  rim dewatering  system 
would d i v e r t  up t o  21 ha-m o f  water during t h e   i r r i g a t i o n  season to   the  Hat  
Creek canal.  This amount was ca lcu lated  us ing  the  h ighest  pumping r a t e   i n   t h e  
p r o j e c t   d e s c r i p t i o n   f o r   t h e   p i t  r i m  dewater ing  act iv i ty .   Whi le   loca l ized 
lowering  of  the  water  table  and  decrease i n   t h e   a v a i l a b i l i t y   o f  water  would be 
apparent i n  c lose  prox imi ty  t o  the  dewatering  wells,  there does no t  appear t o  
be a major c o n f l i c t  with i r r i g a t i o n   w a t e r  use. 

The coal   stockpi les may produce  leachate o f  a q u a l i t y   u n s u i t a b l e   f o r   i r r i g a -  
t i o n  use due to   po ten t ia l l y   h igh   va lues   o f   to ta l   d isso lved  so l ids   (Tab le  6-20). 

The a l te rna te   p roposa l   f o r   d i ve rs ion   o f  upper  Medicine Creek water  to MacLaren 
Creek would  decrease  the amount o f  water   f lowing  to   Hat  Creek and thus have a 
negative  impact on use o f   i r r i g a t i o n  water i n  Hat Creek Val ley  but  be o f   b e n e f i t  
t o   t h e   i r r i g a t i o n   w a t e r  use i n  the  Cornwall Creek drainage  area. The impact on 
Hat  Creek  use  would be greater  since  not  only  would  the  water be made unavai l -  
ab le   bu t   p resent   i r r iga t ion   l i cences  and f a c i l i t i e s  would be af fected. The 
quan t i t y   o f   wa te r   t ha t  would be i n v o l v e d   i n   t h i s   d i v e r s i o n  scheme i s  unknown. 

Two o t h e r   a l t e r n a t i v e   p r o j e c t   a c t i v i t i e s  would  also have e f f e c t s  on i r r i g a t i o n  
use o f  water. The alternate  proposal  which uses Hat Creek water as the  source 
of power p l a n t  make up water i s  not c l e a r l y  def ined as t o   t h e  amount o f  water 
t h a t  would be  used f o r   t h i s  purpo,se. I f  the  storage and  use o f  freshet  flows 
only  are  considered,  then  the  prelsent  i rr igation use i n  the   va l ley   cou ld  co- 
e x i s t  with t h i s  use. Two.or  three  users, however, immediately downstream of 
the  reservo i r  may be af fected  s ince  the proposed base f low  re lease  to   Hat  Creek 
j u s t  s a t i s f i e s  the f i s h e r i e s  base flow  requirement. I f  u t i l i z a t i o n   o f  Hat  Creek 

water as p l a n t  make up i s   i n  exce,ss o f  f reshet  flows,  then c o n f l i c t   w i t h  
other  water uses would  be  apparent,  the major one b e i n g   i r r i g a t i o n .  
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The o the r   a l t e rna te   p ro jec t   a . c t i v i t y   t ha t  would a f f e c t   i r r i g a t i o n   w a t e r  
use i s  the  proposal  for  using  Medicine Creek water fo r   t he  power p lant .  
As d e t a i l s   o f   t h i s   a l t e r n a t i v e   a r e   n o t  known, the   po ten t i a l   e f fec ts  
could  not  be f u l l y   q u a n t i f i e d .  Water  users i n  both  Hat Creek Val ley and 
the Thompson River  area  coulcl be affected. The to ta l   water   co l lected 
and used d u r i n g   t h e   i r r i g a t i o n  season, May through September, could be 
considered, i n   l a r g e  measure, as displacing  current  l icenced  water use. 
I n   a d d i t i o n ,  up to  216 ha-m-yr-' o f   f reshet   water   normal ly   d iver ted and 
stored i n  Mclean  Lake could  allso be affected.  Both  of   the above a l t e r -  
nate w a t e r  supply schemes c o u l d   n e g a t i v e l y   a f f e c t   t h e   f e a s i b i l i t y   o f  de- 
v e l o p i n g   i r r i g a t i o n   s t o r a g e   f o r   t h e   f u t u r e   i r r i g a t i o n   o f   t h e . c o r n   l a n d  
l o c a t e d   i n  Subregion I1 o f   t h e  Hat  Creek  drainage. 

Use o f   p r o j e c t   r e s e r v o i r s  and impoundments dur ing  the  operat ion 
phase f o r   i r r i g a t i o n   s t o r a g e  use does not  appear feas ib le  due to  con- 
s t r a i n t s  o f  the  operating mode o f  these f a c i l i t i e s .  

Livestock Ur;e 

Leachate  from  the  coal  stockpiles and perhaps seepage from  the mine 
could  exhibi t   (Table 6-20 & 6-25) l eve l s  o f  copper t h a t  would  exceed 
the  upper limit o f  0.5 mg/l recomnendedg4 for   l ivestock  waters  and 
therefore  present a  hazard to  l ivestock  should  they  gain access t o  
these  undi luted waste  waters.. 
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It appears  that  only  limited  use of livestock  could be made  of  water  facilities 
created by the project. None of  the  small  sedimentation  ponds  are  located 
in areas  where  cattle  would  have  ready  access  to them. The  reservoirs  created 
on Hat Creek  itself  could  perhaps  provide some benefit  to  cattle  use  during 
the  winter  months in the case of a herd being  wintered  close by. The main 
plant  water  supply  reservoir  cculd  provide  a  source  of  water  to  spring and 
summer  grazing  value  limiting  the  number  of  animals  that  would be in the area. 

No other  major  impacts on livestock  animals  or on their  utilization  of  the 
range  have  been  projected by the Agricutture study. Thus  the  effect  of  project 
operation on the  quantity o f  livestock  water  use in Hat  Creek  Valley is not 
considered to be  significant. 

Domestic,  Municipal, and industrial 

Infrastructure  (office,  warehouse. and shops)  water  requirements  for  the  mine 
during  operation  will be supplied by the power  plant  from  the  Thompson  River 
and is estimated at 140 m3.d-l (1.6 1. s-') assuming  a  labour  force  of 918 
as  indicated in the project  descriptions. 1 

All power  plant  water  requirements  including  cooling,  demineralizer,  sootblowers, 
and domestic  will be supplied via pipeline  from  the  Thompson River. 

The  total  make-up  water  requirement  from  the  Thompson  River  during  power  plant 
operation can range  from about 662 to 1395 1. s-' (10,500 - 22,100 USGPM) depend- 
ing on the ash disposal  system  selected and the plant capacity factor3*. As 
the  minimum  average  daily  discharge o f  the  Thompson  River i s  about 200 mas 3 -1 

(Figure 4-16), the impact o f  this  water  requirement is  not significant. 

Water  usage  increases  due to area  population  changes  has  been  discussed  under 
Section 6.3 (b) (ii). 
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( i v )  Decomnissioning 

A. Mine, Plant, and Of fs i tes  

I r r i g a t i o n  

The impacts o f  decomnissioning  are a l l  perce ived  to  be benef ic ia l .   Th is  assumes 
tha t  any i r r i g a t i o n  use o f  water  developed  during and  as  a r e s u l t   o f   t h e   p r o j e c t  
and depending on it will be protected (e.g., maintenance o f  flow i n  the  canal 
o r  maintenance o f  creek  d ivers fons  to   prov ide  water   requi red  o f   i r r igat ion 
uses  developed with the project).   Table 6-32 sutnnarizes the p r o j e c t   a c t i v i t i e s ,  
causes, and water  quanti t ies  associated with bene f i t s   o f  decomnissioning. 
The economic f e a s i b i l i t y   o f  po1:ent ia l   benef i ts  ident i f ied has not  been addressed 

i n  th is   s tudy.  

A la rge   po ten t ia l   benef i t   occur r ing   a t  decommissioning i s  t h a t   o f   i r r i g a t i o n  
water  being made avai lable  through  storage  provided  by  project  reservoirs. 
As shown i n  Table 5-4, almost 1600 ha-m (12,970 a c - f t )   o f  water  are  poten- 
t i a l l y   a v a i l a b l e   f o r   s t o r a g e   i n   t h e  Hat  Creek drainage  basin.  Subtracting 
84 ha-m (680 ac- f t )   o f   add i t iona l   p robab le  use  (see  Section 5.3. Probable 
Use) o f  stream  f low  for  spring  pasture  irr igation  leaves  almost 1516  ha-m 
(12,285 ac- f t )   ava i lab le   fo r   s to rage  in  Pit Lake and other   pro ject   reservo i rs .  
Assuming an eventual  surface  area o f  about 1000 ha (2471  ac) f o r   a l l   r e s e r -  
vo i rs  and  a potent ia l   evaporat ion r a t e  o f  0.48 ha-m-yr"'(Table 4-24) evap- 
oration  loss  would be about 480 ha-m-yr-l.  This  leaves 1036  ha-m (8395 a c - f t )  
o f   s torage  water   that   could be used f o r  i r r i g a t i o n .  The Pit R im r e s e r v o i r  
and proposed P i t  Lake  would hav'e f a r  more than  adequate capac i ty   to   s to re  
t h i s   q u a n t i t y   f o r   i r r i g a t i o n  us,?. I n  Table 6-32,  22  ha-m (180 ac-f t )  of s t o r -  
age are   a l loca ted   to   the  P i t  Rim reservo i r  as i t s  maximum ef fect ive  capaci ty .  
Th is  accounts f o r  about 3 ha-m (24  ac- f t )  o f  annual  evaporation. The remain- 
der 1014  ha-m (8217 a c - f t )   o f   s t o r a g e  i s  a l located t o  P i t  Lake. 

. -" 
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TABLE 6 - 3 2  

BENEFICIAL IMPACTS ON I R R I G A T I O N  WATER USE DUE 

T O  PROJECT O E C O M M I S S I O N I N G  

P r o j e c t   A c t i v i t y   C a u s e  o f  B e n e f i t  
W a t e r   Q u a n t i t y  

( h a - m - y r " )  

Base  Scheme: 

P i t  R i m  R e s e r v o i r  - S t o r a g e   b e c o m e s   a v a i l a b l e  2 2  - Pump becomes a v a i l a b l e  - - E v a p o r a t i o n   o f  Summer 
f l o w   s t o p s  3 

Pit L a k e  - S t o r a g e  becomes a v a i l a b l e  1 0 1 4  - Seepage e v a p o r a t i o n   s t o p s  21 

D u s t   C o n t r o l  - P r o j e c t  use s t o p s   1 0  

Pit R i m  D e w a t e r i n g  - D i v e r s i o n   s t o p s  2 1  

Make Up R e s e r v o i r  - S t o r a g e   b e c o m e s   a v a i l a b l e  8 3 0  

S u p p l y   P i p e l i n e  - C a p a c i t y  (25,000 USGPM) 650  

A l t e r n a t e   A c t i v i t y :  

M e d i c i n e   C r e e k  
W a t e r   S u p p l y  

- P r o j e c t   u s e   s t o p s   a n d  
s t o r a g e   b e c o m e s   a v a i l a b  

Hat C r e e k  
W a t e r   S u p p l y  
R e s e r v o i r  

- P r o j e c t  u s e  s t o p s  a n d  
s t o r a g e   b e c o m e s   a v a i l a b  

l e  

l e  

? 

2 1  3 
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Assuming  0.76 m t o  0.91 m (2.5 t,o 3 ft) i r r i g a t i o n  requirement,  between 1349 ha 
(3333 ac) and 1126  ha (2782  ac) could be i r r i g a t e d  with this  stored  water.  
Since t h i s   q u a n t i t y  of  undeveloped i r r i g a b l e   l a n d   i s   n o t   a v a i l a b l e   i n   t h e   n e a r  
v i c i n i t y   o f   t h e  proposed P i t  Lak:e and P i t  Rim reservo i r  a water d i s t r i c t  would 
probably need t o  be s e t  up t o  make use o f   t h i s  water. The extent  and f e a s i b i l i t y  
o f  a water d i s t r i c t   o f   t h i s   n a t u r e  was not  determined i n  th is   s tudy .  

Other  decommissioning  impacts o f   t h e  mine  are  comparatively  minor. A number 
of  operation  impacts  causing  reduced summer f low would  cease. These include 
t h e   e f f e c t   o f  P i t  R i m  reservoir   evaporat ion  on sumner f low, Mine P i t  seepage 
evaporation and water  used for   dust   cont ro l .   A lso,   the  d ivers ion  o f   water  
due t o  Pit Rim dewatering  would cease. A t o t a l   o f  about 55 ha-m-yr-I  are 
involved. 

Another o f   the   ma jor   po ten t ia l   b 'enef i t s   o f  decommissioning  would be the   ava i l -  
a b i l i t y   o f  up t o  830 ha-m (6730 'ac-ft)  o f  storage i n  the   p lan t  make-up reser-  
voir .   Subtract ing  evaporat ion bosses leaves  about 800 ha-m (6483 a c - f t ) .  
Assuming app l ica t ion   ra tes  between  0.61 m - 0.91 m (2  - 3 ft) from 879 - 1311 
ha (2172 - 3239 ac)  could be i r r i g a t e d   w i t h   t h i s   w a t e r .  

The water  supply  pipe1  ine  from  the Thompson R iver   w i th  a capaci ty o f  25,000 
USGPM could  supply i r r i g a t i o n  water f o r  700 - 1100 ha (1730 - 2720 ac) 
assuming a d a i l y  peak demand double  the July peak demand  shown i n  Table 
4-24.  These quant i t ies   o f   land   a re   ava i lab le   in   the   s tudy   a rea   bu t  no 
attempt was  made t o  assess s p e c i f i c   i r r i g a t i o n   f e a s i b i l i t y .  On a seasonal 
basis,  about 650 ha-m could be supplied  by  the Thompson R ive r   p ipe l i ne   f o r  
i r r i g a t i o n  use. 

m 
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With  the  alternate  water  supply schemes, the two  water  supply  reservoirs 
would make further  storage  calpaci t ies  avai lable.  The volume of  the  Medicine 
Creek water  supply  reservoir was not  known.  The Hat Creek water  supply 
reservo i r  with a capac i ty   o f  about 271 ha-m (2200 a c - f t )  and evaporation 
losses  of  about 58 ha-m-y;l could  supply 213  ha-m (1939 a c - f t )   o f  water  which 
c o u l d   i r r i g a t e  about 323 ha (797 ac). 

Livestock Use 

Use o f  water  by l ivestock  dur ing and a f te r   decon iss ion ing  depends  on the 
a g r i c u l t u r a l  use o f  lands  at   . that   t ime.  Project ions  of   th is use are  not  
avai lable.  

Domest.ic, Municipal, and I n d u s t r i a l  

Mine and plant  water  requirements  for  process use will r e t u r n   t o  zero. Do- 
mestic  surface  water usage wi'I1  reduce  as  people move  away from  the  surround- 
i n g  area. However, some water demand i n  excess o f   the   "w i thout   p ro jec t "  
usage will remain as  a percentage o f  the  people who worked on the   p ro jec t  
will s t a y   t o   r e t i r e   o r   u n t i l   o t h e r  work i s   ava i l ab le .  The f r a c t i o n   o f   t h e  
incremental  area  populat ion  that will remain a f t e r   t h e   p r o j e c t   i s   d i f f i c u l t  
t o   p red ic t .  However, any reduc t ion   in   popu la t ion  will reduce  the usage o f  
surface water. 
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(v) Overall  Impact  Asses,sment 

Irrigation 

Construction of project  facilities  would  alienate use of 157 ha-m-yr-' (1268 
ac-ft-yr-') of irrigation  water on those  lands  projected as likely  being 
irrigated i n  the  future.  Part of this  water  may  be  available,  however,  for 
the  irrigation  of  other  lands and thus  the  net impact on water  use  would 
be reduced  accordingly.  There is a loss of  a  small  amount of licenced stor- 
age, 12 ha-m-yr-', which  would  result  from  the  dewatering of  Finney Lake. 
Ttie impact of  the Hat Creek and Finney  Creek  diversions on the  use of pre- 
sent  irrigation  conveyance  ditches,  associated  with  the  supply  of 35 ha-m 
(284 ac-ft) of water,  probably  could be appropriately  mitigated  should  the 
use  of  these  waters be practical  with  the  project. 

Project  operation  (base  scheme)  could  affect  the  availability  of up t o  60 
ha-m-yr (486 acftyr ) of wate,r for  irrigation use. Partially  composed 
of non-consumptive  uses  that w w i d  only  change  the  location  of  water  avail- 
ability,  the  net  impact on irripation  water  use  would  more  than  likely be 
less than  the  above  quantity. 

-1 1 

Decomnissioning  of  the  project  would be associated  with  major  potential  bene- 
fits to irrigation  through  the  use  of  project  reservoirs  for  water  storage. 
Over 1000 ha-m (8105 ac-ft) of water of the Hat  Creek  drainage  basin  could 
be made  available  for  irrigation in this way. This i s  roughly  one and one- 
half times  the  current  use  of  water  for  irrigation in the Hat Creek  Valley. 

Livestock Use 

The  losses  or  benefits  from  the  project on livestock  water  use  would  appear  to  be 
minor in nature,  especially in view of  the  fact  that  the  magnitude  of  this  use 
is small in comparison  to  other  water uses. 

. . . - ." "" 
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Domestic,  Municipal, and Industrial 

Although  the  surface  water  usage  for  the  towns  of  Ashcroft and Cache  Creek 
during  the  construction  phase  will  almost  double  with  the  project,  compared 
to without,  the  usages  are  insignificant  relative  to  the  surface  water  resources 
and produce  insignificant impact. Increased  surface  water  usage in rural 
areas  will also be insignificant. 

During  operation all water  will be supplied  from  the  Thompson  River and the 
quantity is determined  to be insignificant. 
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7.0 OPPORTUNITIES FOR MITIGATION. COMPENSATION AND ENHANCEMENT 

7.1 HY UROLOGY 

a )  Ground Water Hydrology  Impacts 

i Lake  Dewatering 

Finney  Lake may have some aesthet ic and recreational  value and 
consideration  should be given to mainta in ing  th is   lake.  Based on natural 
isotope  data on lake  water (sele Section 4.1 ( a )  ( i i i )  B) t h i s   l ake  does not 
appear to c o n t r i b u t e   s i g n i f i c a n t l y  to the  ground  water  recharge i n  the 
area.  Most of  the  present seepage would e x i t  around  the  upper 1 m of   the 
wetted  perimeter o f  the  lake. Thus, we judge  that  i f  the   ex is t ing  
d ischarge  con t ro l   s t ruc tu re   a t   the   lake   ou t le t  were lowered to a leve l  1 m 

below  the  present  average surmner leve ls   the  natura l  seepage would be 
n e g l i g i b l e  and s ign i f i can t   por t ions   o f   the   lake  would  remain. 

i i ) Seepage from  Uaste Rock Dumps 

I f  seepage through and around  the  waste dump embankments i n  the  Houth 
Meadows area became s i g n i f i c a n t ,   t h i s  water  could be co l lec ted  by 
i n s t a l l i n g  shallow  wells. This,  water could be e i ther   re turned to  a 
temporary  storage pond w i t h i n   l h e  dump and used for   dust   cont ro l ,   or  
f o r   i r r i g a t i o n  Of revegetated  areas as suggested in  Section  7.3(b). 

The hydraul ic   conduct iv i ty   o f   the  loose waste  rock on the dump surface i s  
1 i k e l y   t o  be high [ t o  10-3 m/s)  but when canpacted  would be 
s u b s t a n t i a l l y  reduced  (between 10-11  and 10-9 m/s). Thus, 
consideration  should a l s o  be given to ensuring that the waste rock 
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imnediately  upstream o f  the anbankments  and adjacent  bedrock  abutment 
areas, i s  adequately compacted. 

i i i )  Seepage from  Harry Lake Ash  Ponds 

Most o f  the seepage from the proposed ponds would be I n  the s u r f i c i a l  
sediments and i n  the v i c i n i t y  o f  the channel o f  Harry Creek. I f  subsurface 
seepage were s i g n i f i c a n t ,  a well or ser ies o f  wel ls   could be i n s t a l  led 
along  the  toe  of  the waste enbankments to co l l ec t   t he  seepage  and pump the 
water to the  sluice  water pond. 

. ,, , 

i v )  Locat ion  of   Hat Creek Diversion Canal 

The diversion  canal  alignment i s   w i t h i n   t h e  area o f  the proposed p i t  and 
ground movements on the  mine  slopes  could damage the natural  and a r t i f i c i a l  
l i n i n g   m a t e r i a l s .  These materials  would be placed  beneath the canal i n v e r t  
and any damage cou ld   resu l t   i n   g rea te r  seepage losses. These  seepage 
losses  would i n   t u r n  cause more s l o p e   i n s t a b i l i t y  and further  increase 
seepage losses  from  the  canal. 

Due to  a t ime dependency e f f e c t   i n  the rock  slopes,  the  slope movements 
dur ing  the  operat ing phase o f  the  mine  might  not be  severe. In addit ion,  
the  dewatering w e 1  1 s would a1 SID he1  p to contro l   s lope  instab i l  i ty. 

However, when the   min ing   ac t i v i t y  i s  cmp le ted  and the p i t  i s  f i l l i n g   w i t h  

water, the ground  water  pressu'res w i t h i n  the slopes  would  increase  with 
t ime and slope i n s t a b i l i t y  wou'ld be l i k e l y  to develop. Thus, the  canal 
would be d i f f i c u l t  and very  expensive to maintain. 

Consideration  should be given to d r i v i n g  a low  level   tunnel   fur ther to the 
eas t   o f   the   p i t .   Th is   d ivers ion  tunnel could be d r i v e n   e i t h e r   a t  the s t a r t  
o f   t h e   p r o j e c t   o r  to replace a temporary diversion  canal some time  before 
the end o f  the  min ing  act iv i ty . .  

a 
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(b) Surface  Water  Hydrology  Impacts 

The  impacts  described in Section 6.1 (b) are  almost all unavoidable,  since 
the  ore  body  happens  to be located  immediately  below  the  valley  of  Hat  Creek. 
The  valley  of  Medicine  Creek c:ould conceivably be saved by placing  the ash 
and waste  dumps  elsewhere but wherever  these  dumps  happen  to be placed they 
will certainly  destroy some resources, and locations  other  than  Medicine 
Creek  would be prohibitively  expensive.  Procedures and techniques  for  mini- 
mizing  hydrological  impacts o f  large  mining  projects  such  as  Hat  Creek  are 
well  known and the  proponent is c m i t t e d  to  their  adoption.  Particularly 
during  construction,  the  impacts on surface  water  hydrology  depend  greatly 
on the  detailed  scheduling  of  the  various tasks. No significant  terrain 
disturbances  should be underta.ken before  the  relevant  drainage and erosion 
control  measures  are in place. The  exposed  area of unprotected  or  unvegetated 
soil should  always be kept as small as possible.  The design of many  standard 
mitigating  measures  such as la.goons, is still at a  very  early  stage and there 
are  indications  that  some  mitigating  measures will  need to be altered.  Besides 
designing  sedimentation  basins  for  adequate  residence  times,  the  basins  should 
also be large  enough  to  assure  that  the  outflow  does not damage  the  downstream 
channel.  This is particularly  relevant in the  case  of  Harry Creek. If drain- 
ing of  Finney  Lake  could  be avoided, a  major impact  would  disappear. 

e- 

" 

" 

The  fact  that  the  water  balance  of  the  Hat  Creek  region is highly  negative, 
with potential  evaporation  exceeding  precipitation by 200 to 300 m depending 
on elevation  (Figure 4-39), might be used to  alleviate  certain  water  quality 
impacts. The  drainage  flows  fran some areas  such as waste dumps could be 
eliminated by providing  surface  storage  for  evaporation. 
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(a) Ground  Water  quality  Impacts 

This  sub-section  describes  those  items  identified in this  assessment  that 
should be examined  for  feasibility  in  the  detail  design and operation  phase 
in order  to  ameliorate  the  potential  significant impacts. 

1. All ponds or  lagoons  receiving  effluents,  seepages  or  runoff  should 
be constructed  to  minimize loss of  contaminated  water  to  the  ground 
water regime. 

2. The  areas to be utilized  for  storage  of  coal and  low grade  waste  should 
be prepared in a  manner  to  minimize  percolation  of  leachates to the 
ground  water table. 

3. Reclamation  should  proceed as soon as possible on all disturbed  areas, 
especially on those  areds  known  to  have  high  levels  of  leachable  con- 
stituents  (ash, low grade  waste and claystone  waste  overburden). 
This  would  include  short-term  reclamation  measures on areas  tempo- 
rarily  inactive. 

4. Overburden and stock piled materials  should not be placed  over  thick 
snow in order  to  maintaln  minimum  leachate  drainage  generation  from 
the materials. 

,5. Lining  the ash  pond areas with a material  having both a low permea- 
bility and a  high  sorptive  capacity  for  trace  metals  such  as  bentonic 
clay  should be considered. 

6. A separate  environmental  assessment  will be necessary to study  areas 
proposed  for  disposal o f  FGD sludge,  should  flue gas desulphurization 
be selected as the  sulphur  dioxide  control method. 
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(b) Surface  Water  Quality  Impacts 

Opportunities  identified in the  assessment as having  possibilities  to  further 
mitigate  the  potential  significant  impacts  of  the  development on surface  water 
quality  are  outlined. 

t 1. Vegetation  filter  strips  should be utilized  where  possible  between 
all disturbed  areas ancl surface  drainage  ditches,  creeks and streams 
to control and minimize  residual  sediment  reaching  the  surface  water 
systems. 

2. Stripping of vegetation, and topsoil from a  site  designated  for  a  de- 
velopment  related  facility  should be limited  to  only  that  area 
imnediately  needed  for  the  construction. 

3. In addition  to  the  proposed  main  sediment  control lagoons, temporary 
drainage  ditches and settling  basins  should be constructed as required 
within  the  activity  area  to  confine  sediment  losses  to  aminimum. 

4. On terraced  embankments,  reverse  slopes  should be utilized  to  minimize 
runoff  concentration. 

5. Fertilization  during  re,clamation  should be minimized. 

6. Construction of the  Houth  Meadows and Medicine  Creek  waste  disposal 
retaining  embankments  to  minimize  seepage  through  these  structures 
should be considered in order to reduce  the  quantity  of  contaminated 
water to be treated and discharged  to Hat Creek. 

7. Seepage  through  the ash disposal  retaining  embankment  should be col- 
lected and returned  to  the ash pond. Since  the  permeability of  fly 
ash is considerably lower  than for  bottom ash, the  advantages o f  plac- 
ing the  fly ash in the  westerly end of the  pond  should be considered 
as a  means o f  reducing  seepage  through  the  embankment. 

8. Surface  runoff and leachate  runoff  from  the  coal  pile and  low grade 
waste  storage  areas should be contained and  not discharged to Hat 
Creek  unless  further stusdies establish  that  treatment  for  organics, 
color and trace  metals can be achieved  to  acceptable levels. 
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9. The  feasibility  of  other  canal  cross-sections  should be examined  for 
the Hat Creek  diversion in order to provide lower surface  area and 
reduced  temperature  increases  during  sumner low flows.  Other  mitiga- 
tive  measures  such as artificial  cooling  or  use of a rock lined creek 
bed rather  than  the  proposed  steel  discharge  conduit  may be necessary 
to  overcome impacts of  temperature  increases in Hat Creek  water. 
The  use  of  trees  along  the  canal  route to provide  shade  should  also 
be considered. The design of  facilities  for  energy  dissipation o f  
diverted Hat Creek  should  avoid  nitrogen  supersaturation. 

. 10. Consideration  should  be  given  where  possible  to  utilizing  "dedicated" 
sedimentation  lagoons  which minimize the  inclusion  of  runoff  from 
undisturbed areas. 

1 1 1 .  Consideration  should be given to placing  a  settling  basin on lower 
Harry  Creek to control  sediment loss originating  from  fugitive  dust 
from  the  coal  stockpile,  coal  blending and  coal  preparation  operations. 

12. The  draining of  Finney and Aleece  Lakes  should be conducted  during 
high flow in Hat  Creek. In addition,  the  quality  of  the bottom water 
should be  assessed in detail  prior to  draining  to allow  better  pre- 
diction  of  any  impact on Hat  Creek  water  quality. 

13. If further  studies on the  quality o f  seepages  from  the  waste  dumps 
indicate  a  significant  biological  oxygen  demand  exists in these  waters, 
consideration o f  biological  treatment  may be necessary.  Alternatively, 
other  means  of disposal or reuse such as irrigation may require  further 
investigation. 
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7.3 WATER USE 

(a) Ground  Water Use Impacts 

As most  abstractions o f  ground  water  would  cease at the  start o f  the  pumping 
of  Thompson  River  water,  there  would be no significant  permanent  ground  water 
use  impacts in the area. 

(b) Surface  Water  Use  Impacts 
I -  

" 

I 
u 

Irrigation 

Opportunities  for  mitigation alnd compensation as discussed  herein  are based 
on the  assumption  that  presently  irrigated  or  potentially  irrigable  lands 
not  directly  alienated by  projlact construction  would be available  for  agri- 
cultural use. In some cases, ihowever, the  viability of agricultural  operation 
may in fact be impractical and the  appropriateness  of  the  mitigating  or com- 
pensation  procedures  would need  to be considered in this light. 

The possible  relocation  of  four  project  activities has  been  identified in 
the -%riculture assessment as helping to  mitigate impacts  on  irrigable lands 
and thus  impacts  on  the  associated  water use. These  mitigation  measures include: 
relocation o f  project  drainage  ditches  near  the  southwest  extremity  of  the 
mine pit so as to avoid splittiing a  presently  irrigated  field  into  two  pieces; 
relocation o f  the  mine  construction  camp so as to  avoid  alienation  of  high 
agricultural  capability land (c:orn potential); and relocation of the  main 
access  road and conveyors  to  minimize  the  partition  of  the  potential  corn 
land located  northeast o f  the  mine pit. 

1 

The perceived  blockage of present  irrigation  conveyance  systems by the  Finney 
Creek  and  Hat  Creek  diversion  channels could be mitigated by constructing 
water  control  outlets on these  channels  that  would  allow  continued use of 
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the  present  ditch  systems.  Alternatively,  new  conveyance  routes  or  water 
supply  systems  could  compensate  for  the impact on present  conveyance  systems. 

~ . . . . . ." - . 

Compensation  for  the loss of irrigation  water  use due to land alienation  could 
be possible in part. or perhaps in full, by providing  water  for  the  irrigation 
of  alternate  agricultural lands. In Subregion I1 of the Hat Creek  Valley 
where 147 ha-m of water is affected  (out of project  alienation  total  of  157 
ha-m), there  would  appear  to be enough  potentially  irrigable land (total  poten- 
tial given in Table 5-1/3) to  which  the  transfer  of  water  use  could  be  made. 
This  aspect,  however,  has not been  confirmed  quantitatively nor has  the  desir- 
ability  of  such  water  use  transfer  been  assessed. 

Since  consumptive  use of surface  waters  due  to  the  project  operation is per- 
ceived as conflicting  with  other uses, the  largest of which is irrigation, 
appropriate  mitigation and/or compensation  measures  would be required. If 
the  probable  (without  project)  irrigation  water use is to  coexist with pro- 
ject  water use, the  supply  of  water  from  other  than  that  of  the  present  summer 
flows of Hat Creek  would be neces'sary to  account  for  the  additional  consump- 
tive  use of water  during  the sulmner. This  supply  could be made  .available 
by constructing  larger  project  reservoirs  to  provide  for  the  storage  of  freshet 
flows or by making  use  of  the  proposed  water  supply  from  the  Thompson  River. 

In the  case  of  the  alternate scliemes for  supplying  plant  water  from Hat Creek 
and/or  Medicine  Creek,  measures  should be implemented so that  adequate  base 
flows  would be ensured so as  to maintain  current  irrigation  licences,  espe- 
cially  those  located imnediate1.y downstream o f  the  respective project reser- 
voirs. 

It i s  advised  that  adequate  treatment or dilution of  mine water,  waste  dump 
seepages and coal  stockpile dra.inage waters be afforded  prior  to  the  possible 
use  for  irrigation  because  of  the  potentially  unsuitable  quality  of  these 
waters  with  respect to the .leve'I of total  dissolved  solids.  The  concentration 
of total  dissolved  solids  desired  for  irrigation  water is below 1400 mg/l 
(Table 5-3). 
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Livestock Use - 
Since, i n  general ,   the  ef fect  o f  p ro jec t   cons t ruc t ion  on l ivestock  water 
use i s  thought   to  be min imal ,   mi t igat ion and compensation measures would  appear 
t o  be unnecessary. However, because the  impact on l ivestock  water use due 
to   the  dra in ing  o f   F inney and Aleece Lakes i s   no t   c lea r ,   f u r the r   eva lua t i on  
o f  t h i s  aspect may  deem tha t   m i t i ga t i on  or compensation f o r  t h i s   s i t u a t i o n  
is,  indeed,  warranted. 

Access  by l ivestock  to  coal   stockpi le  drainage  waters and perhaps  mine seepage 
should be prevented because o f  t he   po ten t i a l l y   unsu i tab le   qua l i t y  o f  these 
waters as a l ivestock  dr ink ing  supply .  

.. Domestic, Municipal, and I n d u s t r i a l  

As there  are no impacts on surface  water  dur ing  prel iminary  s i te development, 
m i t i g a t i o n  measures are  not  appl icable. 

The impacts of  surface  water usage f o r  domestic  purposes  during  construct- 
ion as discussed i n  Section 6.3 (b), have  been determined i n s i g n i f i c a n t  and 
the re fo re   m i t i ga t i on   i s   no t   requ i red .  

Although  the  impact of surface 'water  use on the  resource (Thompson River)  
dur ing  operat ion has  been determined as ins ign i f icant ,   water  usage should 
be f o l l o w e d   r e l a t i v e   t o  Thompson River   f low  in   order   to   min imize  the  percent  
usage  and t o   i d e n t i f y   h i g h   p e r c s n t  usages i f  the  si te  requirements  increase 
or  the Thompson River  experiences  abnormally low flows. 

The impact  during  decomnissionirtg i s   b e n e f i c i a l  and the re fo re   m i t i ga t i on  
i s  not  required. 
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8.0 RESEARCH AND MONITORING PROGRAM RECOMMENDATIONS 

" 8.1 HYDROLOGY 

a )  Ground Water 

" 

I- 

i) Hydraul ic  Conduct iv i ty  of  Waste Mater ia ls  

Laboratory and f ie ld   tes ts   shou ld  be carr ied  out  to obtain more data on 
hydraul ic  conduct iv i ty  values for  dumped mater ia ls.  These materials  should 
include: waste  rock  (both  loose and weathered and ccmpacted),  low  grade  wastes 
coal, FGD wastes,and ash (both  bottom and f l y ) .  The laboratory  tests would 
on ly   requ i re  small sample quant i t ies ,  however, a  minimum o f  0.5 m of . 
mater ia l  would be required f o r  f i e l d   t e s t s .  Where possible  both  types o f  
tests  should be combined w i t h  a fu r ther   eva lua t ion   o f   the  chemical leaching 
proper t ies  o f   the  mater ia ls .  

3 

ii) I n s t a l l a t i o n   o f  Piezometers and  Water Sampling Stat ions 

Combination  water  sampling and ground  water level  monitoring  piezometers 
should be i n s t a l   l e d   i n  boreholes  located  around  the ash  and rock waste dump 

areas. These piezometers  would  supplement the three operating  monitoring 
piezometer  stations i n  the  val ley. The loca t ions   o f   the   th ree   ex is t ing  and 
eleven  proposed  boreholes are shown i n   F i g u r e  6-1. A t  l eas t   th ree  
piezometers  should be i n s t a l l e d   a t   d i f f e r e n t  depths i n  each borehole. 
Where appropriate,  suction  lysimeters  should  also be i n s t a l l e d  to sample 
water  from  the  unsaturated zones ( see   t yp i ca l   de ta i l s   i n   F igu re  A3-1). 

All three  existing  piezometer  boreholes, RH77-45. 77-48 and  77-49 should be 
preserved.  Special  provisions,  would have to be made to pro tec t  these 
i n s t a l l a t i o n s   p a r t i c u l a r l y  RH-.48 which i s  inside  the ash  pond. 

8 - 1  
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The water levels in existing piezometers are being read once a month .  When 
the new piezometers are installed the  monitoring program should be extended 
to  include  these  piezometers. Samples of water should be taken for 
chemical analysis from these pfezometers once a year  for  three years prior 
t o  the comnencement  of mining dnd dumping activities. A more regular 
monitoring program could be insti tuted *en mining ac t iv i t ies   cmence .  

Numerous piezometers have already been installed i n  the vicinity of the 
coal pi t  and water levels in these piezometers are being monitored once a 
month. In addition, one borehole w i t h  a minimum  of three piezometers 
should be installed and monitored adjacent to Finney Lake and alongside 
Highway N O .  12 j u s t  west of Indian  Reserve No. 4 i n  the Marble Canyon. 
These two stations would  monitclr respectively  the  effects of lake  discharge 
and recharge and/or wi thdrawalr; from the Marble Canyon aquifer  (see 
locations Figure 6-1) .  

i i i )  Subsurface  Exploration a t  Harry Lake 

Should the Harry Lake area be chosen for ash disposal, a dr i l l ing and 
testing program should be carried o u t  to determine ground water and 

lithologic  conditions within and adjacent t o  the proposed dumps. This 
would involve  approximately 350 m of dril l ing and the installation o f  20 
piezometers over and above the  monitoring  piezometers proposed  in Section 
i i )  above. F a l l i n g  head tes ts  should be run i n  a11 ccmpleted standpipe 
piezometers so t h a t  hydraulic  conductivities of rock materials can be 
determined. 

(b) Surface Water 

The design of the  drainage and erosfon  control f ac i l i t i e s  i s  seriously impeded by 
lack  of reliable  small-plot runoff  observations. Unless such data becomes avail- 
able,most f a c i l i t i e s  will probably be substantially over-designed  in order t o  be 
conservative. An experimental study of  runoff  conditions from the various types 
of surfaces t o  be created by the project under climatic  conditions o f  the Hat 

a - 2  
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Creek ,wea is desirable both from  economic and environmental  points of view. 
The  study  would  involve  a  series of runoff  plots  built  to  simulate  surfaces 
such  as  the  Houth  Meadow  dump,  Medicine  Creek  dump,  dump  embankments,  yard 
areas,  topsoil  storage etc., with  the  more  important  areas  simulated  for  two 
or  more  slope  conditions.  The  same  installations  could  also be used to in- 
vestigate  the  effect  of  dust on snowmelt.  Detailed  precipitation and snowmelt 
data  would  naturally be required  for all runoff plots. 

The  stream  gauging  stations  presently  established on Hat  Creek and its tri- 
butaries  should be monitored  carefully  until  such  time as they  have  to be 
abandoned  because  of  the  proposed  project  developments.  The  gauging  station 
on Upper  Hat  Creek  should be replaced  further  upstream and a  new  station  es- 
tablished  just  below  the  development.  The  two  gauging  stations on Medicine 
Creek  should be reviewed  for  possible  relocation  once  the  design  of  development 
in this  area is firmly  established.  Consideration  should be given  to  gauging 
Cornwall  Creek if diversions  are  proposed  to  this  stream in the  final  design. 
The  value of  streamflow  records  from small  drainage  basins is greatly  increased 
by good concurrent  climatic data. Consideration  should be given to installing 
several  additional  rain  gauges  (preferably  tipping  bucket  gauges) at various 
elevations  to  define  precipitation  over  the  newly  gauged basins. Discharge 
from  the  sedimentation  lagoons ,should be gauged. Sediment  accumulation in the 
Hat Creek  diversion  headworks  reservoir  should be monitored. 

Another area where lack of precedent  could lead to inadequate and/or unneces- 
sarily  expensive  designs i s  the  handling of winter  flows in the  Medicine Creek 
and Hat  Creek  diversions.  Field  tests  may be called  for. 

The  functioning  of  the  chute part of the Hat  Creek  diversion is similarly 
open  to some questions.  Unless  a  closely  relevant  precedent  can  be  found, 
some  aspects  such as winter  operation and the  formation  of roll  or  slug  waves 
will  need  to be investigated. 

If Medicine  Creek is to  be diverted  to  MacLaren Creek,  that stream will  need 
to be studied in considerable  detail  to  assess its capacity. 

8 - 3  
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The present abandonment  scheme, which  involves  gradual f i l l i n g  o f  the  mine 
p i t  over 25 years,  during  which  the  Hat Creek d ivers ion i s  t o  be kept   in   operat ion 
g i v e s   r i s e   t o  some concern  re lated t o  p i t  s l o p e   s t a b i l i t y .   F a i l u r e   o f  some 

- 
- - p i t  s lopes  might   d iver t   the  ent i re   f low o f  Hat Creek i n to   t he   p i t ,   l eav ing  

the  lower  reaches o f  Hat Creek dlry f o r  a prolonged  period. - 
I 

1 
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8.2 WATER  QUALITY 
" 

(a) Ground  Water 
9- 

e- (i )  Research  Recornendations 

The following  additional infornlation should be obtained to  fill  present  data 
gaps  regarding  possible  interactions  of  project  activities on  ground  water 
quality: 

1. Further  data  should be collected on the  quality  of  ground  waters in the 
proposed  pit  area,  both from  the  surficials,  claystone  overburden and 
coal  zones.  Data  should a.lso be collected on the  water  quality  of  the 
buried  bedrock  channel  aquifer. 

2. The  geologic  nature and ground  water  regime  needs  to be defined in the 
Harry  Lake  ash  disposal areas. 

3. Site  specific  detail  geology and ground  water  regime  should be established 
at  all proposed  disposal  sites,  impoundments,  lagoons,  stockpiles and 
storage  areas  to  allow  engineering  designs  that  minimize  negative  inter- 
actions on  ground  water  quality. 

( i i )  Monitoring  Progra,m  Recornendations 

At the  present  time a number of wells in the  Hat  Creek  Valley  provide  water 
for  domestic use. A  selected  number of  these wells should  continue  to be 
monitored  for  the  parameters pe,rformed in the  baseline  study  (Section 3.2). 
Manganese and nickel  should  be  added  to the list of Cations - Trace  Metals. 
If after  a  reasonable  number of years  (approximately lo ) ,  there has  been no 
significant  change  from  the  baseline  values  established,  then  the  program 
likely  could  be  reduced  and some o f  the less important  parameters (i.e. sulphate 
hardness,  alkalinity, etc.) could then be dropped. 
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At each  dump and storage pile established,  test  wells  should  be  drilled and 
sampled  routinely.  This  program  would  establish  whether or  not  there was, 
in fact  any  problems  arising  from  leachates  entering  the  ground  water  system. 
The  parameters  which  should be analyzed at these  test  wells  should be selected 
on an individual  basis  depending  upon  the  nature of  the  dump or pile  being 
monitored.  Monitoring  may well be required  many  years  after  decomnissioning 
at some  of  the  waste  disposal sites. 

Seepage  waters  should. be monitored  for  flow,  suspended  solids and water  chem- 
istry  for  selected  parameters.  The  latter  allows  comparison  with  samples 
from  the  ground  water  wells  while  suspended  solids  monitoring  can  help  identify 
any  piping  action  within  embankments. 

(b)  Surface  Water 
.I- 

" 

"- 
a- 

.. L 

. 
I 

. 
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( i  ) Research  Recomnendations 

The  following  areas  have  been  identified as requiring  additional  study  to 
allow  a  more  complete  understanding o f  the  potential  impacts o f  the proposed 
project  activities on surface  water  quality. 

1. Further  study and testing  appears  necessary  to  establish  whether  drain- 
age f r o m  the coal  piles and  low grade  waste  will be alkaline or acidic 
in nature. 

2. More  data  should be obtained  on  the  probable  mine  water and dewatering 
well  discharge  quality. 

3. Additional  data on the  biological  oxygen  demand (BOO) of all proposed 
discharges  to Hat Creek is required. 

4. Consideration  should be given  to  conducting  amorphous  oxide  extractions 
on ash samples to confirm  the  projected  alkaline  character  of ash 
seepages. 
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5. Further  study is necessary on designs  of  the Hat  Creek  diversion  that 
will mitigate  the  projected  temperature  impact on  Hat  Creek  water 
quality. 

6. Treatability  studies  should be conducted on simulated  runoff and 'seep- 
ages  for  removal  of co'lloidal solids and trace  metals.  This  should 
include  assessment of the need and effectiveness  of  any  flocculants 
or  po.lyelectrolytes  for  suspended  solids  removal and of physical- 
chemical  treatment  for  trace  metal  reduction. 

7. Further  study is  reconmiended from  a  water  quality viewpo,int on the 
proposal  to  transform  the  mine pit  into  a  lake. 

( i i )  Monitoring  Program  Recommendations 

Semi-annual  monitoring  should be carried  out at pertinent  test  stations  estab- 
lished in the  baseline  study  for  Hat  Creek and the  Bonaparte  River  that 
will  remain  intact  (See  Section 3.2). Particular  attention  should  be  given 
to  temperature,  dissolved  oxygen,  nutrient levels, suspended and dissolved 
solids and trace  metals,  as it is considered  that  these  are  the  parameters 
most  likely  to be affected by the project. In particular,  detailed  temper- 
ature  monitoring  should be carried  out at  Hat Creek in the  diversion and  at 
mouth until the  thermal effects. of the  project are known. In addition to 
the  other  parameters  already  selected  for  the  baseline  study,  manganese and 
nickel  should  be  added  to  the list of  Cations - Trace  Metals.  Manganese has 
been  detected in drainages at other coal mines in the  province and nickel 
has  been observed in association  with ash disposal  drainages. 

In the  case o f  the  Thompson Rik'er, annual  monitoring at the two  sites  estab- 
lished in the  baseline  study is considered adequate. Examination of worst 
case  conditions  indicates  that  even  under  these  conditions  the  effect on the 
Thompson  River  would be negligible due to  the large  dilution  factor of the 
Hat  Creek  water  (approximately 1OOO:l). 

. 
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In addition  to  existing statiolns,  it  is recomnended  that  a  monitoring  site 
be  established on MacLaren  Creek and another  site be established on Cornwall 
Creek  to  monitor  any  effects .from the ash  pond and the  access road. . At least 
initially, all parameters  monitored at other  surface  water  sample  points  should 
be included at these  sites as well. 

The  implementation o f  these  recomnended  monitoring  programs will provide  the 
necessary  data to determine  the  effect  on  surface  water  quality  of  the Hat 
Creek  Project.  Monitoring of a i l1  point source  discharges  to  receiving  waters 
will  also  likely be required  under  terms  of  permits  issued by the  Ministry 
of the  Environment. 

a - a  
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8.3 WATER USE 

(a)  Ground  Water 

" 

" 

" 

I 
c 

( i )  Potable  Water  Supply  from Wells 

A drilling and testing  program  should be carried  out to confirm  proposed  ground 
water  supplies. This  should  include  the  drilling  of  wells  into  the  Marble 
Canyon and  Buried  Bedrock  Valley  aquifers in areas  close  to  the  administration 
and camp buildings.  However, consideration  should  also be given to locat- 
ing the  wells  away  from potent.ia1 sources o f  pollution. 

In some  areas,  economic  considerations  may  suggest  that  ground  water  sources 
are  desirable  for  the  irrigation of revegetated  slopes.  A  drilling and test- 
ing program  should  be  carried  out  to  prove  these  water  sources. 

(b) Surface  Water 

( i )  Irrigation 

The  discharge to natural  waters  of  potentially  unsuitable  project  waste  waters 
should be routinely  monitored and strictly  controlled to ensure  acceptable 
water  quality  for  irrigation use. The  two  waste  waters  identified i n  this 
study  that  might be potentially  unsuitable are the mine seepage  water and 
the  coal  stockpile  drainage water. 

Surface  waters  should  be  monitored  throughout  the  project and evaluated 
relative  to  irrigation use. 

8 - 9  
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( i i )  Livestock Use 

A  user  survey  should  be  carried  out to ascertain  the  effect  that  dewatering 
of Finney and Aleece  Lakes will have on the livestock  watering  capability of 
the  range  area  west  of  the mint? pit. 

Surface  waters  should be monitored  throughout  the  project and evaluated 
relative  to  livestock use. 

( i i i )  Domestic, Municipa'l and Industrial 

Surface  water  uses  for  these  purposes  should be monitored  throughout  the pro- 
ject and their  impacts  evaluated  relative  to  current  projected uses and also 
any  changes in the  surface watt. 'r resources. 

. 
j. a - 10 
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