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c/o  Envirosphere Campany 
1617 Cole 31vd.'; a t e  250 
Golden, Colorado .BWDi 

21 December 1979 

. -  

Mr.. John Peirson 
B.C.Hydro h Power Autiiority 

5 5 5  West Hastings  Street  
Vancouver, B.C. V6B 4T6 

Dear John: 

Re: Hat Creek Project  

. .  Box 12121 

Fin.al ELAR h Euvironmeutal Summary 

_ .  

1 .  ~ ..- 

' 6 with   yocr   l e t te r  of 11 October 1979. I am enclosing  herewieh marked up 
e, pages  from the   t h ree  volumes  which require   addi t ional   correct ions.   Except '  

as  noted below re four   tables   with errors which a re   ye t  t o  be  resolved, % d5- a f t e r  thc additional  correct: ions  are made  ESCLEC will consider t h e  E N  

'ydTables clf t he  Environmental  'Impact Assessment Report (Em). which you s a t  -. 
We have  reviewed the  revised,."Printer 's   Proof"  copies of Volumes 1, 2 a d  

-to be f ina l .  - 3 WW- 
T a b l e s  3.4-10, 3.4-11. 4.1-23 and 4.1724 i n  Parr Four were f o a l d  ip my 
review t o  con tab - subs t anc ia1   e r ro r s  i n  tabulation. The.,&mi we think . , 

were the result oE changes that were occuring zs 
continued work ow.& data  base  during  preparation of the~E%a&l Draft E m :  '. 
It may be t h a t  botrom-line f igures  on the   t ab les ,  which were~used in t h e  . 
text ,  were, l a t e   cb r rec t ions ,  and t h a t  correspadldiog c o r r e c t i m s  were not  . 
made i n  t h e  body -of t he  tab:Les. Dr. Lesdck i s - n s w  cheddng  the  tablessand 
the  cor:-espondinp..sections IJf t ex t .  I expect  Ms-COrrectiOUS 1:o be p rodded  
within a few days, I will :forward them t o  you immediately on :receipt. 

I have also revii ired  the  f igures  as marked  by JiCrjUesi for   . revis ion.  n e  
marked up volume - i .s .suff ic ient  f o r  t h i s  purpose. Tn v i e w  of tlne r e l a t i v e l y  
d n o r  clnanges, it will not 'be necessary  for me t o   s e e  cop%& o:E the  re-*&d 

Upon completion of these indicated changes all of the  revised figures are 
figures. 1 am 5 d O S i n g  copies of four   f igures   requir ing  fur ther   corrs=t ioas .  

&so ac,:eptable to ESCLEC as   f i na l .  
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Page 2 
fir. John :Peirson 
21 December 1979 

t i on  i s  tha t   the   s igned  original of t h e   l e t t e r  was sent  short ly   Hfter  the 
t e x t  was telecopied from New York.) p- ~ ~ - - ., . _.- 
- ~~~ 

~ - .. _" ~ ~ ~ _ ~ _  

I vi11 be returning your copy (818) of the   d ra f t   r epor t  under  separate  cover 
within  the  next week. When rhe  Final E M  is reproduced, I ask t h a t  you 
send me ):en (10) complete  copies f o r  i n t e rna l   d i s t r ibu t ion  and (company f i les .  

Very t r u l y  yours, 

. .  . .. 
.. FBT/slr 

.I 

Frank B. T i t u s ,  Ph.D. 
Manager 
Denver Regional Office 

..... ...... ...... ..... 
m .... 

..... 
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rn Telephone, ( 6 0 0  682-7841 
. .  

Telex' 04-51296 

'.- 
... 

EBASCO SERVICES OF CANADA LIMITED,; Environmental Consultants 

1 

1155 West Pender Street, Vancouver, British Columbia,  Canada. V6E 2p4 

y6686.01 
6686EC0.01 
June  22, 1 9 7 8  

m ?is J C Edwards 
Coordinator,  Detailed  Enviroumntal  Studies 
Hat  Creek  'Project 

Vancouver, BC V6B 4T6 
555 Vest  Hastings Street 

Dear Hr  Edwards: 

I BC Hydro h Power Authority 

I 

Re: Hat Creek Project  
a Detailed  Environmental  St:udies . 
.~ Environmental SunaJary for  Composite  Report - " Attached is the   f ina l ,   rev ised   vers ion  of the Environmental S u n m z r y  for 

incorporation in the  Eat Creek Project  composite r epor t   t o   t he  BC Hydro 
Board of l l irectors.  This report  is being  telecopied  to you today from Nev 
York,  and c lean  copy is also  being sent by air express. 

BC Bydro reviewers who commented on the   ea r l i e r  d r a f t  version. We tmst 
In  the  revision  an  attempt ha.s been made t o  incorporate  the  suggestions of 

the  project .  

H 

* t h a t  you will view th is   vers ion  as presenting a balanced  description of 

- As you requested i n  our meeting of 31 Map 1978, t h i s   f i n a l  sunnnary has  been 
prepared i n  a format  for  direct   insertion  into  the  composite  report .  In 
order  to  provide f o r  t h i s  we have  addressed  only che "most probably" pro- 
ject   facj-l i t ies,   except  that  all three AQCSIstack he ight   a l te rna t ives   a re  
considered. -. 

. .  

' Furthermore, we have  deleted  several  sections  that  appeared in our d r a f t  .. summary, including  those on " U j o r  System Design Alternatives'' and "Licens- 

I "princip,al k e a s  of Concern". We hope tha t  our d r a f t  may have  been  useful 

ing Cons:Lderations".. We undtrrstand tha t  some of the   top ics   in  our deleted 
d ra f t   s ec t ions  will be  addressed by BC Hydro personnel i n  a sect ion on 

.. ... ...... ...... .... . 
m 

_. 



Q ,. 
ebasco services of canada limited environmental  consultants 

I NI J C Edwards June i :2 ,  1978 

.. :i: 

i n   these   a reas .  Host of the  questions and concerns tha t  were  rair;ed t h e  
d r a f t  summary a r e  s t i l l  considered  to  be  valid  although we  recogn!.ze tha t  
they  are   not   per t inent  i n  the  :specific  context of the  environmental smmary 
f o r   t h e  composite  report. 

The attach'ed final summary add.resses  impacts i n   q u a l i t a t i v e  terms., as did 

of consultants'  impact  reports  have  been  received by ESCLEC, although  they 
a re   no t  y e t  a l l ' i n  hand.  Because of the  cri t ical   t ime  constraint:a on EsCI,Ec/ 

the  EIAR work t o   t o t a l l y  rewrite the summary us ing   the   l a tes t   quaa t i ta t ive  
data. 

We t rus t   tha t   the   in for ia t ion   p resented  w l l l  provide  an  adequate  environmental 
summary of  the   p ro jec t  f o r  the Board of Directors when incorporated  with  other 
composite  report  sections  being  prepared by BC Hydro. 

I w i l l  be in  telephone  contact  with you  from here in New York, and will answer 
any questions which you may ha.ve regarding  the summary. 

* 

I t h e ' d r a f t  summary. In  the  period  since  preparation of t h e   d r a f t ,  a number 

I Envirosphere  project  personnel in producing  the E M ,  we have not  interrupted 

1 

I 

I 

1 .. FBT/ps 
Attachment:: 

I CC: 3 . A  Rasile 

Very truly  yours,  

F B Ti tus ,  Ph.D. 
Manager Regional  Office 

..... 
...... 
...... 
...... ...... 
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D 2.0 ENVTROhXFXTAL S W ! Y  

D 2.1  ~P.ODUCTION 

This  section  supplements and  summarizes the  Environmental  Impact  Assessment' 
Report (EIAR) prepared  by  the  coordinating  consultant,  Ebasco  Se:rvices  of 
Canada Limited,  Environmental  Consultants. The EL& presents a <description 
of  baseline  environmental  conditions and the  impacts  of  development,  opera- 
t i o n  and decomiss ioning   of   pxojec t   fac i l i t i es .  Because project  construc- 
t i o n  and operat ion would create  the major effects,   only  these  phases .are 
addressed   in   th i s  sumnary. However, i n  the  subsection on Water  Resources 
Impacts,  the  potential  importance  of mine decomiss ioning   i s  mentioned. 

a ~ w  
~ * "" 

This  conclusion i s  based on pred ic t ions .  ., 
of  the  impacts t h a t  would occur  under unusual condieions  (e.g., c r i t i c a l  
c l imat ic   or   hydrological   condi t ions)  as .well as those  that  woul?. occur m- 
der  average  conditions.   Conservative  assmptions and analyses  have  been 
used in   formulat ing  the  predict ions.  

This summ;sry considers  environmental  effects  of  only  the  selected  systems 
f o r  t h e  power plant ,   n ine and o f f s i t e s   f a c i l i t i e s .  The exception i s  t h e  
Air Wality  Control  System (A.QCS)/stack height  configuration, for which 
t h r e e   a l t ~ a n a t i v e s  are considered. Each of the   a l te rna t ives  w i l l  meet t h e  
ambient air   quali ty  guide1ine.s  for  sulphur  dioxide  proposed by 13 c Hydro 
to   the   Pol lu t ion   Cont ro l  Board. These  guidelines  are assumed in the E m  
t o  be  applicable.   If   the  Pol. lution  Control.Board  promulgates 'mre  str in- - 
gent   guidel ines ,   the   present   s t ra tegy map have t o  be revieved. 

Tne subsections  that   follow sunsnarize environmental  impacts  on a i r   q u a l i t y ,  
water resources, aquatic env'lronments,  land  resources  and  socioeconomics. 

.. 

D 2.2 AIR QUALITY -ACTS 

The most  important air q u a l i t y  and meteorologica1  effects  of  the  project  
r e s u l t  from operat ion of  t h e  power p lan t  and the mine. The s p e c i f i c  
meteorologyfair   qual i ty   conc~fms  invest igated  include:  

l,, Construct ion  effects  
2., Effects   of   plant   operat ion on loca l  ambient a i r   qua l i . t y   l eve l s  

4..  Air quality e f f e c t s  from mining operations 
3.. Regional air q u a l i t y   e f f e c t s  

5,.  Effects   of  a11 p ro jec t  components on local   c l imate .  
6,. Effec t s  of the  cooling  towers on fogging and icing  ccmditions 

8. Effec ts  on local and regional v i s ib i l i t y   cond i t ions  
7. Long-range t ranspor t  and ac id   r a in   e f f ec t s  

and salt d r i f t   d e p o s i t f o a  

( a )  Construction Period - 
Construc,t ion  effects on air quality  are  expected  to be minor, , a s s a n g   % h a t  
appropriate   dust   control .measures   are  used. 

in 
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.... ...... ..... 

...... 
a :::::. 

...... 

(b) Operation  Period 

Diffusion model ca lcu la t ions  cmf power p l an t   s t r ck  gas  emissions were run 

The ca lcu la t ions  show t h a t  eacih would  meet the assumed ambient air  qua l i ty  
fo r   t h ree   a l t e rna t ive   a i r   qua l . i t y   con t ro l  system (AQCS) configurations. 

guidelines  for  sulphur  dioxide (S02). The corlfiguracions  are: 

1. Meteorological  Control  System w i t h  a 366 m s tack  
2. Meteorological  Contkol System w i t h  a 244 m s tack  
3. Par t i a l   F lue  Gas Desulphurization  with a 366 m s tack  

Tnese fall. i n t o  two c lasses .  The f i r s t   c l a s s ,   c o n s i s t i n g  o f  a l t e rna t ives  

by  reducing  stack  emissions (by operational  constraints  such as load  shed- 
1 and 2, t:he Meteorological  Control  System (MCS), would  meet the  guidelines 

ding  or  switching  to low sulphur  coal)  only when air qual i ty   predict ions 
a n d / o r   r e a l - t b e   f i e l d   m n i t o f s   i n d i c e t e   t h e t  2 guideline is l i k s l y  t o  be 
exceeded t i t  any t e r r a in   po in t .  The second c l a s s ,   a l t e rna t ive  3, Flue Gas 
Dpsulphur:.zation (FGD), would  meet the  guidelines by continuous1.y  reducing 
SO2 emissions  from  the  stack. 

A measurable  increase  in SO2 levels   in   the  local   are2  (within 25 km) should 
be  expected,   par t icular ly  w i t h  the MCS control  options.  Concentrations  ap- 
proaching  the  assmed  guidelines would occur  only on t h e  highest:   terrain 
wi th in   the   loca l   a rea ,  and concent ra t ions   a t  lower te r ra in   e leva t ions  would 
be   s ign i f i can t ly  below guideline  levels.   Increases  in  other  corttaminants 
(prr t icul .a tes ,   .oxides  o f  nitrogen,  carbon monoxide, hydrocarbons, and t r a c e  
elements) due to   p lan t   opera t ion   a re  a l l  expected  to be small in comprrison 
t o  t h e  assumed  ambient  guidel.ines. 

Mining operations,  even  with  wetting  and  other  dust  control mea:mres, could 
produce  fugi t ive  dust   concentrat ions  in   excess   of   the   short- term  guidel ines  
in   t he   va l l eys   w i th in  a few ki loxetres   of   the  mine under  restrictive  meteoro- 
logical   condi t ions  (possibly a few times a year). The annual  guideline 
could .also be  exceeded in   the   va l leys   wi th in  a few kilometres o f  the mine. 

Besed on a thoroazh  reviev of the l i t e razure   ?=r ta infng  to cl lzxat ic   effects  
of  thermal power generation, on the   f i e ld  progrem, and on modelling  results,  
i t  i s  con.cluded that   project   operat ion would have no eppreciable   effect  on 
global  at.mospheric  processes,, and only minor loca l ized   e f fec ts  on reg iona l  
and  local.   scale  cl imatic  conditions.  Waste heat  and m i s t u r e  from the cool- 
ing  towers  could  produce s1ir:ht increases  in  precipitation.  Visible  vapor 

more than 15 km from the generating station.  Ground-level fogging and 
plumes  from the  cooling towe::s would occasionally  extend  to distances  of 

ic ing  should  not  be a problem  due to the pl&e ex i t   he igh t  from the   na tura l  
d r z f t  towers.  Evaporation from the  ash pond and make-up water  reservoir 
could  cause  local   fogging  and/or   ic ing  condi t ions  in   their   imediate   vicin-  
i t i e s ,   p ; z t i c u l a r l y  on cold .days during  the  spring and f a l l .  E'redicted 
salt  dr i :? t   deposi t ion  ra tes  from t h e  cooling  towers  are  very small and 
should cizuse no adverse  effects .  

Long-range  transpor.'t  and  acid ra in  e f f e c t s  were also investigat.ed by the  
meteorology/air   quali ty  consultant.  These s tudies   indicate   that   ' short- term 
decrease:; i n  pH l eve l s  of -precipitation  could  occur  beneath the:  plume #$thin 
about 20 h of the  stack  during s-r showers. Also, because of long-range 
t r anspor t  and conversion  ,of SO2 t o  sulphates,   shorc-term  precipitation  p8 

. _  



I ' .  

r. .. 
reduct ions  of   lesser  magnitude  could  occur i n  l imited  areas a t   g r e a t e r   d i s -  
tences  from  the power plant .  The exten t  and mgnitude o f  t h e s e   e f f e c t s  are 

EIAQ to ensure  that   potential   problems due to ac id   r a in  would be. ident i f ied .  
I :.' extremely  c i i f f iculc   to  predic,:. A monitoring program i s  recome.nded i n   t h e  

rug i t ive   dus t  from mining a c t t v i t i e s  could  reduce  vis ibi l i ty  in the  val leys  . 
with in  .a 5ew kilometres  of ths: mine by  about 507. under .many meteorological 
condi t ions,  and could  reduce it even more under  worst-case  meteorological 
conditions.  Although the  pover  plant plume would be v i s i b l e  (ai)pear p a t i a l l y  

particula,:es  far dormward of t h e  p l an t  s i t e  would have minimal e f f e c t s  on r e -  
v i s i b i l i t y  kT$thin the 20 km loca l  a rea  a re  expected. Sulphate :fornation and 

I 

m opa'que) c lose  t o  the  stack, no s igo i f i can t   e f f ec t s  from  the st2c:k plume on 

.. g i o n a l   v i s i b i l i t y .  

D 2.3 NA'ER RESOuilCES IKPACIS 

(a) Construction  Period I 

( i )  Ground;rater 
I 

Poten t i a l ly   u se fu l  groundwate,r  aquifers i n  the Eat Creek Valley are smll and 
of   l imited t r e a l  extent .   Construct ion  act ivi t ies  would no: produce m y  s i g -  

systems and refuse  disposal.  Toward the end of  the  construction  stage  the 
m a x i m  groundwa:er use rate could be about  one-third o f  the  groundwater 
f l o w   r a t e ,   b u t   t h i s   r a t e  would  be temporary and the   e f f ec t s  would be  localized. 
The developmnt  should  not  affect   the  availabil i ty  of  groundvater  upstream 
or   downstrem from the  study  area.  

- n i f i c a n t   e f f e c t s  on groundwater q u a l i t y   i f  PCB guidelines are  met f o r  sewage 

I 

I .  ( i i )   Su r face  Water 

During th .e  construction  phase,  use o f  proper  seCimentation 2nd erosion  con- '  

mnt. 3raining  Finney and Aleece I d e s ,  and  the relscation of 9 l a  of nc- 
stream erosion, end water  quali ty  impacts due t o  wind and w2ter borne  sedi-  

e reas   ou ts ide  of  the Eat Creek Valley. P i t  area  dewatering also has the po- 
t e n t i a l  to a l t e r   t h e  chemical  quality  of  the  receiving  stream, Hat Creek, 
and thus  treatment  measures  should  be  provided. 

z trol   procedures  should  prevent  hydrological  impacts due to gull.ying and 

- tural Hat: Creek  channel, would cause  localized  impacts t h a t  should   no t   a f fec t  

- 
c0nstruct : ion  of   project   faci l i t ies  would al ienate   lands on  which  about 1.56 X 
106 m3/yc?ar (1,268 ac-f t lyear)   of   water  is projected for i r r i g a t i o n  use i n  
the  future .  ?art, o r  perhaps a l l ,  of   this   water   my  be available f o r  the  
i r r iga t ion   o f   o the r   l ands ,  and  thus  the  net  impact on water use  should be 
small. :he Hat Creek and Finney  Creek  diversions would block  the use of 

.*. 

I p r e s e n t   i r r i g a t i o n  conveyance ditches  associ,ated  with  the supp:ty of 3.5 X 
105 m3/year (284 ac.-ft/year)  of  water. 

m (b) operat ion Period 

..... ( i )  Groundwater . .  

. .... - 
..... ....~ - 

rl p i t   excava t ion  2nd dewatering would cu t   the   va l ley   a l luv ia l   aq ,u i fe r ,   bu t  
of  the water f r o m  dewat.ering  would  be  discharged t o  Hat Creek a f t e r  

rl 
treatment,  thereby minimizing d m s t r e a m   e f f e c t s .  

3 
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Drainage from the  proposed  vaste  disposal  sites i n  Houth Efeadows and E.kdicine 
Creek would r e s u l t  i n  soae  seepage  into  the  groundwater  system,  but  because 
the  quant i ty  o f  seepage would  be small compared to  groundwater f:!ows, impacts 
should be :Sn ina l .  Impermeable l i n ing  should be used to  control  seepage from 

w i l l  be extremely poor. 
t he   coa l  s tockpi le  and l o w  gra.de waste  pile,  as the   qua l i ty  of  the  wastewaters 

Tapacts on groundvater  quali ty from operation of the power plant  could  occur , 

a t  the  ash  disposal   s i tes .  However, with  sui table   controls  @asa prepara- 
tion, '   cutoff walls, 2nd seepage  coilection-recurn  system),  the  ispact  would 
be  l imited  to   the immediate area of the  disposal  si te.   Construction  and 
operat ion of t he   o f f s i t e   f ac i : . i t i e s  would not  azfect  the  groundwater  resoace.  

( i i )   Su r face  Water 

Operation  of  the mine should  have no s i g n i f j c t n t  impact on the  flow r e g b e  of 

m i n l y   w a t e r  which discharges  to  the  creek  under  natural   conditions.  The ex- 
Hat Creek because  the mine drainage pumped to  Hat Creek af ter   t reatno-nt  i s  

stream flow, except   that   the   a l ienat ion of 5 km of  Xedicine Cree.k v a l l e y  by 
i s t ence  2nd operat ion o f  the power p l an t  would have only minor e f f e c t s  on 

Hzt Creek divers ion would  have minor e f f ec t s  on downstrean flow regime  and 
the  ash  d .sposal   s i te  would reduce  the Hat Creek drainage  area somewhat. m e  

channel morphology. 

Runoff  and seepage  from  the  'nain  waste  disposal  sites, and pumped mine waters, 
a re   sources   tha t  would require  treatment  before  discharged  to Hat Creek i n  
order  t o  a e e t  PCB guidel ines  and to  avoid  serious  impact. Tne predic ted  
q u a l i t y  of leachates  and  runc'ff  from  the coal p i les ,   the  low-grade waste s i t e  
and the  ash  disposal   s i tes   i r .dicate   that   d ischarge of these wattlrs t o   B a t  .. 
Creek  should  be  avoided.  Amlysis of the  remaining  discharges indicates  t h a t  
d i sso lved   so l ids  and  suspended  sediment i n  Hzt Creek would be l i k e l y  t o  i n -  
crease  moderately  during  parts of the  year.  Nitrogen and phosp5orus l o s s e s  
from rec lamat ion   fe r t i l i za t ion   should  be control led t o  prevent  increases in 
Hat Creek. nu t r i en t   l eve l s .  Water temperatures i n  the Hat Creek divers ion 
canal   during 10x2 s u m e r   f l o w  would  be significant!.y  higher  than Ia t h e   o r i g i -  
nal stream channel. 

Projec t   c lpera t ion   could   a f fec t   the   ava i lab i l i ty  of up to  6.0 X lo5 m3/pear 
(486 ac - f t j yea r )  of w a t e r   f o r   i r r i g a t i o n  use.  Because pa r t  of t h i s  i s  f o r  
non-constmptive  uses in   the  :project ,   the   net   inpact  on i r r i g a t i o n  water would 
be less   than   th i s .  

(c:) kcomnissioning  Period 

Conversion of .the mine p i t   i n t o  a lake upon decomissioning would be the 
=st  s ignif icant   impact   of   this   project  on water  resources i n  E i a t  Creek Val- 
ley. It would convert Hat Creek i n t o  e fully regulated  stream 2nd could 
have   de t r imenta l   e f fec ts  on water  quali ty i n  the  stream.  Studies  should  be 
undertaklsn t o   e v a l u a t e   t h e   a . l t e r n a t i v e s   f o r   f i n d  mine reclamation. In p e -  
titular the environmental effects   should be carefully  considered. 

D 2 .4  IMPACTS ON iQUATTC ENVnONMENTS 

The Hat Creek Pro jec t  would d i r e c t l y   a f f e c t  
Thompson River and the Hat Creek  uatershed. 

4 
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to regional  water  bodies and stream  courses due t o  long-range  trmlsport of 
a i rbone   po l lu tan ts   could   a l so   occur  to a l imited  extent.  The major a q u a t i c  
resources of  concern  2re  the  resident  f ish  population of b t  Creek, p r i n c i -  

River  watershed.  Although  spe,cific  impacts  could  affect  such other  ecosystem 
pa l ly  rainbow t rou t ,  2nd the  migratory salm0ni.d population  of the Thompson 

cozponents  such  as  benthic  invertebrates  or  primary  producers  to a g rea t e r  
o r  lesser   extent ,   the   f ish  populat ions  are   the  pr incipal   concern t o  man.  Any 
signific2n.t  changes a t  other   biological   levels   of   organizat ion would be r e -  
f lec ted  i n  a change i n  the  f ishery  resources  of  the  inpacted  habitat .  

Inpacts   associated w i t h  the  project  development would include,  but no t  be 
l ini ted  to ,   the   fol lowing  categories:  

1. Rtbi ta t   modif icat ion 
2. Habitat  loss 
3. In take   e f fec ts  . 

Habitat   modification  considers  the  effects  of  such  factors  as  water  quali ty 
degradation,  sedimentation 2nd flow reductions on the  fish  popul.ations of 
water  bod:fes. H.abitat loss  r e s u l t s  from a project  action,  such  as a creek 
diversion,  which removes an a r e a   f r m   u t i l i z a . t i o n  by the  biota.   Intake 
effects   r i tsul t   pr inci .pal ly  from impingement csf juvenile  salmonids. 

. .  . 

(a)  Construction  Period 

Impacts t o  aquat ic   habi ta ts   during  the  construct ion phase of  the  project  
would  be  of a local   natuze and  would  be l imited  pr incipal ly   to  ' l)  h a b i t a t  
nodi f ica t ion   assoc ie ted  w i t h  unavoidable   s i l t a t ion  from construction 
ac t iv i t ies   (espec ia l ly   s t ream  c ross ings) ;  and 2)  hab i t a t   l o s ses   r e su l t i ng  . . 

pipeline  crossings  of  the Borlaparte  River,  and  diversion  of Hat Creek  and 
from construct ion  of   the  intake  s t ructure   in   the Tnompson River,  road  2nd 

by 1 i n i t i . n g   a c t i v i t i e s   d u r i n g   c r i t i c a l   l i f e   h i s t o r y   p e r i o d s ,  such as spawn- 
i t s  tributaries.   Impacts  associated  with  sedimentation  could  be  amelioreted 

ing  seasons, and zvoid ing   c r i t i ca l   loca les   dur ing  peak  runoff  periods. 
Habitat  l o s s  due to   d ivers ion  of Eat Creek would represent  a minor d i r e c t  
loss  tu the   product ivi ty  of .tire wztcrshed. Some a d d i t i o n a l  stress to fl.sh 
population  might  result  from increased  f ishing pressrt-e  due to   r ec rea t ion -  
a l  f i sh ing  by the work force. This stress could be reduced o r  avoided  by 
prohib i t ing  o r  l i m i t i n g   f i s h i n g   i n   h a b i t a t s  of  concern. 

(b) Operition  Period 

Project  operation  presents  the  major  aquatic  ecological  concern,  as i t  would 
a f fec t   the   equat ic   resources  on both a local. and regional  basis.  Water  with- 
drawal from the Thompson R i v e r  could  resul t  i n  the loss  of  some: juveni le  
salmonids by impingement,  bu,t f i sh   p ro tec t ion   des ign  parameter:; incorporated 
in   the   des ign  o f  the  proposed  intake would minimize poten t ia l   losses .  I n  
addi t ion ,   po ten t ia l   losses  could be  reduced  s ignif icant ly   i f   the   intake is 
not operated  during  cri t ical .   juvenile  migration  periods.   (Resezvoir  storage 
capaci ty  would be  suff ic ient ;  to allow power plant   operat ion t o  continue 
during such periods.)  Thus the  design and operating  constraints  should re- 
sult in a negligibie  impact on the  regional salmon f i she r i e s  industry. 
Habitat   modification if water qua l i ty  i n  Hat Creek i s  degraded  vould a f f e c t  
t h e  dom,stream  rainbow trout population  adversely. This lost would not  be 
offset t,y any addi t iona l .   habi ta t  i n  the  diversion  canal.  

. 
5 
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Long-range t ranspor t  o f  air  pollutents  possibly  could  cause  measurable  changes 
in   water   qual i ty   of   lakes  2nd strean  courses downwind of the  project;   such  ef-  

i den t i fy  any  changes.  Analysis  of  the  available  data  suggests h'owever t h a t  
fects  could  be cumu1a:ive through  the . l i f e  o f  the  plant.  Nonito.ring  could 

any  such  water  quality  degradations  should noc  exceed  acceptable levels. 

D 2.5 L&D RESOUROS WJ'ACTS 

The specif ic   land  resources   for  which  environmental  impact  assessment  has 
been  undertaken  comprise  the  following: 

2. Wildl i fe  
1. Vegetation and Physical Environment 

4 .  Agricul ture  
3. Fo res t ry  

L2ni  a l i k t i o n  during  the  construction  period, and a i r   qua l i t y   deg rada t ion  
during  the  operation  period, .would cause  the  major  effects. In the   regional  
context,  :impacts on land  resources  should be  moderate. Those r t l a t e d   t o  
c o n s t r u c t i o n   a c t i v i t i e s  would be  temporary  and  mostly  l imited  to  actual  facil i ty 
s i t e s .   0 :pe ra t iona l   e f f ec t s  on f l o r a  and fauna,  including  those which could 
r e s u l t  fr,am ambient a i r   q u a l i t y  changes, wou1.d 211 be  limited tn an area   wi th-  
i n  25 km of the   p l an t   s i t e .  

(a)  Construction  Period 

Agr icu l ture   i s   the   p r inc ipa l   l and   resource   ac t iv i ty  t h a t  would 'be a f f ec t ed  
by construction.  Cattle  grazing and the  organizat ion  of   exis t ing ranch . 

areas   a re   the  two agricul tural   resource  aspects  which would be most affected.  
Construction  of  the mine  and associated  waste d t n p s  would a l i ena te   l and   t ha t  
i s  regarded as good range and cropland.  Plant  construction would a l i e n a t e  a 
smaller zrea  and land  that  is generally  less  valuable  for  grazing. 

The loss of   fores t   resources  due t o  construction  of  the mine 2cd power p l an t  
would  be minor s ince   the   fores t   p roduct iv i ty   o f  most of t h e  land i s  poor. 
A large  percentage of  the e x e  a rea  is unforested, and t h e  f o r e s t r y  loss 
due t o  d.ne  development  has  already  been  deducted from the  allclwable  annual 
cut. 

Some rip;zrian  vegetation would be l o s t  by  development of  the mjhe. This 

wild l i fe   habi ta t   because  o f  i t s  l imited  extent i n  the  Valley..  Wildlife  habi- 
vegeta:ion i s  only found along  portions o f  Hat Creek, and i t  i s  an  important 

t a t  loss due t o  construction of  t h e  power pi.anc  should  be minirnal. 

@) Operation  Period 

Opera t iona l   e f fec ts  on the  f lora  and  fauna of the &t Creek  Valley  and  en- 

m e   t h r e e   a l t e r n a t i v e  AQCS/r;tack he ight   a l te rna t ives   a re   descr ibed   in  
virons would r e s u l t  primari1.y from the  degradation  of  anbient ,a i r  qua l i ty .  

Sec t ion  D 2.2. As is noted  there,  each o f  these would meet the assumed 
ambient air  q u a l i t y  p i d e l i u e s  for .SOz. Xowever, increased SO2 concentra- 
t ions  s t i l l  could  be  expected  to  cause some shor t - te rm  e f fec ts  on vegeta t ion  
w i t h i n  2 5  km of the   p l an t   s i t e .  These effects  should be l imi t ed   t o  vege- 
tation g;rowing on the  highest   elevations i n  the  Clear Range, Arrowstone 
~ 1 1 ~  artd Cornwall K i l l s ,  where the  greatest  ambient  concentra.tions of pollu- 
cants vctuld occur. 
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Total  prote,ction  of  vegetation  cannot be assured  solely by com?liance  with 
the  assmecl  guidelines  for  3-hour  averages  because  an  averaging  period a t  
any par t icular   terrain  point   could  include 1 h o u r  or  shorter  periods  with 
concentrations  high enough to   a f fec t   vege ta t ion .  With a meteoro1,ogical 
control  system QlCS), short-te:m  high  concentrations  could be expected. 
With f l ue  gas desulphurization (FGD) ,  in   cont ras t ,   the  maximum short-term 
concentrations would  be s i g n i f i c a n t l y  lower. 

Neverthele:ss, if a 366 m (1,200 f t )   s t a c k  w i t h  e i t h e r  an MCS o r   p a r t i a l  
FGD'con:rol s y s t e n   i s  provided,   the   short- tern  vegetat ion  effects   in   the 
upland  terrain  should be  minimal. I n  comparing  the two 366 m s tack  cases ,  
t h e   p a r t i a l  FGD system  should r e s u l t   i n   l e s s  impact on vegetation  than  the 
MCS system. If a 244  m (800 f t )  s tack  with MCS is provided,  the  impact  on 
vTgetation  should be greater  because m a x i m u m  SO2 concentrations .are predicted 

found a t   h igher   e leva t ions  are not  economically as productive as those  present  
to  be greater   with  the  shorter   s tack.  The fo re s t s  and range  vegetation 

i n   o t h e r  parts of  the  valley.  Tnerefore,  because  the most s ign i f i can t  air 
qual i ty   degra2at ion would occur a t   these  high  e levat ions,   the   inpact  on 
r eg iona l   fo re s t ry  and range  vegetation  resources would be ninimal, 

The potential   for  long-term 01: chronic SO2 injury  cannot  be  assessed  ac- 
cu ra t e ly  due to   the   l ack   of   def in i t ive  work o r  publ ished  resul ts  on t h i s  
aspect  of air pol lu t ion   e f fec ts  on  vegetation.  If  i t  were  to  occur i t  
would  be nost  apparent a t  higher  elevations.  

Fluoride  emitte'd  during  plant  operation  in  the  gaseous form of E F  could  be 
an i n ju r ious  air  pol lutant .  :Zxtremely low concentrations  of BF (in the  ppb 
range)  have  been  reported  to '38 in jur ious  t o  sensi t ive  species  r:uch as Pon-, 
derosa  pine. The fluoride  question  cannot be  resolved a t   t h i s   t h e  because 
o f  wide var ia t ion  in   publ ished and unpublished  data on the  percentage  of 
f l uo r ide  ::eleased i n  gaseous form during  coal,  combustion. 

Tne degradation  of  zmbient  air   quali ty  should,   not have an adverse  effect   on 

minimal. 
b i rds  or 1-1s. Other   effects   of   project   operat ion on the f211na should  be 

D 2.6 SOCIOECONOMIC IMPACTS 

fie Hat  Creek Pro jec t  would t i r e c t l y   a f f e c t   l o c a l   p o p u l a t i o n s   r e s i d i n g   i n  
the  Valley and  communities within  about. 30 kilometres from  the Project  

having ec,onomic linkages with the 10~21 cornuni t ies  might a l so  'be affected.  
centre.   Population  centres  outside  the  local  area,   such  as b l o o p s ,  

Tne l i s t  below includes some of  the  major social, p o l i t i c a l  and  economic 
areas   of   concern  that   are   addressed  in   the E'IAR (not  necessarily i n  order  
of  import.ance): 

1. Population, Income and Employment 
2. Housing and In f r a s t ruc tu re  
3. Social  Adjustment 
4. Local Government aDd  Co-ity Services 
5 ,  Land Use .'and Aesthet ics  
6.. Native  Indians 
?,, Recreation 
8, .  Archaeology 
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hu-an populations and t h e i r  econonic 2nd soc i a l  a c t i v i t i e s ,  bu t   a l so  by pop- 
~r,?ac:s wo,lld be caused  not only by in t rus ion  of the  Project conponents on 

ulzt ion-induced  effects  of  the Hat Creek Project .   Specif ic   casual   factors  
could  include  resource  use  changes,  labour  requirements,  expenditure  patterns, 
population  in-migration, 2nd aes the t ic   a l te rac ions .  

(a)  Construction  Period. 

During  construction,  land  use  in  the Hat Creek Valley would be dhanged from 
agr i cu l tu re   t o  mining 2nd e lec t r ic i ty   genera t ion .   Fores t ,   wi ld l i fe  2nd ocher 
land  resou-rces would be dis turbed  local ly ,  2nd t h i s  would a f f ec t   r ec rea t ion -  
a l  uses. The cons t ruc t ion   ac t iv i ty  would r e s u l t   i n  an inf lux   of  men and 
mater ia l ,   wi th   assoc ia ted   no ise  2nd dust,  which a t   cer ta in   t imes  and places  
might  negz.tive?y  affect  the  local  population,  including some Native  Indians.  
Archaeo1o:;ical resources  could be a f fec ted  by the  disruption  of  land  znd  by 
increased  access. 

Construction  porkers 2nd t h e i r   f m i l i e s  would require  housing,  nedical,  
educat ional  and other   cornuni ty   services  which  could  place  pressure on ex- 
i s t i n g   c a p a c i t i e s  o r  s t r a i n  t:?e f i n a n c i a l   a b i l i t y  o f  l oca l  communities t o  

male conslxuction work force i n  the H2t Creek Valley Can? or i n  the  local  
provide  the  addi t ional   services .  The locat ion of  2 l a rge  2nd prim.zily 

communities  could  be  expected t o  increase some soc ia l  problems  and  would 
requi re   ad jus tuent  on the   par t  of the permanent res idents ,  

S igni f icant   reg iona l   benef i t s  would r e s u l t  from local  enploynent on the  
p ro jec t  and from  increased income 2nd employment cause by project   re laced 
expendi tures   in   the  s tudy.   area.  The t o t a l  Hat  Creek labour  forces would ... 
peak a t  mare than 3,000 persons by the  t ime  the  f i rs t   uni t   begins   operat ion 

increase  of   the  more permaner.t operating work force  should  not  be  disruptive 
in   t he  m i d  1980's. Subsequea.t decl ine of t h e  construction work force  and 

if business  and o the r  conmuni.ty leadership  groups  plan  appropri,ately. 

@) Operation  Period 

&st  o f  the  operat ing work force o f  more than 1,000 persons would r e s i d e  
w i t h  t h e i r  fami l ies   in  t h e  l o c a l  communities and  become assimilated i n t o  
the  socia .1 ,   pol i t ical  2nd economic fabric.  Their income would be  bene- 
f i c i a l  tct t he   l oca l  economy. Assuming 2 reasonable   dis t r ibut ion of the 
opera t ion   s ta f f  and their  fatnilies  mong  the  comuunities,  the  impacts  on 
cornuni ty   in f ras t ruc ture  and services should be mininal i n  m o s t  ins tances;  
planning on a regional  and h C 2 1  l eve l ,  would a id   i n   i den t i fy ing   de f i c i en t  
se rv ices  or p o t e n t i a l  burden.9 on  governmental  units  to'provide  services. 

Tne expenditures made by the  operat ing work force and the i r   f ami l i e s  i n  
the  study  area would generate   addi t ional   incom 2nd employment,  which i n  
turn  should  stimulate  fn-migration 2nd thus  increase  the  population  base. 
Any purchases made by B C Hydro i n  the  local   area  during  the  constmction 
or  operaZion  phases, would also promote regional economic  development. 

Although the recreac ion   po ten t ia l   in  Hat Creek Valley would be  affected,  
recreation  days  in  the  overa,l l   study  region  should  increase owing to  the 
population  increase.  The operation  of  the  plant would s1ight l :y  degrade 
the  qual i ty   of   the  air shed through  airborne  contaminants  such  as  sulphur 
dioxide and  and nitrogen.ox5.des,  but  health-related hazards of  such con- 
:a-inants would be insigiiifi,can.t. 
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CHAPTE? 1.0 - THE  HAT CREEK PROJECT 

B r i t i s h  Columbia  Hydro and  Pcwer Author i ty  (8.C. Hydra)  proposes to   const ruct  and operate a 
2000 W coal-f ired  powerplant, open p i t  Coal mine and a n c i l l a r y   o f f s i t e   f a c i l i t i e s   i n   t h e  Hat Creek 
Valley.  Hat Creek Va l ley   i s   loca ted   in   sou thcent ra l   Br i t i sh  Columbia and i s  bounded by la t i tudes 50°15' 
and 50°50', and longitudes 121'25' and lZl"45'.  

Hal: Creek Valley forms p a r t  of  the Thompson plateau  region which  separates  the Coast Range from 
the Monashee  Range o f   the  Rocky Mountains.  Although characterized as  a plateau,  the  region i s  marked by 
dramatic  topographic  rel ief.   Erosion  by  large  r ivers such as the  Fraser and  Thompson,  and smaller streams 
such as Hat Creek, have dissected  the  platc?au and created a stark. rugged  landscape. 

Ha': Creek Valley  varies i n  elevation  from about 490 m above MSL a t   i t s   l o r e r  end near :he 
v i l l a g e  of Carquile where Hat Creek jo ins  the Bonaparte R iver   to  about 1070 m i n  the upper va l ley  above 
the proposec pro jec t   s i te .  Ridges t o  the south o f  the  project   are 1 5 5 5  m above MSL .and the  Cornwall 
H i l l s   t o   t h e  southeast  area 2010 m above MSL. Peaks of  the  Marble Range t o  the  north  reach  elevations  of 
about 2075 m. Maximum elevations betweeil 2196 m and 2320 m are  found i n  the  Clear Range t o  the west. The 
pro jec t   s i te   i s   approx imate ly  16 km southwest o f  Cache Creek and 80 km west of Kamloops (Fig. 1.0-1) .  

Th,? project   consists  of :  

1. Oevelopaent, operation and decomi r~s ion ing   o f  an  open pi: mine t o   e x p l o i t  320 M t  of Hat Creek coal 
from thi? No. 1 deposit. 

2. ConstruBztion. operation and decommissioning o f  four 500 W net  (560 IM gross)  ccal-fired  thermal 
generation  units. 

3 .  Construztion,  operation and decomraissioning of o f fs i te  systems which include  projecr. access roads. a 
makeup cooling  water  supply system. a 69 kV transmission system. creek  diversions. an a i r s t r i p ,  
constru:tian camps and equipment a f f ' ,oad ing   fac i l i t i es .  

The mine would  be located in the  f loor o f  upper  Hat Creek Val ley  wi th  the dcmwnstream p i t  rim 
about 1 Lm i ou th   o f   the  mouth o f  Marble Canyon at   the  t ime  o f  maximum development. The powerplant i s  
proposed t o  be located on ro l l i ng   up la ' l d   t e r ra in  about 4 kn east  of   the mine head .a t  an elevation  of 
aoout 1410 m.  

Cooling  water  for :he powerplan:, and t h e   r e l a t i v e l y   m a l l  amounts of water  for  other uses, 

would be  pumped from the Thompson River,  approximately 23 ia t o  the  east. The cooling  water makeup 
requirements would be minimized  by a rec i rcu la t ing  system and a l l  blowdown would be cons,mptively used by 
other  p lant  !iystems so that  the  plant  operates i n  a "no discharge" mode o f  operation. 

For  the purpose of :his report.  construction i s  assumed t o  begin i n  1980 or 1981. Unit i of   the  
powerplant i s  scheduled to  begin  operat 'on  in 1986. This would requi re  complet ion  o f   the  o f fs i te  systems 
and developn,ent of   the mine by tha t  date.  Units 2 ,  3 and 4 were assumed t o  begin  operation i n  1987, 1988 
and 1989, respectively. 

1 -  1 Part One 



The Environmental  Impact  Assessment  Report ( E M )  summarizes the relevant environmental and 
engineering  studies  conducted in support of  the project. Engineering  descriptions  present the  major 
project  systems  and  alternatives  which  could  affect the environment. Because of  the evolutionary  nature 
o f  complex thermal power developments. the engineering  systems  presented  are  subject to continual  analysis 
and revaluation. It  should  be  expected, therefore, that  design  changes  would  occur during the Subsequent 
engineering phases. Emphasis  wauld  be  given to systems for uhich consumptive  resource uses could be 

minimized and far which enviromental impacts  have  been  identified  and minimized. 
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CHAPTER 2.0 - SUMMARY  TERMS OF REFERENCE 

In June 1976 B.C. Hydro  commissioned  Ebasco Servic~s of  Canada  Limited,  Environmental  Con- 
sultants  (ESCLEC) t o  coordinate  the  detailed  environmental  studies on the  proposed Hat, Creek  Project. 
ihe broad  objective  of the terms o f  reference  prepared by  B.C. Hydro in 1976 and  finalized in August 1977 
are: 

To identify  and  evaluate  the  effects of the  proposed  Hat Creek coal  mine, 2000 bTm generating 

anc  to  compare  these  effects  to  the  development of the  area  and  resources  without  the  project. 
station  and  ancillary  offsite  facilities on the  natural  and  cultural  environment of the  region, 

B.C. Hydro  identified  five  broad  areas of study.  These w e w  assigned  to  consultants  for  investi- 
gation. Table 1.0-1 sumnarires  the stuiiy components  and  the  primary  study  teams.  There  organizations 
were responsible  for  the  preparation of the  Environmental  Impact  Assessment  Report  (EIAR)  technical  data 
base. for  the  accuracy of the  resource  inventories  and for the  professional  merit of the  impact  analyses 
and  conclusions. 

As  coordinating  consultant,  ESCLEC  administered  the  detailed  environmental  studies,  transmitted 
information  from  the  design  consultants  to  the  environmental  consultants  and  ensured  satisfactory  con- 
promises  betdeen  engineering  requirements  and  environmental  constraints.  ESCLEC  advised B.C. Hydro of 
areas  which  required  either  more  intensive  analysis or separate  investigation.  Implementation of these 
suggestions  served  either  to  modify  the  terns o f  reference or to  initiate new studies.  ESCLEC  prepared 
the  text of t!ie  E?AR  based on the consultants'  reported  results. 

The, conduct of the  detailed  environmental  studies  paralleled  the  engineering  conceptual  and 
preliminary  design.  This  approach permii.ted continuing  liaison  between  the  environmental  and  engineering 
investigations.  As a result, design fecures which  would  mitigate  environmental  impacts  were  incorporated 
early in  thle project  design.  Because of the  conservative  approach  used  to  predict  impacts  and  the 
inclusion  of  preliminary  design feature!, to  mitigate them, it. is expected  that  the  final  design  would 
further  reduce  the  impacts  presented in this  report. 
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CHAPTER 3.0 - PURPOSE  AND SCOPE OF THE  ENVIRONMENTAL  IMPACT  ASSESSMENT  REPOPT 

The EIAR integrates  the  results  of  the  detailed  environmental  studies ( D E S )  f o r   t he  proposed 
Hat Creek Project .  The study team  and the i r   respec t ive   respons ib i l i t i es   a re  presented i n  Table 1.0-1. 
The purpose 01' the EIAR i s :  

1. To  summat-ire  and integrate  the  enviromental  data. 

2. To provide an information base for  the development o f  the  Environmental  Impact  Statement ( E I S )  

3 .  i o  provide a techn ica l   bas is   to   ider l t i f y  and recomnend environmentally  compatible system a l ternat ives 
for   the  project .  

The EIAR presents  the technic.31 resu l t s   o f   t he   l oca l  and regional  resource  inventories and 
projected  environmental  impacts caused by construction.  operation and  decommissioning o f  3 2000 Hw power- 

1978. 
p lant ,  open pit mine and o f f s i t e  support f a c i l i t i e s .  These studies  occurred between  June 1976 and  June 

Natural and cu l tu ra l  resources  are  described and projected  over  the  expected 3tl-year per iod   o f  
powerplant  operations. Resources are  projected on a with- and without-project  basis. The dif ference 
between the  scenarios i s  defined as the  Hat Creek Project impact. 

It i s  understood t h a t  B.C. Hydro, a f te r   the   l i cens in ! l  procedures  are  determined,  would ou t l i ne  
the  appl icable  guidel ines and object ives  that   must .be  sat is f ied  to   obta in  necessary  approvals, and tha t  
thereafter  the E I S  would be prepared. Tile E I S  would  evaluate  environmental  impacts  with  reference t o   t h e  
regulatory  requirements i n   t h e  framework 01' a benefit-cost  analysis. 
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CHAPTER 4.0 - ENVIRONMENTAL IMPACT ASSZSSHEHi  REPORT FORHAT 

Environmental  studies f o r  the  proposed  Hat  Creek  Project  are summarized i n   t , l e  EIAR. Descrip- 

t i ons   o f   po ten t i a l  impacts  are  develope,i based on a comparison  of  with-and-vithout-case  projections  of 
natura l  and cul tural   resources.  Mit igat 'on and compensation measures to   amel iorate  the  potent ia l   e f fects  

a r e  discussed. It i s  intended  that   the E I A R  prov ide  the  re i ider   wi th   suf f ic ient  back,ground in format ion 
and descr ipt ion  to  enable  evaluat ion  of   the consequences of   the  project  f r o m  l oca l  and regional  perspec- 
t i v e s .   i o  ensure t h a t   t h i s  goal i s  achieved, it i s  necessary that  the  reader  understand  the  present 

status  of   the  natural  and c u l t u r a l  re!iources, the  nature O f  the developments  which  could a f fec t   the  
environment and the  importance  of   the  benef ic ia l  and adverse  impacts of the  project.  This  report i s  
intended t o  provide  the  basis  for  such understanding. 

The E I A R  consists o f  f i v e  parts.   Part  One, en t i t . led   " In t roduc t ion" ,   desc~ ibes   the  purpose, 

scope and format o f  the  repor t ,   the  h is tory  o f  t he   p ro jec t  and the t e r m s  o f  reference. 

P a r t  Two, en t i t led   "Descr ip t io i i  o f  the H a t  Creek Pro ject " ,  i s  based on pro jec t   desc r ip t i ons   o f  
the mine and o f f s i t e   f a c i l i t i e s  prepared  by E.C. Hydro'" and on a pro ject   descr ip t ion  o f   the  powerp lant  
prepared by  Integ-Ebasco . These descr ipt ions were developed  from  preliminary  erlgineering  studies 
especia l ly  for use  by the  environmental  consultants.  ihey  characterize  the  major  features  of  the  proposed 

development  arld  summarize informat ion on engineering systems which  could  affect  the  environnent. 

3 

Part   ihree,   ent i t led  "Envi ronmenta l   Set t ing  wi thout   the  Pro ject " ,   presents  1. Methodology 
2. Resource Inventory and 3. Resource ,rejections Without  the  Project. The present  natural and c u l t u r a l  

resources  of'  Hat Creek Val ley and the  surrounding  region,  contemporary  constraints and a   p red ic t ion  of 
the i r   s ta tus  over  35 years i f  the  pro ject  were not  constr,ucted  are  discussed. P a r t  ihree  discusses 

meteorology-a.ir  quality,  socio-economics and noise as wel l  as  land and water  resources. 

Par': Four, e n t i t l e d  "Impacts (if Pro ject  Development" presents  the  environmen%al  impacts  of  the 
Hat  Creek Project.  Included i n   P a r t  Four are  impacts  associated  'with: 

1. Preconst i -uct ion  act iv i t ies .  

2 .  Construc':ion a c t i v i t i e s .  

3. Ooeratiolr a c t i v i t i e s .  

4. Deconmis:;ioning a c t i v i t i e s .  

Environmental  impacts o f   the  above a c t i v i t i e s  on t h e   t e r r e s t r i a l  and aquat ic  b iota,  a i r  q u a l i t y ,  hydro- 
logy,  water  qual i ty,  geology,  cultural  heri tage and socio-economics  resources were evaluated  to  determine 
mit igation  requirements. Most o f   t he   i n fo rma t ion   p rov ided   i n   t h i s   pa r t   o f   t he  E I A R  i s  developed  from the 
impact  evaluations  presented i n  the  Detailed  Environmental  5,tudies (DES). However, t.0 ensure  complete 

top i ca l  coverage, ESCLEC developed some o f  the  information  presented i n  Part  Four. 

Par t   F ive   en t i t led   "Mi t iga t ion ,  Compensation  and Monitoring",  discusses  specific recommendations 
made fo r   t he  Hat  Creek Project .  It i s   w r i t t e n  on the  basis  of   the DES report!; and the   p ro jec t  

descript ion.  Also  included i s  a discussion of proposed  environmental  monitoring programmes. 
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CHAPTER 5.0 - PROJECT HISTORY 

5.1 THE  POWERPLANT 
U 

In 1970 the British  Columbia Erlergy Board conducted  a  study to assess  future  provincial  energy 
needs  through 1990.' The  results, published in May 1971, predicted  a peak provincial electric power 

m demand of I 9  984 megawatts (My) and 112 120 million  kilowatt hours (kwh) of annual enercy  demand by 1990. 
This  projected demand corresponded  to an average  annual compound growth rate of 7.Li percent  for  the 
20-year  period  between 1970 and 1990. 

L 

To meet the projected e1ectrii:ity load gwwth, the Energy Board commissioned Montreal Engi- 
neering  Company  (Monenco) to study  and  recommend the most  desirable sequence of electrical plant  construc- 
tion  through '1990. A report,  entitled "Electric Energy  Resources and  Future  Power Supply" was published 
in August 197:!.' Monenco  recommended a combined programme of hydro and thermal power  development based 
primarily upon an expansion of hydroelect,ric generation capaci.ty and on the use of  coals from either  the 
East Kootenay or Hat Creek areas. 

In 1974 Dolmage. Campbell  and hssociates inventoried the coal reserves and re!iources in British 
Columbia. Their report, entitled "Coal ksources of British  Columbia",  issued in  April 1975, summarized 
the provincial coal  reserve^.^ The  study detailed all major provincial  reserves  and  emphasized those on 
Vancouver  Island as well as the vast  thermal coal deposits in the  Hat  Creek and East Kootenay areas. The 
report indicat.ed that the Hat Creek and East Kootenay  deposits had sufficient proven re!ierves to supply a 
2000 Md s t e m  ,electric generating  station I'or 35 years. 

In :!974 B.C. Hydro  appointed a  task  force to evaluate  the  alternative  generation  projects and 
energy  resources in terms of their economics,  the provincial  energy  demand  and the environment. The  task 

were  cognizant that economic and environmental  realities constrained new  hydroelectric generation  sites 
force publishsd its findings in  May 1975 in a report  entitled 'Alternatives - 1975-19110"p4 The  authors 

to Revelstoke on the  Columbia River  and to  further  development  of  the  Peace River. Based  upon this 
analysis they recommended a programme of e lectr ic  enerqy development through and beyond 199C,. 

The  task  force recommended a mixed programme  of gas turbine units for Vancouver  Island,  installa- 
tion  of 2700 1M at Revelstoke, two coal-fired thermal plants,  the  HcGregor and  Kootenay diversions, and a 
system of peal<ing units  at G.M. Shrum. Mica, Revelstoke  and Seven Mile to satisfy the diverse  provincial 
power needs. A coal-fired thermal-e1ect"ic project  burning  Hat Creek coal was identified as the overall 
most  economic source o f  energy after Revelstoke. The report  concluded  that a programle "...include the 
development o f  coal-fired  thermal power at Hat  Creek as being the  most  economic way 01 generating power 
to meet the f!lectric load .growrh in thc! province  from 1986 'to 1990, based  upon  infornation available". 
Because of this  analysis and the  strength  of  the recommendation!; by the  task  force, B.C.  liydro investigated 
a Hat Creek coal-fired  thermal-electric st.ltion in detail. 

I 

B.C. Hydro realized  that  if ttle power  needs  could be Satisfied by the first. major coal-fired 
thermal plant in the province, it would evoke  concern  for pr1,tection of the environment. To assess the 
envircamental  feasibility of  a Hat Creek coal-fired  generating  station, B.C. Hydro prepared  terms of 
refercnce  for  a preliminary  environmental  impact study. 
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5.1 THE POWERPLANT - (Cont'd) 
In July 1974, B.C. Hydro  authorized two groups, 8.C. Research  and  Oolmage, Campbell  and 

Associates,  to  conduct  a  preliminary  environmental  impact  study  of  the  proposed  2000 tN Hat  Creek  power 
development. The  preliminary  impact  report,  completed in August  1975,  presented  the  combined  environmental 
effects  of  construction  and  operation  of  a  powerplant  located  at,  or in the  vicinity  of,  the  Hat  Creek 
coal d e ~ o s i t . ~  Although  the  study  reported several  important  environmental  concerns, it made no preferred 
site  recommendations.  To  complete  this  task, B.C. Hydro  commissioned  Integ-Ebasco  to  conduct  conceptual 
design  and  site  evaluation  studies. 

The  Site  Evaluation Report,  issued in October 1976, identified  a  site  at  Harry  Lake in Hat 
Creek  Valley as the best  location  for  a  coal-fired  power  station  burning  Hat  Creek coal.6 The recomended 
mine  mouth site was  based upon  economic  and  environmental  considerations.  Upon  completion  of  the  site 
evaluation  study, B.C. Hydro  released  terms  of  reference  for  a  6-month  detailed  environmental study of 
the  region  around Harry Lake. The  terns  of  reference,  prepared in accordance  with  the Coal Oevelopment 
Guidelines,  addressed  the  ecological,  socio-economic,  meteorological and hydrological  facets  common  to 
major  thermal  power development projects. 

An analysis  of  the  preliminary  results  from  these  studies,  and in particular  of  the  ambient  air 
quality  and  socio-economic  effects,  compelled  the  decision  within B.C. Hydro  that  the  resource  inventory 
Component of the  environmental  studies  extend  Over  one full calendar year. Several  topics  were  also 
enumerated  which,  because  of  their  sensitivity,  warranted  separate  study efforts. For example, the 
Thompson  River  water  intake,  the  bulk  sample p r o g r m e  and  studies  of  the  native  Indian  people  each 
required  more  treatment  than  was  anticipated  at  the  outset of  the  studies. As a result, B.C. Hydro 
broadened  the  terms  of  reference to include  these special studies,  as well as  to  extend  the  study  period. 
These early  decisions  increased  both  the  scope  and detail of  the  project  impact assessment. 

5.2 THE  COAL  MINE 

The record of Hat  Creek coal began when  prospective  deposits from  Hat Creek  Valley i n  central 
British  Columbia  were  reported in 1877 and 1894 by  G.H. Dawson o f  the Geological  Survey  of  Canada. 
Exploration  of  the  deposit  centered on Hat  Creek,  where  bank  erosion  exposed coal from  the NO. 1 deposit. 
By 1925. three  shallow shafts, two  short  adits and seven drill holes nere  driven  along  the creek. 
Proximate  analyses  were  also  obtained on 24  mine  samples and 32 drill  samples.  No  further work  on  the 
deposit  occurred until  1933. 6 

Small scale  comercial exploitation  of  the No. 1 deposit  began in  1933. Setueen  1933 and 1942 
a  few hundred tonnes of  coal per year  were  produced  for  sale  to local towns  and villages.  Production 
ceased in 1942  and no work  resumed until 1957  when  the  property  was  optioned by Western  Development and 
Power. Limited,  a  subsidiary  of B.C. Electric  Company, Limited. At  that  time  one  Crown  Grant  claim  was 
explored  extensively by surface  diamond  drilling.  Between  1957 and 1959, 165 proximate  analyses  were 
obtained from the drill  cores. 

Ownership  of  the  one  explored  Crown  Grant  claim  and  two coal licenses on the  Hat  Creek coal 
property  was  transferred  to 8.C. Hydro  when B.C. Hydro  was  incorporated.  Exploration on  the property 
ceased until mid-1974 when B.C. Hydro and Power  Authority  began  definitive  drilling o f  the known  deposit. 
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5.2 THE C O A L  MINE -' (Cont'd) 

In 1974, B.C.  Hydro acquired  ccal  licenses  for most of the upper Hat Creek Valley. Reconnais- 
sance dr i l l ing ,  conducted under the  auspices of B.C. Hydro, revealed two  coal  deposits:  the No. 1 deposit 
a t   t h e   s i t e  of the proposed open p i t ,  and the No. 2 deposit  south of Anderson  Creek. lhe former deposit 
contains  estimated  reserves o f  825 U t  of sub-bituminous coal and  t.he l a t t e r  3.1 G t  of coal. 

Oefillitive  geological and geotechnical wrk on the No. 1 deposit  continued  t,irough 1978 in an 
effort   to  refine  the knowledge  of the   i a t  Creek No. 1 deposit. Such knowledge i s  a fundamental pre- 
requisite  to  the development  of  an eff.icient mine plan  prior  to  the  initiation of  mine preproduction 
work. 

I 

Y 
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CH,qPTER 1.0 - INiROOUCTION 

Part. Two o f  the E I A R  presents  engineer ing  descr ipt ions  of   the  major  project  components  and 
a l te rna t i ves  f o r  the  mine,  powerplant and o f f s i t e   f a c i l i t i e s ,  Each descr ip t ion was prepared  especially 

f o r  the E I A R  and presents  engineering  details  which  would have environmental  relevance  should  the  project 
proceed. Because ongoing  engineering  sti ldies  could  revise  the  various systems as knowledge o f   t he   p ro jec t  

increases, it i s  l i k e l y   t h a t  changes i r  t h e   f i n a l   c o n f i g u r a t i o n   o f   p r o j e c t   f a c i l i t i e s  would  occur. One 
onject ive  o f   the  deta i led  des ign phase would be t o  r e f i n e  each of   the  se lected system$; s o  that   environ- 

mental  imoacts i d e n t i f i e d   i n   t h e   d e t a i l e d   c n v i r o n m e n t a l   s t u d i e s   m u i d  be minimized  further. 

Chapters 2.0, 3.0 and 4.0 o f   t h i s  P a r t  provide summary descr ipt ions o f  the  powerplant,  the mine 
and the o f f s i t e  systems associated  wi th  the  project .  The general arrangements of. powerplant, mine  and 
o f f s i t e   f a c i l i t i e s   a r e  shown i n  Figs. 1.0-1 and 1.0-2. 
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rn CHAPTER 2.0 - POWERPIANT 

2.1 

The Hat Creek  powerplant  would utilize coal mined from the Hat Creek  open pi.t and convert  the 
thermal  energy into electrical  energy  to be fed into B.C. Hydro's electrical  grid system. The  plant site 
is located  about 4 !a east of the  mine head on a  broad  hilltop at an elevation  of  about 1410 m. The 
description  the plant in this  chapter is summarized from  a report by B.C.  Hytlro's engineering 
consultant. 1 

The  powerplant is rated at approximately 2000 EM (ne.:) from  four 500 I& units.  Each  unit  would 
be designed tc generate 560 EM gross  of  which 60 Mw would be used for auxiliaries. The firs: unit  would 
commence commercial operation in January 1986. It is expected  to operate at base load for  extended 
periods  and, in later years. in a two-sh'ft or intermediate mode with  weekend shutdowns. Over  the 35-year 
nominal  plant :ife, the  station  capacity  factor is expected  to  average 65 percent. 

Major  features of  the powerplant  relate  to  circulating  water, coal handling, air  quality con- 
trol,  water  treatment and ash handling systems. These  systems  were  designed  to provide reliable  service 
to the plant arld to  assure  protection o f  :hf? environment. 

The plant is  designed  to  minimize  makeup  water  requirements and to  maximize  reuse and recycle 
of  water such that  waste liquids are not discharged  to  the  surrounding areas. Liquid wastes  emanating 
from  plant prticesses eitner will be trea::ed or  directly reused to  convey  ash  to  the disposal  areas. The 
technical details  of  the  powerplant  are  suamarized  in  Table 2.1-1. 

2.2  MAKEUP  WATER  SUPPLY SYSTEM 

Makeup  water  would be obtained from  the Thompson  River,  pumped  approximately 23 kn to  the plant 
through an 80 cm diameter pipe, and stored in an 8.3 x d m 3  reservoir near the plant. The  river  intake 
and pipeline are classified as offsite Systems  and are described i n  Part  Two,  Chapter 4.0, "The  Offsite 
Systems." 

2.3  CIRCUIATING  WATER SYSTEM 

A circulating  water system, comprised  of  cooling  towers and s t e m  condensers will be provided 
to  dissipate  waste heat from the steam  cycle. This  system has been designed  as  a (closed cycle  with 
recycling  of  water  to both minimize make,lp water  requirements and avoid  the  discharge of  liquid effluent 
to  the environment. The intake  and water  reservoir  are  described in Section 2.10 of  this chapter. 

2.3.1 Condenser 

The low pressure steam which leaves  the steam  turbines will be converted to the liquid  phase in 
the condenser. A cooling  tower system economic  optimization  study, including transverse  condenser selec- 
tion,  was  perf'~nned. Based  on the  results,  a 304 stainless steel  dual pressure, divided water-box type 
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2.3 CIRCULATING YATER SYSTE!4 - (Con t ' d )  

condenser, w i t h  a  cooling  water flow rate  o f  8957 Us is contemplated for  each o f  the proposed units. 
This cooling  water would be recirculated through the  cooling  towers, w i t h  makeup provided from Lye storage 
reservoir. 

2.3.2 Coolinq inuers 

Two 116.4  m natural  draft  hyperbolic  cooling towers are proposed for  the Hat Creek powerplant. 
Selection of these  towers i s  the resul t  o f  an optimization  study  carried o u t  on several  types o f  cooling 
tower systems. Normally each tower would serve two units. Condenser cooling  water  cascades  through  the 
tower, where a  portion i s  evaporated and the remainder  cooled. The hyperbolic shape of the  cooling tower 
shell and the  convection  effect  as  the  air is heated  induces the a i r  f l o w  through the  tnuer. 

In wet cooling towers, only  a minor part  o f  the  overall  cooling  effect is by direct  heat 
transfer from warm water t o  cool a i r .  The major par t   resul ts  from the  evaporation o f  the  water. A t  ful l  
load (2000 W net) and a t  the cooling tower design  conditions of U.9't ambient wet bulb  temperature, t h e  
estimated  quantity of water  evaporated  will be 1.11 m /s. 3 

Because of the  evaporation  losses,  the  circulating  water  in  the system steadily  increases  in 
dissolved  solids. To control  the  dissolved  solids  concentration.  water w i l l  be "blown down" f r o m  the 
cooling tower sumps.  The cooling  tnwers  are  expected to  operate  at  approximately l l - 1 4  cycles of concen- 
t ra t ion to maintain  a  water  balance  for the plant. Water f r o m  the reservoir  will be  added t o  the system 
t o  make up for  the evaporation,  drift and  blowdown losses. 

Effective d r i f t  eliminators can reduce the d r i f t   l o s s  in  natural  draft towers to  less  than 
0.008 percent o f  the  circulating  water f low rate. This compares t o  the  evaporation  loss of approximately 
2.75 percent. Blowdown froa the towers would  be used in  other  plant systems to  ensure  that no l iquids 
are  discharged from the  plant.  Auxiliary equipment would also  reject   heat  to-the  circulating  water 
system via direct  coolers. Spent auxiliary  cooling  water would  be  pumped to the  cooling tower and used 
as  cooling tower makeup. 

2 . 4  COAL HANDLING SYSTM L 

The coal  handling systems are  designed to  process  coal, waste rock and overburden from the 
nine. Primary and secondarf  powerplant coals would  be segregated from solid waste and  low grade  coal t 

prior to transport  overland  to  the  plant. The conveyors would discharge  the  coal  into  a  surge  bin  to 
provide  short-term  Storage of coal  delivered t o  the  plant. . 

L 

From feeders a t   t h e  bottom of the b i n  the  coal would  be conveyed by a system o f  be l t  conveyors 
t o  the tnp o f  the coal silos  in  the  boilerhouse. The conveyor bel ts  would  be of fire-r?sistant  material 
and a fire  protection system of the  water  sprinkler type would  be incorporated t o  protect  the system. I 

Coal d u s t  would be the  only  potential emission from the system. A t  transfer  points i t  could 
r i s e  w i t h  the  disturbed  air and escape  the  enclosure  if  controls were n o t  provided.  Therefore. a l l  
transfer  points would  be enclosed and a dus t  control system, consisting of a  centralized vacuum system 
and an automatic baghouse. would  remove dust laden a i r   a t  eacn transfer  point and convey i t  to  the 

* 

- 
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2 . 4  

2.5 

COAL H A N D L I N l m  - (Cont'd) 
baghouse  through ducting. Dust  would be separated  in  the bag house by filter  cloth  selected  to  assure 
that  air vented from  the vacuum exhausters  would  meet  the  Pollution Control Branch  emission  objectives  of 
229 mg/m . 3 

Adjitional descriptions  of coll mining,  transportation  and  storage  are  provided in Chapter 3.0, 
"The Mine". 

AIR QUALIR CONTROL SYSTEMS 

The  characteristics  of  the fuel are  primary  determinants  in  the  selection  of  air  quality control 
systems ( A Q C S ) .  The  Hat  Creek No. 1 [leposit has been  classified as sub-bituminous,  averaging  approxi- 
mately 13 9CO kJ/kg for run-of-mine coll,  at 28 percent  ash  and 20 percent moisture. The  heating  value 
of  the  blended coal delivered  to  the  plant is expected  to  range  from 12 795  to 16 982 kJ/kg. The  ash 
content  would  range  from 32 to 20 percent. 

The  sulphur  content  would  range  from 0.45 to 0.42 percent on a wet basis. This  range  of  sulphur 
levels  woulc result  from coal preparation  and  blending  for  consistent  heating value!;. A supply of low 
sulphur coal (0.21 percent) would  also be available if a meteorological control systr!m (MCS) is used to 
meet  ambient  sulphur  dioxide guidelines. 

The  following  paragraphs  describe  the  systems (or alternatives)  which have been  selected,  based 
on  the  above fuel characteristics,  to control contaminant  emissions  and  resulting  ambient  air  quality 
contaminant  concentrations. 

2.5.1 Particulates 

Electrostatic  precipitators  located  behind  the  air  preheaters  are  proposed  to control particulate 
emissions. These would  have  an  efficiency of 99.5 percent,  for  conservative coal characteristics, to meet 
the  particulate  emission  objectives  proposed by B.C. Hydro to  the Pollution  Control  Branch. 

Electrostatic  precipitators relnove particulates by the  following steps: 

1 

1. Transmitting an electrical charge t c l  the  suspended  particulate matter. 

2. Collecting  the  charged  particles on a grounded surface. 

3. Removing the  collected  matter  from  the  grounded  surface by meats of a rapping and  conreying system. 

In order  to  facilitate maint,?nance and  enhance  reliability,  the  precipitator  would  consist  of 
separate sec:tions in  parallel,  each  section  receiving a percentage  of  the  gas f l w .  Nultiple  power 
supplies  and fields would be  used to minimize  the  effects o f  equipment failure. 
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2.5 AIR QUALXTI CONTROL SYSTEMS - (Cont'd) - 
2.5.2 Oxides  of  Nitroqen  (NOx) 

NitrGgen  compounds in coal  and  the  diatomic  nitrogen in combustion  air  are  the  source  of  oxides 
o f  nitrogen (NOx) witted during  combustion.  These  are  principally  nitric  oxide (NO) and  secondarily 
nitrogen  dioxide (NOz). The principal  fattors  controlling  the  production  of NO2 during  coal  conbustion 
are  flame  temperature,  amount  of  excess  combustion  air  and  furnace  residence time. 

Hodern  boiler  burnerrindbox  designs  are  arranged  to  provide  minimum  air to the  primary  ignition 
and  coaburtion zone. The  remainder  of  tho  combustion  air is added  via  separate aironly ports  and  mixed 
with the fuel witnin  the  furnace  to  cause  complete  combustion  before  the  furnace exit. Design  provisions 
such  as  these  reduce  excess  air,  flame tearperature and  residence  time to a minimum. 

For actual  operating  conditions.  with  30  percent  excess  air  at  the  air  heater  outlet, NOx 
emissions  should be well  below  the B.C. Hydro  recomndations to the PCB,' and  possibly as low  as 380 to 
480 mg/m3, depending  upon  the  design  of  the  boiler. 

2.5.3 Carbon  Honoxide  and  Hydrocarbons 

Carbon  monoxfde and  hydrocarbons  occur in flue  gas  as  a  result  of  incomplete combustion. AS is 
the  case  for  control  of  oxides  of  nitrogen, control of  carbon  nonoxide and  hydrocarbon  emissions  is 
accomplished  through  proper  furnace design. It is expected  that  these  contaminants will only  be  esitted 
from  the  stack in trace  quantities.  Hovaver, for  purposes  of  environmental  impact  assessment,  carbon 
monoxide  and  hydrocarbon  emissions  have  been  calculated on the  basts  of .05 percent and ,015 percent by 
weight  of  coal,  respectively. 

2.5.4 Sulohur  Dioxide (SO2) 

Several  alternative  systems  (stack  height - ApCS combinations)  for  the  control  of  sulphur 
dioxide (SOz) were  under  consideration  at the tim o f  writing.  Analyses  conducted  early in the environ- 
mental  studies by the meteorology/air  quality  robconsultants,  Environmental  Research b Technology. Inc. . 
(ERT),' indicated  the  need  for  a  stack  height in the  range  of 244 m  to 366 m (assuming  a  single  stack 
with  four  flues, and depending on the  extent o f  additional  control  measures) to meet  ambient SO2 guideline 
levels  proposed by B.C. Hydro to the  Pollution  Control Branch.' The  additional  control  measures  under 
consideration  include  a  meteorological  control  rystea (KS), which  would  control SOz emissions on an 
intermittent  basis in response  to  adverse  meteorological  conditions,  ana  flue  gas  desulphurization (FGD), 
which  would  control SOz eaissions  continuously.  Three o f  the n o s t  likely  combinations of stack  height 
and  control  systems  were  studied in detail by ERT. These are: 

1. HCS with  a 244 m stack. 

2. HCS with 366 m stack. 

3. FGD with 366 m stack. 

The  following  paragraphs  describe  the K S  and FGO alternative  systems  for  controlling SO2. 
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2.5 AIR OUALITY  C3NTROL  SYSTEMS - (Cont'd) 

(a) Meteoroloqical Control System (MCS) 

An  HCS is a systematic  plan of defined procedxes  for reducing  contaminant  emissions to 
the  atmosphere  when  predicted or oxerved meteorological  conditions  are  conducive  to high  ground- 
level ambient concentrations. Such control strategies  may  assume  many operational forms; both  load 
reductior, and fuel switching  programmes have been  evaluated  quantitatively by  ERT for t.his study. 

An  HCS  normally  consists o f :  

1. A real-time, meteorological  and  ambient air  quality monitoring  network, 

2. A forecasting  staff  with  the  facilities  and  equipment  for  producing real-time, local-scale 
metcorologicai predictions. 

3. A computer-based air  quality  prediction model. 

4. The  ability  to effect the nece'ssary emission  curtailments so as  to  maintain  grwnd-level  ambient 
concentrations at acceptable levels. 

The  MCS :seing considered  for  Hat  Creek  would  include  each  of  these  components. The  emission control 
procedurs  that is expected to be  utilized would be a combination of both  load reduction  and fuel 
switchinn. Which  procedure is utilized  would  be  determined by seasonal load demand  variations  and 
the degrc?e of emissi,on reduction required. It has  been  assumed  that  lowersulphur :oal. with  average 
sulphur :ontent of 0.21 percent  and a mean  heating  value  of 17 587 kJ/kg, would be stockpiled for 
use during  periods of adverse  dispersion potential  in the  winter  months  (November  through February). 
During  the  remaining  months  of  the  year, uniform load reduction of all generating units  has been 
assumed t,o be the  preferred control measure  for  reducing ground-level  concentrations. 

MCS operational requirements  for  the Hat Creek, Project  include  the  capability  to  predict 
ambient :SO2 concentrations during the fue l  switching mode at least 8 1/2 hours i n  advance: moreover. 
it has tteen assumed  that a fuel switch, once  enacted, will be  maintained  for  at !east 3 hours  (the 
minimum  averaging  time  corresponding to control action requirements). Load reduction  procedures to 
decrease  emissions by a given  amount  can nomally be implemented  much  mnre  rapidly  than  an  equivalent 
fuel switch,  since  the  latter  involves  delays  associated  with  physically  providing  the  secondary 
fuel to  the boilers. Thus,  for  MCS  applications  involving load  reduction, 'forecast lead-time 
requirements  are  less critical. 

For either  mode of MCS  operation, a plume  transport lag time is inevit.able. That i s .  a 
change  in  emission  strength  at  the  source  would  not  bagin  to  affect  ambient  concentrations  at a 
specific  downwind  point until a certain  time interval  has  elapsed. The  duration  of  this interval 
depends  upon  wind speed. This  lag  time,  together  with  the  emission  response lag time, w u l d  be 
taken into account in the operational MCS  air  quality  forecasting procedures. 

With  the MCS  control opt'ion, the SO2 emission  rate  and  other  stack  parameters  would, of 
course, depend on  whether  the  plant  was  operating  with  uncontrolled  emissions or being  controlled  by . 
fuel swit.ching or load  reduction. During  the fuel switching  mode, SO2 stack  emissions  are  expected 
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2.5 AIR QUALIlY CONTROL SYSTEMS - (Cont'd) 

t o  be reduced t o  5262 k g l h  (39 percent of the  uncontrolled  rate w i t h  the primary fuel) ,   a t   a  tempera- 
t u r e  of 149OC and flow ra t e  of 238  384 m3/min. With load  reduction, SOz emission reductions  are 
nearly  directly  proportional  to t h e  reduction  in  load. A t  80 percent  load,  for examgle, the  expected 
SO2 mission  ra te   is  10 953 k g l h  (81 percent of the  uncontrolled  rate).  at  a  tmperature of 139'C 
and a f lov  ra te  of 2U 090 m3/min. 

(b) Flue Gas Oesulohurization (FGO) 

An FGD systea, as an alternative,  would reduce the  f lue gas emissions. SO2 emissions from 
th8 stack would not exceed 300 ppm (dry) by voluma.  Thus, ambient a i r   qual i ty  would remain within 
the proposed objectives when burning Hat Creek coal i n  the  parerplant  boilers. In order to achieve 
t h i s  level of ambient SO2 concentration, 60 percent o f  the  f lue gas would  have t o  be treated. The 
treated  flue gas would be  reheated by mixing i t  w i t h  the  untreated  portions of the  flue gas before 
entering  the  stack. As a resul t  o f  mixing, the  temperature of the  flue gas flowing'through  the 
stack would  be above the  f lue gas dew point and the  stack would  be operating under "dry" conditions. 
Also, the  degree of reheating  achieved by the mixing of treated ahd untreated  portions of the  flue 
gas would provide  desirable plume r ise   character is t ics .  

The FGD system would consist  of twa wet SO2 absorber towers per unit   operating  at   a 
90 percent removal e f f i c i e n q .  The flue gas would ini t ia l ly   enter   the gas cleaning twers downstreaa 
of .the r lec tmsta t ic   p rec ip i ta tors  and the boiler induced draf t  (IO) fans. Depending on the  selection 
of equipment, additional  booster  fans  could be required i n  ser ies  w i t h  the IO fans. The fans would 
dfscharge 60 percent of L9e flue.gas  into the dperating  absorbers where SOz would  be r m v e d   u t i l i z i n g  
a reactant  slurry of pulverized  linestone. The untreated  portion of  the  f lue gas would flow 'hrough 
a bypass duct and mix w i t h  the  treated gas downstream of the absorber  mist  eliminators. 

A t h i r d  stand-by absorber tower would  be provided for  each u n i t  to improve the FGO system 
avai labi l i ty  and to  facilitate  full  capacity  operation.  Periodic maintenance on the  non-operating 
Wdule  could be conducted a t  any time without  adversely  affecting  the  particulate  collection or the 
performance of the FGO system. 

Pulverized  limestone  slurry would  be continually  fed  into  the SO2 absorption system by a 
wet ball mill and slurry preparation equipment. The calcium  carbonate i n  the  limestone  slurry would 
chemically react w i t h  the  SO2 i n  t h e  absorber t o   fom calcium rulphites and calcium sulphates. The 
spent  slurry  containing  these  products and  any excess  limestone would cmtinually  discharge t o  a 
thickener f o r  concentration. The concentrated  thickener underflow would be ultimately  disposed of 
in  a waste sludge  disposal  area. Water f r m  the thickener would be returned.for use in  the  slurry 
system. 

The quantity of SO2 t o  be discharged f rm  the   s tack   a f te r  scrubbing is  calculated  to be 
6259 kg/h (approximately 46 percent of the uncontrolled  rate).  Flue gas from the  scrubbers i s  
expected to  have a  temperature of 82OC and a flow rate  of 262 189 m /ain. 3 
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2.6 WATER TREATMEN- 

II 
2.6.1 

The water  treatment system  includes boiler  feedwater  treatment  designed  to  provide  demineralized 
water  for steam cycle makeup  and  sootblowing. The  water  treatment  system also provicles potable water, 

I and  makeup  and cooling  water  for the air  conditioning system. Makeup  water will come from the  reservoir 

located  on the site. 

m 2.6.2 Boiler  Feedhater  Treatment System 

.. A schematic diagram of the plant's water  treatment system is given in  Fig. 2.6-1. The  design 
continuous demand for  the total water  treatrent  system is approximately 57 L/s. 

The  treatment  of  the  feedwater  cycle  makeup at the  plant  consists of pretreatment and 
L demineralization. Pretreatment removes suspended  particulate  matter, residual orgarlics and  a large 

portion of  the colloidal silica. The  pretreatment  stage  consists  of  chlorination, coag,llation/clarifica- 
tion,  filtration and  activated carbon filtration. 

.I 

Following pretreatment.  demine?alization would  remove  dissolved  solids and ultrafiltration (if 
required) would  remove colloidal silica. She  demineralization  system  would  consist o f  cation exchange, 

L degasification, anion exchange, ultrafi'ltration and  mixed bed demineralization.  The  entire system  for 
four units would  consist of three parallel 50 percent duty trains producing 49.2 Us of demineralized 
water. 

I) 

Operation  of  the  water  treatment  system  would  generate  a  number o f  wastewaters  associated  with 
both  the pretreatment  and  demineralizatfon stages. In the coagulation/clarification process,  suspended 

L solids origin,llly contained in the makelp water  settle  to  the bottom o f  the  clarifiers  to form sludge. 
It i s  esti'mated that 0.4 Us of  sludge  at a 1 percent  suspended  solids  content  would be generated daily. 

m The  demineralizer  system  requires  regeneration of the  spent  exchanger resins. The strong  acid 
cation  exchangers  would be regenerated m c e  a day, typically utilizing  a sulphuric acid Solution. The 
anion  exchangers nould  also be regenerated  once  a  day, typic,illy utilizing  a  sodium  hydroxide solution. - Regeneration  of the  mixed bed polishing  demineralizer  would  occur  approximately  once tevery 4 days. The 
entire statio)? regeneration  process woulli produce  a  combined  wastewater  output  of  approuimately 288 m  /d, 
which is usually acidic in  nature. 

3 

I 

The ultrafiltration  unit  would be backwashed  daily. In addition. there would be a  continuous 
discharge o f  concentrate from this unit. The  concentrate and backwash wastewater  flow rate i s  estimated - to be 2.6 L/s on an  average daily basis. 

Demineralizer  regeneration  wastewater  would be cmveyed  to an equalization/neutralization 

I) treatment  system  for  the  adjustment of pH to  a  neutralized range. The ultrafiltration  concentrate and 
backwash  water would be recycled to the sy!;tem at the inlet  of the clarifiers. 
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2.6 WATER TREATMENT SYSTEM - ( C o n t ' d )  

2.6.3 Condensate Polisher 

A condensate  polishing  demineralizer  design  presently  being  considered  consists of two 
50 percent  capacity mixed  bed u n i t s  for  each generating u n i t .  Since  the  polishing  units would  be mainly 
required  during and shortly  aftar  unit   start-up,  the duty  cycle  will  allow ample time for  regeneration, 
and therefore no standby  capacity will be needed. One of the 50 percent u n i t s  C M  be operated to  give 
side-stream polishing  during normal operation of the  boiler and turbine or during  recycling  to  the hot- 
vel1  during  a  unit  outage. 

The operation o f  the  condensate  polishing  demineralizer  also  requires  regeneration  of the  spent 
exchanger resins. These resins a r e  regenerated on an infrequent  basis  corresponding t o  the usage of the 
u n i t .  

2.7 ASH HANOLING AND OISPOSAL SYSTEM 

Ash will be o f  two major types: 

1. Bottom Ash/Slag - combustion pmductr  dropped o u t  of the  furnace  in  either  dry o r  molten s t a t e .  and 
c011ected  in water i6pounded hoppers. 

2. Fly Ash - fine  particles  that  leave  the  furnace w i t h  the flue gas and are  trapped by electrostat ic  
precipitators. .I 

- 

In addition,  there would ba small quantities o f  mill  rejects which may consist of a  variety of 
coarse, heavy pieces o f  stone,  slate and iron  pyrites i n  dry form. Mill rejects would be rejected by the 
pulverizers  in  the  course of grinding  the  coal. 

li 

Small quantities of f l y  ash would be collected  in hoppers at   points of change in the direction 
of the flue gas streaa such as the economizer and air   heater  outlets.  Economizer ash would consist o f  
coarser  particles  that would  be handled ei ther  by the bottom ash disposal system or by the  f ly  ash removal 
systea. The manner of handling economizer ash would  depend on the ash system design and i t s  manu- 
facturer. Ash collected i n  the   a i r   hea te r   ou t le t  hoppers would  be considered as part of f l y  ash and 
would be handled by the's* system tha t  removes f l y  ash from precipitator hoppers. 

m 

= 

L 

Mill rejects and pyrites m v a l  and disposal would  be incorporated  into  the bot- ash handling 
and disposal system. The quantity of s i l l   r e j ec t s  and pyrites  is  a  function of the  type of  coal and of 
the  mill  construction. I t   i s  expected for  Hat Creek coal to be approximately 0.5 percent of  the  f ir ing 
rate. 

.. 
2.7.1 guantit ies o f  Ash 

I 

The total  quantity o f  boiler  solid  refuse t o  be generated i s  a function o f  ash content of the 
coal and t h e  steam generator  coal  firing  rate. For a complete discussion o f  the ash content  in each 
designated  coal  type, see Chapter 3.0, "The Mine". 

Io 

m 
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2.7 
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ASH HANDLING 4ND DISPOSAL SYSTEM - (Cont'd) 

(a) Averaqe Ash Production 

The ash production  corresponding t o  the average s ta t i on   l oad   f ac to r  and s t a t i o n   l i f e  
(65 percent o v e r  35 years o f  life), burning  " typical   coal"  and  a gross  turbine-generator  output  of 

560 Hw will be as fol lows: 

6057 t./d for   the  s ta t ion*  

77.4 x 10 t f o r   t h e   s t a t i o n   o v e r   i t s  life** 6 

(b) W s h  - F l y  Ash Percentaqe 

The propor t ions   o f   the   to ta l  ash  generated as bottom  ash o r  f l y  ash  cannot be pred ic ted  
accurately a t  t h i s  t i m e  since  they  are dependent on the ash proper t ies  o f  the  coal and b o i l e r  
design.  Experience at   the  Centra ' ia   Generat ing  Stat ion  in   the  State o f  WashinElton shows t h a t   a t  

times a!; much  as 45 percent   o f   the  ash i s  produced as bottom ash. The balance is ca r r i ed  from the  
steam glsnerator as f l y  ash.  The average a t   Cen t ra l i a   i s   app rox ima te l y  25 percent  bottom ash and 
75 p e r c e n t   f l y  ash. Fu r the r   t es t i ng  o f  the  Hat Creek coal and i t s  ash cha rac te r i s t i cs  would  esta- 

b l i s h   t h e   r a t i o  more accurate ly   for   t .h is   pro ject .  

Present ly   the  fo l lowing ranges are  being  considered: 

Bottom Ash: 15% t o  45% o f  t o t a l  ash 

f l y  Ash: 85% t o  55% o f  t o t a l  ash 

When these  proport ions  are  appl ied t o  the mar:imum and average  ash product ion  rates,   the 
fo l l ow ing  ranges o f   p roduc t ion   ra tes   resu l t :  

Haw. Production Average 
Production  over 35 year 

kq/r/unit"** 
l i f e  a t  65% capaci ty f a c t o r ,  

kq/s/unit****  tonnes  per  four units- 
Bottom P,sh a t  15% 6.06 4.06 

a t  45% 18.18  12.15 

f l y  Ash a t  85% 34.34 22.93 

a t  55% 22.22  14.84 

11.6 x lo6 

34.8 x 106 

65.8 x lo6 

42.6 x IO6 

* Used t o  determine  average  equipment and operating  labour  requirements for u l t i lna te  ash disposal, 
pa r t i cu la r l y   f o r   d ry   d i sposa l .  

** Used t o  determine t o t a l  ash disposal  area  requirements. 

*** Based on worst  acceptable  coal and  miuimum  steam generator   des ign  ra t ing  o f  488 kg/s. 

**** Based  on guaranteed  turbine  generator  rat ing (560 Hw) and " t y p i c a l 7 o a l " .  
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2.7 ASH HANDLING  AND  DISPOSAL  SYSTEM - (Cont'd) 
To provide  margins  for  the  variance in the  percentages o f  bottom  ash and  fly ash,  the 

plant  bottoa  ash  handling  system is designed to handle up to 45 percent  bottom  ash, and the fly ash 
system is designed to handle up to 85 percent fly ash. 

2.7.2 S t e m  Generator  Ash Oisoosal System 

Bottom ash would be removed  hydraulically from the  water  filled  hoppers  beneath  the  furnaces by 
water  ejectors or centrifugal pumps. The  ash and water  would  be  piped by gravity to the  ultimate  disposal 
area  at  upper  Medicine Creek. Hill reject3 and pyrites  would 'be removed from their  hopper and piped  with 
the  bottom ash. Fly ash  wauld be collected dry in hoppers, and would be pneumatically  removed and mixed 
with  water  for  conveyance as a  slurry  under  gravity to the  upper  Medicine  Creek  disposal site. 

2.7.3 Ash Water 

(a) Recirculation 

In this "wet" ash  disposal  scheme  the  bottom  ash  slurry  would be 15-30 percent  solids by 
wight. Recirculation of transport  water f r o m  the  disposal  site  would  be  necessary to conserve 
water. Average fly ash  slurry  concentrations  greafer  than 40 percent  would  be  required to avoid  the 
necessity of recirculating  transport water. Although  this  appears feasible.. present  infonnation 
indicates  that  to  avoid  potential  scaling  problems  a 20 percent  slurry  concentration w u l d  be 
0Pti.W. 

The total return flow  of  ash  transport  water f r o m  the  upper  Medicine  Creek  pond has been 
estimated t o  be approximately  223 Us for  an  ash  slurry  concentration  of  20  percent  for both bottom 
ash and fly  ash,  for  typical coal  and a  plant  capacity  factor o f  65 percent. 

(b) Water  Retained  with  the Ash 

I n  a flooded ash disposal  site  the  ash  would  contain two parts  water to one  part  ash by 
volume. These  disposal  volumes  were  calculated on 801 kg/m bulk  density,  or 0.821 by weight, and 
the  ratios  were  applied to the  average  ash  production  rates  given previously. 

3 

2.7.4 Uooer  Medicine  Creek  Ash  Disoosal  Site 

The  entire vollrms of ash produced by the  plant  would be conveyed to an ash  disposal  site in 
upper  nedicine  Creek ( U K )  Valley. The UPK disposal  area  wauld  be  developed  behind  a  retaining dam  and 
the  site  would  have  a  storage  capacity of approximately U3.5 ku at a lpaximua depth  of  approximately 
100 m. 

3 

Preliminary  results f m m  a test bring  programe indicate  that  fairly  continuous.  impermeable 
rock  strata  underlie  this area. The  bedrock  is  comprised  of  limestone,  altered  sedimentary  rucks, 
volcanic  rocks and  law permeability  sedimentary rock. A l l  units, with  the  exception  of  the  volcanic 
rocks, have  hydraulic  conductivities of less than lo-* d s .  Therefore,  the  impenneability o f  the rock 
would  obviate  the need for  an  artificial  liner to protect groun&ater resources from contamination. 

2 - 10 Part Two 

L 

II 



2.8  

2.8.1 

2 . 8 . 2  

PLANT  WATER B A M  

Because the powerplant  would be operated in a "no liquid discharge'' mode, .the water  balance 
equates  plant  makeup  flows with plant consumptive flows.' The objective of the  water balance is to  reuse 
and recycle zll discharges produced by those  systems  to  which  Thompson  River  water is  provided. The 
plant water balance  involves only plant  process waters and  rainfall runoff from  material storage areas. 
Uncontaminated  plant site runoff would be clischarged directly to local creeks. 

Systems  Makeuo 

Plant  uater systems can be divided into  primary  and secondary  water use  systems. The  distinction 
is based on the required makeup  water quality. Primary  water use systems require go,ad quality  water, 
such  as  treated  or untreated Thompson  River water. for  their  efficient and  economical  operation. These 
systems  would mainly include the circu'lating condenser  cooling  water system, the mak.eup demineralizer 
system and the  potable  water  supply systm.  The secondary  water use systems can utilize  inferior  quality 
water such  as blowdown from the primary water use systems. Typically. plant secondary water use systems 
could include :he bottom and fly ash  transport  systems, and  a flus! gas desulphurization system. 

Concenser  cooling  water is the  largest water  use  system in the plant. It rc!quires continuous 
makeup  to replenish water  lost  to  evaporltion  and  drift in the cooling  tower and to replace the  blowdown 
that i s  required  to maintain  water  quality  paremeters  within  desirable limits. Under  the  design meteo- 
rological conditions  of 13.9OC and 60 pe'-cent humidity,  the  tower  would  evaporate appr0:limately 1098 VS. 
Drift i s  estimated  at 3.3 L/s. 

Based on  cooling  tower  operatiun  at  approximately 14 cycles  of  concentration,  the  cooling  water 
system  would  require makeup flows of  approximately 1157 L/s under  design meteorological  conditions, at 
rated output .and 100 percent  capacity fal:tor. Over  the  life of  the plant, an average c:apacity factor  of 
65 percent is anticipated. Assuming th's, the  average annual water  consumption  would be approximately 
621.3 L/s. This would  require  a  makeup f l w  of  approximately 647 U s .  

In ,addition to  the  cooling  water  system, makeup  from the  Thompson River is required  for steam 
cycle  makeup,  soot blowing. domestic water supply and the  service  water Systm. 

Systems Blowdc,wn 

The  blowdown from the  cooling  water  system  would  essentially be Thompson  River  water  that has 
been concentrated  approximately 14 times. The  quantity  of  blowdown  during  maximum rated  plant output and 
design meteorological conditions would be! approximately 83 U s .  On an average annual b.asis, the  blowdown 
would be approximately 50 L/s. 

Blorrdown rates  from other primary water use systems have  been estimated  as followr.: 

Oem'neralizer Regeneration  Wastewater 5.0 L/s 

San'itary Wastewater 0.6 Vs 

Heal.ing, Ventilating  and Air  Conditioning 0.2 L/S 

Floor  Drainage 

Total 12.1 L/S 
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2.8 PUNT WATER BAUNCE - (Cont‘d) 

Mater balances f o r  the  preferred ash handling schemes are shown in  Figs. 2.8-1 and 2.8-2. On 
these  water  balancas bottom ash and f l y  ash are both sluiced  in  a 20 percent  slurry  concentration. 

I n  order to achieve no liquid  discharge, the total  blowdovn produced by the primary water use 
system would be consmd by t h e  secondary  water use  systems. The laain water management technique 
involved  in th i s  scheme i s  the  operation of a closed loop  ash sluicing  systea. Cooling tower bloudwn 
was varied  until  the  total of  primary water use systeu bloudouns was equal to me ash handling system 
requiremnts,   consisting o f  ash pond evaporation,  water  entrained  (unavailable f o r  reuse) w i t h i n  the 
settled  ash, and boiler ash hopper evaporation.  Recycling  ash  sluice  water  causes  the chemical 
constituents  leached from t h e  ash t o  concentrate,  thereby  increasing  sluice  water  dissolved  solids. The 
mturn ash sluice  water  wuld be treatad i n  a  single-stage, lime-soda  ash water  softening system to 
maintain calcium and  magnesium concent~ationr below levels which could  cause  scaling problems. 

2.9 SOUNO ATTENUATING SYSTEHS 

l-ne Hat Creek plant. would  be designed t o  meet the in-plant  requirements f o r  personnel  pmtec- 
t ion and also to minimize the environmental impact in  the nearby residential  areas. Primary ewhasis 
w u l d  be placed on noise contml   a t  the source by using  attenuating  devices such as  acoustic  enclosures. 
si lencers and logging.  Hearing protective  devices would be used by the  in-plant  personnel  only  in  areas 
where noise  reduction  cannot Be achieved by feasible  engineering methods. 

1 

The mise  contml programme w u l d  be carried  out  during  the  design  stages o f  the  station. I t  
would include both in-site  acoustical  design such as  boiler feed pump enclosures and sound control 
requirements  as part  of equipment specifications. 

2.10 WATER RESERVOIR 

The reservoir would provide  surge  capacity  for t h e  makeup water  requirements of the powerplant. 
The water would be  impounded  by an earth f i l l  dm approximately 48.8 3 high. Overflou i s  not expected. 
However, a  spillway would direct   werflov  to  the Medicine Creek and runoff  diversion  ditches i f  i t  
occurred. The water uould f l ow  into  the U M C  ash disposal  area i f  the  overflow exceeded the  capacities o f  
these  ditches. 

Pumps a t  the  reservoir would provide makeup to  the cooling twer s .  The suction  pipes would  be 
arranged such that  the pumps could  operate  with  the  reservoir  water  level a t   i t s  minimum  and also  during 
freezing  conditions. 

2.11 YARD DRAINAGE 

A system o f  yard and area  drains  separate fm the  plant  f loor  drainap system would  be installed 
a t  the  s i te   to   col lect ,  convey-and dispose o f  storm u a t e r   o f f s i t e .   I t   i s  proposed to  convey runoff 
collected  in  the  plant  area  into  a 1.5 3 deep retention pond o f  approximately 1730 m capacity. This i s  
sufficient  to  contain  the  rainfall  intensity  equivalent to approximately 2 hours duration based 

3 
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2.11 YARD  DRAINAGE - (Cont'd) 

* upon a returp period of 10 years. The  pond would drain in an  open, grassed ditch tci the  makeup  water 
reservoir. 

L 
2.12 COAL PILE D R A I W  

]I 
If an emergency coal pile is located within  the  plant  boundaries,  drainage from the coal pile 

would be kept separate from the  yard  drainage system. Runoff from  the  coal  pile  would be conveyed  to  the 
return  ash sluice  water  treatment  system  for  treatment and  reuse. 

I 

2.13 SANITARY W A S T I W  

I 
Wastewater from the potable water  system  would be treated by a package type  extended  aeration 

treatment plant. It is expected that this form of  treatment could remove 85 percent  of  the  influent 
biochemical oxygen demand (BOD) and suspended solids. The  average daily  sanitary kastewater  flow is 
expected  to be approximately 0.6 L/s and would be reused in the  ash  transport system. 

- 
I 

2.14 FLOOR DRAINAGti 

I 
Plant  floor  drainage  consists  of normal maintenance  washdowns,  equipment  drains, abnormal 

liquid discha.:ges and washdown from areas  for  servicing equipnlent that uses lubricants in its function  or 
process. The,ie wastewaters  would be collected in a  separate  drainage system and conveyed  to  the  plant 
oilhater separator. This  oilhater treatment facility would  typically  consist  of  a  p-efabricated unit. 
Effluent from this  system  would be reused .n the  ash  transport system. 

I 
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CHAPTER 3.0 - MINE 

- 

E.C .  Hydro holds 650 ha o f   coa l   l i cense and  Crown gran t   land   in   the  upper  Hat  Creek Valley. 
The NO. 1 and No. 2 coal  deposits  are known t o  c o n t a i n   i n  exc:ess o f  1 G t  of  coal  with-in  the  conceptual 

open p i t s   p l a m e d   f o r  185 m depths. The coal i s  c l a s s i f i e d  as sub-bitumi'nous C, averaging  approximately 
13 900 kJ/kg f w  run o f  the mine a t  28 percent ash and  20 percent  moisture. It i s  proposed t o  mine the  

No. 1 deposit  by open p i t  methods, using,  trucks.  shovels and conveyors, to   recover  320 M t  of  coal a t  a 
p roduc t i on   ra te   su f f i c i en t   t o   supp ly   t he   Ha t  Creek powerplant. 

The descr ip t ion  o f  the mine irl th is   chapter  i s  summarized  from a mine pro j l tc t   descr ip t ion.  1 

The topics  described  are: 

1. Coal prep3,ration and handling. 

2 .  Waste handling. 

3. Water use. 

The loca t i on  o f  the mine i n   r e l a t i o n  t o  o t h e r   p r o j e c t   f a c i l i t i e s  i s  shown i n  Fig. 1.0-1. The 

t o t a l  area  di!;turbed a t  completion  of  mjning  would be 757 ha fo r   the  open p i t  and 263 ha fo r   t he  waste 
dumos and associated  areas. 

As the  mine i s  opened  and expanded, the  land  would be cleared  of  merchantable  t imber and topso i l  
would be  removed  and s t o r e d   f o r   l a t e r  re1:lamation. Fig. 3.1-1 Shows the   loca t ion  o f  topso i l   su i tab le   fo r  
reclamation.  Before removal o f  wastes begins  Hat  Creek  would  be d iver ted  around the   eas t   s ide   o f   the  
proposed  mine p i t .  and diversion  ditches  would be dug t o  prevent  water from f low ing   in to   the   p i t   f rom  the  

west. The ditches  would  feed  into  lagoons  to  sett le suspended sol ids  before  d ischargins  the w a t e r  to  Hat 
Creek. 

COAL PREPARATIIIN AN0  HANDLING - 
3.2.1 In t roduc t i on  

- The fol lowing sequence of  coal  preparation and handling  operations i s  proposed i n  t ranspor t ing  
coal f rom the  nline to   the   Hat  Creek powerpl.int: 

I 
1. Conveyor 'transport  out  of mine p i t .  

2. Primary  c.rushing. 

3. Secondary crushing. 

m 
4. Coal s toc ' rp i l ing .  

I 
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3.2 

3.2.2 

3.2.3 

3.2.4 

3,2. 5 

COAL PREPARATION AND HANDLING - (Cont'd) 

5. Coal reclaim and transport  to  the powerplant. 

Convevor Transoort Out of Mine 

Coal  would  be transferred  to conveyors by shovel-loaded trucks a t  the mine.  The trucks vould 
dwap the coal into hoppers which would  be equipped w i t h  gr izzl ies   to  reduce coal s ize  to  about BO cm or 
less. Three parallel  conveyors are proposed w i t h  one conveyor usually  handling  coal.  a second handling 
mine wastes  (discussed i n  Section 3.3) and the t h i r d  a  spare. The spare would permit  periodic  nainten- 
ancn, conveyor extension  as  the mine enlarges and repair of breakdorns  without  disrupting  the  transport 
of Coal. The conveyors, i n  fixed instal la t ions,  would have belt  turnovers and deep troughing on the 
carrying  side and troughing on t h e  r e t u r n  side to minimize spillage. All fixed conveyors would  be 
enclosed  in  rwcvahle  enclosures  large enough t o  permit iaaintenance personnel  to  carry o u t  inspections 
inside, thus avoiding environmental problms due to  d u s t  and ueather. The coal  handling conveyor would 
carry  the coal to the  primary and sacondary  crushers. 

Primary Crushing 

The primary crusher  wuld reduce the minus 60 a t o  about minus 25 an. A possible  crusher  for 
t h i s  duty 15 a Bradford breaker. The machine has the  advantage  that  while i t  crushes t h e  coal, i t  dis-  
charges  large hard stones  separately  without  crushing. I t   a l so   r e j ec t s  to a  limited  extent  large lumps 
of clay. 

Secondary Crushing 

Secondary crushen would be muired to reduce the minus 25 c9 iaaterial produced by the primary 
crushers. Various types of secondary  crushers such as hamer  ni l ls ,  Bradford breakers o r  others  could be 
used. I t   i s  assumed that secondary crushing would take  place  prior t o  delivery t o  the  stockpile, so t ha t  
only  "snall" coal i s  stockpiled. 

Stockoiling 

The coal stockpile would sew0 to: 

1. Provide  short-term  surge  capacity t o  even o u t  differences  betveen mine o u t p u t  and powerplant 
requirements. 

2. Guard against  interruption i n  nine  pmdwtion to ensure  continuous coal supply to   the powerplant. 
. a  

3. Carry out a blending  function  to  provide  a mare consistent  coal  product to the powerplant. 

The coal p i le   wuld  be adequate to store a b o u t  900 000 t. The suggested  layout of the  coal 
stockpile  area is shown on Fig. 3.1-1. The stocltpile  area would consist o f  four  p i l e s ,  each about 760 m 
long by 6 1  m wlde by 15 fa high. 

In addition to  normal coal  storage,  provision must be  made for about 900 000 t of uncrushed 
coal produced during  the i n i t i a l  development o f  the mine. This would  be trucked, as neither  the main 
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.I 
3.2 COAL PREPARATION AND  HANDLING - (Cont'd) 

conueyors  nor  the  stocking  area  equipment  are  likely to be operational at  this stage.  It  is proposed to 
store this coal immediately  north  of th? permanent  stockpile area. The coal in this  area  could then  be 
gradually  reclaimed or retained as  an eaergency  stockpile. Finally,  a  separate low grade coal dump  with 
capacity  for  about 46 Mt storage is  planned. This coal would  be  considered  unacceptatle at the  present 
time but might  become  usable in the future. 

1 
Spontaneous  combustion  would b e  avoided by stockpiling coal  in a  manner  which  would  ensure  that 

air is excluced to  the  maximum extent possible.  Rainfall runoff  from the  stockpiles  uould  be  collected 
by a  surrounding  ditch,  then  diverted  to  a  nearby  lagoon  (see  Seclion 3.4.2). .. 

3.2.6  Coal Reclaim and Transoort  to the Power Station 

\I 
Coa': recovered  from  the  stockpile will  be directed to a  re-crusher  to  reducr  any  frozen  lumps 

or accretions to  the size  acceptable t o  the powerplant. This unit  could be  comprised of  a scalping 
screen  and  hzmmer mill.  From the re-crlsher the  coal would be delivered by means of  trunk  conveyors  to 

- storage  bunkers  located in the boilerhouse. The  bunkers  are  expected to  hold enough coal to last  approxi- 
I 

mately U hours. 

I 
3.3  WASTE H A N O L I N ( I  

a 
3.3.1 Solid  Wastes 

Solid  waste  materials resultinrg from the coal minim2  activities would be removed from the  mine 
for disposal.  Solid  wastes include: 

I 

I. Waste  rock  located  above  the  coal,  consisting of siltstones  and  clayey  siltstones.  frequently ben- 

1 
tonitic vr carbonaceous,  with  thin  bands  of  volcanic tuff. 

2. Interbedded materials consisting mainly o f  claystones and siltstones, some with !;welling clays  and 
iron carbonates. 

I 

3. Underlyillg strata  consisting of siltstones,  sandstones  and  conglomerates,  some  weakly cemented. - 
4. Surficial  materials  consisting o f  till, sand  and gravel. 

Table 3.3-1 summarizes  the locmse volume o f  these  materials  which  would be dumped  during  each 
mining stage. A total  volume  of 840 Mm would  be  produced  during  the life of  the mine. 3 

I 
3.3.2 Spoil D i s p o s a m  

T h w e  main spoil dump  locations are proposed  for  storage of  the wastes. T'lese are  shown  on 
Fig. 3.1-1. Their  volumetric  capacities  are  listed in Table 3.3-2 .  Descriptions o f  1.he dump  areas  are 
presented below: I 

I: 
1. North  Valley  Dump - Nine  million  loose  cubic  metres  of  surficial  material  from thl? initial conveyor 

incline Iexcavation prior to start of production  would be dumped in the valley immediatt!ly to  the 

1 
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3 .3  WASTE HANOLING - (Cont‘d) 
north of the  conveyor incline. The  coal  blending  and  stocking  area  would be located on a portion  of 
this  dump site. 

2. Medicine  Creek Dump - This d u m  would  store  approximately 363 million  loose  cubic  metres o f  material 
behind  a  retaining e m b a n h n t  constructed across the  mouth o f  the valley. It is proposed  to  store 
fnwdraining surficial  material hen. although it would  also be necessary  to  store 94 million loose 
cubic  metres of pit  and  Segregated  waste  material  during  the  life o f  the mine. The dump is also 
sfzed to include  ash  from  the  powerplant,  although  present  plans  are  to  store  the  ash  separately, as 
is described in Chapter 2.0. 

3. Houth  Meadows  Dump - This  dump  would  store  approximately 467 million loose cubic  metres o f  waste and 
surficial  material in the  Houth  Meadows  Valley  behind  a  retaining  embankment. 

One o f  the  three  conveyors  at  the  mine  would  transfer  pit  wastes to the  dump areas. Initially, 
surficial waste  would be redmved  by  scrapers,  discharging  directly  to  the  dump areas. When  distances 
and  the m u t e  make  direct  dumping  uneconomical, the material  would be fed to the  conveyor  at  the 
mine  for  transfer  to  the dump areas. 

3.4 WATER USE 

3.4.1 Potable  Water 

It is assumed  that  the  potable  water  supily  would be f rm the  powerplant  (see  Chapter 2.0). A 

570 m storage  tank,  and  water  supply  pipeline f r o m  the  powerplant  to  the  mine,  could be provided  for 
this  purpose. 

3 L 

3.4.2 Pit  Oewaterina and Rainfall  Runoff , 

Wastewater f m  pit dewatering  and  from  proposed  dewatering  activities  for  mine  slope  stability. 
and  precipitation runoff from  the  waste  dump  and  coal  stockpile  areas,  would be directed  to  lagoons  which 
would serve as  sedimentation basins. Host o f  the water in the lagoons  would be used for industrial 
purposes.  including  dust  suppression  and  equipment  washing. Any discharges o f  excess  water  would be into 
Hat Creek downstrean o f  the  pit  after  the water had been  adequately  treated. 

L 

L 

3 . 4 . 3  Sanitary  Wastes 

A ‘package  type  extended  aeration  sewage  treatment  plant”  would be provided  to  handle  sanitary 
wastes fron the  construction  camp,  mine o f f i c e  and  shops  area  during  operation.  The  treatment  process 
involves  cominution,  oxidation  and  possibly chlorination.  Treated  effluent  would be directed  to a cc 
cnllaction  pond  for  use  as a water sourca for dust  control.  Sludge,  along  with  solid  waste  refuse  from 
tha  shop  complex  and  garbage fm the  constrxtion  camp, is designated  far  a  landfill m a .  - 

I 
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CHAPrER 4.0 - OFFSITE SYSTEMS 

4.1 - 
The o f f s i t e   f a c i l i t i e s   a r e   l o c a t e d   o u t r i d e  of  the mine and powerplant  areas., and inc lude  the 

fo l lowing: 

rl 
1. Access road. 

.. 2. Makeup cool ing  water  supply system 

3. Transmission  l ines. .. 
4. Creek divr?rsions. 

m 
5 .  A i r s t r i p .  

6. Construction camps. 

1 7.  Equipment o f f l o a d i n g   f a c i l i t i e s .  

m 
The descr ip t ions  o f  the o f f s i t e  f a c i l i t i e s   i n  thi!;  chapter  are summarized from an o f f s i t e  

project   descr ipt ion. '  The pro jec t   descr ip t ion  emphasizes the  prel iminary  nature of the  engineering 
studies a t  the  t ime o f  w r i t i ng .  

.1 

4.2 ACCESS ROAD 

a 

Access t o  the Hat  Creek Project.  would be provided by  a paved  two-lane  highway. The road  would 
commence a t  Highway No. 1 (Trans-Canada Highway) near the  Ashcroft Manor, and proceed up Cornwall and 
MacLaren  Creeks and down the  nor th   s ide 0" Medicine  Creek  past  the  powerplant  site. It would  then  continue 

down past  the mine  mouth area and j o i n  Highway NO. 12 a t  thl! nor th  end o f  the upper  Hat  Creek Valley. 
The length  would be about  31 km. The proposed rou te  o f  the access road i s  shown  on Figs. 4.2-1 and 
4.2-2. 

From Highway No. 1 the  road  would r i se   ove r  900 m t o   t h e  smit near the  powf!rplant,  then  drop 
approximately 600 m from  the  powerplant t o   t he   i n te rsec t i on  a t  Highway No. 12. A shor t ,   near ly - leve l  
section  of  mad  approximately  1.5 !a long  would  connect  the  powerplant s i t e  and the new access  road. 
About 9 kn o f   t h e   e x i s t i n g   H a t  Creek Valley  road  would be relocated  around  the  east  side  of  the open p i t  
NO. 1. This  relocated  road  would be ad jacen t   t o  and fo l l ow   the  H a t  Creek diversion  canal .  It would j o i n  
the new p ro jec t  access road  near  the  coal  handling area. The t o t a l  area  required  for   the  road  r ight-of-  
way would be 100 t o  120 ha. O f  the to':al area,  approximately 70 t o  80 ha i s  covered by f o r e s t .  The 

r ight-of-way  corr idor  would have a minimum wid th  o f  30 m, and  a maximum wid th  o f  about 100 m on sections 
r e q u i r i n g   r i d f h i l l   c u t s  or h i g h   f i l l s .  The alignment  would make nine  creek  crossings. 01' these,  Cornwall, 
MacLaren, and Medicine Creeks are  the most s ign i f i can t .  All o f  these  crossings worlld be made using 

culverts  through  the  road embankments. Prscautions would be taken  dur ing   cu lver t   ins ta l la t ion   to   m in imize  

i. 
4 - 1  Par t  Two 



4.2 ACCESS  ROAO - (Cont'd) 
disturbance to the  creek  bed, to maintain  creek  flows, and to avoid  siltation and obstruction  of  fish 
passages. 

The  access  road w u l d  join b o  provincial  highways.  Therefore it is likely  that it would 
become  part  of  the  provincial  highray  system  after  construction  of  the  Hat  Creek  Project  has  been 
completed.  To  ensure  that  the 8. C. Llepartmcnt of  Highways  requiremnts  wuld be  satisfied,  arrangements 
have  been  made  for  their  participation in the  route  selection and for  assistance  with  the  preliminary 
design  should  the  project  proceed. 

4.3 HAKEUP COOLING WATER  SUPPLY  SYSTEM 

4.3.1 Introduction 

The  pruposed  water  supply  system  for  the  Hat  Creek  Project  would  take  in  water  from  the Thcqson 
River  near i t s  confluence  with  the  Bonaparte  River, and would  pump  the  water  approximately 23 km, with  a 
lift  of  approximately UOO m, tu the  powerplant  reservoir in the  Hat  Creek  Valley. 

The supply  scheme  was  determined  from an evaluation o f  intake and location  alternatives on the 
basis  of econcinic, environmental and engineering  factors.  These  factors  included  intake  reliability, 
river  quality,  total  cost and constructibility.  The  suitability  of  the intake type and location  for 
r i v w  water  withdrawal  was  critical in the  development  of  tho  selected system. Key systen  parameters  are 
presented below: 

kimw Flow  Rata 1580 vs 
Elevation  Difference uoo m 
Pipeline  Length  (along  slope) 23 !a 
Pip. o i a m e t w  800 m 
No. of  Booster  Pumping  Stations 2 
NO. of  Booster  Pumps in  Booster  Station 5 
Booster P q  Hator Powr (each) 2600 kW 

The maximu. flow  rate  of 1580 Vs is based upon the four  units in the  powerplant  each 
simultaneously  operating  at full load  of 560 tW (gross)  continuously.  The  actual  pumping  rate will vary 
according to powerplant load. and,  with  considerable  makeup  storage  capacity  in  the  powerplant  reservoir, 
flexibility tn  the  pumping  rate will be possible. 

4.3.2 MakeuD  Water  Intake 

The  preferred  location  of  the  intake  is on the  west  bank  of  the  Thompson  River, 360 m upstream 
of  the  mouth  of  the  Bonaparte River.' The masons for  proposing  this  site  are as follows: 

1. The  area is hydraullcally  acceptable.  based on river  surveys  carried  out i n  January  and  Uarch 1977. 

2. The  area is considered  geotechnically  sound,  based on visual  observations. 
I 
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4.3 MAKEUP COOLING WATER SUPPLY SYSTEM - (Cont'd) 
3. An intake  upstream of the  confluence of the Bonaparte  River  would avoid taking in the  more turbid 

water  of t.he Bonaparte. 

4. Generally, both access  and room for  construction  are good. 

5. The  Thompson River has a  large  flow  compared  with  the  maximum  demand  of 1580 Us (I..% m /5) for  the 
Hat  Creek  cooling  water supply. Maximum recorded  flows at Spences  Bridge were 413;' m /s. The  daily 
mean  minimum  recorded flow  at Spences  Bridge is 125 m /s. Thus  the  project (demand represents 
significantly less than 2 percent  cf the  Thompson River  flow at its lowest valua. The effect of 
this scheme on the  Thompson River  downstream is considered negligible. 

3 
3 

3 

A pier  type  intake  structure  (Fig. 4.3-1) would be utilized to withdraw makeup water from the 
river.' This intake  would be oriented almost parallel to  the river  flow to use the  sweeping action of 
the river to minimize  fish  entrapment, .and to provide sufficient flow along the  face 'of the screens to 
convey debris  past the intake. 

The intake  would be made up of six individual cells,  one  of  which would be provided  for  future 
use or for  standby  capacity. The screens, would be the  travelling vertical type and the screening surface 
would be fabricated  from stainless stef!l wire. with 2.5 mm clear.  openings to comply with Environment 
Canada  requirments.  For  trash removal the screen  baskets  rould be fitted with hooted  lifting lips. 
These lips would drain away from the  screen  to avoid entrapnent o f  salmon fry. 

The preferred  location o f  a  xreening system is  at the  face of an intake. With  travelling 
screens, it i s  not feasible to  mount  the screen  immediately at. the  face of the intake  because the above- 
water portion of  the screens need protection against  ice, and debris. For  the Hat 1:reek intake this 
protection is provided by a  curtain wall  in front of the screens, but because the cllrtain wall would 
provide an area  behind which  fish could be trapped, a flow  velocity parallel to thf screen  faces is 
provided  through the  space between curtain wall and screens. This flow  would enter  the intake at  the 
upstream side and  exit at  the  downstrea~n side. The  space between  curtain wall and  screens  would thus 
become  part of the  river, so that  fish  which have entered this  space  would be directed back to the river. 

The upstream end of  the intakc  would be equipped  with an approach  section to ensure  that the 
first upstrean! screen would also be exposed to  the parallel river flow. This  approach section would not 
have a curtain wall so that river  flow  could enter between  curtain wall and  screens over  the full river 
depth. Rather,  a vertical sectional slide gate  would be provided at  the end of  the approach section. 
The bottom of  this  slide gate would  automatically follow  the !river water surface thus at:ting as a  weather 
barrier. A s:milar gate  would be provided at  the downstream  cnd of  the  intake, between the  curtain wall 
and  side wall of  the last intake cell. 

The width of  each cell would Ioe such that the screen approach velocity at minimum river  water 
I depth  would  not exceed 0.12 m/s as stipulated by Environment Canada. This low approach  velocity together 

with the parallel  river flow would  prevent  impingement of salmon fry on the screen. To prevent  river 
solids  from settling in the bypass  channel  and  restricting the  flow,  the bottom of  the channel would be 

m sloped  away from the screens, thus directing  settling  solids back  to  the  river.  This geometry  would 
place  the  top  of  the  travelling screen boot 1.7 m above the  river bottom, and  would  leave a  water depth ~ 

on the  screen (of 1.1 m at design  minimum river level. 

a 
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4.3 MAKEUP COOLING  WATER SUPPLY SYSTEM - (Cont'd) L, 

Normally,  intake  pumps  would  start up against  a  closed  valve  which  slowly  opens so that  the 
flow  through  the  screen  gradually incr!ases. Furthemre, because  the  pumps and screens  are  combined i n  
integral  units,  the  flow  through any single  screen  could  not  exceed  the  design rate. 

I 

At socd existing  intakes  slide  gates  are  installed in the  walls  between  the pump cells  to 
enable  the  bypassing o f  a  travelling screen while it  is shut  down  for  maintenancn. These gates  have  been 
purposely  left  out  of  this  design to  preclude  the  possibility  that mre than one  pump  could  draw  water 
through  one  screen, an operating  condition  which  could  lead to screen  approach  velocities  in  excess  of 
the  stipulated maxim of 0.12 ds. 

.- 

.I) 

Becausa  the  travelling  screens  would  operate  behind  fixed  trash  racks  and  are  exposed to the 
sweeping  action o f  the  river, it is expected  that  little  debris  would  collect on the  screens.  Cleaning 
of  the  screens  would be  by high  pressure  water  sprays  located  at  the  operating  floor.  Spray  water, 
together  with  debris  if  any,  would  be  returned to the  river  at  the  dounstreaa  end o f  the intake. 

m 

I 

Tha bottom  of  the  intake  calls w u l d  ba recessed  approximtely 2.5 m below  the  intake  sill  to 
create  a  chamber  for  grit  collection. Remval of  grit w u l d  be  carried  out by air  lift or other means 
and returned tn the river. 

.- 

For frost  protection, the vertical slide  gates  at  the  upstrean and downstrean  ends  of  the 
intake  would  prevent  cold  air  from  entering  the intake. At  the  operating  floor  the  debris  discharge 
chute w u l d  be  equipped  with a belt  convryor to facilitate  return  of  ice to the river. Pmvisions to 
electrically  heat  trace  trash  rack and gate  guides,  intake  sills and screan cloth w u l d  be incorporated 
to pravent  icing  problems. To ensure  that  the  intake  structure  and all visible w r k  is aesthetically 
pleasing,  the final designs  will  be  coordinated  with  the  overall  project  aesthetic and architectural 
planning. 

rn 

.L" 
J 

L 

Preliminary  data  indicated  that  the  booster pumps generate  noise  at SPL (sound  pressure  levels) 
in the  range of 90 to 95 dE(A), while  the moton with no insulation  have  SPL o f  105 dB(A) at 3600 rpm. 
The booster  pump ootors, since  they  are  of  special  design, can be  ordered  with  various  degrees o f  sound- 
attenuating  enclosures  which  can  reduce  the  SPL to approximately 85 d8(A). Proper  selection  of  the 
pumping  station's  exhaust-air  ducting, roof and wall construction  materials  can  further  reduce  the  sound 
level to an acceptable  value  outside  the station. 

I 

L 

4.3.3 Pipelina 
L 

The pipellns  would  start  at  the  intaka  structure on the Thonpson River and terminate  at  the 
nor th  and of the  powerplant  reservoir,  thus  traversing  about 23 kin (Figs. 1.0-1 and 1.0-2). The m u t e  
has  been  selected to be  reasonably  direct, to avoid  areas  of  geotechnical  instability  and  difficult 
construction.  to  minimize  total  installation  and  operating costs .  to avoid  Indian  Reserve  lands and t a  
miniaizn enviromntal impacts. 

m 

.L 

The route  was  also  intended  to f o l l w  and be part o f  the  proposed  Hicola  to  Kelly  Lake 
transairsion  line  corridor to the  extent  possible in order to minimize impacts. Subsequsntly,  the 
transairsion  lina  proposed  route  was  changed  with  a  combined  corridor  not possible. However,  the  proposed 
pipeline  route  has  remained  unchanged. 

L 

L 
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II 
4.3 MAKEUP  COOLING WATER SUPPLY SYSTEM - (Cont'd) 

1 
The route would Cross  a  variety of terrains: the agricultural  lands of tot :,73 and of  Boston 

Flats; the rock-dominated slopes of the  Trachyte  Hills; and i.he gently sloping forests westward  to  the 
plant reservoir,  At present,  the  suburb  north of  Ashcroft i s  the only  inhabited area near the route. 
The  current  extent of development there lies about 110 m to the  south of the route, however  the route i s  
within  town limits. 1 

The  pipeline  right-of-way woulo be about 18 m wide. It would  contain  a loose-surface access 
road,  the buried pipeline, and a  buried duct-bank  carrying the control cables and power cables. The 
right-of-way would require  light clearin!? over  most  of its length, so that  the total c'leared area would 
be about 28 ha. The remaining 11 ha at  lower  elevations  comprise  sage and bunch grasses  that  would not 
require clearing. Following completion,  the right-of-way wou'ld be graded  and  revegetated, except  that 
the road would be retained  for mainten.tnce access.  Monthly inspection would ensure that any  erosion 
problems  would be quickly controlled. 

The  surface  drainage  scheme wollld control the  flow  of runoff across or parallel to  the right- 
of-way. For  c:ross-flow drainage, specia' provisions  would on'ly ne required at gullies;  the  provisions 
could be in the form of paving with cot,ble stones  at  the point of crossing  to prevent erosion. Where 
parallel-flow drainage might occur,  the  objective  would  be  to  prevent  the backfilled  pipe trench from 
acting  as  a  drainage course. Provisions  would be in the form of  shallow  trenches or depressions  to lead 
runoff  away from the  right-of-way  and direct it towards  existing  drainage courses. The  trenches  would be 
paved where nec:essary with  cobblestones, and would be 25 m to 50 m  long depending on local topography. 

4 . 3 . 4 .  Plant Reservoir 

The  pipeline  would  discharge into inlet works in the  reservoir at a  point  remote from the plant 
intake, so that  the  reservoir  would act. as  a  settling  basin  to  reduce suspended sol.ids. Because  the 
reservoir  contains  a large  volume of  storage, and because its water level could vary over d wide range, 
the  inlet works  would  consist  of  an  open flume running  to  the  reservoir bottom which  would  carry  the 
water from the pipeline  termination, at the high water leval, to  the  operating  water level. At  the 

basin  would be prevented. Thus. at low uperating levels no additional sediments  would be eroded from the 
bottom the inlet would  have  a  hydraulic jump and stilling basin so that erosion  of thl? empty reservoir 

reservoir by the  flow, and at high opt!rating levels the  settling  capacity  of  the  reservoir would be 
utilized to  reduce sumended solids levels at  the  reservoir outlet,. 

4.4 69 kV NOMINAL  TRANSMISSION SYSTEM 

4.4.1 Introduction 

This  section  describes  the 69 kV transmission system that would  supply power  for t,?e  following: 

1. The mine 

2. Powerplant construction. 
m 

3. The  cooling  water  system 
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4.4 69 kV NOMINAL  TRANSMISSION SYSTEM 

The  Hat  Creek  powerplant will be  connected  to  the  Hicola to Kelly  Lake 500 kV transzuission 
line. However,  since  the  developmant o f  the 500 kV transmission  line is independent o f  the  Hat  Creek 
project and is discussed  fully in other  engineering reports,' a  description o f  the  Nicola to Kelly  Lake 
500 kV transmission line is not  presented hem. 

4.4.2 nine and Powerolant  Construction  Power Source 

Fig. 4.4-1 shows  the  basic 69 kV line  route  proposed  for  supplying  the  mine  substatton  and  the 
powerplant  construction  power  substation. Pouer to the  mine  substation  would  be  tapped  from an existing 
69 kV lfne  located  near  Highway 12.' The new 69 kV supply  line  would  cross  Highway U to  the  nine 
substation and would  be approxiwtely 1.2 LIP long. The  supply to the  construction  substation  would  be 
taken  from  the  mine  substation  using two parallel  single 69 kV lines  approximately 3.6 km long. The 
right-of-way  cross  sections  would  require a, maximlvp o f  20.0 m for  a  single 69 kV circuit, and 30.5 m 
total  for  two  parallel 69 kV single circuits: 

4.4.3 Coolinq  Water System Power  Source 

The 69 kV supply to the pumping station  would  be  taken  from  a  proposed ner 230/60 substation to 
be  called  Rattlesnake  Substation.  There a m  two alternative  sites'  for  Rattlesnake  Substation. Fig. 4.4- 
2 illustrates these. Site A i s  approximtely Ut b from  the  existing  230 kV lines on land  gently  sloping 
to  the south. It'is approximat.ly 3 La from  tha  hlgtmay  between  Cache  Creek and Savona, 1 l/Z !a from  a 
subdivision, and approximately 12 !a from  the  pumping station. Site E Is approximataly 3/4 ka east Df 

Sits A and lies  close to, and to the nor th  of ,  the misting transmission  lines  between  two  creek beds. 
The  site f s  also  approximately 1 U t  !a from  the  highway  between  Cache  Creek and Savona, 1 U2 loa fm 
the  nearest  house, and 12 km from the  pumping station. 

From Sites  A or 8 ,  the 69 kV tap  would cross the  highway  close ta the  toun  of  Cache  Creek  where 
it is  well screened fro* traffic  viewing  but  within  sight  of  a  subdivision.  It  would  then  follow  the 
m u t e  of  the  gas  pipeline to the  high pressure p q h o u s e  located  adjacent to the  Thompson  River  just 
downstream o f  the  nmuth o f  the  Eonaparte River. A  second  stage  intermediate  pumping  station is proposed 
to be located  adjacent  to  Highway No. 1 Just north of the  north  boundary o f  Ashcroft  Indian  Reserre 
No. 2. The tap to the  fntermedfate punpiaping station fmm the proposed line to the Tholnpson River  fntake 
is shown on Fig. 4.4-2. 

The 69 kV line  from  Rattlesnake Substatlon Sites  A or 8 should  be  tapped  out  as  shown on Fig. 
4.4-2  if the  distance  betwean  the  Rattlemake  Substation and the  pumping  station is to be kept to 10  to 
12 km. Along  the  section frw the tap to the  intermediate  pumping  station,  the  line  would be visible 
f r o m  Highway 1 and fnm the m a d  linking  Highway 1 and  Ashcroft.  It  will also  pass in the  vicinity of 

several houses  near Boston Flats. 

4.4.4 Loo0 f m n  Existinq 69 kV Line  to  Rattlesnake  Substation 

It i s  also  proposed to tie  the  existing 69 kV line ( 6 0 W )  into  the  proposed  Rattlesnake 
Substation. To accmplish this, it will  be  necessary to run a new 69 k'/ line  along L?e existing  230 kV 
routs to some point Setween the  town o f  Cache  Creek  and  the  aonaparte  Indian Reserve. 

~ 
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i. 
4.5 CREEK  DIVERSIOhs 

4.5.1 Introduction 

Excavation o f  open pit No. 1. disposal of pit surficials  and  mining  wastes and  disposal of  ash 
from the therm1 plant  would require  diversion of Hat  Creek and several smaller tributaries  including  the 
upper  and lower  portions of Medicine Crer!k, Finney Creek and t.he area  adjacent  to  Aleece Lake  and  Lloyd 
Creek. 

I 

Q 
4.5.2 Hat Creek Oive!* - Hat Creek  would  be  the  most  significant of the  diversions,  having an  overall drainage  area of 

about 310 km2. Fig.  4.5-1 shows  the general arrangement  of  the  proposed diversiorl. Based on the 
conceptual design  of Monenco Consultants Pacific Ltd. ,l  this  diversion  would be accomplished basically 
with  a 7 km long impervious-filled, linecl canal on the east  side o f  the Hat Creek Valla'y. a  2100 m  long 
discharge  conduit  to return the  flow  to Hat Creek downstream  of the  pit and  a 15 m h4gh headworks dam 
immediately  downstream  of Anderson  Creek.  The  design  capacity of this  diversion  would be about 23 m /s 
with an emergency  capacity  of  about 33 m /s. The  average annuill runoff and diversion  flow  would be about 
0.7 m /s. Ups-:ream of  the  diversion,  a  retaining dam would be constructed  to  maintain and equalize  flows 
in Hat Creek. 

a 

3 

I 
3 

3 
2 

I 
An a.lternative diversion  schenc  that  would utilize  Hat Creek  water  as  a supplemental water 

source is being considered.2 This  arranlement  would  comprise  essentially  the  same canal arrangement  as 
described in the  preceeding paragraph except  with reduced diversion  capacity, a small reservoir and 
pumphouse  where  the canal would  cross Mec,icine Creek and  a 0.57 m / a .  50 cm  buried pipeline  with  a length 
of  about  4570 m up to  the main water supply  reservoir.  Hat Creek  Storage  would be provided at an 
alternative  site downstream of  McCormick Creek. The earthfill dam at  this  site  would be about 30 m  high 
and would  require  a  low level outlet wori.5 with  a  capacity  equivalent  to  the canal. An  emergency  spillway 
similar  to  that at the headworks dam wou'!d also be provided. The  alternative  site  reservoir  would have  a 

- 3 

a 

I) 
normal maximum water level of El. 1052  creating  a  reservoir 2.4 km long with  a  surface  area o f  about 
120 ha. 

M 
4.5.3 Medicine  Creek  Oiversion 

(a)  $per Medicine  Creek 

I Depending  upon what  arrangement is finally adopted for ash disposal,  two  distinctly 
different  approaches  to  this diverliion are possible. If wet ash disposal  in  tt,e upper  Medicine 

~ Creek ars!a (base scheme  appears in  Fig. 1.0-1) is selected, the diversion  would require ditches  on 
both  the north  and South  sides  of t,he valley  to intercept and convey  water  through  the  divide into 
MacLaren  Creek at E1.1295 m. Since it would probably be uneconomical  to  provide diversion capacity. 
for  the probable maximum flood, suct, maximum  flood runoff,  together  with  the  runoff below the level 
of the  diLches,  would  have  to  flow  to 'the ash pond. 

- 
I 

I 

. 
If the area  downstream o f  the  base  scheme is selected for  ash  disposal, 3 reservoir  would 

be created at the base scheme ash  pond site. Collected  runoff  could then be pumped  to  the  main 
water sup3ly  system  and  utilized  as powerplant makeup. Including the  currently licensed diversion, 
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4 .5  CREEK DIVEBSIONS - (Cont’d) 

the  available  runoff  could  total  about 0.U m /s as an annual average. With a pumping head  of only 
about 150- m, energy benefits could be substantial. 

3 

(b )  Lover Medicine Creek 

The lower Medicine Creek area nay  be used for  disposal of p i t  surf ic ia ls  and nine wastes. 
To prevent  erosion and ensure s t a b i l i t y  of this material, i t  wu ld  be necessary to intercept and 
convey a l l  runoff to the Hat Creek Diversion caml.  Runoff from the  drainage  area of 18 !a would 
be diverted i n  ditches. 

2 

4.5.4 Finney Creek. Aieece Lake  and  Lloyd C r e e k  Oiverrions 

Runoff from the Finney Creek drainage  area o f  a b o u t  13 km would  be diverted by d i t ch  into  the 2 

canal headworks resewoir  (Fig. 4.5-1). 

Host o f .  the  runoff i n  the vicinity of  Aleece Lake  and  Lloyd Creek, a drainage  area of about 
31 h would be divertod around the  south edge  of the Houth  Meadows waste dump i n  ditches and discharged 
into Hat Creek. i o  avoid  concentrating  the flaw t o  this  area,  the  northern  portions o f  t h i s  basin and 
the waste dump could be drained  to  the  north. 

2 

4.6 AIRSTRIP 

The C i v i l  Aeronautics Department of iransport Canada -has undertaken calibration f l i g h t s  and 
brief ground reconnaissance of the Cache Cree& and Ashcroft  area and ident i f ied  three  potent ia l   a i rs t r ip  
sites.’ These s i tes   a re  shown on Fig. 4.6-1. The drawing also shows typical runway details   for an 
a i r s t r ip   su i tab le   for  mast executive  type j e t   a i r c ra f t .  

Transport Canada has indicated  that   al l   three  si tes appeared to  be acceptable from an operational 
point of v iew,  although mare detailed  suweys  wuld be required  before  a  final  decision could be  mad% 
They indicated  that  they  preferred  Site C, near Cache Creek,  because i t  had the best ground clearances 
for  aircraft  landing and taking  off.  Site A would  be t h e i r  second choice, w i t h  Si te  8 third. 

Additional  factors  that must be considared i n  selecting  the  airstrip  location  are: 

1. Location of the si te relat ive to the existing  callaunities and the  project s i t e .  

2. Present use and ownership of the land. 

3. Potential  for  future expansion of the runway. 

m 

m 

4. cost. 

5; Noise disturbance. 

4 - a  Part Two 
I 



- 
4.6 - - (Cont'd) 

All three  airstrip  sites  are relatively close  to  the existing communities.  Sites A  and B are 
closer  to Ashcroft while  Site  C is  closer, to  Cache Creek. Sites A  and 9 are also closer to the Hat Creek 
Project  than  Site  C via the proposed  new project access road up  Col-nwall Creek. I 

I 
The following table  summarizes  the  distances from  each site  to  existing  communities and  to the 

project. 

Ashcroft 
Cache  Creek 
Powerplant 
Mine 

- Distances in Kilometres 

- Site A B C 

9 5 15 
14 10 4 
22 23 37 
30 31 45 

'I 

4.6.2 Use and  Ovners,lip o f  Land 

Site,: A and E are  both  within  the  Cameron Ranch presently  owned by E. C. Hydro. Site A is on 
land  used for grazing while  Site B is on partly irrigated  agricultural land. Site C is on  fully  irrigated .. agricultural land within  the Emlin Ranch which is privately ,owned.  An airstrip at this location would 

remove from thr ranch all of the land now being irrigated. 

4.6.3 Potential for Ixoansion 

I 

Site  C  could be extended  to  a length greater  than 1500 m. Sites A and E, lhowever, would be 
limited to maximums  of  approximately  1500 m and  1350 m. respectively. A runway length o f  only 1350 m 
would be restrictive f o r  some o f  the  executive  type  aircraft under certain load and climatic conditions. - 

4.7 CONSTRUCTION  CaMps 

- 4.7.1 Introduction 

Separate  construction  camps  are  proposed  for  the pwerplant and the mine. The  camps, as  located, - offer  the  optimum  combination of  ecoromical water  supply,  convenience  of  access and  residential 
suitability. The  water supply would, be drawn from wells  to be constructed near Hat Creek,  upstream o f  

the initial mine pit. The  water  would ,e pumped  to  both camps.  An intermediate pump station  would be - provided. The following  description i s  summarized from a report on the proposed camp facilities. 1 
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4.7 CONSTRUCTION CWPS - (Cont'd) 
4.7.2 C a m  Locations 

Powerplant  Cam0 

Two factors  considered  for  the  location  of  this  camp  were  the  workers'  travel  distance 
from  the  campsite to the  powerplant site, and  the  availability  of  a  camp  area  of  suitable  size  and 
grade tu facilitate  camp  constrwtion.  Construction w r k  is essentially  a  sfngle  shift  operation 
and  will  not  cause  consistent  loud  noise  during  the night. 

The  construction  camp  for  the  powerplant  requires  an  area  approximately 300 n x 370 n. 
Areas  suitable  for  a  camp  site  are  available  north,  hest  and  southwest  of  the  powerplant.  The 
mast  desirable  locatfon  for  this  camp  would  be  on  the  gentle  slope  on  the  north  side  of  the  plant 
(Fig. 1.0-1). in the  park-like  deciduous forest. This  forest  provides  a  buffer  between  camp  and 
construction  site  and  allows  attractive  settings  for  the camp units. 

Mine C a m  

A desirable  location  for  the  nine  camp is depicted in Fig.  1.0-1. It would  be  situated i n  

a  pine  forest in an  area  gently sloped. This  forest  would  tend'to  screen  tha  camp f r w  the new 
project  access road. power line and  conveyor  right-of-way.  The  water  supply line would  run  through 
an easily  accessible area. The soil in the  area  appears tn be well  suited  for  installation  of 
underground  services. 

4.7.3 Camp  Layout  and  Services 

(a) e 
Typical  camp  lqyouts  are  illustrated in Figs. 4.7-1 and 4.7-2. These  can  be  modified to 

suit the local contours  and requiremats o f  the  project.  Each  camp  would  have  a  centrally  located 
kitchen/cafoteria  complex  with a recreation hall nearby. The  bunkhouses M u l d  be  located  around 
this c w l e x .  Each  camp  would be surrounded by an  access m a d  with  parking  facilities. A car  wash 
and a limited  number of  outlets  for  car  heaters  would be provided. The  spacing  between  camp  units 
would  be 8 n to 10 m to  provide  fire  breaks  and  privacy. 

R e  layout concept for tha camps 1s based  on  the puKhase and lease of prefabricated  units 
that  are  assembled  onsite  into  bunkhouses,  kitchen  and  cafeterias  and  recreation halls. Recent 
experience  indicates  that  this  type  of  installation is economical.  The  camps  for  the  Hat  Creek 
Project  are to be used  for  a  longer  period  than  normal,  and  therefore  the  specifications  for  camp 
buildings  would  make  allowance  for  this  extra usage. 

Camp  ssrvices.  including  water,  electrfe  power  and  sanitary  sewers,  are  designed  to  function 
with  the  maximum  camp  developmnt  or  with  only  the  core  of  the camps installed.  Additional 
residential  units  would  be  added  and  removed as required by the  manpower schedule. Telephone  services 
w u l d  be provided by the 5. C. Telephone Coqany and pay  telephones  for  the  camp  population  would be 
located in the  recreation halls. 
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4.7 CONSTRUCTION C , 4 M p s  - (Cont'd) 
(b) Water Suo* 

Three  alternative  methods o? 2roviding  water  for the tWo construction  camps were  considered: 

1. Local wells drilled  near  the camps. 

2. Transporting  water by tank  truck from wells near  Hat Creek  to  storage facilities a': the camps. 

3. Pumping  water from wells near kat  Creek  to  storage  facilities at the  mining  camp and from there 
to s'torage facilities at the  powerplant camp. 

Only  method three is remmended because t h  availability  of an adi?quate supply  of 
groun&ater at the  powerplant  campsite is questionable,  and trucking  water from Ha': Creek  would not 
be economical.  The  preferred water  supply  system i s  shown in diagramatic f o r m  i n  Fig. 4 . 7 - 3 .  It 
consists of two 30 m  deep wells i n  the  aquifer near  Hat  Creek,  upstream of  the initial mining 
activities. 

Drill  holes in the vicinity  indicate  a top  layer of sand and gravel of  considerable  depth 
with wat.er-table levels near  gr3und surface. If t,he permeability o f  the  aquifer  proves 
unsatisfactory,  surface  water  would be obtained from  Hat Creek by means  of  shallow wells. In either 
case, the! wells would be provided uith standard well pumps capable  of  pumping  approximately 4 Us 
through a pipeline  directly  to  the  storage  facilities at the  mine camp. From the  mine  camp  the 
water  would be pumped  to  the  powerJ1ant camp. Before  the  water  enters  the  storage  facilities it 
would  be  chlorinated  as required. 

After Hat Creek has been  diverted, it would be necessary  to replace  the wells. It is 
suggested  that  a  suitable  water intake be constructed  where  the  pipeline  crosses  the  diversion . 
channel. This  crossing  would be less than 1.6 km from the mine camp and near the !,ame elevation. A 
new  set csf pumps  would  have  to  replace the well  pumps. To ensure  water  free of  seaiments,  a pair  of 
pressure filters would be installed near the storage facilities. 

The  water supply  system is sized to provide 190 L/d per person in the camps.  At a maximum 
combined  camp  population  of 1440 (+2oX design safety)  the  daily  demand would tbe 328 m3/d. The 
proposed  pumping rate of 4 Us with  a  single set  of  pumps  would supply  346 m /d into the  camp  storage 
facilities. By utilizing the stard-by pumps. this supply could be increased to  approximately 
600 m3/d. 

3 

(c) Water  Distribution and Fire Protection 

Potable  water  distribution and fire  protection  would be combined in a  single  system at 
each camp.  Each system would be deeigned and constructed in accordance  with  applicable  fire codes. 
The  systems  would be similar  except  for  the  sizes  of  the  storage reservoirs  and the  detailed  piping 
layouts. - 

The  reservoir  at  the  mine  camp  would hold 757 m' of  water  while  the one at the  powerplant 3 

camp  would hold 1135 m of water. Of ':hese reserves, 379 m at each  camp  would be allocated  for 3 3 
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4.7 CONSTRUCTION  UHPS - (Cont'd) 

fin protection  only. This minimum fire  protection  reserve can supply 50 Us f o r  tu0 65 m and four  
40 nm hose streams for  a Z - b u r  period. The reservoirs would  be campletely  enclosed  rubbercoated- 
nylOn-fabriC tanks  supported by soil  embankments. A closed top  would prevent  contamination and 
minimize evaporation  losses. 

A house near each reservoir would conta in  tno potable  water pumps, one diesel  engine f i r e  
pump and all  controls. The potable  watsr pumps  would supply 32 Us each and the fire pump would 
supply 65 Us a t  7 kPa. One potable water pump is expected t o  run continuously to pressurize the 
dlstribution system, w i t h  excess  water ncir&lated through  a  pressure  relief  valve back into  the 
resarvoir. The second potable  water would s t a r t  on pressure drop. The f i r e  p u p  would s t a r t  on 
pressure drop  and  upon pwer failure. 

To prevent  freezing,  the  piping system would be instal led below the  f rost   l ine  or insulated 
and heat  traced. A c a r t  w i t h  hoses.  nozzles and other f i re   f ight ing equipment for  use w i t h  65 m 
outlets  on the 3-50 ma hydrants would be housed a t  a  central  spot i n  each camp. Four inch  hoses 
would  be available  in  cabinets on both ends,of each bunkhouse. These hoses would be connected to  
standpipea  that a n  part  of the  internal  piping of the bunkhouses. 

( d )  Sanitary Sewaoe Treatment and Oisuosal , 

Separate  sanitary.  effluent  treatment and disposal  facil i t ies would be ins ta l led   a t  cash 
camp. Bocause of the cost  of a  pipeline from the powerplant camp to the  nine camp,  and the 
unfavourable  conditions  for  disposing of effluent i n  the mine camp area, i t  would be impractical t o  
i n s t a l l  a n i  central  plant  for  the two  camps. 

Each instal la t ion would provide f u l l  biological  treatment to remwe a t   l ea s t  80 percent 
8o05 during s m e r  and winter. Each s y s t a  would provide  aerobic  oxidation  utilizing an  open basin 
w i t h  suberged  static  aerators. '  The system would  be designed w i t h  sufficient  retention and  would 
not  require any primary treatment  other than c m i n u t i o n  ahead of the b a s i n .  Neither would i t  
require  sludge removal  and disposal. The final  effluent would be treated to satisfy  the  requirements 
of the regulatory  authorities. 

The final  effluent from the  pwerplant canp would  be directed  to an  impoundment basin 
f o m d  by the existing Hamy  Lake. The preliminary  project  layout  (Fig. 1.0-1) ind icabs   tha t   th i s  
lake  area  also  could be developed i n t o  a bottom ash impoundment. This'basin is expected to  have a 
surface  area  large enough to evaporata  the  expected voluma of  effluent under normal conditions. Any 
residual  effluent  wuld be retained  as  part o f  the ash water to be used for  transportation  of the 
ash slurry from the powerplant. Chlorination  as  necessary would be provided as   par t  of the systern. 

Further  studies  are  required reganling disposal of the  final  effluent  froa  the mine camp 
t n a t n e n t  p l a n t  and the avoidance of discharge  into  surface water. The available  al ternatives are: 

li 

1. Oeep we1 I disposal. 

2. Spray irrigation. 
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4 . 7  CONSTRUCTION CiiMpS - (Cont 'd)  

.I 
3. Impoundment. 

4. Orainage f i e l d .  

The geological   condi t ions appear t o  be favourable  for  deep well   disposal. Bore hole 

records  ind icate  that  a dry  gravel   ted  under l ies  the camp area. However, fur ther   geolog ica l   s tud ies 
are  required t o  conf i rm  th is .  Spray i r r i g a t i o n  has been  used successful ly  at   locat ions  of   s imi lar  
c l imate   wen though it i s  l i m i t e d   t o   s m e r   o p e r a t i o n ,  and t h i s  would necessit?.te an addi t ional  

disposal method during  the  winter  period. The contours o f  the  ground i n  the  mining camp area do not  
a l low a natura l  impoundment bas in  wi thout   in ter fer ing  wi th   s torm  water   runof f .  If an  impoundment 
bas in  is   requi red  for   the  winter   t in le ,  it would have t o  be excavated. The sur face   so i l s   in   the  camp 

area appaar t o  be till wi th  very.Jou permeabi l i ty .  I f  s o i l s   o f  adequate permeabi l i ty   are found 
dur ing a de ta i led   so i l s   inves t iga t ion ,   cons t ruc t ion   o f  a dra inage  f ie ld   could be undert.3ken. 

(e)  Power O i s t r i b u t i o n  

The power d is t r ibut ion  throughout   the camps and f r o m  the mine camp to   the   we l l  pumps are 
assumed t,o be a t  12.47 kV, w i th  step-down transformers a t   u t i l i z a t i o n   p o i n t s  as required.  Street 
l i g h t i n g  would be provided i n  camp areas and f lood   l igh t ing   in   park ing   a reas .   Out le ts  f o r  e l e c t r i c  
car  block.  heaters  would be i n s t a l l e d   f o r  500 cars  at  the  powerplant camp and f o r  200 cars a t   t h e  

mine camp. A f i r e  alarm  system with sirens and locator  panel  would be provided for both camps. 
These systems would be  hooked up to   the  in ternal   a larm systems i n  the bunkhouses. A small  standby 
construction  type  generator  fueled by  propane gas would  provide emergency e l e c t r i c  power f o r   l i g h t i n g  

and furnace  fans i n   t he   ca fe te r i a  and recrea t ion   ha l l .  

( f )  Camp Heat inq,   Vent i lat ion and Air Condit ioning 

Bunkhouses a t   t h e  two camps would be heated e l e c t r i c a l l y .  Each  room would have  a u n i t  

heater   cont ro l led by i t s  own thermos,tat. A makeup a i r  system  would  heat  fresh a i r  when required and 
prov ide   pos i t i ve   ven t i la t ion .  Air condit ioning  would be provided i n  the summer. The cafeter ia  and 
the  recreation  hal l   would have warm a i r  furnaces  heated  with propane  gas. .Gas would be used a l s o   i n  

the  k i tchen f o r  cooking and baking. 

(9)  Caterinq and Housekeepinq Services 

B. C. Hydro  would engage  an industr ia l   cater. ing and housekeeping service. The caterer 
would be selected  before  the  contrac:t  for  the camp bui ld ings i s  awarded  and g iven  ihe  oppor tun i ty   to  
pa r t i c i pa te   i n   t he   de ta i l ed   l ayo l l t s   o f   t he   k i t chen  and d in ing room f a c i l i t i e s   t o   s u i t   h i s  

requirements. 

The caterer  would be res?ons ib le   fo r   a l l   serv ices   requ i red   to  manage  and maintain  the 
camps, i r l c l ud ing   f i r e   p ro tec t i on ,  arld maintenance o f  water  supply and e f f l uen t   t rea tmen t   f ac i l i t i es .  

Refurbishing  of  bui ldings, and major  repairs,  would be ilrranged by 8.  C. Hydro as  required. Snow 
removal .and garbage disposal would be p a r t  o f  the  general  contractor 's scope 01' work. All camp 

garbage  would be disposed  of i n  a s u i t a b l e   l a n d f i l l  meeting a l l  regulatory  requirements. - 
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4.8 EqUIPME!4T OFFLOAOING FACILITIES 

During  the  construction  phase,  materials  and  equipment f o r  the  project  would be shipped f r o m  
the  suppliers by  rail. The nearest rail line I s  some 32 !a from the project site. The distance  and  the 
terrain  aake it uneconomical to construct a spur  line  into  the  Hat  Creek  Project site. Consequently, all 
rail shipments must be  trans-shipped by m a d  fmn a  convenient  point on the  railway. 

A trans-shipping teminal would be required  at  the  interface o f  the rail and  the  road for 
transferring  the  materfals f r o m  the  railcars  onto  the  highway trucks. A nuaber of extremely  heavy  pieces, 
weighing up to 300 t, w u l d  be  delivered to the  terminal on special  railcars.  The  terminal  would  have  a 
derrick to lwve  these  loads frm the railcan to  specially  designed trucks. The  offloading  facilities 
would  also  be used as an  interim  storage  yard f o r  matarial and  equipment. 

Negotiatfons  are  underway  with  the  three mjor railways for the  provision o f  an offloading  area 
for  handling  project equipment. Depending on the  results of these  negotiations  the  offloading  facilitiel 
could be located at any of the  following sites:. 

BCR - near  Kelly  Lake  Substation 
G%R - JU Luaber  site  near  Ashcroft 
CPR - Spencer  Bridge 

The  proposed  layout of the  offloading  facilities is s h a n  on Fig. 4.8-1. 

The offloading  facilities  would  require a level 3 ha  area, 404 n long by 75 m wide. The  area 
w u l d  be graded and surfacsd  with  gravel and crushed  rock to a  depth  sufficient to provide  adequate 
bearing  capacity for the  trucks  and m b i l e  equipment to maneuver  around  the  entire area. The  area w u l d  
be sloped  to  a minimw grade o f  1 percent to provide  surface  drainage, and ditching  would be provided 
around  the  perimeter  if  rquired. An access m a d  would be built  connecting  the  offloading  area to the 

'highway.  The  terminal  area  would  be  enclosed by a 2 D high  chain  link  fence  with  three  strands of barbed 
wire  at  the top. Gates  would be provided on the  roaduay  area and at  the  point  where  the rail spur  enters 
the  terminal. 

A portable  ffldular  building  installed on the  site  would  be  dlvided  into  three  sections  to  serve 
as an  office,  lunchroom  and  washroam. 
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CHAPTER 1 . 0  - :NTRODUCTION 

Part  Three.  Enrironmsntal  Settirg  without  the  Project,  discusses  the  :oll?cticn a i  da:a and i t s  
use to   descr ibe  the  current   s ta tus o f  the  environment i n  t h e   v i c i n i t y  3 i  the proposed H a t  C r e e k  Project .  
This  basel ine  informarion  provided  the  b, is is  to  ident i fy  the  impacts f r o m  development  of the  Hat C r e e k  

Project  presentea i n   P a r t  Four. Par t  Three  presents  Baseline  Data  Collection  H?thodoloqy  (Chapter 2.0) ;  

Resource inventory  (Chapter 3.0) 3nd Resource Project ions  Without tSe Pro jec t  (Chapter 4 . 0 ) .  

Chap!:er 2 . 0  describes  the  col l l !ct ion o f  environmental  data,  the sources ,  xethods o f   ana lys is  
and the   ra t iona le  f o r  se1ec:ion of   monitor ing  stat ions and speci f ic   environmental  parmeters.  Oara 
sources f o r  eacS d i s c i p l i n e  used t o  charact#?rize  resources  general ly  consisted a i :  

1. A review o f  a v a i l a b l e   l i t e r a t u r e   i n c l u d i n g   r e s u l t s  of previoLls f i e l d   s t u d i e s  

2 .  TLle pre-operat ional   r .oni tor ing progranunes. 

3 .  0is:ussions v i t h   l o c a l   r e s i d e n t s ,  and i n d u s t r i a l  and government o f f i c i a l s  

Ana ly t i ca l  prwcedures u t i l i z e d  were standard methods. Monitor ing  stat ion  locat ion: ;  and parameters 
monitored were selected  to   prov ide  spec i f ic   in format ion on p o t e n t i a l ? y   s e n s i t i v e  components o f  :he 

environment. 

The character izat ion o f  the  environnental  resources i n  t h e   v i c i n i t y  o f  the Ha: C r e e k  Pro jec t  i s  

based uDon tho  resul ts  of   the  Detai led  invironmental   Studies.  The results  are  presented i n  Chapter 3 . 0  

(Resource Inventory).  !nformation on nleteorology, ai r   qual i ty,   epidemiology,  water  resources,  land 
resources  ind  iocio-economic  characteristi i :s on a reg iona l ,   loca l  and s i te -spec i f i c   bas is  i s  presented. 

Chapter 4 . 0  projects  these  environmental  resoupces over 35 years  baied upon the  assumption  that 

the   p ro jec t   wou ld   no t  proceed. These baseline  forecasts were then compared wi th ':he environmental 
condit ions  expected  during the  development and Operation o f  the: H a t  Creak  ? r a j e c t .  The c i f f e w n c e  between 

t h e   w i t h  and w i thou t   p ro jec t  cases served as the  bas is   for   eva luat ing  pro ject   impacts .  
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CHAPTER 2 . C  - BASELINE DATA COLLECT1014  !4iT%ODOLOGY 

2.1 LNTRCOUCTiON 

a 
This  chapter  describes  the  sources  of  the  baseline  environmental  data and the  procedures used 

t o  collec; t t e  data f o r  the  Hat   Creek  Pro ject .   in fornat ion ii. provided f o r  meteorc lop -a i r   qua l i t y ,  

eoidecliology,  darer  resources,  land  resources, socio-.eccnomics and noise. m 

- 2 . 2  MFEOROLOGY - A I R  QUALITY 

2 . 2 . 1   , V e ? e o r o l o c i g  Data  Sources 

.I 
(a) Regional 

The regional   c l imatological   character ist ics  presented  here,  and i n  more d e t a i l   i n  Appendix E 
t o   t h e  Air Q u a l i t y  and Climatic  E'fects  Report , are bzsed p r i n a r i i y  on i ong ie rm  da ta  from the 1 

records   o f   the   C l imato log ica l   Serv ice   D iv is ion   o f   the  Atmospheric  Environmert  Service o f  Canada 

( A E S ) .  Two AES pub l i ca t ions   ex tens ive ly  used  were  "Canadian Weather Review"' and "Monthly Record: 
Meteorological  Observations i n  Canada".3 I n  adoi t ion.   the "U.S. Naval  Weather S2rvice World-Wide 
A i r f i e i d  Summaries'I4 was u t i l i zed .   Hour l y  AES surface  meteorological  data on magnetic  tape  for 

Ashcrof t  (1966-:971),  Yamloops (1974-1975). and Ly t tsn  (1974-1975), a s  we l l  as  upoer air radiosonde 
(2dO8) ot8servations fo r  Vernon and Prince George, B . C . ,  were  used i n   t h e  region.31 c l imato log ica l  
analysis. A complete l is t ing  of   the  regional   meteorological   aata  sources  is  contained i n  Appendix A 

t o   t h e   A i r .   Q u a l i t y  2nd C l imat ic   E f fec ts  Report. 5 

(b) 

S i t e  meteorological   condi t ions were determined from  Jne year (1975) of   ons i te   meteoro log ica l  
data  obtained f r o m  an e ign t -s i te   p re l im inary   mon i to r ing  network developed by B.C. Hydro. Each o f  
t h e   s i t e s  was equipped wi th a mechartical  weather stat ion  'dhich  recorded  wind speed., w ind   d i rec t ion ,  

temoerature, and humidity.  This  moll itaring  network i s  d9scribed i n  mare d e t a i l  ' n  Sectian 2 . 2 . 3 .  
"Onsite  MB?teorological and Air Quali:y  blonitoring". The hca t ions   o f  :he mechanical  weather s ta t ions  
are  depicted i n   i i g .  2 .2 -1 .  I n   a d l l i t i o n   t o   t h e s e   o n s i t e  measurements, h i s t o r i c a l   c l i m a t o ~ o g i c a l  

data we?e obtained  from  several  nearby AES weather  statio,?s.  Table  2.2-1  presents a l i s t i n g  o f  the 
locat ions and e levat ions  o f   the  s ta t ions  for   which  data were u t i l i z e d .  Appendix A t:] the Air Q u a l i t y  
and Climat,ic  Efrects Report' contains 9 complete  discussion  of  t i le  iocal  meteorological  data  sources. 

Information on t h e   v e r t i c a l   s t r u c t u r e   o f  winds ano temperature  over  the  Hat Creek Val ley 

was obta i?ed from short-term,  intensive  studies  performed by ME?  Company (sponsored and ass is ted by 
B . C .  Hydro) i n   bo th   t he   w in te r  and summer of 1975, and i n   w i n t e r .   s p r i n g  and suinmer of  1976.7'a 
Data  were obtained f r o m  minisondes, a se r ies   o f  hygrothermographs on the  slopes clf the  Hat Creek 

Val!ey and from a series  of  constant l c v e l  b a l l o o n   f l i g h t s .  

The atmospher ic   d i f fus ion  character is t ics  o f  the  Hat Creek Val ley were invest igated  through 
the use o f   o i l - f o g  and  gas tracer  studies  conducted i n  rhe  wir i ter ,   spr ing and Summer o f  1.976 by 
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2.2  METEOROLOGY - A i R  IUALITY - (Cont'd) 

North  American 'Weather Consultants,  under the saonsorship o f  8.C.  Hydro.' intensive  meteorological 
measurements  were  conducted t o  aefine  ambient  conditions during  simulated  poGerp1ant  plume releases. 
The information from these studies vas used  to calibrate  the  air quality  prediction  models used in 
estimating the air  quality  effects o f  the  project. 

2 . 2 . 2  Air Quality  Oata Sources 

(a)  Reqional 

Long-term ambient  air quality  data are available  for only a few locations in southern 
British Columbia. The  sparcity o f  data is not  a  serious  problem  because there are few emission 
sources in the region. The  paucity of  emissions  permits  one to make  reasonable  assumptions  about 
baseline  ambient  air  quality.  The  full-scale,  pre-operational,  onsite  monitoring p r o g r m e  
implementsd by 8.C. Hydro will provide  data to verify these assumptions. The  air  quality  data base 
Consists of measurements of  ambient  particulate  levels,  dustfall, and sulphation rates taken by the 
B.C. Departvent o f  the Environment,  Vater Resources Service. 10 

The available  data  reflect  conditions in  and neap the industrial  comsuniSies of Kamlcops 
and Squamish.  80th  communities  are well removed from the project site.. Consequently.  these data 
Cannot be considered  representative o f  the sparsely  populated rural area surrounding the proposed 
project site. Even gross featutres, such as seasonal trends, are inadequately  represented. A complete 
description of  the  locations where air  quality  measurements  were  taken, as  well as the periad o f  

record, are given in Appendix A ta the  Air  Quality and Climatie E f f e c t s  Report. 5 

Other regional air quality  data  include the results of a survey  of the snovpack and stream 
water  acidity in Hat  Creek and Wells  Gray Park. This  survey was conducted by  B.C. Hydro on June 3, 
1977. Data  wer@  analyzed by the Environmental  Laboratory o f  the 8.C. Ministry o f  the Environment. 
The  results  were used  in the analysis and prediction o f  precipitation  acidity  due to Hat  Creek 
sulphur  dioxide emissions. 

An  inventory  of  particulates,  sulphur and nitrogen  oxides frcm Xamloops, Cache  Creek, 
Clinton, and Highland 'Valley was  compiled by B.H. Levelton and Associates, Ltd. under  contract to 
B.C. Hydro in i977.11 The  results  were used qualitatively to discuss  contemporary regional air 
quality as well as in the analysis o f  t!!e effects of the Hat  Creek  Projsct on regional air quality. 

(b) a 
A limited  amount of total suspended  particulates  data are available from 8.C:Hydro and 

the Environmental  Laboratory of the B.C. Ministry o f  the Environment  for the Hat  Creek  Valley and 
Cache  Creek  beginning in the spring of 1977.' Oata  were  collected using the  high valume  sampler 
method. The  locations  of the six stations fo r  xhich  data are available are indicated in Fig. 2 . Z - t I  

Additional locdl ambient  air  quality data will  be available from the full-scaie, pre- 
operational,  onsite monitoring progranrme implemented by LC. Hydro. The  programne is desc-ibed in 
the following section. At the present t i m ,  however, d a b  f rm this programe were  not  available 
for use in this report. 
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a 
2 . 2  METEOROLOGY - A I R  O U A L i i Y  - (Cont'd) 

;.) 
2.2.3 Onsite  Meteorolooicai and Air &al i tv  Monitor ing 

S.C. idydro has es tm l i shed  an extensive  pre-operatic'nal prosramne :o garher  meteoroiogical and 
background a i r   q u a l i t y   i n f o r m a r i o n  as par? o f  the  Hat Creek Oetailad  Environmental  Studies.  This programme 

i s  described in d e r a i l   i n  Appendix H Lo the Air Q u a l i t y  and Cl imdt7c  i f fecrs  8ep0rt;'~ 2. sumary  descrip- 
t i o n   i s   o r o v i d e d   i n   t h i s   s e c t i o n .  

I) 

1 (a) Proqramme Objecrives 

L 

I 

The overall oDject ive  of   the  pre-operat ional   monitor ing programme  has Seen t?e  compi lat ion 
o f  a ion(,-term  meteoroiogical and a i r   q u a l i t y   d a t a  base for  the  Hat Creek reg ion.   Speci f ica l ly ,   the 
programme was designeo t o   a l i o w  3.C. tlydro: 

1. i o  ob ta in   accura te   in io raa t ion   o f  ?he background a.ir q u a l i t y  levels ( i . e . ,  sulphur  dioxide. 
nitrogen  dioxide,  carbon monoxide, ozone,  d u s t .   v i s i b i l i t y  and heavy aetai;) i n  t k  region 

p r i o r   t o   s t a r t - u p   o f   t h e  proposeil  plant. 

2. To co l l ec t   base l i ne   me teo ro log i ca l   da ta   i n   su f f i c i en t   de ta i l   t o   a i l ow   fo r   f u r the r   eva lua t i on  

and design o f  a meteorological   control  system for  the  proposed  thermal  generat.ing  plant,  should 

t h a t  be the  selected  sulphur  d ioxide  control  system. 

I 
3. i o  #col lect   per t inent   meteoro log ica l  and atmospheric  turbulence  data f o r  the  evalcat ian and 

ce ta i led   des ign   o f   coo l ing  tower?;. 

LI 
4. To co l lect   meteoro log ica l   data  to  add to  the  state-.of- t l le-art  knowledge abor t   the   e f fec ts   o f  

i r r e g u l a r   t e r r a i n  on contaminant  dispersion i n  t h e   v i c i 7 i t y   o f   t h e  proposed  plant. 

I 
(b) Pre l im ina ry   k teo ro loo i ca l   Mon i to r i nc  Programme 

I 

.- 

I 

m 

1 

The implementation  of a m>n i to r ing  programme designed t o  meet the above object ives i s  a 

major  uncertaking. It was apparent  that, because of   the  t ime  required  to  establ ish  the  necessary 

comprehensive monitor ing programme. onsite  data  would  not be ava i lab le   fo r  use i n  the   de ta i led  

environmental  studies.  Therefore, 8.C. Hydro i n i t i a t e d  a crei iminary  meteorolc~gical   monitor ing 
programme i n  November 17 i4  for  the  purpose O f  co l lec t ing   da ta  on the   a i r   f l ow   j a t te rns   ove r   t he  
i r regu la r   te r ra in   sur round ing   the   ! ; i te   o f   the  proposed  thermal  piant. Oata  were col lected  f rom 
ground-Sased Stations,  from 'nstrvmen':ed balloans.and from a i r c r a f t .  

The pre l iminary programme included  eight  mechanical  veather  stat ions  operating i n   t h e  Hat 
Creek ar8a  (see  Fig. 2.2-1). These s ta t ions  were i n s t a l l e d   i n  November  and  December, 1974, t o  
measure wind speed (co l lec ted  as wind  run),  wind  direct ion,  temperature and re la r i ve   humid i t y   a t  
10 m above the ground.  Data  from these  stat ions were supj lemented  during  the  winter  of 1975 by 
i n f o r m a t i ' ~ n  from fou- hygro thenogra~~hs  (wh ich  measure tewperature and re la t i ve   humid i ty )   loca ted  on 

the  eastern  slopes  of  the  uoper !kt. Creek Valley. Oata from  the  weather  stations and hygrotnermo- 

graphs  have been r o u t i n e l y  reduced t o  hourly average values  for  computer analys is  and evaiuation. 

I n  a d d i t i o n   t o  wind  information  obtained  from  the  mechanical  weather  stdtions,  wind  data 
have  been co l l ec ted   w i th  a wind  sensor  which has operated  since  July I961 at   the   junc t ion   o f   the  

a 
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2.2 METEOROLOGY - AIR QUALITY - (Cmt'd) 
upper  and  lower  Hat  Creek  Valleys  with  Marble Canyon. Also, dry  bulb  temperature,  wet  bulb 
temperature,  relative hmidity and  precipitation  data  have  been  collected i n  the  unper  Hat  Creek 
Valley  since  Novemoer ESO. 

During 1975 and 1976 L C .  Hydro  sponsored  several  studies  to  investigate  the  boundary 
layer  wind  and themal structure in the  Hat  Creek Valley. Hinisonde  studies  rere  conducted by MEP 
Company  during  the  winter and sununer seasons  of  1975 and 1976 and  during  the  summer  of  1975 and the 
Spring Of 1975; additional  'information was obtained  from  observations of  constant-volume  balloon 
 flight^.^'^ 

Ataaspheric  diffusion  characteristics  and  plume  trajectories at elevations  approaching 
plume  heights have also been  studied  through  the  use of oil-fog and gas  tracers. These  studies  were 
conducted in the  winter,  spring  and s m e r  of 1976 by North  American 'Weather Consultants  under a 
contract  with 8.C. Hydro. 9 

Data eollected  during  the  preliminary  manitoring  programme  form  the  data  base  used in the 
air  quality  assessment.  These  data  are  presented i n  detail  in Appendix 4 to  the  Air  Quality and 
Climatic  Effects Report. 5 

(c) Full-Scale  :Me?eorologicai Monitorinq P r o q r m e  

The  current  full-scale  meteorological  and  air  quality  monitoring p r a g r m c  was designed 
and constructed by Wes:ern Research  and  Development Ltd. with  design  assistance by  Environmental 
Reseaxh & Technology Inc. as  part of  the Hat Creek  Detailed  Environmental  Studies. It comeneed 
operation in 1977 and will initially  complement  and  eventually  replace  the  monitoring  stations o f  

the  preliminary  meteorological  monitoring progrwe. This  current p r o g r m e  includes  four penanent 
monitoring  stations  equipped  vith  continuous  sensors,  manitors  and  automatic  recording and data 
acquisition  instrumentatian.  The  following  section  presents a brief  description  of  the  meteorological 
monitoring  sites;  the  air  quality  monitoring will be covered in late?  discussions. 

(i) Meteorological Mon i to r i nq  Site  Descristions 

The io1lawing  ?Our penanent monitoring  stations  have  been  established i n  the 
general Hat  Creek Area: 

Site - Location 

1 I n  the  Hat  Creek  Valley  neap  the  mine  site 
2 At the  pmposed  plant site 
3 On  Pavilion  Mountain 
4 In  the  vicinity  of  the  town o f  Cache  Creek 

The locations of these  stations ape indicated on Fig. 2.2-3. 

Site 1, the  Hat  Creek  Valley  site, is situated  near :he location  of  the  propos2d 
mine. This  site is  being used primarily  to  monitor  background  air  quality levels. However, 
it  is also  equipped  to  monitor  wind s?eed, wind  direction,  temperature,  dewpoint, 
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1 
2 .2  WETEORCLOGY - PIR OCkL!lY - (Cont'd) 

II 
v i s ib i l i t , ,   so la r   rad ia t i on  and p r e c i p i t a t i o n   i n   o r d e r  t o  corre la te  the  aeteorc iog ica i  
c o n d i t i o n s   v i t h  (ibserved v i r i a t i o n s   i n  air q u a l i t y  and t o  a id   i n   : 3 te r   es t ima tes  o f  the 
atmospheric  disaersion o f  emissicns  from  the  sine. 

S i t e  2 ,  a t  the  proposed p l a n t   s i t e ,   i s  used f o r   c o l l e c t i n g   , i i n d  speed, r i n d  
direct ion,   temperature,  di?wppoint, precipitat ion,  evaporation,  barometric  pressure and 

tu rbu lence  in tens i ty  data. These data will prov ids  c l imato log ica l   in format ion :or i n p u t  
i n to   coo l i ng   t oke r  an3 s tzck plume  mcdels i n   f u tu re   s tud ies .  A t  t h i s   s i t e  a 100 rn metre 
tower i s  used t o  ob ta in  h i g h  level  turbulence  intens;,ty  data, wind spesd and direction. 
temperature and r e l a t i v e   h m i d i t y .  

S i t e  3 i s  locatet l  on toe   o f   Pav i l ion   Mocnta in   a t  an e leva t ion   o f  2100 m (MSL),  

and i s  23 km northwest  of  :he l oca t i on   o f   t he  proposed p lan t .  This s i t e   i s   r e p r e s e n t a t i v e  
o f   a i r  qualit:,  and metecrological   condi t ions  (exist ing  at   h iGher  e levat ions within the 

region  of  the  proposed  plant.  Meteorological medsurements made here  are  representative of 

t h e   c o n d i t i o n s   3 f f e c t i ~ g   t P e   t r a n s p o r t  and d ispers ion o f  the   p lan t   s tack  .and cool ing  tower 
ef?luents.  Vind roeed. wind  direct ion.  tempera'xre ar,d p r e c i p i t a t i o n  Oata are  col lected 

a t   t h i s   s i t e .  

1 S i t e  .I i s   l o c a t e d  16  km east   o f   the  proposed  powerplant s i t e   i n   t h e  Cache Creek 

area.  This s i t e   i s   i n  a vdl ley  about 900 m below the   e leva t ion   o f   the  proposed p l a n t  base 
and i s   s i t u a t e d   i n  a growiirg  population  center. b!o,itcring o f  wind speed, w ind   d i rec t ion ,  

I temperature and dewpoint i s  being  conducted at t h i s   s i t e   t o   p r o v i d e   i n f o r m a t i o n   f o r  

e v a l u a t i n g   t h e   g e n e r a l   a i r   q u a l i t y   i n   t h i s  area. i n e  equipment i s  housed i n  a mobi le   un i t  
v i t h  a 10 rn telescoping  tower, and thus can  be rn0ve.j :or future sampling a t   o the r   l oca t i ons .  

(ii) Meteorolcaical   Pcni tor ina E!- 

The meteoro log ica l   sensors  insta l led  a t  each o f   t h e   f o u r   a o n i t o r r n g   s i t e s   r e f l e c t  
the  current  state-of- the-a-t   of   meteorological   instrumentat ion  sui table f a r  micrometeor- 
ological  monitoring. The meteorological equipment a t  each s i t e  i s  summarized i n  

Table 2 . 2 - 2 .  Ccmpiete descr ip t ions and speci f icat ions o f  each o f   the  sensors may be  found 
i n  Appendix H t o   t he  Air Qua' l i ty  and Climatic  Effects  Report.  13 

.&- (d) Air Qua l i t v   Mcn i to r i nq  P r o o m  

(i) Air Oua l i t v  Monitorioa S i t e  Oescriot ions - 
Air q u a l i t y   m o n i t o r i n g   s i t e s  have  been establ ished i n   t h e   v i c i n i t y  o f  the  proposed 

Hat Creek Plant  a t  the sime locat ions as the  meteorological  monitoring  si tes  discussed 
II prev ious ly .   S i te  1 (mine) was estdbl ished t o  Inonitor  background a i r   q l i a l i t y   l e v e l s  so 

tha t   po ten t i a l   e f fec ts  from  the  proposed  powerplzlnt and m i n i n g   a c t i v i t i e s  can be evaluated. 

Oxides o f  ni t rogen,  siispended p a r t i c u l a t e s ,   v i s i b i l i t y  ( f o g ) ,  v i s i b i l i t y  (haze), czone and 

m su lphur   d iox ide   a re   be ing   ran i to red   a t   th is   s i te ,   A lso   inc luoed  a t   th is   S ' te  ape equipment 
f o r  moni tor ing  su lphat ion,   dust fa l l ,  suspended p a r t i c u l a t e s ,  and co:-rosion. S i t e  2 

(powerplant) 'was e s t a b l i s h e l   p r i m a r i l y  as  a mereorological   monitor ing  s i te,   but   monitor ing 
f c r  suspended p a r t i c u l a t e s ,   l u s t f a l l ,   s u l p h a t i c n ,  and c o r r o s i o n   i s   a l s o  conducted. S i t e  3 a 

rl 
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2.2  K T E O R O L O G Y  - AIR QUALITY - (Cont'd) 
(Pavilion  Mountain) is considered  representative of air  quality and neteorological 
conditions  existing  at  higher  elevations.  This  site was established  primariiy  for 
monitoring  meteorological  conditions but is also equipped to  monit,or dustfall,  sulphation 
and corrosion. Site 4 (Cache Creek) was  established  primarily  for  monitoring  background 
air  quality levels o f  oxides o f  nitrogen and sulphur dioxide. At this location,  monitoring 
i s  also being cmducted  for  ozone, carbon  monoxide,  visibility (haze), suspended 
particulates,  sulphation,  dustfall and carrosion. 

In addition  to the primary  monitoring  sites, several supplementary  air  quality 
monitoring sites have been established to gather  dustfall,  sulphation and atnospheric 
corrosion data.  Oust?all cylinders and sulphation  plat@s are considered  semi-quantitative 
monitors of  suspended  particulates and sulphur dioxide. Since these devices  are  relatively 
inexpensive t o  install  and operate they are used in large numbers to give a general idea 
of contaminant  distribution  over  a  wide  geographic area. A total of 16 rulphation and 
dustfall monitoring sites have  been established,  including  the  four  major  Site locations. 
The  locations are shown on Fig. 2.2-4. 

Atmospheric  corrosion  Stations are designdd t o  give a semi-quantitative  indication 
of  corrosive ,materials in the atmosphere.  Studies  indicate  that  corrosion  rates in the 
atmosphere  can be related.  to  atmospheric  contaminant concentrations.  Eight  corrosion 
stations have been  installed in the area as shown on Fig. 2 . 2 - 5 .  including the four  major 
sites. 

I n  addition to the high volume  samplers  for  suspended  particulates  at  three a f  

the  four  major  monitoring  sites, three other high volume  sampler sites have been  established 
to  aid  in the determination  of  existing  atmospheric  particulate loadings. The six locatians 
are shown on Fig.. 2.2-6.  

(Si) Air  Qualitv  Honitorinq Emiomeni 

A list o f  the air  quality  monitoring  equiprent used at each site is provided in 
Table 2.2-2,  along  with the meteoroiogical  monitoring equipment. A detailed  description 
of the equipment  used,  including cmplete specifications, is included in Appendix H o f  the 
Air Quality and Climatic  Effects Report. u 

(e) Oata  2rocessinq and  0ualit.v Control 

All continuously  monitored  meteorological and air  quality  data are recorded on both analog 
(strip  chart) and digital data acquisit!on systems. Recovery o f  primary data at each site is 
accomplished via a digital  data logger interfaced t o  a  magnetic  tape recorder. Twelve +minute 
average  values of  each paramet2r are recorded an magnetic tape each hour  with each tape  containing 
approximately 2 weeks of data. The analog data acquisition system provide  a  continuous trace for 
each parameter,  and,  because of the  inherent stability o f  such equipment,  serve as backup to the 
digital data acquisition systems. The nan-continuous parmete?s (dustfall,  corrosion,  sulphation 
and suspended  particulates) are recorded  mznually  after  laboratory analysis. 
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3E iEOROLOGY - A I R  OUALi lY - (Cont'd) 

Qua l i t y   con t ro l  of rec3rdi.d data is provided i n  the  fc l lowing manner.  Recorded data  are 

checked i3y cmpu te r  :or accuracy and consistency, and t o  determine  that   the  data  are  wi th in 
predetermined limits of  meteorological  and a i r   q u a l i t y  reasonableness. Oat2 po in ts  found t o  be 

outside  of  these  ranges  are manuai?y evaluated from t h e   s t r i p   c h a r t s  and inval id  recorcs  are  replaced. 

Another  aspect o f   t he   qua l i t y   con t ro l  system col-isisis o f  a programme o f  Yegular  instrument 
c a l i b r a t i o n .  Each o f   t he   con t inuous   a i r   qua l i t y   ana lyze rs   i s   i n te r faced   w i th  an au tumat ic   ca l ib ra t ion  
system vt l ich  automat ica l ly  checks t h e   c a l i b r a t i o n  o f  each analyzer every 24 hours, as wel l ,   month ly  
m u l t i p o i n t   c a l i b r a t i o n s  and ad jus tmi i t s   a re   car r ied  out  c i n  the a i r  qual i ty   analyzers.  Thc meteo ro -  

l cg ica l   i i s t ruments  are  cal ibrated  manually on a rout ine  basis.  

Eoidemioloay 

(a)  pr imarv Air Contaminant  Data  Sources 

( i )  Eoidemiolcqic  Studies 

Epidemiological  research i s   t he   p r im ,n r l   veh ic le  t o  estab l ish  the human !health 
effects  response  range.  Epidemiologic  studies  are o f  two types:   mor ta l i ty  excesses t n a t  
occur in response t o  exp.3sure t o   a i r  contaminants, and morbidi ty  studies  which assess 
changes i n  d isease  pa t te rns   o r   exacerbat ions   o f   ex is t ing   d isease  in   re la t ion  to changes i n  
t h e  concentrat ion o f  ambient  contaminants. Thess s tud ies do not, however. y i e l d  unequivocal 
canclusions.  This i s  due t o  the  presence of   mul t ip le   contaminants  and var ia t ions  i n  the 

concentrat ion  of each component which make it d i f f i c u l t  t 3  associate a h z a l t h   e f f e c t   i n  a 
cause-ef fect   re lat ionship.  

(ii) C l i n i c a l  and Animal Toxicoloaic  Exaeriments 

In c o n t r o l l e d  human cl in ical   exper iments,  good medical   pract . ice  d ictates  that  
heal thy  adul ts  be used rather  than a m o w  vulnerable CPOSS sect ion o f  the  populat ion. O f  

necessity,  the dosages which  are  administered  are :ow and the  adnin is t ra t . ion i s  r e s t r i c t e d  
to   re la t i ,w l y   sho r t   pe r iods   o f   t ime ,   d i s i .m i l a r  t o  natural   condi t ions.  These r e s t r i c t i o n s  
preclude  examination o f   the   in te rac t ion   o f   rnu l t 'p le   con taminants  or mul t ip le   s t resses  such 
as temperature or humidity. 

Animal t o x i c o l o g ~ c   s t u d i e s   s u f f e r  from  the  deficiency  that,  at  present,  adequate 
animal  models da n o t   e x i s t   t h a t   r e l a t e  animal  exposure d i r e c t l y  t o  human exposure. Rs a 
r e s u l t ,  animal tox ico log ic , i l   s tud ies  have  been waluable  for   ident i fy ing ha.rmfu1 po l lu tan ts ,  
b u t  tney  have not  been useft l l   in  developing  guidel ines  to  prevent  adverse  heal th  ef fects.  

(b)  Trace Air Contaminant  Data Sources 

(i) - Health  Data Base 

Human exposure s:udies  have n o t  been conducted a t  low contaminartt  concentrations. 
A s  a r e s u l t .  heavy re l iance i s  placed upon animal  1.oxicology studies and da ta   co l lec ted  
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2.2 HETEWILCGY A I R  OUALIV - (Cont’d) 
- .  

during  acute  and  subacute  exposure  episodes  related to occupational  scenarios. Data on 
the  health o f  workers  exposed  to  various  contaminants  usually  does  not  contain  precise 
contaminant  concentration or ?ength-of-exposure  information. A?so, the  synergistic  and 
antagonistic  effects  of  multiple  exposures  are  usually  not  taken  into  account i n  these 
studies. 

( i i )  Review o f  Existinq  Leaislation  Pertainins  to  Trace  Contaminants 

Existing  ambient  air  quality  objectives  fop  trace  contaminants, as established 
by the provinces of British  Coluqbia.  Alberta  and  Ontario,  the  Canadian Federal Government 
and  the  United  States Federal Government,  were  reviewed.  Standards  far  sulphates  cuPrently 
in f o x @  in  California, :4ontana and  Pennsylvania  were  assessed. 

As a direct  result  of  inadequate  monitoring o f  contaminant  concentrations and a 
lack o f  specific  epidemiolcgical  studies, :he development of specific regulations  for 
trace  eontaninants in the  ambient  air  has  only  occurred in the last feu years. Thus, it 
is not  suprising to find that  the  provinces  of  British  Columbia,  Alberta  and  the  Canadian 
Federal Government  do  not  have  ambient  air  quality  objectives  for  nany  of  the  trace 
Contaminants  undep study. In Canada,  only  th@  Province J I  Ontario has ambient  air  quality 
regulations  for  trace elements. At this  time,  no  limits  have  been  established for 
sulphates.  nitrates,  nitrosamines  and polyc]clic organic  matter. 

( i i i )  Predicted  Emissions and A o b i ~ a n c e n t r a t i o n s  

During test  burn  operations  on  Hat  Creek coal 21 elements  were  analyzed in ordep 
to predict  trace  contaninant  emission  rates  from  the  Hat  Creek Project. 15‘16 Fram this 
list o f  21 elements, 14 trace  contaminants  were  identified  for  epidemiological  study  due 
to  their  emission  rate  or  their  known  adverse  health effects. In  addition,  suspended 
sulphates  and  nitrates,  polycyclic  organic  matter  and  nitrosamines ‘were included  due  to 
their potential  health effects. Potential  ground  level  contaminant  concentrations  wePe 
ealculated using a steady-state  diffusion model calibrated  ta  the  atwspheric  COnditiORS 
of the  Hat  Creek Valley. 6 

2 . 3  WATER %€SOURCES 

2.3.1 Water  Ouality 

(a) Introduction 

The  objective o f  the  water  quality  analysis  was  to  characterize  the  concentrations o f  
surface  water and groundwater  constituents  of  the  study area. ihis  baseline  was  utilized to detewine 
changes  caused by Hat  Creek  Project  activities. 

” 
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(b: Data and :niQrma?ion  Sources 

:i) &roun&dater 

There are no e x i s t i n g  groundwater qua l i t y   da ta   ava i l ab le  f81r the  Hat Creek 

Val ley.   Onsi te  monitor ing  l l rovided  al l   necessary  basel ine  data.  

(ii) Surface  Watei 

E x i s t i n g  sur:acF water   qua l i t y   da ta  we-e ava i lab le  f rom  rhe  Sinistry  of   the 
Environment i n   t 2 e   P r o v n c e  of a r i t i s h  Columbia,1 the  Department  of  Fisheries and 

Environment (DFE)  NAQUADAT programmes' and a powerplant  water  requirements  report  prepared 
by Ca lgon Corporat ion  for  B . C .  Hydro. 3 

( c )  Field  :nvestiqa?ion Mett,odolo% 

Groundwater 

A .  Programmes 

Fig.  2.3-1 shows the   loca t ion   o f   sampl ing   s i tes  for the  groundwater 
programmes.  The frequency o f  sampling f o r  t h e  programmes and the  Enalyses  performed 
a r e   l i s t e d   i n  Tables  2.3-1 and  2.3-2. 

All domestic  wells ( O W )  i n  the  upper Ha: Creek Valley were i d e n t i f i e d  
(Fig. 2 . 3 - 3 )  and thoss! no t   d i rec t l y   supp l i ed  from  Hat  Creek were se lec ted   fo r  sampling. 

Five  other  sampling Iprogrammes were ca r r i ed   ou t   t o  meet speci f ic   informat ion needs. 
To assess ar tes ian   f lows  in   the   Hat  Creek \ 'a l ley,  a  number o f   t es t   ha les  were selected 

f o r   d e t a i l e d  anaiysi!;. To determine  the  hydrogeochemistry i n  t h e   p i t  area, a we l l  
(Ne i l  RH 76-19) was sampled a t  a depth o f  90 m. and a sample vas  o b t a i n e d  fPom a 

bucket auqer ho le .  To a s s i s t   i n   t h e   d e f i n i t i o n   o f   t h e  groundwater  regimes i n  the 

Medicine Creek  area, i n  Houth Meadows and i n  the H a t  Creek-tlarble  Cmyon  divide  area, 
the  water   qual i ty  o f  severa l   test   wel ls  was analyzed. A l s o ,  several  wel ls Were 
regu la r ly  sampled as pa r t   o f   t he   Su lk  Sample Programme. Well  locations  (Fig.  2.3-2) 

were  chosen t o  cha rac ts r i ze   wa te r   qua l i t y   i n   spo i l  and coal  storage. 

F ig .  2.3-1 shows t he   l oca t i on  o f  the  surface  water  sampiing  stations. 

Table 2 . 2 - 1  shows t i e  sampling  dates for   the  var ious  p lanned programmes  and 
Table 2.3-4 shows ths? parameters  analyzed. The r a t i o n a l e   f o r   s e l e c t i o n  of sample 
s ta t ions  was to   p lace   s i t es  above  and below  the  entry of major   t r iburar ies on the 

stream  of  interest. 

5. Samolina and Analytic;!  Procedures 

Inaccessible  domestic w e l l s  were  sampled  from the house taF a f t e r  a f lush ing  
period.  For each  prrqramme,  samples were col lected,  preserved,  stored and analyzed 

by  standard methods  anli procedures. 6,7,8,9,10 
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2.3 WATER RESOURCES (Cont’d) 

( i i )  Surface  Vater 

A. Proarammes 

Fig. 2.3-1 shows  the location of the  surface  water  sampiing s*btions. 
Table 2.3-1 shows the  sampling  dates  for  the  various  planned  programes  and  Table 2.3-4 
shows the  parameters analyzed. The  rationale for selection o f  sample  stations  was to 
place  rites  above and below  the  entry o f  major  tributaries on the stmam of  interest. 

Five additional  surface  water  sampling p r o g r m e s  were initiated :o assist 
specific studies. In the  Pit  Hydrology  Study  the  intent  was to delineate  the  ground- 
water  composition in the proposed  pit area. However,  components  of  the  data  concern 
Hat  Creek and Aleece  Lake and have  therefore  been  incoPporated in the  surface  uater 
section.  Additional water  quality  data  (Generation  Site  Study)  were  required t o  

establish  the  suitability  af  various  waters  for  process  use  and  to  help  delineate 
groundwater  flow regimes. Honitaring  stations  mere  established  on  Hedicine  Creek, 
MacLaren  Creek and Pavilion Lake. To determine  suspended  solid  loadings  during :he 

freshet period, a n m b e r  o f  stations on Hat  Creek  and the Bonaparte  River  were  selected 
and $ampled  daily  during  pePiods o f  the 1977 freshet  (Freshet Study). Suspended 
solid  concentrations  and algal numbers in the  Thompson  River  determined  from samples 
taken  at  the  WGlhachin  Bridge  (iacated  approximately 21.5 irm upstream o f  the  confluence 
o f  the  Bonaparte and Thompson  RivePs)  delineated  fluctuations o f  these  parameters 
with  reference  to in?ake design. Three  surface  hater  stations  were  also  established 
on Hat  Creek In association  with  the  8ulk  Sample  Programe (Fig. 2.3-2) .  

8. Samolinq and Analytical  Procedures 

The  sampling and  analytical  procedures used were  selected f r o m  standard 
references. 6’7*8’9’1a Hat Creek  and  Bonaparte  River  samples  were  obtained at mid-width 
and  in  areas  free from turhlence.  The  Thompson River  was  sampled 1-2 m Pram  the 
stream bank. Lake  samples  for  detailed  analysis  were  obtained  near  the surface. 

(d) Laboratory  Test  Methodolaay 

(i) Introduction 

Laboratov  leachate  tests  were undertaken on representative  samples  of iiat Creek 
coal and waste  materials to predict  the  quaiity  of  leachates  under  actual  sire  conditions. 
Samples  included  three  types o f  hlgh-grade  coal  (coals A ,  B and C), lorgrade  waste  coal, 
waste rock, overburden, fly ash and  bottom ash. 

(li) Leachate Test  Yethodoloq 

In o d e ?  to determine  the  quantities  of  extractable  salts in the  samples, an 
accelerated  test  procedure  was adopted.“ The  technique assis:s in the  evaluation o f  

t o t a l  leachable  salts  present in the  material in a  short  period o f  time  compared  wiih 
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f i e i d  experiments  which ma:, take many yea r s .  Analy t j ca l  methods fo r  all e x t r a c t s  conformed 

with  standard  procedures. 6 , 7 , 9  

A .  T o t a l   i r t r x l a b l e   S a l t s   T e s t s  

'Three coal samples and e igh t  waste mater ia l  samoles were t e s t e d   i n   t h e  
l abo ra to ry   t o  det.ermine t h e   t o t a l   q u a n t i t y   o f  sa1t .s  extractable by water. Each 

sample was c rushed   be fo re   t es t i ng   t o   f ac i l i t a te   t he   ex t rac t i on .  

A pre-weighi?d,  crushed sample w a s  agi ta ted for  20 minutes wi th deionized 
water and then  centrifuged. The aqueous supernatant was decanted a n d  the volume o f  

the  remaining  s lurry made up wi th  f resh  deionized  water  to  maintain a water- to-sol ids 
r a t i o  O f  5 t o  1 volume by  weight. The procedure vas repeated  to  produce a t o t a l   o f  
e i g h t   e x t r a c t s   i h i c h  WI!PB combined and analyzid for  the  required  parameters. 

B. &e o f  Release  Tests 

Three coal i;amples and four  waste  material samples  were tested  to  determine 

the  rate  of   re lease o f  uater-ext ractable  sa l ts   us ing a perco la t ion  column. Pre l iminary 
tests  dononstrated  t l iat  no leachate  would  percolate  through  very  f ine  unscreened 
mater ia l .  Samples w r e  therefore  screened and the 2 . 0  mm f r a c t i o n  was used f o r  

laboratcry   test ing.  

A ?re-re igh i?d  quant i ty   o f  sample was placed above a f i b r i g l a s s   p l u g   i n  a 
g lass  co lum. A 5eCOrld f ib reg lass   p lug  vas pl , iced above the sample and then,deionized 

water was al lowed  to  percolate  through  the sample. The leachate vas c o l l e c t e d   a t  

successive 24-hour i n te rva l s   f o r  8 days. Ind iv idua l   ex t rac ts  from  the f i r s t  5 days 
o f   t he   t es t  were analyzed f o r   a l l   r e q u i r e d  parameters. i o r  ce r ta i l l  parameters.  the 
ext ract ion  dur ing  the first 24-hour per iod  was so  low that   analys is   o f   the  remain ing 
ex t rac ts  cas not  undrr1.aken. 

.I 2 . 3 . 2  Hydrology 

(a) l n t r o d u c t k  - 
F l o w  regimes and physical  charac:eristics o f  the  major  groundwater  aild  surface  water 

bodies  of  the  study area were de l ineated   to  assess hydro',ogical  impacts on Hat Creek Val!ey  and t o  

.L ascertain  whether  the  potential  impacts  coutd be t ransmi t ted  to   o ther   areas.  

(5) Data and :nformation Sources 

rn 
(i) Groundwater 

The data used 1.0 define  the  ground.*ater  regime were der ived  f rom  ex is t ing 

repor ts  '2'13'"'15''6, a i r  photographs and a lso from preViOc5 ? ie ld   s tud ies ,   inc lud ing  a 
d r i l l i n g  programme. 
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2 .3  WATER RESOURCES ~ (Cont'd) 

( i i )  Surface 'Water 

Data from 14 Atnospheric Environment Service  climatic stations'' within :he Hat 
Creek general  region were ut i l ized i n  th is  str;dy to  define a  number of water  balance 
variables. Snow accumulation i n  B.C. i s  monitored by the Water Investigations  aranch of 
the Ministry of the Environment." Thirteen snow course  stations which are  located  in the 
Hat Creek region were used to  define this parameter. Water Survey o f  Canada f l o w  records 19 

for  Hat Creek ex i s t   fo r   t h ree   s i t e s ,  which were u t i l i zed  to  ascertain the creek's  flow 
characteristics. For the  regional  analysis,  stream  flow  records from 85 stations  located 
on the interior  plateau of L C .  were analyzed.  Floodplain mapping  was basad par t ia l ly  on 
aer ial  photographs taken  in September 1976 and par t ia l ly  on f i e ld  surveys. A vide range 
of other  data, such as  topographic maps, a i r  photos and interviews  with  local  residents. 
form par t  o f  the background material on which the  surface  water  inventory i s  based. ' 

... 

(cj  Field  lnvestiqatian  Hathodoloa 

A. Field Reconnaissance 

Field  investigations  concentrated on potential impact areas  in the  Hat 
Creek ares  and included  the  Fountain Creek Valley,  the Hat  Creek Valley and par?$ of  
the Cormall and Oregon Jack  Valleys  (see  locations, Fig. 2.3-3) .  The objectives of 
the investigations were: 

1. &sene  geological and other  features which could  provide  evidence of  zones o f  
potential groundwater movement, groundwater discharge zones and groundwater 
recharge zones. 

2. Collect  water samples for  inorganic  cheeical and isotope  analyses. 

3. Determine the  location o f  residences and/or irrigated  farn land where wells and 
developed springs may be located. 

0. Interviews  with Local Groundwater Users 

The information  provided by these  interviews  ?elated  to  existing  wells, 
springs and other groundwater related  features such as seeps and  minimum stream 
flows. Infonat ion  on seasonal changes in  f lows and water use were par t icular ly  
valuable. 

C. Borhhole Dri l l inq  Proorme 

Five  boreholes were dr i l led  t n  areas  close t o  the proposed Houth  Headows 
and Medicine Creek wa.s:e  dumps and the proposed ash pond i n  upper Medicine Creek 
Valley (see  locations,  Fig. 2 .? -3 ) .  The purpose o f  these  boreholes uas to  provide 

II 

IC 
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WATER RESOiJRCE!; - (Cont'd) ____I_. 

groundwater data in areas where potential groundwater contamination could  occur. 
Soreholes were completed as permanent instail,3tions  'with piezometers for  both water 
level meas~rements and groundhater sampling. 

Water Samolinq for Isotooe Analysis 

(Water samplits were collected from boreholes,  springs, streams and  lakes. 
Field sampling was  d,asigned  to obtain a :;et of regional  isotope  values covering a 
variety of accessibl? ground al,d surface waters. These background  values would 
provide an average  isotope content for local grounhiater recharge. To determine the 
origin of groundwaters, relationships between  deuterium  and oxygen-18 concentrations 
were dei'ned. Tritium determinations were made in order to help iientify different 
tlpes of groundwater artd to estimate *.he re1al:ive  age oi the  water. 

'Water  Level  Measurernents in Piezometers 

The water d?pths *ere measured i i  a number of piezometers installed during 
this investigation, as, well a s  in piezometers installed  during  geotechnical  investiga- 
tions in the vicinity of the proposed  coal  pit. The locations of these piezometers 
are shown in Fig. 2.3-:i. 

Piezometric data were used :o determine the hydraulic head at various 
points and subsequently to determine the direction o f  .groundwater fl8:w. The seasonal 
change in  :he hydraulic potentials  provideij data on the recharge  ch,fracteristics and 

hydraulic conductivity o f  the flow systems. 

1ns:allation of a Weir to Monitor Base Flows& Houth Creek 

To determinc groundwater base flows, a deep wooden rectingular weir was 
Constnicteii i n  Houth (Creek. app~oximately 300 m upsiream from its ca ,> i luence  with Hat 
Creek. The keir was installed on 25 July, 1977 and  flows were recorded  to 20 October, 
1977. 

(ii) Surface Water 

Field work relatec to surface water hydrolo~y consisted of three main tasks: 

1. Initial inspection of.  stream channels, lakes, lake outlet controls,  irrigation- 
diversions. bridges  aid  culverts. This provided the basis  for  .the  (detailed  planning. 
of the items  below. 

2 .  Flow measurements in tributaries to  Hat Creek to relate their runoff regime to that 
o f  Hat Creek  (for which data are available). 

3. Channel surveys alontJ typical  reaches o f  Hat Creek downstreams of the proposed . 
development, to serve e.s a basis for predicting changes in channel  morphology. 
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2.3 WATER RESOURCES - (Cont'd) 

UOSt  flow measurements were liade with a small propellertype  current  neter.  On 
several o f  the Small streams  monitored, permanent stream gauges a re  being instal led by the 
'Water Survey o f  Canada. acting on  behalf of E . C .  Hydro.  The data  collection  periods  of 
this  study  are  listed  in  Table 2.3-5. 

The hydraulic geometry of Hat Creek downstream of  the proposed mine was defined 
by means of  cross  sections and prof i les  along  typical  reaches  together w i t h  photographs 
and notes on al l   re levant  morphological Features. Water levels were observed a t   a l l  
surveyed cmss  sections i n  the Fall o f  1976 and i n  Hay  and .lune of  BE'. 

2.3.3 Water Use 

(a)  Introduction 

A primary concern  during  the  design o f  any new waterusing  faci l i ty  i s  possible  infringement 
on the  operations o f  existing users. Impacts on exis t ing  ' faci l i t ies  can occur f m a  bath watar 
qual i ty  and quantity changes. 

(8 )  Oaca  and Infomation Sources 

There are no recorded  sources o f  infomation on groundwater  use in  the  valley. 
Unlike surface  water development, the landowner i s  not  required td  apply  for a permit For 
grounaater  development. However, general  infomation was provided through interviews 
w i t h  homeowners  and water  users  in  the  valley. 

A. I r r iqat ion 

The sources of information  pertaining  to  the use o f  water for   i r r igat ion i n  
the Hat Creek, Lower Bonaparte. Cornwall and  Oregon Jack  drainages wsre the  following: 
provincial  water  license  data  obtained from the S.C. Water Rights Branch;20 the 
Agriculture Pepart;" aer ia l  photographs; the Fisheries and Senthos Report;' other 
reports, 22*23 which yielded  infomation concerning potential  storage  reservoirs i n  
the Hat Creek area; and flaw probability  curves and water  chemistry  data  derived from 
the aforementioned baseline  studies. 

8. Livestock 

The sources o f  in fona t ion  on livestock  water use in  the Hat Creek Valley 
were: the Agriculture Report," yielding  livestock  populations; and  a  farm structures 
handbook,24 providing  infomation on  livestock  water consumption rates.  
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2 . 3  ETAR EESCURCEL - (Cont'd) 

w C.  Domestic  and  Municipal, 

I 

Information oa present and potential  surface water use f o r  domestic  purposes 
was obtained by examination o f  water  1icenr.e data,25  existing and projected  population 

and ut i l izat ion of per  capita water use. 2 7 , 2 8 . 2 9  

1 (c)  Field  Investiqation Methodology 

3 

m 

2 . 3 . 4  

II 

( i )  Groundwater 

Interviews were carried o u t  w i t h  water  users. No meter?d flows were available 
so estimates o f  water consuinption  were made. 

( i i )  Surface Water 

Field 'work i n  t i i s  area was limited t o  the  observation of irrigation  practices 
i n  the  area a t  various .:imes during 1976 and 1977. Discussions  with Hat  Creek Valley 
ranchers on  irrigation  pr3ctices were also  lie18i Livestock,  domestic  ard  municipal  water 
use studies  did  not  rewire  f ield work. 

Aquatic  Ecolosy 

For the purposes o f  this  study,  the  aquatic environments affected by the  project were ' 

divided  into  those  located  in  the  ,vicinity of the   s i te  and those  in  the  larger surrounding  region. 
Impacts ':o the  regional  aquatic en,!ironments  would primarily be those  related t o  a i r  contaminants. 
Boundaries selected  to  define  the region re f lec t   th i s  mode o f  impact. T h u s ,  boundaries in  the 
directior, of the  prevailing  air movi?ments are more distar,: from the   s i te  than are boundaries up-wind 
o f  the   s i te .  Regional  impacts, i f  ,any,  would tend t o  OC::UP afteP several years o f  plant operation. 
over a  brodd geographic area. 

( b )  Site-Soecific 

( i )  Thomoson River 

Baseline  informi.tion t o  assess  the  potential impact t o  the Thompson River was 
available  in both  published and unpuolished forms. This was largely a resul t  o f  concern 
by governmental organizations because of the  r iver 's  importance to migratory f ish 
populations. 

2 - 15 Part Three 



2.3 WATER W O U R C E S  - (Cont 'd)  

(ii) Other  Aouatic  Environments 

Inadequate  information was ava i l ab le  on the  aquatic  environments i n   t h e  immediate 

S i t @  area.  Therefore a deta i led   s tudy   o f   the   benthos  and f ish  near   the  Hat  Creek s i t e  was 
sponsored  by  the B.C. Hydro and  Power Au tho r i t y  and performed by  Beak Consultants  Limited. 5 

Fie ld   reconna issance  t r ips  were a lso made tu the  proposed  road and p ipe l ine  cross ings.  

Water  bodies  other  than  the Thompson River  which  could be affected  by  development 

of  the  Hat Creek s i te   inc lude  Cornwal l  Creek,  MacLaren  Creek, Harry Lake, Finney Lake, an 

unnamed pond i n  Hat  Creek  Valley  southwest o f  the  proposed  p i t - r im dam, Aleece Lake, Hat 

Creek and i t s   t r i b u t a r i e s  and the  Sonaparte  River.  Field  studies  conducted on these  water 

bodies  focused on the  f ish,   benthos,  and a charac ter iza t ion   o f   the   phys ica l   hab i ta t .   F ish  
were  chosen fo r   s tudy  because o f   t h e i r   d i r e c t   v a l u e   t o  humans and  because t>ey occupy the 

h ighes t   aquat ic   t roph ic   leve l .  They a lso  prov ide an i n d i c a t i o n  o f  t h e   p r o d u c t i v i t y  of  
other  t rophic  levels.   Benthic  organisms nere studied  because :hey prav ide   f i sh  food, 

especial ly  for   salmonids and  because they  are  extremely  important i n   l o t i c   s y s p m s  where 

a l loch thonous  inpu t   (dedr i ta l   can t r ibu t ions   o r ig ina t ing   f rom  the   watershed)  i s  o f ten   the  

major  source  of  energy and nu t r i en ts .  30,31 

The s t u d y   e f f o r t  expended on each aquatic  environment depended  upon on the  

degree e0 which each would  be  perturbed by the  development. Thus. Hat  Creek, rh i ch   wou ld  

have its channel  relocated and would  r rce ive  d ischarges  f rom  s i te   runof f  and the  seal 
mine, and L.a  Bonaparte  River,  into  which  Hat Creek flows, were s tud ied  mors i n t e n s i v e l y  

than OtheF water  bodies. 

A. Habitat 

Physica l   habi ta t   surveys of Harry Lake, the unnamed pond, Cornwail,  upper 

Medicine and  MacLaren creeks  were  performed on 22-23 September, 1977. Water  depth, 
streaa  width,   bet tourtype and r i pa r ian   vege ta t i an  were described. 

The more i n tens i ve   samp l ing   p rog rme was a l s o   i n i t i a t e d   i n  September, 

1976. A d d i t i o n a l   s m l e s  were taken i n  June, 1977 and August. 1'277. Sampling was 

performed a t  18 s t a t i o n s   i n   t h e   v i c i n i t y  o f  the  Hat Creek site  (Fig.  2.3-4).  Four 

s t a t i o n s  were located  on L9e Bonaparte  River (numbers 1-4), seven Stat ions on Hat 

Creak (5-7, 10, 14, 14a, 15) and  one  each on an unnamed creek ( 8 ) .  Finney Creek (9), 
Uedicine Creek ( U ) .  Ambusten Creek (X), Anderson  Creak (13), Goose/Fish Hook Lake 

(15). and Finney L a b  (17). Finney Creek a t   s t a t i o n  9 was subterranean and never 

s a p l e d .  The four  creeks named a r e   t r i b u t a r i e s   o f   H a t  Creek. 

A q u a n t i t a t i v e  assess,nent  of the   phys ica l   hab i ta t  was  made in Sep tmber   a t  
a l l  Hat Creek and Bonaparte  River  stat ions  except numbers 1 and  14a. S ix   t ransec ts  
across each water body  were establ ished a t  3 i n t e r v a l s  a t  each of   these  s ta t ions,  

except   s ta t ions 2 and 3, where only   s ing le  t ransects  were established. A t  0.6 m 
in te rva ls   a long each  transect, measurements o f   r i v e r  depL9  and v e l o c i t y  were made, 

except a t   s t a t i o n  2 nhere  these  neasur?ments  were made a t  1.5 m i n te rva l s .  Stream 
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2.3  WATER R E S O U X E S  - (Cont'd) 

v e l o c i t y  was de t?rmin?d  a t  80 percent a i  t he   r i ve r   dep th   a t   t he   po in t5  of measurement. 
Wi th in  a 5 . 2  m sect ion  o f   s t ream  at  each :, tat ion,  the  relat ive  occurrence  of  boulders 

(20.5 cm), pebbles 17.6-30.5 cm), gravei ( 0 . 3 - 7 . 5  cn), s i l t  (0.2 cm), and other  
substrates  ( logs, et.,:.) was determined. The r a t i o  o f  pool t o   r i f f l e  environments. 
temperature,  r iparian  vegetation, and a q u a l i t a t i v e  assessment o f  bank s t a b i l i t y  were 

a lso made fo r  a 15 in sect ion o f  stream a t  each s ta t ion .  Attempts a t   s t a t i o n  1 t o  

ob ta in   da ta   s im i la r  ':o that   obta ined  a t   the  o t ' ler   s ta t ions  rere  prec luded by deep, 
swif t   water.   Visual   est imates  of   the  var ious  parameters were made from the  stream 
bank. 

Phys i ca l   ha l i t a t   a t   t r i bu ta ry   samp l ing   S ta t i ons  (numbers 13, 11. 12 and 1 3 )  
and a t  Hat Creek s t a t i o n  14a was assessed i n  a more q u a l i t a t i v e  nlanner. Substrate 
s ize  ranges,  stream  'width,  stream  depth,  pool t o   r i f f l e   r a t i o ,  and s t r ra in   ve ioc i ty  

were estimated  rather  than measured. For clxample, s t ream  ve loc i ty  was categorized as 
e i ther   s l i : yg ish ,   rap id   o r   to r ren t ia l .  A t  the two lake   s ta t ions  (nu8;lbers 15 and 1 7 ) ,  
depth and substrate Were estimated and notes  concerning  aquatic vegetarian were 

taken. 

A hel icopter  survey  of   those  port ions  of   Hat  Creek and the  Eonaparte  River 
covered  by  the  sampling  stations was a lso made. Pool t o   r i f f l e   r a t i o s ,  stream 
substrate, bank s t a b i l i t y ,   r i p a r i a n   v e g e t a t i o n  2nd beaver dams wi?re noted  to   the 

ex ten t   tha t   they   cou ld  be. observed  from  the a i r .  

. Physical   habi tat  assessments a t   a l l   s t a t i o n s  i n  June w e r e  r e s t r i c t e d   t o  

qua l i t a t i ve   obse rva t i ons   s im i l a r   t o   t hose  a . t  t r i b u t a r y   s t a t i o n s   i n  September. A t  Hat 
Creek and Banaparte  River  stat ions, however,  stream v e l o c i t y  was estimated  by  t iming 
f l oa t i ng   ob jec ts .  No observations were maae a t  Lake s ta t ions .  No observations were 
inade a t  Ambusten Cr#?ek  since it had  been d i ve r ted   f o r   i r r i ga t i csn .  A he l i cop ter  

survey was conducted  similar t o  the one i n  September. The physical   habi tat   survey i n  

August was i d e n t i c a l   t o   t h e  one conducted i n  June, except  that  no he l icop ter  survey 

was  made.  The chemical  aspects  of  the  varioris  aquatic  habitats Were a lso measured. 
Water  samples  were t3,ken a t  twelve  stations  (Fig.  2.3-2), and analy:!ed fo r  a v a r i e t y  

o f   const i tuents .  I n  addi t ion,   d isso ived oiygen concentrat ions were determined a t   t h e  
t ime  o f  sample c o l l e c t i o n .  Samples were taken i n  September and  Oerember, 1976, and 

March and May, 1977.  Other  water  qual i ty sampies  were taken as p a r t  of a hydrology 
stu*, a generat ion  s i te  study, and ce r ta in   spec ia l   co i l ec t i ons .  Th,? methodology and 
sampling  eesign  for  the  water  qual i ty  sampling programme are  discussed i n  d e t a i l  i n  
Section 2.3-1.  

Sampling  foi-  benthic  invertebrates was cmducted  during September 1976 and 

June and August, 197;' using  the same s ta t ions  as fo r   hab i ta t   surve{s   except   s ta t ion  

14a. S ix  sampies  were taken a t  each s ta t ion .  A ponar  grao,  which sampled a bottom 
area o f  523 cm , was used to   take  benth ic  samples a t   t he   l ake   s ta t i ons  ( 1 6  and 1 7 ) .  
All other   s ta t ions  were  sampled wi th a Surber  sampler,  which samples a bm~ttom area  of 

2 
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2 .3  WATER RESOURCES - ( C o n t ' d )  

929 cn . Samples 'were  washed on a 545 p nesh screen. The retained  material was 
stored  in a solution o f  10 percent  fornalin and rose  bengal. In the  laboratory, - 
samples were sorted,  identified, and enumerated. Identification was t o  general 
taxonomic group. Organisms  from  one  randomly sllected  replicate from each station 
were identified t o  genus and species when possible. I f  less than 100 organisms were - 
found in a single  replicate,  an additional  replicate was subjected t o  the  detailed 
identification procedure. 

2 

- 
e. 

Fish were sampled by electroshocking a t   a l l  Hat Creek and Bonaparte  River .. 
stat ions.   a t   the  mouth of Medicine Creek and a t  Goose/Fish Hook and iinney Lakes 
(stations 16 and 17). I n  addition,  tributary  streams were visually surveyed f a r  
fish. Sampling and surveys were performed in September, 1976. and June and August, - 
1977. In Hat Creek, a 3 mm square mesh net was used to block the upstream end of  the 
zone t o  be shocked. Shocking was performea in an upstream direction. Shocking time, 
length and width o f  rtpeam section shocked were recorded. Shocking was performed in c, 

a similar manner i n  the mouth of Medieine Creek. b u t  a natural  baPrier  obviated  the 
need f o p  netting. Shocking in  the Bonaparte Rive? was limited t o  near-shore ( w i t h i n  

2 m) shallow  areas. L 

All Captured fish  vere  identified,  measured, and weighed. Sex. parasites,  
and unusual conditions were noted. Stomachs and 2(1 scales were removed  from  up t o  10 - 
mountain nhitefirh,  and up eo 10 rainbov t r o u t  in  the  size  categories 0-100 m, 
101-200 m, and 200 nn (when specimens were available) a6 stations I. 3 ,  4 ,  5 ,  6 ,  7. 
10 and 14. All other  f ish were released  after  f ield measurements were taken. Pool h 

. t o   r i f f l e   r a t io s  i n  the area  being shocked were also noted. 

Scales f r o m  each fish were placed  in a numbered envelope and were indepen- 
dently examined in  the  laboratory by tu0  individuals w i t h  a Sausch and bomb T P ~ -  
Simplex Micro-Projector a t  a magnification of 45x. If  age estimates by the  individuals 
were i n  disagreeaent, a t h i r d  measurement was  made. If t h i s  d i d  not  resolve  the 
disagreement,  the  scales were n o t  used. 

*c 

& 

Stomachs  were  wrapped in gauze, numbered, and preserved i n  IO percent 
formalin. I n  the  laboratory,  stomch  contents were identified and  volinne detenined 
by water  displacement to  the  nearest 0.01 mi.  Food item w i t h  volumes less than 
0.01 a1 were recorded  as having a volume of 0.01 m l .  

rn 

.L 

A f y k e  net w i t h  a 6.3 ma square mesh  body and 12.7 m square mesh leads and 
wings, measuring U.2 a and 2.7 m long,  respectively, was used t o  sample f ish i n  
Finney Lake. The net was s e t  perpendicular t o  the  shore  in  water 1-2 m deep. 

t. 
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2.4 LAND RESOURCES 

.. 2.4.1 Ln t roduc t ion  

Several  consultants were responsible  for   the  desigl l  and iaplementztion  of :.he basel ine  data 
a c q u i s i t i o n  programmes. Physical   habi tat  and range  vegetation were invest igated by  the 7ERA Envi!.onmental 
Resource Analyst,  Ltd. (TERA) . '  So i l   data were compiled  by Cdnadian Oio Resources Consultanrs ( C S R C )  . 
W i l d l i f e   d a t a  were co l lec ted   by  T E M ,  w i t h  the exception  of  data on b i g  game  mammals wt,ich were c m p i l e d  
by L.R. Erickson and Associates. '   Forest  inventories were :>repared  by  Reid,  Collin:; dnd Associates, 
Ltd. , 3  and t5e   agr icu l tu ra l   inventory   by  CSRC. 

I 1 

I 4 

I 
The approach ernploycd by each consul tant  was t o  gather  informatiol i   from a reg iona l ,   loca l  and 

s i te-speci f ic   perspect ive.  In t h i s  manner the  degree  o f   deta i l  w".s increased as the scope of :he s tud ies 
focused upon the  immediate p r o j e c t   s i t e .  The regional  study  area was iden t i ca l   t o   t h3 t   de f i ned  i n  the 
3.C. Hydro Terms o f  Reference. The local  study  area was defined by an a r b i t r a r y  boundary  extending 25 kn 
from the  cen t re   o f   t he   p ro jec t   s i t e .  Thli area  referred t o  as sit.e-specific  includes  the  upper  t lat  Creek 
Vz l ley  and the proposed access rou ter   to  t k  Thompson 2iver. The stuoy  areas  are  depicted i n  

Fi r j .  2.4-1. 

I 

1 

The l e v e l   o f   d e t a i l   a f f o r d e d   t o  each study  area  varied as  a func t ion  o f  i t s  importance t o   t h e  
ent i re  project . .  The methods presented i n   t h i s   r e p o r t   a r e   t h o s e  needed to  compile  data  imqortant  to  the 

proposed  devebpment and approp r ia te   t o  a  summary document. I 

2.4.2  physical  Environment 
1 

(a)  Study Aoproach and Ra t ionqe  

Climate,  landforms and s o i l s  were se lected as the   descr ip t i ve  components o f   the   phys ica l  

environment, because they   in f luence  the   d is t r ibu t ion .  abundance  and composition o f   f l o r a  and fauna. 

The approach was basical ly  comparat ive  in  nature.   Physical  components, described i n  general  terms 

for the broad  region, were compartd t o   d e t a i l e d   d e s c r i p t i o n s   o f   l a n d  areas w i th in   t he  immediate 
v i c i n i t y  s f  the   p ro jec t .  

:he parameters used to   descr ibe  c l imate  inc ludz  prec ip i ta t ion,   humid i ty ,   temperature and 

number o f  sunlighx  hours. All o f  these  parameters  are  discussed  from a reg ional  arid s i t e - s p e c i f i c  
perspec t ive   except   inso la t ion   (sun l igh t )   fo r   wh ich   s i te -spec i f i c   da ta  here not   avai lab le.  

Landforms  were described 81n the  bas is  o f  physiography,  slope and r e l i e f ,  bedrock  geology 
and s u r f i c i a l  geology.  Physiographic  aspects were discussed  from  both  regional and s i t e - s p e c i f i c  

perspectives.  Slope was d i v i d e d   i n t o  two broad  categories;  steeplands  having  greater  than 30 percent 
slope and bottom and uplands  having  less  than 30 percent  slope.  Bedrock and sur f i c ia l   geo logy  were 
also  dis'russed  from each perspective.  Bedrock forms the  foundat ion and source   mater ia l   fo r   so i l  
development, hence i s  an impor tant   factor   in   descr ib ing  vegetat ional   pat terns on a broad  scale. 

So i l   in fo rmat ion  was compiled a t   t h r e e   l e v e l s   o f   d e t a i l .   S o i l   o r d e r s  were i d e n t i f i e d  i n  

the   reg ion   o f   the   p ro jec t ,   so i l   assoc ia t ions   fo r  a 25 km radius  around  the p j , r c t   s i t e  and s o i l  
ser ies  o r  modi f ied   so i l   ser ies ,  depending on the  type 01' in format ion  avai lab le,  were i d e n t i f i e d  i n  

c lose   p rox imi ty   to   the   p ro jec t   s i te .  
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2.4 LAN0 RESOURCES - (Cont’d) 

( b )  Data Sources and Analysis 

- 
( 0  - Climate 

Climatic data have been recorded a t  both  the Atmospheric Environment Service 
(AES) monitoring  stations and the B.C. Hydro mechanical ueather  station network in the Hat 
Creek Valley.  This  data  as  assessed and suannarized by Environmental Reseaxh and 
Technology, Inc. (ERT) was utf l ized i n  this  analysis. 5 

( i i )  Landfons 

Physiographic  subdivisions w i t h i n  the regional  area were ident i f ied f r o m  a 
report on the  provincial physiography.‘ Soil mapping correlated  with  aerial photograph 
interpretation was also  uti l ized  in  the  detemination o f  physiographic  subdivisions and 
landform categories. A brief   aer ia l  and ground reconnaissance was conducted for  the 
purpose o f  f i e ld  checking  physiographic  boundaries. 

7 

The descpiption of the regional bedrock and sur f ic ia l  geology was derived from 
p u b l l s h e d  sources. Additional  information  vas  obtained from interpretat ion o f  aer ial  
photography. Bedrock  and surficial  geological  descriptions of the Hat Creek area were 
based upon infomation  presented i n  the l i t e r a tu re  13’14 and from a mre recent  report 15 

developed as par t  of the Detailed Environmental Studies. 

( i i i )   S o i l s  - i 

Regional soil  orders were described by grouping t h e  existing  soil  association 
in:ormation7 into  soil  order  units.“  Soil  association  information on a local  scale  vas 
derived from provisional mappings’  and a modified mapping prepared by the government of 
8 r i t i sh  Celumbia. Soil  series  data for the  portion o f  t h e   s i t e  area i n  the Thompson and 

Bonaparte River  valleys  vere  obtained from  a published study.17  Modified soi l   ser ies  
infomation was sumarized from aer ia l  photograph interpretation and field  inspection, 
Aerial photographs were used to  identify and map major physiographic  units. TVQ t o  three 
random field  inspections  per  physiographic  unit  verified  the  boundaries o f  the  units. 

L 

L 

L 

2.4.3 Natural  Veqetation 
L 

(a) Study Aooroach  and Rationale 

(1)  Veqetation  Oescriotion 
.I 

The Krajina’’a9’20 approach was  employed to  describe  the  vegetation  indigenous 
t o  Hat Creek and the surrounding  region.  This approach i s  appropriate to studies where 
the vegetation  of  extensive  land  areas i s  t o  be described. Xt utilizes  several  successive 
1evelS of tntegration,  each  providing a greater  degree o f  information  than  the  preceding. 
Vegetation  associations coupled w i t h  forest  cover  types were used to  describe t h e  vegetation 
f r o m  a local o r  s i t e  perspective. 

.h 

.I 

~ 
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1. 
2.4 LAND RESOURCES - (Cant'd) 

(ii) ". Bicot ,y ical   Analysis 

The b iophys ica l   ma lys is   rwthod  descr i l~ed  by  Lacate" was used io define  resource 
s e n s i t i v i t i e ;  o f  selected areas. The b iophys ica i  method involved mapping and i n t ? r x e t a t i o n  
of  physical 2nd b i o l o g i c a l  parameters, It culminates i n   t h e   i d e n t i f i c a t i o n   o f  homogenous 
u n i t s  or ssbun:ts where e!lvironmental carnponrnts a re   no t   i den t i f i ed   i nd i v idua l l y ,   bu t  as 
i n tegra ted  systems. 

(5 )  Dzta  hurces and Analysis 

(i) W o J a l  Veqetation Descrio- 

?he reg ional   vr 'aetat ion  descr ip t ion was presented i n  terms of  biogeocl imatic 
zones. I t  was based prim;.ri ly on a s ingle  publ ished source2' and supp lmented  w i th   f ie ld  
observations.  Observations made during  the  course o f  other i n ~ e s t i g a t i o n s ~ ~ ~ ~ ~  i n  the 
8 r i t i s h   C o l m b i a   i n t e r i o r  were a l s o   u t i l i z e d  i n  the  development o f  reaional   vegetat ion 

descr ip t ions.  

(ii) Pro iec t   S i te  Area Vegetation 

Vegetat ion  descr ip t ions  o f   the  Hat  [Creek Pro jec t   s i t e   a rea  and environs  are 

presented as Vegetation  associations and forest   cover  types. These were developed from 
f i e l d  recocnaissance and sarapling programmes. 

A. F i e l d  Reconnaissance 

The f i e l d  rqxonnaissance phase o f  t he   p ro jec t   s i t e   vege ta t i on  programme was 
used to   acqua in t   f ie ld   personne l   w i th  the sampiing  area and associated  vegetat ion 

patterns.   Dur ing  th is phase homogenous vegetat ion  assoc iat ions  wi th in   the aTea o f  
the proposed  development were se lected f o r  q u a n t i t a t i r e   f i e l d  rampling. 

8. x d  Sampling 

Replicate  p' iots 10 m2 i n  area were l a i d   o u t   w i t h i n  each sub jec t ive ly  chosen 

homogeneous stand.' The  number o f  p l o t s  was dependent  upon the  complexity o f  the 
Vegetation and t h e   s t r a t i f i c a t i o n  wi th in each  stand. A t o t a l   o f  90 FNlots were located 
throughout  the  Hat Creek area, most wi th in  25 km o f   t h e   p l a n t   s i t e .   I n i t i a l   s a m p l i n g  
was conducted  during  the f a l l  (20 Septemtser - 3 1  October) o f  ,1376 Ni th  supplemental 

sampling l a t e   s p r i n g  o f  1977 (May) t o  ensure  'that  spring ephemerals  were sampied. 

Physical  data, such  as s lope,  e levat ion,   aspect,   soi l   type and topography 
were recorded  for each 10 m p l o t .  The veqeta t ion   w i th in  each p l o t  was s t r a t i f i e d  by 

layer.  Species cover as well a5 t o t a l  cover  were estimated for e , x h  s t ra ta .  Oata 
f rom  rep l j ca te   p lo ts  were compared  and reduced t o  a form  Sui tab le  for   product ion  o f  

the  vegetat ion  associat ion  descr ipt ions.  

2 
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2.4 LAND RESOURCES - (Cont'd) 
Data  collected  during  the  field  sampling  programme  were  analyzed  using  a 

Rrajina  .adaptation  of  the  phyto-sociological  techniques  developed by the  Zurich- 
Montpellier ~ ~ h ~ ~ 1 . ~ ~  Similar  vegetation  groups  coupled  with  environmental  factors 
were  progressively  clustered  visually  and tabulated." Mean  species  cover  and 
vegetation  strata were used  as the  major  criteria  to  differentiate  and  group  the 
field  data into vegetation  associations.  Vegetation  associations and  forest types 
were  then m p p e d  for  the  area  within 25 km o f  the  plant site. 

(iii) Biophvsical  Analysis 

The biophysical  analysis  employed  two  ievels o f  integration,  the  biophysical 
unit  and  subunit.  Biophysical  subunits  were  developed  by  integrating  climate,  landforms, 
soils and vegetation  inventory  maps t o  produce  homogenous units. The  subunits  found 
within  the  same  biogeoclimatic  zones  were  lumped  together  forming  biophysical units. Any 
enviromental limitations were identified for each  unit  and  the  information  recorded in 
tabular format. Resource  capabilities  for  wildlife.  forestry  and  agriculture  wePe  then 
evaluated for  each  biophysical subunit. 

2.4.4 'Wildlife 

(a) Study  ADDroach  and  Rationale 

The  purpose of  this  study was to  determine the status  of the wildlife  resource in the 
vicinity  of  the  proposed Hat  Creek development. The potential  wildlife  value  Of  the  region  and the 
direct  usage  of  wildlife  were  also assessed. 

The regional study  area  was  identical  to  thae  defined in the  terms  of  the reference. The 
Hat  Creek  watershed i s  a natural unit  used  to  report  wildlife  inventory  and  usage  data  and is 
essentially  simiiar  to  the local study  area used  by the  other  disciplines in the Land Resources 
Section.  It was  divided  into t w  zones: the  upper  Hat  Creek  watershed  (or  valley)  and  the  lower 
Hat Creek watershed (o r  valley). The  study  area  boundary  map (Fig. 2.4-1) shows  the  study  area 
relationship  to  the plan: and  mine site. 

(b) Gata  Sources and Analysis 
L 

The primary  wildlife  resource  document used  in the  preparation o f  this  section  was  t>e 
Detailed  Environmental  Studies Land Resources  Subgroup.  Wildlife Report. 2 

(i) 
.I 

Major  Wildlife  Habitat 

Most  wildlife  data  have  been  reported  according t o  the  habitats in which  wildlife Ir 

species  were observed. Therefore,  wildlife  habitats were identified  from  maps of the 
existing  vegetation  associations.  The  wildlife  habitat  areas  differ from the  vegetation 
association  areas in t w  respects: t 

1. Two or mare  similar  vegetation  associations  were  often  lumped into one  wildlife 
habitat unit. L 
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2.4 E O  RESOURCE2 - (Cont'd) 

I 

2. Adjustments  were made for habitats i n  h t h i c h  existing  vegetation  differed from the 
dminant or climax  vegetation. 

~ 

Wildlife  ddta were wllected i n  a l l  major definecl habirats (Table  2.4-1). 

( i i )  

The majority of big game s?ecies  information was derived from published  sources. 
Data o n  local  big game 'winter and  summer ranqes and known wildlife migration  routes were 
obtained  through prrsona'l cmunicat ions w i t h  lccal  experts. Canada  and Sri t ish Columbia 
Land Inventory Maps 29-32 here used t o  define  ungulate use capabilities i n  a'll s t u d y  areas. 

The published  data were  supplemented by  a reconnaissance f i e ld   t r i p  between 
27 July and 3 August  19.X for  the Hat  Creek Valley,  Pavilion and Kelly Lake areas. A 
Silmrner range aerial survey was undertaken or,  l? September 1976 o f  the known California 
bighorn sheep ranges on  Marble  and  Shulap  i!angc!s,  Yalakom  Mcuntain  and Slok Hill. A 
pel le t  group transect survey pas conducted during  the week  of 15 t o  20 May 377. Vegetation 
nap units  idsntified an81 described  for  the  local study  area' were  :-eviewed for ihe i r  
potential  as  big  gme  range, based on plant  species composition,  elevation and aspect. 
Tuo'pellet group transect.5  masuring 152 m long and 3 .1  rn wide were estlblished i n  each  of 
nine  units  selected  as  potentic1  big game range. 

Animal observations and track abundance  from Br i t i sh .  Columbia  Land Inventory 
f ie ld  maps  and notes, 29-34 the 8.C. Hydro  and Poker Authority 1976 aerial survey3'. the  
8.C. Fish and Wildlife Rianch 1975 ground survey  in  the  study area36 ani  a 1978 helicopter 
survey by E.C .  Hydro  and the 9.C. Fish and Kildlife Branch famed the  basis a f  :he available 
dzta on ungulate  winter  distribution. This  illformarion, in  conjunction with a l i terature  
review.  information sol ic i ted from local  sources, B . C .  Fish and Wildlife Branch, Cache 
Creek hunter kil l   data,  37,38 and the  results of the  pellet  group survey  provided tSe  basis 
for  the b i g  gme  inrut i n t ~  the biophysical c lass i f icat ion system. 

( i i i )  Liolarld Game Birds 

Information  canzerning upland game bi.rds was derived from published data, personal 
communication  and direct  survey. ihe  direct  survey was conducted on 26 and 27 April 1977 
i n  the upper Hat Creek and  Medicine  Creek  Val'leys. The  numbers  and species of  game birds 
seen or heard  during a  6-minute period a t  each sampling station were ccNunted. A total  of 
40 stations, 10 each i n  Riparian, ?onderosa Pine - Douglas-fir - Bunchgrass, Open  Range, 
and Couglas-fir - Pinegrax  habitats were  surveyl?d. 

A. Resource Inventory 

Existing  information  regarding  distribution and  numbers  of waterfowl in  the 
upper  Hat  Creek Valley was derived from investigations  initiated by  Ducks Unlimited 
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2.4 U N O  RESOURCES I (Cont'd) 

and  by  the R . C .  Fish and  Wildlife Branch. 39'40 Original  Ducks  Unlimited  data  from 
investigations in 1975 and 1976 were  also  obtained  and  utilized in estimating  waterfowl 
populations.  Additional breeding  waterfowl  data  were  gathered as part  of  an  overall 
breeding  bird  survey  from 6 July 1976. 

During  migration,  single  waterfawl  index  counts  were  taken  during  aerial 
surveys  conducted on 16 September 1976 and 28 April 1977. Additional  information 
regarding  species  presence  and  relative  abundance  was  gained from  ground  surveys 
conducted in September 1976. and  April and Hay 1977. 

8. Wetland Inventow 

An  inventory and classification o f  waterfowl  habitat in the  Hat  Creek  site 
area  was  undertaken.  Air  photo  interpretation  verified by  ground  observations 
coupled  with  Ducks  Unlimited  data,  was used to  map,  classify  and  count  wetlands. 
Relative  accuracy  of  the  breeding  waterfowl  survey  was  then  assessed  and  the  capability ' 

o f  habitat  to  support  waterfowl  was  evaluated.  The  regional  perspective  was  obtained 
from published land capability data. 

An attempt  was  made  to  elassify  wetlands  through  aerial  photograph  interpre- 
tation,  acKording  to  the  system  proposed by Stewart  and Kantr~d.~' Strict  application 
of t h i s  classification  system  was not possible on all air  photographs and a  compromise 
system  was derived.  Each wetland was mapped arm categorized. 'Wetland areas  and 
circumference  of  edge w w e  estimated by  an elliptical  approximation method. 4 2  

Physical  parameters o f  17 wetlands  chosen  to  represent  the  range of  wetland 
types  within  the  upper  Hat  Creek  Valley  were sampled.' In each  wetland,  data  regarding 
appearance  of  vegetation,  depth,  water  profile  and  soils  were recorded. The pH  and 
specific  conductivity  were  measured in  each  wetland  using narrorrange pH paper  and a 
radiometer  conductivity meter. 

Oistribution and  seasonal  bird  status  data  were  gathered  frcm  the  litera- 
ture. 43-52 Records  of birds  sighted  in  British  Columbia  were  searched :or species  of 
special  interest,  such  as  rare or endangered  species and raptors. Discussions  were  held 
with local experts,  but  mast  information  wds  derived from  field  observations. 

A breeding  bird  survey  was  conducted  from 3 to 6 July 1976, using  a  modification 
of  the  proeedure used  by the  'official  North  American  areeding Bird  Survey. 53-55 Birds 
were  counted  and  identified at 0.4 Lm Intewals and  by  recording  observations by habitat 
along  predestined routes. Three-minute  counts  of  birds  were  taken  at 20 stations i n  each 
of  five habitats: Open  Range  (lou  and mid-elevation  grassland), Riparian, Aspen. Ponderosa 
Pine - Douglas-fir - Bunchgrass and  Douglas-fir - Pinegrass. 

.- 

LI 

L 
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.. 
Harvest  data  from  registered  trapl ines and discussions w i t ?  E.C. F ish and 

' W i l d l i f e   b i o l o g i s t s  were r t i l i z e d   t o   e s t i m a t e   r e l a t i v e  abundance5 o f  fuFbearing  species. 
Trapping done by  status  I l idians i s  not  recorded  by  the B . C .  F ish and W i l d l i f e  Branch  and 

i s   n o t   i n c l u d e d  i n  th is   analys is .   Tota l   furbearer   harvest   in format ioo  for   t i le   prov ince  o f  
G.C. was obtained  from  provincial  records. 56 

.I 
( v i i )  Small Mammals "_ 

m 

The  censu: programme fa r  small mammals  was undertaken frcm 2 September t o  
28 September 1976. Small nlammals were  marked ancl recaptured. 3n ti12 basis o f  the  recapture 
data.  estimates o f  r e l a t i v e  abundance for each species  captured wePe establ ished. 

F i f t een   l i ve - t ra ' l p ing   p lo t s  were  e;tshlished; three i n  eaci i   of  the  fol lowing 
f ive  habit.at i :  Open Range. Ponderosa Pine - Cottglas-f i r  - Suncllgrass, R i l a r i a n ,  Aspen and 
Couglas-f ir  - Pinegrass.  . ive-trapping  plots  consisted o f  ? o n w o r t h   t r a p s   j e t  10 m apar t  
i n  se'len rows o f  seven t r i p s .  A y r i d   o f   f o u r  rows o f  12  t raps was used i n  areas where a 

7 x 7 g r i d  would haYe  exl.ended out   o f   the sampled h a b i t a t  and in to  surrounding  habi ta t  
( t h r e e  Xipzr ian   p lo ts  and orle  Aspen p l o t ) .  

The t raps were s e t   f o r  a t o t a l   o f  5 days in each p lo t .  T raps  ' d e w  checked  each 
norning. Mammals  wePe j n d i v i d u a l l y  marked  by toe   c l ipp ing ,  iur c l i p p i n g  or some 

recognizable  pat tern.  A l ' l  other  mammals observed on the  p lo ts ,   but   not   t rapped were 

counted and recordsd.  Since  rel iable  regional   data  regarding  species'  holne range s i z e  and 
t r a p p a b i l i t y  were no t   ava f?ab le ,   re la t i ve  abunciances o i  sna i l  mantrnals were  based on the 
ninimun number known a l i v e  in each t rapping  gr id   area.  

( v i i i )  Consumotive  and  Konconsumotive Use 

The term "game animals", a5 used i n   t h i s  repor't., refers  t o  ipecies  f o r  which 
hun te r   l i censes   a re   requ i red   i n   S r i t i sh  Co1umbi.i slid i s  f u r t h e r   c l a s s i f i e d   i n t o   b i g  game, 

game b i r d s  and furbearing  anirrals.  'Wildl i fe  resource use is considewd under the  headings 
o f  consumptive and nonconsunptive. 

A .  Consumotive Use 

B i q  Game 

General  res.ident  hunting was analyzed  within  boundaries o i  Game Management 
Areas 4 ,  14 and 1 5 .  Data  were  assessed  by reviewing  the B . C .  F ish and W i l d l i f e  

Branch  survey  information  for  the  period I970 t o  1974. inc lusive.   Resident  hunt ing 
w i t h i n   t h e   p r o j e c t   l o c a l e  was analyzed us.ing s t a t i s t i c s  from  the Cache Creek'check 

s tat ion  for   the  years 1969 through 1 S i S .  NJnresident  hunting was assessed on the 

basis of huntzr  ret:!rns f i l e d   w i t h   t h e  B.C. Fish and W i l d l i f e  Branch  by  guide- 
o u t f i t t e r s   o p e r a t i n g  il Game Management Areas 4,  14 and 15  from 1970 t o  1974. 
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2.4 LAND RESOURCES - ( C o n t ' d )  

'daterfowl and Uoland Game Sirds 

B.C. Fish and Y i l d l i  Consumptive use of waterfowl was estimated  using ife 
Branch Hunter Survey questionnaire  results, Cache  Creek check station  returns,38 and 
Canadian Wildlife  Service  species  composition  surveys. These sources of information 
differ   in  terms of area covered and the way in w h i c h  data were collected. For  the 
purpose of game bird  hunting,  infofmation from Game Management  Area 14 only was 
included  in  the ana1ysi.s. 

Furbearers 

The consumptive use of furbearers  in  the  regional  study  area was determined 
by examining trapping  returns on f i l e  with  the 8.C. Fish and Wildlife Branch. These 
records were searched  for  all  registered  traplines w i t h i n  the  regional  study  area and 
within the jur isdict ions of t h s  Kamloops. Msrritt, Lillooet and Clinton  conservation 
offices  for  the 197l-1972 t o  1975-1976 trapping  seasons  inclusive, w i t h  al l   harvest  
information use recorded. The results  represent  a complete t a l l y  of a l l  Pur legally 
taken w i t h i n  that  tin+ period and area  except  that  taken by status  indians. 

8. Nonconsomotive Use 

Honconsumptive wildlife use was estimated Pram i n f o m t i o n  regarding  wildlife 
concmitant w i t h  other  recreational  pursuits. The prime sources of  ornithological 
recreation  activity were the  nest  record c a m s  and the  sight recoPd cards on f i l e  in 
the E.C. Provincial Museum. 

Rare and Endansered Soecies 

The l i s t  o f  rare  o r  endangered terrestrial  vertebrates  within  the  study 
area were based on compilations of Lbe Canadian Wildlife Sei-vice. National Nuseum of  
Canada, Canadian Wildlife  Federation and the  International Union fo r  Conservation of 
Nature and Natural Resources. 57-62 

2 . 4 . 5  Forestry 

(a) Study Aooroach and Rationale 

( f )  Forest Resources 

The study employed a  comparative approach whereby data were collected from 
regional and local  study  areas, each providing  greater  detail w i t h  incmased  focus on the 
actual  plant and  mine s i tes .  The definit ion of the  regional  study  area is   ident ical  t o  
t ha t  described i n  t h e  t e n s  of  reference63 and includes  approximately 23 358 ! a 2  of land 
area. The local  study  area is   tefined  as  a 25 icm radial  circle  centered on Harry Lake  and 
encompasses E 6 3  km2. 
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U N O  RESCI!P,CES - (Cont'd) 

(ii) Insect  ;r!d Oisesse  Survev & 

Ihe  forest  resources  of an area  are  subject   to many deleterious  agents  which 

degrade t h e   q u a l i t y  o f  the  resource.  Insects,  diseases.  f i res and inous t r i a l   a i r   em iss ions  

are but.  a few o f  the  agents  which  can have a negat ive   e f fec t  on t h e   q u a l i t y   o f  :he f o r e s t  
rfsoucce. I n s e c t  and disease symptoms can, i n  most occurrences.  resemble or mimic symptoms 

o f  exposure t o   a i r  emissions  from f o s s i l   f u e l e d   f a c i l i t i e s .  Thus, i t  i s  impor tant   to  
i den t i f y   base l i ne   i nsec t  and d isease  cond i t ions   p r io r   to   opera t ion  c8f foss i l   f i l e led  
f a c i l i t i e s   i n   o r d e r   t h a t   f u t u r e   i n j u r y  symptoms  be a t t r i bu ted   t o   t he   causa l  aI:ent. 

The approach  incarporated  both  h istor ical  and present  status  informat ion.  I n  

ccnt rast   to   thz  prev ious l : /   def ined  s tudy area:;, tile  occurrence o f  ma jor   fo rcs t   insec t  
pests was iden:i f ied i n  an area bounded by 70 M i l e  House to   the  nor th ,   Ashcrof t   to   the 
east,   iy tzon  to  rhe  south and L i l l o o e t   t o   t h e  wes t .  Seven o f  the m o s t  frequently  occurring 

insects  were  chosen fo r  c h e r  i n v e s t i g a t i o n  whicl! included a review o f  :he p:~esent st.atus 

w i t h i n   t h e   v i c i n i t y   o f   t h e  H a t  Creek Pro ject .  

( b )  Data  Ssurces and Analysis 

( i )  Forest Resources 

Regional  inventories were  based s o l e l y   ~ p o n   i n f o r m a t i o n   d e r i v e d  from  published 
survey  reports 64"1 f o r  each p u b l i c   s u s t a i n e d   y i e l d   u n i t  (PSYU) found i n  the  regional .  and 
local  study  areas. In   the   con teAt   o f   loca l   a rea   aescr ip t ions ,   the   un i t   survey   repor ts  

were  used s o l e l y   i n   t h e   c a l c u l a t i o n   o f  mean annual  inc.renents ( M A I ) .  

A. Reqional Studv- 

.The forest   resources  wi th in   the  reg ion were described on the   bas is   o f  
f o r e s t  s':ands, access, d i s p o s i t i o n  and indus t r ies .  The ;ublisl!ed  survey 
repor ts  64-71 were used t o   c a l c u l a t e  a r e a  summaries f o r  C P U W ~  cont ro l l rd   land .  Volumes 
f o r  each PSYU, which were  based  on c lose   u t i l i za t i on   s tandards  (18 cm + dbh, less 

decay), were derived  from  crown  forest  lald  volme  averages.  Area and volume data 
f o r   p r i v a t e l y  managed land were obtained  from  the owners. I n  a l l  cases, t he   po r t i on  
of a PSYU wi th in the  boundar ies  of   the  regional   study  area was pror l ted .  The annual 
a l l o w i b l e   c u t  (AAC)  fflr each PSYU was obtained f x m  pub l i shed  inventory   s ta t i s t i cs .  69 

The accuracy o f  these s t a t i s t i c s  was confirmed  by  the Resource Planning  Div is ion  of  

the  E.C. Forest   Serv ice.72  L is t ings  o f   estab l ished  l icenses were obtained  from  the 
Kamipops  and Cariboo d i s t r i c t   o f f i c e s  o f  the  B.C. Forest  Service. Employment  and 
?reduction s t a t i s t i c s  o f  t he   f o res t   i ndus t r i a l   p lan ts   f o r  1975-1976 i n  the  Hat  Creek 
reg ion were determined v i a  telephone  surveys o f  each p lan t .73  Tc supplement t h i s  

data, 1975 and 1976 produc t ion   s ta t i s t i cs   f o r  sawn lumber,  plywood and pulp were 
ext racted from recent ly  publ ished economic data. 74 
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2.4 LAND  RESOURCES - (Cont’d) 
B .  Local Studv  Area - 

Forest  cover  type maps75 with  the  associated  map  area  and  volume 
siiarmaries were  the  primarj  sources used to  compile  area  and  volume  data by 
forest  types (.nature. imature,  residual,  not  satisfactorily  restocked and non- 
cosaercial  cover)  for  the local study area. Seven  productivity  categories  (good, 
medium,  poor,  nonproductive,  open  range,  alpine  and  cleared)  were  also  identified 
froa  the  forest  cover  type  maps and summarized to produce a site  quality  map  of  the 
local study area. The  mean  annual  increment (Mar) was  converted  to  an  all-inclusive 
MI to obtain  an  estimated  allowable annual cut (AAC) for  the  portions  of  each PSYU 
in the local study area, 

(ii) Insect  and  Disease  Survev 

I n f o m t i o n  used in the  preparation o f  a baseline  insect  survey  was  derived  from 
published  records  of  the  Forest  Insect  and  Oisease  Survey o f  Canada.” This  information 
was  supplemented  with two reconnaissance  flights o f  the  Hat  Creek  Area  conducted during 
Hay and  August 1976. These two reconnaissances  concentrated on the vicinity o f  the  proposed 
project as well as the  surrounding regjan. 

2.4.6 Asricul :ure 

(a)  Sturhl Aooroach and Rationale 

The  data  collected  for  L9is  effort  describe  both  natural  and  anthropogenic  components. 
Natural parmeters  investigated  were  climate,  topography, soil and range  vegetation. Anthropogenic 
camponents of the  agricultural  system  include land use  patterns,  agricultural  practices, farm and 
ranch  characteristics,  market  conditions  and  government  policies  and programmes. In the  agriculture 
study  the  site-specific  study  area was expanded to include the Hat Creek  Valley  watershed. 

(b) Land Caoability 

Agricultural  capability  of  land is measured  as  the  range of crops  which  can  be  supported 
on a particular  land unit.  It  is largely  a  function o f  climatic  and  edaphic  faetors  and i.s analyzed 
in  each of  the s t u d y  areas  with  reference ta three  broad  capability  categories:  high  capability, 
which can support  crop  plants;  low  capability,  which  can  support ranga plant  species;  and 
predominantly  nonagricultural land. 

( i )  Hiqh  CaDabiiitv Land 

High capability  lands ape those  portions  of  the  regional  study  area  where a vide 
range o f  crops  and/or  hardy cereals and vegetables my be  grown (vith frrfgation). They 
were defined  as Land Capability  for  Agriculture  Class 1-4 on Canada Land Inventory (CLI) 
published  and  provisional maps. The CLI land  capability  classification  scheme  consists of 
seven  ranked  classes  developed  from  analysis o f  edaphic,  climatic and landfom features. 
The  classes  refer  to  the  range  of  crop  types  capable o f  growing on a particular  land and 

m 

I 

c 

2 - 28 Part Thi-ee Ilr 



2 . 4  " LPN3 XEiCURCES - (Cont'd) 
not  to crop  productivity. Classes 1-3 are considered to be capable 0.' growing a wide 
range o f  crops. Classes 1 and 5 denote areas largely restricted to fora(je production and 
grazing, while Class 6 consists 3f native grazing land.  Class 7 has no agricultural 
cqability at  ail, It  shoi;ld he noted that a ;n?oped czpability unit sometimes carries two 
C?! class ratings; an  improved  )rating whereby the Capability i5 determinrd  assuming there 
is irrigation a:id/or drain;ge improvement; and a)? unimproved rating, wheresy the capability 
assmes no such  impr0vement.s.  High capability land o f  the local study ar2a was defined as 
CLI  Land C3pability Classes (improved) 1 througli 5 .  The area thus delineated essentially 
includes all  irrigable  lands.  High Capability lalids of t!ie sits-specific area were analyzed 
i n  greater detail utilizin(1  soil data from the Flrovincial  soil  surveyE0  and a field survey 
conduceed by 23RC staff. e' The methodology 0.: the soil  suvvey  is summarized in 
Section 2.4.2. 

The ?r.a:ysis o f  climatic iniluences on Agricultural capabi1i:y was performed 
utilizing the clir,iate ca?ability  for  agricultural maps and publications  prepared as part 
of the C?I program@. Tliese maps (1:125 G G O )  represent one of severr.1 considerations 
incorporated  into the CLI dgricultural capacity classification of Canidiari lands. The CLI 
ranked climte capability classes range from  Class 1. which refers to climatic regimes 
supportive of the widest range of crop types, to  Class 7 ,  indicating climatic extremes 
which preclude agriculture. For aporoxiinately 15 percant of the regional study area where 
neither published  nor  prow.siona1  (less detailed thdn  published  efforts) climate cnpability 
for agricultijre maps were available, information relevent to the a w a  bas obtained from 
1:3 500 GOO climntic maps prepared by the Geqraahy Department of the University of British 
Columbia. a2 

I (ii) - Low Caoability Land 

Low capability lands were defined  as areas where agricultural  activity  is 
restricted to grazing and 'rere broadly identified in  t.he regional study area from a map o f  
biogeoclimatic zones oriclinally constructed by Krajina." From analysis o f  forage 
suitability of characteristic grass species, 'thwe of the six zones #occurring in the 
regional study area were determined suitable for cattle grazing: Ponderosa Pine - 
Bunchgrass, Interior Doug1a:;-fir  and Cariboo Aspen - [Lodgepole Pine - Douglas-fir. 

Low capability l.mds o f  the local  sttldy area consist of those areas classified 
in the  CLI  land capability for agriculture scheme as Classes 6 and 7, wh.ich include range 
land and nonagricultural  land. This area was ana1:jzed according to a te!ltative classifi- 
cation of land Capability for grazing developecl  by  the S o i l  Survey Division o f  the B.C. 
Department of While the Hat Creek basin  locale  has  not  been  mapped for 
range capability, provincial Soils Branch personnel  have  assigned range c.3pability classes 
to each soil and landform unit delineated on the  provincial  soil and landforms  map  of this 
area. In this system, C l ~ s s  1 areas have "no important limitations  to growth of native 
forage plants"  and Class 5 areas have "severe limitations"  to  native forage plant growth. 
The detailed analysis of project site agricultural capability utilized a vegetation map 
(1:50 0 0 0 ) .  Vegetation associations occurring in areas of the site not cansidered as high 
capability land were evaluated for range capability and productivity. 
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2 .4  LAND RESOURCES - (Cont'd) 

( c )  Productivity 

Data on crop yields  currently achieved  in  the  study  areas were obtained from B . C .  Oepartnent 
of Agriculture documents including  Production Oata Iniomation  sheetsa4 and Producers; Consensus 
Costs and Returns.85 These data were supplemented by consultation w i t h  local  farmers. 

- 
- 

Range productivity  data were obtained  to  permit  analysis o f  current  carrying  capacities 
and differences between these and potential   levels  that  may be achieved w i t h  good  management 
practices. The var iab i l i ty  o f  range management practices  as well as of  natural  factors  (soil,  
topography and climate) were addrsssed through  examination of several  information  sources. 

The current  carrying  capacity  of  local  study  area  rangeland was derived from two sources, 
B . C .  Farest  service  grazing  permit  allotnentt (Kanloops Oistric?  Office) and  a 1969 Forest  Service 
grazing map.86 The f i r s t  source was u t i l i zed  by dividing the areal  extent of a particular  permit 
unit by the  corresponding number o f  animal uni t  months (AUM. where  animal uni t   refers   to  one 454 kg 
s teer  or a cow w i t h  ca l f )   a l lo t ted   to  the u n i t  by the Forest  Service  in 1977. Presumably allotments 
are dynamic, reflecting  current  status of forested  sections o f  permit  land  yet  in  accord  with long- 
tern  protection of range  resources. For nonpermit grazing lands, comprising  approximately me-third 
o f  the lS.4 rangeland,  carrying  capacities f o r  various  vegetation  cover types were extracted from the 
1969 Forest  Service map. 86 

An estimate o f  c a t t l e  numbers currently  supported by the Hat Creek Valley was developed 
through  assessment  of  each o f  tha  thrae  feed  resources:  irrigated  valley  lowlands,  loner-elevation 
spring  grazing  lands and higherelevation sunmter' rangeland. The irrigated  valley  lands  are cropped 
for  hay, which  must  meet feed needs over the 6 winter months. Hay yields were estimated  for each o f  
three  general  soil conditions."  Forage productivity o f  spring  pasture and S m e r  range was derived 85 

for  each vegetation  association  as  defined i n  Section 2.4.2. Translation of forage  yields  into 
corresponding numoer of c a t t l e  capable of being  supported. was acaieved  with .the following 
assumptions: ' 5 5  percent  uti l ization of  forage ( i f  exceeded. could lead t o  long-term deterioration 
of range productivity); a forage  requirement of 300 kg per A M ;  and accessibil i ty of the en t i re  
range t o  ca t t le .  

Carrying capacities  potentially  achievable  in  the  local s t u d y  area w i t h  good range 
management  were extrapolated from estimates  of  palatable  native  forage p r o d ~ c t i o n . ~ ~  The forage 
yield  estimates  relate  to the five  provincial  tentative  grazing  capability  classes  (see 
Section  2.4.6(b)(ii). Low Capability Land)  and 'were derived frm "iaeasurernents  of undisturbed  native 
forage  in  grassland  areas and under well  stocked lands". Extrapolation  to  cattle  carrying  capacities 
corresponding  to the various  grazing  classes  incorporated the thr@e  assumptions noted previously. 

I 

I 

A second estimate o f  cattle  carrying  capacities  potentially  achievable i n  the Hat Creek 
watershed  excluding  land  capable of smporting  irrigation  agriculture,  was derived from data  sourees 
other  than  those  previously r e p ~ r t e d . ' ~  In t h i s  second approach,  potential  carrying  capacities were 
identified  for each vegetation  association,  for  both  well  stocked and recent  clearcut  conditions. 
The basis  for assignment of carrying  capacity  estimates was based on range managerent 
 publication^^^'^^ and consultation w i t h  s ta f f  of the  Agriculture Canada  Kamloops Research Station. 

c 

I 
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(d)  Aaricgl:u-al Land  Use  and ?rac t ices  

ihe   agr icu l tu ra l   land   u i t .h in   the   p ro jec t   s tudy   a rea  wds i d e n t i f i e d  :nrough p r o v i n c i a l  
puSlicati ,ns,  aerial  photographs,  si te  observations and i n t e r p r e t a t i o n   o f   l a n d   o m e r s h i i   p a t t e r n s  
and government po l ic ies  regard ing Crown holdings. Land  Jse in format ion f o r  the   reg iona l   i rea  was 
obtaioed  from census data  referr ing  to  the  ihompson-Nicola Census Division,  bamda.-ies  of  which  are 
d9lineate.l on Fig. 2.4-2. F o r  the  loca l  and s i t e   a n a l y s i s ,  use pat terns were i d e n t i f i e d  from 

i n t e r p r e t a t i o n   o f   a e r i a '  photograplis (1:24,000) taken i n  September 1976; publ izhed  present use 
maps:89 l1.C. M i n i s t r y   o f   A g r i c u l t u r e  and M i n i s t r y   o f  Environment  Reports; and land  tenure 

patterns. Land tenure  pat.terns were analyzed f o r   i d e n t i i i c a t i o n   o f   r a n g e l a n d ,  assuming c a t t l e  
grazing  e.;sential ly OC:UPI: on Crown lzrids  administered under  grazing  lease o r  permit. 

2 .4 .7  Cul tura l   Her i tace Resources 

( 2 . )  Phase I !xen to ry  Methodolaay 

The purpose o f  the Phast! I Cul tu ra l  Resource Study,92  conducted  by  personnel o f   t h e  
Gepartment o f  A n t ! i r o p o l o < ~  and Socicslagy o f   the   Un ivers i ty   o f   Sr i t i sh  Columbia, wa; to   descr ibe  the 
cu l tu ra l   her i tage  resources   o f  Ha: ( reek  Val ley.  The worlk was  done under ' the   ausp ices   o f   the   o f f i ce  

of  the  Prov inc ia l   Archaeologis t  and contracted by S . C .  Hydro i n  1976. The 1976 s t i l iy   area  cons is ted 
of  90.4 unL of  val ley  bot tomlal lds and adja:ent forested s l o p e s .  A s t r a t i f i e d  random sampling 

programme with  replacement was use8l. Possible  sampling  units, each 4CO m by 4011 D placed  north- 
south and eas3dest. cal led  quadrat;,  were created. Each  was c l a s s i f i e d  as eithc?r  "grassland" or 
"forest"  by  the  predominant  vegetation i n  the   quadra t .   Us ing   th is   cb i te r ion  o f  vegetat ion,   the 

study  area was d i v i d e d   ( s t r a t i f i e d )   i n t o  3 3 1  grassland  quadrats  (the  grassland  stratum) and 234 
fo res t  q::adrats ( the  forest   stratum) as  shown on Fig. 2.4-3. A t o t a l   o f  $4 quadrats, 32  f o r   t h e  
grassland  Stratum and 12 f o r  the  fmlrcst  stratum,' were sc'lected  by  random'sampling  with  replacement 

f o r   f i e l d   i n v e s t i g a t i o n .  These quarlrats,  containing an area o f  7.0 k.9 o r  7.8 percent  of  the  study 
area, wer? then  designated  for  intensive  inventory. 

7 

2 

In tens ive f i e l d  work io inventory the  cultural re50urce5 i n  each quaclrat Consisted o f  

complete  surface  observation by f i e l< l  crews o f  4-6 members approximately 10 m ;,parr nlaving i n   p a r a l l e l  

l i n e s ,  frm one  edge of   the  quadrat   to   the  o ther .  

A l l  archaeologica?  "sites" and i s o l a t e d   a r t i f a c t   l o c a t i o n s  were recorded. An archaeological 

" s i t e "  was defined as the   l oca t i on   o f   pas t   human 'ac t i v i t y   t ha t   l e f t   me te r ia l  remains w i t h  an a r t i f a c t  
densi ty  io: s ix   i tems or more wi th in a 4 m2 area and/o,- that   lef t   recognizable  manipulat ions or 
changes of  the surface (such as depressions,  rock  cairns or t8urnt rock middens). 

An a r t i f a c t   " l o c a t i o n "  waii recorded  for  the  pmsence  of a  number o f  ite!ns  fewer  than  the 
a rb i t ra ry   s i x   i t ems  p e r  4 m area,  Items  recovered a t  si.tes and ar t i fac t   loca t ions   inc luded  ch ipped 
s tone  p ro jec t i le   po in ts ,  ground  stone  tools,  tools  fashioned on stone  f lakes,  stone f lakes  used as 
too ls ,  and, most o f ten,   the waste stone  flakes  created  from  the  process of  chipping  other  stone 

too ls   (de l i tage) .  

2 
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Sites  and  artifact  locations  were  located on maps. A l l  surface material on each  site 
located by the  quadrat  survey  was  completely  collected.  Surface  cultural  features  were recorded. 
Information  was  also  collected on the  geomorphologic  and  current  botanical  characteristics  of  each 
Site  and each  quadrat.  Soil samples  were  taken  for  each site.  In addition,  the general condition 
of  each  site,  the  degree  of  disturbance  and  the  probable  activity  that  caused it were  recorded in 
order  to  provide  a  measure of  present  rates o f  non-project  related impact. A Few  sites OP cultural 
features  in  a  quadrat  were  selected  for  a  very  limited  programme  of  subsurface  testing  through 
excavation in Phase I. The  Phase I study  located 85 cultural  heritage  resaurces  sites; 76 in the 
grassland  stratum  and 9 in the  forest stratum. 

(b) Phase  I1  inventory  Hethodolaay 

With  the  general  characteristies of  the cultural  heritage  resources base determined by 
analysis  of  the  sites,  artifacts and  features  located  by  the  Phase I survey, the  Phase I1 research 
was  directed  to an assessment  of  the  specific  resources  likely  to  be  affected by the  prsposed 
development i n  Hat  Creek Valley. A multistage  study  to  attenpt  complete inventorf was  initiated in 
1977. The  study area was expanded to include  the  additional  areas  within  the  valley  that  were 
subsequently  defined  as  likely  alternative  project  component locations.  Researeh priorities  were 
placed on those  areas in the  valley  that  were  subjected t o  impact  from  preconstruction  activities 
(as from  exploratory  drilling) o r  on those  areas to be  affected  early  in the proposed  construction 
schedule. 

The  large  sire  of  the  study  areas  again required  an  initial  sampling  effort to meet  the 
tmo  objectives  of  a  eomplete inventory: 1. to  detewine the  specific  nature  and  distribution of 
sites' within  each  location; and 2. to determine'the  information  content o f  various  site  types by 
subsurfaee  investigation 'through excavation. 

The  Phase I sampling  gPid of  quadrats  was  extended  over  the  other  portions  of  the  valley 
proposed  for  development to ensure  the  comparability  of  the  sampling  units  used i n  both  phases  of 
study. The  proposed  locations  of  specific  project  components 'were considered  as  strata to be  sampled 
by  random  sampling  with replacement. 

The  strata  were  designated.  as follows with  the  number of  quadrats  within  each stratum 
given in  parentheses: 

A - Hedicine  Creek  Waste/Ash Ow (la) 
B - Upper  Medicine  Creek Fly/Eottom Ash Dump (18) 
C - Harry  Lake  Powerplant (6) 
0 - Powerplant  Reservoir (8) 
E - Upper  Medieine  Creek  Wet  Ash  Dump (46) 

.H - Medicine  Creek  Offsite  Areas (72) 
I - No. 1 Open  Pit  Mine (77) 
J - Houth  Meadows  Waste Dump (41) 
1: - Hat Creek  Diversion  Reservoir (3) 
(F and G are  the  forest and  grassland  strata 
of  Phase I sampling) 
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Tile 1ocat.ions o f  these  strata i!l r e l a t i o n   t o   t h e  Phase I gra is land and f o r e s t   s t r a t a   a r e  Shown i n  
Fig. 2.4-4. 

Two a l te rna te  s u r f a c ?  da t , i   co l l ec t i on   s t ra teg i%s  were used i n  the Phase 11 in,ientory. I f  

t !?e  quadrat  to be  sampled l i y  out:;ide the Phase I study  area.  then it was subjzcted  to  coinplete 
in tens ive  sur face  co l lect ion.  I f  the  quadr3t was with-in  t i ie Phase I 1  study  arsa. a Judgemental 
s a m l i n g  scheme was U t i i i z P d ,  whicp  used as i t s   f i e l d  method complete co l l ec t i on   a f   ma te r ia l  found 

i n  transects across the  located  s i tcs .  Thc placement  of  the  transects, each a parh 2 m wide and o f  
t:,e necessary  length t o  cross a s i t e ,  was guided  by  considerat ions  of   cbtainina a 10-20 percent 
salrple o'F the   en t i re   ex ten t  o f  t h e   s i t e ,  o f  inc lud ing  t i is  range o f  apparent a r t i f a c t   d e n s i t i e s  and 

o f  supplfmenting  the s i t .  map i n  r l xons t ruc t ing   a r t i fac t   de .?s i t ies   ons i te .   T ransec ts  were or ien ted  
wi th   respect   to   the  nar th-south,   east -west   gr id  used throughout   t :>e  ent i re   cu l tura l  I'esources 
invest igat ion.  

F o r  the f i rs t  s m s o n  o f  the Phase I1 survey, 80 cuadrats were ssl%!cted t y  random sarnpling 
without  replacement  for  survey, 7 6  o f  which were outs ide  t i le  Ph-isc I study  area and  were t o  be 
sampled extensively. Three  quadrat:;  proved  unsurveyable. I n  the 77 qu;!,ii.ats surveyed, a t o t a l  of 

134 s i t e s  were located  containing 34 cu l tura l   features.  The s i t e s  were not   d is t r ibuted  evenly  
thraughoLt  the s t u d y  s t ra ta,   but   showd  concentrat ions  wi t l i in   cer ta in   .s t ra ta.  

Botanica l  and palynological   data for the  t lat Creek Val ley were c o l l e c t e d   d u r i n g   t h e   f i r s t  

season O F  Phase I 1  invest igat ions.  As i n  Phase I ,  physiographic  informat ion was recordcd  for  each 
c u a d r a t  and s i t e  and inc luded  ohsewat ion on landform  ciassi i icat ion,  draindge,  slope,  exposure, 
a c c r s s i b i l i t y  and the   qua l i t y   o f   f i e l t l  of view. 

Excavation a t  fine s i t e  was; begun i n  1976 and continued  during 1977. Subsurface  excavations 

were in i . : ia ted   a t   se lec ted   l i th ic   sca t tep   s i tes ,   severa l  o f  which  included a "cult.ura1  depression". 
Upon excavation  these  depvessians were found t o   c o n s i s t  o f  layers o f  thermal ly  f ractured  rock,  

:h,?rcoal,  ash and some  ;:ar,onized p l a n t  remains. The charcoal and p lan t   mater ia l  was co l lec ted  for 
f i r tcre  botanic.  radiocarbon and dendrochronological ana1:ysis. Fauna remains encounteprd were also 
col lectecl f o r  future  analysis.  

(a)  Study Aociroach  and Rationale 

The geology o f  the   p ro jec t   a rea  was surveyed f o r   a l l   n a t u r a l  resauvces  and  physical 
c ! ;aracter is t ics   that   could be af fected  by  the  Hat Creek Project.  Studies emphasized the economic 
aspects o f  resource u t i l i z a t i o n  and recovery, as we l l  as 'runriamental analysis  of   geologic  sturucture,  
s t ra t igreohy and se ismic i ty .  

( b )  Data Souvces  and Analysis 

Although  regional  geologic  studies  are  descl-ibed i n   t h e   l i t e r a t u r e ,   l i t t l e   d e t a i l e d  

in format ion was ava i lab le  on the  spec i f ic   area  occupied  by  the  pro ject  complex.  Methods  used t o  
gather and ana lyze   the   geo log ic   aa ta   re la ted   to   the   a reas   o f   in te res t   c i ted  above i n c l u d e   f i e l d  
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2.4 WHO RESOURCES - (Cont'd) 

observation,  geologic  mapping,  literature  seapc>es.  drilling  and  coring,  field  sampling,  geophysical 
and  geochemical  field  surveys,  aerial  ?hatographic  intarpretation,  and  extensive  laboratory  testing 
and  analysis  relating  to  the  physical  and  chemical  properties of natural  resources  and  earth 
materials. 

2.5 SOCIO-ECONOMICS 

2.5.1 Introduction 

Information  was  collected o f  a  quantitative  and  qualitative  nature in order  to  describe  the 
historical  and  existing  socio-economic  setting  and to provide  the  raw  data  and  inferential  base  to  make 
projections  about  future  socio-economic  levels of activity.  Econcmic,  social  and  political  theory  provided 
the  basis  far  selecting  explanatory variables. In  order  to  obtain  data  on  these  variables  for  various 
purposes,  direct  methods (e.g. sample surveys) and indirect methods (e.g. literature  research)  were 
undertaken.  Also,  extensive  information o f  a qualitative  nature  was  accumulated  to  assure that all 
concerns  are  placed in their  proper t q o r a l  and  spatial eontext. 

2.5.2 Income,  €mlovrnent and Pooulation 

The baseline  data  on incomp. employment  and  population  were  collected  from  official  government 
publications,  personal  interviews  with  governaent  and  union  officials,  written  correspondence  and 
telecomunications. A technical  literatura  search  was  undertaken in all areas  fop data an3 information. 
The Hat Creek  Area  Resident  Survey.  completed i n  L977, provided  economic  and  social  information  on 
households. In addition local newspapers  were  examined  for  relevant  information. 

2.5.3 Cornunity Land Use 

For  the  purpose  of  the  land  use inventory. a map  was  prepared (Fig. 3.5 .2 ,  Chapter 3.0) at a 
scale of  1:IOO 000 that is centered  on the project and incorporates  an  area  within a 25 ka radius  in a l l  
directions.  Existing  land  use  naps f o r  this study area  were  used  as  base  maps  and  updated by more  recent 
information. The land use mappings  consulted  were  prepared in 1976 b y  the  British  Columbia  present  land 
use  project  as  part of the  Canada Land Inventorj (CLI) , at a scale of  1:55 000. The CLI mappings  were 
updated  through  the usa o f  color  remote  sensing  photography  taken i n  September 1975, at  a  scale o f  
1:24 000. Land use  categories  which were given  particular  attention in the updating  process  were  improved 
pastureland,  built-up  areas  and  mines  and quarries.  Areas in forest  and  rangeland  categories  have n o t  
undergone  significant  change  and a r e ,  therefore,  represented  primarily  according to the  original CLI 
present  land  use  mappings,  dated 1967. 

I 

2 . 5 . 4  Housinq 

The statistics  provided far the  housing  market  analysis o f  municipalities  were  obtained by 
personal  discussions  with  responsible  persons in the housing  sector as well as  by surveys  undertaken by 

' The  CLI is a  fedarally  approved  nation-wide  survey  of land use  and  capability for the  purpose  of . land use and  resource  planning  for  agriculture,  forestry,  recreation and  wildlife.  Each province 
performs  the  survey  within  its own boundaries,  uith  the  intent o f  providing  resource  development 
planning  at all levels. 
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a 2.5 SOCIC-ECONOMICS - (Cont'd) 

:he detai led  ?nvironmental  corisultant. 1, physical  counting  of  the  housing  stock  compiled  data o n  housing 
m s t a r t s .  Vacartcy ra tes were obtained  through p?rsonal discussi#?ns w i ' t h  rea l  es ta te  o f f i c i a l s  and apartment 

S c j l d j n g  ewers. Information on c o n s t r u c t i o n   a c t i v i t y  Mas cbtai i ied  f rom  bui ia ing  pewi:   aara and discus- 

sicns  ,with ?ccz . i  cont ractors .   ?r ice  data were re1,easi.d b y  we!nSerj 0: t he   l oca l  IreJI estate 'rrade. 
I 

2.5.5 &rwE! 

* k t a  and i n f o m a t i a n  on the .:ollowi;q  services of!'ered by gor?rnr,lentzl un i i s   w i th in   t he   Ha t  

Creek  study  Zrea were inventor ied by tP? sub-cmsuitant:  1. cdtlcntion; 2. health; . 3 .  recreat ion;  4. 
soc ia l ;  5. c u l t u r a l ;  6. correct ions;  7 .  c o u r t / j u d i c i a l ;  8. l ega l ;  9. po l i ce ;  10. f i r e ;  and 11. 

1 comwnicat ion  service systems. This  inventory o:i services wa5 developed  by pcoli:tg informat ion  obtained 
f rom p ~ r s c r m l  csemunications, o f f i c i a l  repor t i ,  and records o f  the per'iincilt ptrblic  service  group. 

I 2 . 5 . 6  pecreat icn 

( a )  D i t a  Smrces 

L 

Data f o r   t h i s   s t u d y  were la thered on se t t i ng ,   r l c rea t i ona l  a s s e t s ,  r e c r e a t i o n a l   f a c i l i t i e s ,  

r e c r e a r i a n a l   a c t i v i t i e s ,   c a p a b i l i t y  and const ra ia ts .  Eiost data were obtained  fro&  publ ished  sources 

II prepared  by  provincial  and local  agsncies. Agency r e p r e i i o t n t i v e s  2nd informed  indiv iduals were a lso  
contacted.  Hat  Cr?ek  consultant  [reports  dealing with w i l d l i f e ,   f i s h e r i e s ,  snj aesthet ics  were 
reviewed, and discussions were h e l d   w i t h   p x j c c t  t.echnica1 persome1 i n  these and r e l a t e d   d i s c i -  

I pl ines.   Current   aer ia l  photograph:; 'were in te rpre ted  for lrecreat:onal  devclopmeiits :o the  extent  
practicatlle and 1:50,000 b?.se maps j rovided  informat ion o n  topography 2nd landforms. F i e l d  checks o f  
r r c r e a t i o n  resources and f a c i l i t i e ! ;  were also  undertaken i n  the Hat  Creek Va l ley  acd surrounding 

9 arcas.  Data  sources f o r  each top ic   are summarized i n  Table ,2.5-1. 

( b )  Cnalysis Areas .. 
Gecause project.  impacts ':end to   d imin ish  wi th   d is tance,   the  examinat ion o f  recreat ional  

phenomena by geographic  area i s  an i n t e g r a l   p a r t  o f  the methodology.  Four area!; were del ineated, 
each o f  which  (except  the first) was d iv ided i! i to quadrants,  centered on the   p ro jec t   s i t e   ( t hese  

areas  are shown on  Fig. 2.5-1) .  'These quadrants were se lec ted   to   re f lec t   d i f fe ren t   impact   a reas  
associated  with  the  project..  Ares / I  inc ludes  the  p lant ,  mine s i t e ,  ash d isposal   s i tes,  impoundments 
and a l l  major  land  impact  areas.  Prea B encompasses Hat Creek Valley  surrounding  ranges and h i l l s .  
Here, the  greatest   impacts   could  xcur  from a i r   po l lu tants   d ischarged  by  the  powerp lant .  Area C 
includes  major highways  and the  Inrgest  Concentrat ions of human hab i ta t ion   neares t   the   p ro jec t .  
Area 0 extends  beyond  Area C t o  a limit of 100 !a t o  the limit o f  stack  emission  effects.  This  area 
includes a v a r i e t y  o f  recrea t iona l   2ppor tun i t ies   and  fac i l i t i es ,  some o f  which will probably be used 
by  uorke.-s employed a t   t h e   H a t  Creek Pro ject .  Pvea A i s  .about 12 560 ha i n  extent,  Area a 89 500 ha, 
Area C 274 800 ha  and  Area 0 690 €00 ha.  The descr ip t ion  and analysis  procedure i s  keyed t o   t h e  
geograph-c  areas  described  beginninq f i r s t   w i t h  Areas A and 8. Area C i s  t reated  separately  (wi th in 
the cons.:raints of avai lable  data),   fo l lowed by  Area 0 ,  which i s   t r e a t e d  more g e n e r l l i y  because it i s  
l a rge  mi because the  recreational  impacts i t  experiences  from  pegple l i v i n g  outs.ide  the  immediate 

project   region  are  important.  ~~ 

.. 
I 

I 

I 

- 
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2.5 SOC:O-ECONOHICS - (Cont'd) 
2.5.7 Community  and  Reqional  Infrastructure 

An inventory  was  developed by the  consultant  covering  t5e  water  system,  the sanitarf seuerage 
system,  solid  waste dispxal and roads  relevant to the  comunities under  consideration. The  infornation 
was  obtained  through  contact  with  responsible  government  agencies in the  comunities.  Infomation  on 
transportation in the  region  was  obtained  from  the  Ministry  of Highways. Consultantions  were  made  with 
each  of  the utility  companies to detemine  their  capability  to  provide  adequate service. 

2.5.8 Local  and  Reqional Government 

Financial  data  and  information  were  collected  for  the  municipalities  Of  Ashcroft,  Cache  Creek, 
Clinton and Lillooet;  the  Regional  Districts  Thomoson-Nicola  and  Squamish-Lillooet; and  School Qistricts 29 
and 30. The Municipal  Act.  the  Ministry o f  Municipal  Affairs,  the  municipal  budgets  and local apficials 
were  sources  or  ~roviders  of  the detailed  information. 

2.5.9 Social Environment 

Information on the social envimnmant o f  the area  was  drawn from a  number of sources. A major 
information  source  was  the  survey  of  residents in the  study  area  conducted  early in 1977. A questionnaire 
was  adninistered  t5  a  random  sample o f  o v e r  300  persons in 145 households in Ashcroft,  Cache  Creek, the 
Hat  Creek 'Valley, Clinton,  Lillooet and the  surrounding rural  areas. Other  data  gathering  trchniques 
used by the  eonsultmts in defining  the  attributes of the social  condition include: 1. a review of  
similar  projects and ljterature on previous pmjccts; 2. a  survey o f  newspapers; 3. an interview  schedule 
with 'ranchers in the  Hat Creek Valley  and key persons in the  study  area;  and 4. incorporation of data 
from  other  study  team  members. 

2.5.10 Native  Indian 5:ddies 

The inventory  was  undertaken  uithout :he involvement o f  the  Indian  peaple in the s tudy  ;rea or 
of the  Department  of  Indian Affairs. As a  result,  information for  this  study had t o  be obtained  frcm 
published  statistics,  published  research  materials  and  reports  and  personal  interviews  with  government, 
corporate  and  private  individuals  involved  with  the  Indian  and  non-Indian comunities o f  the  study area. 

A library  search  revealed  only  a  limited m o u n t  of published  material of value to :he stud;.. 
Anthropological  and  ethnographic  references  were  able  to  he  supplemented  when  the  preliminary  inventory 
of cultural  heritage  resaurces in the  upper  Hat  Creek  Valley was made available. Several  publisned 
studies and reports on the  difficulties  facing  Indian  people  entering  the  wage  economy  were uti1iz.d in 
the study. The  Canada  Census, 1971, provided  the  most  comprehensive  data  base  available f o r  Indim 
residents  of  the  Study area. Personal  interviews  were  held  with  government  departments  and  agencies 
providing  services to Indian  people i n  the  study  area  as well as local employers  and  knowledgeable 
persons. 

2 -  36 Part  ihree 



I 

2 . 5 . 1 1  &sthetic  Consiaerations 

( a )  !&L<ture Revis? 

e 

1 

1 

Visi ial   analysis  methodolcgies have been describesi as too ls  used to   i den t i f y   aes the t i c  
a t t r i b u t c s ,   f o r e c a s t  chancer i n   a e s l ~ h e t i c   c h a r a c t e r i s t i c s  and :a describe t.he imp l ica t ions   o f  changes 
i n  envirJnmenta1 q i i z i i t y  and i n  the  pc:tent.ial uses 3 f  the  Q.nVirunnental reSoUrCe5. 

I n  order   to  more f u l l y  uncierstind currmt   v isual   ;na lys is   pr inc ip les. ,   techniques,  and 
s tud ies,  a l i t e ra tu re   sea rch  and review was ,conducted. 8later;als Were gathered a t   t h e   l i b r a r i e s  o f  

t he  Un ivers i ty  o f  a r i t i s h  Columbia, t he   Un tvc rs i t y   o f  Yas;linr;ron ( s ta te ) ,   t he  3esource Analysis 
Sranch o i  the   Prov inc ia l  Government,, the 'ihi?mal D i v i s i o n  o i  B . C .  tiycvo and Powor Au thor i ty  and a t  
the o f f i c e s  of   tho  co-ordinator  of   the  environnicntal   analysis,  ESCLEC. 'Visual  analyses  ranqing fron 

genera l   pr inc ip les and procedures tc dct.ai:ed methods a i  v isual  im;lai;  ;n?asurement 'were reviewed and 
absorbed. 

The r e s u l t s  o f  th is   rev iew made it c l e a r   t h a t  thu>-e i s  3 consensus and considerable 
d?velape<l  technical  neihodoloay f8,r c l a s s i f y i n g  and :-ecordiog v i s u 3 1  q u z l i t y  o f  the  natura l  
env i rooment .   ihere  is  l e s s  agreement on methods for  r1easurir.g  the  visual  imnact  khich man-made 
elements have on the  natu-a1  landscape. The basis  for   the visual m a l y s i s  methodology i h i c h  was 
developed for  t h i s  stuay i s  vovk done by R Bur ton   L i t ton ,  Jr .  an3 the Resource Analysis Eranch. 

111 ( 5 )  'Study Met.hodoloqy 

The methodology employed in  the  study  considered 'the 6n;lysis i n  three  sequential  steps. 

.The f i r s t  step was t o  as'>ess the   ex i s t i ng   v i sua l   qua l i t i es  and thc  v i s u a l   s e n s i t i v i t y  t o  change 
w i t h i n  t x  defined  study  area. Thf! second s t e p  was to  descr ibe ?he  (causes o f  r isual   impact   ( the 

p!;nt el?ments and appurtenant  strrictures) and t o  eva lua te   t he i r   e f fec t  upon the rccep ta rs  o f  the 

exist.irig  environment. T'lc t h i r d  and f ina l   task  was t o  determine  the  irr.portance o i  the  impact,  both 
by j u d g i q   t h e   q u a l i t y  o f  the scent! imposed upon and ju:lgiiio the  m%gnitude o f  ti!@ impact upon t h a t  
scene ~ n t l  commenting on c3urses of ac;ian t o   m i t i g a t e  or Conoensate for  the  impact. 

2 . 6  

111 

I n  order t o  determine sound l e v ? l s  p r e s e n t l y   e x i s t i n g   i n  t h e  proDosed Hat Creek Project   environs, 
a n o i s e  survey  was conducted  dur ing  the  fa l l  and w in te r  o f  1975 and 1977 and dur ing   the   spr ing   o f  1977. - Four s i t e s  were  chosen th roughout   the   va l ley   to   ob ta in   r rsd ' ings   ind ica t ive   o f   t ie   ex is t ing   no ise  
environment.  Sites 1 and 2 were i n d i c a t i v e  of  ambient levels  near Highway 12. S i t e  3 was i n d i c a t i v e   o f  
the  ambient  levels  near  the  Hat Creek IKoad. S i t e  4 was selected as  a  sample o f  the Ereas removed from 

the   f requent ly   t rave l led  roads. S i t e  5 a t   A s h c r o f t  wa5 chosen t o  be in c lose   p rox imi ty  t o  the proposed 

pumping s t a t i m .  The locat ions o f  the   s i tes   a re  shown i n  Fig. 2.6-1. 
.. 
m Coni.inuous noise meisurements were taken a t  a l l   f i v e   m o n i t o r i n g  s i t e s  t o  determine  the  day/night 

average  sound leve ls ,  tdn. and the   va r ious   s ta t i s t i ca l   i nd i ces  such as  tl0 and Lg0. "hese measurements 
were made us ing   the   fas t  response (125 ms i.ime constant)  sett ings  of  tne  noise  analyzer t o  capture peak 

I 
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2.6 - (Cont'd) 
events  such as car passbys. The most  predominant  noise  events  were  automatically  tape  recorded so that 
the  most c o m o n  noise  sources  at  each  site  could  be  identified  and so that invalid  data  could  be 
detected. The  monitoring  schedule is shown in Table 2.6-1. 

L 

~ 

Periodic  measurements  were  made  of  the  existing  ambient  levels in octave bands  between 31.5 and 
8000 Hz. These  periodic  background  measurements  were  taken  using  the  yslow"  response (1 s time  constant) 
on the round level  meter. Other  data  obtained  during  the noise measurement  periad  ineluded  meteorological 
variables  such  as  wind speed. temperature  and  relative humidity. 

.li 

- 
Meteorological  data were  collected  during  the fall  by the  measuring  team  at  noise  monitoring 

Sites 1 to 1. During  winter  monitoring  at  each  site,  the  measurement  system  was  largely unmanned. 
Meteorological  data  were  obtained  from E.C. Hydro  weather  stations  close to the  monitoring  sites.  The 
locations o f  these  weather  stations  are  shown in Fig. 2.6-1. I n  addition,  wind  speed  data  were  auto- 
matically  recorded on tape  whenever  noise  levels  exceeded  a  preset value. This  was  to  ensure  that  wind 
noise  resulting  from  excessive  wind  speeds  greater  than 19 k d h  did  not  influence  the results. A?. noise 
monitoring  Site 5 ( i n  Ashcroft)  the  wind  speed  vas  also  automatically  recorded  an tape. Secause  this 
monitoring  was  done on an  unmanned  basis,  othe?  meteorological  data had to  be  obtained From the  government 
weather  observer  stationed in Ashcroft. 

I 

.Ir 

- 
Ouring the fall ranitoring.  informal  traffic  Counts  were  Obtained by the  measuring team at 

Sites 1 to 4. In the  winter,  traffic  counts  Were  extracted  from  the  tape recordings. A t  Site 5 estimates 
OF the  volume  of  train  traffic  were  obtained  from  Canadian  National  and  Canadian  PaciFic Railways. 

L 

'I 

At  each  of  the  four valley  sites,  two  periods o f  24-hour  measurements  nere  made  during  the fall 
and winter.mnitoring  progrmes: one on a weekday  and  one on a  weekend.  Due  to  time  lost  in  moving  from 
one  site  to  another  and in calibrating  the  system,  some  of  the  monitoring  periods  consisted  of  slightly 
less  than  24 hours. At  site 5 (Ashcroft), only  one 24-hour  measurement  was  made on a  weekday in May 
1977. 

.. 
r 

Ouring the  weekday  winter  monitoring  at  Site 1 on 9 March 1977 the  microphone  failed  during  the 
evening,  hence  the  nighttime  data  was  rejected  and  other  data  obtained  previously  for a weeknight a6 this. 
site  was used in its place. On 5 March 1977, unmanned  monitoring  was  conducted  at  Site 4 to  obtain  data 
for a  winter weekend. Because o f  high  wind  conditions  followed by oecasional  calm  periods.  the  dynamic 
range  of  the  measurement  systems  proved  insufficient  and  the  instrumentation  was  overloaded  during  wind 
gusts. These  data  were rejected: however,  this  site  was  removed  from  man-made  sound so that  the  data 
obtained  for a beekday  approximated  ambient  sound  levels  of  a  weekend  at  this location. 

L 

L 

The  noise  monitoring  system  used  for  the  ambient  survey  consisted  of  a Bruel b Kjaer  Precision 
Sound Level Meter  Type 2204 and  Octave  Band  Filter  Set  Type 1613, a Mcdel 1945 General Rad.10 Ccmunity 
Noise  Analyzer,  a  Uher  Tape  recorder  Model 4400, and a Bruel b Kjaer  Calibrator Type 4230. A l l  of  this 
equiplnent was  battery  operated  and  with  the  exception  of  the  microphone  and  an  anemometer,  was  contained 
in a  moOile  laboratory. 

s 

L 

Ir 

, 
~ 
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3 CHAPTER 3.0 - RESOURCE i:iVENiO2Y 

- 
2 . 1  INTROOUCTION - 

1 I f s o u r c e  !wentory  presents t h e  hasel ine  data u l v ( c i ~  character ize  regional  m d   l o c a l   c r v i r o n -  
n,ent.al  cnmoon(lnt5.  These d3:3 were collected dur ing  the  0et.ai led  Environwnidl   Studies (DES)  and are 
ut i1iz.d  to  dcscrihe the envircnment i n  the  Hat Creek region. - 

3 . 2  METEORCLOG? - k I R  OUALIN - 
3 . 2 . 1  Metgle~~qy:Climatolo~ 

.. (a) R~qion31  Cl imataloqical   Condi t ions 

(i) " Winds 

I 

I 

The c l ima te   o f  i.he Ea? Creek  r?gion i s  great ly   in i luenced by t h e  i n t a r a c t i o n   o f  
large-scale  pre isure and wind  f low  patterrts  with  the  regional  topographical  features. The 
Coast Range t o   t h e  'west i ,nd the Colua3bia Mountairis o f  :he Rockies t o  ::,e e a s t  serve  to  
shel ter   the  area from strong  lower-level  f lows  associated  with  large  sczl?  atmospheric 

c i r c u l a t i o n s   a l o f t .  By preventing  marine a i r  f rom  penetrat ing  into  in land  areas,  the 
Coast Range causes i n t e r i , r   3 r i t i s h   C o l u n b i a   t o  be c l a s s i f i b d  5 s  havinml a "cont inenta l "  

c l imate.  

Oisturbenczs (s%orm s y s t e w )   i n   t h e  upper atmc;phere vary i n   l c c 2 t i o n  and in ten-  
s i t y  according t o  the season o f   the   year .  A t  t h e   i a t i t u d e  of  the Hat Creek Val ley ,  the 
highest   f r fquencies  o f  s t o r m  occurrence are  i n  the spr ing and f a l l .  O u r ' n ~  these seasons, 
upper-level  winds  over Ha.: Creek are  predoniinantly  from t he  southwest throu:h n o r t h .  In 
win ter ,  most s t o r m s  t rack t o  tlk south,  while i n  SuImer, most  storms  pass well t o  the 
north.  Upper-level  winds over' Hat  Creek a r e  predominant ly  from t h e  Southwest through 
nai-thWeSt dur icq  these seasons.  Surface  winds in the  reg ion  are grea.:ly inf luenced by 

local  topographic  features.  Local  terrain  channeling and mountain-val ley  c i rculat ions 
make general izat ions  about  regional   surface uincls d i f f i c u l t .  except  that  the  surface  winds 
i n   t he   va l l eys   genera l l y   f l ow   pa ra l l e l  t o  t he   o r i en ta t i on  of   the  ra l icy  whi?e  mountain 

winds are more varied. 

(ii) p r e c i p i t a t i o n  - 

I 

P r e c i p i t a t i o n   p a t t e r n s   i n   s o u t h e r n   B r i t i s h  Columbia are  s t rongly   in f luenced by 

t e r r a i n .  A s  the  prevai l i r lg   wester ly   sur face w"nds f l o w   i n  From t f ie   Pac i f i c  Ocean and up 
the  slopes of the Coast 7ange, the  mar i t ime  a i r   is   cooled,   caus ing  c loud  format ion and 
p r e c i p i t a t i o n .  As the  winds  f low down the  eastern  slopes  they  are warmed and c r y  ou t .  

Annual p r e c i p i t a t i o n   l e v e l ;   i n  :!le i n t e r i o r  average  only i50 t o  500 mm whereas the  coastal  
areas  receive  over 2000 w n  (Fig. 3 .2 -1 ) .  The seasolla1 d i s t r i b u t i o n  i s  f , i i r l y  even i n  the 
i n t e r i o r ,  however, coastal   i reas  receive most o f   t h e i -   p r e c i p i t a t i o n   i n   f a l l  and winter .  
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3.2 METEOROLOGY - AIR OUALIPI - ( C o n t ' d )  

( i i i )  Temuerature and Humidity 

Tmperature and humidity conditions  in  the Hat Creek region  are  also  influenced 
by the presence of the Coast Range which isolates  the  region from the moderating effects 
of the  Pacific Ocean. This results. in relatively  large  diurnal and seasonal  variations  in 
both  temperature and relat ive humidity. Oiurnal  temperature  variations  are as much as 14 
to  18 '~  in t h e  s u e r  and 5 t o  IOOC i n  the  winter; summer average  temperatures exceed 
winter  averages by 20 t o  30%. 

Seasonal variations i n  re la t ive humidity values d i f f e r  by 20 to 30 percent  for 
several  sites i n  the Hat Creek region. Diurnal variations  are  also  large. In addition  to 

. these  diurnal and seasonal variations,  wide variations  in b o t h  temperature and relat ive 
humidity conditions  occur among different  locations  within  the Hat Creek region, depending 
primarily on elevation. Hean annual regional  temperatures  are  presented i n  Fig. 3.2-2 
and average  daily  temperature  ranges  for  selected  regional  stations  are  presented  in  Table 
3.2-1. Regional dewoint and relat ive humidity data are presented  in Table 3.2-2. 

(b) S i t e  Meteoroloqical Conditions 

Because of  the  large  differences  in  elevation and topographic  characteristics w i t h i n  the 
site  area,   significant  differences  exist  i n  the  local wind, precipitation,  temperature and humidity 
patterns. These dlfferences  are  evident i n  the  records of the 8.C.  Hydro mechanical weather station 
network. The following  paragraphs  present  infomation  obtained from th i s  network as well as f r o m  
neariry Atvospheric Environment Service (AES) stations. 

The wind roses from  an eight-station 8.C. Hydro monitoring network reveal wind 
f l a  conditions  that  are  indicative of a complex.mountain-valley flow regime. S i g n i f i c ~ n t  
day-night variations  in b o t h  wind speed and direction occur. Far example, a t  the stations 
w i t h i n  the upper and lower portions o f  the  valleys, a very low speed, down-valley "drainage" 
flow  predominates a t  night. In fact,  nearly one thi rd of the  nighttine hours for  some  of 
these  valley  locations  exhibIt calm conditions (wind speeds less than the  starting  threshold 
of the Instrwnts ,  about 2.4 W h ) .  Conversely. the dayt ine winds a t  these  locations  are 
stranger and generally  travel  upslope  in  response to surface  heating by solar  radiation. 
This  day-night  variation Is much less  dramatic  at  the  ridge  locations,  reflecting the mare 
frequent  influence of uppera i r  winds a t  these  less  sheltersd  locations. 

The annual wind rase for   the  plant   s i te  as represented by the  data fpom mechanical 
weather s ta t ion WS 7 i s  presented  in Fig. 3.2-3. The prevailing (mort frequent) wind 
direct ion  is  from t?ie west  followed by west-southwest,  north-northwest, and east- 
southeast. The h i g h  directional  variabil i ty and relatively strong wind speeds  (average of 
about 10  W h )  indicated by the wind rose spt consistent  with  the  ridge  loeation, and are, - fn general,  indicative of good diffusion  cmditions.  
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(ii) 

(iii) 

The amua!  wind  rose f o r  the mine s i t e ,  as represented b y  the  data  from  mechanical 
resther  s t az ioo  WS 5. i s  'epicLed  by  Fig. 3.2-A,, .;ne p r e v a i l i n g   r i n d   d i r e c t i o n  i s  f rom 

:he sout>-sauthdest, fo1lo:ied by  south and n o r t t i .  R e s 2  di rcct i3n;   are  Senera i ly   para l le l  
t o  t he   va l l ey   o r i en ta t i on ,  wirh down-valley  flaw ( f rm  the  south and swthwest)   prevalent 
a t   n i g h t  and up-va l ley f l o w  ( f r o m  t 5 C  nor?h)   pxv41ent   du l ing  the d r . y .  A l t h o u ~ h   t h e  
arersG,? wind spe?d i s   s i m i l z r   t o   t h a t   a t  st,atimn i!S 7 ,  t he   d i rec t i ona l   pe r r i s tance   exh ib i t ed  
i s  t yp ica l   o f   the   va l ley   loca t ions  and indicates  difPusion  condit ion!;  which ;are nore 

r e s t r i c t i v e   t h a n   t h o s e   a t   t h e   r i d g e   s i t e s .  

&.civitation 

Average  annual t o t a l   p r e c i p i t a t i o n   i n  <.he upper  Hat  Creek  Valley i s  217 mm. 

d i s t r i b u t e d  alrnos: evenly  over  the  year  with a s l i g h t  wint.er maxinuni. Although on!y 

minieai  neis:lrcsents s t  t he   p lan t   s i t e   a re   cu r ren t l y   ava i l ab le ,  a t o t a l  o f  210 t o  400 am 
o f  prec ip i ta t i 'm should  crnera', ly be e:.pecred i n  an average  yea?, ba:;ed an data from 

nearby s ta t i ons   a t   a leva t ' ons   s im i l a r   t o   t he   p ian t  I n  general, s t a i - o n s  a t   h i g h e r  
e leva t i ons   i n   t h i s   reg in ,?   rece ive  more p rec ip i t a t i on   t han  tsoose a t  lo(r?r elevations. 
Annuai snowfa?l i n  t>e  upper  Hat  Criek  Valley ave rages  1329 m d a .  Estimated p l a n t  s i t e  
s n o w f a l l   i s   i n   t h e  range o f  I500 t o  2000 m d a ,  i ga i r l  based on data f r o m  5t.a:ions a t  

s imi lar   e levat ions.  3 

__ i e w e r a t . i r e  and lit!* . . 

Temperatures i n  the  pro ject   area  are a l s o  s t rong ly   e leva t ion  de9endent. The 

mec:ianical weather s t a t i o n   m a r e s t   t h e   p l a n t   s i t e  i:WS 7 )  recorded average winter  h ighs and 
lows o f  l.j0C and -2 .0OC.  respect ive ly ,  ~ n d  average scnimer  hiGt!s 6nd l ~ w s  ai 21.8 C and 

8.6OC dur ing 1975. TLe ',ewer v a l l e y   s t a t i o n  ('dS 1) h2d average winter  h iy l ls  and lows 
of -2.9'C and -1S.l'C and average surmer thighs an(! lows o f  2 @ . Q 0 C  and 8.4'; dur ing  the 
same period. These la rge   d iu rna i  and seasonal Irdnges ( e s p e c i a l l y   a t   v a l l e y   l o c l i i o n s )   a r e  

t y p i c a l   o f   i n t e r i o r  or "con+.inental"  climates. 

0 

Extremely  large  diurnal   re lat ive  humidi ty  ranges  are  a lso  iv idel l t  from the 

ons i tc  measurernents. Nightt ime  humidi t ies exceed daytine values by 20 t u  40 pe rcen t   a t  
s ta t i ons   i n   t t . e   l ower   va l l ey   w i th   t he   l a rges t  ranges i n  t l ie  spr ing arid smmer months. 

Ridge locat ions  are less humid than   va l l ey   s ta t i ons   a t   n igh t ,   bu t   s im i l a r   t o   t he   va i l ey  
s ta t ions   dur ing   the  day. 

Influence  of Tceograohy  on Local Air Flow  Patterns 

The in f luence  o f  topography upon ioca l   w ind   f ie lds  i s  ev iden t   i n   t he   w ind  speed  and d i rec-  
t ion  data  obta ined from the  eight.  mechanical  weather  stations. Winds a t   t he   va l l ey   s ta t i ons .  
Stat ions 1 t o  5, follow c l o s e l y  th6! o r i e n t a t i o n  o f  t h e   i n d i v i d u a l   v a l l e y   i n  wh ich   the   s ta t ion   i s  
located. I n  add i t ion ,   the   h i l l s   sur round ing   the   Hat  Creek Val ley appear to   she l te r   t he   va l l ey   f rom 

upper-levei  high speed winds.  Data  from  the  three  r idge  si tes,  Stat ions 6 t o  8 .  show frequent 
souther ly  and *ester ly  wind components. The winds a t  these  locat ions  are  inf luenced by the   la rge  
scale  weather  patterns. The r idge  s ta t ions  thus show  a  much grearer  frequency o f  periods with h igh 
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3.2 METEDROLOGY ~ A I R  OUALITf - (Cont'd) 
wind  speeds,  while  the  valley  stations,  because  of  their  sheltered  locations,  experience more calms 
or near calms. 

3.2.2 Air  Ouality 

(a) Rwional Conditions 

The  region  surrounding  the  Hat  Creek  area is generally  sparsely  populated  with  very f w  
existing  significant sources of  anthropogenic  enissions. In 1977, B.C. Hydro  engaged 6. H. Levelton 
and  Associates ltd. tn  prepare  an  inventory  of  sources  of  primary ~ontaminants.~ The  inventory 
provides  infomation  regarding  the  nature and  magnitude of  particulate  matter,  sulphur  oxides.  and 
nitrogen  oxides  emissions i n  the  Kamloops,  Cache  Creek,  Clinton. and Highland  Valley areas. Based 
on this  document,  estimated total missions from  existing  and  proposed  facilities (but not ineluding 
Hat  Creek) in these  locales are: 

Sulphur  oxides (SOx) - 102 104 kg/d 
Nitrogen  oxides (NO,) - 20 534 kg/d 
Total particulates (TSP) - 22 845 kg/d 

With  the  exception o f  a  proposed 400 t/d copper swlter near Highland  Valley,  and  a  proposed 1000 t/d 
copper  smelter  near 70 Mile  House.  mast o f  the  sources  are  located  east  of  Hat  Creek in the Kamloops 
area. 

Existing  regional  ambient  air  quality  data (dustfall. sulphation  and  suspended  particulates 
data  from  the B.C. O e p a m n t  of  the  Environment)  reflect  conditions in and  near  the  industrial 
areas  of  Kamloops  where most of  the  above  emissions  occur.  Hence,  these  data  are not  representative 
of  the  sparsely-populated  region  surrounding  the  Hat  Creek  area,  where  much  lower  dustfall  rates, 
sulphation  rates  and  concentrations  of  suspended  particulates  would b@ expected. These  regional 
ambient'  air  quality  data are. however. presented in Appendix A to the Air  Quality  and  Climatic 
Effects Report. 5 

B.C. Hydro  conducted snov sampling in the  Cormall Hills during  the  winter  and  spring o f  
1976-77 and in Wells Gray  Park in June, 1977. These  samples  were  chemically  analyzed to provide 
baseline  infomation  for  an  investigation o f  potential  effects o f  the  powerplant on precipitation 
acidity. The results  from  the  analyses  of  samples  at  the twu locations  were  similar,  indicating 
uniform  composition  of  the  regional snowpack. Intarestingly,  pH  values in the snow samples  were 
&bout 5.5. near  the  "natural"  value  for  precipitation in equilibriw  with  atmospheric carbon 
dioxide. Sdmples  taken  from  streams  originating in the same snovfields  showed  a  pH  of  approximately 
8.0. Apparently,  alkaline  material in th6 strean beds  neutralizes  the  acidity  of  the  fresh snow. 2 

Detailed  results  of  the  analyses ara presented in Appendix A to the Air quality  and  Climatic  Effects 
Report. 5 

(b) Local Conditions - 
A s u m a r y  of  the 'available wasurements  of total suspended  particulates in the  Hat  Creek 

Valley  and  Cache  Creek is presented in Table 3.2-3. The  locations  of  these  aonitDring  stations  were 
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. MC7CflKO!.CC‘i - AIR>&l,~L!Tv ”. - - (Cont’d) 

i n d i c a t e d   i n  F i g .  2 . 1 - 1  [Section 2 .1 . . 2 ,  Air Quali:ji Data Sriurces). The data indic.i:e t h a t  e x i s t i n g  
suspendEd part iculzte  concc.otrat ions a r e  very low i n  the t i a t  Creek $ /a l l&  area, wi t5   geonetr ic  means 

i n   t h e  range of   less  than 10 t o  about 20 1pq/m . The dat.2 Tor C;.ci:e Creek ( S t r i i o n  6 )  are  apparently 

stroog:y i ! i f luenced by the ! o c r t i o n  o f  the  moni tor   wi th  rlrsp.:;‘. t o  a d i r t  pal-king l o t  and the   leve l  
o f  a c t i v i t y  i n  t h e  area.  Theze d c t a  a m ,  t h e r e f o r e ,  n o t   b e l i ? v ? d   t o  L.e re?resmtat. ive  of  i i a t  Creek 
Vzl ley lb$re!ine condit ions. 

3 

ERTs Air Q u a l i t y  and Cl ima i ic  ETfects  Report3  ir ldicates  t l lat 40 pg/m representr, a rfason- 
ab le b u t  conservative  backsround particulate l e v e l   i n   t h e   v i c i n i t y  o f  t h e  proi:oscd nii:le. The repor t  

a l s o  ind icates that a ,value o f  20 p</m3 appears reasonai>ls  7.v tt,? lov,er !{at Creek val ley.  However, 
only  si..ri,ig and Sunliner data Were d v a i l a b l e   a t   t h e   t i m e   t h e i r   r e p o r t  was written. [lased on the more 

complete cdita presented i n  Tab12 3 . 2 - 2 ,  a y?CnetriC mean ibacb.yroiind concentrat ion o f  10 t o  20 pg/m 3 

appears  r -presentat ive o f  c o n d i t i o n s   i n   t h e   v i c i n i t y  of the  proposed n inc  3nd i n  lower  Hat Crei.k 
Val ley.  It i r  expected t.h,? exist ing  part . iculate  concentrar ions i n  t h e   v i c i n i t y   o f   t h e  proposed 

p lan t   a re  even less because o f  t h 2  l o w r   l e v e l  o f  dust  prOdUcilry a c t i v i t i e s  i n  t h i s  area. 

3 

No h i s to r i ca l   reco rd  o f  mmsured  ambient  Concentrations f o r  Other contam’nants was a v a i l -  

ab le  for   the p r e s e n t  stucy. !n ,view o f  the p r o j e c t ’ s   l o c a t i o n   i n  ,a rura l   area  wi th   very  low popula- 
t i o n  densi ty  alid no s i g r i i f i c m t  ne&r,y i ndus t ry ,  backgroumi values o f  l e r o  have  been assumed t h r o q h -  
o u t  ERT’s a n a l y s i s   f o r  con.latninants  ot.ier  than suspended par t i cu la tes .  3 

3 . 2 . 3  hid- 

i t  i s  t-he purpose o f  t h i s   s e c t i o n  t o  summarize the  data base f r o m  which amisient a i r   q u a l i t y  

acilievrmCnt  guidelines have be?n recmne-tded t o  S.C. Hydro arld P o w e r  “?!dthority for t h e i r  pronosed Hat 
Crerk ?rojcc:. The f i v e   c a m o n l y   o c c u r r i n g   a i r  pollutants far   which cr”.e?ia <acments   h r ie  been prepared 
slid :or wijich  ambient a i r   qud ! i t y   s tandards   ex i s t   i n  most o f  t he   i ndus t r i a l i zed   ns t i ons   o f   t he   wor ld  are  
addressfd .  i h : s e  cmmn  po i>uKantS a r e  sulphur  d ioxide ( S O 2 ) ,  t a i a l  suspended pal.tic:lla~:es (TSP) ,  n i t r o -  

g?i l  d iox ide : K O 2 ) ,  carbon monoxide (CO), and photochemical ox idants  (03). 

I n  i idd i t ian,  a ser ies o f  t race  elements k.nown t o  e x i s t  i n  vsrying quan t i t i es   i n   t he   va r ious  
coal s e m 5  throug!mdt t h e  world  are adr!ressed. F o r  the most p a r i ,  arn5ient a i r   qr !a l i ty   s tandards or 
gu ide l i n?s   e i t he r  do no? ex i s t   f o r   t hese   t race  elements o r  are  derived f x m  a severely  limitel!  data  base. 
SecanCary a i r  pol lutants,   including  culphates and n i t ra tes ,   fo r   wh ich  no primary ambient a i r   q u a l i t y  
s tandards  or   g l l ide l ines  current ly   ex is t  (j!xcept f o r   Ca l i f o rn ia ,  with has  a Iu lphate  standard o f  25 pg/m I 

24 hours average) are  also  discussed. 

3 

( a )  Review o f  &&tA. Pmbient Air Ouali tv  C r i t e r i a  for Primary  Contaminants 

Primary  ambient a i r   q u a l i t y  standards and guide l ines f o r  the  United  St3tes  ant Canada, 
both a t  the  federal ,   provincial  and s ta te   leve ls ,   a re   s t tmar ized   in  Table 3 . 2 - 4 .  i n   t h e  U . S . ,  a 
primary  ambient a i r   q u a l i t y  standard i s  one spec i f i ca l l y   des ignated   to   p ro tec t  human h e a l t h   w i t h  an 
adequate laargin of s a f e t y   f o r   t h e  most sens i t i ve  segments of the  popuAation. A secondary standard 

i s  One s ~ ~ e c i f i c a l l y  designed t o  pl ‘otect  against  damaye t o   v e g e t a t i o n   b o t h   i n   a g r i c u l t u r e  and 

forest ry .  The Canadian federal  standards  are  ternled  either maximum desi rab le or miximum acceptable ~ 

wh i le  Canadian prov inc ia l   Su ide l ines   a re   se t  a t  three l w e l s ,  A ,  B and C.  w i t h  level A being  the 

m o s t  s t r ingent  and  l e v e l  C be ing   the   leas t   s t r ingent .  
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3.2 METEOROLOGY - AIR OUALITY - (Cont'd) 
(b) Review o f  Primarv  Air  Contaminant  Emission  Rate  Controls 

Emission  rate  control  criteria f o r  several  provinces.  states  and  federal  agencies  are 
s-rized in Table 3.2-5. Canadian  federal  emission  guidelines f o r  coal-fired  pouerplants  are 
currently  under  developmnt and  will  probably  regulate  emissions  based on mass af coal  burned or per 
unit  of  heat  generated. 

L 

(c) Health  Based  Guidelines for Primary  Contaminants 

(1) Sulphur  Dioxide 

A. Norbidftv  Data 

Review o f  the  available  epidemiological  data  relative  to  the  adverse  health 
effects  of  sulphur  dioxide  for 24-hour exposures  indicates a range  of  response  between 
120 and 500 p g h  with  the  strongest  evidence  suggesting a range  approaching 300 to 
400 pg/m'. It was  the  best  judgement a f  the  researchers  conducting  more  recent 
studies  that  the  observed  effect at cancentrations  belou 300 pg/m was  due  to  sulphates 
and  not  sulphur  dioxide alone. 

3 

3 

'Wealth information  gathered  thus  far  indicates  that na significant  increase 
in morbidfty  results fron long-term exposures to  sulphur  dioxide  at  concentrations 
below 90 p g h  annual average. In fact, with  respect to the  increased  prevalence of 
chronic  bronchitis in adults  and  increased  acute  lower  respiratory  disease i'n chil- 
dren,  adverse  effects  are  only  observed  at  conc@ntrations in the  range of  90 pg/m 3 

ta 200 p g h  annual average. 

3 

3 

8. Mortality  Data 

Epidemiological  data  exists  which  are  alleged ta relate  excess  mortality to 
increases in ambient  sulphur  dioxide  concentrations.  However.  exanination o f  these 
data  reveals  a  consistent  simultaneous  presence o f  high  smoke  or  particulate  concen- 
trations o f  500 pg/o or higher,  during  mortality episodes. This is compared  to 
lower particulats  concentrations o f  300 pg/m when describing  morbidity.  The obse? 
vancn af such  differences  has led researchers  to  ascribe  these  effects to the  joint 
interaction o f  particulates  and  sulphur  dioxide  producing sulphates. This has led, 
in turn, to the  current  hypothesis  that  sulphates  are  the  responsible  agent in certain 
health effects.' 

3 
3 

I 

li 

,- 

1 

t 

&st studies  have  focused  on  iwreased  mortality  during  episodic  conditions 
of severe  inversion  whfch  are  not  relatable  to  long-term  exposures.  Additionally, 
a11 study  results  have  bean obscu~ed by  other  subtle  effects,  effects whlch are n o t  
contaminant-specific  enough  to  factor  out  sulphur  dioxide  or  even  natural  phenomena. 
In view af this, at'byts to link  excess  mortality to increased  sulphur  dioxide 
levels  are  very  equivocal. 

.. 
& ". - 
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3 . 2  

(ii) 

(iii) 

Total 5u:~ende-d- Par t i cu la tes  

A .  +rb;ditv  Data 

R.:uiew o f   t k e   a v a i l a b l e   e p i d m i o l o g i c a l  da ta  r e l a t i v e  10 t::e ~ d v e r s e  hea i th  
e f f e c t s  o f  suspended pa r t i cu l? . t z  matte7 i nd ics tes  a ranr ;e  o f  r.:ponse between 75 and 
275  pg/a3 with  the  stongest  evidence  suggesting a range of  155 t o  300 pg/m . Mo-e 
recent   resul ts   ind icate  that   de leter ious  heal th   e f fects   occurred a t  p a r t i c u l d t e  

m&tt?r conce!itration!; below t h i s  range.  Houever, i n   t h e  kest judg?ment o f  the 

researcb,ers  conducting  the  studies,  these  iidverse  healtti effecrs wer? due t o  sulphates 
r a t h e r  than par t i cu la te   mat te r   per  se. 

3 

2 

!n tormst ion  re la t ive i o  adverse  ?Edith  eifecr.s o f  lo!;g-t.crn exposures t o  
pzr t icu la tes  ind icates  increases i n   m o r b i d i t y   r e s u l t i n g  Frcm icr:g.-t,:x.m e:<pasure t o  
p a r t i c s l a t e  matter i n  the concenr;a:ion rango o f  EO t o  229 pg,/m3 annual  average. 

B. M o r t x l i t y  Para 

Epidcmiolog.ca1  data exist which  attc;;tpied Co Irelate  increases i n   m c r t a l i t y  

t o  increases i n  ambil!nt suspended p a r t i c ! ~ l ~ t e  conccr;t.rations. ihess data suggest an 
ad\,@rze el-fect  ranse from 200 t o  750 p ~ / m  hnd as  with  sulphur  oxides, t:#e m o r t a l i t y  3 

range  over laps  the  morb id i ty   ihre iho ld.   K i th   regard t o  the  qufc t ian o f  j u lphur  
oxides, exce.;s m o r t a l i t y   i s   n o t  a v e r y  se1nsil:ive parameter .  Currenl ly,   the  quest ion 

o f  whet!i?r s p e c i f i c  par:iculat.?-borne contaminants ?.re producin:; adverse h e 3 l t h  

responses below a conc ln t ra t ion  o f  I50 pg/m3 i s  i n  issue  yet  t o  bi: resolved. 

The 23-hour  suspended p a r t i c u l a t e  n!atter g u i d e l i n e   k i t h   r e g a r d   t o  animal 

m o r t a l i t y  d a t a  does n o t  a l low a ds fens ib le   Gu ide l i ne   ranp  t o  be  establ ishsd. The 

range o f  GO t o  100 11gh3  annual  average i s  supportable on the  bdsis o f  ava i lab le  
data. Once .igain, a s t r o n g   p o s s i b i l i t y  ex.';ts t h a t   s p e c i f i c  par'.icuiaio-bome  conta- 
m i n a n t s  may b a  p r o d u c i i g  e f fects  below t h i n  range. 

". Nit roaen Oxides 

A.  p o r b i d i t v  Data 

Yery l i m i t e d   d a t a   e x i s t  on the  response o f  humans t o   r n ~ r t - t e r m   n i t r o g e n  
oxide exposure. These data  suggest an adversa  response  range of 2033 t o  3300 pg/m . 
Results  from  long-term human exposure t o  nit.rogen  oxide i s  ve ry   l im i ted  and these 

dara s u s g e s ;  t ha t   e f fec ts   a re  adverse i n  t h e  range o f  100 t o  GOO pg/m annual 
average. 

3 

3 

B. M o r t a l i t y  Data 

Currently, ':here are no short-te,:m stud ies o f  human m o r t a l i t y   i n  rerponse 

t o  nitrogen  oxide.  Cnly  animal  exposure  data  are  available  on  excejses i n   m o r t a l i t y  
a t t r i b u t e d  t o  nitrogen  oxide exposures. 
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3.2  flflEOROLOGY - A I R  QUAL17 - (Cont'd) 

( i v )  Carbon  Monoxide 

A. Morb id i t v  Oata 

.- 

Review o f   t he   ava i l ab le   da ta   re la t i ve   t o   adve rse   e f fec ts   o f   ca rbon  monoxide 

on humans a t  1-hour  averaging  t imes  indicates  adverse  effects  are  observed a t  concen- 
t ra t i ons   rang ing  from 40 t o  360 vg/m . Over  an &hour  averaging  t ime,  carbon monoxide 

concentrat ions  ranging from 15 t o  50 pg/m cause an adverse  response. It i s  noted 3 

t h a t   t h e  mast  important  physiological  changes occur a t   t h e   l o u e r  end o f   t h e  range. 

.) 

3 
4 

8. f l o r t a l i t v  Oata 

A ca rbon   mnox ide   hea l th   gu ide l i ne   i n   t he   range   o f  40 t o  50 pg/m (1-hour 

average) i s  supportable  based on h e a l t h  data. However, because o f  the  d iverse  physio- 

l o g i c a l   e f f e c t s  and acute  tendency t o   a l t e r  cardiopulmonary  funct ions.   the  lower 

value  of  the  range i s  preferped.  Although i n s u f f i c i e n t   d a t a   a r e   a v a i l a b l e ,  a h e a l t h  ' 
g u i d e l i n e   i n   t h e  range o f  E t o  20 u g h 3   f o p  an 8-hour  average i s  supportable. As 
with the  1-hour  exposure  guideline,  the  lower end o f  the  range i s  prefer red.  

3 - 
1. 

(V ) (IXidilnts 
.r 

Only   mrb id i t y   da ta   a re   ava i l ab le   f o r   ox idan ts .  Few studies  have been conducted 

on iumans for  long-term  exposure t o  oxidants. Review o f .   t h e   r e l a t i v e l y  mare complete 

shor t - te rm  da ta   ind ica tes   tha t  humans e x h i b i t  adverse  responses to   ox idants  a: concentra- 

t i ons  i n  the  range  of 100 t o  1500 pgfm aver  a 1 / 2  t o  2-hour  period. The mast' r e l i a b l e  

data  from  the  standpoint  of  completeness and phys io log i ca l   s i gn i f i cance   i nd i ca te   t h i s  
e 

range i s  t oo  broad.  Short-term  oxidant  concentrations i n  the  range  of 150 t o ,  300 pg/m 3 

a m  supportable on the  basis  of  these  health  data.  Oxidants,  l ike  carbon  monoxide,  cause 
very acuta  responses i n   p a r t i c u l a r l y   s u s c e p t i b l e   p o p u l a t i o n  subgroups  and an attenwe 
should be made to adhere t o   t h e   l o w e r   v a l u e s   i n   t h e  range. 

- 
3 

z 

(d)  Ambient Air Q u a l i t y  Standards and Guidel ines  for  Trace  Elements 
(r 

Trace  contaminant  health  effects are discussed i n   t h e   f o l l o w i n g   s e c t i o n .   P a r t i c u l a r  
a t t e n t i o n   i s   g i v e n  to 14  selected  trace  elements. These include  arsenic,  beryl l ium,  cadmius,  chro- 

mi-, copper.   f luor ine,   lead, manganese, pIereury, nickel,   selenium*  uranium, vanadium  and zinc. The 

sect ion  a lso examines  suspended su lphates .   n i t ra tes ,   po lycye l i c   o rgan ic   mat te r  and nitrosamines. 

Anbient  trace  element a i r   q u a l i t y   s t a n d a r d s  and guidel ines  for   the  Uni ted  States,  and the  Provinces 

of  Ontar io  and B r i t i s h  Columbia  are  sunmarized i n  Table 3.2-6. 

L 

- 

Although  the  exact compounds, o f   a r s e n i c   i n   p a r t i c u l a t e s  have no t  been  charac- 

tePiZed.'  a l l  forms of   arsenic   accunulata i n  body l i v e r ,  muscles, h a i r ,   n a i l s  and s k i n  

tissue.  Chronic  exposure to   anb ien t   a rsen ic  i n  severe cases i s  characterized  by  nasal ~ 

SePtUm Ulcerat ion,   darkening  o f   the  sk in ,   keratos is   o f   the palms  and soles,  malaise and 

I 

'.r 
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c , a . ~ q u e ,  + '  Chi ldren  apoareni .1~ have  an inc reased  sens i t i v i t y  and accumlat.? more a r s e n i c  i n  

t h e i r  body t issues  than  adults. 8 

Whi le  arsznic  h ls been impl icated as  ,i cIrcinogen i n  naoy occupational end 
ep idemio ias i< .a l  s tad ies,  i e u e r ~ l  studies h w e  j iw!uc~xi csritrary ,?vidrnca  resarding  the 

l c c r t i o n  o f  t h e  tmors .  :,rsenic i s  3 ~ . n e r a . i i v  ? m e p i e d  is producing a delayed s k i n  cancer 

i n  b o t h  icL~;?.~i.~l and ge2eral  pQpu1ations.a ?tithoaii,lh animal  toxicology  experiments !have 
f a i l e d  t o  substant ia te t h e  carcinogenic e f f e c t s  o f   arsenic ,  chromo;oral mutation i n  :issue 

cu l t l i r e  and tirato,;cnici:y i iave been observed i n  anim;il studies. 8,9.10,11 

Y e r v l l i m  (Be) 

The resjmocc o f  ,various  animal spccles t o   t o x i c   b e r y l l i c n   c 3 i c e n r r a t l o n s  does 

Got co inc ide w i t h  t h a t  o f  humans." F o r  example, cancer o f  t i e  i u n q s  an:: hones i n  animals 
has dcveloped  'which i s  no?. t y p i c a l  o f  11tlm:ns.l~ t!%%ver, de";aat.i;is h r s  h e w  pro luced i n  

animals  t: lrcugh  ieryli iu?: d ~ ! s t  exposr i re ,  and t h i s  ,J:IT[;:CW coes occur i n  man. 

Exposure o f  workers t o   a i r  ;heavi ly  contminzted  wi-h  Seryl l ivn c,%us25 Lelayed 

atilt.? pneumoni t is   ( lung  in f lawat ion) .   Sensi t izat ion t o  rvpested ber:,iliuia exposures i s  
a l s o  known. Chronic  beryllium  exposure i s  charac ter ized   ch ie f l y  by a granulomatous  lung 
discase.  Latent  periods o f  up t o  20 years nliy oc:ur before t.he on5t.t ,of t h i s  pulmonary 

cancer. S k i n  l es ions ,   e i ther  froin acute or chronic axposure5. a re  3120 h igh ly   character-  
i s t i c   o f   b e r y l l i u m  exposure.  Ctl?er organs o f  the bocy may deeuelop i ;ranulom~taiis  lesions, 

inc lud ing   the  heart.14 C,incer of t he  liver, b i l k   d u c t  and 9311 C l i d d n r  ha're a l l  been 

cited.' Pulmonary cancer itnd other  syinptoms o f  chrsmic  beryll ium  disease h z v e  Inot occurred 
f o r  ambient  occupational  concentrations o f   l e s s   t h n  i! l ' y h  for  a? 8-hour da.f. 3 

Cadmium (Cd) 

Since cadmiun o c x r s  on t h e  smallest  part.ic1es i n   f l y  ash, it ;s read i l y   resp i -  
r a b l e  and can e a s i l y  enter ths  lung,  where it i s  &sorbed and : ranspor ted  through  the 
body. Cacmium t o x i c i t y  i s  manifested  primari ly .?s bone, kidney o r  pr#lmonaty  disesse. 

Lung-ter.n ingest ion can lead t o  ahnorml  hcne develupnrnt, osteoporoi is  a,ld s u s c e p t i b i l i t y  
t o  mult ip le  f ractures.   Carcinosenic and teratogenic   potent ia ls  have beer, shown i n  animal 
experiments  alrhough cadmiun has a lso been shown t o  i n h i b i t   t h o  imnune response i n  
animals. 8 

" 
Chromium ( C r )  

No h a m f u l   e f f e c t s   r e s u l t i n g  from chroinium a t  normal  ambient  cotrcentrations have 
been reported.  Epidemiological  studies  suggest ci high  incidence o f  lung  cancer i n  workers 
associated w i t h  the  manufacture o f  chromium chemicals. Animal studies  conf i rm t.his carcino- 
genic e f f e c t .  Long-term  exposure t o  low levels of chromium concentrarionr i n   t he   l ungs  o f  

the average mdn increases v i t h  age.-  15  
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3.2 K T E D R O L O G Y  - A I R  QUALIPl - (Cont’d) 

Copper is an  essential  element  for  man  as well as  many  plants  and animals. In 
man,  copper is prvsent in many  oxidative  enzymes, and is necessary to the  formation  of 
haemoglobin.  Copper  does  not  accumulate in human  tissues  with  age,  although  serum  copper 
levels  do increase. Inhalation  toxicity,  although  relatively  uncommcn. is primarily 
manifested  through  occupational  exposures to high  concentrations  of  copper  dusts  and 
fumes. 

Fluorine is not  an  essential  element f o r  normal physiological  functioning in the 
body,  although it is one  component  of  animal bones. Fluoride is considered to be  bene- 
ficial to humans in some  instances.  Acute  exposure  to  hydrogen  fluoride  gas  causes  burns 
on the  skin  and  intense and sometimes fatal lung irtitation.l6 Chronic  exposure  tQ 
extremely  high  concentrations o f  atmospheric  fluoride Is known  from  occupational  scenarios 
to cause  crippling  fluorosis  (debilitating  bone disease). Under n o m 1  conditions,  inhaled 
fluoride  constitutes a vary sad11 portion o f  the  body’s total  fluoride intake. However, 
in a few instances, camunity health  effects  have  been  cited in people  living  near,Pluoride-. 
emitting industry. Symptoms of  hematological  changes  and  general  health  effects  were 
described. These symptoms are not unique to fluoride  exposure. nor are they c a m n  in 
occupatlonal  fluoride exposure. 17 

Lead  has  long  been  associated  with  central  and  peripheral  nervous  system  disease, 
renal disease,  anemia  and  effects on haemoglobin formation.1* The effects of  lead on the 
central  nervous  systen  of  children  are  devastating.  The  threshold  values  for  chronic  lead 
poisoning  have  been  studied,  especially  with  regard to the  hypersensitivity O f  children  to 
loti-level lead exposure. 19, ta 

Some earlier  animai  studies  show  possible  carcinogenic  effects o f  lead.’’ Human 

studies  have  not  borne  this  out,  to date. Teratogenic  effects  are  known in animals 21,22,23 

and  chromosome  aberrations  caused by lead  have  been  detected  through  laboratory  experi- 
ments. Lead  burdens  in  experimental  animals,  similar  to  burdens  experienced by man,  have 
been  shown to cause  decreased  resistance to infection  and  decreased  life span. 18 

(viii) Hanaanese (Hn) 

Of  the  trace  eleaents,  manganese is one of the  least  toxic  to  mammals. 24 

Because  of  its  importance  as  an  activator  sf  different  enzymes,  manganese is one o f  the 
rlements  essential to man’s diet in trace m u n t s .  

Inhalation o f  manganese  dusts  and  fumes is n o t  a  normal  exposure m u t e  but  cases 
o f  manganic  pneumonia  and  chronic  manganese  poisoning  have  resulted f m n  these  occupational 
exposures.  Acute  poisoning by manganese is actually rare.25 Some  studies  have  shown 
manganese to have  a  delayed  mutagenic  effect i n  vitro. 26 

3 - 10 Part  Three 

* 



Xecent studies Iiave found increis i r lg  incidences u f  pne!!monia  and r r i p i r a t o r y  

protileins i n  c:;(snuniti?s  near indus t r ies  whzre .lsrce mounts o f  mnganesc d!:st are  emitted. 
Hwever,  the dat.3 r e s u l t i n g  f r m  e p i l i n i o l o g i c a l  2nd occu2atiosal exps!'i;r,ents i s  always 

cuspect due t n  thc  de f ic ienc ies  0: the  e7perimental methods. 

( i x )  (Hg) 

Methyl-mercury i s  the m s t  t o x i c  niercury cm:;ound and mo:': probably i s  n o t  
l i r ec t l y   e in i t t ed   t h roug l i  cambustion o f  coal. S,ince no d a t i  e x i s t  at. t i i t s  tiale o n  :he r a t e  

o f  c y c l i n g  or bic:rmnsformation, it i s  d i f f i c u ' i t .   t c  a s s e s s  t:e impact a n  t k 4 a  biosphere 
from inorganic  lilercury  emissions t a  t h e  atnosphere. 

Mwcury vapor i i  e f f i c i e n t l y  absorbed  by ndn w i t h  75 t o  85  perccnt  baing  absorhed 
a t  ambient  conci!ntratio$ls , ~ f  50 t 3  350 ~g; rn~.~ '  Chronic  exposure t o  In i rcr  d o s e s ,  charac- 

t e r i s t i c a l l y  ?axed " m r c u r i a l i r m " ,  produces ?.he L ~ s i ? i o : ~ s  onset o f  lar ig-trrm ry::qtams 
caused by :!x accumulation and rrti ln:ion 3 f  mercury i n  ',he b r - i n .  tcLstes and thyro id .  
These !ang-Ce:n symptoms have k e n  shown t o  L C  o n l y  p a v t i a l l y   r w e r s i b l e .  Rer.al t o x i i i t y  

ts a l s o  a classical   re: ;u l t  o f  chroriic  mercury  poisoning. 23321 Humans are exp?sed t o  
mercury i n  f o o d ,  water a.nd a i r .  Thus, wi th   :nJ l t ip lc   e lpasure  r r t l tes a n d  the easy  accunruld- 
t i o n  of mercury i n   t h e   t o d y ,  it i s   d i f f i c u l t   t o   q u z n e i f y   t h e   a c t u a l   m o u n t s  o f  aarcury 
which c a s e   c h r o n i c   t o x i c i  ty. 

Eoth  inorganic !mercury and ?he organic   aercury  ieconlav i ly  f cmed  i n  t h e  environ- 
ment demonstr2,te i e ra togen ic   p roper t i es   i n  ExFerieenCal  animals.  Animal experiments a lso  
suggest tha t   merc j ry  c:u!,es decrdased  reprcductive  pcrfomance.  Cell  c u l k u r e  experiments 

have shown thnt  both  .org. i i i ic  and iror;eil ic  aterary caiisr: c'.romosn:l  muta:ion although t.he 
foraer  o f  these has t e e n  refuted. 27 

Nickel may be one c f  the  t r x c  elements essential t o  hurnan health. However, 
dependent on i.he c:hiluiic.al f o r m  of n icke l ,  axpowre  mdy be harmful. K ic re l  carbonyl causes 

a delayed 0nse.t  of fever ,   resp i ra to ry  p r o b l e m ,  leucocytosis and cyanosis and  can poss ib ly  
r e s u l t  i n  death in 4 t o  1:. days."  The t o x i c i t y  o f  inorganic  n ickel  c2nPcUnds and elemental 
n icke l  has not  been a s  extensively  characte,r ized as t h a t  o f  nickel  carbonyl. Animal 
toxicological  experiments have demonstrated  that a l l  compounds o f  n i cke l   a re   ' po ten r ia l l y  
carcinogenic. 3G'31 Respiratory changes  have been noted i n  animals  inhal ing  inorganic 
n icke l  comuounds. 32 

Selenium i s  a l ion-metal l ic   t race  element  essent ia l   to human l i f e  and helps t o  
maintain body tissue e l a ~ t i c i t y . ~ ~  Most repor ts  on the  adverse  effects tl) hcman hea l th  

due t o   i n h a i d t i o n  o f  selenium  descr ibe  industr ia l   exposure  to  dusts,  fumes, and vapors o f  
selenium and i t s  conpouncs. Elementel  seleniuln i s   re la t i ve l y   non - tox i c ,   a l t hough  i t  has 
been impl icated as c a u s i r g   i r r i t a t i o n   t o   t h e  ~nucous membrances, catarrh,  nosebleed,  loss 
o f  sense o f  smell and dermat i t is .  
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Selenium  has  been  suggested  as  being  teratogenic in one occupational  study on 
It has  been  implicated as both  a  carcinogen  and an anticarcinogen in  animal 

toxicological  studies. 34'35 Occupational  studies  of  humans  exposed  to  selenium  have 
demonstrated no cancer mortality.36  Epidemiological  studies  have  shown  a  relationship 
between  high  selenium  concentrations in the soil or air and  lower  incidence o f  
cancer. 37,38,39 

Adverse  health  conditions  related  to  uranium  usually  are  a  result o f  the highly 
toxic  nature o f  uranium  and  its salts, rather  than  its radioactivity.40 Generally, uranium 
causes pathological  effects  in the kidneys,  lungs,  liver,  cardiovascular,  nerdnus  and 
hamatologic systems. Changes in protein  and  carbohydrate  metobolism  have  also  been noted. 
Chronic  exposures  have  also  been  cited  as  inhibiting  reproductive  activity  and  affecting 
uterine  development in experimental animals.40 However,  toxicity is a  function  of  relative 
solubility of the  uranium cowounds, with  mare  soluble  compounds  being mfre toxic. 

Vanadium (V) 

. Vanadium  is  poorly  absorbed in m a l 5  when ingested,  but more easily  absorbed 
when inhaled. Insoluble forms o f  vanadiun at concentrations  over 50 pg/m are  thought to 
accumulate in the  human lung and  cause  pulmonary irritation.41 Body  turnover f o r  vanadium 
is thought  to  be rapid. 

3 

Airborne  vanadium'emitted  through coal combustion  probably occurs in solid forms 
in the fly ash. The  toxicity  of vanadium oxides,  which  are  the most likely  compounds in 
fly ash, is  proportional to their  valence state. The pentoxide. form is the  most toxic. 
Some  authors  consider  vanadium  to  be  a  significant  health hazard when in a  submicron 
aerosol form. Epidemiological  studies  of  atmospheric  vanadiua i n  urban areas  suggest  a 
correlation of ambient  vanadlum  with  mortality from bronchitis  and  pneumonia,  especially 
in males. 41 

In animal  experiments,  exposures  to  high  concentrations  .of  vanadium  result i n  
multi-system  toxicity  and death. Compared  to  industrial or ambient  exposure,  these  levels 
are  extemely high. Animal experiments  using  more  reasonable  exposure  levels  demonstrate 
an adverse  effect  on  pulmonary defense. 

Snmecepidwiologic  evidence  exists  which links vanadium  to  lung  cancer and heart 
disease,  but  this is  by no  means c o n ~ l u s i v e . ~ ~  In  fact,  animal  experimentation  supports 
the  facrthat vanadium is not  carcinogenic. 41 

- Zinc (Zn) 

Illness frw zinc  occurs  primarily  as  zinc  "fume fever". This  illness  occurs 
with  occupational  exposure to fresh  zinc  oxide  fume,  usually in concentrations  greater 
than 15 mg/m . This  tends t o  be a short-lived  illness  with  complete.  recovery.  even  after 
multiple  exposures.  Zinc  chloride (ZnC12)  is more  caustic,  and more irritating. 

3 
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( x v j  Falvc,cl ic ". . . " 2rc::nic ".. .. .- Pat te r  (POII) 

Polycyc l i c  orga:? c matter '  (PCM) i s  a large gro:.p of   r i rq- i : tuctured  aromat ic  
hyl;oi:irhns which  may nave subs t i tu ted  groups .it'..iched t o  0r.e or more :in.s. Y9M occurs 

eit i:er a5 a v a p o ~ l r  o r ,  m o ~ c  cmmonly, 5 s  a condcsscr! pa r t i cu la te .   Re la t i ve  t o  t h e  p:!blic 
h e l l t h   c s n s i d e r i t i o n  o f  tk6: pra.;o;cd i iat  Creek pche-plan'., polycyclic  aro!,iatic  r,ydrocZrbons 
(PAtI)  i , x l u d e ,  axon3 o t h t r  >,y?mc?rbons ,  Srn;.3-E-a:!Zhr:~ilre  and benzc-j-.pyrrne  (3aP). 
Mai:y of t h z  c:nstit.:i,nts have been suspected or Cl'sieti a s  organic c3r:<nOgrn5. 43 

O f  ::e "any adv?r-r+ human heal th   ccndi t ions  a$sociated  wi th  exposure  t o  p l y -  

c y c l i c  z r m a t i r  hydr-carbons,  the must  s i g n i f i c a n t   i s   c a r c i n o q r r i i c   a c t i v i t y .  w o r i r s  i n  
t h e   f o s s i l  iu::'-rt?li.;?d ilrdust.rit.5 i ! d w e  been i3r:bwn t.0 hdve an  iocrzasid  incidence  of   botn 

s k i n  and lung tumors. Thr ca!ls?-effeCt o r  dose-response  re1rtic;rhips i s r  these 
tumors  have b?:!ii d i f f i c u l t  t o  ascnrtain.  Recently.  dnir!al  toxicological e rpur imenrs  have 
;in-pointcd po1y;yclic o r g i n i c  m a t t . e i  15 the  ci,rcinagenic  agent  :ont3ined i n  the  deriva- 
t i v e s   o f   f o s s i l  f u c i s .  H o i c v o r ,  t h e  m a j o r i t y  o f  Ihcse  studies  are lirnitd t o  t h t   t o p i c a l  
app l i ca t ion  O F  ? W  resu l t ' l ng  o n l y  i n   t h e   i n d t ! c t i o n   o i   s k i n  cancei.. Tox i co log i c   i t ud ies  

i i r va l v ing  inhzlation exposul.es have reveal?!: : i t t i c  vii1uab:e information. 45,4E 

k t  -?n!Sient a tn io ! ;pher ic   concst rat io : l   leve ls ,   po lycyc l ic  arom;.tiz hydracarbons 

have nat  been Froven t o  c;lilse human tumors .  I n  epidemiologic  studies, an ? r r a c i d t i o n  
has been snown b e t w r n   a i r   c o n t m i , ? a t i o n  and  htlina!l n.wrt3l i ty  rates from lung (cancer. 

43 ,45  

( x v i )  Suspended Sulohates ( S O 4 )  

Sulphates are  siicondary  cont.arnininrs gmerated by t h e  chemic3i  conversion a i  

beyond the  scope o f  t h i s  summary. It i s  important t o  po in t   au t   t ha t   t he  s u b j e c t  o f  sulphur 
s u l p i ~ u i ~  dioxide. A d i s r L r s i o n  on the ,aiaiaspheric C h c m i E t i - y  o f  ~ u s p e n , ? e d  i u l ; , h ~ : e 5  i s  

dioxi i je  conversion  to  sulphate i s  unaer in tmse  invest igat ion  by  federa i   ayencies and 
a c i d e m i c   i n s t i t u t i o n s   i n  t h t :  United  States. 

Animal studies ihave revealed  that  su?phuvic  acid ( H  55 ) i s  t,1e mast t o x i c  of 
a l l  the  sulphates  being  i tudiea.4q I t  should be pointed o u t  t h a t  t h e  t o x i c i t y   c f   t h e  
various sus?ensed sulphater. i s  a func t ion  of   part . ic1e  s ize,   re lat ive  hueic iky and tempera-  

ture. Th? subject OP t h e  b i o l o g i c a l   z c t i v i 2 1  o f  suspended sulphates i s  h i g h l y  

controvers ia l  and cannot a t  t h i s  time be de f in i te ly   charac ter ized .  

2 1  

The only  epidemiological s t u o i c s  t h a t  have  been conducted on th,?  exacerbation  of 
human hea l th  by atmosoneric suspended sulphates were those by the. Unitet!  States  Environ- 
mental  Protection Agency under 5 e i r  C o m o u n i t f  t ica i th  and Environments'! Surve i l lance 

System  programme (CHESS)." '  The p u b l i c a t i o n  o f  a report on the  :indings from CHESS i g n i t e d  
controversy over  the  tox ico logy  o f  suspended iu lphates.   ih is   cont roversy i s  p resent ly  

unresolved. 
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3.2 METEOROLOGY - AIR QUALITY - (Cont'd) 
(xvii) Susoended  Nitrates (NO3) 

Suspended  nitrates  are  secondary  atnospheric  contaminants  produced  through 
chemical  reactions  occurring in the  atmosphere.  Even  though  a  precise  understanding o f  

the  processes  through  which  atnospheric  suspended  nitrates  are  generated is n o t  currently 
available, it is obvious  that  nitric  oxide (NO) is  the  primary  precursor  to  this  class  of 
a m s p h e r i c  contaminants.  Nitric  oxide is a by-product of the  combustion  of  fossil fuels. 
It has been  speculated  that  nitrogen  dioxide  interacts  with  hydrocarbons  and  ozone to 
produce, a hazardous  organic  nitrate known as  peroxyacyl  nitrate (PAN). This  highly 
reactive  molecule is unstable  and  probably  decomposes in such  a  manner  as  to  produce 
inorganic nitrate. 

NO  studies  have  been  conducted into the  toxicology o f  inhaled  nitrate salts. 
This is probably  due t o  the  complexity  of  producing  a  nitrate  salt  aerosol  the  size o f  

respirable  particles (mass median  diameter  of 3.0 microns or less). 

The  United  Stated  Environmental  Protection  Agency.  through  its CHESS studies, 
produced  evidence  which  suggests  that  suspended  nitrate  levels  of 2-7 pg/iu3 will  produce 
an elevated  asthma  attack rate.51 The  investigators.  however,  caution  that  insufficient 
Lnwledge  concerning  the  chemical  and  physical  nature o f  the  suspended  particulates  limits 
the intamretation  of  their observation. 

(xwiii)  Nitrosamines (NU) 

The  biological  activity  of  the  nitrosamines has been  studied  extensively in 
experimental ani mal^.^' So far. every  nitrosamine  studied has been  proven  to be carcino- 
genic in at  least  one  animal  species and every  animal  species  studied has proven  to be 
sensitive to at  least  one  nitrosamine.  These  facts  alone  are  sufficient in establishing 
the  nitrosamine  family as being one of the  mast  hazardous i n  our  environment.  There  have 
been,  however, no human  clinical  studies conducted on the  biological  activity Of the 
nitrosamines. 

3 . 3  WATER RESOURCE? 

3.3 .1  Water  Qualitv 

( a )  Groundwater 

The  results of the  groundwater  wnitoring p r n g r m e  are  presented i n  Table 3.3-1 (refer to 
Fig. 2.2-1 tor station locations). Analysis of the  data  indicated  that all groundvaters  can  be 
placed in one of four  categories: 

=w 

(i) Shallow  Groundvater Ir 

This  water Is of  the calcium-bicarbonate  type  and strongly resembles  Hat  Creek . 
rater in its  characteristics.  This  was  expected  as  the  alluvium is hydrologically .. 
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( i v )  Unisue Samnles due t o  5aecir.i  Canditicns 

There  dre two s;.mpie l oca t i ons   i n   t h : s  c s t e p r y ,  wii No. 3 o f  t he  5 u i k  Sample  

Programnc and b e i i  oW8. 'nat?r f rom w e l l  No. 3 has appa ren t iy  percolate:: t h r c q h   t h e  dry  
i i k e  iomcdiateiy adjacent. to t he   we l l .   i ' i i s  d r y  l a k e  has i e i t  a large -noun+. o i  evaporite 

deposits. Gater feeding  '+.ell O\i8 has apparently c o w  from a d i f f e ren t   aqu i i e?   t han   t ha t  

This  conclusion is b.;sed m the much higher lwei; a f  i s d i u n  rn l  ch lo r ide  i o r s  ioimd i n  
ieeding  the  o ther   wel ls  i n  the ar 'sa,  and  has ?!.-veiled a 3 r i a t ? r  ai5ti::ce  underground. 

t h i s   w e i l .  

I n  general, vniie t h e  grouncdaters examined  shoved mny differences,  they compared favour- 
ab iy  w i t h  Canadian Cr ink ing Water  Standards.' I n   a l i  cases the  drinking  water  st. indardS for  t o x i c  
chemicals were met and,  w i t h   t h e   e x e p t i o n  of  c a i c i u n   i n  oi le i o c z t i o n   ( s e i i  No. 3 c f   t h e  Buik  Sample 
?ragramme), the  recommended yimitr far .  ot!,er chemicais i n  , i r -nk ing  water were met. 

( 5 )  Surface  'd-iter 

( 0  S t r e a m s  and Rivers 

A cosparison o f  the annual water  qua:ity  mans f o r  each water.ih$d i s  presented 

i n  T a b l e  3.3-1.  3 a t a   f a r  programmes,  other than tb,e systematic samoiing o f  Hat Creek and 
the  8onaparte and ihompson r i v e r s ,  have not  been included i n   t h i s   s t a t i s t i c a i   t r e a t m e n t .  
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3 . 3  WATER RESOURCES - (Con t ' d )  

I t  should be noted that  constituent  concentrations d i d  n o t  appear t o  vary between stations 
on a  specific  water body for a  particular  monitoring even t .  

- 
A. Cations: Trace  Metals 

Levels of aluminum were very low. With the exception of one measurement, 
a l l  values  reported were less than  the minimum detectable  concentration (WC). 
Arsenic, cadmium,  chromium, lead, molybdenum, selenium and  vanadium  were also found 
tu be  below the HOC a t   a l l   s t a t ions .  

The dissolved  ferrous  plus  ferric  iron  content ranged from 0.022 mg/L for 
the Thompson River t o  0.048 mg/L for the Bonaparte River. The  World Health Organiza- 
t ion 's  (WO) recomnended limit  for iron  in  drinking  water i s  1 mg/L.  The values 
found, therefore.  are well below the  level  at which iron  begins to cause  a  water 
quality p r o b l a .  

The mercury levels ranged from 0.00029 mg/L for  the Bonaparte  River t o  
0.00040 mg/L f o r  the Hat  Creek.  The Canadian Public Health Standards do not  include 
a standard  for mercury, b u t  the U.S. Enviwmental  Protection Agency National  Interim 
Primry D r i n k i n g  'dater  Regulations  specify 0.002 mg/L.3 Levels found in  the  local 
Hat Creek area should  not  exert  a  significant  effest on the  water  quality of the 
systems examined. 

Zinc concentrations above 5 mg/L can cause a bit ter   as t r ingent   tas te  and 
opalescence i n  natural  waters. The annual system means for zinc found in t h i s  study 
ranged from 0.007 mg/L for  Hat Creek to  0.023 mg/L for  the Bonaparte River. These 
values  are  well below those  that would cause any concern w i t h  respect t o  water 
quality. 

8 .  Cations:  Alkali  Earths and Metals 

Calcium is  present i n  nearly  all  natural  waters because of i t s  widespread 
occurrence i n  rocks and soi ls ,  An examination of the  data  for  the  different systems 
shows that  calcium i s  present  in  appreciable  quantities  with  the calcium t o  sodium 
rat io  being  approximately 3:l. This would tend to  indicate  that  the  water has come 
i n  contact w i t h  c a l c i m  bearing  minerals.  Particularly i n  the  case of Hat Creek, 
w i t h  an annual sys tm mean o f  57 mg/L o f  calciua,   there  is  an indlcation o f  a ground- 
water component  which has been in  contact w i t h  calcium bearing  minerals. Concerning 
lithium.  only Hat  Creek  had a mean annual value  greater  than  the HOC (0 .001 mg/L). 
and th i s  value was onTy 0.002 mg/L. 

Magnesius concentrations  are  considerably  less  than calcium in most waters. 
The  Ca:Mg ratio  for  natural  waters computed f r o m  equivalents  comnly ranges from 
about 5:1 tu about 1:l. The value  for  this  ratio ranges from 1.1 for the Bonaparte 
River t o  1.8 for  Hat  Creek to 2.9 for  the Thowson River. I t  appears that  water i n  
the fomer two streams has  been i n  contact w i t h  e i ther  magnesium s i l i ca t e  minerals or 
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(Csnt 'd)  

dolomite. :n tie c i s r !  o f  the Than?son Xiver, t h c  v;iue o f  :,h<! :?z.L<G i s   ? h o s t   r x z c t l y  
3'. mid-rang@  -.;. i lertinl ttze r i ze  3 i  t h i s  w a r ~ r s h ~ ?  w i t h  i t s  x c h  lrrcer : i vers i ty .  

?o:asjiw s t , l t s  arc ? i g h l y  so lub le . ~ 4  are   mor^^ *.?e l a s t  t c  ge ;n ' rc ip i ta ted 
a5 solut icnr. Lre ?',aiNorat.sa. ihd v a l u e s  !3::itcl cur ing t h e  suwc::, art? 211 comparably 

l w .  i!at Cr2i.l; er:,ib.ited  the  highert  conck!ntratict> (I.0 .,q/!.) i.hicI1 w ~ l d  be  .!rnzcrea 
as svaporaticn i s  h i g n i i s t   i n   t h i s  a rea .  

Sodium takcc;  no p s r t  i n  in lpor tmt .  p r e c i p i t a t i o n  re:ctions. It m y ,  under 

t one  circ:;ntst3nces, : . a r t i c i p z t e   i n  ba;e excF,zr,Lge react ions.   5o i i iw v a l ~ s  o f  12ss 
.i-~ai~ 1 m g i ?  ar̂ E very rave. The ra ther  high sodium value f o r  l!jt C x t k  ( 2 0  q / L )  when 
ccm;>;red t o  t.% aon; lpsr te  and Tholllpson r i v e r s  n i y  r e f l e c t  t n -  c o ; d : i r a ~ i , ~ n  o f  Irw f l w  

2nd thigh e?aporation  t i rat OCCIII'S i n  Hat Creek.  

St-oniium i; one o f  t h e  n o s t  abbrndznt minor cor,sti!.uents c i  igrjeo9s rock 
a n d  i s  also i1l:portitlt i n  carbonate 5edimen!.i. Pn er?n ina t icn  o f  t5z r o r u l t s  i1:tiicates 
'.rat the  water p r e s e f i t  i n  Hat  Creek h z i  ~,vcbaSI;, bc,?n i o  ?on:act ;.iiti; so:;,@ form o f  
str i - i i t iun  besr ing  mineral ,  as t h e  i.alues obtained a re  abov -  t h o s e  t h c t  would o rhemiss  
be expected. 

- "" " "_ Anions:  General 

8orcn i s   g e n e r a l l y  found i n   n a t u r a l  ,waters i n   on l y   t race   quzn t i t i es .  The 
r e s u l t s  o f  :his S U , ' ~ . F ~  i nd ica te  t h a t  i n  e x l i  w t e r  body the b o r o n  l,!vel i s  less  than 
:he HOC ( 0 . 1  mg/L). 

Zhloride  ions are  pres;nt i n   a l l  n a t u ~ a l  water i .  I n  waters ar5oci .z ied w i t h  

sedimentary  pocks,  concentrations do not  Usual ly exceed 5 ng/L, ,quc!i o i  t.:w rock 

formations i n   t h e  Hat Creek Val ley are sedimentary i n   a r i a i n  w d  correspondingly.  the 
valtrcs  obtained i o i  t . h lo r ide  f a r  a l l  three s,steP.: studied $ r u e  I u s  *.ha" 5 mgit i n  
a l l  cases. 

F l u o r i d e   i n  r.atura.1 Wiit.erS has  been a t t r i bu tpd   t o   so l i l t i < ,n  o f  micas  which 
contain  f luo- ice.  TPe Wti0 European Dr ink ing Water  Standards  set dn ipper  limit o f  

1.5 ng/L for  d r i n k i n g  water. The f luor ide   con ten t  o f  the systens studied ranged f r o m  

0 . 1 1  mg/L f o r  the Thompson R i v e r   t o  0.17 mg,'L for the Sonaparte Rive r .   i l h i l e   t he  
concentrat ions >re I a v ,  :he results do indicbte t h e  presence o f  some f l u o r i d e  Seariq 
minerals i n  thc area. 

Sulphates of  most o f  the common metal l ic   e lenents are  r e a d i l y   s o l u h l e   i n  
water. The su lphate   ion   i s   a lso   chemica l l y   s tab le   in  m o s t  natara'  'waters. Gypsum 
and anhydrite  are an important  source o f  sulphate i n  water. I n  the case o f  Hat 
Creek, the  resul ts  fc r  sulghate, 54 ng/L. t e r d  t o  i nd i ca te   t ha t  the re  i s  a compara- 

t i v e l y   l a r g e  grounuwater i npu t  io th is   water  i50cy and tha t   th is   g ro ,Jndra ie r  has been 

i n  con tac t   w i th   e i t he -  a gypsum or anhydri:.e type o: rock. The concent ra t ion   i s   a lso  
above t h e  presen t   ?o l l u t i on  Conzrol Board L e v e i  k Cbject ive :or sulphate, 50 mgit.  4 
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3.3 W T E R  RESOURCES - (Cont'd) - . 
0. Anions:  Nutrients - 

Sumevhat  high  levels f o r  total  Kjeldahl  nitrogen  were noted. This is 
probably  due  to  agricultural  area  runoff.  Generally  the  amount  of  phosphate  present 
in natural  waters is less  than 1 mg/L and the  nitrogen/phosphomus  ratio is approxi- 
niately 1O:l. Similar  ratios  calculated  from  the  annual  system  means  gives  values  of 
5.6, 8.5 and 7.6 for  Hat  Creek,  Bonaparte  and  Thompson  rivers,  respectively.  This I 

difference,  particularly in the  case  of  Hat  Creek, is likely  due to input  of  phos- 
phorous  from  fertilizer  contained in runoff. 

.- 

- 
E. Orqanic.  Nonionic and Calculated  Values 

COD,  TOC  and  phenol  when  considered  together are indicators  of  environmental - 
contamfnation of  an  organic nature. Levels of these  three  parameters  uere  found  to 
be quite l o w  indicating  'that  there is a  low  level of organic  loading to these 
systems. L 

As a broad classi'fication, waters  with a hardness (as CaCOj) o f  less than 
100 mg/L  are  considered  soft,  from 100 to 200 mg/L moderately  hard and greater  than L 

200 mg/L very hard.' Hat  Creek  may,  therefore,  be  classified as being  very  hard 
(224 'mg/L), the  Bonaparte  River  as  mdsrately hard (135 mg/L) and the  Thompson  River 
as soft (38 mg/L). The alkalinity  levels  (as CaCOj) were  found to range f m m  226 for L 

Hat  Creek  to 147 for  the  Bonaparte  River, to 35 for  the Thompson RiveP,  tending t o  _I 

f o l l w  the  alkali  earths  and  filterable  residue  levels. 
L 

F. Physical  Data 

Host  natural  waters  have  pH  values  ranging f r o m  about 5.5 to slightly  over m 
8 . 0 . 5  In all cases  the  waters  sampled were on the  alkaline  side  of  the  pH  scale, 
ranging  from 7.8 for  the  Thonpson  River  to 8.4 for  Hat Creek. - 

Colour  may  indicate  the  possible  presence  of  organic  material.  Surface 
waters  that  leach  decaying  vegetation  and  groundwaters  that  pass  through  peat, llg- 
nitr. or other  buried  plant  remains  may take on a colour. The  low  colour  levels m 
found  for all three  system is a  further  indication  of  the lw level of organic 
matter in the rater. 

Q 

Turbidity is caused by the  presence  of  suspended  matter. It is an  expres- 
sion  of  the optica,l property  Of  a  sample of water  which  causes  light to be scattered 
rather  than  transmitted in straight  lines  through  the sample. Excessive  turbidity II 

therefore.  can  reduce  the  photosynthetic process. In  general,  the  average  turbidity 
values  for all three  watep  bodles wre extremely low (0.81 to 2.1 NN) but  during 
freshet,  values up to 79 NTU uere  observed in Hat Creek. L 

Temperature is important.  and  sometimes  critical,  for  many uses of water. : 

It affects  the  palatability of water. treataent  processes and its suitability as a ...c 
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(ii) Lakes 
" 

ire lakes ?e?resenriny t*o extremes o r )  t he   na te r   qua l i t y  spectrum were sampled. 
Other lakes i n  the Hat C-eek 'Valley  can be ccnsidered t o  ? x i s t  on a cont inuum between 
these  t w o  ext remes.  The t w o  lakes chos?n were   Goose /F i sh  i+ok Lzke and Finney Lake. 

Go?se/Fiih Hook Lake i s  :pica1 of an i l k a l i   s l o q n  found i n  t h e  sourhern 
i n t e r i o r  o f  :ne Province. 1: c o n t i i n s  very h igh i e v e l s  o f   a l ka l i   me ta l s  anc sulchate 

which r e s u l t   i n  h iGh value!; f o r  pH. conduc i i v i t j j  and f i l te r3b le   res idue (ree iah1e 3.3-1). 
i i m e y  Lzke on t h e  c tner  >and, is more t yp i ca l   o f  a n  o1igo:ropnic i i k e ,  cha-x te r i zed  by 

r e l a t i v e l y  low n u t r i e n t   l e v e l s  and h igh leve ls  o f  d issolved oxygen i n  t h e  ep i l imnion.  The 
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3.3 WATER  RESOURCES - (Cont'd) 

( i i i )  

(iv) 

following  trace  elements were less  than  the MOC in both  Finney  and Goose Fish  Hook lakes: 
alminupl,  arsenic,  cadmium,  chromium,  copper,  lead  and  selenium.  Of  the  remaining  cations 
in this  group, all of the  levels  found were similar to those  described  for  Hat Creek. 

Surface  Water - Other Proqrames 

f i e  results o f  these pmgramnes  were  utilized  to  fulfill  specific  information 
needs  required  during  the  course of  these studies. Since  the  data were not  directly 
utilized  for  impact  assessment,  they  are  omitted  frcm  this  discussion.  The  Hydrology, 
Drainage, Water  Quality  and Use Report  should  be  consulted  for  the  presentation of these 
results. 

1 

Comoarison  with  Existinq  Data 

The  data  collected  during  this  surface  water  monitoring programe were compared 
to "existing data" recorded by the  Ministry of  the Environment,' Department  of  Fisheries 
and  Environment  and  the  Calgon Corporation.' In general, all data  compare  reasonably 
well although soma variation  due to spatial  and  temporal  differenees i n  the  sampling 
programmes  was noted. 

8 

(c) Laboratory  Test  Results 

All laboratory  leachate  tests were carried  out  using  pmcedures  designed  to  accelerate t h e  

release o f  extractable salts. The tests were  designed  to  detersine m e  total amounts o f  water- 
extractable  salts  and  the  relative rate of  release  of  selected  parameters.  Results o f  total 
extractable  salts  tests  are  given in Table 3.3-3 while test results on rate  of  release  are  presented 
in Table 3.3-4. It should  be  noted that'this latter  table  only  includes the extractions f r o m  Day b 
of the total 8-day programme. It  was  this  initial  extraction  approximating  initial  pore  volume 
displacements  that  was  utilized to predfct  potential  leachate values.  .The Solid Waste  Oisposal, 
Coal Storage  and Land Reclamation Report" should  be  consulted for the  remining  rate  of  release 
test results. 

3.3 .2  Hydrolosy 

(a) Groundwater 

(i) Flow  Patterns 

80th the surficial  and bedrock  geology  of  the Hat Creek  Valley are very  diverse 
and as a consequence the groundwater  flow  patterns  are complex. In order  to  simplify  the 
study  of  these  flow  patterns,  four  areas  which  appear to be  potential  impact  locations 
have  been  selected  for  detailed evaluation. 

A. General Flow  Svstems in UoDer Hat  Creek  Vallev 

The flow systems in upper Hat Creek  Valley  can be characterized by  ground- 
water  recharge in the uoland  areas and discharge in the  valley bottom. The 
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.;he o n l y   p o t e n t i a l l y   s i g n i f i c a n t  ,a?t.i?%rs i n   t h e   m i n  k r  Crr?k Valley are  
the  val ley  a ' l luv iun and a bur ied   bec rock   va l l ey   f i l l ed  with g l a c i o - i l u v i a l  sediments 
n o r t h e a s t  o f  t he  proposed  coal p i t .  

m 

The depth  a id  width o f  the aqu i fe r  will be variab:e. TLle e5tirn;ti.d average 
groundwater f l o w  down v a l l e y  in t h i s  aqui fs r  i s  23C0 m3/d. A s  tht? a q u i f e r   i s  ilydrau- 
i i c a l l y  csni,ect?d r n  tlat Creek, there ! i l l 1  '.e an intercnange a ?  Water' betheen  the 

:rtek a;,d zqu i ie r  alone: t.he length o f  t h e  Cree:: chamel.  

m 

T h e  appr:;xisate o u t l i n e  o f  t h i s   v a i l i y  i s  shown i n  Fig.  2.3-3 .  Har iever ,  it 

j i i a u l d  bc noted  t h a t  the  loca t ion  o f  lt8% r n r t k r n  p a r t  o f  t h i s   v a l l e y  has n o t  been 
probed by d r i l l i n g  and  hence i t s  depth 6 M  !-:::ion a r e  only estima-:rs. l h e  channel 
is apprcv i ln i ie ly  500 m wide dnd b2s an e! : t la? id   average  depth o f  100 ~i below t.ne 

general  bedrock surface. T h e  esiimated  groundwater f l o w  along r h i s   v a l l e y  is 
5,0311 m /d. The  discharge from the nqrth2rn rnd o f  the valley prooal>ly saeps through 
a l l u v i u m  and t h e n  i n t o   H a t  C r e e k  

3 

B. Houth C r e e k A a a  

'The s ign i f i can t   geo log i ca l   un i t s  and groundwater f l o w  systems v i t ' i i n  the 
basin  are  show i n   F i g ,  3 .3 -4 .  Tne CIIculated gruundwater f l c w s  ?resented i n  

Fig. 3 . 2 - 4  art? a5 fo l lc~ws:  
" 

a 
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3.3 WATER  RESOURCES - (Cont'd) 
Inflow  Outflow  touards  the  Vest 

In  limestone I69 m3/d 
From north 72 m3/d In till 2 m3/d 
From west 360 a3/d In claystone  conglowrate I n3/d 

TOTAL & TOTAL U h  

The  difference  betueen  the two totals. 261 m /d, is the  estimated  groundwater  dis- 
charge to the  ground  surface  uithin  the  Houth  Creek basin. 

3 

C. Marble  Canyon 

Marble  Canyon is long  and  narrow  and  extends  from  Pavilion  Lake t o  the 
northern  end of  the  upper  Hat  Creek  Valley.  Massive  limestone  bedrock is exposed 
along  both  sides  of  the canyon. The  bottom o f  the  canyon has been  partly  filled  with 
a  glacial  and  glaciofluvial  sediment to an  estimated  average  depth  of 50 m. 

Based on geologic  evidence  an  aquifer or series of interconnected  aquifers 
appeap  to k t e n d  to Pavilion  Lake  and  beyond  its  northuestern  shores.  Houever.  based 
on  topographic  and  isotnpe  evidence  there  appears  to  be a groundwater  divide  east of 
Turquoise  Lake  (see Fig. 3.3-5). Thus,.  ths  water  seeping  from  this  lake would f l o w  
northwest  toward  Crown  and  Pavilion lakes. The  groundwater  flow  systems in tha 
canyon  are also illustrated in  Fig. 3.3-5. Groundwater flows from  recharge areas at 
higher  elevations.  laterally  through  limestone  bedrock  and'dischargas  into  the surfi- 
cia1  sediment  aquifer in the  canyon  bottm.  This  groundwater is supplemented by 
surface  runoff  which  infiltrates  into  the  talus  deposits  and  eventually  into  the 
surficial  aquifer.  The  groundwater in this  surficial  aquifer rill then flou in a 
southeasterly  direction from the  groundwater  divide  toward  Hat Creek. An estimated 
groundwater  budget f o r  the  southeasterly  flow is as follous: 

Inf 1 ous 

Deep  seepage in limestone 490 m3/d 
Canyon  bottoa  infiltration 1564 m3/d 

TOTAL m4 m3/d 

OUttlpWS 

Down valley  seepage in surficial  sedirwnts 2053 m3/d 
D m  valley  seepage in limestone  bedrock i J / d  

TOTAL & 
0. Medicine  Creek  Basin 

Most  of  the  bedrock in thc Hediclne  Creek  basin is covered  with a low 
permability till blanket. Alluviua is almost  absent in the  creek bed. All bedrock 
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?fon:?ly piezo:o?.t~ic i e a d  data have  been re;:crdS since l:ovem5er l?76. Q a t 3  
Gat'lered ui, t o  Navenbev, 1977 hat'e bee!i u t i l i z e d   i n  r.!,is ri!port. These pielorseters a r e  

located x s s t l y  i n   t h e   v i c i n i t y  o f  the  proposed ,>it *:ea ( see  locat ions i l l  F i g .  2.3-3) and 
 SUI::^ a m   i n  i , ~ e  Medicine Creek  $Valley. The  ene era! t rend i n  a l l  o f  t h e  d a t a  shows a 

dec l ine s f  pie.rometric her;lls since November 1'376. !ased oil present  kt.;, m;xinum annual 
f luc tua t ion5 0.7 p i e z m e t r - c  heads i n  recLarge zone: 2 r e  estimated t o  be betueen 3 and 

IC a. ;~!axir,uc annual f :uctuations in   the   d izc i la rge  a w a  near  lldt C r e e k  should be Sui te  

sna i l  (1 o r  2 -1) sii lcc c i t i o r n f t r i c  heads i n   t h i s  a r e 3  a:e l a q e l y  c c n t r o l l e d  by t h e  c r e e k  

l eve l .  A jislil&r :luctua:irn i s  expected f o r  p iezom?i . r i c  l e r e l s  i n  i r ?  r c d i c i n e  Creek 

Va l  ley .  

T ~ P  Thui~!psoi~ E i v c r  basin, w i t h  i t s  e r a i n a g e  area s f  apDroximatcly 55 000 km 2 

dra ins d :ar[!e po;.tioi  of  south-central 8 r i t i s h  Columbia. ?ran the   ou t l e t  o f  Xamioops 

Lake t o  i t s  confluence  with  the Nicola River,   the Thompson drains '7874 ks2 o f  semi- 
a r i d   i n t e r i o r   p l a t c a u .  and a i  t h i s  ire3 5300 km conlcrise  the  Elsnrparte  River  basin 

which  int ludes  the 660 km Hat  Creek  basin. 

2 

2 

i he   i l ow  regime o f  the ihcmpson River i s  domirldted by srowmelt runof f  i n  

i t s  head \water  area,  the Columbia Nounrains, 'with the  cont r ibut ion Froo t h e   i n t e r i o r  
plateau  being  almost  negl igible. The roost extellsive  stream Gauging r icords  south  of  
Kamlnnps  1.ake a r e  ava i lab le  a t  Spences 8 - i c y ,  shel'e :he drainage  area i s  54 650 km . 2 

A t  the wd'.?r suppi\, i n t a K r   s i t s ,  :ne crainase a r e a  i s  aop rox imte l y  13 000 km 2 

irnaller %an a t  Spencts Br'dse bur t h 2  h icn  and ; o h  i l o u s  s h o u l d  mi: d i f f e r  cy more 
than 500 :n / 5  ana 21) m /s. respect ive ly .  The  maximum and nininur; fisw freoucncy 
curves f o r  t h e  Thompson Ziver n e a r  Spencer G r i d p   a r e  shown i n  Fig. 3.3-7. Both 

3 3 
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3.3 WATER  RESOURCES - (Cont'd) 
curve; have  unusually  flat  slopes,  indicating  that  the  yearto-year  variation in both 
freshet  peak  flow and minimum  flow is relatively small. 

8. Hat  Creek  and  Bonacarte  River 

In order to determine  how  the  runoff  patterns of the  Bonaparte  River  and 
Hat  Creek  compare  with  the  general  region,  a  regional  analysis  based on annual  mean 
daily  peak f l o w  from 85 basins  uas computed. Basins  with  significant  lake  areas, 
diversions or regulation  were  omitted f r o m  the  analysis. 

Initially, exti& maximum  daily f l o w  were  plotted  against  drainage  area 
as  shown  in Fig. 3.3-8. All points  relating t o  Hat  Creek  or  to  the  Bonaparte  River 
fall  far  below  the  envelope  curve.  Linear  multiple  regressions  were  then  computed  on 
the data. one  for p ,  (the  geometric  mean of the  flous)  and one for a (the  geometric 
standard deviation). Fig. 3.3-9 is a  plot  of  the  observed  versus  predicted  values  of 
p for  the 85 basins  included in the regression. A l l  the  points  relating  to  Hat  Creek 
or to the  Bonaparte  River  lie far- above  the  line of perfect  agreement.  which  indieates 
that  Hat  Creek  and  the  Bonaparte  River  generate  roughly  one-third  of  the  flood f l w s  
of comparable  basins  located  elsewhere on the  Interfor Plateau. This is undoubtedly 
related to the  pronounced  rain-shadow  effect of  the  Coast  Mountains,  immediately  to 
the  Vest o f  the  Hat  Creek  drainage area. In  the  case o f  the  Bonaparte  River,  the 
discrepancy is partly  attributable  to  extensive  lake  storage.  uhich  reduces  peak 
flows. 

The  regression on the  geometric  standard  deviation  was  performed in a 
similar  manner (Fig. 3.3-9). The  points  representing  Hat  Creek fall close  to  the 
line of perfect  agreement,  indicating  that  the  observed  yearto-year  variability of 
floods in the  Hat  Creek  region is reasonably  typical  for  the  southern  Interior  Plateau 
of B.C. Tha  Bonaparte  River i s  less  typfcal,  probably due to its  larger  basin  with 
significant  lake  storage. 

Hat  Creek  Valley  Hvdroloqy 

A. Precipitation  and  Snobmelt 

The year-by-year  variations in total  precipitation,  total  rainfall  and 
greatest  24-hour rainfall are  illustrated in Fig. 3.3-10. Data on rainfall  intensi- 
ties  of  shorter  duration  than 24 hours are sparse. Houever,  based  on  the  most 
relevant  data  available for the  present study. appmpriate information  related to Hat 
Creek  uas  developed (Fig. 3.3-11). 

Total  precipitation  depends  strongly  on  elevation.  The  best  available  data 
are platted on Fig. 3.3-U. together  with  a  proposed  curve f o r  Hat Creek. The  curve 
is an  attempt  to  fit  those  data  points  judged  to be mast  relevant  to  Hat  Creek. 

Fig. 3.3-12 can be combined  with  the  area-elevation  curves  for  Hat  Creek 
and  Medicine  Creek (Fig. 3.3-131, to  compute  the  volume  of  precipitation  at  various 
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Fig .  3 .3-20 shows t.he year-to-yc3r d i r i r i b u t i o n  o f  runof: iron) tiat Creek. 

Mean ani'u31 r u n o f f ,  f3r t h e  s t a t i o n  " t i a t  Creek n e a r  Uppel- i f a t  Creek" based on 14 years  
o f  d a t a ,   i n c l u d i n g  1976, i s  21.0 x i0 m . There i s  little n a t u r a l  or a r t i f i c i a l  
s t o r a g e  if, th: Hat Cre<!k drainage area. 

6 3  

I n  H a t  Creek t h e  l o w e s t  mean d a i l y  f l o w s  o f  t h e  y e a r  c a n  o c c u r   e i t h e r  i n  

l a t e  summer o r  i n  mid-w in te r .  Law flow  freauency cui-des f o r  t n e  la:? summer l o w ,  

mid- r i n te r  l o w  and ccmbined :ow have been p r e x r e d  a s  shown on F i g .  3 . 2 - 2 1 .  The t r o  
low f low periods are qu i te   s im i l a r  i n  magnitme b c t  t h e  l a t e  sumn'e? f l o w s  are c o n s i -  

derably more ,var iable.  
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3.3 WATER RESOURCES - (Cont'd) 

The response of Hat Creek to  significant  rainstorms has been investigated 
by searching  the  stream f low records  for  rain-caused  flood  events. The results of 
the  analysis  are summarized in Table  3.3-5. Column 8 gives the amount of runoff  in 
tho hydrograph as mm over the 350 !a drainage  basin and Column 9 gives  this  runoff 
as a percentage of the  rainfall  input. I t  ranges from 1 percent t o  10 percent, w i t h  
the larger  values  associated w i t h  rainstonns  during  or  shortly  after  the main snowmelt 
season. The lag (Column 7 )  appears t o  be i n  the order of 24 hours, b u t  i t   i s  probably 
closer to K hours for  the  largest  flows. Runoff coefficients (Column 10) for  rain 
peaks i n  l a t e  sunrmer and f a l l  range from 1 percent t o  3.5 percent, b u t  f o r  rainstonns 
occurring  during or shortly  after  the snoumelt season, th i s  goes up t o  17 percent. 
The one event w i t h  30 percent  runoff probably ref lects  high snowaelt  conditions. The 
true  runoff  coefficients and prop&tions of runoff are  different and probably  often 
smaller  than  the  values shown i n  Table 3.3-5, since  the low elevation of the  climato- 
logical  station  will  often  lead t o  an under-estimated  precipitation. 

2 

C. Evaporatton and Water Balance 

Evaporation and transpiration  estimates for specific  drainage  basins o r  for  
large  areas  (greater  than a few square  kilometres)  are normally obtained from a water 
balance which can be stated as: 

E = P - 0 - S  

When P is   precipi ta t ion i n p u t ,  0 i s  outflow, S is   storage change and E i s   t he  
residual and can be  assumed to  represent  evapotranspiration,  as long as  the  area 
under study does not have significant groundwater inflows or outflows. The storage 
change (S)  can be neglected i f  long-term mean values  are  being  considered. Applying 
t h i s  equation to the Hat Creek drainage  basin  upstrean o f  the   s t rewgauge   a t   the  
mine s i t e  (drainage  area 350 kn ) where the long-term runoff i s  60 mi, and using  the 
elevation  adjusted mean annual precipi'dtion of 394 mi as input, one obtains an 
evapotranspiration  loss  of 334 m. ' 4 t h  proper  adjustments  for  irrigation and diver- 
sion  losses, the natural  runoff would be approximately 75 m, giving  a  natural 
evapotranspiration  loss of 319 m. This  can be  compared t o  values o f  294 mi and 
317 w reported by the Atmospheric Envi ronment  Service.u These l a t t e r  values were 
developed uti l izing  a modified Thornthwaite method, applying i t  to standard  climato- 
logical  data a t  t h e  Hat Creek stat ion and asswing  soil  water  holding  capacities of 
100 nm and 200 fm, respectively.  Oifferences  are due to  the  elevation-dependence of 
the main water  balance characterist ics.  

2 

0. Channel Horoholow and Flood Plains 

Hat Creek Valley i s  mainly the  result  of glacial  processes. combined w i t h  
structural   factors and str? erosion by ea r l i e r  and probably  larger  streams. 
Present-day Hat Creek i s  too small to alter  the  valley in  a major way. 

Hat Creek's channel between the proposed mine  and the  alluvial  fan  in  the 
Eonaparts River Valley, can be classified  as  irregular and sp l i t   t o  anastomosing and 

I 

I 

I 
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- A large capaci ty  w e l i  s u i ' p i i e s  wash water fur a l imestone q u a y r y  loca:.?d i n  :he b k r b l e  

Csnyon area. This w e l l  i s  estimated t o  deliver 500 m /c! o f  whicn about  75 p e r c m t  i s  re tu rned  to  
the  g r o u n j w a t e r  t&le as i n f ' i t r a t e d  wastewater. 

3 

- 
( h )  SurTace i l a t e r  

I 
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3.3 WATER  RESOURCES - (Cont'd) 
A. Water  License  Analvsis 

Hat  Creek  Orainaqe 

The  water  license  information f o r  the  Hat  Creek'drainage  basin  was cate- 
gorized in Table 3.3-6 on the  basis  of  four  subregions  (refer  to Fig. 3.3-24) which 
contain  approximately  equal  lowland  areas  of  the  Hat  Creek Valley. A total of 
1050 x 10 m o f  water  of  the  Hat  Creek  drainage is licensed  annually  for  irrigation 

459 x 104 m3. 
use. The major  source  of  vater is Hat  Creek  which is licensed  for  the  diversion  of 

4 3  

O f  the  1050 x 10 m , 631 x 10 m are  licensed  for use on land  that  lies 
within  the  Hat  Creek  drainage basin  while 419 x 10 m are  licensed  for use on land 
that  lies outside. Of this  latter  number,  224 x 10 m is licensed  for  diversion 
from  Medicine  Creek  into  the Cormall  drainage and 158 x lo4 m3 are  licensed  to  be 
dlverted to the  Oregon  Jack drainage.  This  latter  diVerSiOR,  however,  has not been 
operational  for  sometime. 

4 3  4 3  
4 3  

4 3  

In addition  to  primary  irrigation  licenses,  there  are  a number of  supple- 
r e n t a l  licenses  and some Irrigation  storage licenses. These are also  detailed in 
Table 3.3-6. A relatively  small a u n t  of  vater is licensed  for  storage i n  othep 
areas. 

Eonaoarte  Orainaqe  (south of Township 23) 

A total of 1290 x 10 m of  the  surface  waters  of  the  8onaparte  drainage 
(south of  Township 23) is  licensed  for  irrigation use (Table 3.3-7). The  major 
source is the Bonaparte  River  itself.  Cache  Creek is the  next  largest sour& and one 
irrlgation  license is held on the  Thompson River. A total  of 75 x 104.0f water is 
under  supplemontal  irrigation  license.  Storage is licensed  for  Semlin  Lake  and a 
reservoir on the  nest fork of  Cache  Creek in the  total mount  of 66 x 10 m . 4 3  

4 3  

Cormall and Cheetsum  Orainaaes 

A total  of 1 2 5  x 10 m of  the  waters  of  the  Cormall and  Cheetsum (imedi- 
ately  south o f  Cormall) drainages is licensed  for  irrigation use. The  major source 
is Cornual1 Creek. The other  five  sources in this  drainage  are  licensed  for 10 to 
18 x 10 m each. One  supplemental  irrigation  license is held on waters  of  Cormall 
Creek  and  storage is licensed  for &Lean. Fitzellan,  Henry and UK lakes. 

4 3  

4 3  

Oregon  Jack and  Hinaberriet  Orainaaes 

Approximately 148 x IO4 m3 o f  the  surface  waters  of  the  Oregon  Jack  and 
Minabe6iet  (imnediately  north of  Oregon  Jack)  drainages is licensed  far irriGation. 
Oregon  Jack  Creek is the  primary source. accounting  for U6 x 10 m of  the  total  of 
which 92 x 10 m of  water is held  under  supplemental  frrigation license. Storage is 
licensed  for one pond in the  area in the  amount  of  over 68 x 10 m . 4 3  

4 3  
4 3  

L 

L 

li 
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- Soil>oe 
Vpland 
F iocapla in  

l h ?  quan t i t y  o f  wat.er pr?sent ly  u:.?d t o  i r r i g a t e  lanos w?t!in  the Hat Creek 

'Valley was estimated by superinposing  the  i .-r i<yt io!-t  requ i rements  (1%) develsped f r o m  

t h e  model ~ n t a  r h e  amount o f  presenL1y i r r i g a t c d  l a n d  and adjust ing t h r  t u t a l  by the  

ha te r  l o s s  z:fi:iency fac to r .  

?lie resu l t s  ,:?able 3 .3-8)  for  b o t h  t h e   q b a r t i t i e i  o f  l and   p resen t l y   i r r i ga ted  
a n d  t h e  ? s t i n : e t e  o f  :he quanr i t ies  o f  'water  used for i r r i g a t i o n  'were summarized 
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3.3 WATER RESOURCES - (Cont'd) 

and reported on the  basis of the four  subregions  defined for the Hat  Creek drainage 
basin  (Fig. 3.3-24). The estimate of  total  water used for   i r r igat ion  is  
679 x lo4 m3/a. 

A conqrarison of this  estilaate and the  water  license  analysis shows a good 
c o r n l a t i o n  f o r  both the quantity of water and the  quantity o f  irr igated land. This 
would indicate  that ,   in  general ,   irr igation  l icenses  are  presently being uti l ized  in 
ful l  i n  the Hat  Creek Valley. 

( i i )  Livestock 

The quantity of water  presently used by livestock  in  the Hat  Creek Valley was 
estimated t o  be 65.5 m3/d. S m e r  consumption would be greater  than  this amount  and 
winter consumption would  be less. The estimate of the total  annual quantity o f  watar 
presently used by l ives tock   i s  2.4 x 10 m . This amount represents  approximately 
0.4 percent of water  presently used f o r  i r r igat ion i n  the Hat  Creek Valley. 

4 3  

Estimates o f  c a t t l e  population were not  available  for  other  portions of the 
study  area; however. i t  is. judged that  the rat io  between livestock  water use and.irrigation 
water use for the  Bonaparte, Cornwall and  Oregon Jack  drainages would not be radically 
different fm that  estimated  for the Hat Creek drainage. 

(111) Oomestic and Municiual 

A. Hat Creek Valley 

The total  population of Hat Creek Valley  including two Indian Reserves 
(1.17. 1 and 2) i s  estimated a t  110 persons. On the  basis of water  license  data a 
total  water usage of 84 m /d is   l icensed  for domestic and stock  watering  purposes 
f n w  Hat Creek and its tributaries.  Of t h i s  amount, 18.2 m3/d is diverted o u t  of  the 
Hat Creek watershed fo r  use in  the  Cormall Creek and  Oregon Jack Creek areas. The 
to t a l  withdrawal licensed from  Hat Creek downstream of the proposed mine i s  25 m /d. 
The licensed  quantity  for use on Indian Reserve No. 1 and 2 in lower Hat Creek 
Valley is  U.6 m3/d. 

3 

3 

8. Ownstreas Bonauarte and Thomuson River 

The 1976 population  estimates for the  dwnstreaa  conuni t ies  of Cache Creek 
and Ashcroft  are 1050 and 2030 persons,  respectively. The rural  population,  exclusive 
o f  the area  Indian Reserve inhabitants,   is   estimated  at  220 persons for  the  unincor 
pomted  areas  surrounding  these  cantres. The papulation of  Indian Reserve No. 3 
north of  Cache  Creek i s  estimated t o  be 100 persons. 

Water license  data  indicate  that a total  of 922.7 m /d i s  licensed  for 
domestic, municipal and industrial purposes from the Bonaparte  River between the 
junc t ion  of  Hat Creek and the Thoepson River. The total  licensed withdrawal in th i s  

3 
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The na tu re  o f  any aquat ic system i s  dependent u;)cn i t s  watershed  cnaractcrist ics." - "18 

Tho kinds o f  watershed  r i?ects o n  ;.quatic  ecosystem exist: t h j i e  due t o  t h e   p h j r i c a l  geographic 

in i luel lce;  and those due t o  human -n i luenccs .   ?hys ic l l  Qio8Jr&p!lic i n f l u e n c e s  inc lude t h s se  due t o  
c i :ma ta loy  and geology. Human e.ffr:cts on a w a t x r s h e d  a r e  .i r a w l t  0: lnnd  use. In  the  following 
8ec:ions. t i l s  re la t iocsh ips  between these  factors and :.he aquat ic   habi ta ts  rourd  i n  t h e  r eg ion  
sar;out:ci,?g t.he proposed Hat C r e e k  Oro j sc t  (defined i n  2;rt T h r e e ,  Section 2 . 2 - 5 )  a re  c5nsicered. 

A f t e r  charactcri : ing  the  aquatic  habitsts  within :>.e r e g i o n ,  the  b iotr   occupying  these 
hab i td ts  ;ire oescr ibed.  P r i r a r y  empnasis i s  piaced on t l l r  f i sh  soecies  hecavse.of  the i a r g e  quan t i t y  
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3.3 WATER  RESOURCES - (Cont'd) 
of  available  information  dealing  with  fish in the  region,  and  also  because  impacts to fish  are  of 
great  concern to people.  Further,  since  fish  tend  to  occupy  the  highest  trophic  levels in aquatic 
ecosystems,  differences in other  cornunities  (lower  trophic  levels)  will  also  manifest  themselves in 
fish  populations. 

In addition to the  indirect  effects  humans have on aquatic  systems  via  land use practices 
within  watersheds,  humans  can  directly  effect  aquatic  systems by exploiting  fish  populations  and by 
cmpeting  with the aquatic  cornunity  for  water use. The  extent o f  these  occurrences is also 
addressed. 

(i) Watershed  Characteristics 

A. Geoloqy 

The  configuration  of  the  drainage  basin is the  result  of long-term  geologic 
pmcesses expecially  erosion,  applied  to  the  regional  geologic  terrain.  Drainage 
basin  configuration,  along  with  climatic  and  vegetation  characteristics.  control 
seasonal  and  short-term  precipitation  runoff  rates in streams. Water  quality in 
lakes  and stream is affected by the  chemistry  of  the  surface  water  drainage  and 
groundwater inputs. Similarly  the  chemical  characteristics  of  surface  water  contribu- 
tions  to  streams is affected by rack and soil  geochemistry. 

The  location  of  the  Coastal  Range on the  western  border  of  the  region 
effectively  blocks  maritime  climatic  influences.  Temperatures  exhibit  continental 
extremes,  with  average  monthly  temperatures  reaching .?lot in the s m e r  and  dropping 
below -5% in the winter. Precipitation is generally  low  and  exhibits an orographic 
pattern. Observed  precipitation  ranges from less  than 250 t o  1000 m / y r  with  higher 
values  observed  at  higher  elevations. Most locations in the  region  receive 250 to 
500 m of  precipitation  per  year. 

Surface  water  quality is influenced by climate in several ways. Water 
temperatures in the  region  closely  approxiaate  average  monthly  air  temperatures. 
Alblinity i n  the  region  varies  from  less  than 50 mg/L to greater  than 400 mg/L. 
Although  partially  due to the  composition and solubility  of  soils  and rocks, the 
higher  values  are  also a result  of  the  concentrating  effects o f  a  climate  where 
evaporation  exceed$  precipitation in many areas. These  and  other  water  quality 
parameters  for  the  various  regional  water  bodies  are  given I n  Table 3.3-9. 

D 

m 

I 

The  intermittency  of  many  of  the  streams in the  region  can  also  bB  attri- 
buted  to  the  arid climate. 
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3.3  WATER RESOURCES - (Cont'd) 

Many salmon in  the  Fraser River  system are  infected w i t h  infectious  haemapoitetic 
necrosis (IHH), the protozoan Trechoohyrs sp,  the copepod Salmonicola sp, o r  the lamprey 
Entornhenus tridentatus. The effects of the  other  infestations i n  natural salmon popula- 
t ions  are not known. b u t  IHN causes high mortality i n  hatchery  fish. 

( i i i )  Direct Human Effects 

A. Fisheries 

Ffsh caught by the  region's  sport  fishery  are mostly salmonids,  although 
s o m  burbot are  also taken. In the Xamloops area rainbow trout ,  brook and lake 
t r o u t ,  kokanee and steelhead accounted for  57 000, 19 000, and 2000, respectively, of 
the 102 000 fish taken  in 1969-1970. This represented 7.6 percent of the  total  
number of sport  fish  taken i n  Brit ish Columbia in  that  year. In the Kamloops area, 
during  the  years 1969 and 1970,  79 percent of the  anglers  preferred  to  fish  lakes 
rather than  streams. Within the region, 731 378 angler days were expended fishing 
228 lakes i n  1976. Sport  fishing i n  streams  appears t o  be  somewhat  more speclalized. 
The Thompson River, f o r  example, i s  known for  i ts   steelhead  f ishing.  I t  accounts f o r  
84 percent (12 013 angler  days) of the   e f for t  expended in  the  region by steelhead 
fisherman. 

Reglonal f f s h  and wfldlife personnel provided a general  assessment o f  

angling  pressure  in  the  reglon. Green Lake, Kelley Lake, Kelley Creek. Tunkwa  Lake 
and the Thompson River (for  steelheads) were thought t o  be fished  at  or near the 
maxinus desirable  fishing  pressure.  Other  water  bodies  in  the  region  could  evidently 
withstand  greater  fishing  pressure  than  they  are  presently  receiving  without damage 
to t he i r   f i sh  population. 

A large  portion of the Canadian and United S ta t e s   comrc ia l  salmon fishing 
is dependent upon the spawning and nursery grounds provided by the  Fraser River 
system. Approximately 33 percent of the  total  salmon taken  in  British Columbia 
originates f n  the  Fraser River  system, while 10 percent of the  catch  is from the 
Thompson River system. The importance of the region can be assessed i n  terms of 
spawning  of escapement, given  in  Tables 3 .3 - I3  and 3 . 3 - 1 2 .  In addition, an average 
o f  approximately 186 000 salrnon and steelhead from the  Frasar River  system are used 
by Indlans each year  for  subsistence  purposes. 

B. Enhancement of Fish Poaulatfon 

The region's  fish  populations  are n o t  only  exploited by the  various  fishing 
categories  discussed i n  the  preceding  section b u t  also enhanced by various management 
practices. Most important i s  the control of the  f lsh catch (e.g. by licensing 
ffshermen,  establishing  seasons, etc . )  t o  prevent  overfishing  (i.e.  fishing  at a ra te  
greater  than  the opt imM sustainable  yield). Natural spawning i s  enhanced by 
stacking. In past  years, rainbow trout.  brook t rout ,  kokanee, steelhead,  cutthroat ~ 

t r o u t ,  Atlantic salmon. and lake  trout have  been stocked i n  the  region. Numbers of 
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f i s h  stocked  are l i k e l y   t o   i n c r e a s e   i n   t h e   f u t u r e  as two reg iona l   rea r ing   f ac i l i t i es  
are  constructed and become operat ional .   In  addi t ion,   var ious  stream improvement 
p ro jec ts  have  been undertaken so that   migrant  spawning  would  be enhanced.  These 

inc lude  f ish  ladders,  spawning channels, and  an incubation  channel.  Addit ional  f ish 
will be spawned i n   t h e   r e g i o n   i n   t h e   f u t u r e  when a  planned  hatchery i s   b u i l t .  

C. Comoetinq  Water Uses 

The loca t i on  and capacity  of  major  intakes i n   t h e   r e g i o n  , a r e  s m a r i z e d   i n  
Table 3.3-13. The loca t i on  and volume o f  major  discharges i n   t h e   r e g i o n   a r e   g i v e n   i n  

Table 3.3-14. 

(b)   S i te-speci f ic   Aquat ic   Ecoloa 

(i) Thompson River 

I 

1 

1 

The Thompson River, formed from the North and  South Thompson r i v e r s  and flowing 

out  of  Kmloops Lake, drains  the Thompson Plataau. The f i s h  fauna  consists  of 13 species, 
including  f ive  species of anadrmous  salmonids  (Table 3.3-15). Much o f   the   requ i red  
informat ion i n  Section 2.3.5(a) a l s o   a p p l i e s   t o   t h i s  more speci f ic   sect ion on the Thompson 

River. The  Thompson River  contr ibutes more than 30 percent  to  the  annul i !   catch  of   Fraser 

River salmon. River banks  and  beds which  are composed mainly  of  cobbles and boulders with . 
iso la ted   bars   o f   g rave l   su i tab le   fo r  spawning a r e   c h i e f l y   u t i l i z e d  by p ink salmon. The 

nearest .  spawning area  to  the proposed  Hat  Creek i n t a k e   s i t e  and the  confluence  of  the 
Bonaparte  River i s  approximately 600 m above the  proposed  intake  si te. 21 

The r i v e r  reach (of concern and i t s   r e l a t i o n   t o   t h e   p r o j e c t   i s  shown i n  Fig. 2.2-4 
(see Chapter 2.0). While th is   s tudy  invo lved no d i r e c t   s u p l i n g  of  the Thompson i n   t h e  

subject   r iver  reach,  several   qual i tat ive  observat ions were made. The  Thompson mainstream 
server here as a  migra tory   mute   fo r  anadromous salmonids ana pmvlder  some rear ing   hab i ta t  
for juveni les and res ident .   adul t   f lsh.  It i s  charactertzed by a   r e l a t i v e l y  deep channel 

and strong currents. An area o f  rapldr composed of large  boulders i s  apparent a t  low 
water   jus t  upstream of  the  confluence  with  the  Bonaparte  River. Spawning condi t ions i n  
t h i s  reach  are  poor, and I n  many ana6  the  r iver  bot tom  is  covered  wi th  boulders 0.3 t o  

0.6 m i n  d iameter .   In ternat ional   Pac i f ic  Salmon F ishe r ies   Con is r i on  (IP!;FC) divers  noted 
no spawning in   th is   reg ion ,   a l though  a   la rge   concent ra t ion   o f  spawners d id   occur  on the 
spawning beds located  approximately 600 m abovs the  proposed  intake  site.21  There i s   a l s o  
some l i m i t e d   u t i l i z a t i o n   o f   t h e  Bonaparte  River i n   t h e   m g i o n   b t l w   t h e   f a l l s .  

The  Thompson River   is   probably   best  known fo r   I t s   qua l i t y   s tee lhead   f i sh ing  and 
i s  considered one of  the  f inest  "trophy"  producing streams i n   B r i t i s h  Columbia. While 
ca tch   es t imates   a re   no t   ava i lab le   fo r   jus t   th is   r i ver   regnant ,  L C .  F i sh  and W t l d l i f e  

repor ts   tha t  an estimated 732 steelhead were taken from the Thompson River   dur ing  the 

1976-77 season a t  an average  success ra te  of 0.122 fish/angler/d. 22 

Approximately 20 percent   o f   th is   reg ion  of  the  Bonaparte  River  exhibits good 
spawning habi ta t .  An estimated 611 p ink salmon spawned i n   t h i s   s e c t i o n  of the r i v e r   i n  
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3.3 WATER RESOURCES - (Cont'd) 

W 7 .  In addition,  a small b u t  sfgnfficant run of approximately 25 fish  annually spawn i n  
the Bonapartn River.23 I t  is l ikely  that  some coho  and steelhead t r o u t  a l so   u t i l i z t  the 
available  habitat L? about the same extent. 

1 

A. Physical Habitat 

Hat Cnelc provider  a  variety of habitats from i t s  headwaters to its con- 
flwnce with the Eonapart. River. These h l b i t a t s  range from small  pools and beaver 
dam i w u w k a n t s  t o  fast tlowfng water in  canyon and chute areas. Hat Cmek trihu- 
taries ProVfdR n l a t l v e l y  poor f i sh  habi ta t   cwpand to Hat  Cmek i t se l f .  Overall, 
l i b  most other small permanent stmam  courses of interfor Erftfsh Colunbfa, Hat 
Cnek  appeared to provide good rainbow t r o u t  habitat. Sore general  observations and 
distinctions CM be Mda when descrfbfng Hat Creak f n  terms o f  fish  habitat. 

Using infomation  darivrd from helicopter  f l ights and the mom Intensive 
usmmant of habitat  paramt8rs a t  the various smling stations, Beak Consultants 
chase to divfda Hat C m k  in= 17 longitudinal zones. On the basfs  'of aOrphOUtric 
charact8rlst lcs,  such as substrate   par t ic le  size, pool to r i f f l e   r a t i o ,  bank stabflity. 
vegetation cover, e*., these zones CM be grouprd u s h m  I n  Fig. 3.3-26. recording 
to the thm habitat  types descr1b.d belowu 

rn 
Substrata - pt-edaafnantly  boulder.  cobble,  pebble, and gravel 
Pool  to Riffla - 30:70 - 0:UO 
.Sdtt-flmrlng.  cDlronly s t a p  gradient, deciduous trees and brush 
Zonu - A, B, C, G, 1. L 

Substrate - cobbla, pebbles. sand, silt 

In tenrd ia ta  b u t  gemrally  varfrd curnnt and gradient 
Beaver dams, varlrd  vegetation type 
Z o ~ - E , F , H , K , ~ , N , O . P  

PO01 to Riffle - 8o:Zo - E 9 0  

Substrate - pebble.  gravel.  sand, s i l t  
Pool to Rltf le  - 1OO:O - a60 
Lnr steep but  varled  gradient,  sluggish to moderata currant 
Beaver dMS 

Zones - 0, J, Q 

c 

li 

I 

I 

L 

P 

.c 
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c 
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Sampling s tat ion  locat ions  are shown i n  Fig. 2.2-4 ancl the i r   phys ica l  
character ist ics  are  descr ibed  in  Table 3.3-16. Location o f  the H a t  Creek s t a t i o n  
r e l a t i v e  t o  habi tat   type can be  seen i n  Fig. 3.3-26. Stat ions 5,  6, and  10 represent 

Type I1 hab i ta t  and StE.tion 14a i s  i d e n t i f i e d  as  Type I11 habi ta t .  

Stat ions 8. 9, ll. 12 and l3 were establ ishad on f i v e   t r i b u t a r i e s   t o  Hat 
Creek, an unnamed craek,  Finney  Creek,  Medicine  Creek, h b u s t e n  Creek and Anderson 

Creek. These small stnms consisted o f  swift- f lowing  cool  waters for most or a l l  of 
t he i r   l eng th .  Pool t o  riffle r a t i o s  f o r  obsewed  stretches  of  these  strams  approached 
0:lOO. Finnay  Creek ran underground.  for   part  o f  i t s  length.  Amustan. Creek was 
i n t e r m i t t e n t ,  as i t s  water was d i v e r t e d   f o r   i r r i g a t i o n  on a seasonal  basis. A p a r t i a l  
descr ip t ion   o f   these  s t rems appears i n  Table 3.3-16. and more deta i led  in format ion 
i s  provided in   t he   F i she r ies  and Benthos  Report. 19 

S t d t i o w  1, 2, 3 and 4 are  located on the  Bonaparte River. These s i t e s  
would have  been described as Type I hab i ta ts  had the  Hat Creek c l a s s i f i c a t i o n  scheme 
been extended t o  include  the  Bonaparte Rqver. Pool t o  riffle r a t i o s   o f  5:95  and 

10:90  were observed anld substrates were dominated  by  pebble and gravel. Water  tempera- 
tures i n  t h e   s w i f t - f l a r i n g  Bonaparte  ranged frm l l ° C  t o  Z0C. 

Water qua l i t y   i n fo rma t ion   f o r  Hat Creek and the  Bonaparte  River i s   s u a c l r i z e d  

i n  Table 3.3-9.  Water bodies  located  within  the  study  area  ref1ec:t  similar  micro- 
c l imat ic ,   geolog ica l .  and so i l   cond i t ions  and contain  waters of h.igh a l k a l i n i t y .  19 

A lka l i n i t y   va lues  ranged as high as 800 mg/L w i t h  pH betwean 8.1 and 8.5, r e f l e c t i n g  
the  wel l -buf fered  nature o f  these  waters. 

Benthos i s  the   te rn   app l ied  t o  organisms  which l i v e   i n ,  or on, ava i lab le  
bottom  substrates.  Animals t y p i c a l l y  found i n  these  col lect ion!!  include worms, 
mussels,  hydras,  prolazoans.  crustaceans (e.g. Mphipods, or shrinlp-l ife  animals), 

and insect  larvae. These animdls  are used as food  by f i s h  and w i l d l i f e .  Salmonids 

rely he8Vily on crustaceans and insect  larvae.  Insect  larvae may be picked up by  the 
f i s h   d i r e c t l y  fror the  substrate, or as they flat downstream i n  a c h a r a c t e r i s t i c  
pa t te rn  o f  d ie l   (da i l y : )   "behav io ra l   d r i f t " .  

Tyoe and  Abundance o f  Organisms 

A l i s t  of organisms  present I n  each o f  the  study  areas i s  given i n  
Table 3.3-17. These #organisms are   a l l   "Mcro inver tebra tes" .  Summaries sharing  which 
of these  genera  are  dominant. and the  taxonomic orders t o  whlch  they  belong. are 
given i n  Tables 3.3-1.6 and  3.3-19. Mort o f   t he   an ima ls   i den t i f i ed   i n   t hese   t ab les  

represent  clean-water, or po l l u t i on - in to le ran t   an ied l s ,  as would be expected i n  the 

Hat  Creek  Valley. They a l s o  r e f l e c t  an af f in f ty   tward   rubb le ,   pebb le  and gravel 
substrates,  which  characterired most o f  the  stat ions. 
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The dansity of animals  present a t  each s ta t ion in September 1976. and June 
and August 1977, i s  s h h  i n  Tables 3.3-20,  3.3-21 and 3.3-22. These data  are pm- 
smtad i n  t e r n  of habitat  types  as  defined previously. Table 3.3-23 indicates  that 
mayflies  (Ephraroptera),  stoneflies  (Plecoptera), and caddisflies  (Trichoptrra) a n  
abundant in  local streams and no one organism consistently  dMirwtes samples. Vari- 
ab i l i ty  uong stat ions w i t h i n  habitats was also  considerable  (Table 3.3-23). With 
tha ucwtion of l a b  s ta t ions,  the range of densities  observed  within  habitats was 
of ten  as l a m  as i t  was amng habitats. I t  may be reasonable to t r e a t  the study 
streams u a group o f  fa i r ly   s imi la r   envimmntr  w i t h  n s p e c t  to their  benthic 
c o u n i t i r s .  These s t r e w   a m   a l l   b a s i c a l l y  high a l t i t ude ,   f a s t   f l a ing .   r e l a t ive ly  
undisturbed systems. Goose Lalu and Finney Lake (station l6 and 17) ware consi- 
derably d i f f enn t .   a s  wuld be upactad. 

A general  similarity among stations i s  observed uhen organisms a n  arranged 
in  groups. each mpmsenting  different levels o f  habitat  and/or  water  qualfty  specifi- 
cfty.19 Thts kind of grouping i s  a classical one fo r  studying  gross  differences  in 
coarn i ty   s t ruc ture  due to pollution, but  i t  often masks the subtle  uithin-group 
diffennces  vkich &st b e a u s *  of adaptat ion to d i f f e n n t  physical  habitats. Beak 
Consuknts ~td. 19 created thm groups. as to1 1 ws: 

- Midges (Chimnaaidu) and other Diptera. 

- Aquatic !dona (Oligochaeta). 

Percent c ~ q i o s i t i o n  o f  samples taken i n  Septonber 1976, June and August 
l977, along w i t h  substrata   coqosi t ion  a t   Uose  s ta t ions,   ia  s h o w  i n  Table 3.3-24. 
Basad on percent  co.positions. p r i n d  station  "affinity  indices" w n  calculated by 
swing the smaller o f  the tu0 percentagrs for each category (e.g. substrate  type, or 
each of the thrm organism  types).  Indices between 0 and 100 a n  formed, and these 
a n  plotted on a s v t r i c ,  or t r e l l i s ,  diagram. N m r i c a l  values a n  printed  in  the 
r igh t  half of the matrlx. and codes. n p n s m t i n g  ranges o f  values, a n  p r i n t e d  in 
the l e f t  tm~i of the  matrix to interpretation  easier.  

Sfaf la r i t i e r  in substrate   coqosi t ion among stations am. show in 
Fig. 3.3-27. I t  i s  evident tht altholgh t h e n  a n  gmra  similari t ios amng habitats 
(Is &fined previously),  substrate  composition w i t h i n  habitats varies consfderably. 
For uuple ,  S t a t i o n  1 on the Eonapart.  River i s  mare closely related to the Hat 
Creek stations. thdn i t  is to the other  Eonapart.  River  stations. S t a t i o n  U mare 
closely  rescsbles  Eonapart. River .stations 2 t o  4, than it  does Hat  Cmek stations. 
T y p .  I stations (5, 6, lo) a n   a l l  closely  related. Type I1 stations 14 and l5 are 
related to substrate, b u t  s ta t ion 7 f i t s  bet ter  i n t o  Type I category  if  substrate 
alone i s  considered.  Similarity  indices based on a  benthic group composition (Fig. 
3.3-28 and 3.3-29) did n o t  nflect those based on substrate, b u t  it is possible  that 
"station"  substrates d i d  n o t  exactly  represent  the k i n d  o f  microhabitat  vhere r q l e s  
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WATER RESOURCEi - (Cont'd) 

were actua l l y  taken.  With  the  exception of the two lake   s ta t ions  (I6 and 17) and a t  
t imes  the  var ious  t r ibutar ies  (stat ions e ,  11, 12. 13) and Hat  Creek s t a t i o n  15, 

group  composit ion  mung  stat ions  did not appear t o  be s ign i f i can t l y   d i f f e ren t .  In 
September 1976 (Fig. 3.3-28).  Bonaparte  River  stations (1 to 4) were s i m i l a r  among 
themselves, as were Hat  Creek s tat ions ( i n  d i f fe rence between Typa I and XI habi- 
t a t s ) .  Goose Lake (161) and Finney Lake (17) had a 90 percent   between-stat ion  a f f in i ty ,  

bu t  were qu i te   d i f fe ren t  f r o m  stream  stations. These lakes were not sampled i n  1977. 
I n  June and August, 1977 (Fig. 3.3-29 and 3.3-30) s t a t i o n  15 was d i s t i n c t  from the 
r e s t  o f  the  stat ions.,  probably due to minimal  flow i n   t h i s   s e c t i o n  (headwaters) o f  

the system. 

D i v e r s i t y  o f  Orqanismr, 

A numerical  representation  of  species  diversity (Shannon - Weaver Index) 
was computed f o r  each s t a t i o n  and sampling  date. The d e t a i l s  o f  t h i s  procedure are 
given i n  the  Fisher ies and Benthos  Report.,1g I n  general it i s  intended t o  express 
the evenness w i t h  which ind iv idua ls  are d i s t r i b u t e d  among genera ( " e q u i t a b i l i t y " ) ,  

and the number of d i f f e r e n t  genera sampled ( " r i chness" )   in   a   s ing le  number. 

Results of th is   exerc ise  suggested that   benth ic   d ivers i ty   increased i n  a 
downstream d i r e c t i o n   i n  Hat  Creek Va l ley   (bas ica l l y  Bonaparte  River  versus H a t  Creek), 
b u t   s t a t i s t i c a l l y   t h e r e  were considerablo  overlaps i n  the  indices  calculated (as 
shorn by  measures o f  prec is ion,  o r  " f i d u c i a l  linitr").lg One would often  expect an 

increase in   d i ve rs i t y   w i th   i nc reas ing   d i s tance  downstream, due tcl an increase i n  

avai lable  niches. 

U t i l i z a t i o n  of Benthic  Macroinvertebrates by Rainbow Trout 

Rainbow t r o u t  feed on benthic  organisms to the  extent   that   they  are  avai l -  
ab le and/or  abundant (i.0. the   f i sh  are o p p o r t u n i ~ t i c ) . ~ ~  The frequency  of  occurrence 
o f   t h e  most abundant  food items i n  stomach% o f  Hat Creek and Bonaparte R i v e r  rainbow 
t r o u t  i s  presented  graphica l ly   in   F ig .  3.3-31,  3.3-32 and 3.3-33. wherein stomach 

content i s  p lot ted  aplainrt   sampl ing  stat ion.   Only  t rout   of   the 51 to 100 m end 101 
t o  150 I s i z e  c a t q o r i e s  were examined as thera ware the  only  size  rapresented 
throughout  the S t u Q  ama. 

The f igures do no t  suggest any c o n s i s t e n t   s p a t i a l   t r e n a  .in  the  importance 
of Ephwptera.   Tr icoptera,  and Diptera to the  dfat  of  rainbow  trout.  Examination  of 
benthic  data  presented i n  Tables 3.3-20.  3.3-21 end 3.3-22 i nd ica te   tha t   the  abundance 
o f  these organisms i n   b e n t h i c  samples a l s o   f a i l s  to fo l low any consis tent   spat ia l  
trends. It appears that   ne i ther   benth ic   data or the  analyses  of  StoMch contents are 
capable of demonstrating  that  water  bodies o r  hab i ta t  types di f fered  wi th   respect  t o  
the  nature of t h e i r   b e n t h i c   c m u n i t i e s  or t h e   u t i l i z a t i o n  of benthic  organisms  by 

rainbow t rout .  Fig. 3.3-31 and 3.3-33 suggest  temporal  trends i n   t h e  frequency of 
occurrence o f  Ephemeroptera  and D ip te ra   i n   t he  stomachs of  rainbow  trout,  thereby 
suggesting  seasonal and/or year ly  t rends i n  t h e   a v a i l a b i l i t y  and u t i l i z a t i o n  of these . 
organisms by t rou t .  
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SWIY and Conclusions 

Benthic camunities were generally  similar throughout  the study area. 
Exceptions includd tyo smll lake  habitatr, and, during samer, the  headuaten of 
Hat Creek. Sawples -re dcsfnated by organisms which am pneral ly   thmught  of as 
befng pollution  intolerant.  This was exp8cted I n  the upper Hat C r e e k  Valley,  although 
s o y  agricultural  ac t iv i ty  takes phcr in  portions of the systu. 

7 

Benthfc coruni ty  couporition  could not be clearly  relatad to habitat  type 
i n  the Hat Cnek and Bonapert. River stream ecosystsxs. This d i f f icu l ty  was related 
to rnvirolwntal   variation  at  tha microhabitat  level, and typical sampling varlation 
U p e r i e m d  i n  this kind of a prcqrame. There ru SOI. evidence that   benthic   dlver  
s i t y  was greater i n  downstream portions of the  valley. 

hfnbo* tmut Unded to feed on organisas which were kbundant a d u r  easi ly  
avaflabla.  Uhenas f i sh  populatfon  parameters  could be n l a t e d  to habitat  type 
(Section  3.3.4(b)(ifi)),  the caruporition of the i r  s t o u c h  contents  could not. 

c. 

The species  coqosftion and n l a t i v e   a b u n d w e  of f i s h  Collected a t  Hat 
C m k  and Sonaparte River suplfng rtatfonr during September 1976, June 19i7 and 
August 19TI an pnsented fn Table 3.3-25. A total of 273 specimens mpresmting 
seven rpecfer were c o l l K t M  i n  the  Banapart. River during  the  three sampling 
ped&. 

Longnose dace ru th. daainant  species (1M fndividualr)   fol land by bridge- 
l ip '  !ucker (66). leopard dace (26) and rainbcu  trout (19). Species present i n  smaller 
nmbers were redsfde shiner (6). muntafn uhitefish (6) and  brook t rout  (1). Fwer 
species wen collectad I r a  Hat C r e e k  and these  exhibited a dffferent  order of abun- 
dance. Hat Cnek  collecttons  yielded 632 indivfduals of ffve  spades. Of thase  five 
species, rainbow t r o u t  were clearly  doninant (592). particularly  upstreaa of 
r ta t fon 5. T r o u t  wen follawrd by bridgeslfp  sucker (22). noun ta fn  uhftefirh (10). 
longnose dace (6) and leopard dace (2). Brldgelip  sucker, longnose dace and leopard 
dace. the dominant species of tha Bonapirte River collections,  nre taken only a t   t he  
mast dawnstmu Hat Creek s ta t lon (s ta t ion 5). The apparent n s t r i c t i o n  of these 
rp.cfes fa the l o r r  reach o f  Hat C r u k  u s  efther the lack of sui table   habi ta t  
further upstream or the presence of barriers to migratfon  (beaver dams) or a cnmbfna- 
t i o n  of these twa factors. men the f i sh  collection  data  am  considered  according to 
habftat  type (as descrfbed f n  Sect ion 3.3.2). I t  can be seen that  the nlraber of f ish 
COl1eCt.d per square meter of stream  fished i s  generally  hfqher a t  Type 111 and 
Type I1 statfons than a t  Type I station, as shown i n  Fiq. 3.3-34. 'This  observation 
does not hold for stations LO and Y which are Type I and Type 11 habitats. respec- 
tively.  This t s  lfkely due to the  fact   that  sampling was conducted both upstream and 
dmstnam of the station,"  when pool to r i f f l e  ratios were somewhat hfgher  than a t  
the s ta t ion   f t re l f  (30:70 as opposed to 10:90). The l o *  densi t ies   a t  s ta t lon 3.5 in 
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3 .3  WATER RESOURCE; - (Cont 'd) 

Septeuber 1976, and  August 1977, occurred dur ing  periods when water had been diverted 
for irrigation and can be attributed t o  f ish being concentrated i n  remrining  pools. 
Densities a t  Station 15 during June 1977, when flows appeared nonlal.  are probably 
most representative of  densities  in  this reach of stream. 

~ 

The tributuries to Hat Creek appear to provide l i t t l e   su i tab le   f i sh  
habitat. Anderson  and  Ambusten Creeks exhibited no fish  during  the  periods sampled. 
During the  July and  August 1977 surveys the  total flow o f  Ambusten Creek had been 
diverted for irrigation. Finney and  Unnamed creeks  also  exhibited l i t t l e  or no flow 
and no fish during amy of the  three  field surveys. Electroshocking i n  the lower 10 m 
of kd ic ine  Creek yielded  four rainbow t r o u t  i n  September 1976, ten rainbow t r o u t  i n  
June 1977, and tw rainbow trout i n  August 1977. Upstream  movemnt of fish beyond 
th i s  point appeared restricted by a barrier about  2 m high, although a local  rancher 
stated  that some fish (presumably rainbow t r o u t )  do occur further upstream. Overall, 
the  potential fish hrbitat  available i n  the  tributaries appeared nagligible  catpared 
to  that  existing i n  Hat  Creek. 

Sampling efforts and visual  exmination of Finney Lake in September 1976 
failed t o  reveal any fish. A local  rancher  stated  that  the  lake was stocked  in  the 
past bu t  froze  "solid'  several  years  later,  resulting i n  winterkill. L C .  F i sh  and 
Wildlife Branch personnel a t  Kzmloops stated  that Finney Lake. as well as Aleece 
Lake.  have supported f ish i n  the  past and probably  could again i n  the  future. 24 

Visual observation o f  GoosdFish Hook  Lake in September, 1976 yielded no 
evidence o f  fish l i f e  such as fish rises,  welter or young fish i n  or Inear the  shoreline 
vegetation. Lake pH was 9.9 and alkaline  deposits were noted along the  shoreline. 

3 e  and Growth Characteristics 

$-ling period i n  Fig. 3.3-35 and Table 3.3-26. Small  rainbow tmut (less than 
Length-frequency histograms for rainbow t r o u t  are  presanted by station 

60 un i n  total  length)  wre  present  at a11  Hat Creek stations i n  S'eptember 1976 and 
at   s ta t ions 5. 6. 7 and 10 in August 1977.. Scale  analysis confirmed that  these wera 
young of the  year f i s h  (1976 and 1977 year  classes,  respactively),  suggesting  that 
spawning occurs  throughout the  length of Hat  Creek. 

Examination of length-frequency  histograms by habitat  tjpe (Fig. 3.3-36) 
indicates sml l   f i sh  and thus probably spawning eay have occurred 110re frequently a t  
Type I stations  (5 and 6) than a t  Type I1 stations (7, 10. 14 and 15). Station 10 i s  
here  considered  as a Type I1 h a b i t a t ,  due t o  the  morphwtric  charalcteristics of the 
area above  and  below station 10 i t s e l f ,  where sup l ing  was actually conducted. 
Habitat Types I and :[I also appear t o  differ  w i t h  respect  to  the abundance of larger 
rainbow trout,  w i t h  mere large  fish i n  evidence a t  Type I1 stations. 

Statistical  significance o f  observed differences betweeln  Type I and I1 
habitats was tested using the KolmgororSmirnov  Test.25 a nonparametric  procedure 
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which can ha used to test for   sh i f t s  i n  frequency distributions. Given the  null 
hypothesis of no diffQIWCa i n  the size of rainbow trout in Types I and 11 habitat. 
m r u l t s  o f  this  tast   indicate  that   differences as extreats or more extreme  than those 
observed i n  Scpteaber 1976 and June 1977 should have occurmd  only with probabilities 
o f  0.001 and 0.1, msprctivrly  (Table 3.3-27). The nul l  hypothesis was rejected  for 
thre dates. Differences i n  August Is77 !#re not ut- enough to reject th i s  
hypothesis. High nmben o f  s r l l  rainbw t r o u t  a t  stations 5 and 6 support the 
antantion made by Beak Consultants Ltd. that the riffle areas o f  lower Hat C m k  may 
serve u spauniw h a b i t a t  and nursey  areas for the Banapart. River as n l l  as Hat 
C m k  rainbow trout  populations. 

A t  Eonapart6  River stations (1. 2 and 31, young nn f i rs t   col lected in 
June, approxi.ately 1 month ea r l i e r  than in Hat C m k .  h s e  individuals a r e  r e p w  
santed in  histograms by s p e c i m s  less than 60 ra i n  total  length. This suggests 
that spawning i n  the Eonapart6 River occurred ea r l i e r  thm i n  Hat C r e e k  andor tha t  
young developed more quickly  them. 

The past grmwth of Hat  Creek trout  papulation was calculated fmm scale 
masuremenb taken fmu   f f sh   co l lu t ed  i n  September 1976, June l977, and August 1977. 

The nla t ionship  betwen scale radius and total length was linear. The 
ngrus ion .  lines for the t h n e  sets of data wen not s ta t i s t ica l ly   d i f fe ren t  and the 
data sets ware there fon  pooled to provide a best estimate o f  the relationship between 
length and scale radius: 

Total l e n g t h  (ma) = 5.5n + 5.979 (scale  radius) 
Cornlat ion  coeff ic imt  (r) = 0.908 

Individual  total lengths at tach annulus wen determined from seasumtents 
along the anterior scale radius and calculated by the formula: 

Vhm. I n  = length of  fish when annulus On' was formed; c 0 correction factor for 
length o f  fish  at   scale  foreation (5.571 me); Sn = ltngth of scale fmm focus to 
annulus 'nu; S = length of scale fmm facur to mrgin; and 1 = length of f ish a t  time 
o f  captun. 

k u l  back-calculated t o t a l  lengths and ranges for rainbow trout in Hat 
C m k  ara shorn in  Table 3.3-28. The general similari ty of man  lengths a t  a given 
age for .the various  year  classes  suggests  factors  governing growth of rainbow trout  
i n  Hat C m k  have w i n e d  relatively  constant  the  past three or four years.  Factors 
afftctlng  variation  in  individual growth also appeared t o  have rcmained relatively 
constant. The wtde range i n  observed langths of fish 1 year and older may  be due t o  
an utcndad spawning ti- period, t o  variation i n  individual growth rates,  and/or to 

.L 
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I 

U 

e r r o r   i n  back calculat ion.   Evaluat ion of the  contr ibut ion  of  RaCh of these  sources 
o f  e r r o r  i s  beyond the scope o f  t h i s  study. Mean back-calculatecl  lengths and the 

nuaber o f  age 1-6 rainbow t r o u t   c o l l e c t e d  from Hat  Creek s t a t i o n s   a r e   p l o t t e d   i n  
Fig. 3.3-37. 

The number o f  f i s h  2 years and o l d r r  appears to bR r e l a t e d  t o  habi tat   type 

as  was suggested by length  frequency  histograms.  Nmbers o f  2 and 3-year o l d  f i s h  
co l lec ted  a t  Type I s ta t ions  (5 and 6) arc lower than  those  for Type I1 s ta t ions  (7. 
10, 14). 

Among rainbaw t r o u t   o f  ages 4, 5 and 6 only one f i s h  was c o l l e c t e d   a t  
Type I s ta t ions  as opposed t o  38 a t  Type I1 stat ions.   This  d i f ference may be a 
r e s u l t   o f   d r f f e r e n t i a l   m o r t a l i t y   r a t e s   a t   t h e  two habitat  types or t o   m ig ra t i on  of  
o lde r   f i sh  fm Type I i n t o  Type I1 habitat .   Since  nwbers o f  one y e a r   o l d   f i s h  
appear  higher  for Type I than Type I1 hab i ta t   t ypes ,   d i f fe ren t ia l  spawning  success 
does not appear to be the cause o f   t he   re la t i ve l y   h igh  numbers o f  o l d e r   f i s h   a t  

Type I1 stat ions.  

There does no t  appear t o  be any r e l a t i o n s h i p   b e t m n  numbers o f  f i s h  8nd 
mean back-calculated  length ( i .e.  density  dopandent  growth) as  shown i n  Fig. 3.3-37. 

This may be  due t o  h igh   va r iab i l i t y   i n   bo th   t he   nWbers  and lengths or t o  a t r u e  

absence o f   dens i t y  &pendent  growth. 

No apparent  re lat ionship  exists between Man back-calcl l lated  length and 

habi tat   type  (Fig.  3.3-38). ThWRf0I-e. no dif ference between habi tat   types  wi th 
respect to growth  can be postulated. 

In conclusion,  back-calculated  rge/ length  data  indicates  that   larger  f ish 

(age 2 to  6)  are most abundant a t   s t a t i o n s  7, 10 and 14, w i t h  no wch   t rend   ex i s t i ng  

as a n u r s e y  area and as h a b i t a t  f o r  adul t   ra inbow  t rout .   whi le   the  swi f t - f lawing 
riffle anas  8 t  s tat ions 5 and 6 sewe  p r imar i l y  as nursey grounds. NO re la t ionsh ip  

betwren  grarth and habi tat   type was o b s e w d .  

f o r  young  (age 1+) trout.  This  would  sUQWst  that Type I1 hab i ta t  i s  favorable both 

Hean Observed to ta l   lengths O f  t rout   COl lKted  (Table 3.3-29) show thR s u e  
trends such as length v a r i a t i o n  among s ta t ions  and among f i s h  flw the same year 

Class, 4s did  back-calculated  lengths. If the  observed Man lengths  are  p lo t ted 
successively  by  year  class t o  provide a general  observed  growth curve for rainbow 
t r o u t  in Hat C m k ,  as S h m   i n  Fig. 3.3-30. and th is   curve i s  conpiired t o  t h a t  based 

on back-calculated  lengths,  the two curves  appear s imi lar .  The small corrmct ion 
f a c t o r  (5.57l a), which i s  the  theoret ica l   f ish  length a t  scale  information, may 

account f o r  back-calculated  lengths  being less than  observed  lengths. A cor rec t ion  
factor  of 15 or 20 m i s  probably wre representat ive  of   actual   f ish  length a t  scale 

formation and would r e s u l t   i n   n e a r l y   i d e n t i c a l  curves. 

3 - 43 

1 
Part  Three 



3.3 WATER RESOURCES - (Cont'd) L 

Sonn inq  and Sex Ratios 

r 
h a i n a t i o n   o f  gonads of matun f i sh   ind ica ted   tha t   ra inbow trout i n  Hat 

Cnek spanned  between  aid-June  and l a t a   J u l y .   C o l l e c t i o n   o f   s e x u a l l y   m t u n   f i s h   a t  

a l l   s t a t i o n s   w u l d   i n d i c a t e   t h a t  spawning  occurred the l eng th   o f   Hat  Creek.  Length 
dif femnce  observed among ypucg-of- thcyear  ra inbow trout support  the a t e n d a d  

spawning tlr indicated abovov.. 

L 

- 
Nu.ben and length  ranges of sexua l l y   ma tun  male and female rainbow trout 

captured a t  Hat Creek s ta t i ons   du r ing  June 1977 and August 1977 a m   p n s a n t e d   i n  

Table 3.3-30. The smal lest  male uas ll0 ra and the smallest  female 121 m. Youngest 

f i s h   f o r   b o t h  sexes wn age l+, a l t h o u g h   s u u r l l y   m a t u n   f i s h   o f  t h i s  age w n  
uncommon. Sax r a t i o s   a t  each s t a t i o n  appeared r e l a t i v e l y  even. 

a 

I 

Condi t ion Factor 

b n d f t i o n  factor provides  a  measun  of the r e l a t i v e  plunpnass  of  fish. 
Ccapariron of c o n d i t i o n   f a c t o r s  f o r  rainbow trout amng Stat ions and btwaen  sampl ing 
p r l o d s   p r o v i d e s  one i n d i c a t i o n   o f   t h e   m b u s t n e s s   o f   w l l - b e i n g  of i n d i v i d u a l s   i n  a 
tmparal and s p a t i a l  fr-rk. 

I 

Ir 

mans and ranger for c a n d i t i o n   f a c t o r s  of rainbow trout a t  each s t a t f o n  

dur ing each saaplimg period a n  shown i n  Table 3.3-31. To minimize any f i sh -s ize  

ef fects ,   va lues w n  de temin .d  for langth  c lasses  o f  less than 100 rn and grea ter  

than 100 PI. 

I 

~ 

II 

hut c o n d i t i o n   f a c t o n   o f   r a i n b o w  trout w n  u s u a l l y   g n a t e r   t h a n  0.80. 
E x a i m t i o n  of  specimens a t  ti- o f   c o l l e c t i o n   s h o w . d ' w s t  wre i n  good c o n d i t i o n  
w i t h  feu appear ing  euciat8d. The utrarnly low cond i t i on   f ac to rs  (mean 0.29) f o r  

rainbow t m u t  less than LOO m a t   S t a t i o n  15 i n  Septwber 1976 may have been r e l a t e d  
to the d i v e r s i o n ,   o f   u a h r   f o r   i r r i g a t i o n .   F l s h  uen concentrated i n  remaining pools 
and may bave  caused small f i s h  ta spend less t ima  srarching for food and wre t ime 

avo id ing   poss ib le   p redat ion .   thus   con t r ibu t ing  to the low cond i t ion   fac to r .  September 

1976 c o n d i t i o m  wre i n  cont ras t  to those i n  June 1977, uhen flon appeared  nonnal, 

and  August 1977, when water  had b n n   d i v e r t e d   b u t  only smal l   f ish wn pnsen t .  

= 

m 

*r 

hut c o n d i t i o n  factom for  rainbow trout less  than 100 ms var ied  mare than 
f o r   l a r g e r   f i s h .   T h i s  nay nflect an i n h e r e n t   v a r i a t i o n  i n  t h e   l e n g t h - r d g h t   r r l a t i o n -  

sh ip  o f  f i s h   u n t i l   t h e y   a t t a i n  s m  l a r g e r  s ize.  It suggests  that  the growth or 
cond l t f on   o f   sma l le r  f ish may be mare s e n s i t i v e  to v a r i a t i o n  i n  the d i v e r s i t y  and 

q u a n t i t y   o f   a v a i l a b l e  fwd than  la rger   f l sh ,  or may vary w i t h  t ime o f  spawning. Mean 

cond i t i on   f ac to rs  fo r  the study area were found to be s i m i l a r   t o   t h e  ranges w a r t e d  

f o r  o the r   s tud ies   i n  North 

b 

- 
I 
t 

'I 
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WATER RESOURCE,i - (Cont'd) 
Population  Estimates 

The  average  number a If H i  rt Creek  rainbow Erol it collec :ted per  square mt tter of 
stream  sampled  was  cclculated  for  each  habitat  type  during  each  sampling  period  and 
appaars in Table 3.3-32. These  values  were  multiplied by the total area o f  stream 
thought  to be best characterized by each  habitat,  and smmed over  habitat  types, 
yielding  the  population  estimates  appearing in Table 3.3-32. Total estimates vary 
little  during 1977. However, 1976 and 1977 estimates  differ by roughly 10 OM) fish. 
The  average nwber of  rainbow  trout in Hat Creek,  estimated by the  above methods. was 
approximately 24 000. 

An' assumptian  made in calculating  population  sire is that fish were distri- 
buted unifonly  within each habitat, with  density equal to thz!t calculated by 
averaging  densities for representative  sampling stations. Elas in population  esti- 
mates, induced by variability in physical habitat, may have been reduced by the 
habitat  classification  system used. 

An additional assmption made in estimating  population  sire  was  that 
electrofishing  gear  captured 100 percent  of  fish in the a n a  sampled. b a y  
personnel1g  contend  that  very  few  fish gkatar than 150 m in length  escaped capture. 
This  observation i s  Consistent  with  experience  that  the New York  Oeparraent  of Environ- 
mental Conservation (MY OEC) has had in quantitative  electrofishing  efforts  focused 
on  rainbow  trout in tributaries to Cayuga Lake. Clifford Creech, NYDEC Regional 
Fisheries  Director,  indicated  that fn sampling s t r e ~ s  similar in size and chemistry 
to Hat  Creek,  gear  efficiency cnmnnly exceeds 90 percent  for fish greater  than 
100 m in total length. Gear used to  catch fish of  the W and 1+ age  groups (100 mm 
in length) was  probably  less efficient. However. population  sire was, calculated  only 
for  use in cost  beneflt analysis. Fish  of W and l+ age have little! economic value. 
Thus,  population  estimates wre made  only  for fish greater  than 100 IIR in length. 

LAN0 RESOURCES 

Physical E n v i r c e  

(a) 

(3) Reaional Description 

The  southern  interior  of  British  Columbia is dry  due  to  the  effrctiveners  of  the 
Coast Range i n  blocking  the  intrusion  of  moist  lurftime air. The annual precipitation in 
the Coast Range at  the h e a h t a r s  of  the  Stein  River is about 2000 mn, while  the total 
m a n  annual precipitation  recorded  at  stations found to the east  of  the  Coast Range varies 
from a l o w  of 239 m in A!ihcroft to a high o f  403 arm in Williams Lake. The  distribution 
o f  total annual precipitation is relatively  uniform  throughout  the  region 
(Table 3.4-1). 
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c 

The highest  snwfalls in the  region  are colnranly found  at  the  high  altitudo 
locations.  Annual snwfalls o f  10 m or mare  are  found  at  specific  locations i n  the  Coast 
Range. Total  annual  snowfall  recorded  at  the  Atmospheric  Environment  Services (AES) 
stations in the ngion o f  Hat  Creek is summarized in Table 3.4-1. 

The  highest  seasonal  relative hwidlty  recorded  within  the  mgion is found 
during  the  winter months. Spring  and sutmer values  are  the l a r s t  recorded, M i c h  is 
indicative of unfavourable  growing  conditions. The mean  annual  relative  humidities 
recordad at  AES  stations i n  the  region  are  also  listed in Table 3.4-1. 

The south  central ngion o f  British  Columbia is characterized by a  typically 
continental  climate.  Continental  climates,  without  the  moderatfng  effect of the  ocean, 
exhibit  large  seasonal  temperature  fluctuations.  Seasonal  mean  temperatures  recorded  at 
AES  stations in the  region  have  about a 20% range  between  the lw winter  and  high  summer 
temperatures at  each  station. In the  regional  area,  the  frost-free  period  extends from 
Kay to mid-Septesbcr.  The nurpber o f  frost-fne days  range fror approximately 60 to 140. 
Generally.  stations on hillside  areas  have  a l o n g w  frost-free  season  than  the  adjacont 
valley locations. 

Approximately ZOO0 hours o f  brlght  sunshine  are  recorded  throughout  the  region 
an an annual basis. The total  annual n m b e r  o f  sunshine h o u n  f o r  five o f  the  AES  stations 
in the region of Hat C m e k  is listed in Table 3.4-1. On a  soasonal  basis,  spring  and 
s m r  have  the  highest  nurber of sunshine  hours and winter  the least. 

(11) Hat  Creek  Valley  and  Project  Site  Dcscriotion 

The average  total  annual  precipitation  recorded  at  the  upper  Hat  Creek  Valley 
station i s  317 om. This a u n t  is distributad  evenly  over  the  entire year. Total  annual 
precipitation  predlcted to occur  at  Harry  Lake  should  range f r o m  350 to 400 m. Annual 
snwfall from 1500 to ZOO0 m. This snw cover occum earlier in the fall and  extends 
later in the  spring  than  that  found in the  valley. 

The relative  humidity  values  appeared to exhibit  a  large  diurnal  fluctuation. 
Diurnal  ranges  recorded in the north end o f  the  valley  average  about 40 percent  during  the 
spring  and s-r, 30 percent in the fall and 20 to 25  percent in the winter. 

The man annual twperature in the  valley i s  3.Z°C. Spring  and s m e r  mean 
t a p e r a t u n   a m  3.7 and U.8'C. respectively. Man daily wimw and m i n i m  temperatures 
a n  U'C and -4% (Table 3.4-1). Mean temperatures  at  the  Harry  Lake  sits  are  expected ta 
b) slightly  higher  based on data fror other  wnltors  within  the area. 

(b) Landfonas " 

(1) Physioqraohy 

The proporEd  devrlopment i s  located in the  Intermontane  Belt  between  the  crystal- 
line  plutonic  complex o f  the  Coast  Mountains  and  the  metamorphic  terrain o f  the  Columbia 
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a 

highlands.' The In te r i o r   P la teau  i s  the  dominant  physiograqhic  region i n  the  Intermontane 

Belt.   This  region has been d iv ided  in to   the  Fraser  and  Thompson plateaus  which have been 

subdiv ided  into a number of   smal ler ,   d iscrete  un i ts   (see nap 4-1. Physical  Habitat and 
Range Vegetation R e p ~ r t ) . ~  The Hat  Creek Val ley forms the  boundary  between  the Thompson 

and Fraser plateaus. 

A. Thompson Plateau 

The  Thompson Plateau has more r e l i e f  and i s  smaller  than the Fraser 
Plateau. It i s  coaporad of several  smaller  plateaus and h i l l y  areas with  considerable 
r e l i e f .  The Tranqui l le ,  Douglas, Nico la and Icmen  p la teaus are character ized by 
i n t r u s i v e  bedrock t e r r a i n   w i t h   a   r o l l i n g  upland. The h ighes t   e leva t ion   in   the   p la teau 
areas i s  South  Forge  Mountain (BO5 a). The Trachyte and  Arrowstonc! h i l l s   a l s o  form 
p a r t  of  the Thompson Plateau. These areas have more var ied  bedrock  resul t ing  in  
complex landforas. T l n  h ighes t   e leva t i on   i n  the Trachyte h i l l s  i s  Cornwall  Mountain 

a t  2036 a. The edjor v a l l e y s   i n   t h e  Thoapson Plateau  are characterized by extensive 
g l a c i a l  benches, g lac io f l uv ia l   t e r races ,   a l l uv ia l   f ans  and  deeply  incised  f luvial  

channels. 

Within  the Thompson Plateau. most  slopes  greater  than 30 plrrcent  are i n   t h e  
Trachyt.  and Arrowstom h i l l s .  The slopes am t he   resu l t  of co lp l (u   geo log i ca l  and 
glacial  patterns.  There  are  steep s!opes i n   t h e   T r a c h y t e   h i l l s  near the Thompson and 
Hat  Creek valleys.  Steep  slopes  adjacent t o  DNgon  Jack Creek are  i l lso  found i n  the 
Cornwall h l l l s .  The 'largest  area  of  moderate  slopes on the  Trachyte h i l l s  7s b e t m n  
the  lower  Hat Creek Val ley and  Maiden  Creek. The C a t t l e   V a l l e y   i s  an. area w i t h  
gent le  s lopes  wi th in the Trachyte  h i l ls .   ,L ike  most  of   the  mdercl te ly  s loped  land 

th i s   l and  i s  c o m n l y  used as open range. The Arrovstone h i l l s  a m  essent ia l l y  an 

upland p l a i n   a t  an e leva t ion   o f  1200 to UOO a. The p l a i n  i s  v o l c a n i c   i n   o r i g i n  and 

i s  formed  by .platearJ  basalt. The slopes a t  the  ext remi t ies '  of t h i s   p l a i n  drop 
abrupt ly   to   the  Bonaparte  Rlver. Oeadmn  Creek  and the Thompson River. The Oouglas 
Plateau i s  a rollinq upland  p la in  w i t h  t h e   l e a s t   r e l i e f   i n   t h e  ,region. The man 
elevat ion  ranges  for   subdiv is ions o f  the Thompson Plateau do no t  vary by mre than 

600 m. 

B. Fraser  Plateau 

The Fraser  Plateau  consists  of two u j o r  physiographic  units, one inc ludes 
t h e   B o n w r t e  Lake and G m n  Lake plateaus and the  other  includes  the  Clear,  Marble 
and Camlsfoot  ranges,. The highest peak ,in the  c lear  Range i s  Cairn Peak (2326 0 ) .  

Mount Bowman (2220 m) i s  the  h ighest peak i n  the Marble Range. The Fraser RIver 
Val ley,  between t h e  Clear, k r b l e  and Cameisfoot  ranges, i s  deeply  incised and 

exh ib i t s   a   t yp i ca l l y  rugged  landscape. Lands w i t h  sbpes greater  than 30 percent are 
found o n l y   i n   t h e   C l e a r ,   k r b l e  and C. lu ls foo t  ranges. The areas with  steep  slopes 
i n  the  Clear Range are  found i n  the  western and southern  port ions  of  the  range  along 

the Thompson and Fraser r i vers .  Slopes  increase t o  60 percent a t  h igher  e levat ions 
i n  the  range.  Flat  lands are found i n  t h e   v i c i n i t y  of  Botanie. Skumka. Fountain end 

a 
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Cinquefoil  creeks.  Slopes  less  than 30 percent a m  common to the eastern  side of the 
Clear Range  and extend  into  the upper Hat Creek Valley.  Gently  sloping  land 
(30 percent  slope)  is found in  the  valley  near  Pavillion Lake.  The slope o f  the  land 
in  the b n l s f o o t  Range is  predominantly greater than 30 percant. The Marble Range 
is diaracterized by an unusual configuration of f l a t  uplands and sheer cliffs. The 
landscape,  called  karst  topography,  exhibits  frequent f l a t  uplands bounded by sheer 
c l i f f s .  

The other major physiographic  units  within  the  Fraser  Plateau  am  the Green 
and Banapart. Lake plateaus. The Bonaparte Lake  and the Gmen  Lake plateaus  are 
characterized by gently  rolling  plains  with abundant lakes. The average  elevations 
of  the G m n  Lake  and Bonaparte Lake plateaus  am 1000 m and 1200 m, respectively. 
These plateaus  are  coaaonly  gently  rolling t i l l  plains. S h a r p  r e l i e f   i s  found only 
I n  the  deeply  inciscd  streaa  channels such as the Bonaparte River, Bridge  Creek, Oog 
Creek  and Big Bar Creek.  

A. Reqional Oescription 

The regional study a n a  fo r  tk. proposed developwnt is located  within 
thm geological  pravincas,  namly: Coast Crystalline  Belt,  Interior  Plateau and the 
O . i n . u  Belt. The Interior  Plateau is the dominant geological  province of the 
mgional a n a .  This plateau 1s bounded by the  Coait Mountains to the wst and the 
Col-ia Highlands to the east. 

A major f a u l t   s y s t a  occurs along the Fraser River.  This f au l t  zone 
saprates the   'Cout  k u n t a i n s  f r o m  the Interior  Plateau. Secondary and sympathetic 
fau l t r  have aecurred within  the Marble Range, Clear Range, Trachyte h i l l s  and the 
routham Cascade Mountains. f au l t s   am also evident  in  the North Thompson River 
Val 1 cy. 

I 

I 

t 

Tha oldest  rocks  in  the  region a m  the mtamorphic rocks of the Adms 
Plateau. They have been dated a t  300 million  years a d  consist  of gneiss. schis ts  
and mcrystall i ted  l imstone.  Slightly younger. mtamarphic and intrusive rock fmm 
th. Triassic and Jurassic  periods a n  found on th. eastern edge of the Inter ior  
Platmu within the Bonapart. Lake. Tranquille.  Nicola a d  Douglas plateaus. These 
rocks a n  also found on the  western edge of the  Int8rior Plateau in the Marble Range, 
C w l s f o o t  Range, Clear Range, Trachyte  Plateau and  Icomen Plateau. Thus, the  eastern 
and western  borders o f  th. Interior  Plateau f a n  a t ransi t ion zone betueen two major 
muntain  chains. The centre of the plateau  contains  either  basalt or intrusive rocks 
which range in age f r o m  60 to 150 million  years and reflects  less  disturbaxe and ' 

w 

I 

I 

uplift .  
P 
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B. Hat  Creek Val ley 

The bedrock of thc Hat  Creek  area  consists of a wide  variNety of rock  uni ts.  
The o l d e s t   u n i t  i s  t.he Paleozoic Cache Creek  Group which  consists o f  limestone and 
metavolvanic rocks. Pyroc last ic  and flw rocks cover much o f  the  area as a r e s u l t   o f  
volcanic  episodes wh;ich occurred  during  the Cenozoic Era. The oldest  rocks  of  these 
episodes ar8 composed of   basal t ,   dac i te  and r h y o l i t e  o f  t h r   h l o o p s  Group. This 
group i s  exposed on the  eastern and western  sides o f  upper  Hat  Creek  Valley. S m  
sporadic  OCCumnces  are also noted i n  the  southern end of  the  va'lley. The c l a s t i c  
sequence of the Kamloops Group w i th in   t he   va l l ey  has been div ided  into  the  Col&ater 
Erds,  the  Hat Creek  Coal  Formation,  Medicine  Creek  Formation and the  Finney LAk8 
Beds.4 The Coldwatlr Beds consis t  o f  sandstone. s i l t s t o n e  and c:onglorrat8. The 
k d i c i n e  Creek F o m t i o n   i s  ccmosed o f  poor ly  consol idated  bentoni te,   lacustr ine 
c laystone and s i l t s tone.  The Finney Lake  Beds o v e r l i e   t h e   k d i c i n e !  Creek  Formation. 

Sandstone  and volcanic rocks are  both  found  within  the  Finney Lake Beds. 

Another  unit ,  th8 Spencer Bridge G r o u p ,  i s  found t o  the  east  of   Hat  Cnek 
i n  the  Clear Range. This  group i s  emposed o f  volcanic and minor  !iedimentary  rocks. 
The volcanic rocks, which  are  accumulations o f   lavas  and pyroclast ic  rocks  consist  
p r i m a r i l y  of andesita and dacite.  This  group has been dated as e w l y  upperstage o f  

tha Lower Cretaceous  series. A nonconfomity  separatrs  the bunt Martley  Stqck, a 
b io t i t e   ho rneb l rnde   g ranod io r i t e   o f  Cretaceous Age, from tha  over ly ing Spencer Bridge 
G r o u p .  

A. Reqional  Description 

The occurrence and d i s t r l b u t i o n   o f   s u r f i c i a l   d e p o s i t s   w i t h i n   t h e   r e g i o n   o f  

t h e  proposed  developmnt  are a r e s u l t  of Fraser   g lac ia t ion and degl i rc ia t ion.   Rol l ing 
tlll pla in .  t h in  t i l l  ven88r. co l luv lua  and var ious  f luvial-glaCioTluvia1  dsposfts 
are  the  types  of   s,urf ic ia l   deposi ts  found  in  the  regional  area. Spa t ia l l y ,   t he  

d f s t r i b u t i o n  of these  deposl ts  confons t o  th8 physiographic   un i ts   lound  in   the ar8a. 
Th8 higher  e levat ions have weathered  brdrock  outcrops  which have been turned  in to  
c o l l u v i w   a t   t h e  lower elevations. The lncr s i d e s   o f   t h e   h i l l a  and rangas are 

character ized by a till venr8r and grade i n t o  till uplands i n   t he   f i i a t t e r   po r t i ons  o f  
r8gion. The impeded drainage  condit ions  found  within  the  Gnen and Eonaparte Lake 
plateaus  (of  the  Fraser  Plateau)  are a r e s u l t  o f  large  pockets  of  s i l t  and organic 

deposits on tha r o l l i n g  till pla in .  As a n s u l t  of continued  ,weathering.  these 
drpos i ts  have been mrd i f ied  into magnesium sulphate  potholes,  salin*e  lakes and  bogs. 
Yindblwn  d8posi ts or1 the  benchlands o f   t h e  Thompson River l i e  over till and glacic- 

f l u v i a l   s u r f i c i a l   d r p o s i t s .  and  have  developed i n t o  some of t he   r i ches t   ag r i cu l tu ra l  
l and   i n   t he  area. 
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E. Hat Creek Valley 
L 

The surficial  deposits w i t h i n  the Hat Creek Valley consist  o f  humwacky 
ground mraine.  which l o r n  a thick  covering of t i l l ,  but i s  raduced t o  a t h i n  
covering on h i l l  tops and areas w i t h  steep  slopes. Them are many occurrences  *ere I 

the b a d r o c k  protrudu through the thin  covering.  Fluvial and glaciofluvial sands and 
gravels a n  found on the eastern side  of the valley, north o f  Mrdicim Creek. and i n  
mast of the larger   t r ibutar ies  of Hat Creek. A pattern of coarse t i l l  alternating I 

w l t h  fine t i l l ,  whlch overlies  thick  deposits  (consisting o f  sand and gravel),  occurs 
on the lower portions of Harrj Creek. 

e 

Areas of mass wasting  are  also found w i t h i n  the valley  ngirw.  Oeposits 
result ing from p r q l a c i a l  lahars or volcanic mudflows are found exposed as hoodoos or 
pinnaclrs. The upper Hat Creek Valley i s  covered by a preglacial  land  slide  origina- I 

t ing fma Mount Nartlay. There a n  also numerous post  glacial slides and earthflows 
i n  the upper Hat Creek Valley. An utnnsiv. flow sl ide descended White Rack Creek 
i n t o  the valley. Another s l ide,  most of which is inactive, was found i n  the area m 
be-n Finney Lab and  Houth Mead-. The headwaTl of t h i s  sllde 1s characterized 
by ntmmus ponds. There'are numrous "sand boils",  which resemble quicluand,  in  the 
area south o f  the proposed mine. I 

N!merous outcrops occur on e i ther   s ide  of the  valley,  although for a n  
found on t J u  valley  bottaa. There is a talus slope which formed below volcanic - 
outcrops i n  the area ea3t of the proposed mine r i te .  Limwtone bluffs are c o m n  in 
the  southeastern  portion of the valley,  while limestone outcrops frequently occur 
along tha northern u b n t  of the upper Hat Creek Valley. The western  portion is 
charactnrited by grani t ic  ahd volcanic  outcrops. 

L 

A. Redanal  Soil  Orders 
b 

Seven roll  orders wen identified w i t h i n  the  region of the proposed develop- 
ment. namoly Erunisols,  Luvisols,  Chernozem, Podzols. Gleysols, Regosols and 
organics. me Luvisois and 8runisols are the mast camonly  occurring  orders. 
Gleysols and Organiu are only found in small randwly  occurring  areas. Chernozemic 
s o i l s  a n  confined to major valley  system, Podzols to the Codst Range  and Regosols 
to major stream courses. 

m 

3 .I 

The Luvisols  are  characterized by the Dresence of an alluvial  A-horizon 
overlying a textural E-horizon. They a n  mediurtexturad and Mutral-to-alkaline  in 
nact ion.  Luvisol pannt  material   is   generally deep g l ac l a l   t i l l  and i t  is  c o m n l y  
found Mere the topography is  a mlling  plateau. This order   is  widely distributed  in 
nunemus saaller parcels  throughout the rq ion .  t- 

I 

. 
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The Erun iso l i c  order i s  character ized by a   rus t  brown coloured  E-horizon 
covered by a shallow  organic  surface  horizon.  Podsolization i s  very  weakly  expressed 
by th i s   ho r i zon  and 100 percent base saturat ion i s  comon i n  lower  horizons. The 

parent   mater ia l  i s  col luvium or g l a c i o f l u v i a l   D a t e r i a l s  and i s  generally  coarse- 
textured.  This  order i r  most cormonly  found i n  areas with  s teep  to   mderate ly   s teep 
topography,  such as deeply   inc ised  r iver  or creek beds. The 6runiso l ic   order  i s  
found w i th in   i n   t he   C lea r  Range, along  the  Stein  River i n   t h e  Coast Range, near  the 

Bonaparte  River and near Deadman Creek. 

6. Local  Soil  Associationp 

So i l s   w i th in  25 kn o f   t h e   p r o j e c t   . s i t e  were der ived fmnn g l a c i a l  till, 
g l a c i o f l u v i a l  deposit.s,  colluvium.  lacustrine  deposits and a l luv ia l   depos i ts .  
Twenty-one associat ions from three  d i f fe ren t   o rders  were i d e n t i f i e d  for s o i l s  o r i g i -  

na t ing  on g l a c i a l  till. These so i l s   a re   genera l l y  of medium tex ture  and are wll- 
drained. Seven associat ions f r o m  two  separate  orders were found f o r  ! ro i l s   o r i g ina t i ng  
on glac io f luv ia l   deposi ts .  These s o i l s ' a r e   c o m n l y  medium-coarse i n   t e x t u r e  and are 
well to rap id ly   dra ined.   Soi ls   or ig inat ing on c o l l u v i u  were found t o  have e i g h t  
associat ions from two orders. These r o i l s  are medium i n   t e x t u r e  and we l l  t o  r a p i d l y  
drained. One associat ion f r o m  a single  order was i d e n t i f i e d   f o r  so i l ls  o r i g i n a t i n g  on 
lacustr ine  deposi ts.  These so i l s   a re   t yp i ca l l y   f i ne - tex tu red  and wltl l-drained. Two 
associat ions from one order were i d e n t i f i e d   f o r  s o i l s  o r i g i n a t i n g  on a l l u v i a l  
deposits. These s o i l s  are n d i m r t e x t u r e d  and imperfect ly  to  poor ly  drained. 

The predominant  associations i n  t h e   v i c i n i t y  of the  proposed mine are 
Glimpse,  Glossey.  Frances,  Medicine.  Maiden and Carson. The associat ions near the 
proposed p l m t  and Medicine  Creek  disposal area include McLaren, IkLaren  Gisborne. 
Medicine, Hassey, Glimpse and  Crown Mountain.:' 

terms of total area, are the  Anglesey.  Cheetsu and T a a l l .  The Basque and Bonaparte 
The predominant s o i l   s e r i e s   i n   t h e  Thompson and Bonaparte I l i ve r   va l l eys ,   i n  

ser ies are a lso   p reva len t   i n   t he  area. The Anglesey  covers 5.43 ka'. It i s   d e r i v e d  

f r o m  g lac io f luv ia l   paren t   mater ia l .  i s  wel l -drained and i s  iapor tan t  as grazing  land. 
Cheetsum i s  found on l l . 3 9  ka2 of  land. It too i s  der ived f r o m  g l a c i a l  till, i s  
we l l -d ra ined  and.under l ies   s ign i f i can t   g ru ing  land. Tan11  covers 9.53 km and i s  
der ived from a l l u v i a l - c o l l u v i a l  fan. It i s  wel l -drained and i s  impcrtant as pasture 
and grazing  land. The Basque covers l .U kd?, i s   d e r i v e d  from an al l luvial   fan,  and 

i s  w d e r a t e l y  t o  well-arained and arable. 

2 

A t o t a l  o f  69 d i f f e ren t   so i l   se r ies  wre i d e n t i f i e d  fnn w d i f i e d   s o i l  
series  data  for  lands  adjacent to Hat  Creek and the  nor thern  por t ion  o f   the  eastern 
side o f  the  val ley.5 The predominant s o l l s  found on the  p lant,  mine and ash disposal 
s i t e s  are s u m a r i z e d   i n  Tables 3.4-2  and 3.4-3. The parent   mater ia l  o f  these s o i l s  

i s  c m n l y  g l a c i a l  t.111. S o i l  deve lop imt  and surface  textures  vary  considerably. 
Drainage  character ist ics  are  h ighly  var iable,   ranging frm poor t o  excessive. The 
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land  near  the  proposed  plant  site and  ash  disposal areas is used  primarily  for 
grazing. - 

3.4.2 Natural  Veaetation 

(a) Reaional  Bioaeoclimatic  Zones 
.- 

(f) Oistribution I 

Eight  biogeoclimatic zones occur  within  the  region  of  the  proposed  development 
(Fig.  3.4-1). Four  of  these  are  important in a  land  use contut.  The  dcminant biogeo- 
climatic  zone in the  regional a n a  is the  Engelmann  Spruce - Subalpine Fir. This  zone, 
which  comprises  the major portion  of  the  interior  forests  of  British  Columbia, is widely 
distributed,  covering  approximately U 670 km or 40 percent of the regional area. 

- 
2 - 

Intarior  Douglas-fir  Zone  is th? second m s t  comaonly  occurring  zone in the 
regional  area (Fig.  3.4-2) and covers ll 3W km or 33 percent  of  the  regional area. The 
Intrrior  Douglas-fir  Zone is widely  distributed  throughout  the region. except in the 
Southeastern  portion whom zones  characteristic  of  higher  elevations  predominate.  Other 
biogwclimatic ZOMS making up substantial  portions  of  the  region  include  Ponderosa  Pine - 
Bunchgrass (3253 km ) and  Cariboo  Aspen - Lodgepole  Pine - Douglas-fir (3495 km 1. The 
Ponderosa - Plne  Bunchgrass  Zone  occupies  the lower elevations  in  the  Fraser. Thompson and 
Nicola River  valleys,  while  the  Cariboo  Aspen  Lodgepole  Pine - Oauglas-ffr  Zone is found 
only in th. northeastern  corner of the  regional area. 

-/ 

2 
.I 

2 2 
t 

The ~ c u m n c ~ e s  of  the  reaalning  four zones are limitld. The  Mountain Hemlock 
(648 km ) and  Coastal  Western  Hemlock  zones (389 km ) a n  found  only i n  the  extreme  south- 
west po'rtion of  thr  regional a n a .  with  the  Coastal  Western  Hemlock  Zone  restricted to 
crrtain  drainages.  The  Interior  Western Henlock Zone (2W ka ) is only  found in the 
northeastern  corner  of  the  regional  area  and  the  Alpine  Tundra  Zone (980 )rm 1 appears on 
only  the  highest  mountain  peaks in the  Coast Range. 

2 2 

2 
2 

- 
(11) Zonal Oescriptions 

It 

The Engrlmdnn Spruce - Subalpine  Fir  Zone,  which .is dominant in the  regional L 

area,  does  not  have  as  favourable  a  climate  for  grovth as other  zones in the region. The 
la number o f  frost-free  days  suggests a short  groring  season,  although  forest  productivity 
is reported to be  the  second  highest  of all the  zones  within  the  region dum to  the levels 
o f  precipitation. The land  within  this  zone  is used for  livestock s u m e r  grazing,  although 
the m u n t  and  quality  of  forage  is'relatively law. Some if  the  basic  biotic and abiotic 
factors  characteristic of  this zom are s a r i z e d  in Table 3.4-4. mw 

I 

The  second  mast c c u m n  zone in the  regional  area,  Interior  Douglas-fir,  has a 
-re moderate  climate  than  the  Engelman  Spruce - Subalpine  Fir Zone. The  importance  of 
livestock  grazing  and  forest  utilization  attest to the  favourable  growing  conditions in 
this zone. Like  tha  Engelmann  Spruce - Subalpine  Fir  Zone.  grazing  activity in the 

L 

~ 

li 
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.. 

I n t e r i o r   D o u g l a s - f i r  Zone 'is l i m i t e d  t o  the suI*Mr months (Table 3.4-4) .  Improved  pasture 
and a l fa l f a   p roduc t i on   i s   . f eas ib le .   a l t hough   i r r i ga t i on  i s  required. The logging  indust ry  
which began i n  the l a t e  1800s has continued t o  be  an i lnportant  aspect  of   the  regional  

i n d u s t r y   w i t h i n   t h i s  zone. 

The Ponderosa Plne - Bunchgrass Zone, which does no t  occupy as  much o f   t h e  
regional  area as e i t h e r  t h e  Engrlsann  Spruce - Subalpine F i r  or I n te r i o r   Doug las - f i r  
zones, has a s w i - a r i d   c l i m a t e  and i s  considered t o  be a major   agr icu l tura l  zone i n   B r i t i s h  

Columbia. I r r i g a t i o n  i s  mandatory due to t h e   l i m i t i n g   m u n t   o f   r a i n f a l l .   C a t t l e   g r a z i n g  

i s  an i m p o r t a n t   a c t i v i t y   w i t h i n   t h i s  zone. Fores t   p roduc t iv i t y  i s  th8e  lowest o f   t h e  
forested zones with in   the  reg ional  area, whi le  use by w i l d l i f e ,   p r i nc ipa l l y   ungu la tes  and 
upland  gam  birds, i s  h igh.   Addi t ional   factors   o f   note are s w a r i z e d   i n  Table 3.4-4.  

The Cariboo Aspen - Lodgepole  Pine - Douglas-f i r  Zone i s  r i m i l a l -   t o   t h e   I n t e r i o r  
Douglas-f i r  Zone, a l t hough ,   t he   c l i na te   i s   s l i gh t l y  more severe as a r p s u l t  o f  the mre 
nor thc r l y   l oca t i on .  The severe winter  coupled  wi th  reduced  snowfal l   reswicts the occur- 
rence  of  nany of the t r e e  species  found in   t he   I n te r i o r   Doug las - f i r  Zone. Forestry and 
grazing  of d m s t i c   l i v e s t a c k  an t h e   p r i n c i p a l   a c t i v i t i e s  conducted i n   t h i s  zone. There 

i s  s o u  agr i cu l tu ra l   ac t i v i t y .   bu t   t he  type and p r o d u c t i v i t y  of crops  are  l imi ted due to 
th. r e l a t i v e l y   s h o r t  growing season. 

The climate o f  t.hc Alpine Tundra Zone i s   q u i t e   r e v e r e .   r e s u l t i n g   i n  a l i m i t e d  
growing reason. Due to the   sever i ty  of the  c l imate,  no a g r i c u l t u r a l  or f o r e s t r y  re la ted  
a c t i v i t i e s  occur w i t h i n  t b l i s  zone. U i l d l i f e   o c c a s i o n a l l y   u t i l i z e  these  'lands fo r   g raz ing  
dur ing  the s m e r  months. This zone i s  a lso   impor tan t   fo r   kc rea t ion .a l  use and water 

storage. 

The remaining zones, Coastal  Yestern  Hrlock.  Mountain Hemlock and I n t e r i o r  

Western Hemlock have  moderate c l imates and favourable  growing  conditions. As a resu l t ,  
f o r e s t   p r o d u c t i v i t y  i s  high and logging i s  an important form o f  land use. The I n t e r i o r  
Western Hemlock Zone has the   h ighes t   fo res t   p roduc t iv i t y  of any of t.h+ zones i n  the 
regional  area.  Hovcver. t.he occurrence o f  t h i s  zone i s   l i m i t e d  t o  a s i u l l  area i n   t h e  

nor thern   por t ion  of the  regional area. Other parameters of note for these zones are 
s u m m i z e d   i n  Table 3.4-4. - 

On the  basis of b i o g e o c l i M t i c  zone darcr ip t ions.   the regia8nal  area o f  the 
proposed  development can be categorized as important to both  agr icu l ture and forest ry .  Of 
the   th roe   ws t   p rominent  zones i n  the region,   the  In ter ior   Douglas- f i r  and Engelmann 

Spruce - Subalpine F i r  zones are  the  basis for important  forest  industr i ,es. In addi t ion.  
the zones a l s o  possess substantial  grazing  resources. The Ponderosa Pine - Bunchgrass 
Zone i s  the major agr icu l ' tu ra l  zone, although  the  value  of  the  resource i s  aga in   l im i ted  
by   t he   ava i l ab i l i t y   o f   wa te r ,   e i t he r   i r r i ga t i on  or prec ip i ta t ion .  
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3.4 LAN0 RESOURCES - (Cont'd) 
(b) Local and  Site-soeciffc  Veqetation  Associations - 

(i) Forest  Associations 

Fourteen  forest  associations wem identified i n  the  project  locale (i.e. within 
25 b of the  proposed  plant rite). Each  forast  association is specific  to a particular 
biogeocliaatic  zone  with three exceptions.  which  can  occur in several  zones  due to their 
tolerance range. The areal  extent  of  each  vegetation  association,  grouped by biogeo- 
Climatic zonas, is presented in Table 3.4-5. On th@ basis  of areal extent,  the  more 
C P q O n  associations  from  a  local  context a m :  Engelmann  Spruce - Grouseberry;  Engelmann 
Spruce - Grouseberry - Pinegrass;  Oouglas-fir - Pfnegrass  and  Douglas-fir - Bunchgrass - 
.Pinegrass. The Riparian  Association  does  not  occur on large  areas o f  land, yet is still 
important  due, in part, to its  high  species  diversity  and  productivity. 

The  Douglas-fir - Pinegrass  Association is the  most  comaonly  occurring 
(478.6 b*j association in the project locale. This  association 1s also  the  most  wide- 
s p n a d  throughout  the  Interior  Oouglas-fir  Biogeoclfmatic Zone. It occurs on relatively 
steep, cool slapes or benches on mid-to-upper  slopes.  It i s  of so- importance  from  a 
project  perspective,  since  it  occupies  large  areas in the  imediate  vicinity o f  the  project 
area (Fig. 3.4-2). Specifically it is found on the western  side o f  the  Hat  Creek  Valley 
at  the  larnr  elevations  of  the  Clear Range. It is also  the  predoainant  association  along 
the  Medicine  Creek  drainage  and in the  Trachyte hills. 

btum forestr  of  the  Oouglas-fir - Pinegrass  Association  are  generally  dominated 
by Douglas-fir i n  the  overstory.  The  understory  which i s  essentially  shrub-free i s  
dominated by a  uniform  cover of pinegrass  (Calamaqrostis rubescens). However,  the f o m s t  
stends  within  the  project  locale an i n  a  seral  stage  and  hence  are  dominated by  por.:erosa 
pine (h ponderosa)  at  elevations  below 1050 a  and  lodgepole pim at  higher  elevations. 
The shrub  layer is poorly  developed  and  the  comaan  species  found  are  listed in 
Table 3.4-6. As expected,  the  herbaceous  layer is dominated by pinegrass. The remaining 
species  listed in Table 3.4-6 a m  coawnly found  with  high  presence  but  with l o w  cover 
values. 

A unique featum of  this  association in the  vicinity  of  Harry  Lake is the  occur- 
rence of large stands  of  quaking  aspen (- traauloides). This  Occurrence  nay  be 
attributed to the  pmsence of seepage  water in the  rolling  topography,  abundance  of a 
limastone derivd parent  material,  and  lagging, to a  minor  degree. 

The second most c a m n  association  within  25 b of  the  proposed  development 
(project  locale) is the  Engelnann  Spruce - Grouseberry. It occupies 197.9 b2 of  the 
project  locale  and 1s the  most  abundant  subalpine  association.  This  association i s  
Camonly found on broad  ridges  and  gentle s l o w s  within an elevation  range  of l520 to 
L850 e. The Engelmann  Spruce - Grousebemy  Association is liaited  to  the  higher  elevations 
i n  the  Coast  Range  which  are  west  and north of  the  Hat C m e k  Valley.  For  this  reason, 
this  association is not of particular  importance  from  a  site-specific  perspective. 

- 
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LAND RESOURCE! - (Cont'd) 

The  Engelmann Spruce - Grouseberry Association does not,  as  previously  discussed, 
occur w i t h i n  the  inmediate vicinity of the  project  site. However, since i t  i s  found a t  
higher  elevations and is  subject  to fumigations by stack  emissions, this  association  is 
important and should be described. Some of the  basic  descriptive  features  for this associa- 
tion a r e  surmarired i n  Table 3.4-6. Generally,  subalpine f i r  (Abies lasiocarpa)  is a major 
component of the  overstory and  Engelmann spruce (m enaellnannii) the dominant species  in 
the climax s ta te  of t h i s  association. However, i n  the vicinity of Hat Creek, subalpine f i r  
was found  only to  exist  in isolated stands or  as  scattered groups of regeneration  species. 
Most stands uere found 1.0 be  composed  of mixtures of lodgepole  pine (1% contorta) and 
Douglas-fir ( Pseudotsuga mnriesii   var -1) w i t h  Engelmann spruce 01' minor importance. 
The species cPIPposition 'was generally found to be more diverse  along streams and drainage 
areas where moisture conditions  uerr mom favourable. In most occurrences, canopy coverages 
uere den& ranging f r w  60-100 percent. The understory is frequently  dtninated by grouse- 
berry (Vaccinia  scooarim) and the remaining  shrubs l isted i n  Table 3.4-6 were  found t o  
occur sporadically. Coverage  of the herbaceous layer   is  lou due to  the dense shrub canopy. 
Species  cwaonly found i n  this  layrr  are  sumarizcd  in Table 3.4-6. ,In teras of usage, 
logging i s   the  predominant activity Conducted i n  this  association.  Cattle  grazing is 
minim1 due to the lack of palatable  grasses, although wildlife  utilii!e  this  association 
minly as s m e r  range. 

t 

The Douglas-fir - Bunchgrass - Pinegrass  Association occupie!; 143.0 bz of the 
project  locale and generally becomes established on southern  axposures w i t h  moderate 
slopes. Thls association I s  found near O n g o n  Jack Creek w h e r e  i t  capties  into  the Thwrpson 
River and t o  thr northeast of the Bonaparte  River. These areas  are nck i n  the   i aed ia te  
vicinity of the development and therefore are not of  major significance. This association 
is also found along the Wedicine  Creek Valley and to the  north and south of  Lonr T m  Creek 
(Fig. 3.4-2). These lands  are of s w a  importance.  because of their  proximity to the 
developent. 

The Douglas-fir - Bunchgrass - Pinegrass  Association i s  an intermedia& between 
t h r  Douglas-fir - Bunchgrass  and Douglas-fir - Pinegrass  association!!. Generally.  the 
undrrstory i s  dominated by bluebunch wheatgrass when the canopy species have .been dis- 
turbed. Pinegrass dominlancr replaces bluebunch wheatgrass as the c,anopy closes. The 
overstory is  characteristricrlly Douglas f i r  wi th  ponderosa  pine as a !;era1 species. The 
dominant species i n  the shrub layer (Table 3.4-6) occur sporadically and generally have lou 
cover  values. The dominant grasses (bluebunch  wheatgrass and pinegrass) cover  approxi- 
matrly 50 percent of the ground surface. Thn herbacwus  layer i s  primarily composed  of 
wwdy plants as l is ted  in  'Table 3.4-6. 

The  Engelmann !ipruce - Grouseberry - Pinegrass  Association occ:upies 183.4 km of 
the  project 10Cale. I t  Is cDlParrnly found on plateau a n a s  a t  elevations between 1400 and 
1675 m. The association i s  of particular importancr to the   r i te   s ince i t  i s  found t o  the 
east  of upper Hat Creek  'Valley  around Cornrnll h i l l s  and i n  the  area  east of  Harry Lake to 
the  north Of Medicine  Creek. The association  also occurs i n  the  Armrstone h i l l s ,  which 
wi l lno t  be directly  affected by the proposed  development. 

2 
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The EngeImann  Spruca - Grouseberry - Pinegrass  Association is a  dry  phase of 
Engelmann  Spruce - Grouseberry  Association.  Engelmann  spruce (u enqelmannii) is a - 
seral  constituent in this association,  although  lodgepole  pine  was  found  to  be  the m s t  
abundant  seral  species in m s t  stands. The  shrub  layer is characterized by a  low  layer  of 
grouseberry  and  bearberry ( Arctostanhylos  uva-ursi)  and  a  higher  layer of buffaloberry - 
(Sherphcrdia canadensis). c o m n  juniper  (JuniPerus  campunis) and muntain alder (w 
(Calamaarustis  rubescans) is the  dominant  herbaceous  species,  uhich  covers  as  much  as CI 

95 pesent  of the  ground surface. Other  characteristic  soecies  are  listed  in 
Table 3.4-6. 

- incan&). The remaining  shrubs  listed  in  Table 3.4-6 are  found  less  frequently.  Pinegrass 

I 

The Riparian  Association is found  along  the  banks  of  streams  and  associated 
floodplains in the  Interior  Oouglas-fir and Ponderosa  Pine - Bunchgrass  Biogeoclimatic 
Zone. It  occupies 10.1 b2 of  land  area in the  project  locale (i.e. within  25 km o f  the - 
pawerplant site). Isolated  patches  of  this  association  are  faund  along  the  Bonaparte 
River  and  tributaries,  upper  and l w r  Hat  Creek and near  the  northvestern  shore  of 
Pavillion Lake. The most continwus occurrencas  within  the  project  locale  appear to be n 

along  Hat Creek (Fig. 3.4-2) and thus  ars ilnportant f r m  a  site-speciiic  perspective. 

. The Riparian  Association is a complex  perpetual,  seral  association  with a multi- 
layered  dense  structum. It is the m s t  species  rich and biologically  productive  area in 
the  project  $ita  due to continued  water  availability  throughout  the  growing  season.  Black 
cottomcod (populul trichocarpa) is the  dominant  canopy  species.  Other  species  such as 
willows (u spp.), n d  alder  (Alnus rubra)  and  quaking  aspen (Populur tremuloides)  are 
also CollBan but  rarely  dominate  the  canopy layer. The  daminant  understory  species  are  red 
osier  dogvood (3 stolonifera),  Nootka rose (Rosa nutkana). currant (w lacustre), 
sncrberry (Smhoricarnus e) and  little  wildrose (* gynnocama). A large  number of  
grasses and hrrbaclous  species occur.  Hovrvrr.  both  presence  and m a n  cover  are  highly 
variable. Some of  the  mare c m o n  herbaceous  species a m  bentgrass ( Aarostis alba), 
bronugrass ( Bromus inermis). horsetail ( Equisetum arvense), meadourue ( Thalictrw 
occldentale), m e t  cicely (Osmrhiza chilensis), yarrow  (Achillea  miliefolium),  dandelion 
( Taraxacum officinale), clover ( Trifolium -) and white  sweet  clover  (Melilotus 

R 

L - - 
m 

.r 

' - alba). 

(if) Grassland  Associations Ilt 

Six grassland  associations  occur  within  25 b of the  proposed  development 
(project locale). Three  of  these  associations  were  found to occur on larger  areas of land 
than  the  other three. The  Big  Sagebrush - Bunchgrass  was  found on 199.9 b , Kentucky 
Bluegrass on 44.6 km2 and Bunchgrass - Kentucky  Bluegrass on 25.6 b . However; in the 
immediate  vicinity  of  the 5itn. the  Sagebrush - Bluebunch  Uheatgrass  Association  appears 
to be .ora  prevalent  than  the  Bunchgrass - Kentucky  Bluegrass  Association  as  shown in 
Fig. 3.4-3. 

m 
2 

2 
.I* 

- 
The  mast c o m n  association, Big Sagebrush - Bunchgrass, is confined  to  the 

lower  valley  slopes  generally  between 400 and 650 a. This  association is found in the - 
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I 

Thompson and Bonaparte  River  valleys and  makes  up a substant ia l  amount of the  land  area i n  
the s i t e  v i c i n i t y  (Fig. 3.4-:3). 

The Big Sagebrush - Bunchgrass Associat ion i s  t h e  d r i e s t   i n   t h e   p r o j e c t   l o c a l e .  
This  associat ion i s  s i m i l a r  t o  the Sagebrush - Bluebunch  Wheatgrass  Association  which 
occurs i n  the   I n te r i o r   Doug las - f i r  Zone. However, the Sagebrush BluelDunch Wheatgrass 

Association has a greater  species  diversity,  which i s  due t o  increased  moisture  avai l-  
a b i l i t y .   B i g  sagebrush (pr tmisia t r i d e n t a t a )   i s   t h r ' d o m i n a n t  shrub,  while  the  others 

l i s t e d   i n  Table 3.3-7 are  not as c-nly  found or have l a ,  cover  values. The herbaceous 
layer  i s  dmuinated by bluebunch  wheatgrass  (Aaropyron sprcatun) i n  those  areas  not over- 
grazed. I n  areas where overgrazing has occurred,  Sandberg's  bluegrass (& sandbenl i i ) ,  
needle and thread  (St ipa  cmata) ,  sand dropseed  (Sporobolus  cryptandrus) and downy  brome 

( Bronus tectorum)  invade and replace  bluebunch  wheatgrass  (Table 3.4-8). Other  species 
c o m n  t o  the herbaceous l a y e r   a r e   l i s t e d   i n  Table 3.4-7. 

The Kentucky  Bluegrass  Association  cornonly  occurs on a l l   l a r g e  open range  areas 
a t  an e levat ion o f  frw UOO t o  1800 a. This  associat ion occurs i n   t h e   i i m d i a t e   v i c i n i t y  
of  the  plant  around  Harry Lake  and t o  the  nor th  o f  k d i c i n e  Creek. new  the  confluence 
w i t h  H a t  Creek (Fig. 3.4-'3). There  are  also some isolated  occurrences  around  the McLean 

Lake area. 

The Kentucky Bluegrass Association has a  h igher  soi l   moisture  than  the Bunch- 
grass - Kentucky  Bluegrass  Association.  This  results i n  a  greater abundance o f  Kentucky 
bluegrass (& pratens is) ,  a poorly  developed  shrub  layer and a higher   r ,pec ies  d ivers i ty  

i n  the herbaceous layer.  Although  the  shrub  layer i s  poorly  developed, l i t t l e  wi ldrose 
was found  f requent ly  wi th in t h i s  association. In the herbaceous layer.  Kmtucky  bluegrass 
cobmanly  forms a conplete  ground  cover.  With  the  exception o f  bluebunch  wheatgrass,  the 

other   spec ies  l is ted  in   Table 3.4-7 were comonly  found in   t h i s   as roc la t i on .  It should be 

noted  that  the  broad-leaved herbaceous  species have a presence  value of 80 percent,  but 
the  cover  values are general ly less than 5 percent. 

The Sagebrush - :Bluebunch  Wheatgrass Association i s  not colaaorlly  found i n   t h e  

In te r io r   Ooug las- f i r  Biogtoclimatic Zone. It i s  poss ib le   tha t  iU 0c:currence i n  the 
va l ley  can be a t t r i b u t e d  to the  high  concentratfons o f  bentoni te as  hats been the case 

elsewhem i n  the  province.6  This  associat ion i s  local ized  along t h e  west  side  of H.t 
Creek to  the  nor th  of the  Medicine Creek confluence.  There i s  also  a wall occurrence on 
the  east  side o f  Hat  Creek i n  t h e   v i c i n i t y  as t h a t  found on the  west  side. 

The Sagebrush - tlluebunch  Whcatgrass Association has, unl ike  the  Kentucly  Blue- 

grass  Association,  a  well-developed  shrub  layer  which i s  dominated by bi(l sagebrush. The 
cover  values f o r   b i g  sagebrush  range f r o m  35 t o  E5 percent. As a r e s u l t  of the  high  cover 
values, mrt other  shrubs are reduced i n  occurrence. The remaining  rihrubs l i s t e d   i n  
Table 3.4-7 apparently can co-ex is t   w i th   the   b ig  Sagebrush. Bluebunch  wheatgrass  dominates 

the herbaceous layer,  whi le  the  other  species  ' l isted i n  Table 3.4-7 are also f requent ly 
found i n  th is  associat ion.  
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( i i i )  Successional  Status 
~ 

The vegetation w i t h i n  the area  defined by a 25 kn radius around the  project   s i te  
is  primarily i n  a successional s t a t e  due to such perturbations  as  fire,  logging and o v e r  
grazing. The effects  of these  perturbations have been mst evident  in canopy or overstory 
species. So- shrub or understory  species have  been largely r w a v e d  by f i r e  and logging, 
although most of these  species have a  tendency to  regenerate  quickly. The composition of 
tha  understory is also determined largely by changes occurring i n  the canopy. 

CoPnan successional tree  species  vithin the project  locale  are  lodgepole pine a t  
elevations up to 1065 m ,  Oouglas-fir a t  elevations up to IS25 8, and ponderosa pine below 
1065 m. Oouglas-fir. below 1525 m ,  forms part  o f  the climax forest. 

The forest  stands w i t h i n  the  project  locale do contain some climax species. 
They are  usually found as dominant regeneration components. lesser components of mixed 
successional  stands,  or  as  lsolated  patches of pure  climax stands. 

( i v )  Rare or Endanqered Species 

Na plant species l i s t ed  as rare or endangered’”  were found within 25 kn of the 
proposed development. Several  species  of showy wildflowers were identified i n  the  project 
area, b u t  as  yet   these a n  not  considered  rare or endangerid. These shmy wildflower 
species  include  yrllow  balls  (Fritillaria &). shootingstar COodocathon pauciflorun), 
spring  beauty  (Clavtonia  lancolata) and death camas (Ziqadenus venenosus). There are two 
Species which  are known t o  occur near Hat C r e e k  and  have  been placed on the  rare or 
endangered l is t ,  swordfern  (Polystichum  kruckberqii) and locoweed (OxvtroDis podocaroa). 
These two species were not  observed i n  the  locale o f  the  project   si te.  

A plant  species  checklist of those  spades encountered  during  the f ie ld   s tudies  
has bcan compiled and appears i n  Table 4-19 o f  the Physical  Habitat and  Range Vegetation 
R e p ~ r t . ~  The species have been categorized by vegetation  strata i n t o  tree,  shrub,  grass, 
herb,  lichen and mass layers. The importawe of these  species  to  wildlife, man and live- 
stock has also been evaluated. The species,  relative abundance, resource  use,  relative 
importance and season of use am  suwarized i n  Table 4-20 o f  t h e  Physical  Habitat and 
Range Vegetation Report. 3 

~ (VI Existino  Stress  Conditions 

L 

L 

IC 

L 

A. Crazinq 

There has been extensive use of the range areas w i t h i n  the  project  locale 
by damstic  livestock. The extensive use areas  ar@  primarily  confined t o  the  Interior 
Douglas-fir and Ponderosa Pine - Bunchgrass zones. On a mare site-specific  basis,  
grazing has  been very intense i n  the open range areas found in  the Hat  Creek Valley, 
upper Medicine Creek. h e r  Cornwall Creek, ihompson River Valley and the alpine 
areas. Areas used for both forest  and grazing ac t iv i t i e s  have not been as  severely 

* 

m 
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3.4 LAND RESOURCE!i - (Cont'd) 

d isturbed as the open range, with  the  exception  of  the  range  lands i n  the  Cornwall 

Mountain  area  which have  been depleted of most palatable  vegetation. 

Extensive  overgrazing o f  an area   usua l ly   resu l ts   in  a la rge   sca le   a l te ra t ion  
i n  species  d iversi ty.  The palatable  specles  are  reduced i n  number while  the  unpala- 
tab le  ones increase. I n  addition,  the  range becomes invaded by p'lant  species  which 
could not compete when the  range was l n  an undisturbed  state. The decreasing, 

increasing and invading  plant  species f o r  th r   i l npor tan t   g rass lands   in   the   s i te   loca le  
a r e   l i s t e d   i n  Table 3.4-8. 

8. Forest  Fires 

Forest f i r e s  have h i s t o r i c a l l y  been and will continumn t o  be a major 
d is tu rb ing   fac to r  it1 the  pro ject   loca le.  The h i s t o r i c a l   p a t t e r n  and im idence  o f  
f i r e s  is r e f l e c t e d  by the age  and d i s t r i b u t i o n  o f  lodgepole  pine,  which  coanonly 
occurs after  f i res.   Other  than t h e  evidence  offered by the  lodgepole  pine  stands, no 
other   h is to r ica l   in fo rmat ion  was found  during  the  Detailed  Environmental  Studies. 

( v i )  Biophysical  Analysis 

The area   w i th in  25 km of the  proposed  developmnt was d iv ided  in to   b iophys ica l  

un i ts .  Each b iophys ica l   un i t  possesses s i m i l a r  landform, s o i l  and vegc!tation  which l o r n  
recurring  patterns  over  the  landscape. A t o t a l  of 91 biophys ica l   un i ts  were i d e n t i f i e d  

w i th in   the   p ro jec t   loca le !  (see maps 4-7a and 4-76,'Physical  Habitat and Range Vegetation 
A t o t a l   o f  254 biophysical  subunits.  which  are  further  sxbdivisions o f  the 

b iophys ica l   un i t  and are based on s o i l   l i d t a t i o n s  and vegetation  associat ions, were 
ident i f ied .  The contnon b iophys ica l   un i ts   iden t i f ied  as o c c u r r i n g   i n   t h e   v i c i n i t y   o f   t h e  
proposed p l a n t  and mine s i t e  are  sunaarired i n  Table 3.4-9. 

3.4.3 Wildlife 

(a)  General  Description  of Major W i ld l i f e   Hab i ta t s  

Game and non-gme  wildlifca  populations depend on hab i ta t   qua l i t y  and quant i ty  f o r  perpetua- 
t i o n  o f  their nmbers.  Regional and local  study  areas  offer a wide  range  of habi ta t   types  for  
w i l d l i f e .  Many such hab i ta t  types are local ly  stressed  through  land use pract icns such as grazing 
and 1ogGling a c t i v i t i e s ,  or through  natural  stresses (e.g. excess ive  snowfa l l ,   l imi ted  ra in fa l l )  and 

have reduced w i l d l i f e   h a b i t a t   p o t e n t i a l .   N a j o r   w i l d l i f e   h a b i t a t s   a r e   s u s l a r i z e d  below w i t h   t h e l r  
component vegetation  associat ions. 

W i ld l i f e   hab i ta t s  were i d e n t i f i e d  and  mapped w i th in   the   loca l   s tudy  area (Fig. 3.4-4). 
The re la t ionsh ip  between w i ld l i fe   hab i ta ts ,   vegeta t ion   assoc ia t ions ,  and the i r   a rea l   ex ten t  i s  
presentemd i n  Table 3.4-10 and discusmd  below. 

Subalpine Krmho l r   Hab i ta t   inc ludes   the  Engelmann Spruce - Willow - R e d  Heather  Parkland . 
Association and i s  found a t  h igh   e leva t ions   jus t  below  the  Alpine  Tundra Zone. Most  of the  area i s  
covered w i th   shor t  willow and dwarf  conifers. 
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The  Engelmann  Spruce-Lodgepole Pine Habitat  covers  large  tracts  of  higher  elevation 
forest. Climax  vegetation  and some seral  stages  of  the  Engelmann  Spruce - Subalpine  Fir  associations 
(Engelmann  Spruce - Subalpine Fir - Grouseberr], Engelmann  Spruce - Grouseberry - Pinegrass. 
Engelmann  Spruce - Gmuseberry - White  Rhodedendron,  and  Engelmann  Spruce - Horsetail)  occur. 

The  Douglas-firpinegrass  Habitat  covers  more  of  the local study  area  than  any  other 
habitat type. Oouglas-fir  is  the  climax  species  for  Douglas-fir - Pinegrass.  Oouglas-fir - Bunch- 
grass,  Oouglas-fir - Spirea-Eearberry,  and  Douglas-fir - Bunchgrass - Pinegrass  associations. 
Oouglas-fir  dominated  habitats  also  occur  as  seral  stages in soma lower  elevation  Engelmann  Spruce - 
Subalpine Ffr vegetation  associations. 

Ponderosa Pine-Oouglas-firBunchgrass Habitat  consists  mostly  of  seral  stages of Oouglas- 
fir - Bunchgrass,  Oouglas-fir - Bunchgrass - Pinegrass,  and  to  a  lesser  extent,  Oouglas-fir - Pine- 
grass  associations. 

Aspen Habitat is dwinated by quaking  aspen  or by a  mixture  of  quaking  aspen  and conifers. 
This  forest  type  often  occurs  as a transitional  zone  between  coniferous  forest  and  open range. 

Riparian  Habitat is only  about 0.5 percent o f  the local  study  area,  and is. Characterized 
by black  cottomood,  willows and  other shrubs. 

Open  Range  Habitats  cover  a  very  wide  range o f  climatic  and  edaphic  conditions.  Open, 
treelass  habitat  dominated by grasses  or  grasslike  vegetation  can  be  found f r m  low  elevations  near 
the  Thompson and  Fraser r i v e n  to the.tops of  the  highest  peaks  on  steep, dry  slopes to waterlogged 
saline  depressions.  Open  Range  Habitats  cover 21 percent  of  the local  study  area  and  are  suanarized 
below. 

T b  highest  elevation  grassland-type c m u n i t y  is the  Alpine  Habitat  which  includes  the 
Mountain  Aspen - Sedge  and  the  Hlghland  Grassland  associations.  Just  below  the  alpine  tundra  and 
generally  above 1200 m. a  band of  mid-elevation  grassland  (Kentucu  Bluegrass  Association) occurs. 
This  grassland is characterized by a  relatively  continuous  carpet  of  heavily  grazed  short grass. On 
better  drained  soils,  low  elevation  grassland  (Bunchgrass - Kentucky  Bluegrass  Association)  occurs 
which is characterized by scattered  bunchgrass  and  sizable  areas  of  bare soil. 

Tra other  major  open  range  habitats  are  rxognizable.  Sagebrush  Habitat  types  (Sagebrush - 
Bluebunch  Wheatgrass  Association)  are  mostly in the  northern  half  of  upper  Hat  Creek Valley. The 
Big  Sage  Habitat  type (Big Sagebush - Bunchgrass  Association) is widely  distributed  throughout  the 
Thompson  and  Bonaparte valleys. 

Brbsh  Habitat  occurs  as  an  early  seral  stage  following  logging  or  burning o f  forest  communi- 
ties. Brush  habitat  is  dominated by a 20 to 40 percent  cover of shrub  species,  mainly  composod  of 
coanon snowberry,  willow,  roses,  western  shadbush  and  juniper  plus  scattered  regeneration  of ladge- 
pole  pine,  Oouglas-fir  and  Engelmann  spruce  with  a  dense  understory of pinegrass. 

Available Bog Habitat is small,  covering 0.4 percent  of  the  local  study  area  and  corres- 
ponds to the  Uillow - Sedge  Bog  Associaton  which  occurs  over  a  wide  range  of  elevations  whenever . 
topography and drainage  conditions  favour its formation. 

L 
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Cul t ivated  Fields  cover 2.1 percent  of   the  local   study area. 

The remaining 0.8 percent o f  the  local   study area i s  categorized as miscel lmeous  habi- 
ta ts .  Exposed rock,  lakes.  river,  urban  developments and saline  depressions are exmpltS of there 
habitats.  Sal ine  depressions and waterbodies  are b io log ica l l y   impor tan t  and are  described i n   d e t a i l  
i n  the  waterfowl  section. 

(b)   Wi ld l i fe  Populat ions 

(i) Reqional  Status 

A. 

B ig  game i s  an impor tant   recreat ional   resource  in   pvov inc ia l   Br i t ish 
Columbia and therefore a major component o f  natural  land  resources.  This  section 
presents  descr ipt ions and lacal   s ta tus of b i g  game species  occurrinsa i n  regional and 
local  study  areas.  Ungulate  species'are  discussed i n  terms of hab i ta t   capab i l i t y  
classif icat ions.  Nowungulate  species  discussions a r e  based on avai lable  "preferred" 
habitat  type.  In  addi%ion,  appropriate  populat ion  trends  are  presented. 

The  Canada land  inventory   ungulate  capabi l i ty   c lass i f icat$on system  based 

on a scale from class 1 (no s i g n i f i c a n t   l i a i t a t i o n s   t o   t h e   p r o d u c t i o n  of ungulates) 
t o   c lass  7 ( l i m i t a t l o n r  so severe t h a t   t h e n  i s  no ungulate  production) was used as 
a  bas is   in   ungulate  habi ta t  assessment. Ungulate  capabil i ty  cl i lsses 1 t o  3 are 

considered  very  important  wi ld l i fe  habi tat ,   especial ly if designirtrd as a winter  
range. 

Population  estimates of . r e s i d e n t   b i g  game species  are  found i n  

Table 3.4-ll. The most important  big  gme  species i n   B r i t i s h  Columbia are mule dRW 
(Odocoileus hemionus hemionus). Wule dew select southern exposurtDs supporting new 
p l a n t  growth as they move f m  low elevat.ion  winter  ranges to a lp ine  and subalpine 

sumor and f a l l  rangrs. These habitats  are  found  throughout  the  regional  study  area 
(Fig. 3.4-5). Mule deer numbers i n  the  Hat Creek area increased t o  a peak i n   t h e  
ear ly  1960s. A considerable  decl ine (20 percent) i n   f e e d l e  mule  deer p r o d u c t i v i t y  

was recorded i n  Game Managmnt  Area 14 (which  includes  the  local  study  area) from 
1964 to 1974. A t  the  present  t ime, deer numbers are  considered to be below 

average. 9 

More ( A l c e s  alces  andersoni) occupy a   va r ie t y  of habi ta ts  from va l ley  
b o t t m  to high  mountain  valleys.  Highest moose densit ies  occur i n   f o r e s t s  opened by 
f i r e  and o ther   fo rm of timber  removal. where w i l l ow ,  b i r c h  or ,&span have regerr. 
crated. Moose are second t o  deer in   recrea t iona l   va lue  and a t  presa!nt, moose numbers 
are considered t o  be below l a t e  1940s populat ion  levels.  - 
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Mountain goat (Oreamnos americanus) select  alpine and subalpine  areas  for 
sumer range and precipitous rock faces  for  winter range. The iargest  concentrations 
of this  species  are  located i n  the  southwest  corner of the  regional  study  area. 
Hountain goat  hunting i s  locally  concentrated  in  areas such as  the  northerly  parts of  
t h e  Lower Mainland area and the Cayoosh-Texas Creek area. Approximately 100 000 
mounta in  goats  inhabit  British Columbia  and t h i s  comprises 80 percent of the popula- 
tion i n  North America.  The provincial  goat  population  therefore has international 
significance. 

California sheep (- canadensis  californiana) and Rocky Muntain bighorn 
sheep ( &  canadensis) use aid-to-lor  elevation  grasslands and exposed ridges  for 
winter  range,  precipitous  terrain  for lambing grounds and high elevation  alpine and 
subalpine  areas  for  sunner range. Juxtaposition of these ranges i s  very important 
and is often  the  factor  detemining range  use by bighorn sheep. California  bighorn 
sheep u t i l i ze   the  Marble, Camelsfoat (Yalakom Mountiin, Nine Mile Ridg8 and Red 
Mountain) and Shulap ranges and Mission Ridge. Fifty  ta 150 Rocky Mountain bighorn 
sheep  inhabit the Scarped Range north of the  confluence of the  Fraser and  Thompson 
r ive r s   a t  Lytton. 9 

Rocky Hounta in  elk (w canadensis -) winter on low elevation 
south-facing  slopes  supporting  fire-induced  seral  plant  cover and naturally  occurring 
grasr/sh?b  vegetation  associations. Sumner months are  spent  in mountain ranges as 
high as  grazing is   avai lable .  A t  the  present time. there i s  no hunting  season on 
those animals which are  found mainly i n  the Lytton area. 

Mountain caribou ( Ranaifer  tapandus)  winter  in high elevation mature 
forests,  foraging on arboreal  lichens. In t h e  sumner, they use a wide variety of 
succulent  plants i n  alpine and subalpine  areas.  Valley bottoms are used during 
spring and f a l l  when snow conditions  hinder  travel and feeding. The nearest  caribou 
to  the Hat Creek area  are i n  the Chilcotin  region. 

Black bears ( E americanus) are found throughout  the  regional  study 
area. During s m e r  and f a l l ,  black  bears  are widely dispersed and forage on plant 
and aninaT foods. 

Grizzly  bean  (Ursus  actas  horribilis)  are  scattered  throughout  the  regional 
study  area. In s u m r  they  occur  largely i n  Alpine  Habitat;  in the early  spring 
period.  avalanche  tracks  are a preferred  habitat. High elevation meadow is  preferred 
by grizzly  bears  in  the  late s m r .  The greatest  concentrations of  grizzly  bears 
appear to be in  the mare isolated  muntain  terrain  in  the  western, and particularly 
southwestern,  portion of  the  study  area. 9 

Cougars (m concolor)  occur  throughout  the  study  area  in  a wide variety 
of habitats. However, they tend to  favour rocky and mountainous terrain.  Deer are 
the  important prey of this  species,  consequently, cougar are found where deer 
concentrate. 
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Wolves (Canis  lupus) occupy a var ie ty   o f   hab i ta ts   inc lu t l ing  open p la ins,  

forests,  mountains and brushlands, where deer, nmose. car ibou and mountain sheep are 
prey $.pedes.  The greatest  wolf  concentrations can be expected i n  major moose winter  
ranges. 

a 

- 
B. Upland Game Birds 

Regionally,  ruffed  grouse ( Bonara untmllus),  spruce  grouse ( Cawachites 

canadensir) and blue  grouse  (Dendraaapus -) are  the most c m m n  and t h e  mast 
hunted  species o f  upl,and game birds.  Ruffed  grouse i s  the most  abundant  species and 
i s  found i n  Riparian, Bog and Douglas-fir-Pinegrass  Habitats. Spruce grouse are 
found above the  ruff lrd  grouse i n  the Engelmann Spruce-Lodgepole  Pine  Habitat.  Blue 
grouse  are  found  pr inc ipa l ly   a t   forest  edge, a t   t i m b e r l i n e  and 11: the  Douglas-f i r  
Ponderosa  Pine - open range  ecotone. Chukar ( A lec tor is  m) and sharp- ta i led 
grouse ( Pediocetes  phasianel lus)  are  local ly  present and hunted i n  the Thompson 
Val ley  but   su i tab le  habi ta t   for   there  spec ies i s  l i m i t e d   i n  cnmparir,on t o  hab i ta t  f o r  
other  grouso  species.  Both are found i n   t h e   B l g  Sage Grassland  Habitat.  Ring-necked 
pheasant ( Phasianus. co lch icus)   a l though  h is to r ica l l y  abundant., are becoming 
scarce. 9 

C. Waterfowl 

Land was c lass i f ied   in to   th ree   capab l l i t y   ca tegor ies :   h igh ,  medium or low. 
A h igh   ra t i ng  corresponds t o  Class 1, 2. 3 or 3M (spacial   migrat ion areas). A 
nediu r a t l n g  corresponds t o  Class 4 or .S,  and a low r a t i n g  t o  Class 6 or 7. The 
d i s t r i b u t i o n  o f  these  three  waterfowl  capabi l l ty   categor ies  wi th in  the  regional   study 

area  (Fig. 3.4-6) i nd ica tes   tha t  Hat Cnek Val ley i s  one of the few areas of high 
water fowl   capab i l i t y   w i th in  75 km of  the  proposed  mine  site. 

Plateau. The mountainous  regions have a uniformly low waterfar1  capabi l i ty .  The 
Areas o f  N d l m   w a t e r f p r l   v a l w  ape scattered  throughout  the Thompson 

Frassr Plateau  north o f  the Thompson Plateau and Mrble Range i s  r e l a t i v e l y  f l a t  and 

has extensive  areas of medlum waterfowl  capabi l l ty .  

0. 

The local  study  area  avifauna i s  de ta i led  below. A para l le l   reg iona l  
perspect ive was not  attempted because o f  t he   d l rpa r l t y  of ava i lab le  datal. 

E. Furbearers 

Furbearer  ripecfes are eco log lca l l y  and c n m r c i a l l y   i a l p o r t a n t  species. 

Sont  such as beaver (w canadentlt) can modify  habitats  through damning a c t i -  
v i t i e s .  Others  are  potential ly  valuable i n  the   f u r   pe l t   t r ade .  

The regional  study area, which comprises &proximately 3 percent  of  the 
. .  

province,  produces  about 1 p e r c m t  o f  t he   f u r   y ie ld .  Lynx.  beaver and coyote  are  the 
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most important  species  taken i n  terms of  fur value.  Fisher,  muskrat, mink  and bobcat 
are  the  next most significant  species.  Trapping  is, however. a marginal 
enterprise. 9 

F. Small Mammdls 

I n  addition to their   roles  in ecosystem dynamics, small 8namnals are i m p r  
tant prey  species for raptor  populations and upper trophic  level  carnivore  species. 
Maaaals which should be found w i t h i n  the regional study area  are s w r i z e d  in 
Table 3.4-U.  Also Included  in this   table   are  comments regarding  trophic  status and 
the distribution or re la t ive  abundance  of these  species. 

( i i )  S i t e  and Vicinity  Status 

A. Bia Game 

The Hat Creek watershed  consists of U.J. percent  class 3 and 86.9 percent 
Class 4 deer and moose range. Approximately 10.6 percent (7027 ha) is   rated  as 
Class 3 deer  winter range. Wildlife  habitat  limitations o f  poor soil  moistura, 
excassive s n w  depth, res t r ic t ive   sa i l  depth and adverse exposura or aspect  are found 
i n  the watershed. Lands mst impor+ant t o  local  deer and moose are  located i n  the 
upper drainage o f  Anderson Crack, between 1050 and U50 a i n  elevation on the west 
r ide of Hat Creek between !artley and Colley  creeks and crossing Hat  Creek t o  Blue 
Earth Lake, the  valley bot- section o f  Hat  Creek  when, the  creek  parallels 
Highway E. and the nor th  and south  ridges of' the mouth of the Hat  Creek valley  in 
the  Caquills   area (Fig. 3.4-5). 

During the  winter of l.975-76, the  Fish and Wildlife Branch surveyed the 
upper Hat Creek road for  ungulate  crossing sftes. Lfvestock and  dog tracks were 
observed  during  the sampling period.  Hwever. no wild  ungulate  tracks were recorded. 
Scattered  deer  tracks were recorded a t  elevations of approximately 1000 t o  1300 m on 

the  north banks (southern  exposures) of the mouths of Medicine  Creek and Langley Lake 
valleys a5 well as i n  the Finney Lake area. Moose tracks  uere observed in  the upper 
WhItr Rock Creek area  along  the west sida of the Hat Creek Valley a t  approximately 
the 1200 m elevation  in the Phil, HcComIck,  Anderson and Hartley Creek drainages and 
Finney Lake. 

A winter 1978 helicopter  survey by B.C. Hydro  and the B.C. f i sh  and Wildlife 
Branch resulted i n  a count of  eight mule deer  in Ponderosa Pine-Douglas-fir 
Bunchgrass, seven in Engelmann Spruce-Lodgepole Pine and four  in  Oouglas-firpinegrass 
habi ta ts   a t   e levat ions between  850  and 3830 m on south-facing  slopes  north of  
Highway U. In addition,  four  deer were counted in  the sagebrush/bluebunch wheatgrass 
habitat a t  1040 m elevation on the  western  side of the  valley. 

Evidence o f  ca t t l e   ac t iv i ty  was found in a l l   wi ldl i fe   habi ta ts .  Low and 
mid-elevation  grasslands  exhibited  the  greatest  concentrations of cattle  chips. 9 

I 
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[ h e r   a c t i v i t y  was concentrated i n   t h e  Sagebrush H a b i t a t   a t   t h e   n o r t h  end of the  upper 
Hat Creek Valley. The degree  of  deer  use,  the  vegetation  composition, and the  eleva- 

t i o n  (1000 m) of t h i s  h a b i t a t   c o n f i n   t h a t  it i s  an important  winter  range for deer i n  
the  surroundi ng area. 

Transects rin Engelunn  Spruce-Lodgepole  Pine, Ponderosa Pine-Oouglas- f i r  

Bunchgrass. and Alp ine  habi ta ts   ind icated some deer use. Deer t racks and moderate 

browsing on several  shrub  species  indicated  that  the  Riparian  Habitat i s  used t o  a 
considerable  extent  by deer. 

L i t t l e  evidence o f  wose a c t i v i t y  war  seen i n   t h e  Engelmann Spruce-Lodgepole 
Pine  Habi tat .   Dur ing  the  vegetat ion  f ie ld  surveys, wose p e l l e t  groups were found t o  
be abundant i n  the Bog Hab i ta t ,   pa r t i cu la r l y  on Pav i l ion  Mountain. 

B. b l a n d  Game Birds 

Ruffed Nuse  and blue grouse are t o w n   i n  the  upper  Hat  Creek  Valley. No 
game b i rds  wem seen or heard i n  open range,  while seven r u f f e d  grouse were recorded 
i n   R ipar ian   Hab i ta t ,  two ruffed and t h r w   b l u e  grouse  were  recorded i n  Ponderosa  Pine- 

Douglas-f irBunchgrass  Habitat,  and  seven ruffed  grouse were recordt!d i n   D o u g l a s - f i r  
Pinegrass  Habitat. 

b u r n i n g  doves (Zenaida macroura) and c m n  snipe  (Capella  gal l inago) were 
observed i n   t h e   v a l l e y  and chukar were seen i n  the Thompson Valley, south of Ashcroft. 
Spruce  grouse wen not  observrd,  but  probably occur i n   t h e  Engelmann Spruce-Lodgepole 
Pine  Habitat i n   t h e   l o c a l   s t u d y  area. I n  September 1976 a r e l a t i v e l y   l a r g e  number of 

blue  grouse were  obser'ved a t   t imber l i ne .  

C. Waterfowl 

Breeding  pair  counts by Ducks Unl imi ted and B.C. F ish and Y i l d l f f e  personnel 
were u d e   i n  10 sect.ions i n  U75 and i n   r i x  sections i n  U76. Only  wetlands  below 

1200 elevat ion were surveyed. S m i n g  counts for each sec t i on   (us ing   t h r   be t te r  
counts f o r   t h e  tw sections  with  overlapping data). r e s u l t e d   i n  a t o t a l   o f  156 breeding 
pairs f o r   a l l  14 sections. 

Assw ing   t ha t  90 percen t   o f  th b m d i n g   p a i r s  were detected  by  the  ground 
workers and t h a t  the surveyed  wetlands were representat ive  o f   a l l   wet lands,  it i s  
est imated  that  259 pa,irs o f  waterfowl  bred i n  the u i n  Hat Creek Valley. These f igures  
ccapare w i t h  B.C. Fish and W i l d l i f e  Branch  est inates  of  200 i SO breed ing   pa i r s   i n  the 
main val ley. 9 

I n  1976 the B.C. Fish and W i l d l i f e  Branch and Ducks Unlimited  counted 

106 breeding  pairs and-40  broods on 10 sections. Thus about 34 percent  of  the  breeding 
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pairs were eventually  successful. In 1975 and 1976, ducklings i n  43 broods 'were 
counted. The  mean brood s ize  was 6.1. F r o m  these  data i t  has  been estimated  that 
approxiaately 600 ducklings were produced yearly  in  the upper Hat Creek Valley. 

L 

9 

The mst severe  limitation  to waterfowl nesting  in  the Hat Creek wetlands i s  
the  general  lack of marsh vegetation. Heavy catt le  grazing  in  the Hat Creek Valley 
has disturbed the shallow  portions of wetlands, removing marsh vegetation. The narrw 
marsh edges of Hat Creek wetlands  additionally  limit waterfowl productivity and cover. 
The invertebrate fauna i s  rell-developed  in most ponds. Therefore. an adequate 
duckling food supply  appean ta exist in Hat Creek wetlands. 

.- 

I 

9 
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Nesting and brood areas  are  required  for  successful waterfowl reproduction. 
At Hat Creek the two are  usually found in  separate  areas. Nests are  located  in 
re la t ively dense cover a t  varying  distances from water. Dense cover is   generally 
lacking  in many parts of the Hat Creek Valley. Goad interspersion o f  nesting cove? 
and brood ponds is   crucial  to n e s t i q  success i n  the Hat Creek Valley. 

m 

9 
Ir 

Predation i s  a major mortality factor  affecting waterfowl productivity. 
Broad success of Hat Creek waterfowl appears to be good,  which indicates  that  local 
predation on waterfowl is  probably not great. 

It 

In t o t a l .  SO7 waterfowl were eounted in  the autumn survey and 391 waterfowl 
were counted in the spring  survey i n  l977. Both surveys  probably sample0 a m i n i m  of  
75 percent of the wetlands,  indicating  that  approxiisately 700 and 500 duck, respec 
t ively,  were present a t  the  time of sampling. These data do not  reflect  the total 
number of waterfowl using the s i t e  wetlands  during the eourse of the migration period. 
Mallards (& platyrhynchos),  teal (& sp) and goldeneye  (Bucephala spp) were the 
most c o m n  species. A s u m a r y  of waterfowl species  recorded  for the upper Hat Creek 
Valley and the relat ive abundance of each species  are given in Table 3.4-U: 

- 
_, 

II 
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Sixty-eight  species were recorded on breeding  bird  surv@ys conducted i n  five 
habitats  in  the Hat Creek watershed. O f  the five  habitats sampled, the highest 
nwbers of individuals were seen in L9e Ponderosa Pine/Douglas-Pir/Eunchgrass Habitat. 
The fewest were seen in open ranges. Species  divtrsity was highest i n  the  Riparian 
and  Aspen habitats and was s l ight ly  lower b u t  equal i n  t h e  other  habitats. The Rip- 
arian  Habitat  contained  the  highest ntrmber of unique or   res t r ic ted  dis t r ibut ion 
species. The  Aspen Habitat  contained the fewest. Only two species were recorded on 
the o w l  survey: great horned o w l  (e virainianus); and screech o w l  (Otun a s io ) ,  
neither o f  which w a 5  abundant. Infomatian fmm l i terature  sources and f i e ld  surreys 
comerning the presence,  seasonal stab&, re lat ive abundance and habitat  preference of 
Hat Creek avifauna i s   s u m r i z e d  i n  Table 3.4-13. 

b 
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In general,  the  upper  Hat Creek Val ley i s  an exce l l en t   a rea   f o r   b i rd  
watching. The hab i ta t  i s  open  and the  b i rds  are much more v i s i b l e   t h u n   i n   t h e   f o r e s t s  
o f  c o a s t a l   B r i t i s h  Columbia. I n  add i t i on ,   t he   av i fauna   i s   qu i te   d i ve rse   i n   t he  upper 

Hat  Creek  Valley.  Species  characteristic or dry, warm zones and thme  cha rac te r i s t i c  
o f   c o o l ,   m o i s t  zones can be  found w i t h i n  a few k i l omet res   o f  each other. 

E. Furbearers 

The area  potent ia l ly   a f fected by physical   d isturbance  associated  wi th  the 
mine  and thermal  p lant  has no r e g i s t e r e d   t r a p l i n e s   i n  it. The upper  tiat Creek region. 
however,  has  an  abundance of   furbearers.  Beaver were found  along Hat. Creek  and along 
most o f   i t s   t r i b u t a r i e s .  Many o f   the   mre   va luab le   water fowl   wet lands   a re   the   resu l t  
of  beaver a c t i v i t y .  

A mink  (Mustela  vison) was observed  along  Hat Creek,  and a   shor t - ta i led  
weasel (n .  and a   leas t  weasel (M.  n i v a l i s )  were captured i n   l i v e t r a p s   s e t  

f o r  mice. The l a t t e r  species i s   r a r e   i n   B r i t i s h  Columbia  and this citpture i s   w e l l   t o  
the  southwest  of i+( previously  recorded range. No muskrats (-1 z ibethica) were 

seen i n  H A t  Creek  wetlands  but t he i r   s i gns  were  seen no r th  of  Clinton. Coyotes 
(Canis  latrans) were siighted i n  the  Hat Creek Valley. Two black  bears were seen, on. 
near Hat  Creek and the other i n  Venables Valley. A wlf (Canis  lupus) was observed 
a t  Cornual1 Peak. 

F. Small Maaadls 

The deer mouse (Pemmvscur  maniculatus) was the  most comonly  encountered 

small   mma1. Red s q u i r r a l s   ( T m i a r c i u r u r  hudsonicus) ware i n   a l l  fclrested zones and 
chipmunks (Eutamias  menus)  recorded  for   only  three  habi tats,   a l t l iough  s igns were 

e v i d e n t   i n   a l l   h a b i t a t s .   M i c m t i n e   r o d e n t s  (w spp)  were l lot  found t o  be 
abundant.  Because they undergo regular  populAt ion  f luctuat ions.   microt ine  rodents 
may cons t i t u te   a   s ign i f i can t   f rac t i on  of  the  small marmu1 resource i n  other years. 

L 

The Rlpar ian  Habi tat   contains  the  greatest   d iversi ty  of   smal l  lsanaals 
species. O f  special  nota i s  t he   cap tu re   o f   a   l eas t   wase l   (Mus te la   n i va l i s )   i n   t he  

open range near Hdrry Lake. Only f i ve  specimen records  of t h i s  species have  been 
reported i n  B r i t i s h  Columbia. 

Y e l l o r b e l l i e d  marmots (- f l a v i v e n t r i s )  were c o m n l y  observed i n  the 
study area. Marmots preferred  rockpi les and  open ranges and  were only  observed i n  
the  southern  tun-thirds  of  the  upper  Hat Creek Valley.  Tracks  along  Hat Creek I n d i -  

ca te   t ha t   f e ra l   ca ts  (m domesticus) may be an important compon'ent o f   t he   l oca l  
fauna. 

( c )  Rare and  Endanqered  Species 

The concepts  of rare  species and  endangered  species d i f f e r   i n  a fundalaental way.  The 

1~ b io log i ca l   concep t   o f   ra r i t y   pe r ta ins  'LO t h e   d i s t r i b u t i o n  and  abundance of a  species.  Specif ical ly, 
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a r a n  species i s  one whose nrupber a n  ei ther  widely separated  into small  sub-populatfons w i t h  
reduced interbreeding, or a m   n s t r i c t e d  to a single  population. The concspt of  an endangered 
specfrs  is  bfalogically  wanfngful only in  context of existence through tfm. Henca. an endangered 
species is one whose raproductfve  potential  is  thnatened. 

In accwted usage,  a  species  considerad as a  "ram  specfrr" fs not mdangend. b u t  my be 
vulnerable awing to i t s  IOU nmbers. "Endangered specfes' a n  i n  imadiate  danger of  extinction 
(i.e. the partfcular  gene pool  which coaprfser the specfrs or sub-specles i s  immdiately subject to 
being imvocably   los t ) .  and these am  ca tqar izad  as vulnerable, threatenad, or cr f t fca l ly  
endangered, dependlng an the d q m  of vulnerability. Ran or endangerad speclas  occurring or 
potentially occurrfng within Hat C m k  regional and local a n a  are  1irt .d belaw. 

( f )  Ram Soacies 

L 

L 

I 

Tail& Frog (Ascaohus truer) 

Tk. t a i l &  frog i s  unique amng aqhibians in t h a t   i t  bmd?r in  torrent stmam. 
I t  i s  a .Ubw o f  an archaic taxonomic group no* npmsen t ld  only by i t s e l f  and by a 
specin fn New Zealand. Th. ta i led  frog fr not considend endangered. b u t  i s   1 is t .d  
W a u s e  i t  has b-n r a n l y  c o l l a  i n  sauthWst British C o l u d a  and beaure of its 
u n i p u  biological and t axonaic  status. 

Gaoher  Snake (Pituoohis  mlanolevcus  catenifer) 

The gopher s w  occurrewa  is  only  maqfnal i n  British Columbia in the uam, 
in te r ior  dry  belt.n In British Co lWia  it  is found w h a n  small -1s a n  abundant a t  
lawr elevation (below 610 a). The spades  was probably  never abundant in Brf t ish Columbia 
b u t  i s  a colron rep t i le  in the wastarn Unitad States. 

Least base l   @s te l a   n iva l i s )  

Ru smallest a b e r  of the w e r e 1   f u l l y  f s  sparsely  distributed i n  northern and 
central sections of British Columbia. The p n f e d  habitat  thraughout  its range i s  open 
lands and doefduous famst.  RImly recorded i n  the pmvincr,. the animl Captured in  the 
Hat C m k  uat.rshd during small -1 trapping  aparatfons  apparently npnsents  the 
south.mozt  n a r d  for  Brftfsh Columbia. 

I 

t 

L 

Poor Will (Phalacnaotilus  nuttallii) 

Ru poor d l 1  only occurs i n  ka small a n a s  of bnadl:  southern  interior 
British Colubia and the Cyprus Hills  ama of souM.rn Alberta and southstern  Saskat- 
chnan. The b i r d  pn fe r s   su i - a r id   hab i t a t  and HI found to be an un-n sumur n s i d e n t  
of big rage in tha p r a j c t   a n a .  - 

L 
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.I 
Lonq-billed Curlew (-i americanus) 

I 

The  distribution  of  the  long-billed  curlew in British  Columbia is limited to the 
southern  interior region. The  species has decreased  throughout its range in recent years. 
perhaps  due  to  habitat disruption. This  species  was  regularly  recorded in wetland  habitats 
in the project  area  and  probably  nests in grasslands. 

TrunDeter  Swan (Olor buccimtor) 

The  trumpeter  swan,  faced  with  near  extinction a few  decades aflo. has recovered 
to a  considerable  extant  due  to  the  complete  protection  which it was given. The  spbcies 
probably  breeds in northern  British  Columbia and winters on the coastal islands. It was 
recorded  as an uncDnnnn  spring  migrant in wetland and saline  depressions in the  project 
ana. 

I 
C o m n  Loon (Cavia imar) 

m 

As  with  other fish-eaters, pesticide and mercury  poisoning is the  greatest 
threat  to c m o n  loons, although  oilspills  and  hunting  are  also  causes  for concern. Loons 
occur  throughout  Canada,  but  generally breed in remote  waters,  usually  only  one  pair to a 
lake. Pairs were sighted in kLean  and  Aleeca lakes in the  Hat  Creek  drainge, and appeared 
to have  successfully bred there. Pesticide poisoniq  seems to be a bigger  threat  to loons 
in the  eastern part o f  the  species  range,  but  the  potential is high everphere. especially 
because loons do not breed until they are 4 or 5 years old. 

Peregrine  Falcon (Falco percarinus) 

The  peregrine fa’lcon has been  the  centre  of a controversy regilrding endangered 
and vanishing  wildlife  species in North  America  (Table 3.4-14). Tho overall decline 

cides in the  tissue o f  the birds, resulting in thin-shelled eggs which are subject  to 
in nwnbers of peregrine  falcons i s  be1jev.d to be msult or the  accmitlation of prrti- 

breakage and dehydration. H w v e r .  Beebel’ contends  that  peregrine  falcons are neither 
rare mr endangered in western Canada. Neverthaless,  the spec1.s has bee!n proven vulner- 
able and DDT derivatives  have  been  strongly implicated. Since  peregrine  falcons prey on 
birds. they  are not necessarily iaune to the  application  of  pesticides  thousands  of 
kilometres to  the south. No peregrine  falcon  was  sighted in the  upper Hat Creek  Valley 
during  spring  migration, however, it i s  conceivable  that  peregrine  falcons do nest  within 
the regional study area. 

Bald Eaqle (Hallaeetus leuco~cephalus) 

m 

Like the  osprey,  the bald eagle has undergone a considerable  decline  over  much 
of the  southern and eastem portion o f  its range  due to persistent  pesticide poisoning. 
The  species is still relatively  cornon in British  Columbia,  particularly ,along the coastal 
rivers. but was not observed  within  the  project area during  the  study period. 
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White Pelican (Pelecanus erythrorhvchos) 

Only a  single  colony of white  pelicans  occurs  in British Columbia. a t  stump bke 
about 100 lo eaSt-SOutheast of the p r o j e c t  s i te .  Because of t h e  species' axtrw rar i ty  
in rtu npion and the vulnerability o f  the isolated  colony to extirpation, the prlican i s  
considend endangered i n  British Columbia. Elsawhem i n  Canada, i t  is l is ted as  vulnerable 
( h u r e  of b m d i n g  colony  p.necution and possiblr  threats  froi  pesticides). The white 
pelican wa¶ recorded as a ran spring  migrant  through the p r o j c t  ana.  

Cotmar (Fells  concolor) 

Although the par t icular  sub-spcirJ of cougar found i n  Hat  Creek Valley (m 
concolor oreoonensis) is not  considered r a n  or endangered,  the range and n w b e n  of the 
species as a whole in Canada have rapidly  diminished because of overhunting.K The endan- 
gered sub-species, missoulensis,  probably  occurs i n  the northern  portion of the study 
m e .  but  the deta i l s  on exact sub-spuies  borden or biolcqical  differencar  are  not 
krown.21 Although beaver, rabbits, birds and mice comprise a portion o f  thair diet. 
cougars depend primarily on deer  for food. 

Grtzzlv Bear prsus arctos horrtbilis) 

Lib the cougar, the grizzly bear hu i t s  stronghold i n  the yst, w i t h  most o f  
tJm Canadian population found i n  British Coluabia and the Yukon. On. of the endangered . races, the Ll l lwet   g r izz ly  wcun within  tha study a n a  mainly west of the Fraser River. 
This race was apparently  never abundant and  beC8U¶*  of heavy hunting pnrsure i s  nor 
u t m m l y  ran or perhaps  already  extinct. Although trophy hun t ing  is a real threat  to 
grizzly  populations. the g n a t a s t  thnet a t  present is the enemachwnt of man on the 
large  wilderness anas  mquind  to support the grizzlies. 

Wolf (Canis luous) 

Tha wolf is not considered to be an mdangend  species i n  most of Canada. 
Howver. histoy has shmm tha t  wqlves tend to -be  extmmly  vulnerable to the advance of 
civiltxation. 2l 

California Biohorn Shea  (m canadensis  californiana) 

This sub-Sp@Cies o f  bighorn Sheep is believed to have foomrly  occurred through- 
out  most  of the southern  interlor of British b l & i a .   I t  is ncn n s t r i c t e d  to separate 
herds,  like  the  Chilcotin-Riskc  Cnek  groups, the Vaseux  Lake group. the Ashnola group, 
and other small gmups. including several within the ngional ana .  Decline i n  blghorn 
s h u p  nuahen i s  i n  per t   a t t r ibu tab le   to   mat  and trophy  hunting. Encroacctaent on their 
wilderness hdbitets has n s u l t c d  in a drastic  decrease i n  suitable  habitat, which tn t u r n  
results i n  s u l l  populations which are mn susceptible to the effects of parasites and 
widraic diseases such as pruwonia. One of the most severe threat3 to bighorn populations 
i s   c o q e t i t i o n  w i t h  d w s t i c  livestock for forage, and the transmission of diseases and 
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paras i tes from d w s t i c  sheep to   wi ld 'sheep.   B ighorn sheep a n  very  hatl i tual i n   t h e i r  use 
of s m e r  and w in te r  ranges.  Habitat use conf l ic ts   occur  when domestic  l ivestock S u m r  

ranges  overlap  with  bighorn  winter ranges. 

(11)  Endangered  Species 

Prairie  Falcon  (Falco  mexicanus) 

The Canadian  range  of t he   p ra i r i e   f a l con  encmpasses  the  southern  border  ana. 

frm southcast  Br i t ish  Colrarbia to southern  Saskatchluan. It occurs tn a r i d   p l a i n s  and 
semi-dasert  habitat.  Declining numbers of  falcons  are due p r i m a r i l y   t o   t h e  presence  of 
p e s t i c i d e   n s i d u e s   ( p r i n c i p a l l y  DOT, but   a lso  heptachlor and d i e l d r i n )  wh ich   resu l t s   i n  

sof t -shel led eggs, eobryo m o r t a l i t y  and a  high  incidence of nest ing  fa i lures.  The l i m i t e d  
range of   pra i r ie   fa lcons  mkes  the  spec ies more suscept ib le   to   ext inct ion  than  spec ies  wi th  
w ider   d is t r ibu t ion .  

O s ~ r e v  (Pandion hal iaetus)  

I 

I 

a 

.) 
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This  cosmopolftan  f ish-eating  raptor has suffered  serious  decl ines  throughout 
much o f  i t s  range due to poisoning by pe rs i s ten t   pes t i c ides .   V iab le   popu la t i ons   s t i l l  
ex i s t   a long  many o f   t h e  major streams i n   B r i t i s h   C o l u b i a  and recent bans  on the  use  of  

s w c  pest ic ides   g ive   r i se  to hope that  tho  species will eventual ly  recover. The species 
was recorded as an u n c m n   f a l l   r i g r a n t   i n   t h e   p r o j e c t  area, but  apparent ly  d id  not   breed 

there. 

(d)  Consumptive and Non-consumptive Use 

(i) C o n . r w t i v r  Use 

A. 

The regional  study  area  includes  portions o f  Gama k n a g e m n t  Areas (W) 4 .   14  
and 15. A considerable  port ion of @!A 15 extends to the  east  of  the  regional s t u d y  area 

boundary; hanver ,  it alr io  includes  a  large  port ion  of  the  !ytton-Merri t t-Kamloopr area. 
Over 15 percent  of  the  wsident  hunters i n   B r i t i s h  Colunbia  hunt GM 4, 14 and 15 even 

. though  these  areas  accourlt for   on ly   about  4.7  p r c e n t  of the  land  area i n  the  province. 
Deer at t ract   the  greatest .  number o f  hunters. I n  OIA 4 ,  14 and 15, approxinately 25 000 
hunters  harvested  annual'ly more than 7620 ungulates or U . 7  percent  of   the  est imated 
ungulate  harvest i n  B r i t i s h  Columbia  over  the  period of 1970 to I974. 

From 1969 through l974 the  conbined  upper and lower  Hat  Creek  .watershed  provided 
an  annual  average harvest. of   approx iea te ly  9.3 deer, 2.7  moose and 0.2  black  bdars  which 
represent  respect ively,  28, 34 and U percent   o f   the  average  annual  dew, moose and bear 
harvests i n  Management U n l t  3-17. The nor th  end of upper  Hat  Creek ( k d i c i n e  and Anderson 

Creek  drainages)  provided  annual  average  harvests of 3.5 deer and 1.7  more respect ive ly .  

The Medicine and  Anderson  Creek harvest  represented 70 percent of the  deer alnd 85 percent 
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of the mnose reported  killed i n  the upper Hat  Creek vatershed. The Carmall Creek are3 
provide4 an annuai d e w  hawest iinich was sligntly  less  than  tnat  reported f o r  the Hedieine 
and Anderson drainages. 

Appmxiiaately U p e r a n t  o f  the deep harvested i n  CVA 14 are checked thmqh 
Cache Creek. A higher percentage o f  the "3ose (29 p e r c n t )  and black bear (17 percent) 
harvest are checked through Cache  Creek. Resident  hunters who d o  n o t  pass the  Cache Creek 
station take a h i g h  percentage o f  the  deer (89 percent) and noos6 (r% percent)  harvested. 

Resident H u n t i z  

ihe majority of the deer and noose hunters using t h e  regiooal ar?a reside i n  the 
Kamlaops area,  with  the second largest  number residing i n  the Lower Hainland arza. The 
largest percmtage of goat and sheep hunters reside i n  the Lower Mainland area,  with the 
second lcwges: n w b w  residing  in the Xanloops area. 

Nan-resident H u m  

Low nmbers o f  griz:ly rrear ar3 harvested in  the s:ud.j area (0.5 pereent of t h e  
B.C. provincial  average). However, the pre5nnc-z o f  th is  species i n  cmjcnction wi:h Rocky 
Mountair! and California  Sisharn shecp and ,mKlcntain gnats makes the  area  attractive t o  non" 
resicent  hunter?. 

B. Waterfowl 

A pcrtion o f  the  regional  study area r e s t  o f  the  Fraser i l i v e r  i s  ineluded i n  
GX4 4,  ,while a portion of the regional s:uc?) area  south and e a s t  o f  the ThobvSOn R i v v  
i s  included i n  GW 15. These l a t t e r  two WA are not included in t.h present waterfowl 
analysis,  sinca  ,mdt 0: the wzterfawl habitats  lie  nutside  the  regional  study  area 
boundary. Consequentiy, d a b  nay not he relevant :a the regional  study  arta. More 
than 7 percent o f  the  provijxial  hunters are laczted  in W li and a p p r u x i ~ t 2 1 y  
5 percent o f  the waterfowl wers hhrvested  in t h i s  managznent area. 9 

In 1996, W were changed. to ths: much snaller Hanat;raent Units. Cache C r e k  
Hunter check meurns for 9976 are available for the  soaller Manageslent Units. !4anagr- 
men% Uni t  3-17 (rhich includes Hat Creek) i s  relatively  unimpartlnt t o  regional 
hunters in eaeparison r0 ManaEment Units 3-30 and 3-31. The area around C T i n t m  i s  
nearly an spder o f  x g n i h d a  wre praduc:ive t o  hunters  than t h e  Hat Cre?k area. The ~ 

relative importance o f  F i t  Cre.2 t o  local htint.ers or  thosa who leave t>e  vailsy  via 

- 
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the Oregon Jack  Creek Road cannot be accurately  est imated from the Cache Creek  check 

s t a t i o n  data. 

C. Upland Game 

Sharp-tailed  grouse.  spruce  grouse,  ruffed  grouse and blue  grouse  are a l l  
important game species i n   t h e  Hat  Creek  region. A signi f icant  por: ion of the  upland 

game b i rd   hunters  and harvest ing  in   the  prov ince i s  centered i n  WI 4. The r e g i o n   i s  
p a r t i c u l a r l y   s i g n i f i c a n t   f o r  chukar  hunting,  since ware than  hal f   thc B.C. hunters 

use the  area  wi th  near ly a t h i r d  of the provincial   harvest  taken there. 

Harvests from Managewnt U n i t  3-17 ( inc lud ing  Hat  Creek) are very smll 
(only 3 percent) i n  comparison to harvest frw the  other  two management un i ts .  More 
than . f o u r f i f t h s  o f  mcorded  harvest comes from Management U n i t  3-30, east  of 
Highway 97. Regiona'l  upland game b i rd   hunters  appear t o  choose adjacent  areas i n  
Preference t o  Hat  Creak i t s e l f .  

(if) Non-consumptive W i l d l i f e  O'se 

I n  colPparison to o t h e r   i n t e r i o r   l o c a l i t i e s  such  as  Ashcnyft. Cache Creek. 
Kmloops, 100 M i l e  House or the Okmagan  Valley, few sight  records or nest  records for the 
Hat  Creek Val ley  are on f t l e   i n   t h e  B.C. Prov inc ia l  Museum's records. 4,s the B.C. Provin- 
c i a l  Museum nest and s igh t   record  schemes s o l i c i t  records frm a l l   i n t e r e s t e d  amateur 
birdwatchers i n   t he   p rov ince ,   t he   l ack  of Hat C m k  rocords   s t rong ly   imp l ies   tha t   th r  
v a l l e y  i s  no t  used very auc:h for   recreat ional   b i rd   watch ing.  

The neares t   ac t i ve   na tu ra l i s t s   c lub   i s   i n   Ku loops .   a l t hough  s o w  n a t u r a l i s t s  
may be a c t i v e   i n   L i l l w e t  and Clinton.  Hat Creek l i es   j us t   ou ts ide   t he   Ka~ loops  Club 
area. Hat Creek Val ley i s  a superior  area i n  which to observe  birds. B i r d  species  are 
abundant. d iverse and e a s i l y   v i s i b l e  i n  the open forests and rangelands. Add i t iona l l y ,  
the Hat  Creek  avifauna  includes  species  that  are  either  not  found  elsewtrre or are  not as 

e a s i l y  found. The potcnt, ia l   for   recreat ional   nature  watching i s  high,  but   th is  resource 

appears t o  be u n d e w t i l i m i .  

L imited access i s ,  i n   pa r t ,   r espons ib le   f o r  the la, l e v e l  of non-consupt ive 
w i l d l i f e  use i n   t h e  Hat C m k  Valley.  Except f o r   t h e   C o m w l l  Peak l'ire lookout  mad, 
R s t  of Hat Cnek V6l ley i s  fenced, p r iva te ly   con t ro l led   land .  Upper Hst C m k  res l&nts  
have ind ica ted   tha t   they   ac t i ve ly   d iscourage  recrea t iona l   ac t i v i t ies  of  non-residents 
w i th in   the   va l ley .  

(iii) Man-induced Perturbat ions 

Man's ac t i v i t i es  i n  t h e   v i c i n i t y  of Hat Creek  have had a s ign i f icant   impact  on 
the abundance  and d i s t r i b u t i o n  of wi ld l i fe.   Hunt ing  pressure has el iminated or great ly  
reduced some species of b i g  game i n   t h e  past. The p r o j e c t   s i t e  f a l l s  w i th in   t h ree  game 
management areas  administered  by  Br i t ish  Colrabia  Fish and W i l d l i f e  Branch. Hunting i s  
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now regulated t o  obtain sus:ained yields  from  exis:ing  game species.  Intansive  grazing by 
c a t t l e   i s  nov a m j o r   s t r e s s  cn aany o f  t h e  natural   :mitats  and i s  a  :ac'.or affecting :he L 

caDacity  of some o f  these areas i o  suaport wild1i:a (e .g .  Erazing wetland  vegetation 
destrays waterfowl nesting and bwod  coyer). Lumbering ac t iv i t ies   in  :he region have also 
had a signif icant  impact on u i ld l i f e  populations. Timbep harvesting has been deerinrental .c 

t o  some species b u t  has benefited  athers  (e.g. mose have i n m a x e d   t h e i r  range largely 
due t o  the  availabi1it.y of farase  in cutover areas). The patterns e? exis:ing  man-induced 
s t resses  appear liksly  to  continue. - 

3 . 4 . 4  Forest Resozcur 

( a )  Forest Lands 

Approximately 1731 500 ha o f  the proposed development region io   c lass i f ied as forest  m 
land. This i s  approxisately 3 . 3  percznt OF t h ?  tat.ai Porrst  land w i t h i n  Lhe province  a7 3 r i t i sh  
Celumbia and 74, percent of t ha t  encompassed by the regionai  study a. Of the 196 358 ha CiFcmscribed 
by the local s t u d y  area ( 2 5  kw radius), 75 percant  i s  Porest,sd land. m 

Fores t  land  tenure of the  study 2rsa i s  sumarircd  in Tzhle 3.4-5. Ninety :er:i?nt 0: t h e  
Popest  land i n  the regional area and 95  p e K e n t  of t h a t  w i t h i n  a 25 ks rsdius o f  t ? e  project i s  I 

c r a w n  land. 

The current s b t u s  of f o r e s t  T ~ S O U X ~ S  is  appraised  in toms o f  forest types and stanaing 
mature volume. Forest  stands  are tpped as natura,   imature,   residual  (stands hhich nave  been m 
disturbed 26 t o  75 percent by logging, f i r e ,  insects  or  disease),,  n o t  suff ic ient ly  r%toc.ked (rtS2, 
disturbed aver 75 percent and n o t  restocked w i t h  suffr'cient ,nunbers of  cmnercial species), and 
nencnmercial  cover (HCC, f o r s t  land  vegetated v i t h  non-eo~,merciai species). L 

The s t a t u s  a? forests as o f  1990 i n  t h e  regional ?nd local aped i 5  suinnarizrd i n  
Table 3.4-15. Almost half o f  the  regional and local for%: area i s  c l a s s i f i e d   a s   m u r e ,  uf iihich 
app?oximately 93 t o  94 percent occurs on CPMI land. Residual, HSil and ?IC6 tosether ac:ount :or 
less  than 8 eo 10 psrcen: of.*L>ese areas. 

b 

L 

Standing mature volme (1971) of  each csmer-ial  species  within  the  regional and local 
3 area  Is  presmted i n  Table 3.4-16. T'h@ to ta l  volilm.? of mtur? t i rbe r  w i t h i n  the r?yion Is 135.6 *n 

with  the  three m a j o r  species,  lodgepole  pine (38 p e r c m t ) ,  Douglas-?ir (36  pereent) and spruce = 
(15 percent) 2c:ouniiny f e r  89 percrnt o f  the volume. In  the losal stuQ ares. Douglas-fir i s  
substanelally more abundant,  constituting %we than h a i f  of tAe total  mature valwne. 

I 

(c) Pxduct ivi ty  

ne productivity o f  s'soding tis*er i s  aedsured using the mean annual incrmcnt (.'+Ai) a t  

the roraticn age. As potmtial   y ie lds   are   io  l a q c  part a  func:ion of  Si:* condi?icns, the 3.C. 
Foren: Service has eviluaeed j;ovinci:l f a : ~ s :  land  \utilizing a systex o f  ranked si:,? classes  

L 

- 
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specific  for  major  commercial  species. The four  classes  recognized by Re.id. Co l l ins  and 
A ~ s o c i a t e s , ~ ~  good,  medium. poor ana lw. comprise 9. 35, 54  and 2 percent of the  regional  study 
area,  respectively.  Productive f o r e s t  land  within  the  local  study  area i s  consider,ably more scarce: 
2 percent i s  c l a s s i f i e d  as  good,  25 percent as medium, 7l percent as poor and 2  percent as low. The 
d i s t r i b u t i o n   o f  s i t e  classes i n  the   l oca l   s tudy   ana  i s  por t rayed  in   F ig .  3.4-7. nean  annual incre- 

ments ( M A X )  calculated  for   the  var ious B.C. Forest  Service Management un i ts  of  the  regional area 
range f r o n  1.2 t o  2.4 m /ha. The corresponding  annual  allowable  cut (AAC) for the  local  area i s  3 

146  189 d .  

Provinc ia l   forest   lands a r e  d i v ided   i n to   d i s t r i c t s   admin i s te red  by  the B.C. F o n s t  
Service.  Within and sometinus s t radd l ing   d is t r i c ts   a re   smal le r   d iv is ions   c rea ted   fo r   managmnt  
purposes. These can be o f  two types:  Public  Sustained  Yield  Units (PSYU) which  contain Croun lands 
and are managed by Fo res t  Service  personnel, or Tree Farm Licenses (TFL) placed  under  private 
manageacnt.. S ix ty- f ive  percent  o f  ttte  regional  study  area i s  l oca ted   i n   t he  Kamloops F o n s t   D i s t r i c t  

and 35 percent i n  the  Cariboo  Forest  Distr ict.  The two dis t r i c t s ,   w i th in   t he   reg iona l  area,  incor- 
porated  a  port ion of TFL No. 35, whish  represents 2 percent  of  the  regional  forest  land, and por t ions 
o f   t h e   f o l l w i n g  seven PSYU (percentage of   reg ional   fomst   land  noted  in   parent ,hes is) :   B ig   Ear  

( 3 0 ) .  B o t m i e  (20). Kamloops (11). Lac  La  Hache (U). Nehal l is ton (61, Nicola (8) and Yalakom 

(10). 

The B.C. Forest  Service miinages Crwn land  forest,  comprising 90 percent. of the  regional 
f o r e s t  land and s w .  por t i ons   o f  TFL. Forest  Service  decisions  regarding  t imber  harvesting and 
scheduling  are based on harvest  appl icat ions  submitted by lumber  companies and the AAC ca lcu lated 
for each PSYU. Avai lable  informat ion does not   permi t   accurate  pro ject ion  o f   fu ture  harvest ing . 
locat ions.  However,  as of January 1977, 24 fo res t ry  companies  had been a l l o t e d  sone p o r t i o n  of  the 
AAC designated f o r  the seven PSYU ( inc lud ing  por t ions  outs ide  o f   the RSA) noted above. 

S i tes  o f   present  or near- fu ture  t imbrr   harvest ing  act iv i t ies   occurr ing on Crown lands  o f  

the  local   study  area  are  noted  in F.ig. 3.4-8. There i s   c u r r e n t l y  one pcinc ipa l  lumber o p e r a t i o n   i n  
the  local  area.  This company  has been au thor ized   to  m v e  t imber from the  Hat Creek Val ley and 
intends t c l  m a i n  ac t i ve   t he re   un t i l  a t  l e a s t  1990. 

Also i l l u s t r a t e d   i n  Fig. .3.4-8 are two areas  proposed f o r  designat ion as Environmcnial 
Protect ion  Forests (EPF). If the   anas  are accorded this  status.   t imber  operat ions will be prohi -  
b i t e d  or r e s t r i c t e d ,  due to   unstable or steep'  slopes  and/or  important  wi ldl i fe,  recreational or 
aesthetic  features. 

The proposed EPF near  Robertson  Creek  contains  steep  slopes  conducive t o  erosion. The EPF 
l oca ted   mar   Pav i l i on  Lake i s  i n  the  proximity o f  Harble Canyon Provincial  Park and Ind ian Reserves 3 
and lA. 

Regional  study a n a   p r o d u c t i o n  o f  f o res t   p roduc ts   i n  1976 accounted for 9 percent 
(171 690 m3) o f  the  plywood, 6 percent (6300 tons)  of  the  pulp and 5 percent ($64 m i l l i o n  board 

fee t )  o f   t h e  lumber  produced in   the  prov ince.  The  one p r i n c i p a l  lumber  concern  operating i n  the 

loca l  area trucks  logs t o  i t s  saumil l  and plywood p l a n t   a t  Savona. 
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(iii) 

Fores t   f i res  have h i s t o r i c a l l y  been  and will cont inue  to  be a major  d isrupt ing 

f a c t o r   t o   t h e   f o r e s t s   i n   t h e   v i c i n i t y  of  the  proposed  project. The h i s t o r i c a l   p a t t e r n  
a d  incidence o f  f i r e s   i s   r e f l e c t e d  by the age and d i s t r i b u t i o n  o f  lodg,!pole pine,  which 
cwnonly   occurs  a f ter  a fire. On t h i s  evidence  alone. it appears t h a t   f i r e s  have  been 

preva len t   w i th in   the   va l ley  and can be expected t o  occur i n  a s i m i l a r   p a t t e r n   i n   t h e  
future. 

3.4.5 Aqr i cu l tu re  
I 

Agr icu l tura l   resources  o f   the  pro ject   s tudy areas are described with reference to cl imate.  land 
capab i l i t y ,   rmge  vegeta t ion ,   p roduc t iv i t y ,  and a g r i c u l t u r a l  and land use pract ices.  Water resourcIs 

.I avai lab le   f o r   i r r i ga t i on   a re   desc r ibed  .in Section 3.3. Water  Resources. Current and po ten t i a l  produc- 

t i v i t y  are atldressed  separately  from land  capab i l i t y  because p r o d u c t i v i t y   i s  a funct ion o f  natura l  
resources and agr icu l tu ra l   p rac t ices .  ! i u t i o n  3.4.5(9). Ag r i cu l tu ra l  Land Uses hnd P r a c t i c e s ,   i n c o r  - porates  land use patterns,   fanning  pract ices and considerat ions  af fect ing  these such as government 

p r o g r u e s  and pol ic ies.  

I (a) Cl imat ic  

Climate  varies  markedly due to changes i n   e l e v a t i o n  and proximity  to  large  water  bodies.  
Even i n  anreas where cl imate i s  most favourab le   fo r   agr icu l tu re ,   a r id i ty   l im i ts   d ry land  fa rming  t o  
drought-resistant  forage or cereal  crops.  With  irr igation,  areas i n  the   genera l   v i c in i t y ' o f   N i co la  

and Kamloops lakes and l a r g e   r i v e r s  such as the Thompson, Fraser and lower  Nicola  ex.hibit  CLI  Climate 
Capabi1it:y f o r   A g r i c u l t u r e  (CCA) Class 1 (improved, s i g n i f y i n g   t h a t   i r r i g a t i o n  i!; assumed) condi- 

t ions.  I n  the CCA system classes  rmge f r o m  1, which  a l lows  prcduct ion  o f   the  widsr t   range o f  crop 
species. 'LO 7. which  prec ludes  agr icu l tura l   act iv i ty .  

Class 1 c l i m a t e   i s  conduc!ive t o   r a i s i n g  corn. a high  value  crop. as wl'l as a wide range 
of  vegetitblcs,  small  fruits,  forage  crops and cereal  grains.  Special  Class lb (improved ra t i ng )  
possesses condi t ions  su i tab le  for   product ion  o f   c rops  which  thr iv i  i n  wan tempt!ratures.  such as 

t cmtoes  and v i n t  crops.  This  class  occurs  regionally on the eastern benches of  the  Fraser  River 
between L i l l o o e t  and Lyt ton and on the benches o f  the ThOmpSQn River between Ashcroft and Savona. 

.I 

Thir ty   percent  (598 La ) of   the  local   study  area.  pr incipal ly  the  val ley  lands and adjacent 
benches of the Thompson. Fraser ant1 Bonaparte r i v e r s  as w e l l  as i s o l a t e d   ~ o c k e t s  of  the Hat Creek 

occur .   Wi thout   i r r igat ion  ra t ings i n  these  Class 1 (and lb) areas  range f r o m  Class 3 to Class 7. 

2 

.I Valley,  experience  Class 1 c l i m a t i c  regimes. This  includes 336 kn where special  Class lb condi t ions 
2 

I 
.. The benches adjacent t o  Class 1 areas  general ly  experience  cl imates  identi f ied as improved 

Class 2 or 3. These areas (510 ka , 26 percent  of  the  ' local  study  area)  are  typical ly  associated 
with  loww-elevation  grasslands and can suppor t   in tens ive  agr icu l ture if s o i l   c h a r a c t e r i s t i c s   a r e  

2 

I ~- no t   l im i t ing .   Typ ica l   c rops   cu l t i vab le   in   C lass  2 and 3 areas,  assuming i r r i g a t i o n  and su i tab le  
s o i l  and terrain  condit ions,  are  hardy  vegetables such as cabbage, forage  species and cer ta in   cereal  
grains. 

i 
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I 

1 

local study  area  occur  primarily  where  climatic  variables,  particularly  duration of  frost- 
free period,  number o f  growing  degree  days  greater  than 5.6'C. soil and  terrain  features 
are favourable. These  areas are situated  chiefly in the valleys  and  benches of  the 
Thompson,  Bonaparte  and  Fraser  rivers,  on  plateaus  east  of  Pavilion,  and in approximately 
50 ka2 of  the Hat  Creek Valley.  An important  component  of  this  intensive  agriculture  land 
is the 36 ka with Class 1 agricultural  capability,  located  mostly  along the  Thompson 
River  and  Sealin Valley. 

2 

( i o  Low  Capability  Lands 

Lands  with CLI I.CA Classes 6 and 7 (i.e. low  capability  lands)  were  assigned 
grazing  capability  ratings  ranging  frum 1 to 5 .  The criteria  for assignmelnt were  developed 
by the  Soils  Division of  the B.C. Department  of  Agriculture as part of a  trntative  methodo- 
logy for  mapping CLI land  capability  for grazing. The distribution  of  higher  capability 
grazing  lands  (grazing  classes 1. 2 and 3) and lower  capability  grazing  lands  (grazing 
Classes 4 and 5 )  are depir:ted in Fig. 3.4-10. The higher  capability  grauing  lands  occur 
primarily  on  the  secondary  benches  adjacent to rivers,  and on  lower  elevations of mountains 
in the  Hat Creek basin. 

Approximataly 46 percent (907 In ) o f  the local  study area 'is identified as 
higher  capability  grazing land. This  represents an important  agriculturai  resource.  Most 
of  these lands are grazing Class 2 or 3. The low  capability  grazing area, comprising 
approximately 41 percent (196 ks ) of  the local study  area,  represents a relatively unim- 
portant  grazing resource. . 

2 

2 

(d) Site  Area  Land  Capabilities 

(I) Hiqh  CaDabilitY  Lands 

comprise  approximately 35 percent (72 k s  1 of  the  area  delimited by the  figure  and  occur 
High  Capability  lands  are  portrayed in greater  detail in  Fig. 3.4-11. They 

mostly in the  eastern port.ion of  the  site area, in the  vicinity  of  Ashcroft and  Semlin 
Valley. Within  the  western  portion  of  the  site  area  (upper  Hat  Creek  Valley)  there are 
appmximdtely 38 L;r o f  high  capability land, predominantly LCA Class 3. While  climatic 
factors in some portions ef  the  Hat  Creek  are  propitious  for  irrigated algriculture,  soil 
characteristics  in  those  areas  with  favourable  climate  restrict  the L U  ratings (improved) 
to 3 and 4. \ 

2 

2 

A more  detailed  analysis o f  high  capability  land  of  the  site  was  conducted 
utilizing soil maps  constructed  at  a  scale o f  :L:24 000. A sranary of  these  findings is 
included here. From  evalurtion o f  the soil maps and CLI CCA maps, five  classes o f  c8pa- 
bility  for  intensive  agriculture  with  irrigation  were  identified. Class13s were  assigned 
to all  soil units of the site-specific  study  area  where  Cultivated crops  or  irrigated 
pasture  could be supported.  The  five  classes  are each  associated  with (3 preferred  crop 
(higher  value  crop)  and range from irrigable  lands  capable of producing  the  widest  range 
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A .  Current  Carwing Cap#- 

Local Study Area 

Estimated current  carrying  capacities o f  the various  grazing  permit units 
administered by the B.C. Forest  Service  in  the  local  study a!rea are l isted  in 
Table 3.4-22. The units employed here to measure carrying capac:ity are land area 
(hectares)  required to support one anina'l u n i t  (AU, one steer or one cow and calf)  
for 1 wnth, commonly expressed as ha/Aun. In  the Kll  h2 of the local study area 
managed on a pemit  basis, carrying  capacities range from a high piroductivity of 0 . 4  
t o  a low productivi.ty of 54 .1  h d A U H ,  and average (when weighted for areal  contribu- 
t i on )   a t  6.7 hdAUM. 

The present carrying  capacity of non-permit rangeland,  the 669 km2 o f  
private land (including  Indian Reserves) and lease rangeland of thg! local  study area, 
was derived frw forage  yields mapped i n  1969 by the E.C. Forest  Service.27  Utilizing 
M average carrying  capacity  calculated f o r  t h i s  segment of the local study  area, 
2.4 ha/AUM, the lower grasslands o f  the area can support roughly 31 500 AM. This 
translates i n t o  forage  sufficient for 10 000 ca t t l e  over a 3-month interval. Although 
the  exact rider o f  c a t t l e  maintained  In the local  study  are8 Is n o t  known. estimates 
indlcato  there may be on the order of 5000 animals. The high estimate o f  carrying 
capacity i s  likely due to a combination of three  factors: 

1. The lover rangelands may be i n  poorer condition  than  they wen! 10 years ago when 
the range sap was prepared. 

2. The 669 b estimate o f  areal  extent o f  lower grassland areas wi th in  private and 
lease land may be higher than the  grassland areas actu;Illy  available  to 
cattle. 

' 2  

3. Animals may be grazed on these  lands  for a period avt!ragtrq more than 
3 months. 

Hat Creek Valley 

An estimate o f  ca t t l e  numbers presently supported i n  t h o  Hat Creek Valley 
(watershed) was developed f m  analysis of seasonal  productivities.  Theoboundaries 
of the Hat Creek watershed are  delineated I n  Figure 3 . 4 - U .  The c:cu/calf operations 
characteristic of tlhis area  uti l ize three sources o f  cattle  feed:  hayfields from 
which winter  feed is harvested.  spring  pasture and sLrmPCr grazing. 

The 879  ha o f  irrigated  valley haylands generally  exhibit three levels of 
productivity, dependtng on soil characteristics. To ta l  production is  estimated to be 
roughly 5398 Pq o f  hay, which  would sustain approximately 3395 animals for seven 
winter months (assuming 1 month of all  pasturing on cropped hay fields:,.  Sprirq 
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rangelands  provide  about 3916 AUM, suf f i c ien t   to   suppor t  1958 animals f o r  a -2-month 
period,  while sumer rangelands  provide  about 9141 AM which  support  approximately 

3047 animals for  the t h r n  sunmer mnthr. 

Fro. Comparison of the t h m e  seasonal produc t iv i t ies .  it 'is apparent  that 
spring  feed  production1  probably l i m i t s  Hat Creek Va l ley   ca t t l e  numbers to rougly 1958 
animals.  Current numbers of c a t t l e  would s l g n i f i c a n t l y  exceed 1958 i f  spring  grazing 
wen supplemented w i t h  ext ra  hay o r  i f  hay f i e l d s  were urad as i r r iga ted   laas tun .  

.I 
8. Potent ia l  Carwins Caoeclty 

Potent ia l   carry ing  capaci ty   is   def ined  hem t o  ind icate range carry ing 
capac i t y   l i ke l y  to br  achieved i f  good management pract ices  naintaln  nat ive forage 
product ion near leve'ls measured for  undisturbed  condi t ions.  Impro8vcmentr such as 
f e r t i l i z a t i o n .   i r r i g a t i o n  or in t roduct ion o f  exotic  plant  species ,IN not assumed, 
nor i s  water a v a i l a b i l i t y  for c a t t l e  consuaptton c o n s i d e d .  

Potant ia l   cany ing  capaci t ies  ca lcu lated  for  th. f i v e  g raz ing   capab i l i t y  
c l a s s e s   t e n t a t i v r l y   d r f i m d  by the CLI. am presented i n  Table 3.4-2:;. The basis f o r  
the  ca1culat .d   carry ing  capaci t ies  is   the ranqe of forage  prOduCtivit ies.  noted i n  
the first column. estimated by the Soils Div is ion   o f   the  B.C. Dep,rrtmsnt o f   Agr i -  

c~l tun.~ A s s u p t i o n s   u t i l i z e d   i n   t r a n s l a t i n g  forage y i r l d s   i n t o   c a t t l e   s u p p o r t  an 
noted i n  Table 3.4-23 and Section 2.4.5(c). Tota l  annual carrying  (capacity f o r  the 
local study a n a ,  as &r ived in t h i s  table. ranges f r o m  90 445 t o  186 606 AW. A 

s.cond i n f o r r r t i o n a l  source was q l o y e d  to calculate  pot.nt ial  range  carrying capa- 
c i t y  for the  Hat Creek  watershed. Vegetat ion  assoc iat ions  ident i f ied  in  
Srct ion 3.4.2 w e n  assigned  carrying  capacities  derived fro. coltversations w i t h  

p rov inc ia l  s ta f f  and fro. data  mported i n  the   l i te ra tu re .   Po ten t ia l   car ry ing  capa- 
c i t i e s   c a l c u l a t e d   i n  t h i s  mnner am pmsented i n  Table 3.4-24; when s u w d  for the 
e n t i r e  watershed.  they range from a la (assuming f u l l y  stocked  formsts) of 
17 WO A W y r  t o  a high  (asswing  recent  clearcut  condit ions in f0,rest.d areas)  of 
36 500 W y r .  

FrD. comparison of Table 3.4-23 wi th  Table 3.4-24, it i s  noted  that  the 
e s t i - t e d   c a v i n g  C;apaCitY Of the  Hat C w k  watershed  derived i n  the l a t t e r .  
36 505 AIM&, i s  cowarable to the l a r r  estimate  derived i n  Table 3.4-23, 32.407. 
AS the tW taD1.S were d@veloped  from  independant  data SoUtKes, t h i s  suggests that 
the larr estimates  included i n  Table 3.4-23 are more r e a l i s t i c   t h a n  th. hfgher 
estimates. 

-> 
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0. Cattle  Operations 

Beef product ion i n  th. regional  s t u d y  area i s  associat#!d  with  cow/calf 
ranching  operations i n  which  calves are ra ised  for   sa le   to   f in ish ing  operat ions 
located  outside o f  the  province.  Catt le  are  maintained by highar  r l levation  grazing 
lands. mainly  Cmun !,and avai lab le on a lease  or  permit   basis,  And val ley  cropland 
usual ly  deeded to the rancher. Most farmers raise  forage  crops t o  provide  winter 
f e d  f o r   t h e i r  an ca t t l e .  t o  u t i l i z e   b o t h  feed sources. c a t t l e  are moved f r o m  the 
lower  e levl t ions i n  s m e r  to graze  higher  elevation Crwn land, and returned to 

lwr elevat ion range and cropped  haylands i n  the fa l l .   Cat t le   are  l rormal ly   wintered 
adjacent  to hay production  areas. where they  are  fed forage harvmted  dur ing  the 
previous s w r .  

A. Land Use and Tenure 

Agr icu l tu ra l   land  use and land  tenure  patterns  ara  portrayed i n  
Fig. 3.4-14. Approximately 12 percent (243 kn ) o f  the  local  study  area i s  deeded 2 

(private). 4 percent (79 km ) Indian Reserve and ihe remainder. Cmln  land. Land i n  
the l a t t e r   c a t e g o y  i s  avai lab le for agr i cu l tu re  on e i t h e r  a lease or permit  basis. 
Ag r i cu l tu ra l  leases can be obtained f r o m  the   p rov inc ia l  government for ce r ta in  Crown 
lands  that  are a t   l e a s t  50 percent  arable,  while  grazing  leases  are  available fo r  
se lected  lands  genera ' l ly   not   ranable  to  use on a grazing  permit  basis. 'Crown leases, 
both agr i cu l tu ra l  and grazing,  are  adainistered by the Lands Manageml!nt Branch of the 
L C .  M in i s t r y  o f  the E n v i r o m n t ;  w i t h  an a g r i c u l t u r a l  lease. the leasce may opt t o  
purchase  the  parcel i f  80 percent of the  arable  port ion has been placl ld  under  cult iva- 
tion.  Grazing  permit.s  are  administered by the B.C. Forest  Service, and are  issued 
f o r   s p e c i f i c  areas, ntnnbers o f  l i ves tock  and grazing  periods. 

2 

Re1ationshiF~s b e t w n  land  tenure and agr icu l tu rs l   land  uses are  sinmarired 
i n  Table 3.4-27. F m u  inspaction  of  the  Table and Fig. 3.4-14, it is, noted  that most 
of the 45 lap2 o f  cul t ivated  cropland and i r r l g a t e d   p a s t u m   ( t h a t   i s  a l r l s  of in tens ive 
i r r iga t ion   ap ' r i cu l tu rn)  i s  r e s t r i c t e d   t o  deedad lands and Indian Rewrves. Approxi- 
mately 98 percent o f  the local   study ama i s  rangeland, 63 perclcnt o f  which i s  
r6win ls temd by the C m  on a permit  basis.  Grazing use of almost  half  of the 
ent i re   avai lab le  rangelmd i s  m s t r i c t e d  by vrgetet ive and t e r r a i n  features. 

, 

Field   c rops   ra ised   in  the Hat Creek basin and v i c i n i t y  (are l i s ted   a long 

w i th  ranges  of y ie lds  i n  TablR 3.4-21. The tw most important  crops ara a l f a l f a  and 
orchardgrass;  the  former i s   par t i cu1 ,ar ly   Wel l -Su i ted   to  CLI class lb climate  areas . 
(lwr benches  and val  ley bottoms o f  the Frascr, Thompson md Bonaparte.r'ivers) where 
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(iii) Site-soeci f ic  Study Area 

A. Land Use and Tenure 

Land use and tenure  patterns of t h e   s i t e - s p u i f i c   s t u d y  area are portrayed 
i n  Fig. 3.4-17.  which1 i s  a l a rge r rca led   ve rs ion  of Fig. 3.4-14 (discussed with 
reference to the  loca,l  study area). The loca t i on  of i r r igated  lmels   (crop land and 
i r r iga ted   pas ture) ,   impor tan t   ca t t le   t ra i l s  and licensed  water  diversfans CUI also be 
observed i n  Fig. 3.4-17. There are  approximately 880 ha o f  i r r iga ted   land   w i th in   the  
Hat Creek watershed po r t i on  of the area. and 870  ha w i th in   t he  lowlands of the 
Thonpson R i v e r .   I r r i g a t i o n   i s   p r a c t i c e d   m s t l y  on dnded lands. Fr~m i n s p u t i o n  of 
Fig. 3.4-17 it i s  not& that, on a general  level,   neither  vegetation nor t e r r a i n  
severe ly   res t r i c t   g raz ing  use i n  t h e   s i t e  area. 

8. Agr i cu l tu ra l  Land Reserv-v 

The d i s t r i b u t i o n  of ALR w i t h i n   t h e   s i t e  area i s  depicted i n  Fig. 3.4-18. 
The reserves ecompasr; the bottoll lands of the  Hat Creek Valley, bellches  and bottom 
lands  associated w i t h  the Thoapson River and the  nigh  capabi l i ty   rangeland i n  the 
v i c i n i t y  of HcLean  Lake. Approximately 40 percent of the ALR within the local study 
a n a  i s  located  wi th in   the  s i te-speci f ic   s tudy area ( the boundaria!s o f  which are 
noted i n  Fig. 2.4-2. Chapter 2.0). 

3.4.6 Cu l tu ra l   Mer i twe  Resources 

(a )  Phase I 11- 

Tha survey o f  44 quadrats cmpr i s ing   t ha  Phase I targe t  sample provided  data on 85 prehis- 

tor ic   cu l tura l   her i tage  resources  s i tes.  These s i t e s  were l o c a t e d   i n  22 (50 pen:ent) of the 44 
quadrats  surveyed; i n  the grassland stratum I3 (40.6 percent) of  the quadrats were "empty" of s i tes;  
i n  the  forest  stratum, 9 (75 percent) cbf I2 quadrats wen "Q,xP~~". 

The weraw  s i te   densi ty   per   grass land  quadrat  i s  2.37 or 14.84/b . I n  the  forest 
stratum. an average o f  0.75 s i tes  were found  per  quadrat, or 4 . 6 9 / b  . The densi ty o f  preh is to r i c  
cu l tu ra l   her i tage nsources i s   t h r e e  times as great i n  the  grassland  stratum as i n   t h e   f o n s t  
stratum. The mean density of s i t e s   i n   t h e  Phase I 5 u r v v   i s  U.06/lp2. 

2 
2 

- Three  main categories of s i tes  were defined: lithic scat ters :   cu l tura l   depnss ions and 

rock cairns. A p a r t i c u l a r   s i t e  may have a conbination of these si te  categor ies.  Thtt l i t h i c   s c a t t e r  
was the dominant s f t e  type recorded i n  both  the  grassland and forest   strate.  

a 
S i t e   s i r e   e x h i b i t s  a considerable degree of v a r f a t i o n   b o t h ' w i t h i n  and bet.wm the  forest 

and grassland  strata. I n  the   fo res t   s t ra tua ,   s i te   s ize  ranges from 8 to 6240 m mcl mean sit.  size 2 

I i s  1062 m,' (standard  deviat ion o f  2104). Grassland  stratum  sites  exhibit  an even gmater   s ize range 
of from ,t t o  9404 m . Mean s i t e  s.lze i s  433 m (standard  deviat ion of 1452). There i s  a t rend . 
tonrd small  sites. 50 percent or wre o f  tna  s i t e s   i n  each s t ra ta  are less Than 100 m i n  We11 
extent;  oflly 7 (8.2 percent)   s i tes are larger  than 1000 m . 2 

2 2 
2 . .. 
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s t ra tm.   Wi th in   the  104 s i tes,  34 cul tural   features have been ident l f ied.   of  whic11 17 are prehis-  
toric,  mainly  cultural  depressions and 17 are h is to r i c ,   i nc lud ing  remains o f   l o g  cabins, i r r i g a t i o n  
systems. 1s wel l  as depressions. 

Twenty-four s i t e s  were gridded and Co l lec ted   to ta l l y   wh i le  80 s i t e s  were transacted  using 
the Judgemental sampling  design. Al'tar extrapolat ing  the  s i res and nmbers o f  a r t i fac ts   Co l lec ted  
fm the p a r t i a l l y  sampled s i t e s  to correspond to information  gathered  from  complete sampling. 
comparisons among s l t es  and s t ra ta  could be made. 

The average size of l i t h i c   s c a t t a r   s i t e s ,   t h e  most cmmn s i te   category.  was 584.45 8 2 

(standard  deviat ion  of  1.U6.0). S m a l l  sites,  less  than 100 a , comprised 37 perclmt of t he   t o ta l  
nmber. imd  large  sites,  greater  than 1000 m , 14 percent  of  the t o t a l  number.  The man l i t h i c  
a r t i f a c t  count and the mean debitage  density of  each strattm  which  provide  a  rough masure of  lnten- 
r i t y  o f  p ~ s h i s t o r i c  use o f  the stratum, are presented i n  Tabla.3.4-30. 

2 
2 

Most of the preh is to r ic   s i tes   cou ld   no t  be assigned  a  date on the basis of chronologica l ly  
diagnostic  WtifaCtS.  Thirty-two pr.historiC s i t e s  rem assigned  temporal  placmeats  which  ranged 
f m  Early to Late Nesikep. f r o m  7000 BP to AD 1750, while  the  temporal  placement of' 69 s i tes  r a i n  
undetemined  (Table 3.4-31). Several o f  tha h is to r i c   s i t es   l oca ted  have po ten t i a l l y   da tab le   a r t i -  
facts  but  analyses have y e t   t o  be done. 

In addi t ion to l i t h i c   sca t te rs .   o the r   p reh is to r i c   s i t es   mcorded  were two midden st ra ins,  
recognized  by  dark  organic  staining  of the present  surface and a r t i f a c t   m a t e r i a l  and 15 c u l t u r a l  

derJressions. 

Using  a   pml iminary  analys is   o f   s i te   data and o f  the material  recovered from the f l r s t  
year o f  Phase II  survey. a "c luster ing  a lgor i th . "  was employed to group  the  stracr by the i r   s im i -  
l a r i t y .  The groupings t h a t  emerged correspond to  physiOlogical  boundaries wlthin the  VallRy. w i t h  

the M i c i n e  CreeWHarry Lake region  containing  Strata A,  8,  C, H; Hat  Creek  bottom  lands  containing 
Strata X, K; and Houth Ueedor c o n t a i n i n g   S t r a t u  J. 

A$ previously  Stat ld,  no r t f i n e d  temporal control o f  the sitar located i s  currently 
possible.  Honver,  the occurrence (11 eight   out  of ten   s i tes  w i t h  a Late Nesikep ,:omponent i n  the 

th rw int ra-va l ley  ng ions.  
Houth Chttdor Should be noted.  especially  since S i t a l  with  Ear ly  NeSikep COlapOnwtt Occur i n  111 

The fkdicine  CmeWMary Lab n g i o n  i s  dist inguished f r o m  the other hn mgions by the 
occurrence  of  small  sites w i t h  la densi t ies of dabitage and a  re l+t ively  h igh  percent  of   the usem-  
blage  belng composed of  retouched, t h a t   i s  resharpened or r w o r k e d .   l i t h i c   a r t i f a c t s .  There are 
also fcwr s i t e s   p e r   u n i t   o f  space (except   w i th in   S t ra tm 81, occupying a smaller percentage of   land 
surface  than i n   t h e   o t h e r  regions. The s i t e s  are more u n i f o n  i n  thir Character is t ics .   that  Is. 
the   var i t i t ion  f n  Si te  s ize and a r t i f a c t  count3 i s  Smaller  than in  e i ther   the  Houth Heada or Hat 
Creek  boixom  lands. Nore than 80 percent o f  the  ar t i facts   are Coaposed o f  v i t reous MSllt. There 
are few c u l t u r a l  depressions on terraces above creeks and there i s  a  tendency  toward  locating  sites 

near Creeks or  ravines (50 percent). 
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These in te rpre ta t ions  of past  sett lement  patterns and resource u t i l i z a t i o n  are hypothes8s 
t o  be tested by fur ther   malyres.  s.rway and excavation. The in te rpre ta t ions  thems8lves are p r e l i -  
minary  speculations on prehistoric  behaviour f r o m  a mdel for   hunt ing and gathering  subsist.snce and 
sattleumnt  behaviour and f r o m  .ethnographic  analogy. 

The pro jec t  area. bordered by th8  Clear Range and the ThompscNn Rfvw  Val ley,  
l i e s   p r i n c i p a l l y   w i t h i n  rile Thompson Plateau o f  B r i t i s h  Columbia. Surl'fcial  sediments 
which  ar8 th i ckes t   i n   va l l eys  and form t h i n  veneers on h i l l  tops  consist  ;>redominantly  of 
I l l m i n w .   g l a c i a l  till, ground moraine and d r i f t .   Typ ica l l y ,   b rd rock   i s   on l y  exposed on 
the s W p  f lanks o f  h i l l s   o r   g u l l y s .  

Throughout  the  Crnoroic, mass wasting has  been an important phenomena i n  th8 
upper Hat Crerk  Valley. A var ie ty  o f  deposi ts  consist ing o f  preglacial   volcanic  mudf low 
(lahars),  landsl ides and post-g lac ia l  8arth f l o n  a m  evident a t  the sit,&. West of the 
No. 1 coal  deposit t h e n  are i nac t ive  s l ides  cov8r ing an extensive a n a  betw8.n F im9y  
Lake a d  Houth Meadows. Par t  o f  t h i s   s l i d e   i s  still W t i v r .   b u t  it should pos8 110 p r o b l w  
tn open-pit  operations.  Surficial  mautrrl l ls a n ,  however. very  suscepti,ble to g u l l y i n g  
and i f  th8  surface  layer becorns broken. a ?$ne  dust  tends to form & a t  r e s l r t s  the roo t ing  
of  plants. 

Bedrock consists o f  a wide var ie ty   o f  rock units  (Fig. 3.4-19). Pa18otoic 
limestones and metavolcanic  rocks o f  the Cache Creek Group f o r a  th8  majori ty  of the subcrop 
i n  the centra l  part of the p r o j e i t  r i te area. Tho c l a s t i c  s8qwnce o f  thr Kamlaops Group 

Fornation. the M8dlclne Creek Formatton and tha Finney Lake Beds. The Coldwater Beds 
i n  the H a t  Creek Va1J.y has been d i v f d d   i n t o  th8 Coldwater Beds. the HaC Creek Coal 

reaching  thicknesses of U Y O  m east of the H a t  Creek Valley  consist o f  sandstone. s i l t -  
s - ~ ,  claystona,  conglomerate and minor Coal. The Coldwater Bods 1r8 overlain  by the tist 
C m k  Coal  Formation (490 a th ick)  that   consists  mainly O f  C0.1 w i th   s i l t s tone  and clay- 
stDn* partirqs. and l o u ' l l y   t h i c k   s e t i o n s  of s i l t s t o m ,  sandatone.  claystone and 

of poor ly   consaol idated  bmtoni t ic ,   c laystoM and s i l t s tone.  Th. sandston8 and coaploarr r te  
of the  Finney Lake Beds over l ies t h e  Medicin8 Cr8.k Formation. 

cmg lw . ra te .  The I k d i C i M  Creek  Formation. over ly ing  th8 Hat  Creek FamLltion.  ConSiSts 

(fi) !bal Geology 

Th8 CoJl  formations i n  the upper  Hat Creek V l l l y  a n  d iv ided  in to  tm deposits: 
'the NO. 1 d e p k i t  It the Ii'h Of the  proposed open p i t  and tha NO. 2 deposit  located  south 
o f  Anderson  Creek (Fig. 3.4-20). The NO. 1 deposit  contains  approximt.ely 825 Flt of 
! iubbituainous  coal  that can b8 sub-div ided  into  four  d iscrete zones designautrd A through 
11. The top w s t  zone, designrted as th8  krone.  consists of 180 of  interlayered  cl8an ~ 
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depos i t   i s   loca ted  on the  eastern  f lank o f  the  principal  syncl ine  which  plunges  approxi- 
mately 15 t o  20 degrees to the south. The fo lds  o f  the  coal  basin  are  complicated by 
t ranscurrent and  normdl fau ' l ts   that  have displacemmts o f  as much as 550 m. 

( v i )   Se ism ic i t y  

The Hat  Creek P m j e c t  1s located f n  the  In ter ior   P la teau  naar  the  eastern  margin 
o f  the Coast Range.  The fomr physiographic  region. i n  the  area o f  Hat I:reek. i s  classed 
as a Zone 1 seismic r i s k  based on the  Seismic Zoning Hap o f  Canada4.  The l a t t e r   r e g i o n   i s  
classed as Zone 2 seismic  r isk.  Between 1899 and 1974 ten  earthquakes o f  Modif ied  Mercal l i  
I n t e n s i t y  I1 or more have  been f e l t   a t  the s i t e .  The l a rges t   i n tans i t y  was 0.02 (1; t h i s  
ef fec t  resul ted fm a 1946 earthquake o f  magnitude 7.3, w i t h   i t s   e p i c e n t w   i n   t h e  Georgia 
S t r a i t  near Powell  River. 

None of the   fau l ts  i n  the  Hat Creek area are known t o  be active  (Flg. 3.4-19). 
The nearest   fau l t  where uignif icant  post-Pleistocene movement has  been recorded i n  the 

YalallDa Faul t  Zone. a br'mch o f  the Fraser Faul t  System extending  norttruestward f r o m  
L i l l ooe t .  A deep-seated d' isplacemnt  masur ing 5.0 on the  Richtar scale was recorded neer 

Relay Muntain i n  1926. The main Fraser River  Faul t  System i s  considerrd to have  been 
inact ive  s ince  the  Tert iary.  

Based on t h e   l i a i t e d  data ava i lab le .   the   Owin ion   Obsewl to ry   in   V ic to r ia  bas 
concluded the t   the  miuum accelerat ion o f  an earthquake  that w u l d  probably occur Within 
a re turn  per iod of 100 y r a n  i s  0.017 g. It i s  concluded f r o m  t h i s  d a t a  that  the  Hat 
Creek area i s  a minor  seismic risk. 

(b) Economic 

The potent ia l ly   exploi tabla  natural   resources of  the  s i te   area were .suwe.yed to  provide an 
inventory of economlc resources  that may be af fected by the  project. In  pro jects   that   requi re   the 
mining 01' a fuel source wi th in  the  sfte  boundari*r.  resourcss i n  addi t ion to fuel #lay  be s t e r i l i z e d  
by the  milsing  operations. 

( f )  Fossil  Fuels 

Other than  coal. no a d d i t i o n l l  foSSil f ue l s  have  been found it1 the   s i t e  area. 
Oetai led  invest igat ions have confirmad  the  existence o f  subs t l n t i l l   coa l   resewes   tha t  
under l ie  uast  o f  the  uppw Hat C m t  Valley. The two major deposits shown on Fig. 3.4-20 
contain  approximately 3925 R o f  coal  having an  average hel t ing  value of 16 770 k d k g ,  an 
average  ash content o f  Z17.1 percent. and a fixed  carbon  content of 30.2 percent. In 
add i t ion   to   th is ,   there   a re   la rge   quant i t ies  o,f low-grade coal and carboniferous rocks. 
Coal  waste, t ha t   po r t i on  o f  t h e  coal  formation  having ash content  ranging between 
69 percent and 79 percent, i s  also  considend a po ten t i a l  resource as i t .  can be blended 
wi th   the  bet ter   qual i ty   coal  fo r  use i n   f l u i d i z e d  bed  combustion systems. 
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upper  Hat  Creek  Valley.  Additionally. baked claystone may o v e r l i e  most o f  the  coal 
resources i n  the same area. Bentonite stone m y  o v e r l i e  most of  the  coal  resources i n   t h e  
s w  area. Bentonita and k a o l i n i t e  are the two clay  minerals o f  po ten t i a l  economic value 
i n  tho  claystone  deposits.  Precise  information on t h e   d i s t r i b u t i o n  and cllemistry  of  these 
two minerals  precludes, a t  this time, a determination of the i r   poss ib le  economic uses. 
Howuer.  the  properties o f  these  deposits m y  be sui tab le as a source o f  alumina used i n  

I 
the manufacture o f  aluminrp. 

The bakad c l r y r tone  dmposits. formed as a r e s u l t  of a natural  coal fire. a n  
estimated to be i n  excess o f  16 Ht. T h i s   m t e r i a l   c o n s i s t s   o f  red,  orange and y e l l m .  
b r i ck - l i ke ,  baked c lay and iso la ted  pockets   o f   gny  c l inker  and i s   cu r ren t l y   be ing   eua l r r  
a t e d   f o r   i t s   s u i t a b i l i t y   f o r   b r i c k  manufacture. It has alreody  proven  valuable i n  road 

1 

construct ion and  maintenance. 

3.5 SOCIO-ECONOMI(~ 

3.5.1 In t roduct ion 

- 
I The socio-economic resource inventory was undertaken i n   t h e  areas defined bela,.  These regions 

contain the i l g o r t a n t  economic  and s o c i a l   c m u n i t i e s  and resourca a r e u   t h a t  would be w b j e c t  to poten- 

t i a l   i n p a c t  by the  Hat Creek Project. 
L. 

The proposed  Hat Creek region i s   d e f l n d  by an a n a  bounded on the  north by a8n east - res t   l i ne  
through 70 Mi le  House. on the  south by  an east -west   l ine drawn through a po in t  8 miles  south  of  Lytton. 

I on the west  by a north-south  l ine  through  the  vest  end o f  Seton  Lake  and on the  east by a north-south 
l ine  through  the  eastern boundary o f  Kanloops. I n  t h i s  report  the  area i s  r e f e r n d  to as the  Hat  Creek 
rogion.  the study region or simply  the  region. The region i s  shown i n  Fig. 3.5-1. - 

In  i ldd f t ion .   a  second a n a  has  been defined as a  subset of the  region within uli ich  the m j o r i t y  
of   the  potent ia l   land use  and populatlon  induced  project  impacts will occur.  This anta i s  bounded  by 
70 Mile House to   the   nor th ,   L i l looe t  to the west,  an east-west l i n e  20 mfles  south  of  Ashcroft t o  the 

south and Walllachin to the  east.  This a m a  i s   t e r m 4   t h e   l o c a l   s t u d y  area or the  loca l  ,&rea. It i s  also 
I 

i l l u s t r e t r d   i n  Fig. 3.5-1. - 
3.5.2 Populat ion.  Incom and EaDlonnnt 

- (a) Pooulaticm 

(1) Growth Character ist ics 

I 
The overal l   populat ion  of   the  Hat Creek region  at ta ined a l e v e l   o f  77 300 penonr  

i n  1976. Table 3.5-1 prov~lder 1966 to 1976 popu la t i on   s ta t i s t i cs  for the na t  Creek r q i o n  
and loca l  areas. Althougn  the  region has been one of  the  faster  growing  areas  of  the 
province  dur ing  the  last  decade, growth appears t o  be moving more i n  l i n e   w i t h   t h a t  of the 
province as a whole during  recent  years;  i.e. 2.5 percent. 

m 

. 
/ 

- 
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(iii) Ase/Sex D i s t r i b u t i o n  

The regional  composit ion.  largely as a resul t   of   the  inf luencat of Kamloops, i s  
very   s imi lar  to the  province as a whole. However, wi th  the  except ion of Cache Creek, the 
loca l   cornuni t ies  conta in ,   a   s ign i f icant  male  bias.  Nearly 60 percent of the  regional 
popul’ation i s  b e l m  29 years  of  age,  compared to   t he   p rov inc ia l   ave ray  of 53 percent. 
Also,  the  proport ion  of  seniors i n  the  region f s  only 4.9 percent compantd t o  9.4 percent 
i n  the  oven11  province. All cornuni t ies  contain  a  large male  and fenale p o p u l a t i o n   i n  

the 0 to 14 age grouping. A small  pwcrntagc! of thr populat ion of As,hcroft and Cache 
Creek i s  over 60 y e a n  o f  a!p. i n  comparison with both  the  region and provincll. 

( i v )  F m i l y  and  Household C o m o s ~  

The average numoer o f   ch i l d ren   pe r   f am i l y   i n  a11 c a m u n i t i e s   i s  1.8, i n  com- 
par ison  wi th   the  prov inc ia l   avr rage of 1.6. average  household  sizes  are  larger i n   t h e  
region  than  the  province rith 3.6 persons p.r household as compand t o  3 . 2  persons i n  tha 
province as a wkolr. 

I n  comparison tu the  province.  Ashcroft,  Cache Creek  and C1inl:on have s i g n i f i -  
can t ly   la rger  percentages o f  the i r   populat ions  wi th   f iva and s ix   ind iv idua ls   per  
household. Cl in ton has over  double  the  proportion of households with more than s i x  persons 
than  the  prov inc ia l  average. men colp.md  with  the  province. a11 comus i t ies   w l th in   the  
s t u d y  area  also i n d l u t r   s w r t a n t i a l l y  fewer o n r p r r s o n  households. 

( V I  Mar i ta l   Status 

I n  the  overal l   region,  approximately  two-thirds  of  the  populat ion 15 years and 
over  are u r r i e d .  26.4 percent a m   s i n g l e  and 6.9 percent  are  divorctld,  separated or 
widowed. This compares very  c losely  with the   t i gums  for B r i t i s h  Columbla. Ashcroft and 
Cl in ton have a r e l a t i v e l y  high percentage  of n a r r i r d  persons. The r u r a l  areas support  the 
highest  proport ion o f  singles,  while  Ashcroft and Cache Creek contain a high  proport ion of 

divorced,  separated or widowed persons. 

( v i )  Education  Levels 

In general. educ:atiorul  achievumnt  levels are 1-r i n  the  region than i n   t h e  
province as a whole. A s ign i f icant ly   h igher   propor t ion  o f   the  reg ional   populat ion has 
at ta ined  less  than Grada 8, whi le  a lmr propor t ion has obtained Grade K or post- 
secondary  education.  Ashcroft and Cache Creek shm an ucep t iona l l y   h igh   p ropor t i on   o f  
indiv iduals  achieving Grade 9 t o   t r a d e  ll levels,   whi le  the  Cl inton  populat ion shows a 
hiQh  percentage o f  persons with  very low and very  high  educational  achievhmnt. It appears 
t h a t  females have a higher  level  o f  schooling  than m n  i n  the  region. 
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(iii) Indus t r i a l  Earninas 

The character and r e l a t i v e  stage o f  developmnt of the  local   study  area  in 
cmpar ison  to   the  reg ion as a whole Is t y p i f i e d  by  Table 3.5-5. 

The primary  sectors  contr ibute more than  one-quarter o f  the i n c m  gcnereted i n  

the  local  area  while  they  account  for  sl ight1,y mre than 10 percent o f  to ta l   reg iona l  
incon. The mre balanced connay o f   t h e   o v e r a l l   r e g i o n   i s   r e l a t i v e l y   s t r o n g   i n   t h e  
mufac tur ing .   cons t ruc t ion ,   t ranspor ta t ion  and trade  sectors. 

Average earning  levels a n  genera l ly   h ighest   in   the  min ing.   farest ry  and con- 
st ruct ion  rectors .  Average w e k l y  earnings i n  B r i t i s h  Columbia by industry  are shoun i n  
Table 3.5-6. It would  appear t h a t  average industr ia l   earnings  are 8.0 percent  higher i n  
Vancouver than i n  Kmloops.  but  the  difference is  steadi ly  narmwinp  (Table 3..5-7). 

( i v )  Income O is t r i bu t i on  

The d i s t r i b u t i o n  of e m l o y m n t  i n c o u  i n  the  local  area. and the overal l   study 
n g i o n   i s  conpared t o   t h a t  for B r i t i s h  Columbia i n  Table 3.5-8. The d i s t r i b u t i o n  o f  
w l o y r e n t  Income ind ica tas   tha t  a sl ight ly  greater  percentage o f  employed persons i n   t h e  
local   area have  incomes i n   t h e  upper classes than I s   t h e  case for the total region or the 
province as a whole. I n  contrast. income d i s t r i b u t i o n   i n  Table 3.58-4 shows a low 
percentage o f  households 'in t he   l oca l  area having  household incomes i n  tha  upper income 
categories. 

(e) Labour Farce and Emolomnt  

(i) Growth Character ist ics 

6.5 percent over thc decade. reaching an er t faa ted   leve l  of 33 600 persons i n  im. 
The n g i o n ' s  labour force has been growing a t  an average  annual r a t e  o f  

Changes i n  male and female labour force are shown i n  Table 3.5-9. 

Employment expansion  durlng  the 1960s and ea r l y  1970s covered a broad  front  of 
f o n s t r y ,  mining.  t ransportat ion.   govermnt and service  industr ies. Ralpid in-migrat ion 
provided  the bulk o f  the  '#abour  force for  these  dweloprunts  but, i n   s p i t n  o f  t h i s  inflow. 

a p l o y w n t   g m u t h  has gemrrally  uceeded  labour  force  increases. Unwqlc#ymen.nt rates have 
paneral ly  uceeded labour force  increases.  Unaploynnnt ratas have genwa l l y  W n  1 or 
2 percentape  points  below  that  uperienced for the  province a5 a whole. 

The local   study a n a  contains an estimated 1976 labour  force o f  3450 persons. 
n p n s e n t i n g  an average wnuel  gmwth  over  the  past 10 years of 5.1 percent. The indus- 
t r i a l  composition  of  the  regional  labour  force i s  compared w i t h   B r i t i s h   b l u n b i a ' s   l a b o u r  
force i n  Table 3.5-10. The regional  labour  force i s  concentrated i n  the !mining, construc- 
t i o n  and transportat ion and service  sectors. The Highland  Valley an,d M e r r i t t  areas 
contr ibute  the  major i ty  clf mining  industry  opportunit ies and fur ther  cuvelopments will 

ensure the  Continued  importance of mining  to  the  region's  industr ia l  employment base. 
, 
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The age d i s t r i b u t i o n  of the  regional labour force  suggests  a  pattern  typical of 
resource  hinterland areas. Table 3.5-11 indicates t h a t  72.2 percent o f  the regional 
labour f o r c e  i s  under 44 years of age. compared t o  67.2 percent for the province as a 
whole. The youthful  bias occurs mainly i n  the 25 to 44-year aga category.  a  factor  which 
tends to be re in forced by in-migration. 

Table 3.5- l l  indicates  that   the  local   study  area  exhibi ts even higher  part ic ipa- 
t i o n  ra tes  than   t he   ove ra l l   ng ion   i n   bo th  male and femle  categories. A!bhcroft and  Cache 
C m k  have extremely  high u l e  par t i c ipa t ion   wh i le   C l in ton  and  Cache Creek show unusually 
high female par t i c ipa t ion .  

Mrriage tends 1a s iQni f icant ly   lower  female par t i c ipa t ion .   Th is   fac t  i s  not 
unique t o  the  region and i s  generally  considered to r e s u l t  f r o m  a coih inat ion of t h e  
preference for n o n - m p l o p n t   . w n g   m a r r i e d  women, a lack o f  su i tab le  employment opportuni- 
t i es .   i nsu f f i c i en t  day c d r e   f a c i l i t i e s  and a lack of appropr iate job s k i l l s .  Involvement 
i n  non-traditional  occupations, however, i s  re la t i ve l y   l im i ted .  

(if) Construction Labour  SuoDly 

Tha msident  construct lon  labour force i n  the n g i o n  i s  estimatad a t  about 
3750 perrons i n  1976. Thn most recent  avai lable  est imates of construction  labour  supply 
by t rade a n  presented i n  Table 3.5-U. 

Almost 65 percent of the  regional  construction work forca i s  unionized and over 
75 percent of these n a b e n  are employed i n  four t rade  categor ies:   gmeral   labouren, 
equipment operaton.  carpmters and e l e c t r i c a l   v o r k e n .  All of these  trades are repre- 
sented by unions  having  regional  dispatch  jur isdict ion for p r o j e c t s   i n  thir cent ra l   par t  of 
the  province. 

For the most p l r t   the   un ion ized  cons t ruc t ion   warken a n  highly  mobile. e.g. 
about 500 members are  currrnt ly  working i n  Alber t .  and many a n  expected t o  return to the 

Kaaloopr a n a  over  the n u t  year. The non-unionized  construction  labour fo rce  ' 1s  l e s s  
mobile and i s  primarily occlrpied i n  local  housing and co lawrdal   const ruct lon.  

. .  

The l oca l  s W y  area has a nr idant   cons t ruc t ion   labour   fo rce  of about 
250 persons. Of t h i s  t o t a l .  union of f i c ia ls   es t imate   tha t  than are about 140 construct ion 
trade  union mambers: l abouren  - 40; operating  engineers - 40; carpenten - 35; 
teamsters - 15; p l u b e r s  and p i p e f i t t e n  - S; and e 1 K t r i c a l  workers - 5. The s k l l l  
categories o f  the  remaining UO c o n s t r u c t i n n   w r k e n  am unknown, howevw, it i s  l i k e l y  
that   they are p r i m a r i l y  i n  the   sed-sk i l led   t rades  as re f lected by the  non-union  labour 
force for t h e  overall  region. 
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& 

Only 41.6 percent o f  the w m n  i n  the  reg ion  par t ic ipated  in   the  labour  
f o r a  dur ing W l ,  compared t o  80.2 percent o f  wn (see Section 3.5.;!(c>). In B r i t i s h  
Co lwb ia  as a whole. t h t  growth i n   ? m a l t   p a r t i c i p a t i o n  has  been Inc,reasing much mom 
rap id ly  than for males over  the l a s t  15 years. 

Mjustacnts am occur r i ng   bo th   i n   t h t   a t t i t udes  o f  s o n  nmployers and the 
at t i tudes  o f  society   a t   large  in   accept ing  the  des i res o f  m n  t o  pursue employment 
goa ls   comnsura t t   w i th  Uuir l l i b i t i ons  and capab i l i t ies ,  as wel l  as prov id ing the 
soc ia l   i ns t i t u t i ons   n t c rssa ry  t o  p e m i t  the  combining o f  fami ly  and employment goals. 
Wmn i n  t h e  Hat  Creek region  Const i tute a l a r g e  potent ia l   labour   pool .   AppMXiMtt ly  
65 percent o f  the women n o t   c u r m n t l y   i n  the  labour  force  hare  previous  work 
w e r i e n c t .  2 

HlQh School  Students 

The p r o b l a  o f  o m l o y m n t  for school  dropouts  Centre on thtir lack of 
employment u p e r i t n c t  and possibly Uwir at t i tudes  towards workL The regional 

populat ion i s  generally  younger  than i n   o t h t r  amas of the   p rov ince .   par t i cu la r ly   in  
Kuloops and bch. Cmtk. 

. Thir u t e n r i v t  group, age 15 to 19. npresents  approximat~kly 10 percent o f  

labour and as an i n v e s t a r n t   i n   t h e   f u t u m  of the  mgion.  This  group must a lso   b t  
l o o M   a t   i n  terms o f  the problems  which can r e s u l t  i f  they  "drop oiut" of tht tduca- 

t f o n  system befom  COrpletion to take up raplaymnt.  

tht regiOM1  populat ion M d ,  therefore. Should be devtloped as 1 P o t M t i a l  SOUlXR Of 

U n d t m l o y n n n t  
1 

Within  the  Hat Creek region.  underem@loynnt M doubt t x i r t s .  50.. wup.n. 

for u u p l e .  who are w i l l i n g  to work f u l l  tiw are only  able to find p a r t  t iw employ- 
r r n t  or am only 8bie t o  work part tiw due to t h e  absence of adoquate c h i l d  cam 
f a c i l i t i e s  in  the c m u n i t y .  The u t e n s i v e m s s  o f  t h j s  p h t n o u m n   i n   t h e   n g i o n  i s  
unlrmm. 

I 

( i v )   Ex i5 t ina   Tra in ing  and Ret r r in inq  Prooranner 

m A. Reaional  Training P r o g r a m  Overview 

For the  purposes of t h i s  study, four types o f  t r a i n i n g   p r o g r m e s  have  been 
identi f ied:  on-the-job . training:  pre-appmnticeship  programas::  apprenticeship 
programer;  and spec'ial  progrumes.  This  range of p r o g r u a s  i s  in,tended t o  prepare 
ind iv iduals   for  employment in   the  var ious  const ruct ion and operating  occupations i n  
B. c. 
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the  v i l lage,  rind therefore  borders it on the  southwst  and northeast;  topographic  constraints i n  the fo ra  
o f  high  land  gradients; an Indian Reserve on the west;  and the agr icu l tura l   land  reserve (ALR) .   ALR 
lands  exist  within  the  municipal  boundaries, but because o f  t he i r   h igh   capab i l i t y  when i r r i g a t e d  
(Class 1). it i s   l i k e l y   t h a t  no urban  development will be permit ted on these  properties  unless no a l t e r  
nat8 development areas are available.. 

The dominant land use features i n  the   V i l lage  o f  Cache Cnek (1976 population, 1050) a r e  two 
highways  and the  adjacent highway c o n e r c i a l   s e w i c e   e s t a b l i s h e n t s .  Expansion o f  res iden t ia l  uses are 
constrained by  topography and the A L L  Haever,   the ALR MY mat prova to be a major  ccmstraint because 
the   agr icu l tu ra l   capab i l i t y  o f  the reserved land is   not   very   h igh,  and urban  development has  been 
authorized i n  the past by t h e   B r i t i s h  Columbia Land Cmisr ion .   Wi th in   the   topograph ic  constraints. 
small  parcels o f  land are avai lab le for res ident ia l   developmnt  and l im i ted   comcrc ia l  and l i g h t  indus- 
t r i a l  development. 

Other important  land uses i n  the 1-1 area i n  addi t ion  to   forest ry ,   apr icu l tu l?e and "bui l t -up" 
categories a m  mining and recreation. There are approximately 18 knan  ex t rac t i ve   opera t ions   w i th in  
25 km radius of the   p ro jec t  si-. Of these. f ive  are  gravel  or sand quarries, thr- aro chromium  mines, 
two are copper and s i l v e r  mines.  and two are  coal  deposits  (Hat Creek NO. 1 and 2). There i s  a lso one 
gold  n ine an8d one l imestone quarry. The minerals  extracted f r o m  the fou r  remainin()  operations  are 
unknown. 

Withtin a 25 ka radius  are thrn prov inc ia l  parks.  the  nearest o f  which i s  Uarble Canyon Park 
(shown i n  Fig. 3.5-2). locatrd south o f  Pav i l i on  Lake.  The park encompasses approximatc!ly 827 acres and 
of fen  camping f a c ~ ~ i t i e s .  I n  1976, there ws an approximate t o t a l  o f  2100 c&grOund p a r t y   n i g h t s   a t  
the park.' The nuaber of day users i s  unavailable. Near the park are approximately 24 privately-owned 
n c r e a t i o n a l  ccottlges on t h e  east  s ide  af   Pavi l ion  lake.  There  are used p r i m a r i l y   i n   t h e  s m r  months 
and possibly  during  the  hunting reason. The other  parks  are Cayoosh Park, on the Fraser River  near 
L i l l w e t  and Owning Park, a t   K e l l y  Lake t o  the southwst  o f  Clinton. 

The exist ing  stocks  of   s ingle and  two f u l l y   h m s ,  mult i - fami ly,  and moblle h m s  consis t  
of 480, '180 and 105 uni ts   respcct iva ly .  With a 1976 census population of 2005. the ;average household 
s i z e   i s  2.62. 

Vacancy rates have b n n   v e y  la. As o f  February 1977. there w e n  approximately 
10 d re l l i ng   un i t s ,   ( s ing le  or two fwily) on s t rem.   w i th   de f i n i t r   p lans  for another 10 to 15 u n i t s  
t O  b. Constructed i n  1977. The majority o f  h m s  planned or be ing   bu i l t .  are be l ieved  to  be b u i l t  
for speoulation. I n   t he   sho r t  run. t h e   l i m i t e d   a v a i l a b i l i t y  or supply o f  serviced  lots  presents a 
const ra in t   to   fur ther   const ruct ion.  

Three cmpanier i n  Ashcrdft and Cache Creek estimated  that  they cou'ld b u i l d  100 t o  
120 dwel l ing   un i ts   per  yaar g i v e n   w f f i c i e n t  dcnund with the i r   cu r ren t   s ta f f ;  by increas ing  the i r  . 
sta f f   leve ls .   th is   ou tpu t   ' cou ld  be increased  s ign i f icant ly .  I? the demand for tinusing  increased 
s i p n i f i c ~ m t l y .   b u i l d e r s  and developen f r o m  Kamloops would, v e r y   l i k e l y  move i n t o   t h n  area. providing 
competit ion for the  smal ler   local  finus. 
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Vacancy  rates have  been l o w ,  both  in single and  multi-family  dwellings. Approximately 20 
to 30 drmlling  units  were  under  construction as of February 1977. No infannation is available 
regardinq the  number  of  additional un-its planned  for 1977. 

Prices for serviced  lots  range f m  $10,000 to S U , C O O .  The typical ll2 m three bedroom 2 

bungalow w u l d  couunand a price af $48,,000 to 155.000. 

The servica  study aree Is located within the boundaries of School District 30 (South 
Cariboo)., During the  academic  year 1976-77, School  District 30 had a total of 11 :ichools i n  opera- 
tion  and had an enrol!nent of 2U7 students. 

Within tho  service study area and  located in Ashcroft, Cache Creek and C'linton t h e m  were 
six  schools in operation  during the 1976-77 academic  year with  a total .enrollment of  1598 students. 
Table 3.!i-15 contains  data  with  respect to these schools. 

a (i) E l m m t a r y  Education 

Ashcroft  Elementary was built  in 1965 with  additions in subsequant years. The 
school has a large  activity room. a wll-stocked library  and Outdoor facilities. 

Although  Coppervale  Elementary is the  oldest school facility in, the study area. 
it has recently been rehuilt and fireproofed. The school has a full-sired m a r i m  with 
a stage. well-equipped  library  and outdoor facilities: 

Cache  Creek  Elementary  has  a  large  activity room and a well-sto?:ked library. On 
the school  site, there is a small building  adjacent to the school that sewes as a  music 
room for band  and  choir,  practice. Recreation  facilities am located on the school 
grounds. The Clinton Elmntary School. which  is  approximately 10 y r a n  old. has a 
gymnasiua,  a  library  and  outside facilities. 

Between 1967 and 1973 the total enrollment in the elementary  schools in the 
study  area had mached W O ,  a 38.1 percent increase. F m  1974 to 1976, it decreased to 
921 elementary  students (15.9 percant decrease). 

I n  the study  area,  secondary  school  classes f m n  Grade 8 to U are provided  in 
Ashcmft. and trade 8 to 10 in Clinton. 

-\ 

I 

Ashcroft  Secondary School.  in i t s .  fourth year  of-operation in the 1976-77 
academic  year. had a  student  population of 573 in 26 classrooms. The school can accomo- 
date  595 students  and should  have  reached  its  full capacity by the 1977-78 schooi  year. - 
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The school  has a well-equipped gymnasium,  a  multi-purpose room, cafeteria,  workshops, an 
art room,  two  home economics  rooms and outdoor  recreation facilities. 

Ashcroft  Secondary School  has an active  extra-curricular sports pragrame and 
its facilities  are used for  cornunity  recreation  clubs  and  continuing  education 
progrmes. 

Oavid Stoddard  Junior  Secondary School in Clinton has  an enrollment of 104 
Students in nine classes. Included i n  the facility  are  a  gymnasium  with  a stage.  an 
industrial education room, a home economics room. a  typing room, a  science room  and 
outside facilities. 

The gymnasium in  the Clinton  Secondary School is used by cornunity  groups,  and 
after school  hours for  extra-curricular  sports events. Continuing  education  classes  were 
hald  at  the  school in previous years, but were  cancelled in 1976 because of lack of 
demand. 

Since 1967 secondary school enrollment has  been increasing by approximately 
10 percent each year,  reaching  a total enrollment of 677 students in October O f  1976. AS 
with the elementary schools. there  were no plans to change  or add  any secondary school 
facilities in the study  area. The schoul  board operates a total of 19 school buses 
thmugnout  the district. The maximum  distance  travelled by any  student is 30 miles  one 
way. 

The breakdown  for the 1976 budget  for School Oistrict 30 is given below: 5 

TotaI  operating  expenses $3,679,003 
Total  non-operating expenses 217.456 
Total debt  services and  capital costs 720,779 
Gross total  budgeted expenditures $4,617,238 

School districts in  B.C. have  two major  sources of  revenue: local property 
taxation and  provincial government grants. For School District 30. provincial grants 
cover 47.94 percent of  the  total net  budget and  local assessments  cover 52.05 percent Of 

the net  budget. 6 

I 

Ir 

u- 
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( i i i )  Continuinq Education 

Cariboo  College in Kamloops offers  continuing  education  courses in  the South 
Cariboo region. In the  year ending June 30. 1977, a total  of 42 courses  were  offered in 
the South  Cariboo region. with  a total enrollment of 446 people. Continuing  education 
courses  are provided in cooperation  with School District 30. and  use  existing  School 
facilities in Ashcroft.  Cache Cre?k, Clinton  and Lytton. 
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(iv) Standards fo r  Education Services Svstem 

I 

Information regarding  standards for education services can bi! obtained from 
Resource Planning Unit ,  ELIJC Secretariat. Province of L C .  i n  their  publication  entitled 
"Provincial  Service Requirements and Costs for Proposed Comunity" which uas prepared for 
Tovnsite Sub-Coifsittee, September 1976. 

I ( V )  Resident Cements on Existing Education Service i n  S t u d y  Area 

I 

Residents i n t c r v i m d  i n  t h e  Hat  Creek  and a n a  resident survey e,rpressed  general 
satisfaction w i t h  the education services i n  the study area. Those expressing  tho most 
satisfaction w e n  householes i n  Ashcroft; Cache  Creek and Hat Creek Valley residents wen 
generally  satisfied; and C' l in ton  residents were sp l i t  on their  rating of schools w i t h  a 
greater proporLion dissatisfied. 

The Ashcroft and Oistrict  General Hospital  provides a f u l l  rmge of hospital 
services,  including minor general  rurgery. Any major surgery.  orthopedics, or SeriOUS 

burns are taken to Kamloops or Vancouver. Of the 41 beds i n  the  hospital, 33 ara used for 
acute c a n  patients, and eight are used for  utendeu  care  patients. 

Admissions to  the  hospital have  been decreasing stmdily over the past 5 years. 
AverapR  occupancy for AshCrOft  has decnased from 49.4 percent i n  1974 to 46.2 percent i n ,  
1976. 

Given the 70 percent occupancy rate suggested by the L C .  Ministry of Health, 7 

Ashcroft  Hospital could support a patient-day voluma of approximately 9000 t o  10 000 days; 
the hosp i ta l '$  U76 pat$cnr-day "01- was 6057 days. Based on the 1976 population of 

3280 for the service s t u d y  area,  the Ashcroft hospital  provider 6.25 beds per lo00 
population. 

In B76. the  hospital had a  staff o f  50 that included the  hospital  adsinistrator 
and nine department heads.'3 A pathologist from Kmloopr visits  the  hosp,ital  regularly. 
The hospital  also has two women's auxiliaries and a group  of volunteer  teenagen. 

The 1976 operating budget for  the  hospital was S932.E09e based on a per diem 
rata of funding and i s  met almost entirely by provincial  grants. In 1977, the Thompson- 
Hicola Regional Oistrict approved $8000 for capital upendi tunr .  

In Ashcroft. the ubulance u n i t  has tw ubulances. one full-time employee  and 
volunteer staff. The Clinton ambulance u n i t  began servica i n  early 1977 and has one 
.ambulance that i s  operated by voluntnr  staff .  Tne rescue u n i t  of the Ashcroft Fire 
Ilepartncnt also serves as an  ambulance u n i t .  

. 
i 
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(ii) Medical and Dental 

There are  three  physicians i n  Ashcroft, and one phys ic ian  in   Cl in ton  serv ing 
approximately 5280 people. Based on discussions  with  physicians i n  the  service  study 
area,  the number o f  physicians appears t o  be su f f i c i en t   t o  meet the  present needs of the 
area's  population. 

leas t  one d e n t i s t   i s  needed.  The Public  Health Nurses f rom Ashcroft  operate a preventive 
There are no permanent dent ists  at   present  in  the  service  study  area and a t  

dental  prograonc i n   t h e  schools i n  the  study area. 

(iii) Public  Health 

The South Central  Health  Unit has a branch  Office  located i n  Ashcroft  that 
services School D i s t r i c t s  29 and 30; there   a re   o f f i ces   in   C l in ton ,   L i l looe t  and Lyt ton  for  
t h i s  branch  office. 

The health  unit   offers  environmental  inspection and nursing  services concerned 
w i th  home care. publ ic   heal th  and epidemiology. The public  health  servlces  are  directed 
pr imar i l y   to   the  school  population and  newborn chi ldren. There are  also VD c l i n i c s  and 
some ru ra l  mental health  programer. H a w  nursing  care is avai lable i n  Ashcroft and Cache 
Creek bu t   no t   i n   C l i n ton   a t   p resen t  because o f  a shortage o f  nurses i n   t h a t  area. 

In 1976, the   hea l th   un i t  branch o f f i c e   i n   A s h c r o f t  was s taf fed  wi th  a hea1:h 
inspector. a senior  publ ic  heal th  nuno. two publ ic  heal th nurses, two registered nurses 
for home care programmes (working  half  time), and one and a hai f   c lerks.  One addi t ional  
publ ic  health  nurse will be  added i n  1977. 9 

( i v )  Mental Health 

Hental  health problems are  dealt  with  by  local  physicians,  publ ic  health  nurses, 
o r  by re fe r ra ls   to   ou ts ide   spec ia l i s ts .  Kamloops  has a p rov inc ia l  mental health  centre 
t h a t  provide5  mental  health  services to   t he  region. A psychiatr ic  social   uorker comes t o  
the  Public  Health  Office i n  Ashcroft  from  the Kamloops Mental  Health  Centre 1 day per 
month. There are two psych ia t r i s ts   loca ted   in  Kamloops. The  Kamloops Family  Life Associ- 
ation  provides a Cr is is   L ine and  a counseli ing  service  for  residents  of  the Kamloops 
region. 

( V I  Resident  Coments  reaardinq  Health  Services 

Cache Creek residents expressed d issat is fact ion  wi th   the  lack  o f   doctors '   o f f ices 
i n   t h e i r   v i l l a g e .  However. 60 percent  of  the  study  area households were sa t is f ied   w i th  
medical  services.  Residents  said  that  dentists were  needed i n  the communities.  People 
also complained o f  the need for more doctors and several  addit ional  special ists  including 
an optometrist,  chiropractor,  pharmacist,  nurse and mental health  worker. The ambulance 
service was Considered t o  be sat isfactory.  The ex is t ing  standards and recommended guide- 
lines  for  Health  Services  are  discussed i n  the Socio-economic  Report. 1 
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The recreation  resources  presently i n  the  service  study  area  provide fo'r pub l i c   l e i su re  
t i n e   a c t i v i t i e s  such as b a l l  games, a t h l e t i c  events,  sviming.  skating,  tennis,  chi ldren's  play. 
banquets, dinners and  dances.  These a c t i v i t i e s   a r e   e i t h e r  unorganized i n  nature  or  organized by 
recreat ion  c lubs in' the coamunity. A detai led  inventory of the  recreat ion resources for Ashcroft. 
Cache Creek  and C l i n ton   i s   p rov ided   i n   t he  Socio-economic  Report. 1 

I n  general,   recreation p r e g r m s   i n  Ashcroft, Cache Creek  and C l i n ton   a re   i n i t i a ted  and 
sponsored  by l o c a l   i n u r e s t  groups. Reemation  clubs m e t   r s g u l a r l y   i n   c o r n u n i t y   h a l l s ,  Legion or 
Elks  hal' ls,  private homes, o r   i n  schools.  Special  events  take  place  throughout  the  year. such as 
f a l l   f a i r s ,  stawede,i  dances  and cornunity  banquets  that  are  also sponsored by  loca l  groups. 
Recreation  clubs and associat ions  that   are  funct ion ing  in  t h e  service  study area fstlude:  Broxnies. 
Girl Guides.  Royal  Canadian  Legion.  Lions,  Elks,  Old Age Pensioners Group. hockey league, s n o w b i l e  
c lub and swim club.  Residents  of [:ache Creek t rave l  t o  Ashcrof t   to use r e c r e a t i o n   f a c i l i t i e s  and 
v i ce  versa. 

RH Province of L C .  Outdoor Recreation Branch does not employ standards i n  determining 
the   recrc !a t ion   fac i l i t i es  or s ta f f   requ i red   i n  an  area.  Rather.  necessary f a c i l i t i e s   a r e  determined 
by  expressed  dmand and wi l l ingness to raise funding i n  l o c a l   c m u n i t i e s .  

Of the  people  responding to th. survey.  less  than 50 percent f e l t   t h a t   r o c r e a t i o n   a c t i v i -  
t i e s  wen1 adequate. Only 24 percent of the households  surveyed were sa t i s f i ed  w i t h  indoor  sports 
f a c i l i t i e s   i n   t h e i r   t a n s .  

The M in i s t r y  of H w n  Resources has th ree   o f f i ces   i n   t he   s tudy   ana :   M le r r i t t ,   L i l l ooe t  
and headguarters  for  tha  region i n  Cache Creek.  There i s  also  a  sub-office  located .in the  courthouse 
i n   C l i n t o n .  There i s  one supervisor for the  region. The  Cache Creek of f ice i s  staf fed  wi th two 
soc ia l  workers, one f inancial   assistance worker and one stenograptmr. The  Cach. Creek o f f i c e  has a 
caseload  that i s  comparable t o   o t h e r   H w n  Resources o f f i ces   serv ing   s im i la r  areas. 

The specif ic  programer o f  the  Ministry  offered  through  the Cache Creek or'tice include  the 
statutory'   services  of  social  assistance,  old age pensioners  assistance. day care.  hmemrker.  foster 
h W s ,  adoptions, c h i l d  welfare. f i u i l y  service and assistance  for handicapped  people.  There i s  

a h m  f o r  retarded  children,  a  she'lter workshop  and an i l t e m a t e   e d u c a t i o n   f a c i l i t y .  There are 25 
foster horns throughout  the area. 

also 1 glmoup how for chi ldren, 1 g1-q hone for Native  Indian  chi ldren,  a  special   ?ate  foster home, 

The Ashcroft-Cache  Creek Day Care Society  provides  the  only day care  services i n  the are1 
a t  1 day c a m  and play  school  centn! i n  Ashcroft. I n  Septeaber. 1976. there was a ! i taff of two,  and 
1 t o  K chi ldren  at  the  centre. The day care  centre is ' l icensed  for  a maximum of 25 chi ldren,   but  
has never o p e r a t e h l t  i t s  f u l l  capacity. 
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The Hinistr’ of  Human  Resources  does  not  plan  its facility or staff requirements on the 

basis  of  standards. There are no standards available for  day  care  services. 

Cultural  resources in the  service study  area provide lor a limited  range of cultural 
activities including displays of historic events, arts  and  crafts shows. occasional  travelling 
musical and theatrical events  and library  services. Museum are operating in Ashcroft  and  Clinton 
with  displays Of  local  and  regional  history. 

The libraries offer special progrmmes throughout the  year, such  as children’s story 
hours, summer reading progrmes for children,  films  and  library  tours. 

Special events  such as concerts or theatre  troupes  come to the  area  and perform in 
community halls  and 5~hoo1s. Arts  and crafts  shows  are held  periodically. Other  events,  such as 
fall  fairs, stampedes and cornunity  dances,  organized by  local groups  and organizations,  occur 
throughout the  year. 

Residents  felt  that  there was a definite  lack of cultural activities in  the  area which 
they defined as including  thQatreS  and  other  evening  entertainment facilities. There are no stan- 
dards available for  most  cultural  services. 

(f) Corrections 

The provincial  Ministry of the Attorney-General provides  a  Corrections  office located in 
Ashcroft. The  office is staffed by a probation  officer and a secretary (half-time). The probation 
officer travels  to the  comunities surrounding  Ashcroft as  required. 

Progrmes offered include probationary  supervision  and  aiversion programes for  juveniles 
and adults; family Court  cases  such as applications  for  maintenance.  custody and enforcement  and 
marriage  counselling; and  provincial and national  parole. The  probation  office  also  provides pre- 
ventive p m g r m e s  such as drug counselling and assistance to Alcoholics Anonymous. The major 
proportion o f  the Corrections  caseload is in probationary supervision. 

Although  there  are no standards  defining  staff  requirements  throughout the Province based 
on population,  the Corrections  Branch does suggest  that  a  probation  officer is  usually  required i n  a 
comunity when it reaches about 5000 people. Corrections  staffing is determined more by caseload 
and therefore, by crime rate in  an  area. 

(g) Court and  Judicial 

The following  staff  would be consldered  standard for a Provincial  Court:  judge.  court 
clerk,  sheriff.  official court  reporter,  crown counsel  and  prosecutor. A Provincial Court may sit 
full-time o r  part-time. If the court  Sits  part-time. it  is served on circuit  with the judge, 
official Court reporter  and crown counsel travelling from a larger  court. The County  and Supreme 
Courts  also  sit in a  numoer of the Provincial Court centres. 
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Provincial  Courts i n  the  service  study area are l oca ted   in   Ashcro f t  and Clinton.  Adult 
Provincial  Criminal  Court  represents  the  bulk of a c t i v i t y   i n   b o t h  courts.  Other  levels of court  
representild in   Ashcro f t  and Cl in ton are Small  Claims  Court,  Family and Juvenile  Court and Superior 

Court. Pmvinc ia l   Cr iminal   Cour t   s i t t ings have  been minimal in  Ashcrof t  and Clinton. 

A Prov inc ia l  Court Circuit judge COMS t o  Ashcroft one day per Week from Kamloops and t o  
Cl in ton one  and one-half days per wnth. A County Court  judge comes to  Ashcrof t  1 day per month 
frw Williams Lake.  The regional clwn counsel i n  Kamloops appoints a crown  couns;el on an  ad hoc 
Basis t o  come t o  court i n  Ashcroft and Clinton. 50.11 claims and family  matters are heard by a 
Provincial  Court  judge  at  the same time as cr iminal   nat ters.  

Sher i f f   services are provided by the RWP or by s h e r i f f s  f r o m  Ashcroft. There i s   p r e s e n t l y  
the need t o  add one sher i f f   to  provide  sher i f f   services to courts i n  Ashcroft.  Clinton.  Lytton and 
L i l l ooe t .  The Cl in ton rrgistry was r:losed i n   J u l y  1977, because the  level  o f  a c t i v i t y  was considered 
to be minimal. 

Legal ald  services a n  provlded through a legal off5ce i n  Ashcroft and ?mother i n  Cache 
Creek which  operata as agents for the Kamloops Legal  Aid  Society. The lewyer i n  Crche  Creek feels 
t h a t   t h e n   i s   s u f f i c i e n t  workload i n  thr a n a  presently  to  handle  another  ful l- t ime  lawyer and t h a t  

with any i ncnasa   i n   popu la t i on .  th is  would b e c m  essent ia l .  

Residents i n  the  study area indicated  that  they  obtained  legal  service's. for the most 
p a r t .   i n  Kamloops. Opinions on the   ra t i s fac t i on  with the  service were s p l i t .  There are no standards 

avai lab le for the   p rov is ion  of legal  smrvices i n   B r i t i s h  Colunbia. 

The RCMP provide  pol ice services i n  the  study a n a  through  detachments  located a t  Ashcroft 
and Clintm. Thay prorid.  pol ice  prouction,  safety  education  courses and have Pub l ic   re la t ions  
departwnl:. The to td l   c r im ina l  code offencls for the  Ashcroft and Cl in ton RCHP tletachments  have 

been incrc!asing gradually over t h e  IO-yrar period. 

The Ashcroft de tachent  has s i x   o f f i c e r s  o f  highway p a t r o l .   s i x  on general  duty and  two 
stenograpberr. Also, there i s  a seven pr r lon   aux i l ia ry   po l i ce   fo rce .   t ra ined  i :n  an  emergency 
planning :ourfe. t h a t  i s  a v a i l a b l e   i n  case of a d isas t r r .  The Cl in ton detaChmRnt hNas four general 
duty o f f k e n  and one stenographer. Over the  next  In y ran .   t he   add i t i on  of two o f f i c e n  and one 
pa t ro l  car i s  planned fo r  the  Ashcroft detachment. 

The RCMP r u o m e n d  one p o l i c e   o f f i c e r   p e r  1000 people i n  a   ru ra l  area and  one po l i ce  
o f f i c e r   p w  750 people i n  an urban a l w .  The RCMP also ncmwnd three  to  f ive  gener i l l   duty  of f icers 
per   po l ice  vehic le  and two h ipbay   pa t ro l   o f f i cers   per   po l i ce   veh ic le .  

Households i n   a l l  study area c o m n i t i e s  were very  sat isf ied  wi th  law enforcement, w i th  

85 percent. ind icat ing  sat is fact ion.  

-. 
, 
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( j )  Fire 

f i r e  services  are  provided i n  the  study  area by volunteer f i r e  departments that   are 
operated and financed by  each v i l lage .  The Office o f  the B.C. Fire  Marshall ,  recommends tha t  a 
volunteer fire department  should have a t   l e a s t  25 members.  The Ashcrof t   Fire Oepartment consists O f  

25 firemen,  including a Fire  Chief, Deputy Fire  Chief  and four Captains. Their equipment consists 
o f  two  pumpers  and  one rescue un i t   tha t   a lso  serves as an  ambulance. 

The  Cache Creek and Cl in ton   F i re  Oepartnent each have L8 volunteer  f iremen,  including a 
Fire  Chief  and Deputy F i re  Chief. The  Cache Creek departnent has  one  pumper w i t h  a rescue  ladder. 
The C l i n ton   F i re  Department i s  equipped w i th  one f i r e  engine. 

Although most residents were s a t i s f i e d   w i t h   f i r e   p r o t e c t i o n   i n   t h e  area, Cl inton  residents 
expressed more uncertainty and s l ight ly   less  sat is fact ion  than  res idents  o f  Ashcroft  or Cdche Creek. 

(k )  Communication 

The Ashcroft  post  off ice i s  used by  approximately 3000 people per month. There are  four 
f u l l - t i m e   s t a f f .  t#o  par t - t ime  s ta f f  and  two casual s ta f f  members. A new Federal bu i l d ing  i s  planned 
for  Ashcrof t   that  would expand the  post   o f f ice  to  325 m i n  size. 2 

The  Cache Creek pos t   o f f i ce  sorves  approximately 2000 people  per  nonth. The post  of f ice 
has  one postmaster/zone manager,  one assistant  postmaster, one sh i f t   superv isor ,   f i ve   fu l l - t ime 
postal   c lerks and four  part- t ime  portal   c lerks.  

The C l i n ton   pos t   o f f i ce  i s  the  smallest  of  the  three  post  off ices  in  the  area,  serving 
approximately 1000 people from Cl inton and the  rural  surrounding area.  There are  three  fu l l - t ime 
staf f   a t   the  Cl in ton  post   o f f ice.  The s ize  of t he   C l i n ton   f ac i l i t y  i s  more than adequate f o r   i t s  
existing  operations. 

CEC radio and television  programss  are  received i n  the  three  comuni t ies  in   the  serv ice 
study area. There are TV repeaters  located  within  the  service  study  area i n  Ashcroft. cache Creek 
and Clinton  that  transmit  programes from the CEC a f f i l i a t e  N s t a t i o n   i n  Kamloops. 

A few people i n  Ashcroft and Cache Creek fe l t   tha t   pos ta l   serv ices  were poor,  although no 
spec i f i c  reasons were given.  Cl inton  residents  said  that   te levis ion and radio  reception  *ere 
unsatisfactory. 

(1 )  Commercial Services 

The c o m e r c i a l   f a c i l i t i e s  o f  the  local  study  area  are  essentially  located  within  the 
communities of Ashcroft. Cache Creek, C l in ton  and L i l l ooe t .  These fac i l i t i es   genera l l y   ca te r   t o  
rather  small  trading  area  population5 as we l l  as the  servicing o f  highway t r a f f i c .  Kamloops serves 
as the major regional  trading  center  with a trading  area  population o f  100 000 persons. The ex is t ing  
array o f  c o m e r c i a l   f a c i l i t i e s   i n  Ashcroft, Cache Creek  and C l i n ton   a re   i den t i f i ed   i n  Table 3.5-16 
and  compared t o   t h e   l e v e l   o f   f a c i l i t i e s   i n   H e r r i t t .  

I 
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The area resident survey reveals that  Kamloops is the preferred shopping  location for 
about  half  of  the local area residerlts for household  furnrshings and clothing. The  resident survey 
also  indfcatcd a general satisfaction  with  the commercial facillties in the local connnunities. 
considwing the  size o f  the towns. At  the present time cornercial developmnt in Ashcroft and Cache 
Creek is  in a period o f  uncertainty. 

I 
3.5.6  Comunitv and IReqional Infrastructure 

( a )  Cornunity Infrastructum 

m 

I 

m 

(i) Water Systm 

The Ashcroft  watsr systm has basic supply capacity  for populaton growth up to 
a total of 3100. However. there is a lack o f  storage  capacity  to  provide for adequate 
f i n  t l a s  in  both north and south A s t a r o f t ;  

The Cache  Creek  dater SyStN has base supply  Capacity for population growth up 
to a total of U O O .  U a W r  supply is derivd troll the  Bonaparte  River  through an infiltra- 
tion  galley.  Water supply components  serving East Cache C r w k  are inadequate for  further 
new developannt and provision o f  ad.quate fire  storage rrserves. 

Tho  Clinton waWr supply is derived by gravity from a d m  and w,&ter inpounmunt 
area on Clinton Creek. Although it appears  that adequata f l a  is available in Clinton 
Creek tor the  present population. it is suggested  that insufficient wat,er licenses are 
held by the vfllage. The  distribution  system is generally adequate. . 

me present  water supply system  serving  the  village of Lillooet is considered to 
be more than adequat. for  the uisting population. In the  Lillooet Riverside Ilnprovlannt 
District, a11 cmponents o f  the supply and distribution s y s w  are severely ovrrburdencd. 

((I) Sanitary S m m r  System 

In Ashcroft the pnsent upgrading progrlaau includes  consolidation of the collec- 
tion system and construction o f  a high rate activated sludge  treatment plant. Upon 
conpletion. the upgraded cD11cstion and treatment  system will adequately handle a popula- 
tion o f  SOW. h j o r  trunk storm s m r a g e  facilities are not mquired given  the general 
accessibility of natural drainage features, but several outfalls from the natural drainage 
courses to tho  river  are required. 

Cache  Creek has I treatment  plant  capable of serving a population of SO00 and 
trunk  main facilities with adquate capacity for potential developments. In Clinton, 
treatment is providad by a series of anaerobic and aerobic lagoons with a rervice capacity 
for a population of between 1500 to ZOO0 persons. A limiting factor i5 thl! present Polltr 
tion Control Permit whlch  authorizes  discharge from a population equivalent of 
approximately UOO persons. The trunk  sewer main, which is capable o f  serving by gravity 
extension all potentially developable propertier. has a capacity adequatn for a service 
population of 2700. 
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Lillooet  has a  spiragestor type system,  which is capable only of primary  treat- 

ment. A  deadline has  been  issued by the Pollution Control  Branch to upgrade the  system  to 
Drovide the equivalent of biological secondary treatment. The  collection  system is 
generally  adequate f o r  the existing  population. 

( i i i )  Solid Waste Disposal 

The Village of  Ashcmft and Cache  Creek utilize a  common land  fill site located 
adjacent to  the Trans-Canada  Highway (Highway NO. 1) and  midway  between the municipali- 
ties. The operation o f  the  land  fill site is a  responsibility of  the Thompson  Nicola 
Regional District and the municipalities  contribute on a  proportionate use  basis. 

Local roads  within the Villages of Ashcroft,  Cache  Creek and Clinton  are i n  
generally good condition  and  adequate for the existing population. Traffic  congestion at 
the intersection of the  Trans Canada  Highway and Cariboo  Highway is experienced on sumer 
statutory holidays  and to a  lesser  degree  during the sumer holiday  period. 

(b)  Reqional Infrastructure 

( i )  Transportation 

Highway No. 1 i s  a  major  route  connecting the Lower  Mainland  and the B.C. 
Interior. It  joins  Highway NO. 97 at Cache Creek, forming one of the  most  heavily 
travelled highway intersections in the province. S m e r  average daily traffic volumes at 
selected points for the period 1970 to 1976 are presented  in Table 3.5-17. 

The marked  scasonal peaking of traffic  volumes  during the s m e r  months indicates 
the importance of Highways NO. 1 and No. 97 for  tourist and  recreational  travel. Ouring 
other  months of  the  year, traffic volumes  in the study  area are reduced considerably below 
the suplllsr peak  reflecting commercial through  traffic and  local  traffic. 

I n  the absence of any  improvements to  the existing highway  system and the Cache 
C r e e  road  network, any grwth in highway  travel  by  study area  residents  would lead to 
further  deterioriation in  the efficiency of vehicular  movements  within the region. 

(if1 Utilities 

4t  present, E.C. Hydro provides electrical power to Ashcroft,  Cache  Creek, 
Clinton and  Lillooet. B.C. Telephone  provides  telephone  service in each o f  the four 
municipalities and  Inland  Natural Gas  provides  service to all municipalities except 
Li.1 looet. 
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3.5 .7  Local and Reaiunal Goverment 

The  functions  and  responsibilities o f  village  municipalities  are  specified i n  t.he Municipal  Act 
and can  generally be classified into tw main categories: 

1. Legislative  control and regulation by  by-law. . 

2. Provision  and  delivery of cornunity  facilities  and services. 

In the following  analysis of municipal  financing  and budgeting. the primary  anphasis is on 
the costs  associated  with the provision of  the  services outlined  above and the financial  Clp.bility 
of the  municipalities to finance  these services. 

Ashcrof 

(i) Historical  ExDenditures and Revenues 

In  the  table o f  Histmica1 Expenditures,  Table 3.5-18, all  capital payments 
are combined in a sinyle category o f  fiscal  services. The expenditure  totals  include 
general government,  protective services. transportation.  environmental health. public 
health and welfare. environacntal  development.  recrration  and cultural, fiscal 
services, transfws to reserves. capital f r o m  reserves,  water wrks and other 
services. 

- 

Table 3.5-LB contains  historical  revenue  figures  for municipalities in the 
Hat Creek Region  during the 1970 to 1976 period. The t o t a l  revenue  figures are 
aggregated f r o m  property tax; sewer, water, garbage;  and all other.sources. 

S w r v  o f  Revenues: 1970 - 1976 

1970 1972 1974 - 1976 - - 
Population 1900 1950 2000 2005 

Property Tax s44.090 S 67,UO SU8.910 ' 5145,087 
Sewer, Water,  Garbage 78,323 107,265 145.807 186,638 
A l l  Other Sources 56,156 91.867 175.162 268,989 
Total Rev*nw azuu ULE w U L b U  

- 

(if) Assessment and Prooerty Tax- 

In 1976 the  per capita  taxable  assessment i n  Ashcroft was appa.rimatrly 52,350. 
The  two main components of assessed  values  and their percent  contribution are residential 
(63 percent) ind comercia1 (22 percent), respectively. 

(iii) Water and Sewer Services 

Current  expenditures on the  water  system  are as follows: 
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- Item  Annual Exvenditures 

Capital - Debt  Retirement 532,110 
Operating and Maintenance 

TOTAL u 
The  present  water  rates are: 

1. water utility  rate - SS.OO/mo or S60.00/yr  plus. 

2. Frontage  tax - $1.64/front m. 
Assuming an average lot frontage of 19.8 m. total  annual water  costs  would be 

approximately S90/yr/user. 

(b )  Cache  Creek 

Historical Expenditures  and Revenues 

The  totals in Table 3.5-18 include  expenditures on general  government. protective 
services, transportation, health and welfwe, and other  services  for  Cache Creek. Expendi- 
tures have increased from about 1131,000 in 1970 to 1480,000 in  1976. 

Following is a  sumnyry on a biannual  basis (1970-1976) o f  revenues from all 
sources in the  village of Cache Creek. 

Sumnary of Revenues: 1970 - 1976 
- 1970 - 1972  1974 - 1976 

Population 1000  I100 1200 1040 

Property  Tax 5 27.032 5 44,577 1101.762  $116,352 
Sewer. 'Water, Garbage 72,559  111,156  108,863  242,402 
All  Other  Sources 32,285 49.222 63.300 
Total Revenue u u u  ZES w Ea&! 
Assesswnt and  Prooerty  Tax  Rates 

- 

In 1976, the per  capita  taxable  assessment in Cache  Creek was 53,997. The two 
main  components o f  assessed values a r e  residential - 34.6 percent and  commercial - 
62 peicent. 

Water  and  Sewer Services - User Rates 
The existing sanitary  sewer system  is generally adequate, although  a 550,000 

upgrading programe is currently being  carried out.  In 1976. the Village budgeted  to 
receive $19,000 from the  provincial government under  the  provisions of the Sewer Facilities 
Assistance Grant. With the  additional work to  be undertaken in 1976 and 1977, it  is 
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est imated  that   th is   grant  will increase t o  approximately $24,000 per  year.  Net  costs  to 
the   v i l l age  will therefore be $66,000. I n  1975, projec?ed revenues front sewer user fees 
wem budgeted a t  approximately 162.000. 

I n  1976. the   v i l lage  budgeted to   recaive 523.300 from the   p rov inc ia l  government 
under tne  provisions of the Water F a c i l i t i e s  Assistance  Grant. Net cos1.s t o   t h e   v i l l a g r  
are  therefore  approximately $39,000 per  year  given  the  estimated annual cap i ta l .  and 
operating and  maintenance costs o f  $44,000 and 518,000. respect ively.  1:n 1976, budgeted 
revenues from user rates were 566,000. r e s u l t i n g   i n  a substantial  surplus  which will be 
carr ied  over  for use i n   f u t u r e  years. 

Histor ical   Exocndi turer and Revenues 

Table 3.5-l8 contains a s u m d r y  on a biannual  basis (1970-1976) o f  actual 
expenditures on a11 Services  provided by t h e   v i l l a g e  o f  Cl inton. 

F o l l a i n g  i s  a sumary o f  a biannual  basis (1970-1976) o f  revenues f r o m  a l l  
sources i n  the   v i l l age  o f  Clinton. 

S m a r y  o f  Revenues: 1970 - 1976 
- 1970 - 1972  1974 1976 

Population US0 890  920  806 

Property TU S K.200 I l3.000 I 15.900 $ 26,000 
Sewer, Water. Garbage 54,200 60,800 76,400 78.300 
All Other  Sources 51.500 40,1oO 68.700 79,100 
Total  Revenue fllwpp aauu ULW 

Assessment  and Prnpertv Tax- 

- 
- 

- 
f l u f a  

I n  1976, the  per  capita  taxable assessment i n   C l i n t o n  MI approximately $2236. 
The two  main  components ctf assessed  values  are res iden t ia l  - 56 percent and comerc ia l  - 
42 percent. It i s  ass& 'that  increases will be proport ionate  to  populat ion  increases. 

Water and  Sewer Services - User Ratas 

' I n  1976, the v i l l a g e  budgeted to receive 515.000 from the   p rov inc ia l  government 
under the  provisions of the Sewer F a c i l i t i e s  Assistance Act.  Net  costs t o  the v i l lage   a re  
therefore  est imated  to ba $33,000 given  estimated  capital,  operating and mintmanee  costs 
of $30.000 and 5l8.000. respect ively.  I n  1976, projected revenues f r o l n  sewer use fees 
were budgeted a t  approximately 132,500. 
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(d) - .L 

In general  terms,  the  village does not have  a particuia'rly strong  assessment  base - the 
per  capita  taxable  assessmant is approximately 11900. As. such, the tax rate  is  relatively  high 
compared to  the other  municipalities  under  consideration -. 34.99  mills. It is anticipated  that the 
assessant base  will improve  significantly if  the proposed Federal Penitentiary is taken into  the 
boundaries of  the village. u- 

Even though the mill rate  in Lillooet  is higher  than the other  cornunities under considera- 
tion, the expenditure  per  capita,  which  could be interpreted as  level  of service, is lower in 
certain areas of expenditure. Comparison of the per  capita  expenditures in Lillooet,  Ashcroft and 
Cache  Creek  illustrates this: 

- 

- 
kgenditure  Per Capita 

(5) 

Villaqe Recreation Transportation General Government 

Lillooet 20.75  37.57  49.93 
Ashcroft 51.01 58.45 64.98 
Cache  Creek 53.55  57.98 51.63 

3.5.8 Social Environment 

The attributes  selected to describe the quality of  life  in the social environment of the small 
towns in  the  study  area constitute  the "human" or social resource that ultimately will be affected by, 
and,  in turn, affect  future development. 

These attributes have been  classified into two major  groupings, the  social setting  and the 
social  conditions. The factors  defining the social setting  include the population and economic  base, 
historical  aspects, the natural  environment, accessibility,  availability of  se'wices, housing,  land  and 
other  amenities,  and the  qportunity for  employment  and income. These factors are discussed in other 
socio-economic sub-sections  of the EIAR. The attributes  describing the social conditions  within the 
study  area are  grouped  into  three topic areas: social benefits and  problems; camunity cohesion; and  the 
reactions of residents to  growth and development. These topical areas are the focus of discussion in the 
following sections. 

(a) Social  Benefits 

While  the  majority  of  the  residents  moved to the study  area for  economic or job  related 
reasons, some  were drawn to  the region because of anticipated environmental  and comunity benefits. 
M n y  of  the others  who  arrived  for  economic  reasons said that  they have come to enjoy the benefits 
once they  settled. When  asked i n  the resident survey to cornent on their feelings regarding the 
area  as a place to live, 70 percent of the total  rated it as  good or excellent, specifically noting 
the desirability of the natural setting, the size of the  comunities and the availability of 
services.  See Table 3.5-19 for the responses  by major categories. 
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Access t o  outdoor a c t i v i t i e s  was a major  benefi t ,   especial ly i n  the  clean,  pol lut ion-free 

environmmt and the r e l a t i v e l y   m i l d  year-round  climate. They f e l t  ttpt the  outdoors and re la ted  
recreat ional   act iv i t ies .   both  dur ing  the surmer  and the  winter.  nere major   b t t r ibutas 01’ the area. 

The residents viewed the   sna l l  town se t t i ng  as very  favourable. One of t,he  major  repeated 
c o m n t s  war that  the  small  s i r e  of t h e   c m u n i t i e s   r e s u l t e d  in a fr iendly  atmsphere.  Residents of 
Cl in ton and Ashcro f t   no ted   tha t   the i r   ru ra l   se t t ing  was much more desirable  thi ln a la rge urban 
envi rormnt .  They f e l t  the   toms were excel lent   fami ly  or iented  comunit ies.   Residents were sa t i s -  

f i e d   w i t h  the major i ty  of servicesm i n  their   colmunit ies.   especial ly  physical   services and basic 
soc ia l   swv icer  such as education and law  enforcement as well as t h e   a v a i l a b i l i t y  aird the   qua l i t y  of 
housing i n  t h e  coraunlties. 

Services i n  Ashcroft were used u t m s i v e l y  by residents for their medical,  educational and 
re l i g ious  needs, whi le  Cache Creek  appears to be  an entertainment  centre. The c e n t r a l i t y  of the 
study artla w i t h i n  the province was (L major  factor  providing them wi th   qu ick access ‘ t n  other   wens  o f  
the  region or the province. A s ign i f i can t   p ropor t i on  of   the  residents  dr ive t o  Kamloops for 
Services,  especial ly  dental,   legal and entertainment. Some residents go t o  Vancouver for major 
purchases  and special  sarvices. 

(b)  Social Pr- 

toawni ty- re la ted problems a d  p m b l a r  assoc ia ted   w i th   the   ava i lab i l i t y  and adequacy o f  
some c m r n i t y  services  are  evident i n  t h ~  comunities.  While  criminal  offences over t he   l as t  feu 
years  general ly have q m  i n  th8 study area a t  a r a t e   s i m i l a r   t o  tha t  o f  t h m  province. the RWP 
have notad a 20 percent decrease i n  c r i m i n a l   a c t i v f t y   i n   t h e   l a s t  year. The RWP have in fe r red   tha t  
the use af   a lcoho l  i s  the  most sertour problcn i n  the  study area based on a stgnif ’ icant  incrcase i n  
alcohol  related  offences from last year. 

Welfare and socia l  assisturci cases. w h i l e   f a i r l y  heavy, were noted as b e i n g   a t   t h e   l o w s t  

20 percent i n  Ashcrof t  and  15 percent i n  Cache Creek, ni th  single  parent  families  comprising a 
l eve l  i n  several  years.  Nearly  two-thirds (60 percent) o f  the  caseload  resides .in Clinton. with 

re la t i ve ly   la rge   p ropor t ion  o f  the caseload. A number o f  service  delivery  represent.afives  indicated. 

i n   i n t e n f i e u s  that marriage breakups were prevalent. however, this was not  Corroborated by resident 
survey o r  government s t a t i s t i c s .  

It was indicated by the RCW t h a t  an increased use o f  the Trans-Canada  Highney has resul ted 
i n  a t rans i rncy   pmb lea   i n  the ant i .  e s p e c i a l l y   i n  Cacho Creek. Teachers i n  the  Ashcmft Senior 
Secondary  School ind icated  that  a high  drop-out  rate was normal as the  students res:h.d 16 and were 
able ta take avai lab le In ski l l ,   h igh   pay ing  jobs.  This has been associated  with a perceived 
increase i n   j u v e n i l e  problems re la ted  to  alcohol and vandalis.. 

Residents  also were concerned wi th   the  de l ivery  of s m  c m u n i t y   ~ e r v i c e s  i n  the  study 
area suck as cul tural ,   entertainment,   var iety and c o l l p e t f t i o n   i n  shopping and s p o r U   f a c i l i t i e s  and 
p m g r m s .  The m j o r  request  from  residents was fo r   rec rea t i ona l   f ac i l i t i es .  

The major  problem  perceived  by  the  residents to be facing  the  study  area i s   t h a t  O f  m l o y -  
m n t .  While, a t   p r e s e n t .   t h e r e   i s   r e l r i t i v e l y   s t a b l e   e m p l o p n t  accompanied  by a f a i r l y  lor 
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unemployment rate comared with the rest of the province. this is a somewhat  inaccurate portrayal as 
many o f  the unemployed have  left the area seeking employment elsewhere. 

(c) Community Cohesion - Stability 
Historical events have led to a cross section of residents in  local  communities.  On the 

one hand, there is a relatively stable population of long time residents, notably ranchers and 
fanners in the rural areas, including the Hat  Creek Valley. Then, there is the newer population who 
have moved in during the last two  decades  with the advent o f  mining  and  other  resource  extraction 
enterprises, as well  as the increased service sector activities. The stability characteristics  can 
be seen to some  extent in Table 3.5-20. Length of Residency in the Study Area. Nearly one-half of 
the residents have  lived in the region for more than 10 years and nearly one-half of  these, for 
20 years or more. The r a i n i n g  portion of the residents have lived in the region less than 10 years 
and are generally the "newcomers" to the area. Those who have lived  in the area from 3 years to 
15 years (about one-half o f  the population) arrived in the region during the prime growth period of 
mining and service  sector expansions. Cache Creek and  Ashcroft  became the prime residential locations 
for these incoming residents. 

Ashcroft notes the largest number of residents living between 11 and 20 years i n  the 
community. This was the period during the late 1950s when the first major  developments occurred in 
the Highland Valley. The Hat Creek Valley and Clinton, on the other hand, noted a large percentage 
o f  their populations resident  for  greater  than 20 years. From these characteristics, it could be 
a s s m d  that the population in the study area is generally v e r y  stable. T ~ C  major reason for  coming 
to  the region has  been economic, with nearly three-quarters o f  the Ashcroft residents stating this 
as their  prime reason for living there. 

8.C. Telephone Company representatives indicated that  most  telephone disconnects were most 
likely related to out-migration from the study area, rather than internal movements between or 
within communities. 

Information on future  resident stability was solicited in a question in the survey directed 
to young  people in the study area cmunities to determine  their  desire to work in the area. Nearly 
one-half of  the students indicated an interest in remaining but they were  concerned  about being 
unable to find full-time, interesting work. Those expressing interest in leaving indicated that 
they either intended to continue  their education or look for work elsewhere. 

Uith  respect to the anticipated residency of the adult population in the community, 
40 percent of those sampled stated they would stay as long as possible.  An  equal percentage indi- 
cated that they  did  not know and expressed concern about the stability of the economic base and the 
related job market. When asked under  what  conditions they would  leave, many observed that it would 
be  only to seek  work elsewhere. Environmental loss  and pollution would cause  some individuals to 
move from the study area to find natural amenities in other areas of the province. 

(dl Comnunity Cohesion - Participation 
Government  representatives are elected from the region f o r  both federal (Members o f  Parlia- m 

ment) and provincial (Herhers of the Legislative Assembly) governments. Another level of government 
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i s  the Tliompson-Nicola Regional O i s t r i c t .   t h e   o f f i c e s  of which  are  located i n  Kaaloops. The V i l l age  
Councils i n  Ashcroft. Cache Creek, < : l i n ton  and L i l l o o e t .  as wel l  as the  school  board and the  heal th 
board.   are  inf luent ia l  i n  :he d e v e l o p n t   a c t i v i t i e s  of t h e i r   c m u n i t i e s .  

Several ag r i cu l tu re  and ranching  associations  operate i n  the Cache Creek, Ashcroft and 
Cl in ton areas. Various Church  groups as we l l  as service  organizations are quite  act ive i n  the 
i a e d i a t e  area. Most of the towns  tlave  a  normal number o f  service  organizations.  societ ies. associa- 
t ions,  social  clubs and c i v i c   o rgan iza t i ons   i n  comparison to other towns of s i m i l a r   s i z e   i n   B r i t i s h  
Columbia.  There i s  a lack,  however, o f  volunteer  organizations and self-help groups. The ranching 
and faming  residents,   the  mining afld mine industry  re lated  residents,  and the  business and comet- 
c ia1 groups i n  each of the h n s  take   pa r t  i n  the   soc ia l   ac t i v i t ies  of the area and t h e i r  
c m u n i t i e s .  The residents have same f o m l  and informal  recreat ion and cornuni ty  re lated  c lubs and 
special  social  events. 

Over one-third of  the  survey  respondents  said  that  their  fr iends had l ived  there  longer  
than they had. This MY ind lcate that there has been  a reasonable  level of i n teg ra t i on  of the newer 
res idents   in to   the  ex ls t ing  s tudy areal. 

May residents  noted  that   they  social ized  wi th friends or went to evening  mcetlngs. A feu 
oftan key par t ic ipants  i n  colaunity  business and  government ind icated more extens ive  act iv i t ies .  A 

substant ia l  group  noted tha t   t hey   d id   no t   soc ia l i zn   a t   a l l ,   t he   l a rges t   po r t i on   l oca ted   i n   Ashc ro f t .  

I n  colpparison with the  general  population,  the  mining  residnnts seem t o  have  a d i f f e ren t  
pat tern (If s o c i a l i z i n g .   m i l e  many soc ia l ize  in f requent ly  or n o t   a t  a11 outside of ' their  M family, 
an equal number social ize  extensively. T h i s  lack o f  i n t q r a t i o n  does not  seem to have n s u l t e d   i n  
major c o n f l i c t s   i n   t h e   c o l a u n i t y  and, a t  present.  there seem to be  no not iceable problems. Over 
00 percenlt of. those  surveyed  expressed  satisfact ion  with  the  local government str'ucture.  although 
nearly  one-third were uncertain and aniothar quarter were dissat is f ied.  

A number o f  local issues were ra ised  dur ing  the  tntervior  process, as we l l  as i n  the 
.review o'f local  norspapen. S o n  revolved  around  the  in tercomuni ty   r iva l ry  between towns i n  the 
mgion,  specially between Cache Creek  and  Ashcroft. There  have  been feu successful j o in t   p lann ing  

ventures and the tvc c o m n i t i e s  wem not  i n  favour o f  amalgamation plans  put f o n a r d  t o  allow for 
potent ia l   shar ing of services. 

The f i na l   i nd i ca to r  of public  involvement  revolves around resident responses to the 
p lann ing   ac t i v i t ies  and pub l i c  announcements mdde by B.C. Hydro regarding  the  Hat Creek Project .  

1 
(e )  Exist ins  Comunitv Cohesion 

Each conmunity i n   t he   s tudy  area presented a reasonably  cohesive image.  The s t a b i l i t y  of 
the  residents and t h e i r   l e v e l  of p a r l i c i p a t i o n  i n  co laun i ty   ac t i v i t ies   genera l l y   ind ica ted  a c o l a i t -  
m m t  to the  study  area and the  indiv idual  towns. 

Several o f  t h e   c m u n i t i e s  seemed mre cohesive  than  others.  notably Cache Creek and the 
Hat Creek Valley. ' The residents o f  the H a t  Creek Val ley have been co rn i t t ad  t t >  the i r   ranching . 
l i f e s t y l ~  and the  val ley. The  Cache Creek residents, on the  other hand, are working for expansion 
and  development o f  the economic  base o f  the i r   comuni ty .  

- 
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(f) Attitudes of Residents Towards  Growth and Oevelooment 

Over two-thirds of  the residents sampled were in favour o f  a doubling of  the population. 
many of whom strongly favoured this increase. More  than two-thirds favoured a steady population 
grwth while only a few regarded this as  unfavourable. A stable or no-growth situation was viewed 
as favourable by only 38 percent of the residents sampled and unfavourable by an equal number 
(39.9  percent). With respect to a decline in the population. 80.8 percent felt a declining popula- 
tion was unfavouraole. 

The urban residents of Ashcroft, Clinton and Cache Creek strongly favour large population 
increases either  within  their comnties or in the study area. The rural residents, including the 
Hat Creek Valley population, however, would prefer to see a no-growth or stable situation. 

Nearly all residents (88.3 percent) would like a large shopping centre in the study area. 
The development of a major industry solicited slightly less favourable response than the shopping 
centre with three-quarters (75.2 percent) of the surveyed residents wanting the development. Of  the 
Hat  Creek  residents, one-half were undecided about the desirability of a large industry while one- 
third (31.6 percent) were opposed to it. Ashcroft residents were most unified as 87.2 percent of 
this town's residents desired the development of a large industry. 

The issue of  the development of a new town in the area resulted in s a w  indecision by the 
residents as one-third (32.3 percent) expressed favour at the development of a new town  with slightly 
more residents (39.2 percent) not  favouring the new town. Nearly two-thirds of rural and  Hat  Creek 
residents expressed disfavour with a new town. With respect to the development of an airport, 
nearly two-thirds (75.0 percent) of  the study area respondents favoured this development. 

(g) Attitudes of Residents toward the Hat  Creek  Protect 

Three  specific  sources ware referenced in this analysis. These  are the resident  survey 
completed by the consultants in  April 1977,  the  telephone opinion poll completed by the Cache  Creek 
Chamber of Comerce in September of 1976 and the newspaper survey undertaken by the consultants 
during the time  of the study (1976 and 1977). 

In the resident survey. the attitudes of residents toward the development of  the Hat Creek 
Project were solicited. Two-thirds of the respondents in the study area were in favour of the Hat 
Creek Project, another 20.7 percent  nere  neither in favour  nor opposed and about U percent expressed 
opposition. The residents of Cache Creek, Ashcroft, and Clinton  uere  almost equally I n  favour of 
the project. The  major  opposition was noted  by the residents of the Hat Creek Valley with 
68.4 percent opposed to the project and  26.3 percent recognizing both the positive and negative 
aspects. In the valley 5.3 percent favoured the developraent of the coal mine and  thermal generating 
station. 
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Greater  than 80 percent of the present  construction and mine employees favoured the develop- 
ment, while the professional categories indicated less  favour. Over three-quarters o f  the ranching 
and farming respondents, o r  the rural residents, were in opposition to it. Those respondents who 
were  unemployed, although a small  number. were the group most strongly favouring the project. The 
majority of people favouring an increase in population and the other potential developments. also . 
Strongly favoured the Hat  Creek development. 
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3.5 SOCIO-EtONOMIC~I - (Cont'd) -. 

I 
The  telephone poll revealed a favourable  response  from 66.7 percent of the Cache  Creek " 

respondents.  almost identical with that  of  the resident  survey  response of 66.3 percent in favour of 
the project in the rtudy area. .. (h) Resident  Concerns  Reaardina the  Hat Creek Project 

- Over 40 percent of  the respondents  expressed  employment  interest, in the Hat Creek 
Project. Many  considered work in construction,  operations, or the relatad cmercial and clerical 
support activities. - In the priury sector  over  twa-thirds o f  respondents  currently  employed in mining, forestry 

and conrtrvction related activities  expressed  interest in  work. Twenty  percent  of the women respon- 
dents, om!-half of  the students.  and 60 percent  of  the unemployed  expressed  interest i n  working on .. the projrct. should it  proceed. 

(i) The Hat  Creek  Valley  Coanunity 

(I) Physical  and  Historical S e t t a  

The  Hat  Creek Valley contains some of the earliest  ranches in the region, 
established  over 100 y e a n  ago. Since  that t in .  the valley has been  dedicated to agri- 
cultural production. uinly beef cattle. A small underground coal mine  that serviced the 
s t u ~  area ws in operation  several  decades  ago, but left  little mark on the  present 
surroundings. 

S o a e  o f  the original families  that settled in the valley are still operating 
family  ranches. These  people are important members o f  the racial fabric 01 the valley  and 
in the  surrounding comunities. The valley had a population in 1977 varying from 30 to 40 
residents, including ranchers.. dependents and ranch hands. 

While the climate  is  relatively dry. Irrigation  has  brought 50% of tne land 
into active  production, as w a l l  as supporting the grazing of herds o f  beef cattle. 
13rfvately owned land is supplmented by c m n  grufng leases. While  most  of  the  residents 
lark full-time on the rancbles, SOW also support  themselves  with  outside  jobs by working 
on construction or in sewi:e jobs .in the valley and the surrounding towns. The  reported 
lhousehold incmws are  generllly lower  than in the overall s t u Q  area. However. this is 
offset  by other  attributes of  their  particular  lifestyle and a hi:gh degree o f  
:relf-sufficiency. 

In addition to the agricultural use of the Hat C r w k  valley,  residents from the 
!Lurrounding region have, fcsr u n y  years. used the valley a5 a recreational area. Hat 
C m k  has  provided one o f  tile best grazing  and  hunting a n a s  in the  briboo. Many  valley 
!-esfder!tr particularly  enjoyed  riding  and  hiking  throughout the valley. 

Eighty  percent  of the valley  residents  indicated that  the valley W,IS an excellent - 
place to live with the remainder  considering it a good place  to live. The majority of  the 
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3.5 SOCIO-ECONOMICS - (Cont'd) 
comments  centered on the climate, the productivity of  the land, the secluded  setting and 
their rural  lifestyle. 

( i i )  Characteristics of  the  Residents 

The 30 to 40 residents  and  dependents  represent  approximately ten  family 
groupings  within the  valley. A n d e r  of these people are the descendents of families 
that originally  settled in the valley over  a century ago. The actual resident  population 
Of the valley fluctuates  extensively  depending on the season. A few older  children and 
Other family members have moved to other comunities in the region or to  the Lower Mainland 
for education or employment,  but  return in the spring, sumer or fall o f  each year  for 
holidays  and planting and harvesting activities. 

Mast of  the residents  are  families  with several  children. The  oldar  residents 
within the area  do  not consider  themselves as  retired, as they work to' maintain Self- 
sufficient  operations on their holdings. All the residents interviewed. regardless of 
age, occupation, or income, were firm in their  conmitment to their ranching lifestyle. 

(j) Suman/:  The Existinq  Social Environment in the Communities 

Cache  Creek 

The town has a high activity image  linked to its  location  at the intersection of 
major B.C. Highways. The  residents have c m n  objectives related  to their service  Sector 
economy  and are  strongly in favour of growth,  development and the Hat  Creek Project. They 
have high expectations of the social and  economic  effects of the  project. However, resi- 
dents also  noted a great  awareness of  potential  environmental  effects related to 
development and  expressed the need for controls. 

Ashcmrt 

The town. of some historical significance, is based on resource  developments and 
the  railway.  It  does  not appear to  have a  strongly  cohesive  community,  perhaps  due to 
the influx and  continuing  turnover of residents. There is a low visibre level of public 
social activities,  although many  study araa  services  are  available in the tom. The 
residents,  anticipating needed economic  benefits, are in favour of  growth, development and 
the Hat  Creek Project. 

Hat Creek  Cornunity 

The  residents of the valley expressed  commitment to their ranching  lifestyle  ana 
the preservation of the  natural  environment. They form a  stable comunity with strong 
historical  continuity through  their  families and the land. The  residents  are in opposition 
to population growth  and development in  th@  study  area  and  strongly opposed to the Hat 
Creek Project.  Many apparently feel bitter, insecure  and threatened by project develop- 
ments  and  any  indecision on the part  of B.C. Hydro. 
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C l i n t o n   i s  a physica l ly   a t t ract ive  smal l  town i n  a   qu ie t   ru ra l   se t t ing .  However. 
the  cont inuing  decl ine  in  the  forestry  industry and the town population, has r e s u l t e d   i n  
an atlwsphen of  uncertainty and depression w i t h i n   t h e   c w u n i t y ,   h e i g h t e n e d  by t h e   v i s i -  
b i l i t y  of underut i l ized services and  land, The residents  are  strongly i n  favour  of  growth 
and  development,  and espocial ly.  the  Hat Creek Project .   hoping  that   th is will reverse  the 
ex i s t i ng   dec l i ne   i n   ac t i v i t : y .  

(V) - L i l l o o e t  
I 

Tho residents o f  L i l l o o e t  do not  seem to iden t i f y   w i th   t he  st.udy ana ,   o r   t he  
present and potent ia l   developmnt   act iv i t ies .  A s t rong  cornun i ty   iden t i t y  was not  observed - by the  consultants  during  the  studies. I n  general.  the  cornunity i s  i n  favour o f  growth, 
development  and the  Hat Creek Project.  although  uncertainty was expressed duo t o   i n f o m -  
t i o n  gaps rega rd ing   t he   p ro je t .  

.I 

3.5.9 Uativc  Indian - 
I The cu l tu ra l   her i tage of the  Iridian  people i s  examined re la t i ng   t he i r   ha r i t age  to t h e i r   s e t t l e -  

ment i n  the  Hat  Cnek a n a  and laying  the  foundations for understanding  current  social and econmic 

conditions, and Indian  perceptions. 

I 

This s t u d y  was undertaken  without  tha  cooperation or involvement  of  the  Indian  people of the 
Hat Creek ares. or, except on a very  l imi ted  basis,  of tha  Oepartaant of Ind ian  Af fa i rs  '[DIA). The local 

. Bands were not w i l l i n g  tn cooperate W~UI the B.C. Hydro funded Indian  studies un t i l  t h e i r  own studies 
were  underway and they ask& OIA  to p r o h i b i t  access to   the  Oepar tnmt 's   records by B.C. Hydro 
consultants. 10 

(a) O e f i n i t i o s  

The Indian  people of B r i t i s h  Columbia commonly a re   c lass i f i ed   i n to  two  groups: Status (or 
Registered) Indians and non-Status  Indians.  Status  Indians  are  defined as those peclple  coming under 
the  furi : !dict ion  of  the  Indian A c t  (l957). Their  m s  appear on t h e   O f f i c i a l   I n d i a n   R q i s t e r .  
Host appwar on a  specif ic Band L is t ,   bu t   a  feu a n  not  associated  with a specffic k n d  and  appear on 
a General L is t .  The tam Indian Band and  Reserve an used as defined  by  the  Indian A c t .  

. 
J 

Status  Indians  are  not  necessarily of Ind ian  rac ia l   or ig in .   nor   necessar i ly   genet ica l ly  
"mre Indian"  than those who have chosen enfranchisracnt. or the i r   o f fspr ing.  F'eopfe of  Indian 
rac ia l   o r - ig in  who are   no t   reg is te r td  under  the  Indian  Act  are  general ly  nferred 'to as non-Status 
Indians. 

It i s  estimated  that  there  are  approxientely equal ntmbers o f  Status and non-Status 
Indtans i n   B r i t i s h  Columbia. I n  1975, Department of  I nd ian   A f fa i r s   s ta t i s t i cs   shou ld  52 280 Status 
Indians i n   B r i t i s h  Columbia. Because the  locat ion and the number of non-Status  Indians  could  not be . 
detrminrd.   the  s tudy i s  concerned pr imar i l y   w i th   Ind ian   peop le   l i v ing  on Reserves i n   the   s tudy  
ana .  

- .- 
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3.5 SOCIO-ECONOMICS - (Cont'd) ... 
Host Bands in British Columbia have grouped  themselves into  regional  Indian Oistrict 

Councils. with  boundaries  that do  not necessarily  represent tribal  boundaries. The Indian District - 
Councils  are usually composed o f  the elected  chief o f  each  Band in the Oistrict and  act  as a body  to 
represent the group  interests o f  the  Bands  concerned. 

The Union of B.C. Indian Chiefs is  an organization  representing many o f  the  Indian  Bands 
in the Province.  It  acts  as a resource  group for  member  Bands  and  provides leadership  and guidance 
for its  members. The Union has a  full-time  executive  and staff.  Each  Band  has a council  to direct 
its  activities. 

I 

I 

(b) Oeffnition o f  Study Areas 

It  was decided to include in  the  primary  impact  study the four Bands whose Reserves  are 
located close to the  proposed Hat  Creek Project; namely, the Bonaparte.  Pavilion, Ashcroft and 
Oregon Jack Creek Bands. The location of their  respective  Reserves is shown on Fig. 3.5-3. 

I 

It was decided to define a secondary  study  area  encompassing  those Indian Bands  who had 
Reserves within  a 50 km radius of the  proposed  thermal generating plant  site.  This decision  brought 

Deadman's Creek Band whose children  attend school  in Ashcroft)  and also  Bands whose  members  might be 

into the study the Bands who use  the facilities and services o f  Ashcroft  and  Cache  Creek (e.9.. 

prepared to conmute fn order to obtain  employment at  Hat  Creek (e.g.. some o f  the Lillooet area 
Bands 1. 

.. 
- 

There are 11 Bands in addition to the four included  in the primary  study  area who have ' I 

Reserves  within the  defined secondary area  boundaries. They are: 

1. Oeadman's  Cree& 7. High Ear 
2. Cook's Ferry 8. Cayoose  Creek 
3. Nicomen 9. Lillooet 
4. Lytton 10. Bridge  River 
5. Clinton 11. Seton Lake 
6. Fountain 

Their Reserves are  also shown in  Fig. 3.5-3. 

(c) Settlement Patterns  and  Cultural Considerations 
.t 

(i) Cultural Heritaqe and  Past Settlement Patterns 

Preliminary archaeological research in the upper  Hat  Creek Valley  has  recovered 
evidence of aboriginal settlement and  resource utilization  which may extend as far back as 
7000 years." The basin is inferred  to  have been utilized in seasonal fishing, hunting 
and  plant  gathering activities by nomadic groups.  It  is  probable that  this pattern Of  

settlement and subsistence  prevailed up to  the time O f  historic  contacts. 

m 

*c 
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The  Indian Bands in the study area are part  of the  Interior Sdlish. a large 
linguistic  group  whose  territory  Covers  much of  the central and southern  Interior  of 
British  Columbia and stretches  south  into  the  States  of  Washington and Idaho.  Fig.  3.5-4 
shows  the territories of the Interior  Salish and Fig.  3.5-5 s h w s  the tribal  boundaries of 
the Shunap. Thompson ancl Lillooet  Indians; all sub-groups of  the  Interior Salish. The 
s t u d y  are8 is located It  the  junction  of  the boundaries of  the three  tribal groups. The 
Pavilion and Bonwarte Bands are Shuswap,  while the Ashcroft  and  Oregon Jack Creek  bands 
are  Thorpson Indians. Most  of  the upper  Hat  Creek  Valley was part of  the hunting  territory 
af the  Thompson Indians f m  Spencer Bridge.K The lower reaches o f  the valley were 
within the territories of the Bonaparte Band. l.3 

The  Interior  Salish wen semi-nomadic  where  pattern of movement was  affected by 
the seasonal  availability of food. The Indians  travelled  mainly  in small1 family groups 
but in the  winter 1 number of  groups  would live  together in their  semi-penanent settle- 
=nu. Within tribal boundaries, the land and its resources  were  regarded as C o m n  
property for  the  tribe or kin. When a number o f  family groups  were  together,  the lifestyle 
was semi-Cmunal. Decision  making  tended tn be d m c r a t i c  and Band menhers  were  consulted 
on important deciSiOnS.  It seem likmly that this  lifestyle remined basically  unchanged 
for  thousands of y e a n  before  white condct, 200 years ago.. By the end Pf  the nineteenth 
century the majority of  the  present Reserves in the primary  study area had been 
estdblfshed. 

I (if) Retention of Cultural I d e n r . .  

il 

Cultural  identity is characterized by the interaction of a complex  set  of 
eleaents. s o u  physical and some attitudinal.  There factors include the use o f  a parti- 
cular language. the  pursuit  of tradltionil  activities and the holding of certain  values 
and attitudes. 

The 1971 Census data showed that, while 18 percent o f  the Fmple identified 
Indian as the mother tongue. only 8 percent  stated that Indjan nas the language  most  often 
used at  home,  denotlng  thdt English Is nw the  predominant  language on the  Reserves. 

The  Indim  pwple do not appear to usu the social and recreatiolsal facilities in 
tne local  non-Indian cownitiar to any degmm. Social  interaction seoms to be mainly 
within  their mn Resarve and with other Indian comnitier. a fact  which  contributes tn 
maintenance of Indien self-identtfication. Similarly,  the Reserve  system  has  been a major 
factor in maintaining and r’tnngthening Indian cultural identity. 

(iii) Present  Settlement and Orqanization 

The  four Bands .In the primary  study I n 8  have a total of 23 reserves. with a 
total area of  over 63 km2. These  reserves are listed i n  Table 3.5-21. 

%st of the  Ashcroft  Reserve  residents live on Ashcroft Reserw NO. 4. located . 
near the  junction of Highway NO. 1 and the south  Ashcraft  connector road. There are nine 
houses on this Reserve. set  back so= 150 from the road. 
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3.5 SOCIO-ECONOMICS - (Cont'd) 
There are  some houses on Pavilion  Reserve No. 3 .  about 1.9 Ln west  of  the Hat 

Creek  Junction along Highway NO. U. but most of  the Pavilion Band members live  an  the 
main Reserve. some 8.1 km to the nest of  the Hat  Creek Junction. 

It  appears that all four  Bands function independently,  administering their own 
financial  and organizational affairs. Pavilion Band is  a  member of  the  Lillooet  Indian 
District Council. while the other  three Bands are  members of the Thompson River Oistrict 
Counci 1. 

(d) Oemograohic  Characteristics 

( i )  Powlation 

Table 3.5-22 presents total  on-Reserve and  off-Reserve  Status  populations for 
the  Bands  in  the  primary  and secondary areas. At  the  end ai 1975, the four primary  area 
Bands had 621 members of  whom 354 (57  percent)  were living  on-Reserve. The 11 Bands in 
the secondary area had a total  of 2598 nwnbers, of  whom 1655 (64 percent) were living on- 
Reserve. During the last decade, the  total  Band population of  the primary  area  has been 
increasing at an average growth rate of 1.9 percent  annually  compared to 1.3 percent for 
We secondary area Bands  and  about 2.0 percent  for the Status  Indian  population in British 
Columbia as a whole. 

The siz@ of Status Indian populations at any  point in time is not  only a function 
of birth  and  death rates, but also of marriage  preferences. From  the 1imitRd  statistics 
available  (for  1975 and 1976 only)  the  birth  and death rates  for the primary  bands are 
more in line with  those for  the  general population of British  Columbia than  for  the Status 
Indian  population. Because the natural population  growth in the area was about 2.4 percent 
annually over  the  last decade and the recorded growth  was 1.9 percent. out-migration  due 
to marriage  preferences  appear to play a  part in the population growth o f  these Bands. 

The historical relationship  between on and off-Reserve  populations i s  shown in 
Table 3.5-23. Throughout British Columbia there has  been a trend o f  population  migration 
away  from the reserves. On-Reserve  populations have  increased marginally during the past 
decade  while  off-Reserve  populations have increase by 66.6 percent.  Among  primary  area 
Bands 44.7 percent of  Band members live off-Reserve  compared to 36.8 percent  throughout 
British  Columbia. The  off-Reserve Status  population  living in the  primary  area is esta- 
blished f o r  1971 as  follows: Ashcroft - 25; Cache  Creek - 35; Lillooet - 40; Clinton - 
85; and Rural - 25. 

( i i )  AaelSex Characteristics . 

The Indian  populatian is significantly  younger than  the  non-Indian population of 
the study  area.  Among  primary  Band  members. 64 percent are  under 25 years  of age,  compared 
with 52 percent o f  the general  Ashcroft/Cache  Creek  area residents,  45  percent o f  the 
total  Britisn Columbia non-lndian  population  and 66 percent o f  the  total  British Columbia 
Indian  population. In addition, 73 percent of the faale Band members ape  under  the  age 
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o f  25. According  to  the 19A Census, the  male./femle  rat io on the  primary area Resawes 

i s   c a l c u l a t e d   a t  1.l:l. Tnr youthfulness of the  Indian  populat ion i s  exp la ined  in   par t  by 
a h i g h   b i r t h   r a t a  and a l o r  life expectancy. The observed  decl ine  of   the  Indian  bir th 

rate i n   B r i t i s h  Columbia  accounts for the  trend o f  the age st ructure toward t ha t  of the 
o v e r a l l   B r i t i s h  Columbia population. 

( i i f )  Family  Structure 

Indian  society  retains a va lue   sys tm  tha t  i s  s i g n i f i c a n t l y   d i f f e r e n t  from t h a t  
o f  Canadian non-lndian  society.  Civil  marriage,  divorce and i l1egi t i :nacy are not  as 
important as i n  whit. Society.  but family m la t l onsh ips  and acceptance of elders  are mom 
highly  valued. 

* The 1971 Census data  contain  information on family and  housiehold sizes and 

s t ruc tu re .   Thy   t nd i ca te  a near  constant  d istr ibut ion  of   fami ly  s ize  f rom 2 persons t o  
9+ persons. with an average s i ze   o f  5.7 perrons  per  family. Most f a m i l i e s   l i v e  as a 

I s ing le unit i n   t h e i r  on home. Only 10 households i n   a l l  four bands are shown as con- 

t a i n i n g  more than one family. A fur ther  15 households are shown as riot  containing a 
family group as such,  of which 10 are occupied  by a s ing le  person. 

I 

(e) Labour  Farce  and Emlovment 

L. (i) His tor ica l   Charac ter is t i cs  

Tho l97l labour force of Reserve residents has been estimated by the Census a t  
about 100 persons. ~ h r  labour  force can be characterized as young and male  dominant put 
n o t   d i f f e r i n g   s i g n i f i u n t l y   i n   t h i s   r e s p e c t  f r o m  th. non-lndian  cornunities  of  the  study 
area. Males comprise  over 75 percent  of  the  Indian  labour  force.  Table 3.5-24 provides 
pa r t i c i pa t i on   r8 tes  by sex for the primary area bands and the local  c:omunit ies. The 

Table 3.5-25 f o r  1971. 
rider o f  Reserve rcs1dent.s fn   the   expor iemld   labour  f o r c e  by  industry i s  contained i n  

Table 3.5-26 denotes tha t   the   Ind ian  labour force was r l m s t   f u l l y  cnployed: 
h m v e r .   o n l y  60 percent of them had f u l l - t i m  enploymnt. The Ashcroft and Oregon  Jack 
Creek  Reserve residents had about 90 percent of the  working age populat ion  in  the labour 
force and employed mostly on a fu l l - t ime  bas is .  The main  source  of  mp1o)ment was mining. 
All 60 -err of  the  Bonaparte  labour force wem u p e r i m c e d  and employed a t  the  t ime  of 
the Census hoycver,   only  hal l  had ful l - t ime  mploymnt.   Agr icul ture,   manufactur ing and 
the  service  industr ies dominate t h e i r  areas o f  involvament. 

Only 10 o f  55 working aga people for the Pavi l ion Band w e n  in  the  labour  force.  
Half had not  worked i n  the previous 18 mnthl and none w r e  naployod  full-t ime. NO female 
par t i c ipa ted   in   the   labour   fo rce  and no single  industr ia l   category was s i g n i f i c a n t  enough 

t o  be specff icd as providing1  the employinent. 

. 
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(ii) Current Status 

At the time of writing this report the employment  situation among  the four 
primary  area  Bands seems to  have declined  since 1971 but there  are  opportunities for 
future improvement. 

Stable, full-time  employment is  scarce. Bethlehem  Copper  Mines  employ an esti- 
mated 8 to 10 Indian people from the Ashcroft and Cache  Creek areas. Competition  for 
employment at  the mine is  very  high, especially for  entry-level  positions. It  appears 
that the  Indian employees have, in the main,  been with the company  for  a long  time, with 
some as  long  as 8 to 9 years. Feu,  if any  Indians are  employed at  the iornex Mine. 

Since the 1971 Census, three significant, but small-scale  sources of Indian 
employment have  been  nstablished: The Steel Brothers  Canada Ltd. lime plant located on 
Ashcroft  Reserve NO. 2; the Basque Ranch  Owned  by  the  Cook's  Ferry  Band  and  the Gulf 
Agricultural  Chemical Plant. 

The three  management  and  administrative  positions  are  staffed by non-Indians, but U of 

The Steel Brothers plant was opened in 1974 and  employs 18 full-time employees. 

the 15 hourly-paid full-time  employees are  Indians. About half of these are Pavilion Band 
members,  one is from the Bonaparte Band  and the balance  are from the Fountain  and Lillooet 
bands. The plant  is  unionized,  but there  is an  informal agreement on preferential  hiring 
for  local Indians,'with  Pavilion Band members having first  opportunity. I n  addition to 
the enploymcnt  benhfits provided.  Steel Brothers  provide  revenue to the Pavillon Band  in 
the form  of  lease  payments. 

The  Gulf Agricultural Chemicals plant,  located on the Ashcroft  Reserve and 
opened in 1974 manufactures  explosives for the mining industry. It  employs only  two 
people on a full-time basis (one being the non-Indian  manager)  but approximately six  times 
per month  vi11  employ  an  additional  eight  people for  a  single shift. 

The Basque Ranch  was acquired in 1974 by the Cook's Ferry  Band  as a land-swap 
compensatory  measure  with Bethlehem Copper Ltd. Grazing leases  for  Crown  land  are  held by 
the  Band in the area.  It is estimated that the ranch  uauld  likely enploy about  five 
people. 

Anwng the four primary area Bands, agriculture  offers  a limited  amount  of present 
and  potential future  employment both on and  off the reserves.  It  has  been  estimated that 
about  eight  .Indians are  employed full-time and amther eight  part-time by the ranch@s of  
the  Hat Creek Valley.14 Hwever, use of local Indians  as  seasonal or part-time  ranch 
hands seems to be decreasing. A recent study assessed the potential for agricultural 
development on the Bonaparte Reserves  and concluded the  Reserves had sone potential for 
providing additional  full-time  agricultural  employment. 15 

A11 four bands in the  primary  area  have  Reserve  lands that Seem  to offer poten- 
tial  for employment generation.  About 10 full-time positions likely exist in the 
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administration o f  the  four local  bands. The retail and service sectors, primarily oriented 
to  the  tourist  trade, o f f e r  employment  opportunities in the primary study area. The  work 
is usually seasonal with relatively poor pay. 

A reasonable  estimate o f  total Indians working in the service! sector would be 
10 persons. Much of this  employment  would be seasonal and  part-time. l h e  biggest  single 
source of m p l o y m n t  among  Reserve  residents in the study area at the! present  time is 
federally  funded,  temporary work projects, operated through  Canada Manpower. The use o f  
the  temporary  work projeca.  the aims  expressed in work project applicat‘ion and the subi- 
lity being experienced m n g  Indian employees. all indicate a growing  wish and ability  to 
participate in the  wage econory. 

About SO Indian people are currently employed in the primry study area on a 
regular basls. This is a decrease from the  number of employed Reserve  rwsidents indicated 
in thr 1971 Census. 

The high levels  of  unemployment w e n  stated repeatedly by Indian groups in their 
applications  for  funding  under federal temporarj work p r o g r m s .  A l s o ,  Canada Manpower 
inforution  on client  mgirtrations,  vacancies and placements  suggests high tmmplopent. 

(iii) Barriers  to Indian Emolome& 

The  following i s  a discussion of general conditions on published sources. 10,16.17 

The  problns  idantifbd have  not all been  specfficalty  documented for the study a&. 

Physical isolat.:on of Reserves fmo employment  opportunities and the  lack  of 
reliable and independent  transportation  present  employment barriers. Unnecessarily high 
standards  of  education and experience  are  often barriers. The  emphasis placed on educa- 
tional requinants for apprenticeships is partlcularly  signiflcant in presenting  barriers 
to  the echievmnt of  tradesmen  status by Indians. Both industry and organized  labour 
tend to folla practices that act as barriers to-Indian  ewloyment. 

Social p r o b l a r ,  such u alcnhol abuse and a developed “structural dependence“ 
on welfan can  also f o n l  barriers to  employmnt. Prejudice, paternalism and misunder 
standing of Indian alms can act as further barrien  to Indian employment. Garnisheeing of 
wages is generally m a n  prevalent among Indian people  than among nom-Indians and the 
prorpoct  of  encountering  such action can fora a barrier to seeking employment. 

The view that  Indfans  are  primarily interested in outdoor  activities  of a 
seasonal or short-tern  nature and have no degree  of responsibility. is fairly wide- 
spread.” The basic misunderstanding and stereotyping  of  Indians in the  minds of employers 
tend to have the  effect of tlarring enploymnt and of becoming self-fulfilling prophecies. 
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(e) 

(i) Employment and  Transfer Income 

Tables 3.5-27 to  29 contain total  income, average income  and income  distribution 
data for  the Bonaparte,  Ashcroft/Oregon Jack and Pavilion Bands. The  AshcrOft/OregOn Jack 
Band  has  an average individual  income of about 15400 and  income per family  of 510,820. In 
comparison. the general population of the study  area in 1970 had average and  family 
income  figures of 15460 and 19774. respectively. The Bonaparte Band also had a high 
proportion Of employment but  had much lower income levels than  the  Ashcroft/Oregon Jack 
Band. Overall  the Pavilion Band statistics  reflect  a low level of employment and  income. 
The distribution of  income  presented in Table 3.5-29 shows that  75  percent of income 
recipients received  less  than $3000 annually  in 1971 compared to  half that  percentage 
among  the  non-lndian  local  area  population.  Only 3.5 percent o f  the  Indian  people, c o w  
pared  to 15 percent of  the non-Indian  population,  earn in excess of 110,000 annually, 
while nearly 90 percent of the Indian female labour force  members earn  less  than 13000. 

(it) Subsistence  Income 

The Indian  food fishery  appears to  be  the largest natural  resource  income source 
for the  Indians of the primary area. Hunting  provides a marginal real income while the 
trapping of furbearers is almst non-existent.  Indian people  also  engage in the collection 
of natural vegetation  for food and medicinal  purposes. The  subsistence  economic  activities 
listad  in Table 3.5-30 are  estimated to represent at least 23 percent Of  the  total  income 
of Indians in the  primary  study  area. 

(f) Education.  Health  and Housing 

(i) Education 

A  recent study carried Out in conjunction  with the Union of B.C. Indian Chiefs, 
concluded  that  education is one o f  the most important concerns of  Indian  families. 18 

Table 3.5-31 compares the educational achievements of the  Bands  in  the  primary  study  area 
with  those of  the  Indian population o f  B.C., the total  population of B.C. and  the residents 
of Ashcroft and Cache Creek. The table  shows  a  considerable gap between the education 
levels  of the Indian  and  non-indian  population.  Only 26 percent of the B.C. population 
ha5  not achieved  higher than elementary education.  compared  to 63 percant ?Or  the  total 
Indian population and 56 percent for the on-Reserve  residents in the  primary  study  area. 

The level o f  educational achievement in 1971 for  Reserve  residents is  shown in 
Table 3.5-31. Studies by Stanbury  and others have  drawn the conclusion  that the education 
gap  between  Indian  and  non-Indian people is  rapidly  closing." There are indications that 
this is the  case within the study area. 

During recent interviews with each  of  the local  5ch001 principals, with student 
counsellors and with  members of  the local school  board administration,  a number of points 
received  general agrement: 

1 
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1. Levels  of  education  acnievement among local  Indian  people were increasing. 

2. While  drop-out  rates and absenteeism f o i  Ind ian  pupi ls  were h ighr r   than  fo r  non- 
Indians,  there was a sready improvement over  the  years. 

3. There was increasing  evidence of Indian  parental and Band i n t e r e s t  and involvement i n  
the  school  systm. 

4. Par t i c ipa t i on  by Ind ian  pupi ls  i n  ex t ra -cu r r i cu la r   ac t i v i t y  was increasing. 

5. Racial harmony i n  the school had  improved. 

It i s  understood t h a t  about seven members o f   the  Bonaparte Band alone were 

engaged i n   u n i v e r s i t y  or post  graduate  courses and several more are involved i n  vocational 
training.  Also, an adult  upgrading Course (Basic   Tra in ing  for   Sk i l ls   Developmnt)  has 
j u s t  been established by Canada  Manpowcr i n  Cache Creek. 

I n d i a n   b i r t h  rates are  considerably  higher  than th. prov inc ia l  average. Howver. 
the rate o f   b i r t h   d e c l i n e   i s  about 50 percent  higher than for the  general  population. I n  

1967, t h e   I n d i a n   b i r t h   r a t e  was about  twice  that  of  the  general  papulation  but, by l.975, 
the gap had  lessenad. The 1975-1976 s ta t i s t i cs   ob ta ined  for the Bands i n  the p n ' w r y  area 
show a l i v e   b i r t h   r a t e  o f  13.7 per 1000. This i s  less  than  the  provirlcial average  and 
almost h a l f  of the average for B.C. Indians as a whole. 

lh crude death ra te  f o r  Indians  throughout B.C. i s  a lso  fa l l l lng  gradual ly  and 
i s   g m w a l l y   i n  lim wi th  that of the   p rov inc ia l  average. The most s ign i f i can t   d i f fe rence 
betwnn  Ind ian and non-Indian  death s t a t i s t i c s   l i e s   i n   t h e   r a t e s  of v i o l e n t  deaths and 
in fan t   mor ta l i t y .  The p w v i n c i r l   v i o l e n t  death  rata for Indians i s  over  threa  t imes  that 
of the  general  population. m i l a  Ind ian  in fant  mrtality throughout th4 province i s  
a lmost  twice  the  provincial  average. no such  deaths were recorded among Indians i n  the 
primary  area  during the two years for which  data am avai lable.  

The primely  study area i s  serviced by the  Ashcrof t   Distr ict   Hospi ta l  and  by the 
four-doctor  lndical  center i n  Ashcroft. I n  addi t ion,  a health  nursa ,from the  Federal 
Department of Health and h l f a n .  basad i n  I(Ulo0ps and a den t i s t  sponsored  by the  Depart- 
a n t  of I n d i a n   A f f a i r s .   v i s i t  the reserve1 on 1 regular  basis. The hospi ta l  does Mt have 
a  resident  doctor,  but uses the  services of the four   doctors   pract ic ing  in   Ashcrof t .   In  
addition. at l eas t  No o f  the four &and$ have a Band member t ra ined as 11 resident  heal th 
nurse. 

It i s  the  general  opinion of the  representatives of the  Federal Department o f  
Health and Yelfam,  the  Provincial  Department of Health, two local   doctors and l oca l  

employers interviewed t h r t   t h e r e   a r e  no s ign i f i can t   hea l th  problems spec i f i c   to   the  
Indian  populat ion  in  the  i i tudy area. The respondents were also of the  opinion  the  Pavi l ion . 
Band had s l i g h t l y  more medi:al problems  than  the  other  three Bands i n  the area,. 
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( i i i )  HOUSinq 

The statistics  presented  in the native  Indian study" indicate  a  housing situa- 
tion common to many  Indian reserves  consisting of basic  houses, m n y  with  few or no 
services. The  housing  situation on the Pavilion  Reserve was worse  than on other reserves. 
Houses were more crowded, at 1.7 persons per room, compared to 0.8 persons  per room for 
local mn-Indian housing  and no houses are  shown as  having  bath,  toilet, or hot water 
facilities. The  Ashcroft/Oregon Jack Creek  bands  appear to have the best housing situa- 
tion,  with the majority of houses having bath,  hot water and  toilet  facilities and an 
occupancy o f  slightly less  than one person  per room. Observation  during the study  showed 
that the  houses on the Bonaparte  Reserve  appeared to be of a  better  standard  than  those on 
the other reserves. 

(9) Social and Community  Services 

the courts, the probation  service and the B.C. Police  Coomission,  that crime is not a 
There existed  a general consensus m n g  the people  interviewed from the RCMP, 

significant  problem among the  Indian people in the primary study area. Throughout the 
province, the rate of admission o f  Indian  people to corrective  institutions is over  three 
times that o f  nowIndianu and the rate  of admissions to probation is nearly three  times 
that of the non-Indian  population. 

The Ministry of Human Rcsources (MHR) has  an office in Cache  Creek  which  services 
an area that contains all primary area Bands except for the Pavilion Band. The OHR 
provided information  for the month of  June 1977 that indicated that transfer  payments are 
considerably  greater  among  Indian  people  than m n g  non-Indians. The off-Reserve and non- 
Status  Indian population  within the MHR area is of the order 5 to 10 percent of the total 
population,  but the proportion o f  Indians m n g  transfer  payment  recipients is considerably 
higher. This would  indicate that  the current unwloympnt situation  among  off-Reserve and 
non-Status Indians is likely to  be as significant as  it appears to  be  for  on-Reserve 
Indians. 

A recent  socio-economic study concludes that throughout B.C. the rate of  children- 
in-care from on-Reserve homes is over  six  times  that of the general population.'* This 
large iiabalance  is not to  be  found in the  study  area  and the local MHR manager noted that 
the incidences of having to take Indian chfldren into care  were  gradually declining. 
There i s  no greater  problem  with respect to children-in-care with the MHR among Indian 
pwple than  among non-Indians. 
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e 
(h)  Natural filesource U t i l i z a t i o n  

(i) Fisherv Resource 

I 
A. In t roduct ion 

1 

The f ishery i s  important  to  the  Indian  populat ions  of  the  area because the 
t rou t   f i she r ies  of t.he nmrous lakes and streams  of  the  primary study a n a  are 
ffsh.d by the   I nd fan   pwp le  u a rccTeationa3 pursuit. Also,  the  ralmon  fishery of 
the Fraser River  systeu has t rad i t i ona l l y   p layed  an impor tan t   ro le   in   the  economy and 
Culture o f  tM Indian  people who se t t l ed  i n  its basin. The importance o f  the  f ishery 
varied, however, among the Bands o f  t h ~  basin  according t o  the  rs l r l t ive  loca l  abun- 
dance o f   f i s h  and other  natural  food  resources. 

In general, f t  i s   m o g n i z e d   t h a t   t h e   f i s h e r y  resource i s   l e s s   c r i t i c a l   t o  
the current  way of l i f e   o f   I n d i a n  people.  than was the case during  aboriginal  t imes. 
H m v e r .  it must r t i : ! l  be considered  fmportant i n  the  maintenance csf t h e i r   c u l t u r a l  
her i tage and as a a l te rna t i ve  source o f  income. 

B. Ind ian Catch 

P a c i f i c  salmon and steelhead  t rout   are the major specie's o f   the   in land 
Indian  food  f ishery.  Table 3.5-33 shows tha average  composition  of  the  reported 
Indian food catch  for M e  t o t a l  Fraser River system. 

During recent  years,   the  reportrd  Indian sockeye catch has  averaged  about 
205 000 f ish.  Over 45 percent   o f   th is   catch has occurred i n  the  middle  regions  of 
the Thompson and Fraser  Rivers. The reported  Indian sockeye catch has accounted fo r  
about U.5 percent  of sockeye escapemnt and 3.0 percent  of  the  total Frclser  run. 20 

It has not been possible to astimate thc nunber O f  f i s h  taken by the bands 
i n  the  study area. Table 3.5-34 shows the sockeye catch  reported i n  the  Flsher ies 

Manapesent areas  closest  to  these bands. An upward trRnd can be obsalwed in   bo th   the  
reported  catch and rhe nmber   o f   pemi ts   i ssued  to   Ind ian  people  throughout  the 
Fraser  River system dur ing  the  last  decade. 

C. Indian  Conrumtion 

The average  annual  consumption of   f ish,   dur ing  abor ig inal   t imes by Indians 
w i th in   t he  Fraser River system, has been estimated a t  320 kg/capita.21 On the  basis 
of M.G. Bennett's m~re recent  catch  estimates.  Indian average  annual  consumption 
throughout  the  Fraser system i s  i m p l i c i t l y  determined to be about 12:s kg/capita. If 
OM uses the repor ted   ca tch   es t imat~r  of  Environment Canada, then average  annual 
consimption i s  i n  the  order  of 40 k g k a p i t a ,  compared t o  an average  annual f i s h  
c o n s w t i o n   o f  5.8 kg/r:apita f o r  Canada. 22 
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The fish consumption among Indians living in the primary and secondary 

impact zones is not known. However, it  is suggested by Bennett that, whereas fish is 
the Mlst important staple in the annual  food economy of Indians living from  Lytton to 
Mission City  and from Quesnel to the headwaters, fish is no more important than game 
or wild plants to the Indians o f  the central Fraser system.21 Assuming that the 
annual per capita food consumption of Indian people in the Fraser basin is similar to 
the Canadian  average, the subsistence  salmon catch would constitute between 5 percent 
and 19 percent o f  total  food  consumed. 

0. Economic Value o f  Subsistence Fisheq 

The estimated 1972 income value of the subsistence fishery to Indian 
people is shown in Table 3.5-35. It is estimated that the fishery added between 
$1.5 million and 56.8 million to the 1972 income of the Fraser basin Indian popula- 
tion. This represents between 590 and 5400 income per capita. Assuming Indian fish 
consumption in the primary study area approximatas the average  for the basin, the 
1972 income value represented for those Reserve Sndians is between 532.000 and 
5142.000. 

( i i )  Wildlife Resources 

A. 

Indians hunt year round throughout the Hat Creek area, both on and off 
reserves. Because the Oregon Jack and Bonaparte NO. 1 and No. 2 reserves afford good 
winter range, a  significant  amount o f  their  effort is reported to be  on-Reserve. 

The major  species hunted is mule deer. Limited records exist on reported 
off-Reserve kills, although data are not available on total  kill. The Fish  and 
wildlife Branch estimates that the total Indian kill ranges between 15 and 30 deer 
annually in the area." An estimate o f  the  1976 net food value o f  the game harvest 
to the Indian people on-Reserve is determined at between 5175 and 51780 or 51.15  and 
58.70 per capita. 

E. 

The  opinions of Fish  and Wildlife Branch officers suggest that the impor- 
tance of trapping has declined substantially and  has  been reduced to a minimal  level. 
At the present time,  there  are 21 registered Indian trap lines located in the Clinton, 
Lillooet and Merrit districts. None are located i n  the area potentially affected by 
the Hat Creek  Project and the majority are located vest o f  the Fraser River. 

No Indian trap line returns are included in the annual fur returns published 
for  the  Hat  Creek region.Z3 However, Indians are not required to report their catch 
unless they  sell the pelts, at which time a royalty must be  paid. 
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C. Veqetation 

* The gathering of wi ld   ber r ies ,   p lan ts  and roots o f  various  types i s  usual ly  
conducted  by  the wmen  and ch i ldren Band m m c r s .  

0. Aqr lcu l ture . 

The Indian  people of the  primary and secondary study  areas  are engaged i n  
a g r i c u l t u r a l   a c t i v i t i e s   b o t h  as ranch hands  and as entrepreneurs. ':heir involvement 
i nc ludes   u t i l i za t i on  o f  Reserve lands, as wel l  as Crown lands. 

Land on the  Eonaparte Reserves i s   o n l y   p a r t i a l l y  developed for   agr icu l ture.  
I r r i g a t i o n   i s   1 i a l t . d   t o  about 8 .1  ha on IR NO. 3, with water pumped f r o m  the Eona- 
parte  River,  whi le  several  small   f ields on IR NO. 1 are   i r r i ga ted  by g rav i t y  flow fro. numerous sna l l  Creaks and A fen c a t t l e   a m  grazed by  Eonaparte Band 
mambem and p a r t s   o f   t h n i r  range are leased  to  neighbouring  Indfalr and non-Indian 
ranchers. 

There am approximately 325 ha o f  f r r igab le   land  on the  three  reserves.  but 
over   ha l f   o f   th is   to ta l   i s   con ta ined i n  f le lds   o f   less   than 8 ha.= With  the excep- 
t i o n   o f  a few small areas, Reserve  lands are genera l l y   on ly   su i tab le   fo r   i r r iga ted  

hay  crops. Expected a l f a l f a   y i e l d s  would range between 10 000 and 14 545 kg/ha. 15 

The rangelard o f  the Bonaparte Reserves  has m est ivdtad  carry ing  capaci ty 
- ,  

o f  945 Animal Un i t   per  Month (AW). 

The  McLeen  L.ake grasslands.  omed by both  the  Eonaparte and Ashcroft bands. 
i s  the m s t  produCtivH Reserve rangeland i n   t h e  area. A t  the  present  t ime.  the  total 
Reserve i s  leasad to the  Pavi l ion Band. 

Thr current use o f  Rerewe  land i s  unknown, but  Band memers have g raz ing   r i gh ts   f o r  
w e "  o f  the Oregon Jack Creek Bane a n  also i m o l v e d   i n  agricuiture. 

30 Catt le  on Bonaparte IR No. 1 and No. 2, &$ well as Cran lands  north o f  
n i p m y  lz. 

bands i n  the suondary study  area, the Cook's F m r r y  Band  has extensive 
lease  holdings south and southeast of Askcroft and graz ing  r ights  for 582 c a t t l e  
nx tmding  f r o m  the Orqon  Jack Creek Road south of Spencer Bridge. The Fountain and 
Deadman's Creek bands a n  also W n  to be involved i n  agrfcul turn.  

Indian  people i n  the  pr imay  study  area have a number of water  licenses for 
i r r i g a t i o n  purposes permitt ing  withdrawals from Hat  Creek  and the  EonaparU  Rfver. 

E. Domestic Water 

The Indian bands o f  the  primary  study area ob ta in   t he i r  domestic  water 
supplies  from  the  local  r ivers,  creeks,  vel ls and springs. The source of most of 
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this available  water supply is the snow melt  from  the Clear Range,  the  Cornwall  and 
Trachyte hills. 

F. - 
There is no reason  to  believe that the gravel  and limestone  quarry opera- 

tions presently  being carried  out on Indian reserves will  not Continue to s e w e  their 
present role, with the continuation of  the appropriate  benefits to the bands. 

The question of ownership o f  mineral deposits below  Indian reserves has 
never  been  Settled. The  Department of  Indian Affairs stated that they  knew  of no 

instances where  a Band  had  mined the metallic, coal, or petroleum deposits below i t s  
own Reserves. They  also pointed out that no Indians had  been  involved in the execu- 
tion  of the "E.C. Indian  Reserves  Mineral  Resources  Act  of 1943". 

3.5.10 Recreation 

(a)  Inventorv  Format 

For each  of the geographic  areas previously described (see Fig. 2.5-1, Chapter 2.01, a 
common  inventory  procedure Is generally  followed  which  deals  with  a series  of topics  which  influence 
recreational  patterns. Current data are presented and  where  available, past trends  are described. 
Topics  discussed include: Setting; Recreational Assets; Recreational  Facilities:  Activities:  Land 
Capabilities:  and  Constraints. 

(b) Sottinq * 

With  respect to  the setting, the areas  of greatest  interest  are  A and B (Fig. 2.5-1) 
which are  bounded  by  the Fraser  River to the west, Thompson  River to the  east, Clinton to  the  north 
and  Lytton  to  the  south.  It  is within  these areas that  the principal  physical  impacts  of the Hat 
Creek  Project  would likely  occur. 

* 

Apart  from the deeply incised Fraser  River Valley on the west  and the less  visually 
dramatic  Thompson and Bonaparte River valleys on the east, the  most significant landform  found in 
the  area is the Hat  Creek Valley  itself. This elongated.  bowl-like  valley  is  made up of flat to 
rolling  terrain  which  becomes  increasingly  steeper as it rises to the crests o f  the Clear and 
Pavilion ranges  on  the  west  and  north  and  the Cormall and Trachyte hills on the east. The pastoral 
quality of the  valley is enhanced by the  irrigated  farms, ranches, open  pastures and small  lakes and 
creeks, scattered on both sides of Hat  Creek from Highway U south to Oregon Jack Creek. Various - 
types of vegetation are  found i n  the valleys  ranging  from scrub  grassland to coniferous forests  and 
alpine meadows. The scattered forests adjacent to the farms and  ranches gradually merge to cover 
the sides of the surrounding hills  and  mountains. Three principal points of access  connect Hat t 

Creek  Vallry with the Fraser and the Thompson-Bonaparte River  valleys. 

Ir 

IL 

Water bodies are  few and  small.  Hat Creek, the principal  stream in the area, is compara- . 
tively short and similar to  many other  creeks  found  outside the valley. Pavilion and WcLean are  the 

I 
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p r i nc ipa l  lakes. Pav i l i on  Lake i s  su f f i c i en t l y   l a rge   t o   p rov ide  an important  f ishery  but i s  not  
comparable f n  size t o  other  lakes  outside  the area such as Luon  and Green Lake. 

The vast  major i ty of lands i n   t h e  Hat Creek Va'lley  are Crown  owned.  Some p r f v a t e l y  owned 
fam  lands  ex is t   a long Hat  Creek south of  Highray 12. Indian  resawat ions  are  found  along  Htgbay U 
a t  NcLEln  Lake  and along Oregon Jack C m k :  Most o f  the  pr ivate  holdings  are used for agr i cu l tu ra l  
purposes with ex tens i ve   i r r i ga t i on  on both   p r iva te  and Indian  reservation  lands  along  the Creek f r o m  
i t s  hmadwatcrs to   the   junc t fon   wf th  the Bonqarte River. Some pr ivate  lands are posted  against 
hunting. 

All C r o v n  lands f a l l   w i t h i n   t h e   j u r i s d i c t i o n  of the Lands Branch  which  leases  large  areas 
a longsidr   pr ivate  lands  for   agr icu l tura l  purposes. Beyond the  leased  areas,  grazing  permits  are i n  
ef fect .  The Parks  Branch administers  Narble Canyon Provincial  Park  located  south o f  Pav i l ion Lake. 

(c) Recreation  Assets 

Within Areas A and 6 ,  there are a va r ie t y  o f  natural  environmental assets, some o f  which 
are  conducfve to recreat ional   pursui ts.  In ganeral,  the  Hat Creek Valley  cannot be considered as a 
des t ina t i on   f o r   s igh tsn rs   a l t hough   i t s   pas to ra l  charm provider a pleasant  diversion. The Pav i l i on  
and Clear ranges  and the   Corwa l l  and Trachyte h i l l s  provide a backdrop to   t he  Hat Creek Val ley and 
are used by hikers and othars wiw v i s i t  the Cornual1 Lookououf and other vie*pointr  i n  the area. 
Although  the  Hat C m k  Val ley  i tse ' l f  i s  not  an important  scenic resourcn. Marble Canyon, Pav i l i on  
Lake  and por t ions of the  surrounding h i l l s  and mountains do have s ign i f icant   scenic  val!les. 

T h e n  are no s i t e s  o f  h i s t o r i c  importance in  the  val ley,   howver,   p ict ,ographs found i n  
Ndrble Canyon and along Oregon Jack Creek provide  visfble  evidence of man's present:e i n   p r e h i s t o r i c  
times. For the gem hunter.  the  Hat Creek Val ley possesses i d e n t i f i e d   s i t e s  for agate, d e r  
(scattara!d m n g s t  the  surface  coal  rubble) and opal i te.   part icular ly  a long  Medicine Creek. I n  
add i t i on   t o   t he i r   a t t r i bu tes .  many of the lakes and  streams i n  Areas A and 8 support  f ish and provide 
an important  recreational resource f o r  anglers. Tributar ies  to  Hat  Cnek  support  a neg l i g ib le  
f ishery whereas sweral   laker  including  MLtan.  Blue  Earth,  Crown. Langley,  Pavilion.  Turquoise, 
Botanie, Kwotlenemo and Pasulko  provide  angl ing  opportunit ies.  Only  Pavi l ion and McLean lakes 

appear  adequate i n  s ize for boating. A private  boat  launching ramp i s   a v a i l a b l e   a t   P a v i l i o n  Lake 
w f t h  u c e s s  from Higlway U. k L e m  L.ke i s  much a w e  d i f f i c u l t  to approach  and l i e s   w i t h i n  an 
Ind ian  r rservat ion.  Access can  be l i a ~ i t e d  depending on t r i b r l   p o l i c i e s  and actions. 

Tha f l a t   t o   r o l l i n g   t e r r a i n   o f   t h e  Hat Creek Val ley and surrounding h i l l s  are  conducive t o  
recrea t icm  ac t iv i t ies   inc lud ing  backroad t rave l ,  s n ~ h i l i n g  and cross  country  skiing. A t  the 
higher  elevations i n  the  Pavi l ion and Clear ranges, h ik ing  is   poss ib le   wi th   estab l ished trafls 
a v a i l a b l a   i n  s a w  locations. A va r ie t y  of animal l i f e  af i n t e r e s t  to hunters i s  supported  within 
th. various  vegetative zones including  waterfowl and upland game consist ing o f  ruffed,  spruce and 
b lue grouse. Also o f  i n te res t  are t l ig   gam  inc lud ing mule  deer. moose. bear and Cr l f forn ia   B ighorn 
Sheep. 8\ nuober of recreational  assets i n  the  Hat Creek Val ley and adjacent  arms are shown i n  

Fig. 3.5-6. - 

m 
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(d) Facilities 

The only  private  facility in the  area is Vic's Lakeshore  Camping located on Pavilion Lake. 
This facility has 4 cabins, 18 camper-trailer  sites  and a boat  launching ramp. Nearby are 24 private 
cottages,  occupied  predominantly by people from the  Lower  Mainland,  the same  area that provides the 
bulk of  users  for  the camping facility. Closer to the project  site the Parks Branch maintains 
Marble Canyon Park which has 8 developed and 18 undeveloped  campsites, 10 picnic  tables and a beach. 

Physical development  constraints have  tended  to  limit facilities at both  Marble Canyon  and 
Pavilion Lake. Future  possibilities  for  public  recreation  development can  be  inferred  ,from  the 
designation of  recreation reserves by  the Parks Branch. Six  such resewes are found in Areas A and 
8 including  four at Pavilion  Lake, all of which have  little or no potential for  development  because 
of the  lack of useable land. Blue Earth Lake is indicated as possessing  moderate potential for 
picnicking and camping but  road and  grazing  conflicts occur. The  recreation potential  at  Langley 
Lake is indicated  as  "very low". Recreational facilities  within  Hat  Creek Valley  and nearby  areas 
are presented in Fig. 3.5-7. 

( e )  Recreation Activities 

Activities  are  a basic measure of  the impact of recreation on the natural  environment. 
They  include  a  set of specific  outdoor  activities  which can, in sone instances,  take place simul- 
taneously. Activities range  from fishing and hunting to  sightseeing. swiming. boating.  skating. 
hiking and  others. The bulk of recreation  activities  takes  place  during the summer. This is  the 
period when the weather is  most conducive to a variety of outdoor pursuits, access to  recreation 
sites is comparatively  easy,  tourism Is at  its  peak,  school  is  out and holidays are most  common. I n  

this  respect recreation is a  phenomenon of  "peaks" with  facility use  at a  maximum  generally for only 
a  few months. 

( 1.1 Hat Creek Valley  (Areas A and 81 

Hat  Creek  Valley  recreation is predominantly  generated by people who reside 
outside the area. The resident population of  the valley is SO small  (only 35 residents) 
that locally generated  activities  are not considered to be significant. 

Information on current  recreation  activities in  the  Hat Creek Valley within 
Areas A and 8 was obtained from  five  primary  sources: a home  interview  and site survey: 
data from pmvincial agencies;  Other Hat Creek  consultant reports:  data on accomdations 
obtained from accomodation guides;  and  information on highway  volumcs obtained from  the 
Ministry of Highways. 

At best, the  data Collected can provide  a basis for the approximation Of the 
total amount of  recreation activity that can be  assumed  to  occur. Oefinitive  information 
is  lacking on many  activities. The  data  therefore are  only representative Of conditions 
and actual  numbers can  and will  vary. 

" 
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A. plct iv i ty  Levels 

An estimated 40 350 a c t i v i t y  days o f  a l l  types  take  place i n  the  Hat Creek 
Val ley and adjacent areas.  About 22 900 r c t l v i t y  days occur i n   t h o   v a l l e y   w i t h  an 
addf t ional  9250 and 8700 days estimated for  Marble Canyon Park and Pavi l ion Lake, 
respect ively.  mere are  large  var iat ions on the  estimates of t o t a l   a c t i v i t y  days by 
place and p a r t i c u l a r l y  by a c f l v i t y  type. By inference,  the dominarit a c t i v i t i e s  a n  
hunt ing and backroad travel  accounting  for  about 25 percent and 35 percent o f  a11 
a c t i v i t y  days. Hunting  takes  place  throuqhout  the  area  with  location dependent on 
species sought. Bacbuad  travu.1 i s  thought to take  place  throuqhout the Hat  Crrek 
Valley  proper between the f a m  and t h e   a d j o i n i n g   h i l l s  and  mountains. Angling 
accounts for about 20 percent  of a l l   a c t i v i t y  days, occurring  predominantly  at 
Pav i l i on  Lake  and Marble Canyon Park.  Less than  one- f i f th  o f  f i s h i n g   a c t i v i t y  occurs 
along  Hat Creek and nearby  small  lakes.  Other act iv i t ies   (uc1ua: lng  s ightseeing)  
account fo r   less  than 20 percent o f  a l l   a c t i v i t y . d a y s  and occur p r i m s r i l y   a t   P a v i l i o n  
Lake  and Marble Canyon Park where developed  recreat ion  fac i l l t ies   are fosund. 

Fishing occurs along  Hat  Cnek.  although as f a r  as is known. no f i s h i n g  
occurs a t  Harry, Aleeca and Finney  lakes  (the p r i m r y  water  bodies i n  t h e   v i c i n i t y  of 

the   p lan t  and mine site).  Fishing  resourcas  outside  the  Hat Creek Val ley,  of which 
t h e n   a n  mny.   genera l l y   haw  h igher   f i sh ing   p roduc t iv i t y  compared w i t h  Hat Creek. 

Evidence o f  f l s h i n g   a c t i v l t y  in Hat Creek was obtain@d from several 
sources. The Fisher ies and Benthes RepottZ4 s ta ted   tha t  L C .  Flsh and W i l d l i f e  

personnel a t  Ksnloops reported 250 t o  1000 angler days per  year on Hilt Creek  and t h a t  
f ish ing by ch l l d ren  from the  Indian Rasewe and msidents  from Cache Creek  occurs i n  
the lar reaches. The home i n t e w l n  o f  Hat  Cnek  residents made by Strong-Hall and 
Assoc ia tes   ind ica ted   tha t   res idents   o f   ne l rby   cmun i t ies   f i shsd  H.#t Creek  between 
Anderson  Creek and its junction  wlth  the  Bonaparte for 1493 angler  d,lyS.l Pbove t h i s  
ares along  Hat Creek, 132 were l i s t e d  as flshing  the  "general  area". 

In addi t ion  to   Hat  Creek o ther   impor tan t   f i sh ing   s i tes   new  the   p lan t  and 
mine s i t e  are Pavi l ion Lake  and Crown and Turquoise  lakes i n  Marble (Anyon Park. The 
Fisher ies and  Benthes ReportZ4  Indicates  that IO 000 angler days occurred on Pavi l ion 
Lake in 1976. I n  add l t i on   t o  its p n s e n t  use. Pavi l ion Lake is capable o f  supporting 
a s u b s t a n t i a l   i n c n a r o  I n  angling  pressure.  hovwer.  publ ic acc~sss is l imi ted.  
P?v i l i on  Lake has beun stocked with rainbow t rou t   s lncn  1930. Crown  and Turquoise 

Lake, located soacwha,t c loser to the  project   s i te.   sustained U 000 angler days f n  
1976.24 Crwn Lake has been stacked  annur'ily  since 1936. Angling  pressura  at Crown 
and Turquoise lake¶ is l i m i t e d  because of  tha  small size of the  laker and t h e   d i f f i -  
c u l t i e s  encountered by the Parks  Branch i n  expanding  campsites.  Langley Lake, 
although  not  stocked,  sustained 1000 angler days I n  1976. Blue Earth is stocked  with 
an average o f  2000 f i s h  and annual angler days am l i s t e d   a t  UOO. 
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Huntinq 

Within the greater  Hat  Creek Valley hunting  takes  place for  several species 
of wildlife including  deer, mosse,  bear  and  game birds including upland game and 
waterfowl. No specific studies  have  been made of  hunting  in the Hat Creek  Valley 
although inferences can be made from other data. A home interview survey indicated 
that local  area residents hunted for 4515 activity  days i n  the  Hat Creek Valley  and 
nearby  areas  in 1976,  including the surrounding  mountain areas. 1 

Waterfowl  are  hunted  at  several  lakes i n  the  valley  and  nearby areas, 
however,  there  are  conflicting  estimates of the number of  birds  taken. The  Canadian 

' Wildlife  Service  estimated 882 birds  taken i n  1976. while the Fish and  Wildlife 
Branch data  indicates  only 195  were taken. Four upland game  species are also hunted 
in the  valley including blue  grouse.  ruffed  grouse, spruce  grouse and chukar  although 
it is not  possible to calculate the  actual number o f  hunter days  expended. 

Data on big game  hunting in the area  indicate that U4 deer, 20 moose. 
6 black bear and 3  mountain  goat  were  taken in 1976. Hunter days  expended in taking 
these  animals  were 4872 for  deer, 511 for  moose, 150 for bear and 62 for goat. 

Swiming, Boating 

Swimming and boating  are  rater-based  recreation  activities  that  can  take 
place at Marble  Canyon  Park and Pavilion Lake. Boating,  however. is not possible at 
Marble Canyon  as the park lacks a  launching ramp.  Total swimming  activity at Marble 
Canyon Park cannot be directly determined,  however,  using certain  assumptions, total 
swimming for both local residents and campers is estimated at  about 3370 days. 

Boating does  take  place  at Pavilion Lake. One estimate o f  local boating 
use  at Pavilion Lake  indicated 13 000 activity days. This  figure must be considered 
high,  however. since the Fish  and Wildlife Branch estimate of 10  000 angler days  at 
Pavilion Lake  is considered to be a more accurate  representation o f  total boating 
activity. Swiming also  occurs at Pavilion Lake  but  the amount is unknown. 

Camping in  the Hat  Creek  Valley and adjacent areas can only occur at 
government  campsites at Marble Canyon Park or at Vic's  Lakeshore  Camping. Marble 
Canyon  Park, where  camping i s  free, operates  overcapacity  due to campers using picnic 
table sites for  overnight ltays. The park  had  an  estimated 6354 camper nights during 
1976. Vic's campground  with 4 cabins and 18 campsites reported 3447 visitor days. 
all of whom are  assumed to  have  stayed  overnight.  Sixty-two percent of campers at 
Marble Canyon are from  British  Columbia. The balance are from the rest of Canada, 
the U.S. and  elsewhere. Seventy-one  percent of  visitors t o  Vic's cmpsite are  from 
British Columbia  with 58 percent f m m  the Lower  Mainland. 
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Sightseeing 

Sightseeing i s  an a c t i v i t y   i n  which most people  partic:ipate. o f t e n  i n  
assoc ia t i on   w i th   o thw  ac t i v i t i es .  The n u a e r  o f  sightseers on  ancl adjacent  to  the 
Hat Creek Val ley ca,n only be determined by inference  from o thw  da ta  sources. 
Assuming t h e   r a t i o  of l o c a l   v i s i t o r s   t o   t o t a l  Cornual1  Lookout v is i to rs   ho lds  for a l l  
s igh tsee ing   ac t i v i t ies .  a po ten t ia l  3867 sightseers  could v i s i t  the  upper  Hat  Cmek 
a n a .  A t  the  northern end o f  the   va l ley   the   ma jor i t y   o f   s igh tseers   wu ld   fo l low 
Routa K bebreen Highuay 97 a d  L i l l o o e t .  Highway Departsent t r i p  purpose data f o r  
1972 i nd ica ted   tha t  80 to 85 percent of t r i p s  on pr inc ipa l  highways i n  the a n a  were 
soc ia l -ncnat ion .   App ly ing   the  s m  r a t i o  r0 Highway E. there coNuld have been as 
many IS 62 OW sightseers f n  1975 pasrlng  through  the  Marble Canyon i n   t h e  two s u m r  
months, asswing  3.0 persons  per  vehicle. 

Local  backroad t rave l  i n  the  general lmr Hat Cnek-McLe!an Lake-Pavilion 
Lake m a  was calculated to account for 3714 a c t i v i t y  days fo r   bo th   loca l  and nonlocal 
rec rea t i on i s t s .   Th i r   ac t f v i t y  i s  assumed t o  be independent of   s ightseeing  occurr ing 
on Highway 22. 

Cottaoinq 
\ 

Apart from the 24 p r i v a t e   w t t a g c s  on Pav i l i on  Ldke i n  Area 8-1, then am 
no g o v e r u n t   c o t t a g e  leases  within  the  study  area  ezcept  for lake!; i n   A n a  0. No 

CottagI  subdfvis ionr a n  p r q e n t l y  pendfng In  the  study area bu t  sow! 34 subdivisions 
already  exist  i n  Arras B and 0 encompassing 405 leases, v i r t u a l l y  alll of which am 
developed. A review gf lsaseholders a t  a sdmple of s i tes  . indicated  that   approximately 
o n c h a l f  o f  the 1easehOlders w e n  frw the   Laer   & in land.  

8. Capabi l i ty  and Constra- 

Current  recreational use i n  Areas A and B i s  not   necesswi . ly   ind icat ive of 
f u tu re  use patterns. Two addi t ional  factors Should  be considwed:  the dwndnd for 
n c m a t f o n  an& the  Capabil i ty of the  land to accn.wodat. increasetl pressure. The 
Capabi l i ty  o f  tha a n a  to acco l lodau  recnat iona l   p ressure  has  been d w i v e d  from the 
Canada Lmd  Inventory. 

Canada Land Inventmy 

Capabi l i ty  mapping for recreat ion I s  designed to   prov ide UI estimate  of  the 
quant i t y .   qua l i t y  and locat fon o f  outdoor r e c n a t i o n a l  lands. Thie basis o f  the 
mcr la t fon   C lass i f i ca t ion   accord ing   to   the  ELI de f in i t i on  i s  t h e   r e l i t i v e   q u a n t i t y  of 
recreat ional  use t h a t  a l and   un i t  can a t t rac t   pe r   yea r  under  perfec:t  market  condi- 
t ions,  without undue deter iorat ion o f  the  resource base. This assuID.!i a c m n  leve l  . 
o f  denand and access ib f l i t y  f o r  each land unlt. There are def ic iencies tn  the use of 
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CLI Classifications. in particular, recreation  capability rankings. which pose  limita- 
tions to their  reliability as a planning  tool. CLI recreation capability  rankings 
ignore present use  and accessibility. A high  capability designation of an area  for 
intensive recreation activities is  virtually meaningless in remote  locations uhere no 
road system is planned or  where private property  and conflicting land  uses  prevail. 

For the purpose o f  this  study, land acreages  within CLI recreation capa- 
bility  classes  were measured for the major  portion of Area A. Canada Land  Inventory 
recreation  capability  classifications in this area are low  and  moderate. Most of the 
area  has  been  rated at 5 and 6. However. the classifications do indicate good hunting 
opportunity  for  one or  two game  species in a  significant portion  of this Lone in 
addition to  viewing wetland  wildlife  along  Hat Creek. Despite  these  potentials for 
hunting and  viewing,  recreational activities  within this  area are restricted by 
current agricultural  use  and  private ownership of  the land. 

Recreation  capability  classifications for Area B are  ranked  primarily  low 
and  moderate. By far the largest portion of this zone is  rated 6 which is indicative 
of extensive  areas of terrain  with little topographic  variation and  low capability 

the lakes in Marble  Canyon)  for  activities  including angling. viewing and  camping. 
for recredtional use. Highest  capabilities  occur aYound w a t w  bodies (in this case 

Constraints 

The agricultural  land reserve  classification  covers a m j o r  portion of the 
Hat  Creek Valley. The intent of  the Agricultural Laqd Reserve  classification is to 
retain certain lands in agricultural pursuits to  the greatest extmt possible. 

The Forest Service has undertaken  studies of  two types of zones o f  signifi- 
cance to  recreation: recreation zones and sight zones.  Recreation zones (which are 
subdivided into  primary  and secondary based on their recreation  value) are found 
along  the Thompson and Bonaparte  rivers, in Marble Canyon,  at  Barnes and  Willard 
lakes  and  at other  smaller lakes within the Hat Creek Valley. Sight Zones. which  are 
also  Subdivided into  primary  and secondary,  are found  predominantly  along highways 
and rivers. These zones  are  indicative of sensitive  viewing areas within  which 
special forest  cutting  practices are in effect. 

The Forest Sewice also  provides limited development at recreation sites 
known  as  Recreation Project (RPK) areas.  Recreation  project  sites are found at 
Barnes  and  Willard  Lakes in Area  C and  at  Blue  Earth  Lake  and Three  Sisters Creek in 
Area 8. Potential  sites are indicated  at  Cornwall  Lookout  and  at a small  lake 
Southwest of  Ashcroft. 

The  Forest  Service has  also designated areas  known  as  Recreation  Reserves. 
Recreation  Reserves are formal map  notations of  areas  of  high  recreation  value  and 
a m  recognized by  all government departments. These areas  may  or  may  not  be receiving 
public use  at  the present  time but the recreation values are reserved f o r  the use and 
enjoyment  of the public and cannot be damaged by timber harvesting. 
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(ii )  Area C - The Bonaoarte, Thomrson and Fraser  River  Valleys 

A. 

E. 

c. 

Scttina 

The major river valleys * h i d  prodoainantly  define  Area  C and surround  the 
Hat Creek  Valley  are  distinctly  different fro0 the quiet pastoral quality o f  the 
valley itsalf. To tht  east o f  Areas C-2 and C-3 are Higtmays 1 and 97, both major 
trunk  highways  connecting  the Lowr  binland with  the eastern and northern  portions 
of the province. Cache Creek, Ashcroft and Clinton, the  closest  major  population 
centen to  the  project  site are found on these routes with  shopping and other 
c m n i t y  facilities available. Comparatively large concentrations o f  tourist accom- 
modations and ncreational opportunities  are  afforded by tne  Thompsun and Bonaparte 
rivers, their  tributaries, and several nearby lakes which  provide sites for fishing 
and other water oriented recreational pursuits. 

To th. *.st, the dramdtic  Fraser  River  canyon is a unique scenic  resource 
distinctly  different r w  the arid Thoapron  River Valley. Backdropped on the  west by 
the Camlsfoot and Pacific  Coast ranges. large  irrigated farms lie on bench lands 
abutting  the deeply Incised river. Lillooet is the only c m u n i t y  o f  importance. 
with  access afforded by Higtmay IZ betmen Carquille and Lytton. Highway volumes and 
tourist accmmdations are  quite small  in number compared  to  .those in the  Thompson 
River Valley. 

Recreational Assets 

For the  active  recreationist  the principal assets o f  Area C are its streams 
and lakes. For the passive  recreationist,  the  scenic beauty of the  Thompson and 
Fraser river  canyons an important features. The Clear Range with attractions for 
hikers, Botanie M u n u i n  for naturalists and viners, the  Cmel!rfoot Range for 
hunters and the  Thompson for fishing. canoeing. rafting and virwing are all important 

Thompson, arid with smi-desert vegetatian. contrasts  with  the richness o f  the 
assets. The contrast b * h m n  the T-son md m e  Frarer canyons i s  unique. The 

Frarer's coniferous fwested slopes. The Bonaparte. minor by compari,son, offers much 
less topographic  relief  but adds interest  with  a  series o f  lakes sicattered  in the 
valley f l w r  from south a f  the town of Clinton. 

Facilities 

Compand with  Areas A and 8 ,  Area C offers a large n d a r  o f  diverse recre- 
ational facilities. Concentrations of wtel-hotel and camping  facilities are 
avallable in Cache C:reek, Ashcroft, Clinton and Lillooet. For thhl vacationer in 
search o f  a resort and ranch experience, facllities  can be found in the vicinity o f  
Ashcroft. north o f  Cache  Creek and south or Lillooet. Oay use and overnight facili- 
tfes exist at Parks tlranch sites at Cayoosh. Kelly Lake and KIrSRy Lake parks. The 
Forrst Sewice has camp sites at Barnes and Willard lakes southeast o f  Ashcroft. A 
number o f  recreational reserves have been established at a variety of lOCitiOnS 
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scattered  throughout  Area C. Recreation facilities in Area  C  are  shown on 
Fig. 3.5-8. 

There are an estimted 704 accomnodation units i n  Area C,  the bulk of which 
are  Concentrated i n  the Cache  Creek area. Units in Ashcroft  (Area C-3)  added  to 
those in C-2 account for  two-thirds  of all units in Area C. Over 75 percent of all 
units are hotel-motel  units with the balance  trailer  sites and campsites found  distri- 
buted about  equally in Proportion in all four sectors of Area C. Two  sites  are 
listed  as dude ranches; one in Area C-1. the other i n  C-3, south of  Ashcroft. 

O f  decisive importanca in Area C is the excellant  access provided by 
Highways 1, 97 and U. The Clinton-Pavilion Road, of much lwer standard. offers the 
opportunity for  circumferential  travel around the entire area, allowing the interested 
visitor to partake in a  series O f  changing and dramatic  scenic adventures. 

0. Recreation Activities 

Oominant  activities i n  Area  C are dictated largely by the natural Tesources 
and facilities available. Angling is  an important  pursuit  with  major  opportunities 
available on the Thompson,  Bonaparte and Fraser  rivers as  well  as at Barnes, Kelly 
and  other lakes.  Sightseeing. either from  highuays or backroads, is another  important 
activity. Opportunities  for  swimming  are few.  however. rafting  and  canoeing on the 
Thompson and Fraser  rivers  are pursued. 

Local  Resident Activity  Oays in Area C 

Area C accounts  for  almost 42 000 local community  recreation activity  days 
(excluding Lillooet). This  represents 40.2 percent of all  local resident activity 
days  compared  with 14.3 percent  for  Areas  A and B combined. The  most  popular local 
resident recreational activity in Area C is angling,  accounting  for 37 percent of all 
activity  followed by backroad travel which  accounts  for 32 percent. Hunting is the 
least  important local resident  activity in Area C, accounting  for  1170 activity  days 
or less  than 3 percent of the total. 

There are  little  data  available on the proportion of local to non-local 
activity in Area C. Day  use facilities such  as  Kersey Lake  show  a  dominant local  use 
pattern whereas  resorts  cater to recreationists living some  distance away. A compari- 
son of total  local resident  angler  effort at selected sites in Area C indicates that 
by far the m s t  important  fishing  sites are the Thompson River,  Barnes  Lake  and 
Barnes  Creek  areas and the Kelly Lake and Creek area. The Bonaparte  River - Kersey 
Lake - Clinton area  are also  important fishing  locations  but  ara  much  less significant 
than the  others. Hunting is  found at Kelly Lake. Clinton.  Barnes  Lake  and  at  general 
locations throughout the area. "Lake and  shore" activities  are found  at Pavilion 
Creek  near the Fraser River; Back  Valley near Cache  Creek; at  Barnes  Lake,  Barnes 
Creek and  the Thompson River. Backroad travel is not site specific. In all cases. . 
reported  backroad  travel took place in the  "general  area" distributed  predominantly 
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E. 

i n  Areas C-1, C-2 anc; C-3 which l i e   g e n e r a l l y   i n   v i c i n i t y  of Highways 97  and 1 and 
the  Cl in ton  Pavi l ion Road. 

Raftin0 and  Canoeinq 

One rec rea t i ona l   ac t i v i t y   w i th in  Area C t h a t  i s  general'ly  not  found i n  

Areas A and B i s   r a f t i n g  and  canoeing. The  Thompson River from Sav,ona to   Ly t ton  i s  
one of the most popu la r   ra f t i ng  routas i n   B r i t i s h  Columbia. T h e n  are three COP 

m r c i a l   r a f t i n g   o u t f i t t e r s   s e w i n g   t h e   r i v e r ,  which combined. had 82C' guests i n  1976, 
up from 310 i n  1974. Canoeing i s  ala0  popular  within  ' the  rtudy a?ea although  the 
number of par t i c i pan ts  i s  unknown. Came routes  include  the Thompson between Savona 
Provincial  Park and Lytton and the  Fraser  River between L i l l o o e t  and  Lytt.on. 

CaDabilftY and Constra& 

CaDabf 14 ty 

Area C has a wide  range o f  topographic   var ia t ion  wi th  an a r s o c i a t ~ d  wide 
range of ELI   recreat ion  capabi l i ty   ra t ings and ac t iv i t ies .   Recreat iona l   ac t i v i t ies  
ra tad most h igh l y  are angling.  canoeing and viewing o f  surrounding  ter ra in  and 
i n t e r r a t i n g  landforms,. H i s t o r i c  and archeological  sites.  also  ratc!d  highly,  occur 
along  the  Fraser  River and adjacent   t r ibutar ias as wel l  as wi th in  mjor s e t t l e m n t r .  
It i s  notable  that  the h i g h   c a p a b i l i t y   r a t i n g s   i n   t h i s  zone do no t   re f lec t   p resent  
leve ls  of  use^ Except for the Forest  Service developments a t  Barnes  and Wi l l a rd  
lakes  south and east o f  Ashcroft and Cayoosh Prov inc ia l   Park   a t   L i l looe t .   there  are 
no pub l i c   rw -ea t ion   deve lopNn ts   i n  Class 2 and 3 lands.  Public access t o  th; 
Thorpsan R ive r   i s   a l so   qu l te  limitmd. 

Class 4 and 5 lands.  usually  associated wfth hunting,  waterfoul  viewing and 
5cenic  viewing i n  general .   are  d istr ibuted  rr lat ively  evenly  through' lut  Area C where 
they are located  adjacent to lakes and water  courses. The major  port.ion o f  Area C is 
g i v m  a Class 6 ra t i ng ,  which ind icates  poor   capabi l i ty   for   recrer t ion.  

Constraints 

Large arras o f  the  Fraser, Bonaparte and Thompson River   va l leys  wi th in  
Area C are  included 111 thR B.C. Agr i cu l tu ra l  Land Reserve (ALR).  These locations  are 
for  the m 0 S t  p a r t  found  where ag r iCu l tu re   i s  pursued  today.  Although  the  intent of 
the ALR designation i s   t o   a a i n t d l n   a g r i c u l t u r a l   a c t i v i t i e s ,   c o n d i t i o n a l  use permits 
can  be obtdined  for  recreational developments. 

B.C. Forest  Service  rrcreetion zones. s i t e  zones, recreation  reserves and 
recreat ion  pro jects  (RPK) are  also  found i n  Area C. Primary  recreation zones are 
found along  the Thompson and Bonaparte r ivrrs  but  not  along  the  Fraser.  Primary and 
secondary s igh t  zones a n  found along  the  val leys formed  by  al'l  three  rivera. 
Recreat ion  project   s i tes  are  found  at  Barnes  and Wil lard  lakes i n  Area C. 
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Ecological  Reserves 

Ecological Reserves,  which are established by an  Order-in-Council  to protect 
a  unique ecological feature from intrusions, are open  to  passive  recreational use. 
There is one ecological  reserve (EA 65) uithin  Area C, located approximately 21 km 
northeast of Clinton along  the Cariboo highway. The  Reserve  comprises 190 ha  and  its 
unique  feature is a stand of northern  ponderosa pine. 

I 

- 
(iii) Area 0 - The Peripheral Reqion 

A. Settinq 

The westerly half of Area 0 is distinctly  different from the eastern 
portion. To the west of  the Fraser  River lie  the massive Coastal mountains inter- 
spersed  with  rivers and  lakes o f  outstanding  scenic beauty. Access to  the area is 
poor compared with  Area  C and the eastern  Part of Area 0. Partly as a  consequence, 
recreational  use is comparatively low. attracting  those  desiring  a  more rugged  experi- 
ence. In Area 0-1 the Cdmelsfoot  and  Shushwap  mountain  ranges  dominate,  with the 
Fraser and Yalakom the major  river systems. In Area 0-4 Anderson and Seton lakes 
provide interesting  scenic resources  while  thQ  southern  portion of the  area contains 
the rugged Stcin  River, presently  under  study  as a  primative  wilderness area. 

Quite  different  characteristics  are found  to  the east in Areas 0-2 and 
0-3. Both areas  are  characterized by small lakes, most of then  stocked  with  fish, 
providing an iumense  angling resource. The area's  hilly  and rolling  terrain is much 
different from  the muntainous areas to the west. Areas 0-2 and 0-3 are drier, 
contain  major highways  and  thR city of Kamloops  (the  largest  urban centre in the 
study region). Population levels are  higher,  access is easier and recreation  activity 
levels are  greater in Areas 0-2 and 0-3 than i n  0-1 and 0-4. 

E. Recreational Assets 

Due  to its size  and  physiographic  diversity,  Area 0 offers  a  wealth of 
recreational  opportunities. Active  recreation is dominated by the  numerous fishing 
lakes.  Lakes  such as Kamloops. Bonaparte,  Green and Loon Lake on the east and 
Carpenter,  Anderson  and  Seton on the west  are of major size. The many smaller lakes 
scattered  northwest and southwest of Kamloops are of equal fishing  significance 
despite several which  are  inaccessible  except by air.  Hunting is important throughout 
the area  with the species sought  related to terrain and  topography.  Birds provide 
much of the hunting experience i n  the easterly  half of Area 0 while big game is more 
dominant in the westerly portion. Scenic  values  are  more  significant in Areer 0-1, 
0-4 and  the  southern  portion of 0-3 with the dominant  snowcapped peaks of the  Coastal 
range creating an exciting visual  experience. 

- 

Ir 

L 

L 
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C. F a c i l f t i e s  

Area 0 i s  t l lo dominant  source o f   recrea t iona l   fac i l i t i es   w i th in   the   s tudy  
region. Kanloops i s   t h e  msZ important  s ' ingle  s i te for t o u r i s t   a c c o m d a t i o n   w i t h  
several hundred hote l  and motel   uni ts  wi th in and  nearby the   c i t y .  M.my of  the  lakes 
nor th  and south of Kdmloops contain  hunting and f i sh ing   resor ts   ca ter ing  to guests 
f roa a va r ie t y  of pliaces u i t h   B r i t i s h  Columbia  and the  Lover  Mainland  the  major 
source o f   v i s i t o rs .  The Parks  Branch maintains  several  major  faci ' l i t ies i n  Area 0 
inc lud ing Loon Lake, Lac Le Jeune, Savonr  and B i g  Bar Lake  parks,.  Parks  Branch 
f a c i l i t i e s  are mare d ' spened   than   pub l i c   f ac i l i t i es .  many b e i n g   s i t e d   i n  1rss acces- 
s i b l e  areas. An exception i s  Savona Park  which because o f   i t s   l o c a t i o n  on Hignnay 1 
a t t r a c t s  many day use v is i tors .   Acconwdat ion  un i ts  i n  Area D are shown i n  
Table 3.5-36. 

0. Recreat ion  Act iv i t ies  

Total a c t i v i t y  day da ta   fo r   Ana D i s  not  available. Iiovdver, l i m i t e d  
i n f o n u t i o n  on l oca l  usage can be derived froa on8 source. A horn i n t e r v i w  survey 
i nd i ca ted   t ha t  about 45 percent  of a11 local residents i n  Clinton, Cache Creek and 
Ashcrof t  use Ani D tor   the i r   recreat ional   pursu i ts . '  The doninant areas i n  Area 0 
f avond  by l oca l   ang len   i nc lude  Loon, Green. K e l l y  and Big  Bar  lake%  Local  hunters 
use the Loon Lake i n a  as w e l l  as si tes  near Yachete  and  Bonaparte  lakes. Greea Lake 
i s  a g n a t   f a v o u r i t e  for " lake and shore" a c t i v i t i e s  uith over 5000 l o c a l   a c t i v i t y  
days reported.  Backmad  travel i s .   sca t te red   w ide ly  uith the  Clinton-Loon Lake. 
F r a s e r L i l l o o e t  and  Guichon-Highland Val ley areas m a s t  favoured.  "Other" a c t i v i t i e s  

are concentrated a t  Iloon Lake, Deadman Creek  and the  North Thompson-Kamloops area. 
In t o t a l ,  o f  t he   l oca l   rec rea t i on   ac t i v i t i es   t ha t   t ake   p lace   i n  h-ea 0, f a r  mare 
occur i n  Area 0-2 than i n  P 3 .  

Ac t i v i t y   da ta  for non-local  residents i n  Area D i s  general ly  lacking. 
However. SOM fragmm7TA.y i n f o m e t I a n  on f l r h i n g  and hunt ing  act iv i t .y   Is   ava i lab le.  
A comparison  of total and l o c a l   f i s h i n g   a c t i v i t y   f o r  some lakes i n  ,Area 0 Indicates 
t h a t   l o c a l   a c t i v i t y  forms a v w j  low proport ion  of  the  total.   Exceptions are Big  Bar 
and Qui l tanton  lakes  uhere  local  angler days account for 46.4 percent and 25.4 percent 
of the  total .   respect ively.  Many l a k n   I n  Area 0 a n  capable  of  supporting  increases 
i n  angler  pressure. Lakes being  f ished  at   capaci ty a t  p r l r e n t  a n   i n  the   n inar i t y .  

Conparatiwe  hunting data are even mare rudimentary than tht avai iab le for 
f ishing. Data Which dm ava i l ab le   i n fe ren t i a l l y  SUPpOrtl the  f inding, Mde i n  C O P  

par ing   f i sh ing   ac t i v i t y ,   tha t   except  for the H a t  Creek Val ley and adjacent arms, 
hunttng by loca l   camuni ty   res idents  forms a smal l   p ropor t ion   o f   the   to ta l   ac t i v i t y .  
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3.5.11 Aesthetic  Considerations 

(a) Comoarative  Analysis o f  Visual Qualities 

Inventory 

I n  addressing the subject of existing visual qualities  within the study  area, the logical 
ffrst step is to prepare an inventory of visual resources  which  exist at present  within the  pre- 
viously  described  study area boundaries. This is accomplished by the definition of "visual  units" 
or individual scenes,  made up of a  number Of elements such  as  trees, buildings,  cliffs and  valleys. 
(The  term  "visual  units" is mare presicely defined below.) It is important to note  that this 
analysis  differed from analogous ones performed in other  disciplines  since groups of Slements as 
opposed  to the inventorying o f  individual  units  was  performed. 

After the  "visual  units" are defined, they constitute the inventory of resources for this 
discipline. They  must  then be  ranked (or  judged in a  qualitative  and  quasi-quantitative way) so 
that their  relative  importance or lack  thereof may be ascertained. The  determination of  the quality 
o f  "vfsual units"  will  be subsequently used to assess the degree of degradation  to the "vis,ual 
unfts" which will result f r o m  the Hat  Creek  Project (Part IV) and determine the needs for and means 
by which  mitigative  measures may be instituted  (Part V). 

T ~ E  evaluation of  the existing visual quality found within the study area is based on the 
philosophy  that  receptor  reaction is stimulated by the variety, vividness and  unity o f  the scenes 
viewed. Further, the components of those  factors  are the form, line, color  and  texture o f  the 
landscape. 

Variety  focuses the attention of the Observer and  its presence  provides  a  richness and 
diversity  which  stimulates the observer. I t s  absence  tends toward monotony in landforms, rocks. 
vegetation and water forms. Vividness  distinguishes the intensity of  the  visual experience by 
giving  distinction or producing  strong visual cues to  the observer.  Unity provides the quality 
whereby parts are  joined  together into a  coherent unit which  stimulates  a  recognizable experience. 

Visual  units we= identified within the study area as a  first step  in  the  visual  analysis. 
A visual  unit was defined as an area  having  a  continuous  sense of enclosure  and  containing scenic 
element3  which  provide unifying or  dlstfnctive  qualities to the landscape.  Visual  units  have 
boundaries,  partial or complete,  such  as  ridgelines. distinct  slope  changes or valley fonns. 

Uithin the dRfined visual  units (Fig. 3 . 5 - 9 ) ,  the degree o f  unity,  variety, and vividness 
present in each landscape  cmnponent was evaluated. The elements  which  were evaluated are as 
follows: 

1. Boundary deffnition of the visual unit. 

2. General configuration of the  landforms  included in the  visual unit. 

3. Terrain pattern. 
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4. Presence (o r  absence) o f  water  bodies i n  the  v isual   uni t .  

5. Features within the visual  unit   which  stand  out due t o  dominant sca le ,   i so la t i on ,   d i s t i nc t i ve  
- 

shaF,e or other  special   character"st ics.  

6 .  Vege'tdtional  patterns. 

7. Cult.ura1 and land use patterns. These r e f l e c t  the  presence of human occupation and use of the 
lam1 for f i e l d  crops.  pastures.  grazing  areas,  mads and other man-made elements. 

Components were assigned a rank fa. 1 ( low  qual i ty )  to 7 (h igh  qual i ty) .  A n w r i c  rank 
of 4 ind icated an average q u a l i t y  for th study area. Each landscape component o f  each v isua l   un i t  
was ranklrd and these  rankings  are  found i n  Table 3.5-37. The sum o f  the  scores fclr un i t y ,   va r ie t y  
and  viviNdness w i t h i n  each v isual  ulnit d e t e m i n e d   i t s   r a n k i n g   r e l a t i v e   t o   t h e   o t h e r   u n i t s   i n   t h e  
study area. 

It should be Whdsized that   th is  quant i fy ing  procedure  for   establ ist l ing  the  overal l  
V iSu l l   qua l i t y  of the   un i ts  has the implicit subjective  value judgements of the obs.ervers i n  It. It 
undoubtealy  reflects  the  observers'  cultural backgrounds. t he   o rn t r x t   w i th in  which  the  observations 
were udu and t he   sens i t i v i t y  of the observers to dif ferent  environmental   st imul i .  It was. there- 
fore.  deared  appropriate t o   q u a l i f y   t h e   n w r i c   r a n k i n g  of each v i sua l   un i t  by adding a descr ip t ion 
of the overa l l   v i sua l   qua l i t y  of t h e  u n i t  (which i s  created by the combined ef fact  of a11 of  the 
landscape components). 

I n  conjunct ion  wi th   the  descr ip t ion  o f   v isual   qual f ty .   the  sens i t iv i ty   to  man-made ChangIS 
was evaluated for visual  unity.  This amounted t o  a q u a l i t a t i v e  assessment o f  the  landscape's 
a b i l i t y  to absorb change or mndif ickt ion.  The mast impor tan t   c r i t e r i on  o f  a un i t ' s   v i sua l   sen r i t i -  
v i t y   i s   ' i t s   v isua l   qua l i t y   nunnr ic   rank ing .  A high  rank  ind{cates a sensit ive  area where t h e r e   i s  a 
high  degne of unity and/or va r ie t y  and/or vividness  which w u l d  be disrupted by the  imposi t ion of 
man-medt e l w n t s .  This does not mean, howver .   that  lessm-ranked v isua l   un i ts  a l so  would not be 
affected by MWlMdO  elements. 

S a n s i t i v i t y   i s   a l s o  1 functfon o f  the way the man-madm changes are displayed or exposed t o  
the obse'rver i n  the landscape components. The fo l low ing   l i s t   represents   gu ide l ines  for gauging 
s e n s i t i v i t y  tu al terat ion:  

1. Changes occurr ing on higher  locations b e c m  more apparent t o  an observer  than ones t h a t  occur 
i n  lower reaches. 

2. The greater the sideslope.  the  greater  the exposure of changes that  occur on it. 

3. Ridgelines and skyl ines are sens i t i ve   t o  change because of  "si lhouett ing"  effects  which  occur 
i n  tAese  places. 

4. Changes t h a t  occur along  shorelines and water courses are sensi t ive because of  the exposure  and 
contrast  between man-made and natural  elcnnnts. 
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3.5 SOCIO-ECONOMICS - (Cont'd) 

5. Vegetative  type,  texture and pa t te rn   a f fec t   v isua l   sens i t i v i t y .  Elements placed i n  bunch grass 
ranges will be conspicuous, whereas there may be opportuni t ies for screening  those  elements i n  
forested areas. 

(b)  Visual  Unit Assessment 

The visual   uni ts  descr ibed  in  the  fo l lowing assessment are shown i n  Fig. 3.5-9.  Each 
v isua l   un i t   eva lua t ion   fo l lows  the   c r i te r ia  enumerated above and i s  based on  an analysis  involv ing 
i n te rp re ta t i on  of ae r ia l  photographs,  examination o f  1:50000 topographic maps, f i e l d  reconnaissance 
a t  ground level  and from a  hel icopter,   review  of   s i te photographs and a  review of   per t inent   repor ts  
by project  consultants. 

The v i sua l   qua l i t y   o f  each v i sua l   un i t  was independently  evaluated  according  to  the 
c r i t e r i a  by three members o f  the  study team.  The v isua l   un i ts   tha t  were evaluated f e l l   i n t o  four 
di f ferent   categor ies  o f   v isual   qual i ty .  The highest  level were those  visual  units  having  outstanding 
o r  unique  v isual   qual i t ies.  Next were those uni ts   wi th   h igh  or  above average v isua l   qua l i t ies .  The 
t h i r d  group were those un i t s   w i th  average v isua l   qua l i t ies  and, f i na l l y .   t he re  were two v isual   un i ts  
hav ing   fa i r   to  poor v isual   qual i t ies .  

The 10 v isua l   un i ts   tha t  were evaluated  are shown  on Figure 3.5-9. These v isual   un i ts  
were determined from the  topographic  features which describe  areas  having  a  continuous sense o f  
enclosure. A f ie ld  observat ion o f  the  study  area  veri f ied  the  extent and locat ion o f  the  visual 
units. They included  Marble Canyon, upper Hat Creek Valley,  Medicine Creek Valley,  Catt le  Val ley, 
Highway No. 12, Cache Creek. Thompson River, Highway NO. 1, Oregon Jack  and  Langley. In   addi t ion,  
observations were also made o f  twa special  features:  Cormall Lookout and Trachyte h i l l s .  

(c)  Soecial  Features 

The.nature  of  the landscape and the  characterist ics  of  the  project development indicated 
the need to  include  features within the  study  area which were not within  the  defined  visual  units. 
The two special  features  described below are  the  Cornwall  Lookout and the  Trachyte h i l l s .  

The v isua l   qua l i t y  assigned to   t he  two spacial  features uas determined from a comparative 
analysis with the  visual  units. The qual i tat ive  descr ipt ion  indicates  the  general   v isual   qual i ty  of  
each special  feature because c r i t e r i a  f o r  landscape components are  not  appicable  to  either  Cornwall  
Lookout o r  Trachyte h i l l s .  

( 7 )  Cornwall  Lookout - Special  Feature - Visual  Quality:  Outstanding 

The Cormal l  Lookout provides  a  special and  unique visual  experience  to  the 
study area. Located on the  highest  point  within  the  study area, it produces  a  majestic 
panoramic viw extending from the snowcapped Coast Range on the  west and s ~ ~ t h w e s t   t o   t h e  
Highland  Valley and the Thompson Lake Valley  to  the  east and northeast. Below the  lookout 
there i s  a  unique v i s t a  of the Thompson River,  Ashcroft and the  ex is t ing  pat tern o f  the 
val ley  f loor.  To the  north,  the  Trachyte h i l l s  dominate the   v is ta  from the  lookout. 
However, it i s   t h e  rugged features o f  the Coast Range and the   ab i l i t y   t o   l ook  down a t  the 
Thompson Valley  that  provide  the unsurpassed vistas f rom the  lookout. 
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I 
(if) - T,rachyte H i l l s  - Special  Feature - Visual   Qual i ty :   H iqh 

This  specia l   feature was se lected because of i t s  s ign i f i cance  to   the  development 
o f  th is   pro ject .   A l though  the  Trachyte  h i l ls   extend  a long  the Highway No. K c o r r i d o r ,  

th is  observat ion  focuses on t h a t   p a r t  o f  the  Trachyte h i l l s   t h a t  has been1 proposed as the 

p l a n t   s i t e .  The area  contains  both  forested and open areas. From var ious   po in ts  around 

the  proposed  p lant   s i te ,   v is tas of Highway No. U, Marble Canyon, upper  Hat Creek Valley 
and Medicine Creek Valley  can be  seen. The predominant  views srn down t o  upper  Hat Creek, 
Marble Canyon and t h e  Highway No. K junct ion.  

3.6 

I 
The LI,o. Ls0  and s t a t i s t i c a l   n o i s e   i n d u   v a l u e s  maasured during  the  Baseline  Noise  &ani- 

t o r i n g   P r o g r a m @  a n  s u c m r i z e d   i n   T a b l e  3.6-1. The values of Equivalent A - Weiglated Sound Level 

(Leq(24)) and  O.ay/Night  average  sound l e v e l ,  (Ldn), obtained a t  t a c h   s i t e  a n  presented i n  Table 3.6-2. 
This table also  contains  values of the day  average  sound l e v e l  (Ld) and t he   n igh t  average  sound l e v e l  

(LJ, fmm which  the Ldn and  Leq(24)  values were computed. Upon nv iewing  the  data  sunmar i red  in  

Tables 3.6-1 and 3.6-2, it appears that i n   t h e   m a j o r i t y  o f  the  cases no s ign i f i can t   d i f f e rences  were' 
found b e t m n   t h e  fa11 and w in te r   da ta   a t   the   mon i to r ing  s i b s .  A t  S i tes  1 and 2. the   no ise   leve ls   a re  

s l i g h t l y   h i g h e r  on weekdays than on nekends  probably  due to i n c r e a s e d   t r a f f i c  and t o  mom frequent 

operat ion fmm the nearby cement p l a n t  (near S i t e  1). A t  bo th  o f  these  s i tes ,   the   adr ien t   leve ls  nre 
found to be c o n t r o l l e d  by the p r e v a i l i w   t . r a f f i c  on Highway No. I2 and the  day/night  average sound l e v e l s  ./ 

ranged from 44 'to 5 1  dE(A). A t  s i t a s  3 and 4, the Ldn values  ranged'between 32 and 4 1  dB(A). c o n t r o l l e d  

by natural  sources  such as w i l d l i f e .   w i n d  and ra in .  A t  S i t e  5 ,  the Ldn value was founakto  br  56 dB(A). 

The prdominant  noise  source was t r a i n   t r a f f i c ,   a l t h o u g h   w i n d   n o i s e  was s i g n i f i c a n t  on the day that 
moni tor ing war conducted. 

. 

Infomal t r a f f i c  counts wre ob ta ined   a t   S i tes  I to 4 for both day  and n igh t   du r ing   t he  moni- 
t o r l n g  period. The 24-hour data. which 1s shown i n  Table 3.6-3, waa o b t a i n e d   I n  soma Cases d l n c t l y  by 
the  moni tor lng laam and i n  other  cases  by l i s t e n i n g  to tape  recordings made during  the  monitoring  period. 

Table 3.6-4 show tha m t a o r o l o g i c a l  data t h a t  was col lectCd by the  measuring t e u  a t   S i t e s  1 t o  4 
du r ing   f a l l   mon i to r i ng .  Fmm t h i s   t ab le ,  it appears t h a t   o n l y   i n  a fw i s o l a t e d  case!s was wind speed 

found to exceed 7.5 k d h r   w i t h  microphone  wind  noise  contaminattng  the  data. However, when the Ldn of 
S i t e  5 w a s  c a l ~ ~ l a t e d  basad  on the   nea rby   t ra in   t ra f f i c ,  it was found to have  a  value o f  54.5 &(A) which 

agreed c losely   'w i th   the  va lue of 56 d N A )  der ived fmm the  marunments.   Th is   impl ied 'that the measured 

Ldn was InfluenC~Dd p r i m r i l y  by t r a i n   t r a f f i c  and no t  by microphone  wind noise. 

m 
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4.1 

4.2 

CHAPTER 4.0 - RESOURCE PROJECTIONS WITHOUT THE PROJECT 

INTRODUCTION 

Chapter 4.0 presents  predict ions  of  the  physical,   biological and cu l tu ra l  base .in the Hat Creek 
region  through  year 2020.  The purpose of  the  chapter on resource  projections i s   t o  provide a comparative 
basis t o  gaupe the  environnental  impact o f   t h e  Hat Creek Project on the  region  through  the  thirty-five 
year   p lan t   l i fe .  Forecasts were developed frm an analysis of h i s to r i ca l  and contemporary  resource 
s t a t i s t i c s ,   p r o j e c t i o n   o f   h i s t o r i c a l  tr'ends and evaluation  of  discussions  with  local  residents and 
municipal,   wgional and Federal government o f f i c i a l s .  The forecast   wdels  used t o  make predict ions 
account f o r  present  condi t ions,   constr~ints and plans, as wel l  as proposed pr iva te  and prov inc ia l  
developants. 

METEOROLOGY - hIR OURLXTY 

4.2.1 Heteorololp! 

Discounting normal cl imatic  f luctuations,  the  meteorology  of  Hat Creek Project  environs i s  not  
expected t o  vary from i t s  present  state  in  the  foreseeable  future. The other  projects  currently  planned 
for  the  general  area around the   p lan t   s i t e  (based upon  an inventory   o f   pro jected developm!nts prepared by 
the  rocio-economic  consultant)  are a l l   r e l a t i v e l y   s a a l l  and located  at  considerable  distances from the 
p lan t  s i t e .  Although  these  projects may have loca l i zed  impacts upon cl imat ic  condi t ions (most l i k e l y  a 
s l i g h t   r e d u c t i o n   i n   v f s i b i l i t y  due to   f ug i t i ve   dus t   o r   o the r   pa r t i cu la te  emissions).  the  impacts  should 
no t  extend t o  t he   p lan t   s i t e  area. 

1 

4.2.2 Air Qua l i t y  

The Hat Creek Project  i s  i so la ted  from ex is t ing  and planned indus t r ia l  sources of sulphur 
oxides,  nitrogen  oxides,  part iculate  matter and other a i r  contaminants. Ex is t ing  and  p1a.nned indus t r i a l  
f a c i l i t i e s  may have  a measurable  impact on t h e i r   l o c a l   a i r   q u a l i t y  but  the i r   e f fec t  upon reg iona l   a i r  
qual i ty   condi t ions (and the Hat Creek area i n   p a r t i c u l a r )  would be The absence of regional 
impact i s   a t t r i b u t e d   t o   t h e  small  size 01' these f a c i l f t i e s  and t h e   f a c t   t h a t   m s t  are or will be located 
i n  deep valleys.  This tends to r e s t r i c t   t h e  spread of  airborne  contaminants  to  other areas  of the 
region. 

4.3 WATER  RESOURCE2 

4.3.1 Water Qual i ty 

Unless  there i s  developnent of other  industry or a  marked increase in   res iden t ia l   dwe l l i ngs   i n  
the  Hat Creek Valley, no measurable change i n  groundwater qua l i t y   i s   an t i c ipa ted .  The projected  increase 
i n   a g r i c u l t u r r l   l a n + o f  more than 100 percent by the  year 2000 c o u l d   r e s u l t   i n  an adverse effect on Hat 
Creek nu t r ien t   leve ls .   Indus t r ia l  and municipal development i s  expected t o  be minimal and  have l i t t l e  
impact on surface  water  quality. Any fL tu re   ac t i v i t y  which  would  tend t o  cause increasts i n  Hat Creek 
water temperat.ures.  such as vegetation  clearing. would be detrimental. 

1 
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4.3 

4.3.2 

4.3.3 

WATER RESOURCES - (Cont’d) 

Hvdroloay 

The groundwater hydrology in the study area has not  altemd  substantially in  recent times. 
Existing  data  suggest that  without the proposed pmjec t   then  will be no noticeable hydrogeologic changes 
i n  the foreseeable futun. 

I 

The rumff regiau o f  Hat Creek and i ts  tributaries  is   stable and  would likely r w i n  so without 
U. project. F u t u n  irrigation watar n q u i r a n t s  could be obtained by increasing the capacity of existing 
divenlons or ty building nn diversions. Upstnam storage, h a v e r ,  would  be r q u i n d  f o r  any large- 
scale upansion o f  irrigation. Storage would nducm spring freshet f l a s  and extend the duration of la ta  
s-r flaws. 

” 

.- 

Water  Use 

Groundwater 

Unless other industries, municipal subdivisions or irr igation systems a n  developed using 
groundwater i n  Hat Cnak Valley. use nquirmonts wi.11 m u i n  a t  present  levels. 

Surface Water 

( i)  Irriaation 

projectad watar use analysis  considend tu0 cases:  pot8ntial usa and probable 
use. Potential use. assuws that the amunt o f  irr igable land is  limiting while  water 
qumtity and quality an not l ia i t ing.  Probabla . use COnSid813 a11 significant 
constraints. Both c u a s  .include, as part of the total .  lands that   am p r w n t l y  
irrigated. 

A. Hat Creek Orainaae 

Potential Us. 

Table 4.3-1 pmsmti the qudntity o f  potmtial ly   i r r igablr  lands i n  the Hat 
C m k  Valley and their  assaciatei water use estimates. The water d w n d  i n  these 

. submqions YlS estimtad by the S a m  modelling  mthodol0gy u t i 1 i L . d  tor the present 
use c u e  (Chapur 3.0) w i t h  the  following Fxceptions: potentially  irrigable lands 
wn substituted i n  the analysis; and corn n s  considend i n  addition to  hay and 
p a s t u n  crops. For each o f  the soil types, irrigation  efficiencies implied by the 
pnsent  use analysis wan used for potential use. 

I t  was estimted  that  4164 x 1 0 V  o f  water would be mquimd to i r r igate  
all of the SQ33 ha of potentially  irrigable lands f n  Hat C m k  Valley. This water 
quantity i s  approximately six times greater than that presently being used. 
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4.3 WATER RESOURCg - (Cont'd) 

Probable Use 

Probable i r r i g a t i o n  water use i s  dependent on t h e   a v a i l a b i l i t y   o f   i r r i g a b l e  
land and the   ava i l a t i i l i t y   o f   su i tab le  water.  Since  the  constraint  of  water  avail- 
a b i l i t y  was found t o  be dominant, it was  assumed t h a t   i r r i g a t i o n  would  continue t o  be 
used to   ass i s t   i n   t he   p roduc t i on  of  forage  crops. The a v a i l a b i l i t y  o f  i r r igable  land 
was  assumed t o  be the same as that  reported above. 

Analysis o f  p o t e n t i a l   i r r i g a t i o n  water showed t h a t  most surface  water 
resources i n  Hat Creek a re   su i tab le   f o r   i r r i ga t i on  use. Exceptions  include  the fen 
scat te red   a lka l i  lake?;. 

The quant i ty  of ava i lab le  i r r igat ion  water   incorporated thi! resu l ts   o f   tha  
Fisheries and Benthos Report and was estimated by subtracting  the  monthly  f ishery 
resource  ilow  requirement  from  Hat Creek  flows  corresponding t o  an  80 percent 
probabil i ty  of*occurrence (a  r i sk   fac to r   o f  20 percent). The resultant,  f lows  indicated 
that  the  fishery  requirements  during August and  September e l im ina te   the   poss ib i l i t y  
of  expansion o f  present  a l l -season  i r r igat ion use without  addit ionir l  storage. The 
fishery  resource  also  requires a two w e t   f l u s h i n g   f l o w   o f  1.42 m / I .  This  requirement 
can generally be met i n  the   las t  two weeks i n  June. Assuming tha t   t h i s   t im ing  i s  
sa t is fac to ry ,   water   i s   ava i lab le   fo r  expanded agr icu l tu ra l  development during May and 
the f i r s t   h a l f   o f  June.  The maximum m u n t   o f  water  that would be avai lab le  for  
storage  would  approach 1589 x 10 m . This  f igure was calculated by subtracting  the 
flow  requirement from the average  annual runof f  o f  Hat Creek (above Carquile). The 
feas ib i l i ty   o f   develop ing  reservo i rs   in   the Hat Creek drqinage  basin was not 
addressed. 

3 

3 

4 3  

A summary o f  probably  water use predicted by the  water use  wadel i s  provided 
i n  Table 4.3-2. A 1.0tal o f  1934 ha of   land i s  projected as i r r i g a t e d  by the  year 
2000 without  the proposed  Hat Creek project. The associated  water  quantity i s  
projected t o  be 1005 x 104m3 per  year.  This i s  roughly one  and one-half  times 
present   i r r igat ion use. O f  th is ,  220 x 104m3 would have t o  be provided by development 
of new storage. 

E. Bonapartc.  Cornwall and  Oreqon Jack Study Areas 

Potential Use 

The B.C. Win is t ry   o f   Agr icu l tu re   (BW)  iden t i f ied  8137 ha i n   t h e  Savona- 
Cache Creek area as hav ing  potent ia l   for   agr icu l tura l   product ion  wi th   i r r igat ion.  4 

This  includes 2405 ha that  are  present ly  i r r igated. An estimate o f  the m u n t   o f  
i r r i gab le   l and   l y i ng   w i th in   t he  Eonaparta.  Cornwall and  Oregon Ja':k drainages i s  
4500 ha.  The potential  water use associated  wi th  th is  quant i ty  of   land was estimated 
by mult ip ly ing  the  quant i ty of  land by the annual  water use rate  for   the area, 0.91 m, 
giv ing a t o t a l  o f  4095 x 10 m . This  quantity of  water i s  about t,wo and one-half 
t imes  greater  than  that   present ly  l icensed  for   i r r igat ion use. 

4 3  
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4.3 WATER RESOURCES - (Cont'd) 
Prabable Use 

The BCMA analysis also identified  four  district.  areas  totalling K 5 7  ha 
which  because o f  size and configuration  could be practically de~eloped.~ The 
Agricultun Report judged that  three o f  these  areas,  totalling  786 ha, were favorably 
disposed to probable  irrigation developmnt because o f  their  proximity  to  irrigation 
wetar supplies.1 An additional I51 ha of  land was  projuted to have a good probability 
of  being  developrd  within the lifetima  of  the  proposed projut. The t o t a l  quantity 
Of probable  irrigated  lands, then, 'was estimated to be 2656 ha. This  includes l7U ha 
o f  pnsently irrtgated land. The associatad  water use w a s  estimated at 2417 x 10 m . 4 3  

This  quantity  of wat.r i s  just  over SO percent  more  than is presently  licensrd for 
irrigation use and about 60 percent  of the t o t a l  potential. Sources o f  additional 
irrigation  water to fulfill the n q u i m m n t s  o f  probable use have not been explored. 

Livestock 

By the year 1996. the cattle  population  supportad in the  Hat  Creek  drainage 
basin MI projectad i n  the  Agriculture Report ta ba 3360 animals.' The average daily rate 
of wetar consugtion for  a b a d  animal is 0.033 m /day. This  yields  a  daily  livestock 
watw conswqtion of about Ul m3/day. Annually  this is 4.1 x 104m3 uhich is approximately 
70 percent man than i s  presently consumd by  livestock. 

3 

Omestic and Municipal 

me population from the pnsent to 1.390 in the Hit Creek valley. exc~uding  the 
Indian Reserves. is exputed to remain unchanged or to shan  a  slight increasa. Project& 
changes in the  population of the  various  Indian Resewes, based on the *trend from 1965 to 
1975. a n  nrpligible ta slight k n a s e s .  Thus the potential damstic use without  the  Hat 
Cnek Project will approximate  the  existing use. 

Th. projectad  populations  of  Cache Creek and Ashcroft for the  year 1990 are 1595 
and 3035 persons. r e ~ p u t i v e l y . ~  Based on present  peak  municipal  per  capita  demands in 
these  centers,  the  projectad watar use rat. for 1990 will  be 7580 m I d  fo r  Cache  Creek and 
10 854 m3/d for Ashcroft. The average  daily demands based on 0.910 rn /d per capita w u l d  . 
be 1451 m3/d for Cache Creek and 2760 m3/d f o r  Ashcroft. No major industrial  plants  which 
would have  major surfac4 wetar use a m  anticipated in either o f  these  cencers up to 

3 
3 

1990.5 

4.3.4 Aquatic  Biology 

Rrpionel anadrumus salmanid  populations  can be expected to increase  due to federal and 
provincial  stock anhancament ad rastoration efforts. Yhile  longtem plans  are  subject ta change 
and w fall short o f  expeded results. present  enhancament  plans call for Thompson River  stacks to 
be increased by 500 000 sockeye, 70 000 coho,  20 000 chinook and 4000 ~taclhead.~ The exact  tima 

- 

4 - 4  Part Three 



m 
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frame i n  which  the  stocks can  be expected t o  reach  proposed levels  i s  not known but it i s  not 
unreasorlable t o  assume that   the  resul ts  of th is  programs. i f  implemented, could bu i n  evidence  by 
1985. Addit ional ly.  natural  pink salmon stocks i n  the Thompson River have shown ,3 general upward 
trend  over  the  last  twenty  years which can  be expected to  continue.  Estimates  of  potential salmonid 
production  for  the Thompson River  are  given i n  Table 4.3-3. It i s   l i k e l y   t h a t   n a t u r a l  stocks would 
approxinlate  these  values  during  the l i f e   o f   t h e   p r o j e c t .  

Resident f ish  populat ions  are  not   expected  to  substant ia l ly   increase.  Fish  stocking  is 
used as a management tool  to  maintain  the  qual i ty  of  regional  sport  f isheries.  Populat ion enhancement 
i n   c e r t a i n  areas  would l i k e l y  be ref lected by  increased u t i l i z a t i o n .  However, increased  f ishing 
pressure  or  habitat  deteriorat ion  could  act  to reduce f i sh  stocks i n   c e r t a i n  areas. 

(b)  Site-Specif ic 

Without  the Hat  Creek Project.  aquatic  populations  of  the  subject areas  of  the Thompson 
and Bon&parte  Rivers and H a t  Creek will be s im i la r  t o  those a t  present.  While  the  area upstream  of 
the f a l l s  on the  Bonaparte  'River i s  probably  capable of supporting  large numbers of spawning  salmon, 
salmon access t o   t h i s  area i s  l imi ted. Removal of  the f a l l s  would provide access t o  the Bonaparte 
River. The resident  f ish  populat ions  of  the Thompson River  intake may increase  s l ight ly ,   re f lect ing 
the  increased number of   juveni le  salmonids present i n   t h e  system as a r e s u l t   o f  enhancemmt ef for ts .  

Rainbow t r o u t  will cont inue  to be the dominant f i s h   i n  Hat Creek. Mountain whi te f ish will 

also  occur  throughout Hat  Creek. but i n  much smaller numbers than rainbow trout.  Lower reaches  of 
H a t  Creek will support  fishes such as bridgeslip  sucker. longnose  dace, leopard dace,  and possibly 
redside  shiner. 

Total numbers o f  rainbow t r o u t   i n  Hat  Creek will be approximately 20 000. About one-third 
t o  one-half of  these will occur i n  lower  Hat Creek. Rainbow t r o u t  which  are  longer  than 250 nw o r  
older  than 6 years will be uncomon i n  Hat Creek. 

Spawning will occur  throughout  the  length  of Hat Creek:, p r imar i l y  between mid-June and 
la te  Ju ly ,   w i th  fry emerging from la te   Ju l y  through September.  Lower Hat Creek will be u t i l i z e d  as 
a  spawning  ground by rainbow t rout   migrat ing upstream from  the Bonaparte River.  Further upstream 

movements will continue t o  be l im i ted  by barr iers  such as beaver dams and the canyon fa l ls .  

Trout will u t i l i z e  food, pr inc ipa l ly   aquat ic   insects ,   in  about the same proport ion as they 
occur i n  the  environment. The abundance o f  benthic  food  resources  should be suf f ic ient   to   suppor t  
the  f ish  populations. 

4 -  5 Part Three 



4.4 UNO RESOURCES 

4.4.1 Terns t r f a l  Ecoloqy 
L 

Physical Environment 

' Cliuta, landforms, badrock formations, sur f ic ia l   dvos i t s  and soi ls  a n  inportant 
components of the physical env i romnt .   I t  is antkipatad  that  the components of the physical 
emfrorant would not be a f f M  during the period o f  project  operation. The processes by which 
these components am rltamd m q u i n  long periods o f  tiiu. many tlmes the  exprcted l i f e  o f  the 

project .  weathering of p a n n t   m u r i a l  during sai l  formation f s  one of the processes  requiring saw 
d a d a s  befom changrr a n  noticeable.  Climatic changes a n  also  long-tam processes. Easily 
mcognirable changes am those  nsultfng fmm land use pattarns such as ag r fcu l tun ,   fo re s tv  and 
mining. Grazing and cultivation  practicer i n  agricultural  areas cause changes in  soil through 
either d i e  disturbance or al twat ionr  i n  vegrtation  pattarns.  Fonstry  activities  also cause 
changes i.n s a i l s  and physiography through access road development and tinber  harvesting  practices. 
In open p i t  mining operations the alterations b t h e  physical environment are obvious. I t  i s  possible 
that SOI small scale changes may occur to the sai l  component. However these changes  can be expected 
on localized  basis only. 

Natural Vwetation 

In general, tha distribution and species  coaposition of vqetation  cacmnitirs  is  a function 
o f  many factors including Nil, C l i m a t . ,  fin. logging, dis*ases, and insect ifIfLStatiOm. Each 
lactar is important t o  a nsource projection and should be addressed i n  the  projection proccss. 
Rtura l ly  occurring  factors such as f i r e  and insect  infestations  are not easily pmdicted and may or 
may not  influence  the  vegetation  within  the expectad operational  period o f  the p r o j r t .  

P r o j e c t a d  nsource changes in the absence of the proposed developunt would, in a silnplistic 
ranre, rdlect pattarns o f  sucussion. I t   i s  highly  likely,  harver,  that saae perturbations may 
occur and that  succlsslon will m t  be able to proceed naturally. Logging, f i m  and insect  infertation 
am three major influmces which can have an adverse r f f r t  an patterns o f  succession. 

The natural  vqetation  in  thr  locale of the project has almady been. subjected to each Of 

these  prrturbations. Logging  has disturbed  large a n a r  i n  the  vicinity of the project 
(Fig. 4.4-1). Futum logging activity will depand on ngenrration and the  productivity o f  the  si tes 
(both of which appur  to be low). It  would also appear that  the  pountial for expansion of the 
f o n s t  industry  within the region a t  the project is lor. 

No ncords pin-painting the occumnce o f  fonst fims wi th in  the p r o j c c t  locale were 
available. However, the  pmrence of lodgepole stands reflects the occurrence of p a s t  f f r e s .   I t  
would appear frm the nrpber of  lodgepole pine stands wi th in  the  project  local8 that f o n s t   f i r e s  
k v e  played I u j o r  role i n  disturbing  successional  patterns. It i s  probablr  that f O n S t  f i r e s  will 
continw to be a major factor i n  the intarior fomsts o f  British Columbia even Vlough nw control 
techniques have rnabled f o m s t e n  to  limit  thr rider. occurnnce and s i r e  of firrr. 
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1 

II 

Insects have also been a  recurring  problem i n  the area. Seven insect  perits have infested 
trees  'n  the  project  locale on a periodic  basis  since  the first records were kept i n  19U (Section 
3.5-5). Based  on t h i s   h i s t o r i c a l  record.  insect  iniestat ions can be Considered l ike ly   per turbat ions 
in  the  future.  

(i) Forest  Associations 

Four dominant forest  associations, Engelmann Spruce - Grouseberry, Engelmann 
Spruce - Grouseberry - Pinegrass,  Douglas-fir " Pinegrass, and Douglas-f ir  - Bunchgrass - 
Pinegrass,  are  found  within 25 km o f  the proposed si te.  Each o f  these  associations i s  
l a r g e l y   i n   a  successiona'l state due t o  previous f i r e s  and logging. Succession i n  each  of 
these  associations will proceed  toward  climax  unless  a  major  perturbiltion causes the 
pat tern  to  be altered. The s ta te  t o  which  the  association would revert   or   the  extent o f  
the  delay i n  the  successional  trend  toward  climax would depend la rge ly  on the  severity and 
nature  of  the  perturbation. Assuming that  the  Incidence  of f i r e  and in! iect  infestat ions 
remains at   the  present   leve l ,  no  changes are expected t o  occur i n  the  composition of 
forest  canopy trees. 

Grazing  land  within  forest  associations has been subjected  to  varying degrees o f  
use and. consequently. t o  varying degrees o f  vegetation  disturbance. The major e f fec t  has 
been reduction i n  grass end shrub  cover and an increase i n  weeds and unpillatable species. 
It i s  probable  that  these  forest range  areas  wf11 not change i n  the  future. However, the 
value o f  these areas could  increase if the  reseeding  progrmws  planned by the government 
are i n i t i a t e d  and  recomnended range  managewnt practices  followed. 

(if) Grassland  Associations 

Three grassland  associations, Kentucky - Bluegrass, Sagebruch - Bluebunch 
Wheatgrass  and Big Sagebrush - Bunchgrass, are  the dominant  grassland  as!;ociations w i th in  
25 b of   the  proposed  development. Grazing areas within  the  grassland  awaciat ions,   l lke 
those in  the  forest   associat ions,  have  been subjected  to heavy grazing  pressure and as a 
r e s u l t  many of the areas ape severely overgrazed. The Successional  patterns of these 
ranges have  been  severel:/ retarded and are i n  a state known  as d i s c l i m .  The disclimax 
i s  caused  by the  graz ing  act iv i ty  which  tends t o  keep the  vegetation i n  a  disturbed  state. 
It i s  estimated  that It mould take approxlmate1,y 20-40 years f o r   t h e   c l i m i u   c m u n i t i e s   t o  
become establ ished once the  grazing  pressure i s  removed. By reducing  the  grazing  pressure, 
the range  areas  are projected to remain i n   t h e i r  present  condit ion  for many years. Any 
ilnprovement programmes are expected t o  have only a local ized  ef fect .  

Two factors appear t o  be c r i t i c a l   i n  determining  the  future w i l d l i f e  resource i n  the  local  
and regional  study areas: the  hab' i tat   avai lable  for   wi ld l i fe;  and the amount o f  himan interference 
w i t h   w i l d l i f e   a c t i v i t i e s .  
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4.4 U W O  RESOURCES - (Cont'd) 
(i) - Habitat 

Without the Hat Creek  project,  the  types and  variety o f  wildlife  habitat  available 
in the local study a n a  should  remain  essentially  unchanged. Ho land use in the local 
s t u d y  area has g m a t  potential for upansion.  Livestock grazing is intense in mast  areas 
and  could not  be axpandad  under  present  management proceduns.  Agriculture has already 
expanded ;O a Iimtt  impasad by the irrigation  water supply. Logging  and fires have mfmved 
most  mature  stands of marketable fores t  timber. Beyond 1990, logging may increase  when 
tmes o f  markatable  size develop. Recreational  use i s  generally l o w  and, except for sport 
hunting, is Iargaly confind to Marble  Canyon and the Thompson River. 

Ilfning activities  are  capable o f  alterfng the futun wildlife environment. 
Increased  open  pit  mining is planned in the Highland  Valley  southeast o f  the local study 
area. These activities,  plus  future expansion.  could  have major impacts on wildlife 
habitat in the area  through  habitat loss and  disturbance. 

A, Waterfowl 

Mtland habitat f o r  waterfowl  should -in nearly  unchanged  through the 
year 2020. Soma minor  draining or flooding may occur in conjunction with agricultural 
land use activities. Unless major draining of wtlands for agriculture  occurs, 
hawver. the effects w u l d  be minor. The  net  positive uwl negative  eff8cts may 
cancel each other in tern o f  watarfowl  productivity. I f ,  as anticipated.  waterfowl 
habitat mmim largely unaffectd. the nluben of ducks b m i n g  in  both the local 
and regional  study  area  should r w i n  approximately the same. 

8. Upland Gamcbirds 

Long-tam changes in populations of upland g m d i r d s  are nor likely to 
-r in t b  absence o f  the Hat C n e k  Project. Habitats  utilized by thase birds 
w u l d   r m i n  virtually  unchanged,  and their  capability to support  gamebirds W u l d  
r w i n  the s w .  

C. Non-Gu.  Birds 

No significant  changes i n  n o n - g a  bird  populations an exputad in the 
local o r  regional  study area. . These  species a n  usually  not harvested. 8uause very 
fw major changes a n  expected in  the Hat Creek local  and mgional study  area 
habitats, In changes a m  to be axputad in the avifauna. 

c 

I 

D. Furbearers 
c 

Harvesting of furbearers is currently l o r ;  hence,  populations are probably 
near m a x i m  within the limits of annual variation  typical ~Clniny furbearers. The 
coyote. hanver. has  been  harvested in large nrrmben. Current  harvest has  not 
apprdably diminished coyat. population numbers. Without  drastic  changes in habitat 
or harvest. no changes in furbearer populations are UpKted. 

L 

- 
I 
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E. Small Mammals 

* 

I 

I 

m 

As with  other non-harvested  species, no major changes are expected i n   l o c a l  
o r  regional  small mammal populations if the  pro ject  does not proceed. Minor changes 
would  occur as the  resul t  of hab i ta t  succession or   o ther   natura l  phenormnii. 

F .  

I 

Within  the  local  study  area  the  potential  for  deer numbers t o  increase i s  
h igh  whi le   the  potent ia l   for  numbers o f  mountain sheep, cougar, and e l k  numbers t o  
increase i s  moderate. Black and g r i zz l y  bear. wolf,  and  moose  number!; a re   no t   l i ke l y  
to  increase much beyond the i r   cur ren t   leve ls .  Mountain  goat and caribou have  no real  
population  growth  potential. 

Increases i n  b i g  game numbers are dependent on: 

1. Changes i n   l a n d  use pract icer.  

2. Changes i n  hunting  pressures. 

3 .  Changes i n  hunt ing  l imi ta t ions imposed by  the government. 

.> 
4. Improvements i n   g m  management practicar. 

I Increases in land used fo r   ag r i cu l tu rh l ,  lranbering and mining purposes, and 
f o r  housing will reduce ava i lab le   hab i ta t   fo r   b ig  game animals. Agr icu l tu ra l  expansion 
and oppartunit ies  for  signif icant  increases i n  lumbering a c t i v i t i e s  are  l imi ted and 
as such will n o t   r e s t r i c t  growth o f   b i g  game nunbers. Mineral and energy  reserves 
and housing  ddvelopnent  associated wi th   loca l   populat ion growth. will l i k e l y  reduce 
potent ia l   leve ls   o f   b ig  game. I n  sme cases, f o r  example, increases i l l  land developed 
f o r  housing or mining will include areas already  stressed by agricu'lture. I n  these 
situations  developerlts will have minimal  impact On habitat  loss. Consequently, 
though human population  growth and indus t r i a l  development may be prcd ic tab le,   the i r  
e f fec t  on w i l d l i f e   h a b i t a t  losses and b i g  game populat ion  potential wi'll be determined 
by the  locat ion of such developnents. 

The predicted human populat ion growth i n  the  local  study  area i s  nearly 
twofold  while  the  regional  study  area  growth may be 2.7 times i t s  c:urrent  level  by 
the  year 2020. These increases will l i k e l y   a f f e c t   b i g  gaw nunbws by increasing 
hunter  presruies.  Addit ional ly,  the  r ise i n  hunting  license  sales was  more rap id  
than  the  general pog8ulation growth. Most harvests of b i g  game spr!cies have  been 
decl in ing  in  recent  years.  however, these  declines nay ref lect   the  cyc' l ical   populat ion 
character ist ics as w@l1 as increases i n  the presence of hunters. The r a t e   o f   b i g  
game population  increases i s   d i r e c t l y  dampened by the  mgnitude of th is   hunt ing  
pressure. 
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If gam  populations  decline at   cr i t ical   ra tes .  govcrmantal restrictions on 
hunting seuons and  bag limited could be inst i tuted  to  maintain adequate game 
nsources. The f u t u n  n'll bring improved g a m  management procedures to augment the 
standing stack of appropriate  populations. 

Assuming  minfwal governmental involvcwnt and no major advances in  wildlife 
ranagemant, i t  is most likely  that  big  gaw annual standing  stock will continue an 
overall  declining tmnd through the year 2020. Land use practices and increased 
huntor p r u s u m  will m a t e   t h i s  net loss i n  population  sizes. 

0. Ram  and Endanqerad Soecies 

Pndicting the futum for rare and endangered species i s  a d i f f i cu l t  task. 
The mm fact   that  a species is endangered means, by definition.  that i ts  continued 
u i s t e c e  is imperilad. The local and mgional study areas  are o f  very l i t t l e  
consquence to w r l d  populatlorn o f  any of the ram or endangered species  listed in 
Table 3.4-14. No m v i r o m n t a l  Changes that w u l d  affect  the abi l i ty  o f  the local 
and mgionel  study a m u  to support  there  ram and endangered s p u i e s  a n  u p u t e d .  

( i f )  H u u n  Activities - Huntina Prassure 

Exploitation d l 1  likely m e d i n  restricted to those species na h u n t e d  for 
sport,  trapped for p r o f i t  or mgardrd as pests. These sources of mortality a n  influenced 
by krprn daographic.changes and mswrce managemant. With adequate resouee amdgrment, 
wildlife  population  levels could tie maintained a t  a level to a l l w  continued sport hunting 
a t  current or higher  levels of harvest. 

The situation  mgarding  furbearen'may change i n  tim. Relatively l i t t l e  fur is 
MY harvestad i n  tha rtgional  study  araa i n  co.parison to what could be taken. Fur prices, 
att i tudes of t r ap l im  a n e n  and g o v e w n t  policy  mgarding mgistend  traplines  will  
influence  trapping  activities. Thus, considerable  latitude uists for an incraase i n  fur 
hervest. 

Oaographic changes am uprctrd  to affect  hunting w i t h i n  the local and ngional 
rtudy amas. Population incmasas  will  yield  increases  in hunter numbers and subsequently 
my affect hunting pressures. Cartain g a n  h u n t e r s  are  generally  unvilling to travel  far 
(such u s u i 1  gam h u n t a n ) .  H u n  population changes i n  the local smdy area could 
themfore  alter annual hamests of thesa various gam species. Grouse and black Dear are 
particularly prone to the type o f  hunting associated w i t h  other  field  activities. 

A. Watarfcul 

Expected changes i n  daand for uaterfal   wi l l  be a function of access to 
hunting amas. Hunter access should not improve over the n u t  40 yean  unless the 
number of valley  residents  incnases or the number of people rho are allowed to h u n t  
the land inmases. 

- 

I 
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I 

I 

I 

I 

E 

- 

E. UDland  Gamebirds 

Increases i n  demand (hunter  effort)  for  local  upland  ganebird  resources 
were estimated i n  concert  with expected population  increases and hunter  or ig in 
d is t r ibut ion.  Demographic project ions suggest a  growth by 2020 of  approximately 
150 percent in  ragional  hunters and an anticipated  population  growth of 70 percent i n  
the Lower Mainland.' The t o t a l  increase i n  dwdnd i s  equivalent  to a yearly  increase 
i n  demand for  upland!pmebirds  of  approximately 1.9 percent. 3 

C. Furbearers 

Regional economics indicate  that   t rapping i s  not   current ly a v iable economic 
employannt a l te rna t ive   in   the  area. However, indiv iduals may  become in te res ted   i n  
trapping  for  marginal income. Granting  additional  traplines  could  increase  furOearer 
hawest. The opportunity f o r  expanded furbearer  trapping  exists because t h i s  i s  an 
underuti   1  ired rerourc:e. 

Both  the  'local and regional  study  area  offer many at t ract ive  features to 
resident  hunters. Consequently, population  increases  should  result  in  increased 
hunter  pressure. The large  metropolitan Lower Mainland  area i s  r e l a t i v e l y  near, as 
i s  the  fast  growing c m u n i t y  of Kamloops.  Access / to  the  southwestern  portion of the 
ragional  study  area would  be greatly  increased by developnent 01' the  Vancouver 
Pemberton-Clinton  transportation  corridor. 

With an exist ing  potential  for  increasing  present  big gime  numbers, the 
c lose  proximity  to Vancouver, the  exist ing good highway connections, and the  present 
good d i ve rs i t y  and  numbers o f   b i g  game species,  hunter demand in  both  the  local  and 
regional  study areas  should  increase  by  about 1.5 percent  per  year. 

forested  lands  required  for the pro ject  would be managed  on a sustained yield  basis,   according  to 
The basic premise upon which the  resource  projection vas  developed i s  that the  productive 

E.C. Forest  Service  Regulations. 'The value o f  the  allowable annual cu t  (AAC) contr ibuted by  these 
lands w,as used to  evaluate  the  valun o f  the  lands  should  the  project  not be developed. - 
( 0  Regional Forcstw  Resourcvi 

The regional  forestry  resources can be affected by  such factors as regeneration 
success. insect  infestat iens,  land use requirements,  designation  of  environllental  protection 
forests, and govemmenta', pol icy  decisions.  In  the  project  region, which i s  character- 
is t ica l ly   dry ,   regenerat ion  o f   c lear   cut  areas can take as long as 15-30 years. However, 
recent  cutt ing  phi losophies and improved technolopy have reduced t h i s  t ime  interval.  
Insect   in festat ion and sonie future  land use requirements, such as mining, have  been included 
i n  the  allowable annual cut  calculations. Thus, it i s  not expected t o  increase i n  the ~ 

absence o f  the proposed  development. It may, however,  decrease should  tnvirorlmental 
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p rOtKt iOn  f o n s t s  be established  regionally. NO major expansions of the  forest  industry 
would be antlcipatad  since most  of the AAC for the PSYU's within the mglon o f  the p r o j e c t  
have h n  allocatad to qwta holden. The to ta l  tin4.r allocatlon,  upnssed  as  a 
percontage of the AAE, i s  79 percmt for the Big  Bar. 79 percmt  for  Botanie, 95 percent 
for Kamloops. 57 percant for Lac La Hache, 81.5 percent for Hehalliston, 93 percent  for 
Nicola and 77 percont fo r  tlm Halaham PSW. The m i n i n g  percentages of the allocatlons 
i n  each PSYU a m  r a n l y  issued by the Fons t  Service to qwta holders. The r w i n i n g  
timber can be sold to quota holders nquirfng  additional  voluas through d l s t r l c t   f o n s t e r  
sal-. lh rq iona l   fons t ry  nsource i s  expectad to remain a t   i t s  current  level. 

L 

I 

Logging activity w i t h i n  25 kn o f  the proposed project  si te has bmn centered in 
the Hat C n e k  Valley. One company.  Evans Products. L t d . ,  i s  c u m n t l y  harvesting 102 000 a 3 

of timber f r o m  twa license  areas on an annual basfs. I t  is anticipated  that  harvesting 
will continw i n  or near the  valley for the n u t  10 to 15 years.  After this time, logglng 
activlty will be minimal while Irgmuth takes placa In harvested  areas. OurIng the 
mgeneratlon t i r .  i t  m y  be passible for local  contracton to obtain permits for s w  
logging of matun or insect infested tfmber. I t  is also probable that  the  existing 
aul t lplr  usage (fomstry/gruing) wlll contlnw i n t o  the futura. The forrs t  economy and 
logging activity a n  projectad to r w i n  a t  UI. pnsent  level. 

l'ha ertimatad AAC for the project locale I s  146 289 m3. The MI contributlon to 
tha AAC fmm the !rea disturbed by ?.he project. should i t  not be devel0p.d. would rang. 
f m  a lou of 2400 m3 to a high of 3300 m3. The loss to the MC cut over the 35 year l i f e  
o f  the p r o j e c t  would range f r m  84 OW m3 to 115 500 m3 or 1.6 to 2.2 percent of the AAC 
over the 35 y-r perfad. 

(e) Amf cul tun 

(1) . C m o  Praductfon 

A. Realonal Area 

The total land m e  available  for crop  production in the Irgional study 
a n a  i s  approximately 4427 kn , i f   i r r igat ion is practlcnd. This a n a  represents  the 
s u  of a11 amas ufth Cdnada Land Inventory (CLI), ldnd capabilfty for ag t f cu l tun  
(La), imrovad (irrigatad and/or drained) Classes 1-4. anly a s m l l  mount of this  
land is p n s m t l y  cropped due to n s t r i c t i o n  of intensfve  faning to those  lands 
when irrigation  Is  feasible. If one assuus  that  the  extent of crop land within  the 
Thoqson-Nicola Census Olvision. 322 kn', i s  a rough approximation of that w i t h i n  the 
study mgion,  them remains roughly 4000 lo of Classes 1-4 land in the study  m g l o n  
not curmntly croppad. Developnnt of this  high capability land would depend largely 
on the availabi1,ity of irrigation water. 

2 

2 
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Host readi ly  accessible  surface wa.ter has been a l l o t ted   t o   p resen t   f a rm 
operations. Any addit ional  water  supplies must  be derived  from  lelis  accessible and 
more c o s t l y  sources, e x p l o i t a t i o n  o f  which will l i k e l y   r e q u i r e  government-sponsored 

r e g i o n a l   i r r i g a t i o n  systems. I n s t i t u t i o n   o f   a   r e g i o n a l  system i n  the  Ashcroft-Cache 
Creek-Savona area ha,s been invest igated by the B.C. M in i s t r y   o f   Ag r i cu l tu re .  4 

Approximately 22.3 b2 were i d e n t i f i e d  aa p o t e n t i a l l y  developable when i r r i g a t i o n  

system const ra in ts  were considered. The economic f e a s i b i l i t y  of t h i s   p lan ,  however. 
has not  been determined. 

It i s  p ro jec ted   t ha t   t he   p robab le   ro le   o f   i r r i ga t i on   a !~ r i cu l tu re   i n   t he  
regional  study  area  vi11  continue to be one of  support t o   t he  beef industry.  Forage 
crops,  grass, a l f a l f a  and si lage  corn,  are  expected  to  remain  the  principal  crops. A 

major  increase i n  vegetable  product ion  is   not   ant ic ipated because of ,   the  s izeable 

capi ta l   investnent  required,  the  present excess o f   ava i l ab le  lan,d and processing 
c a p a b i l i t y  i n  the  Lover  Mainland  of  the  province. and the  compet i t ive  pos i t ion  he ld 
by  growers i n   t h e   P a c i f i c  Northwest o f   the   Un i ted   S ta tes .   F ru i t   p roduc t ion   i s   no t  

l i k e l y   t o   i n c r e a s e  as t h e   r i s k  of dotr iaental   winter  condi t ions  d iscourages  comercial  
orchard  operations. 

8. Local  Areas 

ApproXiMtely 260 kn of  the  local  study  area have been ranked  CLI. LCA 
Classes 1-5, represent ing   the   to ta l  acreage a v a i l a b l e   f o r   i r r i q a t e d   a g r i c u l t u r e  
inc lud ing  i r r igated  pasture.   For ty- f ive b o f   t h i s   i s   c u r r e n t l y   i r r i g a t e d .  

2 

2 

Expanded usage o f   i r r i g a b l s   l a n d s '   i s   r e s t r i c t e d  by the a v a i l a b i l i t y   o f  

i r r i ga t i on   wa te r  and fac to rs   ou t l ined   w i th   regard   to   the   reg iona l  area. U i t h i n   t h e  

loca l   a rea   on ly   l im i ted   oppor tun i t ies   ex is t   fo r  development  of o f f - f ann   i r r i ga t i on  
f a c i l i t i e s   s u p p l y i n g   i n d i v i d u a l  farms or ranches.  Part  of  the  area  considered i n   t h e  
regional  Ashcroft-Cache Creek-Savona i r r igat ion  p lan,   d iscussed ab,ove. l i e s   w i t h i n  

the  local  study  area . F ive   d i s t i nc t   l oca les   i n   t he   l oca l   s tuay  area. t o t a l i n g  
1319 ha, are o f   s u f f i c i e n t  s i z e  for   fur ther   cons iderat ion.  From an evaluat ion o f  

water a v a i l a b i l i t y  i t  appears t h a t  786 ha o f   t h i s   a r e a   i s  more amenable t o  development 

than  the  remainder.  This  estimate may be 'low because add i t iona l   i r r ipab lc   lands  were 
i d e n t i f i e d  from t h e   s o i l  map of   the  s i te.  From evaluat ion  o f   the  so i l   data.   there 
appear t o  be approximately 1060 ha Of  land i n  the Cache Creek-Ashcroft  portion  of  the 

s i t e   a rea  where i r r i ga t i on   schems appear pract icable.  

4 

Placement of   addi t ional   land  under   i r r igat ion will be inf luenced by the 

same factors  noted f o r  the  regional  area. Analysis of resource  capabi l i ty  and market 
Condi t ions  indicates  that   cat t le  product ion i s   l i k e l y   t o   c o n t i n u e   d o m i n a t i n g   a g r i c u l -  
t u r e   i n   t h e   l o c a l  area. An addi t ional  700 t o  1000 ha o f   i r r i ga ted   l and ,   t he re fo re .  
would most l i k e l y  be p l a n t e d   t o  forage crops. Product ion  of   s i lage  corn may increase 

r e l a t i v e   t o   o t h e r  i'orage  crops, as c o r n   i s  an important  feed  for beef c a t t l e  
" f in ish ing" .  
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4.4 LAN0 RESOURCES - (Cont’d) 

c. Sit. v ic ini ty  

Probable changes in land area  placed under I r r igat ion wre projeited for 
the e n t i n   s i t e - s p e c i f i c  s t u d y  area and i t s  western  portion, upper Hat Cnek Valley. 
Of the 65.5 bZ and 38.2 L.‘ o f  irrigable  land  in the s i t e - s p c i f i c  study  area and 
upper Hat C m k .  respectively, 17.5 and 8.8 are  presently  irrig&ted. 

~ 

I 

POtuItial and projected amounts of irrigated cropland (including pasture) 
a n  sumarizad i n  Table 4.4-1. Projection of probable  areas assums that as much 
land u aconolliully  possible would be irr igated,  and tha t  the project i s  not 
i q l m n t d .  

.L 

LC 

Available all-season water  in  the Hat Cnek Valley i s  alrmady ent i re ly  
a l lot ted to faming and fisheries. A current  surplus of water during the spring 
reason, howver, would pemi t  spring pas tun   i r r iga t ion  and, if  storage wrks w r e  
constructed. all-saason  irrigation o f  croplands. For p r o j e c t i o n  of the probable  case 
s w r i z a d  i n  Table 4.4-1 f t  i s  a s 5 U  tha t  a port ion o f  the spring  surplus would  be 
stomd.  and a l l o t t d  to irrigable  lands on the Thompson benchlands w i t h  capabili t iea 
of .supporting tomato and cabbage crops. S t o r e d  water would also be diverted  to 
potantial  cornland of the Hat C m k  Valley. The remainder o f  spring season water 
wnfch is not s t o m d  is likely tu be usad f o r  spring  irrigation of 4.2 L. of pasture. 
In total. 16.2 lo o f  l a n d  in  tha upper Hat Creek Valley would be irrigated. 

L 

I 

L 

2 
2 

I 

Along the Thanpson River bench lands f n  the  eastern  portion of the si-‘ 
speeiffc study a n a .  a sizeable  acreage o f  irrfgable  land my be placad under 
cult ivation or iq rovad   pas tun   i f  a regional  irrfgation  schaar  is implemented. The 
u t e n t  o f  profacted  “probabld  incnase  asswing development of the Savona-Ashcroft- 
Cache Creek a n a ,  is roughly ,1060 ha, which raises  the to ta l  extant Of probable L 

/ 

= 

irrigatad land in the s i te-specif ic   s tudy  ana to 31.7 !a . 2 

(11)  Cattle  Production 

A. Rwional Area 

Grazing l a d  within tha mgional study a n a  an generally uti l ized to 
their  full  stocking  Capacity  Considering  pnsant range conditions. The area  could 
likely support increased ca t t l e  ncaben i f   fo res t   c l ra rcu t   a reas  and ranges -re 
nseoded. Industry  personnel have suggestad  that such reseeding  could  increase 
regional  carrying  capacity by 10 to 20 percent. 

I- 

I 

8. Local  Area 
- 

The estimated  potantial  carrying  capacity o f  the  local s t u d y  a n a  range i s  
roughly 90 000 AM or 15 000 ca t t l e  for six month period. Comparison with  the 
current  level o f  range use, 5000 animals,  suggests  that  considwable  increase  in 
carrying  capacity i s  possible. As essent ia l ly   a l l  rangeland is  prasently  grazed. an 

I 

. 
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4.4 LAND RESOURCEli - (Cont'd) 

increase can only be ef fected  through  better management p r a c t i c e s ,   p a r t i c u l a r l y  
reseeding. Range a-ea  administered by the  Forest  Service will probably  improve 

gradual ly as a r e s u l t   o f   c a r e f u l  managemant. Overgrazed  lower  grasslands will produce 
higher  forage  y ie lds  wi th in a per iod  of   several  decades only i f  a reseeding  programe 
i s  inplemsnted. - 

C. S i t e   V i c i n i t y  

Pro jec t ion   o f   ca t t le   p roduc t ion   th rough a 20-year  period was performed f o r  

the Mat Creek Valley.  This  topographical  unit  was se lected  for   deta i led  analys is  
because many of  the  permit  grazing  lands  of  the  si te  area  are  del ineated by  watershed 
boundaries, and  because it provides a convenient  basis  for   evaluat ing  the  interact ive 
e f fec ts   o f   var ious   p rn j rc t   ac t ions  on ranch  product iv i ty .  

Pro jec t ion   o f   ca t t le  numbers was conducted i n  two steps.. P roduc t i v i t y  of 
i r r igated  crop lands was estimated  from  projected amounts of  land  placed  under 

i r r i g a t i o n  or put   in to   pas ture .  and  range product iv i ty   est imated  for   the  remain ing 

land. The two  estima,tes o f   p roduc t i v i t y   (mop land  and rangeland), wrre  then  integrated 
because year-round  support o f  cow herds  can be l i m i t e d  by either  wint.er  feed  (harvested 
from i r r iga ted   lands)  or spr ing and s m e r  range. 

The resu l t s  of a ser ies of steps and assumptions u t i l i z e d  t.0 project   probable 
numbers o f   c a t t l e  f r o m  estimated  crop and range p r o d u c t i v i t i e s   a r e   s m a r i z e d   i n  

Table 4.4-2. It cart be noted  that   the  smal lest  number of c a t t l e .  3027 AU, would be 
supported  during  the s m e r  season. The t o t a l  number o f  AU supported on a year-round 

basis can be increased above t h i s   l e v e l  by  supplementing summer fo rage   w i th   a l l -  

season pasture and extended use of  spring  ,pasture.  With  thesi?  assumptions  the 
pro jected  probable  to ta l  AU supported  by  the  Hat  Creek  Valley i s  3476. The estimated 
increase from 2080 t o  3476 would be expected to   f o l l ow  a s igmoidal   pat tern because of 
r e l a t i v e l y  sharp  increases in   spr ing  graz ing  capaci ty   dur ing  the  middle  o f   the 20-year 
i n te rva l .  

1 

4.4.2 Cultural  Heritaqe Resources 

The  number of cu l tu ra l   her i tage  resources   s i tes   In   the  Mat Creek Valley  study  area may be 
estimated from the   resu l ts   o f   the  Phase I and Phase I1 surveys. I n  Phase I, 331  grassland  quadrats were - separated  from 234 forest  quadrats i n  1.he s t ra t i f i ca t i on   o f   t he   s tudy   a rea   i n to  a grassland  stratum and 

forest  stratum. The survey  revealed  s i te   densi t ies  o f  2.37 per  grassland  quadrat and 0.75, per   fo res t  

quadrat. M u l t i p l i c a t i o n   o f  each densi ty by the   t o ta l  number o f   quadra ts   i n  each s t r i l t um  resu l t s   i n  an - estimat ion 01' 784.5 s i tes  in   the  grass land  s t ra tum and  175.5 s i tes   in   the   fo res t   s t ra tum,  or a t o t a l   o f  

approximately 960 s i t e s   i n   t h e  Phase I study area. 

I The Phase I study  area was extended t o   o t h e r   l i k e l y  or a l t e r n a t i v e   p r o j e c t  component locat ions 

f o r  Phase I1 sampling as  shown i n  Fig. 2-4.4 (Chapter 2.0). Strata 6. C. 0, E,  H. one quadrat  of  stratum 
I and 15 quaclrats  of  stratum J are  outside  the Phase I study  area  boundaries. Summing the   s i t e   p ro jec t i ons  

.I for  these  s t ra ta  g iven  in   Table 3.4-29  (Chapter 3.0) and ca lcu lat . ing  the  appropr ia te  pro jec, t ion  for   the 
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4.4 UNO RESOURCES - (Cont'd) 
external  portions of strata I and J (1 quadrat  x 2.04 sitedquadrat, 15 quadrats  x 1.75 sitedquadrat) 
adds  approximately 361 aites to the  previous  estimate for a  total  Phase I and  Phase I1 estimate of U21" 
rites in the a n a s  of Hat C m k  Valley  likely to be  affected by project  development. It must be 
appnciated  that  these a n  minimal  estimates. The existence o f  burled or othenise  overlooked  sites 

I 

NOUld irlCrelS8 this RStinute. 
** 

Number o f  sites  alone  are  not an adquate  masure of the  siqniftcance of an a n a ,  (neither  is 
the nrpber o f  artifacts  at  a  site a sufffcitnt measure o f  its  importance)  however,  these nuabers provide 
one masun o f  the  present  infomation potential. 

C w a r i s o n s  of th. major types o f  sites  (lithic  scatters  and  cultural  depressions)  found  within 
the  valley to their  occurrences  outside  Hat  Creak  Valley a n  difffcult. Most o f  the  previous  archeological 
work in the  Interior of British  Colunbia w s  focused on large  stratified  sitea in major river  valleys 
that  could  provide  chronological squtnces for "plateau' archeology. 

These cwparisons  indiqte  that  then  uists minimal  infonnatlon on culwral  heritage resources 
which a n  simllar to the sample mc0rd.d for the  upper  Hat C m k  Valley. In part,  this is attributable 
to ttu chronalogical  emphasis  in -st o f  ttu p n v l w s  research,  although ths patenttal  importance of 
sites  other than winter  village  settlamnts  such  as searanal, short-term  camps  has been noted. Due to 
pnrenation factors and the natun md duration o f  activities  carrfed out. these  sites  are  localizrd 
surfacr  scatters of stone tools and debitage a d  a n  r a n l y  described in any ndn detail  than  being 
l q e d  u n d w  the gmeral ten khlpping stations". The lack o f  detailad  researcn on such  site  types is 
often attributed to their  poor  archeological  visibllity  and  minimal  irtlfact  contents.  This. 

' nevertheless,  does not m m v e  the fact  that  such  sites  will  constitute  the  only  archeologically- 
observable  evidencr o f  th. n a w n  and  location of late  prehistoric  short-term  occupations  and all types 
of s e t t l m n t  prior to the  introduction o f  pithouses. 

Basad on 'present levels o f  disturbance and onpoing  attrition rates. the  general  location of the 
Hat C m k  Valley  and ttu pnsent patterns of l a n d  use have nsulted in relatively  little  archeological 
irpact. Th. location o f  the  valley has,  until  recently, put  it outside  the m a s  of econWiC growth, 
while  the  utilization o f  much of the  landscape as natural  rangaland  has nsulted in minimal altoration of 
the  land surface. Th. major a p n t s  o f  disturbance  prior to current  studies o f  the  proposed  Hat  Creek 
Project have  been  cultivation,  logging,  and m a d  construction.  Thus,  the  valley is one Of the feu 
tributary  valleys in the  FraserThoapson  Plateau  ngion  that a n  relatively  intact  with  respect to 
ui.nsive  land  alteration. Other partfcular valley syst.8~~' in similar environmental contax+( and  having 
ethnographic  evidence o f  occupation (such as  the  Eonaparta,  Batanla  and  Nicola  Valleys)  have a l l  undergone 
consfderable  nodiffcation in the  bottom  lands and lowr slopes, nsulting in considerable  disturbance of 
the  cultural  heritage  resource base. 

In th. Hat C m k  study. resskrrh potentlal I s  tvaluatad  malnly in the  context of substantive 
questions of current  intenst in plateau  archeology.  Within  this  context,  mathodological.  theoretical 
and  technical  dcuains  are also iddressad in designing  and  carrying out  research  aimed  at answering the 
substantive question. Many of the problem currently  confronting plauau archeolcqy have  already been 
mentioned;  lack of pnhistoric cultural  adaptation  biased  towards  major  river  valleys,  the  lack of 
mgionallyapplicable  chronological  squenca o f  archeological  cultures,  and  an unmpresentative sample of 
archwlogical data biased  towards  larger  sites f rw thore a n a s  which  have b e m  investigated. 

L 

* 

I 

I 

L 

c 

Part Thru 4 



4 . 4  LAND RESOURCES - (Cont'd) 
I 

The cultural  heritage  resources of the upper Hat Creek Valley have the  potent'ial t o  contribute 
research  results i n  addressing a l l  of ?.he above  problem areas. On the  basis o f  present  surface and 

II subsurface  investigations,  there  exist numerous "pure" single component s i t e s  t o  provide information on 
specific  chronological  perioas. The envirorunental location of the  valley  provides  the  archeological 
resources necessary t o  f i l l   c r i t i c a l  gaps l n  present knowledge  of the range of variation  present w i t h i n  

I the  subsistence-settlelnnt system of the region. The results of subsurface  investigations  at  cultural 
depressions and the survey data  in  general  are "unique" in  the  extant  literature on the  prehistory of the 
Canadian Interior  Plateau. The nature of the  resource base also provides  the opportulnity t o  t e s t  new 

I methods  and tlechniques of collecting  archeological  data from small l i th ic   sca t te r   s i tes  and cultural 
depression  features and analyzing this  information t o  interpret  the  social and  economic organization 
responsible  for  their  deposition. 

I 

4 .4 .3  GCology 

I ( a )  I n t r o d u c t k  

The current  potential for resource uti l ization w i t h i n  the  project area is.closely  related 
t o  local I!conomic developrnent as h i g h  transportation  costs  typically  preclude the commercial viabil i ty 
of  establishing remote markets for raw materials. However. as advancing technology creates new uses 
for raw 'Imterials,  the  natural  resources not currently  exploitable  in  the  site  area nay  becorm 
attractivl!  for  local or remote coaaercial markets. This section  explores  the  potential  for  alternate 
uses of ?.here resources by other  industries under currently  feasible technology colisistent w i t h  the 
present knowledge of the  resources,  their  physical and chemical characteristics and  abuindance. 

I 
(b)  Fossil FUIG 

The  demand for Hat Creek coal could conceivably increase  in  the  future. The high ash, low 
califoric  value, and moisture  content of these  reserves should continue  to r e s t r i c t   i t s  use for home 
heating i n  local communities. However, i t s  conversion t o  synthetic  natural gas i s  both technically 
and economically feasible. Other conversions t o  methanol, ammonia, coal liquids, coal solids,  or 
i n  situ  synthetic  natural gas are  less  likely because of technical and/or market consid#!rations. 

Currently  there  arc no known mineral deposits  within  the  project  area  tha,t  are  present  in 
sufficirnr  quantity t o  warrant  exploitation. Thus, the  probability of future development without 
the  project i s  low. 

Existing  quantities of limestone and aggregate w i t h i n  the   s i te  region  shculd be more than 
adequate to  satisfy  future  local demand for home  and road construction. Although claystone 
exploitatlon  is n o t  likely,  except  as  a by-product of coa'l extracti0n;the baked claystone could be 
mined as a primary raw material  for use in  brick manufacture if the  physical and  chmemical properties 
prove favourable. Estimated reserves of  baked claystone  are more than  adequate t o  satisfy  the 
future demand for t h i s  resource w i t h i n  the  project  area. 

w 
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4.5 SOCIO-ECONOMICS 

4.5.1 Population.  Income  and  Gnolovnrnt 

(a) Pooulation 

Population g m t h  expec+.d to occur in the local studj. area  without  the  Hat 
Creek  Project h u  been  determined  utilizing  the  population  modal  and  assu~ptions  described 
in the  Socia-economic  Report  and is based on the employment  projections in Table 4.5-1. 
For the  rwaining  amls of the  overall region. historical  trends  and  future  expectations 
in the mlatianship between labour force and  population  provide  the  forecarting basis. 1. 

1 
I 

(11) P r o f e t e d  Pooulation 
L 

The l o c a l  study area  has  an  rstimsted 1976 papulation of 7500 persons and is 
-ectad to g m  to a level of 9960 penons by 19990. The geographical  distribution  of  the 
i n c r a n t a l  papulation among the  coonunities o f  the area is dalineated  fn  Table 4.5-2. .I 

~~ 

AshCmft and h c h e  Crtek.ni11  likely  receive  about 60 pQrclnt o f  the increment. 
due  primarily to the  mining  related  developments in the  Highland Valley.  Clinton  and L 

Lillooet  could expand an the  basis o f  resourca  and  government  orientrd  projectr  likely ta 
occur in those amas. The unorganized rural areas am not  projected  to  grow  significantly 
throughout the period. 6 

The projact-based  forecasting  tachnique  employed  results in block  increases in 
camunity population. In utilizing the forecast for coaaunity  planntng a m  must take into 
conridaration  the  uncertainty  surrounding futum  developwnt projects i n  the area,  pre- 
projct speculation  msulting .in sarvica sector employwnt  expansion  prior to project 
cOPI*ncement.  and  induced  employment cmation lagging  behind  direct  project  employment. L 

.4 

The w i n i n g  amas of the  overall  region  report a c u m n t  population of 69 800 
persons.  reflecting an average g m w t h  of 4.5 percent  annually  since Isn. m 

In a mcmt study, 8.C. Telephone  forecast an increase in the labour f o x @  
proportion ta 48.5 percant by 1990 for the  interior  region of the  province.2 The projection c 
assuqtions used by 8.C. Telephone  have  been  applied to the residual m a  of the  study 
region. The resuiting  papulation  ostlmat.~ a m  shown i n  Table 4.5-2. Overall  reglonal 
population is expected to p a w  at  slightly  over 2.5 percent  annually  to 1990. Ir 

(111) Characteristics of the  Incmina  Pooulation 
.L 

The incoming  population.  primarily  due to th incmased  mining and  related 
pracessing  actfvities in the  Highland Valley. will have  characteristics  similar  to  those 
of n-er of typical  resourca c o m i t i e s  in Cdnada. This will b. valid for the  direct t 

anQ  indirect wrk forces  related to the  mining  activities n l l  as the  induced or sewice . 

4-la Part Three 
m 



SOCIO-ECONOHIC!j - (Cont'd) 

POpUlatiOn. F o r  t h i s  reason,  three  resource  comvnit ies have  been  chosen  and representat ive 
cha rac te r i s t i cs  chosen  from the  comparison  of   these  three  comunit ier ;  Grande Cache, 
Alberta,  as wel l  as Spawood  and  Mackenrie i n   B r i t i s h  Columbia. 

A. 

B. 

C. 

0. 

k 

The incoming  population will be r e l a t i v e l y  young, wi th  over 33 percent 
under 15 years o f  age and almost 40 percent between the ages o f  20 and 39. As the 

work force becomes more established,  the number o f  people  over 50 will l i k e l y  increase, 
but ,  i n  t h e   i n i t i a l   y e a r s .   o n l y  6 percent will be i n   t h i s  age group,  while one percent 

will be 65 years  of age or older.  

Mar i ta l   Status 

Alnost 75 percent o f  the  incoming  population 15 years and o lde r   a re   l i ke l y  
t o  be married.  Approximately  one-quarter  of  the  families will be young  couples with 

no ch i ld ren ,   bu t  on  an  average, there will be  two ch i ldren  per   fami ly .  Most fami l ies 
will have  two or three,  although t h e n  will l i k e l y  be more wi th  one than with three. 

Re la t i ve l y  few fami l ies will have w r e  than  three  chi ldren, and the average fmily 
s i z e  i s  expected t o  be 3.8. 

Households 

About 37 percent  of  households formed will conta in  on ly  onu or two  persons. 

The average  household s i z e   i s  expected t o  be 3,.3 persons. 

Education 

About 20 percent  of  people 15 years and over.  not  attending  school, will 

have no mom than  a  grade  eight  education, and  an addi t ional   41  percent  will not  have 
graduated  from  high  school. About three percent  of  the  populat ion 51roup will have a 
un fve rs i t y  degree. These popu la t ion   charac ter is t i cs  will have impl icat ions  for  and 
provide  guidance  to  the  provis ion  of   housing and  community services i n  the  receiv ing 

c o m u n i t i e r .  

(b) 

(i) Projected I n c m  

Income project ions  wi thout  the  Hat Creek Project  are  derived  from  the  populat ion 
'and employment project ions  found i n  the Socio-economic  Report.' The bas is   for   fu ture 

income fo recas ts   in   the   loca l   s tudy   a rea   i s  thr pay ro l l   o f   d i rec t  and i n d i r e c t  employees 
i d e n t i f i e d   i n   t h e   r e o o r t   c i t e d  above. 
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Total  employment  income i s  then  derived  utilizing  induced  income  multipliers  of 

1.22. 1.18. and 2.28 for Ashcroft/Cache Creek: Clinton,  and  Lilloet,  respectively.  Total - 
incou for the  remaining  areas of the  Hat C m k  Region is forecast on the  basis of 
expectations  mgarding  future  growth in real income  per capita. All estimarcs  are made in 
tnm of 1976 dollars. .r 

RH net  increase in local  area employmnt income,  utilizing  a  project  specific 
incow multiplier  approach,  will  comprise  the follwing components: .- 

1. Total incam earned by in-migrants. . 

2. Total i n c o u  earned by existing  msidents not  previously in the  labour force. 

3. Total incam earned by existing  residents f o m r l y  employed  less  their  former c 
earnings. 

4. Total inuru earned by existing  nsfdents  previously  untnployed  less  their former .I 

transfer pdyant  Incow. 

Average  mining  industry  wage l w e l s  are  assumed  at  a 1976 level of $17.000/yr.1 E 

Average 'wages for th. proposed  Lillooet  prison  are assumd at $14.0IlO/yr. The  income 
multipliers  for  each  ccdmunity  usad to determine  induced  income  have b n n  listed above. 
RH multiplier  estfmation  model  appears fn the  Socio-economic Report. 1 5 

In datemining net t n p l o p n t   i n c a m  generated as a  result of the  identified 
industrial growW pattern.  the main conceptual  element  that needs to  be  deducted f m  
gross  income is the f o n m r  transfer p a p e n t   m c e i p u  of previously  unemloyed locals. 
Avrrage  annual  Unemployment  Insurance C o d s s i o n  (UIC) payments  were  reported ta qual- 
$1034 in 1976. 

- 
m 

The total  net  incoma fncnasr expectad to wcur in the local a n a  without  the 
project i s  shown in Table 4.5-3. Employmant  income is forecast  to  increase fmm an 
rstimatad  current lwel  of $37.7 million  to 555.5 million in 1990. Employment income 
m p n s e n t e d  89.9 percent  of total  regional i n c o w  during 1970. Assuming  this  relationshfp 
holds  throughout the forecast  perlad,  total local incam is f o m k l t  to rise from 342.0 
aillion to 561.8 million in 1940. 

m 

L 

For the k i n i n g  areas of  the  Hat Creek region, income i s  forecast on the  basis 
' of  upactad gmwth in m a l  incoma per  capita  since  data are not  available over a t i m  

frame suitdble for fomcasting. Rea1 per  capita  incoae in British  Columbia  has b n n  
increasing  at  an  average  annual  rat.  of 4.7 percent over the  past  decade. A Cowrehansive 
and  recently PUblfShd provincfal  forecast  projects a long-ten  growth i n  real provincial 
personal incme per  capita of 2.5 percent  annually. 

- 
% 

2 
* 

The w e e t a d  expansions of the  Highland  Valley  mining  industry  and  the  Kamloops 
~ 

and krritt  senice sectors  would msult i n  continued  regional incm growth but  probably 
I 
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not faster  than  the  province as a  whole in per  capita terms. It is assumed  that real per 
capita  income will rise at  an  annual rate  of 3.0 percent in  the  remainin,? areas of the Hat 
Creek  region  resulting in an  increase  from $5900 in 1976 to  $8925 in 1990. 

(ii) Implications of without Pwject Income  Projections 

A. Distributional  Aspects o f  Income  Growth 

Income  distribution  aspects  dlscussed  include  geographical  distribution, 
allocations  between  existing  residents  and  in-migrants,  distribution  among  existing 
residents  and  changes  in  the  overall  percentage  distribution  of  income tclasses. 

Major  mineral  developments  expected to  occur in the Highland  Valley will 
tend to  concentrate  income  growth in that  area  with  Kamloops benefiting. Logan Lake 
and, to a  lesser extent,  Ashcroft  and  Cache  Creek will gain  a  greater  share  of  the 
incremental  regional income generated. 

The majority  of  the  recipients  of  incremental  income  would  continue to be 
in-migrants. respondin9  to  the  employment  opportunities  created.  Among  existing 
residents,  the recipsients of  the incremental income  generated  would  include  the 
existing unewloyed. individuals  previously  not in the  labour  force  and  individuals 
switching  jobs  to  tabs  advantage of opportunities  providing  them  with  greater  'total' 
income. 

The  percentage  distribution o f  income by income  class is likely to change 
significantly in the local study area. There should be a  greater  concentration of 
individuals in the  upper Income'group  earning  ware than $13 000 per year:  the  middle 
and lower income groups will decline  proportionately  and  the  proportion  of  individuals 
on low fixed incomes will also  decline on relative basis. 

study  area is the  relative  decline of self-employed individuals. With the cmercial 
A final aspact of structural  change that I s  likely  to  occur i n  the local 

expansion  forecast In Ashcroft  and  Cache Creek, it is quite  likely  that  some  of  the 
marginal  operators will not be  able  to compete. 

8. Price Effects  of Income  Growth 

Kamloops, due  to  its  size  and  proximity  to  the  relevant small  coamunities, 
will, to a certain  extent, act as a  buffer in controlling  the  extent  to  which  economic 
Shocks  affect the  price  of  goods  and  services;  the  city will  be more  effective in 
minimizing  price  effects on consumer  goods  and  services  than on  land. 

The  utenrivenesr of land speculation is affected by: 1. the  degree  to 
which  population  settlement  and  associated Comrcial expansion  can be dispersed 
among  alternative set.tlement locations; 2. the  supply  of  serviced  land;  and 3. the 
degree of concentration  of land ownership. 
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The opportunity far minimizing  land  price  effects  exists in tha  drvrlapments 

nlated to the  Highland Valley. Five c a m n i t i e s  are  lacated  within 44 milas of the 
axpectad  develapsents  and among thea  cauld  provide  the  rrsidantial  alternative 
nacessary to diffuse  speculative  price pressures. 

(c) Labour Farce and E m o l a m n t  

(11 Profected Lahaur Farce  Yithaut  the  Hat  Creek Profect 

A. Local Study  Area 

The projections a1 futut. local area  labaur  farca  without  the  influencn o f '  
the  Hat  Creek  Project  are  davelaped by assessing  the  basic  growth  sectors of the 
ana's  ecanory,  identifying  specific  projects  that a n  expected to accur in these 
r u t o n ,  determining w l a y r n n t  associated  with  these  projects  and  estimating  the 
indinct and induced  employment  generatad by these  projects. 

Industrial Oevelapamt Potential 

Tha major sectoral  determinants a f  Dcanwic  grawth in the a n a  have  been 
faruty,  agricultun, mining,  transportation  and  the  servicing of highway  trafffc. 
It 1s up8cted  that  developant in the foreseeable f u t u n  rill revolve around the 
aining sectar. 

. p he f a n s t  industry has historically  been an impa;t.nt cantribktar a the 
econmy of tiu local  aree'and it is expected to continue  ta  play an impartant role. 
Honver. f u t u n  development  patterns in the a n a  are not  rxpectrd to be  significantly 
influenced by the f a n s t  s e a r .  Mast of the  available  annual  allawable cut. under 
existing  managcasnt  practices.  has  been  allocated.  and t h e n  are na known plans far 
f u t u n  procarring upansian. 

Limttatiam imposed by soils. climate,  topography.  water  supply,  transport 
casts and  land-use  canflicts.  preclude  development of the  agricultural  sector  much 
beyond I t s  curnnt status. Saw possibilities  exist far expansion of horticultural 
production north of the a n a  which  cauld  pmnnrte  a  vegetable  bulk  freezing  plant in 
Cache  Creek, ar for  upansian a f  fHd lot  aprratians,  but  bath of these are dependent 
an significant g a v e m n n t  policy ctrangas. Even if these  policy  changes  occurred, 
tiuir effects on total  agricultural e m p l a p n t  wauld  be  marginal. 

The a n a ' s  rail system  contains  the  potential far expansion  with  tha  prapased 
B.C. Rai1K.N. R a i l  Connectar  between  Ashcroft  and Clinton. Hawever, recent  events 
surrounding  this  developant  suggest  that it i s  unlikely  ta  occur in the foreseeable 
futut.. 

The servicing of highway  trafflc has been a  fundamental  growth  companent af 
the Cache C m k  ecanamy and is also highly  important  to Clinton. This grovU has 

L 

L 

(L 

c 
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s tab i l i zed   s ince  1971. i n  s p i t e  of continued  growth ' i n  t r a f f i c .  It i s  repo r ted   t ha t  
some excess capacity s t i l l   e x i s t s   t h r o u g h o u t  most o f   the   year   in   the  food  and 

accomodation  sector o f  the Cache Creek economy. 

It i s  expected tha t   the  volume o f   t r a f f i c ,  will continue to grow over  the 
next 15 years  but a:: a  substant ia l ly   lower  rate  than has occurred  dur ing  the  last  

decade. A c r i t i ca l   de te rm inan t  of  future volumes i n  the area is   the  ! recent ly  announced 
government decis ion to proceed  with  the  construction  of  the  Coquihal la Ilighway. 

Without  the development o f  the  Coquihal la,   t raf f ic   growth on  Highways No. 1 

and No. 97 i n   t h e  Cache Creek area i s  expected t o  grow a t  between 3.5 percent and 
4.5 percent  through  the  mid-1380's.  With  the  Coquihalla, volumes are  expected t o  

re tu rn   t o   l eve l s   occu r r i ng   i n   t he  mid-1970's. 

Given  these  expectations and the   ex i s t i ng   ove rcapac i t y   i n   t he   f ood  and 
accomodation  sector o f  the  cormuni t ies  serv ic ing  h ighway  t ra f f ic ,  it i s   n o t  expected 

t h a t   s i g n i f i c a n t  emp'loyment increases will be generated in   the   loca l   s tudy   a rea   to  
serv ice  t ra f f ic   f lows  through  the  forecast   per iod.  

By far,  the most s i g n i f i c a n t   p o t e n t i a l   f o r   l o c a l  employment growth Over the 
next 20 years  centers, on mining developments in   the  High land  Val ley.  The extent and 
timing  of  the  Highland  Valley development  hinges on the  decis ions  of   four  mining 
companies:  Bethlehem  Copper Corporation; Cominco Ltd.;  Lornex  Mining  Corporation 
Ltd.; and  Teck Corporation. A "most l i k e l y "   d e v e l o p n t   s c e n a r i o  ha!; been Constructed 

based on personal   interviews  wi th  mining company and  government representatives. 

Consequently.  the  expected  development p a t t e r n   t o  1990 appears t o  be  as follows: 

1. The expansion o f  Bethlehem  Copper's m i l l i ng   capac i t y  from  approx.inately 18 150 t / d  
a t   p resent  to 4:L 000 V d  by  1979. The net  employment increment  associated  with 

t h i s  expansion  would  be 180 posi t ions.  

2. Expansion o f  Lomex's   ex is t ing 36 300 t / d   m i l l i n g   c a p a c i t y  by  1979 w u l d   c r e a t e  
an addi t ional  400 jobs. 

3. Second-stage  development of the  Val ley Copper deposft with cons t ruc t ion   o f   a  
45 360 t/d  ore  <:oncentrator  which  could be operat ional  by  1985.  About 550 jobs 
would be associated  wi th  th is  develoment.  

4. Construction  of  either  a  copper  smelter or a  copper  processing  plant  (using 
hydrometallurgicil l   technology)  by  Cminco  during  the  late  1980's. The d i r e c t  
employment assodated   w i th   a  copper  processing  plant  would be about 425 persons. 

whereas a  smelter,  which has a  larger  mintmum economic p l a n t   s i r e ,  would provide 
about 500 new jobs. It i s   a s s w d   t h a t  a copper processing  plalnt  (rather  than  a 
smelter) will be constructed i n  the  Hlghland  Val ley  during  the  period 1985-1990, 

creat ing 425 d i rec t   jobs .  
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5. The d w e l o p n n t  o f  Tack  Corporation's Higfmnt Ulna  property, estfmted to mill 

&Ut 680 Vd. It is assumed  the  plant  will be producing by 1990 and  would 
m l o y  about 425 persons. 

At this  ti=, the best estfmta of  total f u t u n  dfrect  rarploymnt  associatad 
with i n m a r e d  mining  and  processfq  actfvity i n  the  Hfghland  valley is 2400, new jobs 
by l990. H w v e r ,  by 2979. Placer  Developnunt  Corporatfon's C r a i p n t  mine will have 
k n  uhaustad,  nsulting in the loss of  about 350 jobs. The net regional  uaploynunt 
increase  associated  with  mining  and  processing in the  study  region is therefore 
mduced to about 2050 jabs. 

In addition to the direct  operating jobs created,  these projects wfll also 
involve  consfderable  short-tern  construction  employment.  Table 4.5-4 illustratas the 
general  level o f  Construction  manpower  required. .Tha large  mining  developments wfll 
r q u i n   b e t m e n  lE and 30 months  for  construction  and  will  have an average  labour 
force  during that period o f  about 70 percent of  their  peak  requirments. 

Other projects  likely to occur i n  the local  study area include: 

L A  rock  crushing  plant  comencfng  operations in 1977 located  at  nickerby. pmvfding 
40 dl& jobs. & 

2. A frdrnl p d t e n t i a y  located a: Lillooet  with an irrrervice  daC. o f  2979 f s  
U p u U d  to provide 200 d i e  jobs. 

" 

3. A lfma  quarry  and cewnt.plant at  Clinton,  expected  to be in production by 2981, 
W u l d  provide 125 d i m t  jobs. 

a 

4. Extansion of the B.C. &dm transaission  network  with  the  construction o f  tu0 
5Qo kV transmission  lines betwen the U l l y  Lake  and  Nicola  substations.  These 
1ims will be constructed  through  the 1977 to 1988 period with. an average  annual 
labour requi-nt of appmxiaately ll5 parsons. 

- 
., 

Induced Emlowvent  Multiulfers 

i% mathodology for estimatfng  inducad  edploynunt  aultiplien is discussed 
in the Socia-ecommic  ~cport.1  he nrultant  multipliers  for  amunities  within the 

z 

l ou l  m e  an as foollaws: IshcrofVCach.  Creek - 1.42; Lillaoet - 1.42; and  Clfnton - 
1.35. 

.. 
Projected Local Labour  Force 

r 

Th. t o t a l  dfrut, indirect  and  induced enploymnt  increments  expected to 
occur am shorn in Table 4.5-5. Total  labour f o r a  worth associated w i t h  this 
employwnt  upanrfon has been  Shawn fn Tabie 4.5-1. The  average  annual  grovU, of the 
labour  force is ca1culat.d  to be about 2.2 percent. 

m 

. 
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8. Total  H a t  Creek  Reqion 

I n  contrast   to   the  prc  l j e c t  basad foreca! i t i n g  approach  used f o r   t h e  l oca l  
study  area, employment l eve l s  for the remaining  areas  of  the  Hat Creek region  are 

pro jected based on ex t rapo la t ions   o f   h is to r ica l   t rends   in   the   con tex t   o f   expec ted  
fu ture development p a t u r n s .  

The labour  force  of  the  local  study  area, a subregion o f  the   to td l   Hat  
Creek region. has been forecast  to  increase from i t s   c u r r e n t   l e v e l  o f  3450 t o  4635 by 
1990. (See Table 4.5-,1). The res idual  area of   the   reg ion  has a current  labour  force 
est imated  a t  30 850 w i t h  85 percent of t h e   t o t a l   r e s i d i n g   i n  Kamloops. 

The future  growth  of Kamloops will cont inue  to  be l a r g e l y  dependent  on 

resource development i n   i t s   h i n t e r l a n d  and on developments  which  maximize i t s  
l oca t i ona l  advantage as a t ranspor tat ion nexus. One po ten t ia l  elenlent i n  Kamloops' 
fu ture  that   could  a l ter   th is   estab l ished  pat tern  would be  governnlent decisions t o  

meaningful ly  decentral ize  provincial  and/or  federal  administrat ions. 

The main source of fu tu re  employment generation i n  Kamloops will be i n  the 
t e r t i a r y   s e c t o r s  of  the economy. All ind ica t i ons   po in t  towards a l o v e r   r a t e   o f  
future  labour  force !?rtnvth i n  Kamloops than has been the case in   the   recent   pas t .  
Given  the  magnitude and type o f  developments that   are  expected  to 'take place,  long- 
term  growth i n  the   o rder   o f  3.5  percent  would appear  reasonable  folr  the  foreseeable 

future. Under t h i s  assumption, Kamloops' labour  force  would grow from i t s  1976 l eve l  
o f  26 300 persons t o   a l o u t  42 600 persons  by 1990. 

The remaining  areas  of  the  tota' l   Hat Creek reg ion   i nc lude   Her r i t t ,  Logan 

Lake, Lyt ton and rura l   cornuni t ies  east  of  Ashcrof t  and Cache Creek. The growth 

po ten t i a l  of  these  areas i s   e s s e n t i a l l y   t i e d   t o  expansions i n   t he   ag r i cu l tu re .   m in ing  
and fo res t   indus t r ies  as well as the  growth i n  highway t r a f f i c .  The major impetus 
will come f r o m  the  previously  mentioned  mining developments in  the  Highland  Val ley.  

With t h i s  type of development potent ia l ,   long- term  labour   force  growth  in  

the  order  of  2.5 percent  annually for t h e   o t h w   e m u n i t i e s   o f   t h e  Hat  Creek region 
would appear reasonable. Under this assumption,  the  currant a n a   l a b o u r   f o r c e   o f  

4550 perrons  would  increase t o  6400 persons  by 1990. 

Projected  labour  force  growth in the   to ta l   Hat  Creek region i s  shown i n  
Table 4.5-1. It i s  e.Kpected that   the  reg ion 's   labour   force will increase  from 33 775 
persons i n  1976 t o  !j2 930 persons by 1990 without  the  inf luence of the  Hat Creek 
Project .  

(if) Implications  of  Without  Project Employment Project ions 

The r a t e  and nature  of  growth  expected i n  the  Hat Creek region.  without  the 

project ,   could have  a number o f  s t ruc tu ra l   imp l ica t ions  for the  regional  economy. On a 
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broader  scale, the overall  development o f  the  provincial  economy  during  the  nrxt  decade 
could  affect  the  availability o f  construction  labour  thmughout  the region. 

L 

A. Seasonal  and  Cyclical  Stability 

The prevail<ng level  and  pattern  of  seasonal unemployment in the r q i o n  are 
not uprct.d to undergo any  significant  changes  during  the  forecast period. This 
frplfes no major shifts of labour to tha  sectors  experiencing  seasonal  unemployment; 
no technolagfcal  changes  which w u l d   m d u c e  seasonal  unemployment;  and, in the  case 
of  tourism. no d w e l o p m m t  o f  a  year-round  tourist  industry. 

The study rrgion's  reliance on the  forest  industry has  been  a major factor 
in the deteriorating  employment  situation  experienced  during  recent  years.  Sawmilling 
is highly  Zensitfve to changes in ludwr prices. which  fluctuate  Considerably, and is 
likely to n p r e u n t  a  continuing  source of imbalance in the  region's  economy. The 
level of mining  activlty in the  region is not  sensitive to short-term or cyclical 
variations in prices for primary metals. 

kcording to the  scenario  developed h e n ,  an upwing in both d i e  and 
inducad  construction  anploynent  should a c c m a n y  mining  investments in the  Highland 
Valley  during the late 1970's to  early 1980's. 

8. Unemlovlwnt  Without  the  Project 

U n u p l a y r n t  among males is concentrated in the fonstry,  Construction  and 
transportation s e c t o n  while  unemployment m n g  females is concentrated in sales, 
sewicr and  clerical  categories. Unemployment is disproportionat.ly  high  among  tha 
younger m d e n  of  tha  labour force. Women u p e r i m c e  proportionataly  higher 
uncqloymnt  than males. 

L 

-. 

I 
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Tha level o f  f u t u n  unemploynunt in the  study  area is closely  tied to .L 

d a d  far  the region's primary  exports,  basically f o n s t  products,  capper,  and to a 
lesser degree,  tourism  and  ncreatfon. The tfmfng  of a n c o v e y  in export (Illrkets  is 
highly uncertain. It is also  uncertain  whether  Kamloops has the  ability t o  attract  a I 

significant m u n t  of  econoaic  activity  which is independent of the  axplaitation  of 
tho region's natural resources. 

I 

It was asswed in the  scenario  for the ngion's  futun  economic  development 
that activity in the f a n s t  industry m i d  return  to its pm-recession Ieval. but  not 
increase.  and  that investmnt f n  the  copper  deposits  of  the  Highland  Valley w u l d  
procnd during tha lata 1970's and continua  through  thr  late 1980's. The scenario 
constructed h e n   w u l d  imply  a  significant  reduction in the level  of  unemployment in 
the mgion during  the l a te  1970's and  early 1980 's .  = 

~ 

.- 
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C. Construction Labour S@J 

Any pro jec t ions   o f   the   fu tu re   s ta te   o f   the   cons t ruc t ion   indus t ry   a re   per i lous  

due t o   t h e   s e c t o r ' s   i n s t a b i l i t y .  Manpower forecast ing and planning  techniques  for 
th is   sec tor   a re   no t   soph is t i ca ted ,  and subject  t o  uncertainty.  Given these 
complexities, a general  survey  of  possible  future  industr ial and enpineer ing  projects 
i n  Western Canada, and  a broad assessment o f   f ac to rs   a f fec t i ng   t he   f u tu re  supply/demand 
si tuat ion  regarding  construct ion  labour has been undertaken. 

Construction employment re la ted   to   poss ib le   fu tu re   inves tment   p ro jec ts   in  
the  region,  excluding  Hat Creek, i s  estimated a t  7600 man-years over  the  forecast 

per iod 1976-1990. Although it i s  expected t h a t  a more compet.itive  market f o r  
Construction  labour  would  prevai l  i n  L C .  du r ing   t he   l a te  1970's tcl ea r l y  1980's, it 
i S  not  anticipated  t ,hat  the  projects  which  would come  on stream  during  that  period 
would  experience d i f f i c u l t i e s   a t t r a c t i n g   c o n s t r u c t i o n  labour. 

3 

4.5.2 t o m u n i t y  Land% 

Witlrout  the  proposed  project, It i s  expected tha t   l and  uses w i t h i n  a 25 b rad ius   o f   the   p ro jec t  

m 
would  remain  stable i n   t he   f u tu re   w i th   f o res t r y  and ag r i cu l tu ra l   ac t i v i t i es   con t i nu ing   t o  dclminate. 

The po ten t ia l   ex is ts ,  however, f o r  an i n t e n s i f i c a t i o n   o f   a g r i c u l t u r a l  use i n   t h i s  area. Based 
upon agr icu l t ,u ra l   capab i l i t y   ra t ings ,   approx imte ly  10 percent  of  the  local  area  har a p o t e n t i a l   f o r  

I in tens ive development (capabi l i ty   c lasses 1 throuqh 4. improved  rating). These lands  are  located i n   t h e  

va l leys and  tlenches of  the Thompson, Bonaparte and Fraser  Rivers, on the  plateaus east. of  Pavi l ion, and 

i n   t h e  Hat Creek V a l l e y   i t s e l f .  A t  the  present  t ime  only  about two percent   o f   the   a rw  w i th in  25 km of 
I the   p ro jec t  i s  under cu l t i va t i on .  

Simf lar ly.   lands  wi th a high  capabi l i ty   for   grazing  (Grazing  Capabi l i ty   Classes 1. 2 and 3)  are 
1 located on smmdary  benches adjacent t o  t he   r i ve rs  and a t  lower  mountain  elevations i n  the  Hat Creek 

drainage  basin. These lands.  which compris. about SO percent   o f   the 25 km area.   a re   cnr ren t ly   in  use by 
local  ranchers. However. it has  been est imated  that   the  potent ia l   carry ing  capaci ty f o r  g r a z i n g   i n   t h e  - area i s  three  t imes  greater  than i t s  present  carrying  capacity.  This  suggests  that i n  the  future  the 

c a t t l e   i n d u s t t y  may s h w   f u r t h e r  expansion i n  these  lands of h igh  graz ing  capabi l i t ies .  

- The o ther   s ign i f i can t   land  use! i n  the  local  area  which m a y  be subject   to   chmgc  in   the  fu ture 

i s  m in ing   ac t i v i t y .  There cu r ren t l y  doer not  appear t o  be  any economic v i a b i l i t y  to a fu r the r  expansion 

i n  t h i s   s e c t o r ,  however, other than   the   exp lo i ta t ion  of coal  resources. - 
Bui' l t-up  land use areas will probably expand w i th   the   na tura l   gmwth   in   popu la t ion .  These 

changes are  expected t o  be minor, as the  populat ion  growth  forecast  for   the  local   arer l   is   comparat ively 

and L i l l ooe t .   Popu la t i on   i n   t he  Hat  Creek V a l l e y   i t s e l f   i s  expected t o  remain  stable  at 35 ind iv iduals .  
* modest - an average  of 42 peKent   for   the  per iods 1976-1990 f o r   t h e  communities of  Ashcroft,  Cache Creek, 
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4.5.3 Hourrns 

(a) Ashcroft 

The quantity  and  type of housing  demanded will vary  according to the  following  factors: 1. 
population  increase; 2. ability of prospective  conswars to pay f o r  housing:  and 3. lifestyle 
p n f e n n c e s  of  prospective consumn. 

The rstirmted  incremntal  papulation  of  Ashcroft and  Cache  Creek to 1990 would  bo 
approximately 970 and 580, respectively.  Without  the  project. it is projec2.d that  Clinton's 
population 4 u l d  be stable  untfl 1981, when it is anticipated  that  construction  would camence on 
tha Columbia Lima Plant. At  that t i m ,  it is estimated  that  the  papulation  would  increase by 
appmIXiOIdtRly 315  people,  with  the  population  expected  to  remain  stable until 1930. Lillooet's 
population is expected  to be stable untfl 1979, at  which t f m  the  Federal  Penitentiary  Project is 
u p u t e d  to start. At  that t i m ,  f t  13 astimated  that  the  population w u l d  increase by about 
500 paople. Subsequently,  the  papulation is anticipated  to  remain  stable until 1930. 

Buause the  majority  of  the neu Ashcroft  rrsidents  would  be  associated  with  copper  mining 
in the Highland  Valley, it is assmad that  the  average  housohold  size  and incom profile o f  new 
families,  and  the  housing  mix dmanded would  be  similar to that  found in tie  Village o f  Logan Lake. 
The hausing  mix in Logan L a b  is outlined  as follows: 

Percent of Total Estimated  Household  Sir8 

51ngle faily and d u p l u  54 3.6 ' 

Mobile H o w $  n 3.6 
Tamhouses 4 3.0 
Apa-nts 21 - 2.1 

Average - 3.26 

The housebld sire estimated far the  incrrwntal  papulation in Ashcroft is 3.6, 3.6 and 
2.1 for single  family  and  duplex,  mobile hams. and  multi-family  units,  respectively. These estimates 
apply  equally in the  case of Cache Craek. Clinton  and Lillooet. 

Table 4.5-6 provides  the  estimt.d numbor o f  additional  dwelling uni ts  r q u i n d  to house 
the up- increased  populations in Ashcroft,  Cach.  Creek,  Clinton and Lillooet. Becaw. of tha 

stable  natura  of  the  population  and  the  existing  howifq mix, it is anticipated  that Of the new 

Wiling units  required in Clinton  and  Lilloaet,  a  higher  proportion  would  be  single  family  dvallings 
than in Ashcroft or Cache C m k .  

4.5.4 Servicrs 

Based  on  relevant  standards  and  population  forecasts for the  Hat  Creek  study  araa  without  the 
project,  projections of  facility, s M f .  and  land requimments,  operating  costs and  capital  costs are 
prasentod  for  each  servica s y s t m  from 1977-3930. Dotriled  information  regarding  the  existing  services 
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a 

and pro jected  requi rements  is   prov ided  in   the Socio-economic:  Report.' A sumnary of t ha t   ma te r ia l  i s  
described  below  for each service system. 

I 

(a) Requiremelrts for  Education  Services System Without  the  Project 

I (i) Elementary  Education 

The graph of elementary  student  enrollments,  Fig. 4.5-1, sho(*s the  predicted 
trends  of  enrol lment from 1976-1990 f o r   t h e  elementary  schools i n  Ashcroft, Cache Creek 

and C l in ton .   In   these  th ree   comuni t ies .   enro l lment   i s  expected to  incre83se  gradual ly and 
the number o f  classrooms and s t a f f  needed will also  increase  sl ightly.  Total  elementary 
student  enrollment in   the  serv ice  s tudy  area E5 expected  to  increase  from 1976-1990 by 

39 percent. Over the  t ine  per iod.  1976-1990, the  elementary  school  enrollment  of  Ashcroft, 
Cache Creek  and C l i n ton  would  increase by 44 percent. 39 percent and 29 percent,  respec- 
t i v e l y .  Each of  the  elementary  schools in   the  s tudy  area has s u f f i c i e n t  space t o  

accomodate  the  increase i n  elementary  students  for  several  years. 

C l i n t o n ' s   e l m n t a r y  school  should  reach i t s  capaci ty by the  1981-82 academic 
year,  two additional  classrooms  wculd' be s u f f i c i e n t   t o  handle  the  reqirirements  of  the 
increasing  student  populat ions i n   C l i n t o n  from 1981-1990. Ashcroft's  elementary  student 
populat ion can be accomodated up to the 1985-86 academic year. From 1985-1990. three 

ex t ra  classrooms will be requi red  in   Ashcrof t .  

I n  order to main ta in   the   p resent   leve l   o f   teach ing   qua l i t y   in  t,he service  study 

area it i s   a n t i c i p a t e d   t h a t   b y  1990, seven additional  teachers  would be required i n  

Ashcrof t  and Cache Creek  and th ree   in   C l in ton .  

The operating  costs  of  schools i n   B r i t i s h  Columbia  were approximately 51490 per 
student  during  the 1975-76 academic year.  This  cost  includes  staff   salaries and the  cost  
o f  maintenance and services. Based on 1976 dol lars,   the  increase  in  e lementary  student 
enro l lment   could  resul t  i n  an increased  operating c o s t  o f  5528,950 i n   t ke   serv ice   s tudy  
area by 1990. 

(ii) Secondary Education 

Secondary s tudent   enro l lmnt  i n  the suffice study  area i s  expected t o  increase 

over  the  next 13 y e a n   a t  a r a t e   s i m i l a r   t o  the anticipated  growth i n  elementary  student 
enrollment. These enrol lment  project ions  are  shwn  in  Fig.  4.5-1. The ,secondary school 
enrollment i n  Ashcroft from 1976-1990 should  increase by 37 percent and the   j un io r  secondary 
school  by 35 percent. 

Ashcrof t 's  seconda,ry school  presently has space f o r  an ex t ra  22 Students, and i s  
rxpected  to  be operating a: f u l l   c a p a c i t y  by 1979-80. Eight   addi t ional  r:lassrooms would 
be required  to  handle  the  increase i n  students  from 1980-1990. The j u n i o r  secondary 

school i n  C l i n ton  has room f o r  an ex t ra  121 students and i s   n o t  expected t o  reach i t s  f u l l  

capaci ty by 1990. 
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In Ashcroft, ll extra s t a f f  could be necorrary  between 1977 and 1990. Three 

utra  trachen could  be  needed in Clinton  between 1979 and 1990. 

The additional  secondary  student  enrollment up to 1990 could  result in an 
increucd school  operating  cost in the s t u d y  area o f  5333,760 (in 1976 dollars) on the 
basis of the B.C. average  cost  per  student for the 1975-76 academic  year. 

(iif) Continuing  Education 

During  the  past decade.  enrollment in this  type o f  education  has  quadrupled 
throughout  the province. The continuing  education  courses in the  study a n a  have  been 
dvafldbble for  only 4 years and d-3 not  reflect the provincial t r e d  yet. As f n t a m t  fn 
the  courses is increasing in the  study  area, it is expected  that  enrollments  also w u l d  
increase in th. n e x t  few years to nflect the B.C. trend.3 Changes in the  types o f  courses 
Uut are i n  d e m n d  reflect a switching frm, courses in hobbles and crafts, to college 
d i t  courses and courses  providing  vocatfonal  training. 

3 

(b) R w u i m c n t r  for Health  Services  Without  the  Project 

The Ministry of Health  maintains  that an average  occupancy o f  70 percent is a 
SuitaEle  rate for a hospital O f  33 be& a d  SuggeStr G d t  Ashcroft and Ofstrict  General 
Hospital  could  support  a  patient-day v o l v r  of approximately  9000-10,000 days. 4 

In projectlng  the  hospital r e q u i m n t r  fn the  servfce  study  area ta 1990. the 
1976 hospital  occupancy rata of 46.2 percent  was assumed to m a i n  constant over the 
14-year period. Eased on the sbndard of 4.25  hospital  beds  per 1000 population,  the 
Ashcroft  hospital  should be able ta accomodata  the increased pOpulatio~ to 1990. 

Additional  staff w u l d  be necessary  over  the next 14 years  to handle any  increase 
in admissions.  Assuaing  the  present o c c u p u ~ y  rate and the  existing  ratio Of staff to 
patients  remain  constant over the  14-year  period,  the  following staff  could  be rrquimd at 
the  Ashcroft hospital: 

I979 
1981 
1385 
1987 
1990 

1 ta 5 additional s t a f f  
I to 3 additional  staff 
1 to 3 additional staff  
1 to 3 addftfonal staf f  
1 to 3 additional  staff 

Possible Total :  5 ta 17 additlonal  staff 

The 1976 hospital  budget fxluded an approved  operation  COSt Of 5932,809. 
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Medical - 
Based on the 1976 populat ion  o f  5200. there i s  a r a t i o   o f  one genera l   pract i t ioner  

f o r  1320 populat ion  in   the  serv ice  s tudy area.  Assuming t h a t   t h i s  stand,ard i s  maintained, 
it i s  an t ic ipa ted   tha t  one addi t ional   phys ic ian  uould be required  in  the  service  study 
area  over  the  next  14  years. 

Eased  on the  standard of one den t i s t   f o r  2500 p o p u l a t i o n   i n   r u r a l  areas i n  B.C. 
t h e r e   i s  an i m e d i a t e  need fo r  two dentists  in  the  service  study  area  which  would meet the 
needs of  the  populat ion  increase up t o  1990. The cap i ta l   cos t  of s e t t i n g  up  a f a c i l i t y  
for one den t i s t  i s  540.000-$45,000 f o r  a r e n t a l   o f f i c e  and 165,000-f70,000 i n  a f a c i l i t y  
b u i l t  by the  College o f   t len ta l  Surgeons. The opera t i ng   cos ts   assoc ia ted   u i t h   t ha t   o f f i ce  
would be $70,000-S80.000 annually. 

Publ ic  Heal th 

The Public Health  Branch of t he   M in i s t r y  o f  Heal th reconmends t h a t  one add i t i ona l  
pub l i c   hea l th   nurse   i s   p resent ly  needed i n  the  Ashcrof t   Publ ic  Heal th ~ i ' f i c e . ~  There  are 

p lans   to  add t h i s   a x t r a   n u r s e   i n  1977. Also, it i s   f e l t   t h a t  a minimum o f  one home care 
nurse i s  needed t o   p r o v i d r  home care  services i n   C l i n t o n .  When these  twu  nurses  are added 
to  the  Ashcrof t   of f ice,   t t le  staf f ing  should be  adequate t o  meet the need!; of  the  increased 

popu la t ion   to  1990. 

Mental  Health 

There i s  an i m e d i a t e  need i n  the  study  area for mental  health  services. The 
Mental  Health Branch of t he   M in i s t r y   o f   Hea l th  suggests that   services be i n i t i a t e d   i n   t h e  

study  area  by  locating one mental  health  worker  there who uould be at tached  admin is t ra t ive ly  
t o  the Kamloops Mental  Health  Centre.  This  mental  health worker uould  requi re  One par t -  

t i m e   c l e r i c a l   s t a f f  and 25 m o f   o f f i ce  space. The operating  costs  would be approx imte l y  

St6,000/yr. 

2 

Ambulance 

The l e v e l   o f  ambulance service  required  in  the  study  area will depend on 
demonstrated need. one acidi t tonal   fu l l - t ime eapVoyee i s  present ly  needed to  operate  the 
second  ambulance loca ted   in   Ashcro f t .  One addi t , ional  ambulance  and one f u l l - t i m e  employee 
should be necessary  by 1987 i n  Ashcroft and Cache Creek. 

The operating  cclsts for the ambulances i n   A s h c r o f t  and tachs Creek could be 
130,000-145,000/yr. The operating  costs f o r  the   C l in ton  detachment could  vary from 

$4000-18000/yr. 
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(e) Reauirementr for Recreation Sewices System 

b m n i t i r s  in the  study  area a n  lacking in recreation  facilities  and the existing ones 
a m  being  used  at  close to capacity.  Each c o m n i t y  surveyed  expressed  the need for  additional 
menational facilities. mils 

- 

Population in the study  area is upected to incnase by approximately  one-third  over  the 
n u t  14 yean.  Upgrading  of  uisting  recreation  facilitiar  would  assist in meeting the neids of 
this  population g m d h .  The camunity halls in Ashcraft  and  Clinton,  and the swimming pool i n  

Ashcroft  need  special  attontion,  suggestad by representatives in the study ana. 

.I 

(L 

I n  addition to the upgrading of existing  facilities,  the  coarmnitirs in the study  area 
already  have  reached  a  size w h e n  a d w n d  has  been  expressed for other  rrcreational resources. The 
incnased  population in f u t u n  years  would  put  further prosrun on this dltlland. w 

Although m e n a t i o n  facilities a m  provided  within  village  boundaries,  rural  residents 
also  make use of these services. In the study  area, the rural  population  wanted  the use of  curling 
and borling facilities  and nsources fo r  children. 

Givrn the constraint of covering  operating  casts  and  the  range of response  that wre 
nceived in th. survey, it is possible  that the f u t u m   m a d s  o f  the  study  area  residents  could be 
n t  by a  multipurpose  recreation c o q l u  that  could  be  used and casts  shared  jointly by Ashcroft. 
k h 8   C m k  and Clinton. 

(d) R w u i m n t s  for  Social Sewices System 

The Ministry of H u u n  Resourcar' i.qui-ts are determined by CaSelOddS.  Recausr  caseload 
stdndards a n  not  available, the average  population per liman Resources worker fa r  8.C. regions, 
ucluding the Lowr Rainland. ws applied in calculating mquimmnts  for  the  service  study area. 
Given the population  profrctions, no additional  staff or facilities  wauld  be  nrcessary to 1990. 

(e) Requirements for Cultural  Services  Svstem 

As the population grows, the d a d  for cultural  activities  and all f o r m  of entrrtaimnt 
t.nd to increase. Howver. there i s  sufficient  space in uisting  facilltims in Ashcroft,  Cache 
C m k  and Clintnn'to accolodate a fen additional  activfties  organized by those  camunities. 

Projections  of  library  services i n  Ashcroft,  Cache  Creek and Clinton  based on the standards 
of the B.C. Ltbrary Oevelopmnt Camissfon. indicate  that the existing  facilities and staff o f  the 
thrs8 libraries  would  be  adquat. to 1990. 

(I) Requimmnts for  Other Services Svs- 

The existing  corrections  staff would be  sufficient to handle  any  increases i n  the  Population 
i n  the service study area  over the next 14 yean. One sheriff is n88d.d presently  to  provide  sheriff 
services for the a n a ,  including  Lytton  anULillooit, as wll &a Ashcmft and Clinton. Other 

4 - 32 Par t  Three 
m 



rl 4.5 50CIO-ECONOMICS - (Cont'd) 

( i v )  - Roads 
~ 

A. Proposed In tersect ion Imorovements 

The 1962 M in i s t r y  of Highways  improvement p lan   bas ica l l y   invo lves   p rov id ing  

four   t ravel l ing  lanes on both  sections o f  the Trans Canada Highway  and the  Cariboo 
Highway. AS of December 1977, the  Min is t ry  of Highways has  no firm schedule t o  
undertake  the  four  laning improvements w i t h i n  Cache Creek. The Mi I r i s t ry   o f  Highways 
has ind ica ted   tha t   lhesc  improvements  would be required  regardless of the  extent and 
t im ing  of populat ion .increases i n  Cache Creek  and Ashcroft. 

6. Local Roads 

Local  roads  are  generally  considered  to be adequatl? t o  accommodate 
ant ic ipated  populat ion  increases  wi thout  thc  project .  

( V )  Storm  Drainaqe 
II 

No major  trunk  storm sewerage f a c i l i t i e s   a r e   r e q u i r e d   i n  view of   the  general  
a c c e s s i b i l i t y   a f   n a t u r a l  dvainage  features. 

(c )  .. 
(i) Water  and Sani tary Sewaqe Syrtrm 

It i s  expected t h a t  no major improvements would be required  to  adequately  handle 

the  population  increments  anticipated  without  the  Hat Creek Project. 

t o  1990. 
Roads have  adequate capaci ty for the   ex ls t jnq   popu la t ion  and pl-ojected  increases 

(iii) Storm  Orainaqe 

No major   t runk  s torm  dra inage  fac i l l t ies   are  requi red  in  v i w   o f  the  general 
access ib i l i ty   o f   natura l   dra inage  features.  - 

(d)  Reqional  Infrastructure 

(1 )   Pro jec t ion   o f   T ra f f i c  Volw> - 
The Coquihalla Highway will provide an a l te rna t ive   rou te   th rough  the   In te r io r ,  

connecting Hope t o  Highway NO. 5 i n   t h e   M e r r i t t  area, v ia   the  Coquiha:;la Pass, and the 

Coldstream  Valley. The proposed  route  should be i n  operation by the mid-1980s. according 
to  current  p lans. 

-I 

4 - 35 

I 

Part  Three 



4.5 SOCIO-ECONOMICS  (Cont'd) 

4.5.5 C o m n i t v  and  Reaional  Infrastructure 

(a) Ashcroft 

(1) Uater  System 

Th. following ilqrovements a n  required  to  adequately sewice  the  existing 
population, u well  as  the i n c m t a l  population  anticfpated  to I990 without  tha  Hat 
C n e k  Project: 1. 1 no, water intake;  and 2. distribution  systaa in North  Ashcroft, 
reconstmction of E l m  S t m t  bo4ster station  and  supply main improvmants. 

(ti) Sanitary S w a a e   S y s t m  

Once c u m n t  improvenents a n  completed,  additional  improvewnts  would be m q u i n d  
to a c c o m d a t e  the  projected  population  increases  to 1990. 

(iii) Rolldr 

Major upendftuns on upgrading  uould  not  be  requircd to accom&ate projacted 
population  increases to 1990. 

(b) Cache  Creek 
m- 

Udter System 

If a policy w u  adopted to limit  further  development in East  Cache  Creek  and  to 
d i n e  no, development  into  the  several  vacant a n a s  where adequate  capacity  exists for 
coqlete infilling. t h e n  would  be no need for upgrading of the  existing  water  system 
ccqmmts .  The existing  inadequacies in available ffre flows in the  east  section  would 
-in u n c o m t a d .  

I 

IC 

Sanitary  Sewaae  Svstea * 

Given  a t n a t w n t  plant  with a ratad  capacity to s a w e  a population  of 5000, and 
trunk main facilities with adaquate cawfty,  improvamnts would  not  be  required to 
ace-date population projections to l990. 

Solid  Uasta  Oisposal 

L 

m 

. The site  has  ample  capacity to accDmwdate  the needs of both comunitirs in the 
fonsemblr future. L 
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1. Each category of expenditures  included  operating and aaintenance  costs,  capital  (debt  ret irement) 
and purchase o f   cap i ta l   i tems f r o m  general revenue. 

2. All estimates  are  expressed i n  constant 1977 dol lars .  

3. It i s  assumed t h a t  sewer, water and  garbage serv ices   a re   to ta l l y   se l f -sus ta in ing  and therefore 
are  excluded from the  project ion  of  expenditures. 

4. It i s  assumed tha t   t he re  will be no cont r ibu t ions   to  a resewe fund. 

5. It is   p red ic ted   t ha t   cos ts  will genera l l y   r i se   approx imate ly   in   p ropor t ion   w i th   the   p ro jec ted  
increases i n  population. 

The revenue  which  must be generated by property  taxes i s  determined  by  taking  the  difference 
between Flrojected  expenditures and pro jected revenues  from  nonproperty  tax  sources. 

The sect ions  to  fo l low  provide  budgetary and f i sca l   re la ted   i n fo rma t ion   f o r   t he   mun ic ipa l i -  
t ies   o f   Ashcro f t ,  Cache Creek, C l i n ton  and L i l l o o e t .  

(b)  Projected  Exoenditures and Revenues 

Table 4.5-8 provides  the  projected  expenditures and revenues fo r   t he   mun ic ipa l i t i es  of 
Ashcrof t , ,   Cl inton and Cache Creek.  These estimates, based  on the   p ro jec t ing  approach o u t l i n e d   i n  

the  prev ious  sect ion,   re f lect   populat ion  gronhs  in   these  three  cwununi t ies.  

(e) Assessmertt  and Property Tax Rates 

On the   bas i s   o f   res t r i c ted   va lue  assessments  (as  opposed to   us ing  current   actua l   va lues  in  
the  dete la inat ion  o f   ind iv idual  asswssed values), it i s   p r o j e c t e d   t h a t  assessed  values  would  increase 

in   d i rec t   p ropor t ion   to   Ashcro f t ' s   popu la t ion .  The property  tax  rates (mill rates)   requi red  to  
generate  the necessary revenue requip-nts  are  presented i n  Table 4.5-8. 

II For Cache Creek, the  proport ion of to ta l  values  represented by c o n e r c i a l  values i n  1976 
i s   d i sp ropor t i ona te l y   h igh .   Th i s   p ropor t i on   i s  expected t o   d e c l i n e  as add i t i ona l   res iden t la l  
developmcmt takes place. It has therefore been  assuaad i n   p r o j e c t i n g  assessments tha t   the   res ident ia l  

I '  componenl: would  in&ease  proportionately with population. It has also been assumed tha t   the  

comerc ia1  component would  increase somewhat slower,  although a sizable  shopping  center i s  planned 
fo r   the   comuni ty .  me pro jected assessments  and mill r a t e s   f o r  Cache Creek are  found i n  - Table 4.5-8. 

Table 4.5-8 also  contains  the  projected  property assessments  and tax   ra tes   f o r   C l i n ton .  
Assuming t h a t   C l i n t o n  does not  un&rtake any major  capit.al works pro jects ,  it i s  expected tha t   t ax  

rates  would be maintained a t  a low  level .  
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4.5 SOCIO-€CON(x(ICS - (Cont'd) 

-. 4.5.6 

The Mlnistry of Hlghways estimates  that wi thou t  the  Coquihalla Highway, s w r  
t r a f f f c  volumes a t  the China-Ear Tunnel on Highway No. 1 would increase from 

8500 vehicles/day i n  1976 to I3 300 i n  1986. An extrapolation of this  projection to I991 
results i n  an est lmtad  voluw of 15 700 vehiclrs/day  during that year. Summer t r a f f f c  
volums just south o f  Ashcroft  average  about 90 percent o f  the leve ls   a t  China Ear. The 
Mlnistry est1mat.s that 1986 vo1Up.s on Hlghway No. I vi th  the Coquihalla Hlghway  would 
appro r lmt .   lwe l r  experfenced  durlng 1974.' T a l e  4.5-7 contains these projections. 

The projections for  Hlghay No. 97 refer  to a point imnndiatmly north and south 
of the junction w i t h  Hlghvay No. 12. Ru sumer average  daily  trafflc flow a t  this  point 
Is p r o j e c t a d  to i ncnase  frru 6700 to ll 500 vehlcledday betwaen 1976 and 1991. 

Sunrr t ra f f lc   vo luws  on Highway No. 12, recorded near Pavilion, am  sna l l .  
averagfng  about 400 vehicles/day. An extrapolation o f  historical  trends over tine  Indicates 
an Increase to about 550 vehicles/day by 1986 and 600 vehicles by 1991. 

frafflc flows 1xord.d i n t e m i t t m t l y   a t  the Caquile  Junction w i t h  Hlghway 
No. 97 indlcat. that the volma o f  t r a f f i c   a t   t h a t  poln t  on Highway No. 12 Is about 
SO percant higher than a t  th. point  south of Pavilion. I t  can be axpected t h a t   t r a f f i c  
v o l w s  -st o f  the Hat Cmek Junctlon would contlnue to exceed volumes near  Pavlllon by 
a b o u t  300 vehicledday (i.0. a to ta l   vo l tm a f  900 vehicler/day). 

( i l l  Utilitv Pmlectians 

A. E.C. Wdm 

No problem a n  foreseen I n  providing  electrical  supply to Ashcroft, Cache 
C m k  o r  Llllwet. 

8 .  B.C. Telephone 

No problem a n  foreseen i n  provldlng the muired  additionel  telephone 
sewicn in each o f  the four  municipalities. 

C. Inland Natural G a s  

In arch o f  th. thne c-ltin of Ashcroft, Cache Cnek and Clinton. no 
p r o b l m  a n  fonsaen !n pmvldfng expanded serfice. 

Local and Regional Govarmnt 

(a) Introductlon 

In projectlng  Ixpendituns, the following apbi%ach v u  u s e  

II 

c 

.- 

I 

n 
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4.5  SOCIO-ECONOHIC~ - (Cont'd) 

Wi th   prov inc ia l  government ass is tance,   to ta l  annual  cost!; are  expected t o  
be reduced-to  approxilaately 595.000. Total  costs  per  capita  would no': be s i g n i f i c a n t l y  
higher  than  present  costs and as such, rates  would  not be a l t e r e d   s i g n i f i c a n t l y .  

Without government assistance, it i s  est.imated that  user  rates  would have t o  be 
increased by approximately 30 percent to a  leve l  of approximately $UO/:yr per user. 

Cache Creek 

With  respect to sewer services, it is  ant ic ipated  that   the  exi ! ; t ing  annual   rates 
of  approximately $120 p e r   r e s i d e n t i a l   l o t  would be  adequate for  the  forecast  period. 

Ex is t ing   water   fac i l i t i es   wou ld   genera l l y  be  adequate t o  accDnmodate projected  populat ion 
inc icases   to  1990. Thr exis int   water  rates  of   approximately  5165/yr for an average 
r e s i d e n t i a l   l o t   a r e   r e l a t i v e l y   h i g h .  NO further  increases  are  expected i n  the  near 
future.  

C l i n ton  - 

The ex is t i ng   san i ta ry  sewer system i s  general ly adequate, wi th  only  minor 
extensions  required t o  accomnodate  an increase i n   p o p u l a t i o n   t o  U O .  It i s   t h e r e f o r e  

an t i c ipa ted   t ha t   t he   ex i s t i ng  annual rates  of  approximately 575 p e r   r e s i d e n t f a l   l o t  
would  not have t o  be increased  s ign i f icant ly  i n  the forecast  period. 

Water - 
Based on thie need for upgrading o f  the  water system (alternate  groundwater 

sources,  upgrading mains f o r   f i r e  flow), t h e   v i l l a g e  has pro jec ted   tha t   cap i ta l  
expenditures of approximately $110,000 would be required  (equivalent  to  approximately 

SU.OOO/yr. Under the  Water f a c i l i t i e s   A s s i s t a n c e   P r o g r m .   t h e   v i l l a g e  would be 
e l i g i b l e  f o r  an  annual grant 07 approximately 59000. Resultant Cos'ts t o  t h e   v i l l a g e  
would therefore be approximately 531,000. In 1976, projected  revenues were 521.000. 

As such, ex i s t i ng   ra tes  o f  approximatrly $50 p e r   r e s i d e n t i a l   l o t  would have t o  be 
increased  s ign i f icant ly   to   approx imate ly  575-580 per   lo t .  The resu l tan t   ra tes  would 
s t i l l  be r e l a t i v e l y  1 0 ~  compared w i th   ra tes  i n  Cache Creek  and Ashcroft. 

L i l l o o e t  - 
Although  existing1  water and sewer ra tes   a re   re la t i ve l y  low,  (wate'r - approximately 

$77/yr  for an  average r e s i d e n t i a l   l o t  and sewer - approximately $50/yr), it i s  ant ic ipated 

tha t   ra tes  would have t o  be increased t o  financ'e the improvements requ i red   to   bo th  systems. 

4.5.7 Social  Environm& 

The study  area would undergo  st.eady bu t  slow economic growth from the  present   t ime  unt i l  1990, - 
if the  an t ic ipa ted   indus t r ia l  development  Fsrojects  occur and the  Hat Creek Pro ject  does not  vroceed. N& 
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4.5 SOCIO-ECONOMICS - (Cont'd) 

(d) Water  and Snnr Services 

(i) Ashcroft 

A. Smr 

The following i s  an analysis of proiacted costs for the upgrading of the 
S M r  systam, showing costs to   the  vi l lage w i t h  and without the existing  assistance 
available f r o m  the  federal and provfncfal  govennnnts. 

Estimated Annual Costs 

1. Capftal cost3 - Nw WorXI $141,200 - Existing  Facil i t ies 
5165,900 

2. Operating. Haintenam plus  
Contingencies 54,000 

TOThL m9,900 

Y f W  any assistance, therefore, t he  annual cost to the vlllage would be 
approximately SU0,MH). With assistance under u is t ing   p rovfncfa l  and federal 
programas. however. the annual cost to the vil lage . i s  reduced to approximately 
S100.000. I n  order tn r a i s r  this amount, i t  i s  anticipated  that the f o l l a i n g   r a t e  
s t m X u m  would be ilaposed: 

1. .Sewer uti1 ity ra te  - $6.00/.0 or 572.OO/yr. 

2. Frontage tax - $2.80 per iront  antre. 

Assulng an avenge  lot   frontage of 20 m. total annual sowrage casts would 
be approximataly SUO/yr per user. 

me estimated  capftal cost of improvements rrquired to  accmmndate population 
increases i n  Ashcroft to I9990 i s  uBO,OOO, whfch is qu iva len t  to a debt retirantnt 
pIyunt of  approximately $30.000/yr.  Assuming this work i s  undertakrn i n  1980, 
annual costs  after  that   data  am  estimated as follows: 

- I t u  Estimated Annual Exoenditumr 

Capital - Orbt Ratiresent 5 62,000 
Opentfng dnd Maintenance e 

TOTAL $527,000 

I 

1 

F 

I 
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Host  comunit ies  in  the  study  area  would have only  minor  problems  meeting  their  housing.  land 
and physical   infrastructure  requirements up t o  1990. The adequate prov is ion,   locat ion and choice  of 

housing and land  would be a major factcNr i n   a t t r a c t i n g  and retaining  residents.  Thi!;, as  much  as any 
other   factor ,   would  Contr ibute  to   the  qual i ty   o f   l i fe   o f   the  res idents  and the   cornun i t ies   in   the   s tudy  
area. I f  the  comunit ies  wish  to  take  advantage  of   the  s i tuat . ion,   steady  growth  would  a l low  for   Car l fUl  

m 

I p lann ing   to  metst cornuni ty needs. 

m 
The v a l l e y  may r e t u r n   t o  a s t a t e   r e m i n i s c e n t   o f   i t s   r u r a l ,   a g r i c u l t u r a l   p a s t  and the  residents 

would be a b l e   t o   c o n t i n u e   v i t h   t h e i r   ' l i f e s t y l e .  Mernbers of   the   remain ing   va l ley   Vmi l ies  who have 
expressed  inttsrest i n   l i v i n g   i n   t h e   v a l l e y  may not  make t h a t   c o m i t a e n t  under  the  circumstances. The 
grazing and r g r i c u l t u r a l   p o t e n t i a l   o f   t h e   v a l l e y  may be increased i f  f u r t h e r   i r r i g a t i o n   i s  developed, 
benefi t ing  both  the  study  area and the  region. However, p lans   fo r   the  developlnant of  the Coal deposits 
by B.C. Hydro  would  continue t o  be  a factor   in   the  va l ley  res l 'dents '   p lans and, therefore,  may af fect   the 
implementation  of any expansions o r  improvements they  might  contemplate. - 

Issues. however, may arise  should  the  Hat Creek Project  not  proceed. The social  environment of 
the H a t  Creek Val ley ha5 been a l te red  by the  explorat ion.  bulk  sampling and environmentill  study phases of 

I the  Hat Creek Project.  Also, B.C. Hydro  has  major land  holdings i n  the   va l ley  and some residents have 

relocated. The expectations  of many residents have  been ra ised  in   an t ic ipa t ion   o f   the   p ro jec t .   Ac t ions  

already have  been taken assumtng approval of   the  Hat Creek Project .  If the  p ro jec t  does not  proceed, 
.L these  comuni t ies and residents  would be d i rec t l y   a f fec ted .  

4.5.8  Nat ive  Indian Stud(as 
= 

(a) Demoqraphic Character is t ics  

The r a t e   o f  growth f o r  on-Reserve populations  would be s t rongly   a f fected by the  perceived 
re la t i ve   a t t rac t i veness   o f  life on and off  the Reserve. An improvement i n   t h e   l e v e l s   o f   I n d i a n  

employment i n  the  study  area, withc8ut the  Hat Creek Project.  would  serve  to  reduce  the  pressure on 

Reserve .residents  to move  away i n   o r d e r   t o   o b t a i n  employment. The increased  f inanc ia l   s tab i l i t y  
t h a t  employment would b r i n g   r e s i d e n t s   i s   l i k e l y   t o  be r e f l e c t e d   i n  a  General  improvement of  the 
socio-economic  environment o f   the  F:esawes and. therefore,  would  probably  further  serve to negate 

some of  t l ie  pressures  that have  been found t o  cause Indians t,o l eave   t he i r  Reserves. 

It i s  forecast,  therefore,  that  the  percentage  of.Band members leaving  the Reserves i n  the 
study ar#!a would s t a b i l i z e  over  the  study  period.  Since  the  total Band populat ion would increase, 
the on-Ri!serve population  would  also  increase.  This  growth can  be  expected t o  bl! i n   t h e   o r d e r   o f  
110-140 persons to   t he   yea r  1990. - 

(b) Labour  Force and Emplovment 

I Steady  economic expansion i s  be ing   p red ic ted   in   the   loca l   a rea ,   la rge ly  on the  bas is   o f  
expected  mineral-related developments in   the  High land  Val ley.  These developments a r e   l i k e l y   t o  

generate i n  the  order  of 2500 permanent d i r e c t ,   i n d i r e c t  and induced  opportunit ies i n   t h e  area  over 

the  next 15 years, as we l l  as a large number of  short-term  construction  jobs.  Natural  turnover i n  
the  present economy of  the  study  area i n   i t s e l f  generates a s i g n i f i c a n t  number of  job  opportunit ies. 

-f 
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mining operations  are  anticipated  in  the Hfghland Valley and Clinton might be the  location of a lime and 
cemnt plant .  Planning i s  undemay for a nrw federal-  penitentiary  in  Lillooet. I t  is  projected  that 
nearly  two-thirds of the incoming populatfan would locate  in Ashcroft and Cache Creek with relat ively 
small growth in  the remaining a n a s .  RH coawnit ies  may not l i b l y  be able to absorb  the  increased 
population  without community dfsruptions.  Regardless. a decision  not to b u i l d  the Hat C m k  Project 
would result in s o w  oocfal  inpactr on the study a n a  especially  in Cache Creek, Ashcroft and the Hat 
C m k  Valley as discussed below. 

Uhile then i s  an immdiat. n e d  f o r  some services,  irrespectfve of the amount of growth in  the 
study area, other   sewfcw  wuld be able to accwwdat.  the  expected  populatfon  until L990. As the 
avai labi l i ty  o f  services  is  an Important par t  of the quality of l i f e  in any colpunity.  the  projected 
service needs should be met if tha study a n a  camunities  plan to develop as  stable,  cohesive  entities. 
This would be especially  Important if the Hat Creek Project does not go ahead because of the  existing 
expectations of the  residents  that  action would occur. Sm camunities  l ike Cache Creek would nred t o  
work hard i n  order to keep th8 ufs t ing   res idents  and a t t r a c t  nwoncrs.  

If  the p r o j e c t  does not  proceed, and the anticipated  population growth generated from the  other 
project$  is .realired.   several   posit ive  attrfbutas of the c m n i t y  may be enhancad. The flnt cha rac t e r  
h t i c   i s   t h e  small rural natun o f  the  coawnities.  Uith a slow b u t  steady g r w t h  rat .   unt i l  1990, the 

colrunities most l ikely would be able to absorb this growth w i t h  few problems. This would allow  the 
n t m t i o n  of th. 5-11 tovn, friendly atm0sph.m which so many residents  indicated was a major a t t r i b u t .  
of th. conunlty. l?m colaunitfw should  continue to kaep their  famfly  orientatfan which many residents 
said w a desfrable  setting f o r  raising  UHir  childnn. A steady~population grwth would allow  these 
cturactor is t fcs  to -in as they a m  now. or. perhaps, bc enhanced. 

Another desirable  attr ibute o f  the a n a   i s  the  existing  natural  mvfronment,  offering  access t o  
the  out-of-doors and associated  r rcnat ional   mnit ies .   Ui th  a steady, b u t  relatively. small population 
increase.  the  recreational  amnitfas of the a n a   w u l d  n o t  be ave ru t f l i i ed .  The env i romnta l  
deterioratlon feared by s o n  residents. from the  devrlopwnt o f  a large  industry, would mat occur, and. 
t h e n f a n ,  the  envfromntal  quality of the region may not be appreciably  affected. Because of th i s  
environanntal  quality the area would retain and possibly continue to draw new residents. 

As the st?-  population growth primarily wuuld be related to mining, the incoming residents 
probably w u l d  have similar demographic characterist ics to the  existing  residents,  especially  in Ashcroft. 
E8caust o f  this,  and the   r i l a t ive   s tab i l i ty  of the  existing  coaaunities, i t   i s   a n t i d p a t a d  that the  level 
of socfal  probleas  in  the  cormnities would see l i t t l e  change,  possibly  increasing a t  a rats  pmportfonats 
to the  population  increase. The existing  probleas  nlat8d to a lhho l  and juvenile  activit ies can be 

'reduced if  the  proper  services a n  provided, as  discusred  previously. 

As noted in  the  Resident Survey. while many peoplt  in  the  study  area  favound  large  increases 
i n  the populatfon, an even g n a t c r  n-er indicated  steady growth as  being  desirable. The re la t i re ly  
steady growth situation which w u l d  develop  wlMout th. p r o j e c t  would allow  the  camunities to support a 
stable  econooic  base and t h u s  n f l e c t s  a desirable growth profile. While Ashcroft would probably  continue 
to sm s o w  turnover i n  the ainfng  industry, the population gmrch aver the  longer t fw period my allow 
further  integration of the  existing and new residents  into  the  cwunity.  Clinton,  potentially  affected 
by th. development of the liw and cemnt  plant,  wuld see i t s  populatfon  stabilize w i t h  some growth 
occurring. which, however. would only take up the existing surplus  service  capacity. 
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The 1971  survey  indicated  the need fo r  1042 new houses, suggest ing   tha t   the   s i tua t ion   i s  
deter iorat ing.  The B.C. Socio-economic  Development Comission, i n  it:; 1977 report ,  11 

concluded  that  old  housing, new family  formations and perhaps r is ing  expectat ions,   are 

c rea t i ng  a  heavy demand fo r  new uni ts.  

Improved  housing  standards on Reserves would  probably be achieved  only as a r e s u l t  of 
improving  the  employment/credit  capabil ity  of on-Reserve residents,  or by extending  the amount o f  
funds a v a i l a b l e   f o r  on-Reserve  cons1:ruction.  There are  indications  that  both  of  these  things  would 
happen t o  some extent i n  the  future.  The previous  sections on  employment  and population  suggested 
tha t   the  socio-economic  status  of  Indians in   the  s tudy  area would  improve i n  the  future and it i s  

understood that  the  Central  Mortgage  and  Housing  Corporation (CMHC) i s  considering  extending  the 
range  of nn-Reserve programmes. 

I (e )  Natural R(?source U t i l i z a t i o n  

(i) Fisher ies 

There i s  some evidence that   the  Ind ian  catch per capi ta  has  been growing i n  
recent  years,  but  the  data on which this  t rend  is  obsewed  are  quest ionable."  It is 
maintained  that   Indian salmon consumption  per  capita  would r w i n   f a i r l y   s t a b l e  through 
the   p ro jec t ion   per iod ,   bu t   tha t   overa l l  consumption  would  increase c,onxnensurate w i th  

population  growth. The real  value  of  the  consumption i s  expected t o  increase i n   l i n e  with 
the   h i s to r i ca l   re la t i onsh ip   o f   f i sh   p r i ces   t o   t ne   genera l   l eve l   o f  price!; i n  the economy. 

Trou t   f i sh ing  by Ind ian people i n   t h e   l a k e s  and  streams of  the  study  ama i s   l i k e l y   t o  
increase in  the  future  prswided  that   stocks  are  maintained  to  sustain  increased  f ishing 
e f f o r t .  

doub t fu l   t ha t   t h i s  a c t i v i t y  would engage a s i g n i f i c a n t  number o f  Indian  people i n   t h e  
Without a major change i n  the  general p r o f i t a b i l i t y   o f   t r a p p i n g ,  it i s  considered 

future.  

Hunting i n  the h i l l s  and laeadows of  the  study  area i s   r e p o r t e d l y  a popular 

a c t i v i t y  among Ind ian males. The c u r r e n t   k i l l  by Indians i s  est imated  at  about 15-30 
mule  deer  annually.'  Given  the p r i o r i t y   h u n t i n g   r i g h t s  of Indians; ,it i s  considered 
u n l i k e l y   t h a t   t h e i r  average k i l l  would  decl ine  s igni f icant ly.  On the  other hand, wi thout 
substant ia l  game management inputs,  it i s   u n l i k e l y   t h a t   t h e   r e s o u r c e  would expand. The 
expected resu l t ,   t he re fo re ,   i s   t ha t   t he   k i l l   pe r   I nd ian   hun te r  would l i k e l y   d e c l i n e   o v e r  
time. 

(iii) Vegetation 

Because the  nature or extent  of  current use i s  not known it i s   n o t   p o s s i b l e   t o  
make any reasonable  judgement as t o   t h e i r   f u t u r e  use. 
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Them a n  c u m n t l y  s o u  70 Indian m d e r s  of the labour force not  regularly employed, and 
on the order of 100 people would need t~ be accomdatad in  the labcur force  over  the nut 
10-15 years. I t  would seem reasonable,  therefore, that many o f  these  could be employed over that  
period i f  the nwrous  barrfers  to Indfan employment can be overcam. It i s  the detailed  envimn- 
manta1 consultant’s judgment  tha t  the nut 15 years  will 5- a  substantial  decrease i n  these 
barr iers  and a corresponding  incnase  in the level of Indian rmploywnt in  the study a n a .  

A quantitative pmj.ction of Indian  incow  uithout the Hat Creek Project cannot be 
confidmtly developed. However, i t  is likely that incon  levels  among Band umbers would r i s e  i n  
reel tern i f   i nvo lvmnt  in the wage econamy takes place. 

(d)  Education.  Health and Housing 

(1) Education . \  
Th. wi thout  project fomcaats of student  population and f ac i l i t y  expansions. 

developed for  the overall Hat Creek socio-economic studies,  are  not  expected to s ignif i -  
cant ly  a l t e r  or influence  the  trends i n  local Indian education. The in-coming population 

. , will be mostly non-Indian. Hawever adverse  effects on racial haracny and, consequently. 
Indian  educational  achirvcnwnts,  will be mainly a  factor of the  att i tude of the local 
Indfan pwpl. thcarelves. 9 

. .  

Without the Hat Creek P r o j e c t ,  i t  i s  expected that  population and economic 
growth i n  the study a n a  would increase  steadily  over the n u t  decade. The f u t u r e  health 
standards of the Indian  people might be expected to reasonably  correlate w i t h  their   econwic 
and social  welfam. 

The Hat Creek socio-economic study  indicates  that as long as  staff  increases are 
colrwnsurata with  population growth, them  should be no significant  capacity p r o b l e m  
among the ana’s  health  services that might c n a t .  particular concerns for the Indian 
peaple. Th. u j o r  collllunity deficiencies  identified  relate to d a t a l  and mental health 
f ac i l i t i e s .  Health  services would  be iqmved  for both Indian and nowIndian  people i n  
the local  area to the extent  that  populatfon growth encourages  the  pmvision of these 
f ac i l i t i e s .  

( i i i )  

I t  i s  d l f f i cu l t  to p n d i c t  the axtent to which housing conditions on th. Reserves 
within the study area  wuld  iapmve i n  the future.  Inadequate housing i s  O f  primay 
concern t o  Indian p u p s  and government. The 1973 Biennial Housing Survey carried o u t  by 
the OgarWnt o f  Indfan  Affairs shawed that  of the 6 x 4  horns on Reserves i n  British . 
Col-ia, 1042 wen i n  need o f  major repair, w i t h  an additional 2468 new houses needed. 10 
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outdoor  experience may f i n d  no diminut ion even i f  the number o f   w i l d l i f e  taken i:; reduced. Others 
may range fa r the r   a f i e ld ,   pene t ra t i ng   i n to  areas more remote  from  present a c t i v i t y   l o c i i t i o n s .  

(b) Forecast!! 

(1) Population Growth 

An ind i ca t i on   o f   po ten t i a l   rec rea t i on  demand, p a r t i c u l a r l y   i n  Areas A, B and C, 
( r e f e r   t o  Fig. 2.5-1, Chapter 2.0).  i s  the  forecasted  population  growth i n  nearby 
comunit ies.   Populat ion  forecasts  wi thout  the  project  have  been pmpared  for  nearby 

comunit ies.  For  the  Hat Creek V a l l e y   i t s e l l ,  it has  been forecasted  that   populat ion 
would  remain  constant a t  35 ind iv iduals .   Growth  forecast   for   nearby  conuni t ies  is  
comparatively modest. ris.ing  about 33 percent  over  the  period  from 1976 t o  1990.  Growth 

i n  unincorporated  areas was determined  to. be zero due to   annexat ion   o f  new growth  areas by 
loca l   comuni t ies .  

(ii) Future  Recreat ional   Act iv i ty Growth 

Recreat iona l   p r rnure  on the  Hat Creek Va l l ey   i n   t he   f u tu re ,  as it i s  today, 
would be brought  about by  two  groups: those who l i v e  nearby and  can v i s i t   t h e   a r e a  and 
r e t u r n  home w i t h i n  a  day;  and those who a re   v i s i t o rs ,   s tay ing   a t  nearby pub l i c  or  p r i v a t e  

f a c i l i t i e s .  While  there  are  differences by t y p e   o f   a c t i v i t y ,   t o t a l   r e c r e a t i o n   i n   t h e  
va l l ey  ' i s  est imated  a t  Stresent t o  be approximately 49 percent  non-local and 51  percent 

loca l .  

In   fu tu re   years   these  ra t ios  may change, as could  the  to ta l  nunber  of recreat ion 

a c t i v i t y  days. The changes could depend on many factors  among which ,are the  growth i n  
populat ion  o f   both  par t ic ipant  groups, recrea t ion   ac t i v i t y   par t i c ipa t ion   ra tes ,   inc reased 

per   cap i ta  and household income,  access, t h e   a v a i l a b i l i t y  of f a c i l i t i e s  and the i r   cos t ,  
and t h e   a v a i l a b i l i t y   o f  n r u  or subs t i tu te   recrea t ion  areas t o  accom'adate  crowding a t  
e x i s t i n g  areas, as we l l  as increased  total  demand. 

Reviewing  the  available  data  for  pas't  years on highway  volum#!s. p r i v a t e  accom- 
modation  units, Parks  Branch s i t e  numbers and  use. growth i n   f i sh ing   l i censes  and other 
i n fe ren t i a l   i n fo rma t ion ,  t.he conclusion drawn is that  future  growth i n  rq?creation  pressure 
on the  Hat Creek Val ley Mould  be more a r e s u l t   o f  growth i n  the  population  of  the Lower 
Mainland and elsewhere  than  increases i n  the  ' local  area  i tself .  The evidence  points t o  

very  large numbers of   non- local   residents on the  major highways. the   ma jor i t y  of whom are 
on soc ia l - rec rea t i ona l   t r i ps  (with increasing numbers b r i n g i n g   t h e i r  accomolodation w i t h  
them).  Growth i n  highway  volumes i n  the  past decade,  even  on major  highuays, has occurred 

at   tw ice  the  ra te  foreca.s t   for   loca l   populat ion growth.  For l oca l  highways, i nc lud ing  
Highway  12 which  provides access to   t he  Hat Creek Valley,  increases liave  been  highep, 
ranging  over 100 percent.  Local  attendance  records show t h a t  a ma jo r i t y  o f  users  of  local 

rec rea t i ona l   f ac i l i t i es   a re   f rom  the  Lower Nainland,  thus it i s  reasonable t o  assume t h a t  
recreational  growth  would  r ise  accordingly and that  local   pressures  could form a diminishing 
p ropor t i on   o f   t he   t o ta l .  
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Agricultural  potantial  has  been  indicated for Reserves No. 1, No. 2 and No. 3. u 
It is suggested  that s w  agricultural developmnt  would taka place on the  Reserves  during 
the n u t  15 years. Although  the  cited  report  suggests  a  potentfal  irrigable a n a  of 
325 ha on tha t h m e  Bonaparte  Reserves, in coil capabilfty tam the  economic  potantial is 
likely  not  that high. The l a n d s  " a n  broken  into  many  parcels, s a m  o f  which a n  too 
small for laqrscale mechanized  agriculture". u 

It fs suggested in the  Agriculture  Report  that then is unlfkely to be  any mjor 
rurnomic  incentive to u p a n d  agricultural  output in the  area  during  the  fanseeable 
futu~~.'~ Even so. it is considered  likely  that t h e n  wuld  be soae limited  ranching 
d e v e l o w n t  on  the  Bonaparta Reserve before l990. If  this  involved 25 percent of the 
irrigabh land on Reserve No. 1 and No. 2, this  might  comprise  about 33 ha o f  irrigated 
land and would  likely requin additional  grazfng  land to that  available on the Reserves. 14 

In  addftion to frrfgatfon  damnds.  water  would be utiltred fo r  doaestic  purposes. 
Reserve populations  have h n  projected to approximate 415 persons by 1990. Assbming no 
major change i n  per capita water r q u i n w n t s ,  total use would  be i n  the order o f  90 m3/d. 
It  is not  possible to determine  whether this damand  would raquin additfonal wa-r licenses 
or wimther It w u l d  ke met by an Incmare in groundwater wlthdrwls. 

4.5.9 Recreation 

(a) General  Projectfans 

Rqardless o f  whether the Hat C n e k  Project  proceeds or not, than a n  several  overriding 
issues  that  could inpact recreation  fn  British  Colmbia.  the  Hat C n e k  Valley  and  surrounding areas. 
First is the  futun  growth in the provincial  population. Them is no reason  to  anticfpate any 
leveling or decline in the number of pmvlncial  residents  fn  future  years,  nor  can f n c o m  levels  be 
u p a c t e d  to drop. Tourism w u l d  continue to be  promoted and the number of visitors from other a n a s  
would. i t  is hoped,  increase.  further  bolstering  the  provincial  economy.  Technology w u l d  continue 
to ML. mobility  easier md the pot.ntia1 far  man pwplr to penetrate  areas  hitherta  difficult for 
access  would  probably rise. All-tarrain  vehicles.  trail  bikes, sncrobiles and  other n o u a t f o n  
equipment togwher with utended  lrirun time w u l d  c-fne to increase  pnssure on outdoor 
mmeational resoureas. In response,  governmnt  would  have  little  cholca  but to continue to limft 
flshing  catches,  set  hunting  bag  limits, md n d u c e  pressures on important  habftat areas. None o f  
these steps am new. Th.y would likely b e c c m  man important  fn  futun  years if the natural  resources 
of the province a m  to -in productive. The consequences of these forces on m r e a t i o n  can  be 
+fold;  the number o f  recnationists my rise but the n c n a t f o n  experfence  may  decline - less 
fish  per f f s h e w n ,  faer deer per huntar. mre people  per hactare o f  beach; or the types and  patterns 
or n c n e t i o n  may  change - n a  activities  may  substitut. for current  activities when the w a r d s  
k o r  unsatisfactory for ek. e f f o r t  upended.  This may aff- consumptive  recreation  activities 
most  strongly. In contrast.  those  huntars or fishermen w h o  an mom intent on simply  seeking an 
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t o  use. I f  and when such an event  would  occur i s  unknown, dependant as it i s  on  goverment 
po l i cy .  However the  opportunity  to  reduce  pressure  at  Marble Canyon h ,h i le   a t   the  same 
time  enhancing  recreation a t  Pavi l ion  take  would appear t o  be a  reasonable  course of 

act ion. 

It i s  assumed the re fo re   t ha t   pub l i c  access a t   Pav i l i on   t ake  would be improved 
and a c t i v i t y   l e v e l s  would r i s e   i n   p r o p o r t i o n   t o   i n c r e a s e s   i n  highway volumes  commencing 

w i th in   the   nex t  decade. l ve rn igh t  use a t  Marble Canyon Park  would  remain  constant,  but 
day use i s  assumed t o  r i s e   i n   p r o p o r t i o n   t o   i n c r e a s e s   i n  highway  volumes. 

Without  evidence to   t he   con t ra ry   t he re  i s  no reason t o  assume t h a t   t h e  

d i s t r i b u t i o n  of a c t i v i t i e s   w i t h i n   t h e   v a l l e y  by  type and location  woil ld  vary from the 
d is t r ibu t ion   es t imated   a t   p resent .  The dominant s i n g l e   a c t i v i t y  would cons is t  of  back 
road  travel  fo' l lowed  by  hunting and angling. Reduced consumptive  success rates  per  hunter 
and fisherman  can  be assumed i f  no increase i n  the  resource  occurs. Whether t h i s  would 
r e s u l t   i n  a  decrease i n   t o t a l   a c t i v i t y  days i s  unknown.  However, it may be  reasonable t o  
assume t h a t  sportsmen  would  be s a t i s f i e d   w i t h   l o w e r   y i e l d s   p e r   u n i t   e f f o r t   o r  would  seek 
game elsewhere. As the   b l r l k   o f   hunters  and f ishermen  are  f rom  Br i t ish Columbia, pressure 

would l ikely  increase  equally  with  population  province-wide.  Improved access t o   t h e   n o r t h  
may lu re   hun te rs   t o  new areas, however, the degree t o  which t h i s  would af:'ect loca l   hunt ing 
pressure i s  unknown. 

( i v )  Growth i n  Recreational  ActTvity  by  Local Area  Residents 

A c t i v i t y  day data  for   residents  of   Hat Creek, Ashcroft and  Cache Creek show t h a t  
an estimated 104 356 a c t i v i t y  days occurred i n  '1976-77. Almost  one-third o f  t h e s e   a c t i v i t y  
days was spent  angling,  approximately 30 percent i n  back road  t ravel ,   over 15 percent i n  
"o ther "   ac t i v i t ies ,   s l igh t ly   less   than 15 percent i n   " l a k e  and shorf!" a c t i v i t i e s  and 

7.6  percent i n  hunting. About 14   pe rcen t   o f   a l l   l oca l   rec rea t i on   t akes   p lace   i n   t he   Ha t  

Creek Valley, and a t   P a v i l i o n  Lake and Marble Canyon. Another  major  location i s   t h e  
Clinton-Loon Lake area,  accounting  for  about 22 percent o f  a l l   a c t i v i t i e s ,  and t h e  Ashcrof t  
area,  which  accounts f o r  abDut  18 percent. 

I n   genera l ,   l oca l   rec rea t i on i s t s  show a   s t r o n g   p r o c l i v i t y   t o   p a r t a k e   i n   a c t i v i t i e s  
a t   s i t e s   c l o s e  t o  home. For   bath  Cl in ton  res idents  and Cache Creek-Arhcroft  residents, 
about  one-half of a l l   a c t i v i t y  days take   p lace   w i th in  20 t o  30 h of home. 

( V )  Future  Local  Recreation  Activi ty Days 

There are some data on increases i n   r e c r e a t i o n   p a r t i c i p a t i o n   r a t e s   f o r   b o t h  
Canada  and B r i t i s h  Columbia bu t  none a t   a l l   f o r   l o c a l  area  res idents   vr   for   workers  a t  
mines and powerplants. It. i s  probable  that   rates  would  r ise  but  how r a p i d l y   i s   d i f f i c u l t  
t o   d e t e n i n e .   I n f e r e n t i a l  evidence o f  possible  future  growth  rates car,  be gleaned  from 

other  sources.  Fishing  l icenser f o r  E.C. residents, f o r  example, rose  about 54 percent i n  
the past 9 years.  Hunting  l icenses showed  an e r r a t i c   p a t t e r n   w i t h  no pronounced upward 

trend. Data  on park  attendance were s i m i l a r l y   e r r a t i c   w i t h  an  upward t r e n d   i n  attendance 
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The governmt  has encouraged th i s  gmwth and contlnues to do so. Tourism i s  
important to the economy o f  Britlsh Columbia as i t  i s  to the   cammit ies  of Cache Creek, 
Ashcrof t ,  Clinton and Lillooet,  all of which endeavor t o  a t t r a c t   v i s i t o n  to thelr  areas. 
Tourists or vis l tors  a n  ncrea t ion is t s .   e i ther   ac t ive  or passlve. 

( i l l )  F u t u n  Activity Levels 

The forecast for gmwu! In ncreatfonal   act ivf t fes  i n  the Hat Creek Valley 
w i t h o u t  the Hat C m k  Project  is  based on several assumptions. f i r s t ,  and  mast daclrive 
is   persistence of the  existing  agricultural land use pdttern.  Agriculture  is the dmlnant 
act lvl ty  In the  valley  floor. mu3 of the land i s   i r r fga tad  and the potantial exlsts f o r  
upanding i r r lgat ion to further  areas.  haded,  1eas.d and pemi t  lands  are  all used for  
hay grar ing  and grazlng and there   i s  no reason t o  assume this  pattern would not  persist. 
further  strengthening  the  case f o r  continuation of the  agricultural  pattern 1s the 
&signation of much of the a n a  as agricultural  land,  lndicatind government policy t o  
continue and strengthen  the u i s t l n g  land use patterns. 

Further  support f o r  the assumption of no mjor change in  land use pat tern  is  the 
absence of any ufsting rscna t fona l   facf l f t fes  or ,proposals for new ones (except for  
proposals to ins ta l l   p r imi t lve   fac i l i t l es   a t  Blue Earth 'Lab by the  Fanst  Sawlce).  
Them a n  no major water bodles  in  the  valley to a t t r a c t  development and access i s  
comparatively poor. In  addition. hada  Land Inventoty  intarpretations,  while  polntlng to 
sevrnl anas o f  collparatlvely law ncreatfonal  potential ,   indicata  tha  ana has good 
pat.ntia1 for agriculture (for i t   i s   a l n a d y  used). In additlon.  areas In the 
valley  denoted as ncna t iona l .   n sources  appear to have poor potential  for development. 
There rrsugtlons do not imply t h e n   w i l l  be no grmrth in n c n a t i o n a l   a c t i v i t y  in the 
valley.   Then  is  .no reason to believe, hcwever. tha t  u i s t l ng  patterns  will^ change 
dramatically. I t   i s  assmad t h e n f o n  that  recreational actlvitirs will grow in 5 0 1 ~ .  

mlat lon to Increases  in  papulation  (local and nowlocal) and general vis l tor  tourlst 
actfvi ty .  

. For the non-project  case it  i s  assumd f o r  the Hat Creek Valley that  future 
act lvl ty  day levels would r i s e   a t   d i f f e ren t  rates for  resident and nowresident  mcnation- 
is-. G r o r U  in   ns ldent   ac t iv i ty  days i s  a s s d  to rise a t  the sama rate  as  the 
forecastad incnase In the population of Cache Cnek and Ashcroft  (residents of these 
comunitles  am  the domirunt source o f  local  ncreatlonsists found in the valley). Hawever, 
an incnase  in particfpation rat. of only 5 percent per year  is  ant1clpat.d. Non-local 
g r m t h  i r   a s s d  to r i se  in proportlon to highway volum  incnases on Highway 12 In the 
vicinity of Highway 97, which have been estimated  as 100 percant  per  dwade. 

Grcvth a t   h r b l e  Canyon and a t  Pavlllon Ldka a n  not assumed to increase a t  the 
s a  ra ta  as the Hat Cmt Valley. Marble Canyon c q g r o u n d  is  already  overused and 
upansion of th. s i te  i s  d i f f i cu l t  if not impossible. A mom probable answer to f u t u n  
growth i s  to cmata  a  public  facil i ty  at   Pavilion Lake which is  larga and capable o f  
accofiodatlng mom flshlng pressun. To m a t e  publlc  access would nqulrr acquisitlon o f  
privata  lands, as n c n a t i o n  reserves along the lake have been evaluated and are  fmpractfcal 

. 
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i t  i s  expected tha t   w i thou t   t he   p ro jec t ,   i nc reases   i n   t ra f f i c  volume would  resul t   in   increases i n  the 

ambient  noise  level by  about 1.5 dB (A)  ;and 2.5 dB ( A )  by 1986 and  1991, respectively.  Therefore. it i s  
expected tha t   the   fu tu re   inc rease  in   the  ambient  noise a t  residences  along Highway l2 without  the  Hat 

Creek Project  would be neg l i g ib le .  

Without  the  project ,   the maxinium increase i n   t r a f f i c  noise  levels  a long Highway 1 and 97 i s  
expected t o   b r  about 3 dB (A:) and 2.5 dH (A).  respect ive ly  by  1991, providing  the  Coquihal la Highway i s  
n o t   b u i l t .  I f  the  Coquihalla Highway i s  completed  by  the mid-1980s. it would be u n t i l  about 2005 before 
t h e   t r a f f i c  no's. along Highway 1 around Cache Creek increased by 3 dB (A) above present  levels.  

4.6.2 Increases i n  R a i l w a y  Traf f ic  

Train  noise  from  both  the Canadian National (CNR) and  Canadian P a c i f i c  Rai1wa.y (CPR) mainlines 

i s  the  basis l'or the  ambient   no i re   leve ls   a t   the  locat ion  o f   the makeup water  intake and r i ve rs ide  pumping 
s ta t lon ,   wh ich   a re   jus t   nor th   o f   Ashcro f t .  

Based on current  CPR p r e d i c t i o n s   o f   r a i l   t r a f f i c  growth  through  Ashcroft. it i s  expected t h a t  
it will take 25 years f o r   t h e   t r a i n   t r a . f f i c  volume t o  double and  hence  cause  an increase  of  3 dB (A )  

above the  present  ambient  levels. 

4.6.3 Population C h a w  

Where  no dominant sources of  noise  such as highways. ra i l roads   o r   fac to r ies   a re   p resent ,   the  

ambient  noise  level can be estimated on the  basis  of   populat ion  densi ty.  Such noise! levels  increase 
s teadi ly   wi th   increases i n   c m u n i t y   p o p u l a t i o n   d e n s i t y .  The three  major  areas where e x i s t i n g  human 
populations  would  be exposed to  noise  from  the  Hat Creek Project  ( i .e.  the  Bonaparte  Indian Reserve 1, 
the  Hat Creek Val ley and the  residences  near  the  confluence  of  the  Bonaparte and Thompson r i vers ) ,   a re  

not  expected t,o see signi f icant  increases  in  populat ion  densi ty. '   Therefore.  no s ign i f icant   increases i n  

the   ex is t ing  ambient  noise  levels  are  expected in   the   fo res leab le   fu tu re .  

4.6.4 Chanqes i n  Lan,- 

Without  the  project ,  no s i g n i f i c a n t  changes o f   l and  use patterns  are  expected i n   t h e  Hat Creek 
Val ley  or  on tho  Bonaparte  Indian  Reserw 1. Also. no s ign i f i can t   land  use changes am! expected i n  the 
Trachyte Hills surrou id ing   the   p lan t   s i te  or around  the  proposed s i t e   f o r   t h e  makeup water  intake  at  
Ashcroft.  Consequently, no s i g n i f i c a n t  changes i n   t h e   e x i s t i n g   & l e n t   n o i s e   l e v e l s  art!  expected i n   t h e  
future.  2 
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noted in recent years. However,  growth in park  facilities  such as campsites  and  picnic 
rables in the  region w a s  substantial,  with  increases  ranging Close to ZOO percent in the 
Past decade. Highway  volume  increases in the  vicinity o f  the project  area  have  risen 
between 70 percent  and ZOO percent in the  past IO years. Growth in accomdation units 
has  also  shorn  a  nixed  pattern  but g a v t h  has  been  strongly  upward,  particularly from 1965 
to 1975 in Area C-2, whic11 lies  close to the project  site (see Fig. 2.5-1. Chapter 2.0). 

Using these increases to infer comensurata riras in recreation  activity  levels 
involves 1 d e g m  o f  judgment. Although  the  evidence  points to increases in recreation 
activity to which  riras in traffic  volumes,  recrrational  facilities  and  licenses  are 
responding.  there is no direct  tie betwen the  factors. To ignore  pest  increaser as not 
being  indicative of futun ncreatlon growth would  however  be  unduly  pessimistic. It  is 
a S S W  therefore  that  increases in activity  ratrs  would  rise  between 50 prrcent  and 
100 percent per docad. in fuWre years  basedon  growth in recreation  related  facilities  and 
licenses. I n  applyfng the increase  locally, an assumed 5 percent  annual  rise in actfvfty 
rate is forecast for  the local  study  area  population. 

Then is 110 clearcut  evidence to infer  that  the f u t u n  distribution of recnetion 
days  would  differ  markedly from those occurring  at present. Local  recreation  patterns  are 
rtmngly oriented to s i t u  -11 within the 1W ka study  boundary  with  Areas C-2, C-3, 
0-2 and 0-3 strongly  favoumd.  Only 2.9 percent  of  total  activity  days  takes,place  beyond 
K m l w p s .  north of 100 Mile  House or south o f  Lytton  and Merritt. 

4.5.1U Aesthetic  Considerations 

It  is apparent from the preceding  sections that: 

1. Within the Hat  Creek Valley. industrial developmnts  including  mining,  would be Insignificant  and 
located  at  considerable  dlstances fro0 the proposed  powerplant. 

2. Awintensification  of  agricultural use in the  Hat Creek. Valley  could  occur. 

3. Little. if any, physical upansion o f  existing  recreational  facilities or new acquisition of 
m a t i o n a l  lands is anticipated in the  Hat  Creek  Valley. 

In conclusion.  visual  aspects of the Hat  Creek  Valley  and  environs  are expected to remain  virtually 
unchanged from their  present  conditfons if the  Hat C m k  P r o j e c t  does not proceed. 

4.6 N(JISE 

4.6.1 Incnases in HiomMv Traffic Volumes 

Traffic noise from Highwy I2 is the primary  source of ambient  noise  lrvels  at  essentially all 
nsidences on B o n a p a W  Indian  Reserves No. 1 and 2. Hence,  changes in Highway I2 traffic  volume  would 

. affict these &abient  noise levels. Eased on traffic  predictions made by Strong. Hall 6 Associates Ltd., 1 
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