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2.0 INTRODUCTION TO THE STUDY 

2.1 TERMS OF REFERENCE 

(at   Inventory 

The i nwntory  studies  presented  herein were  undertaken i n  response to  the  fol low- 

i n g  gent!ral Terms of Reference  with  respect  to  hydrology,  water  quality and water 

use: 

Detennine the  seasonal  vamhtion i n  discharge of  surface fzows, 
stream morphology and areas  subject  to  flooding  in  the Hat 
Creek VaZley. 

Identify  the  subsurface f l o w  regime and areas of   in teract ion 
between  subsurface and surface flows i n   t he   va l l ey .  

Conduct a comprehensive  water quality  survey  of  water  comses 
which may be affected by tke  proposed  development including 
selected  standing  water  bodies t o  provide  baseZine data. 
Dccwnent the  location  of known wells and analyze  the well 
mter   qua l i t y .  

Establish  the  present and f u t u r e   c o n s q t i v e  use o f  water 
supplies i n   t h e  Hat Creek VaZley. 

( b )  Impact Assessment 

The impact  assessment  presented  herein was developed i n  response  to  the  following 

general Terms o f  Reference r e l a t i n g   t o   e f f e c t s   o f   t h e  development: 

Evaluete  the Hat Creek Diversion in terns o f  a n y  e f f ec t s  on 
m t e r  q u a l i t y  and surface hydrology. 

2 - 1  
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Assess  the  implications  cf proposed reservoirs, lagoon8 and 
impoundments on water qu0:Zity and WtSF M E .  

.,.- 

Examine drainage  systems fo r  hazards t o  the environment. B u m z t i f y  
and q u a l i f y  leachates and: surface runoffs from w t e  rock, over- 
burden,  ash disposal and storage a r e a .  

E s t h a t e  the q u a n t i t y ,   q u a l i t y ,  and disposal  of p i t  area wata-s. 

Examine the  potential f o r  wastewater  re-use and ultimate  disposal. 

AS8esS the  overall   ef fect:   of   the proposed  development a the quality 
and qmatity of t h e   w t e r  resources  of  the  area including a n y  impacts 
on the  consmptive water U S E  in the  Rat Creek Valley and by d c m t r e m  
conrmwzities. 

2 . 2  F'URPOSE AND SCOPE 

B r i t i s h  Columbia  Hydro and Power Authority have proposed t o  establish  a 2,000 
megawatt thermal generating  station and coal mine i n  the Hat Creek Va'lley. With- 
in  this  goal, environmental studies were comnissioned to provide an inventory of 
resour'ces i n  suff ic ient   detai l  to provide  baseline  data from  which t o  establish 
and ekaluate impacts o f  the proposed development i n  comparison w i t h  p,redictions 
of the, evolution of these resourc:es  without the development. 

( a )  Inventory 

The inventory  sections o f  this  report document the findings o f  the re:source 
studic!s  undertaken for the Hat Creek Project in  respect t o  hydrology,  water 
quality and water use. The relationship of the inventory phase studies t o  the 
overall environmental  study program i s   i l l u s t r a t e d  i n  Figure 2-1. 

2 - 2  .. 
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The inventory  information  derived  in  this  study i s   s e t  o u t  in two  main sections. 
Section 3.0 RESOURCES INVENTORY MKTHODOLOGY discusses  the  sources o f  dista and 
information  utilized as well as the methodology utilized  in  defining  the  nature 
of the existing water  resources i n  terms of hydrology,  water quality and water 
use. Section 4.0 RESOURCE INVENTCIRY describes i n  detail  the findings of the 
inventor*y studies. Supplementary data and information  pertaining t o  the  inventory 
studies  are  contained i n  Appendices A to D.  Section 5.0 PROJECT  RESOURCES 
WITHOUT THE PROJECT presents  a brief scenario  of the future water  resou~rce re- 
gime wit.hout the influences o f  a major coal mining  and thermal power plant de- 
velopmert in  the Hat Creek Valley. 

( b )  Impact Assessment 

The impact sections of the report, document the  assessment  findings  in  ]respect 
t o  interactions of the proposed development w i t h  the  water  resources of the 
area. 

The impact assessment is  contained  in Section 6.0 IMPACTS OF THE PROJECT. Sec- 
t i o n  7.0 OPPORTUNITIES FOR MITIGATION,  COMPENSATION,  AN0 ENHANCEMENT outlines 
measures which should be examined by project designers in order t o  amel.iorate 
the  potentially  significant impacts identified  in  the  assessments. Section 8.0 
RESEARCH AND MONITORING  RECOMMENOATIONS points  out  areas where further study i s  
recommended and outlines  consideraitons for monitoring programs. 

2 . 3  STUDY TEAM 

The participating  consultants  in  the phases of the  detailed environment studies 
reported on in  this document were as follows: 

BEAK  CONSULTANTS LIMITED 

: .Study Co-ordination and Manzgement 
: Water bZity and Water Use 

2 - 3  



CQLDER  GEOTECHNICAL  CONSULTAN!TS LTD. 
: Ground Water Hydrology 

AZLLE3LULs ENGINEERIXG SERVICES LTD. 
: Surface Water Eydroibgy 

CANADIAN BIO-RESOURCE CONSULTANTS LTD. 

: Agricultural Water Use 

Beak Consultants Limited on behalf of the study team wishes to  ackn'owledge the 
valuable guidance  provided by British Columbia Hydro and Power  Authsority f o r  
whonl the studies were conducted and by the co-ordinator of the environmental 
studies EBASCO SERVICES OF CANADA LIMITED. 
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3.0 RESOURCES INVENTORY METHODOLOGY 

3.1 DATA AND INFORMATION SOURCES 

(a)  Hydrology 

( i  ) Ground  Water 

A. Data  Required 

The inven to ry   i n fo rma t ion   requ i red   f o r  an environmental  hydrogeology 
program  must be based  upon the  ob ject ives  o f   the  s tudy.   Th is   in fomat ion 
can be d iv ided into two parts.  These are: c o l l e c t i o n   o f  base l i n e  data; 
c o n s t r u c t i o n   o f  models o f   f l ow  systems. 

C o l l e c t i o n   o f  Base Line  Data 

This  data  includes geometry and hydrogeologic   character is t ics  o f  the l oca l  
bedrock and unconsol idated  sedimentary  mater ia ls  present  in  the Mat Creek 
Region. The da ta   co l l ec ted   f o r  t h i s  study i s  d i rec ted   a t   p rov id ing  
in format ion  for   the  evaluat ions  requi red,   ra ther   than  for   the  less  wel l  
def ined  task  of   achieving a comprehensive  understanding  of  the  entire 
ground  water  flow system i n  the  region.  Specif ic  i tems  include: 

- l o c a t i o n   o f  a l l  known wells,  piezometers,  springs 
- regional   geologic  data,   format ion  permeabi l i ty  
- geochemical c h a r a c t e r i s t i c s  o f  ground  waters. 

These data were p r imar i l y   co l l ec ted   f o r   t he   eva lua t i on  o f  the f l o w  systems 
and served as addi t ional   data t o  the  ground  water  quality  study. 

Const ruc t , ion   o f  Models of   Flow Systems 

The ground  water  resources o f  an area  are  normally  studied by determining  the 
phys ica l   features  o f   loca l   f low systems, and by evaluat ing  the  f low quan- 
t i t i e s  and the  changing  chemical  characterist ics  of  the  water  along  these 

f l o w  systems. The essent ia l  components o f  a ground  water f l o w  system  are:- 
- a recharge zone: where  water (e i ther   sur face  water  o r  d i r e c t  

p r e c i p i t a t i o n )   i n f i l t r a t e s  to the  ground  water  table 



I 

an in termediate m e :  where t h e   i n f i l t r a t e d   w a t e r  movc?s through 
the   rock   o r   so i l  

- a discharge zone: where the  ground  water seeps upward:; and ou t   o f  

t h e   p a r t i c u l a r   f l o w  system. This seepage can pass in to   another  
f l ow  system or discharge  out  of  the  ground and e i t h e r  (evaporates 
o r  becomes p a r t  o f  a surface  water system. 

Using  the base l i n e  data and knowing where the  impacts  are l i k e l y  t o  occur, 
s i m p l i f i e d  models of  ground  water  f low systems  were constructed  for   these 
areas. The fol lowi-ng data had to be determined (or  i f  necessary assumed): 

- subsurface  f low  patterns,   including  locat ion  of   ground  water 
recharge and discharge  areas 

I major aqu i fe r   de l ineat ion  and c h a r a c t e r i s t i c s  
- quant i t y  o f  ground  water  flow. 

B. Information  Sources 

Very l i t t l e   i n f o r m a t i o n  on ground  water movements can be observed above the 
ground and hence  most o f   t he   da ta   i s  based on in fo rmat ion   co l lec ted  from 
d r i l l e d  boreholes and a knowledge of  the  regional  geology. The data used 
i n   t h i s  Hat Creek study were der ived from e x i s t i n g   r e p o r t s  and a lso from 
f i e l d   s t u d i e s ,   i n c l u d i n g  a d r i l l i n g  program. The data  sources can be 
sumnarized  under  the  fol lowing  categories: 

Government  and Consultant  Reports 

There  are no pub1 ished reports which  deal d i rec t l y   w i th   the   s tu l l y   o f  ground 
water  in  the  region. Much o f  the  data has  been in terpreted  f rom  reg ional  
geolog ica l   repor ts  and from  mining and geotechnical  studies i n  the  area, 
noteably   Duf fe l  and McTaggart 1951 l, Ryder 1976'  and Church 1977~. I n  

add i t i on  some s i te   spec i f i c :   geo log ic   s tud ies  were ava i lab le ,  fo;r  example 
k C u 1  lough 19774. 
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Hat Creek Geotechnical  Study 

This  study was repo r ted   i n  March 1977 by  Golder  Associates  Ltd. !; and 
inc ludes a s i g n i f i c a n t  amount o f   geolog ica l  and ground  water  data. 
p a r t i c u l a r l y  around  the  proposed  coal p i t  and waste dump areas.  Over one 
hundred  pierometers.were  instal led and f a l l i n g  head permeabi l i ty  tes ts  were 
c a r r i e d   o u t   i n   a l l   t h e   t h r e e   m a j o r   I l t h o l o g i c   u n i t s  around  the  piit: 
c l a s t i c  sediments of  the  Coldwater  Formations  (claystone  ranging up to 

conglomerate)  coal and basal t ic   rock.  One  pump t e s t  was ca r r i ed   ou t  to 

evaluate  the  hydrogeologic  behaviour  of  the  Coldwater  claystone  unit. 

Some pre l im inary   geotechn ica l   in fo rmat ion   i s   ava i lab le  on boreho'les d r i l l e d  
f o r   i n v e s t i g a t i o n   o f .  dam s i tes  for   water   s torage  reservo i rs  and  ash ponds 
i n  the Upper Medicine Creek Val ley.  

Air Pho to   I n te rp re ta t i on  

Coloured and black and hi t e  s tereo  pa i red tographs  are ava l le. 
These a id   i n   i den t i f i ca t i on   o f   ruck   t ypes ,   geo log i ca l   f ea tu res ,   vege ta t i on  
types,  surface  water  bodies, and s a l i n e   s o i l  zones. 

Logs o f  Mater We1 1s 

These inc lude  logs  o f  f i v e   d r i l l e d  water  wel ls,   land Owners' in fo rmat ion  on 
ten dug we l l s  and developed  springs and in format ion on b o  dug we l ls  
prov ided by the  Ground Water S e c t i o n   B r i t i s h  Columbia,  Department o f  

Environment. The data  inc lb ldes:   wel l   const ruct ion  deta i ls ,   l i tho logy,  
h e l l   y i e l d ,  depth to  s ta t i c   water  and pumping water  level  and seasonal 
in f luences  and water  temperature. 

B o r e h o l e   D r i l l i n g  Program 

A f i v e   h o l e   d r i l l i n g  progranl was c a r r i e d   o u t   i n  1977 f o r  Golder  (Associates 
i n  order to provide  ground  water  data i n   s e l e c t e d   c r i t i c a l  areas where 

dl 
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i n fo rma t ion  was very  scarce. These holes  provided  data on l i t h o l o g y ,  

piezometric  elevations  (see  glossary  of  terms  Appendix A1.0). ground'uater 
q u a l i t y  and i so top ic   cmpos i t i on ,  and b d r a u l i c   c o n d u c t i v i t y   o f  ,rock and 
s o i l .  

Water Qua l i t y   Da ta  

Chemical and isotopic  analyses  of   water samples c o l l e c t e d   i n   t h e   f i e l d  were 
run and were  used to make i n t e r p r e t a t i o n s  on the changes taking  place as 
the  ground  water  mved  along a p a r t l c u l a r   f l o w  system. 

Observat ions  of  Base Flow  Recession i n  Houth (Creek - 
The base f low  recess ion  in   Houth Creek ( see   l oca t i on   i n   F igu re  3-4) was 
measured, and can  be  used tc assess the   quant i t y   o f  ground  water  discharged 
into  the  proposed  Houth Meadows waste dump area. 

Observat ions  of  Water L e v e l s   i n   E x i s t i n g  
and Instal l led  Piezometers 

Piezometr ic   data  are  avai lab le, f rom  ex is t ing  records and i n  t h e   f i e l d  from 
e x i s t i n g  and new p iezomete r ,   i ns ta l l ed   i n   t he   f i ve   bo reho les .  These data 

ke re  used to i n t e r p r e t   t h e   d i r e c t i o n   o f  movement o f  ground  water  flow 
systems. 

( i i )  Surface Water 

Tht! surface  water  regime o f  an area i s  normal ly  studied on t h e   b a s i s   o f ,  
p r t ? c i p i t a t i o n ,   s n o m e l t  and runof f   da ta ,  combined with  informat ion  about 

physical   features and general   c l imate.  
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Table  3-,1 l i s t s   a l l   t h e  Atmospher ic   Env i ronment   Serv ice   c l imat ic   s ta t ions   w i th in  

t h e  gencl ra l   reg ion  (def ined  by  la t i tudes 50' and 5Oo3O0, and  longitudes 120' and 
122°30') f o r  which some re levant   data  are  avai lab le6.  The type of da ta   co l l ec t -  
ed i s  a l so   i nd i ca ted   i n   Tab le  3-1. Figure  3-1 shows the  corresponding  s ta t ion 
locat ior ls .   Consider ing  that  much o f   t h e   r u n o f f - p r o d u c i n g   t e r r a i n   l i e s   a b o u t  

1,500 m i n   e l e v a t i o n ,  coverage  for  the  purposes o f  the  present  study i s  sparse,  but 
i t  i s  f r l r t u n a t e   t h a t  one c l ima to log i ca l   s ta t i on   "Ha t  Creek" E1.899 m, l i e s  
w i t h i n   t h e   p e r i m e t e r   o f   t h e  proposed  mine  and has over 1 5  years o f  d a i l y   p r e c i p i -  

t a t i o n  and temperature  data. 

Snow acc:umulation i n  B.C. i s  being  monitored by the  Water Invest igat ions  Branch 
o f  t h e   t H i n i s t r y   o f   t h e   E n ~ i r o n m e n t . , ~   T a b l e  3-2 l i s t s   t h e  snow courses i n   t h e   H a t  
Creek  region and t h e i r   l o c a t i o n  i s  i nd i ca ted  on F igure 3-1. Unfor tunate ly ,   there 

i s  on ly  one y e a r   o f   r e c o r d   f o r   t h e  two snow courses i n   t h e  Hat Creek drainage 
(140s. 234  and 255) but   the  genera l   reg ion i s  covered  reasonably  well. 

The Lilatw  Survey o f  Canada8 i s  responsib le   for   s t reamf low measurements i n  8.C. 
On Hat Creek, stream f l o w  r e c o r d s   s t a r t   i n  1911, but  were un for tunate ly   d is -  
c o n t i n u e d   a f t e r  a  few years ,   no t   to   resune  aga in   un t i l  1960. Useable  records 
f o r   H a t  Creek e x i s t   f o r   t h r e e ' s i t e s   w i t h   d r a i n a g e  areas o f  73.  350 and 666 kn  . 2 

Table 3-3 gives a summary o f  operat ing  per iods and type o f   r e c o r d  (e.g. 

continuous  recordings, manual gauge readings,  year-round o r  seasonal) and 
F igure 3-2 i nd i ca tes  how drainage  area  increases  along  Hat Creek  and shows the  

r e l a t i v t !  p o s i t i o n  o f  the  gauging  s,ites. 

For the  regional   analysis,   Sect ion 4.1 (b) (i)C, streamflow  records from 85 
s ta t ions   loca ted  on t h e   i n t e r i o r   p l a t e a u  o f  B.C. have  been analyzed (Set! 

Table  81-1  Appendix  8). A sumnary of these  records i s  published  inc1ud:'ng de- 
t a i l e d   d e s c r i p t i o n s  o f  the  locat ion and type o f  reco rd   ava i l ab le   f o r  a l ' i  stream 
gaug ing   s i tes   in  B.C. operated by the Water Survey o f  Canada.8" 

The f lood  p l a i n  mapping of Sect ion 1.1 ( b )  (ii)F i s  based p a r t i a l l y  on a e r i a l  
photographs  taken i n  September 1976 by McElhanney Surveying and Engineering 

3 - 5  



TABLE 3-1 

CLIMATIC  STATIONS I N  THE HAT CREEK REGION 

(as  defined by lat i tudes 5@"-51" 30' and Icngitudes 120°-1220 3 0 ' )  

I * Re?#& net centifi-scs duri-9 pertad shwfi 

from  Atmospheric  Environment Service,  Climatological  Station  Data  Catalogue.1976. 
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TABLE 3-2 

SNOW COURSES  IN THE HAT CREEK REGION 

- 
Sta t  ion 

Nc. , Sta t ion  Name 
- 

285 

Harry Lake 2 84 
Gnawed Mountain 185 
Cornwall H i  11 s 

92 
Highland  Valley No. 2 153 

Highland  Valley No. 1 

Mission Ridge 1 82 
Lytton 124 
Lac l e  Jeune (upper) 241 
Lac l e  Jeune (lower) 85 

57 

Porcupine R i  dge 49 
Pavi 1 ion 81 

Pass Lake 

56 Tranqui l l e  Lake 

- 

LOC 

Lati tude 

50" 42 '  
50' 26' 
50' 47'  
50" 30' 

50" 30' 
50" 28' 
50' 28' 
50' 15' 
50' 46' 
50" 51' 
50" 55' 

50" 58' 
50" 56' 

ion Elevation 

Longitude h )  

121" 27' 

1,420 120°  33' 
1,830 120° 33' 
1,230 121O 49'  

870 120' 30' 
1,850 122" 12' 

270 1210 34' ' 

1,460 120"  30' 
1,370 120" 30' 
1,510 120"  59' 
1,550 120e  57' 
1,350 121"  33' 
1,580 120e  59' 
2,000 

from Water Resources  Service, Snow Survey  Measurements Sumary,  1975. 

Record 
Began 

1977 
1968 
1977 
1958 
1966 
1956 
1973 
1966 
1967 

1950 
1955 
1950 
1950 
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L i m i t e d  and supp l i ed  by  Ebasco Services o f  Canada Limited,  Environmental  Consult- 

ants, and p a r t i a l l y  on f i e l d  surveys  conducted  dur ing  th is  study. 

A wide  range o f   o t h e r   d a t a ,  such as topographic maps, geologic maps . ( i n   p a r t i c u l a r  
a recent map and r e p o r t '  on   the   sur f i c ia l   geo logy   o f   the   Nat iona l   Topograph ic  

Ser ies   Ashcro f t  map sheet, PITS No. 921). b lack  and w h i t e   a i r  photos, and i n t e r -  
v iews  w i th   loca l   res idents   a lso  form p a r t   o f   t h e  background  material 3n which 

the  present  study i s  based. 

2 

( b )  Water Q u a l i t y  

The objective o f   t h i s  water q u a l i t y   a n a l y s i s  i s  t o  determine and charac ter ize  
the  present  concentrat ions o f  various  water  consti tuents  appearing i n   t h e  
major  water  bodies o f  the  study ,area which, i f  a l tered,   might  cause c:hanges 
t o  the  environment. One t a s k   i n   m e e t i n g   t h i s   o b j e c t i v e  i s  to   determine  the 
type  o f   data-and  in format ion  ava. i lab le   f rom  outs ide  sources and t o  assess i t s  
a p p l i c a b i l i t y   t o   t h e   s t u d y .  

For the  purposes o f  t h i s   r e p o r t ,   t h e  t e r m  "ex i s t i ng   da ta "  i s  def ined as t h a t  
data  which has been co l l ec ted ,  or was in   the   p rocess   o f   be ing   co l lec ted ,   p r io r  
t o  the! commencement o f   t h i s   p r o j e c t   i n   J u l y  1976. Such data  are  reviewed i n  
Sect ion 4 . 2 .  

( i )  Ground  Water 

There are no e x i s t i n g  ground wa tw   qua l i t y   da ta   ava i l ab le  f o r  the Hat  Creek 
Valley  which a r e  p e r t i n e n t   t o   t h i s   s t u d y .  

(ii) Surface Water 

A.  M i n i s t r y  o f  the  Environment (MOE) 

The M. ,n is t ry  o f  the  Environment i n   t h e   P r o v i n c e   o f   B r i t i s h  Columbia has compiled 

~- 
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water   qua l i t y   da ta  on Hat  Creek ( a t  mouth),  the  Bonaparte  River  (below Cache 
Creek and above Cl inton  Creek) and the Thompson R ive r   (a t  Savona and a t  Spences 
Br idge) .  The c o l l e c t i o n   o f   t h i s   d a t a  was i n s t i g a t e d  i n  1971 and t h i s   c o l l e c t i o n  
provides  the  most  comprehensive  observat ion  per iod  avai lable.  

B. Department o f   F i r ;her ies  and Environment 

The on ly   re levan t   da ta   ava i l ab le  from the DFE's NAQUADAT 
from  the Thompson R ive r   a t  Spences Br idge and some water 
Hat  Creek. 

C. Calgon  Corporation 

A water  requirements  report  prepared  by  Calgon  for B.C. 

(DFE) 

program i s   t h a t   o b t a i n e d  
temperature  data  on 

Hydro, Systems Design 
D iv i s ion   con ta ins  a deta i led  month ly   moni tor ing  program  of   the Thompson River  
a t  a locat ion  approx imate ly  3 k m  upstream of the  confluence of the  Bonaparte 
River and the Thompson River ,   over   the  per iod December 1974 through  October 1975. 

( i )  Ground  Water 

There  are no recorded  sources  of  information on ground  water  use i n   t h e   v a l l e y .  
Unlike  surface  water  development,  the  land owner i s  n o t   r e q u i r e d   t o   a p p l y   f o r  
a permit  for  ground  water  development. However, some general   informat ion was 

prov ide i   th rough  in te rv iews  w i th  home owners and water  users i n   t he   va ' l l ey .  
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(i  i ) Surface Water 

A.  Irrigation 

The sources of infomtion  per ta ining  to  the use of  water for  irrigation  in  the 
Hat Creek, lower Bonaparte,  Cornwall, and Oregon Jack drainages were the 
following: 

provincial  water  licence  data  obtained from the B.C. Water Rights 
Branch, the governmental body responsible  for  administering these 
licences. Data pertain t o  the use or  storage of surface  waters and 
give de ta i l s  on the source of water,  the  point of diversion, the 
quantity of water allowed to be diverted  or  stored, and the !specific 
parcel of land on which the water i s  to be used; 

discussions w i t h  Hat Creek Valley  ranchers  regarding  their  use of water 
for   i r r igat ion;  

the Agricutture report'' o f  the Hat Creek Detailed Environmental 
Studies. Information  obtained  included: the theoretical   irr igation 
requirements o f  Hat  Creel: Valley considering  crops,  soils and climate; 
the  location,  soil  type, and amount  of presently  irrigated l a n d  of  
Hat Creek Valley; the areal  distribution of  potentially  irrigable  lands 
in Hat  Creek Valley and the Ashcroft-Cache Creek area; and water 
quaiity  guidelines  for  irrigation use; 

a i r  photographs,  in  natural  colour,  yielding  information on mops and 
methods  of irrigation  in the Ha t  Creek Va1leyl3; 



J 
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5) the Fisheries rmd Benthos report14 of the Hat  Creek Detailed 
Environmental Studies, y ie ld ing  information  concerning the flow 
requirements for  maintenance  of the fishery  resource  in Hat Creek; 

6 )  a provincial government report, Preliminmy  Feasibility Stud:d for 
Oregon Jock Creek 1rriga:tion A.oposal~,~~ which yeilded  information 
concerning a potential  storage  reservoir  in the Hat Creek arlea; 

7) A B . C .  Ministry o f  Agriculture  study, Suvona-Cache Creek-Basque 
Irrigation Development 5'tudy,16 which yielded  information on lands 
having potential  for  intensive  agricultural  production w i t h  i rr iga- 
tion i n  the Cache Creek area; 

8) flow probability curves, which  were developed from historical  flow 
records of hydrometric stations of  Hat Creek,' provided  information 
concerning  additional water tha t  would be available  for  irr igation 
use; and 

9 )  water  chemistry  data,  presented  in  Section  4.2(b) o f  th is   report ,  
provided information  pertaining  to  the  suitability o f  waters i n  
the study  area for i r r igat ion use. 

B. Livestock 

The sources of information  regarding  livestock  water use in the Hat  Creek 
Valley 'were two-fold: 

1) the AgricuLture report" of the Hat  Creek Detailed Environmental 
studies,  yielding  livestock  populations; and 

2 )  a farm structures handbook, Structures and Environment Handbook, 17 

providing  information abou t  livestock water consumption rater;. 

- 
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C .  Domestic and Municipal 

Infornation on present and potential  surface  water use for  domestic  purposes 
was obtained by examination of  water  licence  datal8,  existing and projected 
future  population  estimates19, and ut i l izat ion of per capita  water use esti- 
mates. *o*21y22 Water licence  data were examined fo r  the Hat  Creek Valley, the 
Bonapwte  River  reach from the confluence o f  Hat Creek t o  the Thompson River, 
the Cwnwall Creek and the Oregon Jack Creek area. Although a l l  water  licences 
f o r   d m s t i c  use may not currently be used for t h a t  purpose, i t   i s  considered 
so i n  th is   report  because i t   i s  within  the  licence  holders  right t o  do so.  

3 - 10 
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3.2 FIELD INVESTIGATION METHODOLOGY 

( a )  Hydro1 ogy 

( i 1 Ground Water 

:'he f i e l d  work r e l a t e d  to the  ground  water  investigation can be d iv ided 
' n t o  s i x  main  tasks: f i e l d  reconnaissance,  interviews  with  land Owners, 
t l o r e h o l e   d r i l l i n g  program, water  sampling  for  isotope  analysis,  water  level 
nleasurements i n  piezometers and weir i n s t a l l a t i o n   f o r  base f low 
nloni tor ing.  

A. F i e l d  Reconnaissance 

Three  major  expeditions were made in to  the  Hat  Creek and adjacent  val leys. 
These t r i p s  were c a r r i e d ' o u t   i n  November 1976, A p r i l  1977 and July-August 

1977, and were l i m i t e d  to areas  which  could be reached  using a four-wheel 
d r i ve   veh ic ie .   I nves t i ga t i ons  were concentrated  around  the  major  potential 
impact  areas i n  the  Hat Creek Val ley.  The area  covered  included  the 
F'ountain Creek Valley,  the  Hat Creek Val ley and parts  of   the  Cornwal l  and 
Clregon Jack  Val leys  (see  locat ions  Figure 3-31. 

l 'he t r i p s  were planned to: 
1.  Observe and photograph  geological and other  features  which  could 

provide  evidence of zones o f   po ten t i a l  ground  water movement, 
(e.g. fault   zones),  ground  water  discharge zones  (e.g. springs, 
seeps and evaporite  salt   deposits),  ground  water  recharge zones 
(e.g. snow m e l t   i n f i l t r a t i o n   i n t o  coarse   g ranu lar   sur f i c ia l  
sediments). Many o f  these  features had  been observed i n   a e r i a l  
photographs and t h e   f i e l d  v i s i t  was planned i n   o r d e r  t o  provide 
b e t t e r   d e f i n i t i o n .  

3 -11 
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2. Collect  water samples for  inorganic chemical and isotope  analyses. 

3. Determine the location of residences and/or irr igated farm lsnd 
where wells and developed springs may be located. 

B. Interviews w i t h  Local  Ground  Water Users 

Local farmers, a limestone  quarry  operator,  residents of Indian Reserves and 
recreational homeowners were interviewed. The information provided related  to 
existing  wells,  springs and other  ground-water-related  features such seeps 
and minimum stream  flows.  Information on seasonal changes in flows and water 
use were particularly  valuable. 

C. Borehole Drilling Program 

Five 153 mm (6  inch)  diameter  boreholes were drilled  in  areas  close t o  the 
proposed Houth  Meadows  and Medicine Creek waste dumps and the proposed ash 
pond in  the upper Medicine Creek Valley (see  locations of  these  five  boreholes, 
Nos. RH-77-45 t o  RH-77-49, inclusive,  in Figure 3-4). The purpose of these 
boreholes wa.s t o  provide ground water  data  in  areas where potential ground 
water  contamination  could  occur as a resu l t  o f  the disposal o f  rock and ash 
wastes. 

The boreholes  averaged 91 m (300 f t . )  deep and were completed as permanent in- 
s ta l la t ions  with  piezometers for  b o t h  water  level measurements and ground water 
sampling. Details o f  the execution and resul ts  o f  th i s   d r i l l ing  pr0gra.m are 
provided i n  Appendix  A3.0. 

0. Water Sampling for  Isotope  Analysis 

Both stilble and radioactive  isotopes  provide a useful means of determining 
the  past  history of ground waters. The stable  isotopes used i n  th is  study 
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wert! oxygen-18  and  deuterium, *and the  on ly   rad ioact ive  isotope used ws 
t r i t i u m .  These isotopes have been used i n  a number Of ground  water  studies 
i n  Canada. f o r  example  Dakin 1975 23, Simard 1977 24. A b r i e f  
rev 'ew  o f   the  theory and use o f  isotope  s tud ies i s  given i n  Appendix A5.1. 

Watw samples  were co l lec ted   f rom  d i f fe ren t   ho les ,   spr ings ,  streams and 
lakes. Samples  were sealed i n   p l a s t i c   b o t t l e s ,  and sent to the   Un ivers i ty  
o f  klaterloo,  Ontario and Chalk  River  Nuclear  Laborator ies,   Ontar io  for  
oxysen-18,,  deuterium, and t r i t i u m   a n a l y s i s .  The a n a l y t i c a l  methods  used 
a re   desc r ibed   i n  Appendix A5.2. 

The f i e l d  sampling was designeal to obta in  a set   of   regional   isotope  values 
cover ing a var ie ty   o f   access ib le   ground and surface  waters,  covering as 
wide an area as possible.  These liackground  values  would  provide an average 
iso tope  conten t   fo r   loca l  ground  water  recharge.  Both oxygen and deuterium 

analyses were run i n   o r d e r  to  help  determine  the  or ig in  of   the  ground 
waters   us ing  re la t ionships between deuterium and oxygen-18 concentrat ions.  
Tr i t ium  de terminat ions  were made i n   o r d e r  to he1 p i d e n t i f y   d i f f e r e n t   t y p e s  
o f  ground  water and to est imate  the  re1  at ive age of  the  water. 

E. Water Level Measurements i n  Piezometers 

The cepths  to  water were  measured i n  a number of p iezometers  insta l led 
dur ing   th i : ;   inves t iga t ion  as w e l l  as i n  p iezometers  insta l led  dur ing 
geo techn ica l   i nves t i ga t i ons   i n  t:he v i c i n i t y   o f   t h e  proposed  coal p i t  
(Golder  Associates, 1976) . The l oca t ions   o f   the   boreho les   in   wh ich  
these  piezometers were i n s t a l l e a   a r e  shown in   F igures  3-3 and 3-4. 
Only a l i m i t e d  number o f  measurements  were requi red as most  water  le,fel 
measurement:s  were suppl ied by others.  Measurements  were made us ing ,an 
elect r ica l   tape  for   s tandpipe  p iezometers and a pressure  readout box 
for pneumatic  piezometers. 

5 

These p iezometr ic   data were used t o  determine  hydraul ic head (see 

glossmy)  at   var ious  points  in  the  ground  water  f low  systems  ( i .e.  at 

- 
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the piezometer t i p s )  . These potential s were used to he1 p determine the 
direction o f  ground water f low.  I n  addition the seasonal change in the 
hydraulic  potentials provfded data on the recharge  characteristics and 
hydralllic  conductivity of the f l o w  systems. 

F. Installation of a Weir to Monitor 
Base Flows in Houth Creek 

A 60 tm  ( 2  f t . )  wide x 30 cm (1.25 f t . )  deep wooden rectangular weir was 
constructed i n  Houth Creek approximately 300 m (1,000 f t . )  upstream from 
i t s  c:mfluence w i t h  Hat  Creek. A Belex water bag  was submerged about 3 m 
upstrlaam o f  th i s  dam. A Rustrack strip chart  pressure  recorder (Borclon 
tube type,  pressure range 0-21 k N / d  (0-3 p s i ) )  was installed to record 
the pressure  in  the water bag. The reading  resolution was 0.69 k N / d  
'(6.9 1:m of water) and the recording range between 0 and 475  m3/day. 
The wair was installed on July 2 5 ,  1977  and recorded  flows to October 20, 
1977. 

( i i )  Surface Water 
Field work related t o  surface water  hydrology consisted of three main 
tasks ~ 

1. I n i t i a l  inspection of stream  channels,  lakes,lake  outlet  controls, 
irrigation  diversions,  bridges and culverts. This  provided the b a s i s  
for the  detailed p l a n n i n g  of items 2 and 3 below. 
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2 .  Streamf'low measurements in  most tributaries t o  Hat Creek close t o  the 
proposed mine s i te  in  order t o  relate  their   runoff regimes t o  that of Hat 
Creek ( f o r  which data are   avai lable) .  

3. Channel surveys  along  typical  reaches  of Hat  Creek downstream of the proposed 
development, t o  serve  as a basis for predicting changes i n  channel morphology 
in  case  the  runoff regime of Hat Creek should be al tered as part  o f  t h e  
divers i 3n scheme. 

Most sfreamflow measurements  were made w i t h  a small O T T  propel ler type  current  
meter, which proved quite  suitable  for  the  exceedingly small  flows  encountered. 
On one stream  (Finney  Creek) the depth was too  shallow even for  an O T T  curlrent 
meter {d (propeller)  > 5 cml and a temporary triangular  weir made o f   s t ee l   p l a t e  
attached t o  a plywood cutoff wall had to be instal led.  The s t rean gauging  
techniques a r e  described in the   l i t e ra ture  2? and i l l u s t r a t ed  in Figures B2,-1 and 
82-2, Appendix 8. On several  of  the small streams gauged as part   of the present 
study, permanent stream gauges are  being instal led by the Mater Survey of Canada, 
acting on behalf  of B.C. Hydro.  The m t a  collection  periods o f  t h i s  study  are 
l i s t e d  in  Table 3-3. 

The hydraulic geometry of Hat  Creek, downstrean of the proposed nine, was 
defined by means of cruss  sections anti prof i les  along typical  .reaches, 
together w i t h  photographs  and notes 011 bed  and  bank materials. f lood  plain 
deposits,  vegeta.tion and other  relevant  features such as beaver dams, 
debris jam!;, etc.  Hater  levels were observed a t  a l l  surveyed cross  secticlns 
both i n  f a ' l  1975 and i n  May and June 1977. 

( b )  Water Q u a l i t y  

As previously  s,tated,  the  objective of th i s  water q u a l i t y  analysis  is t o  deter- 
mine and characterize  the  present  concentrations of various water constituents 
appearing i n  the major water bodies of the  study  area which, i f  al tered,  m i g h t  
cause changes t o  the  environment. lo achieve this  objective i t  then becomes 

3 - 1 5  



beak 
necessary  to  est ,abl ish  the  basel ine  concentrat ions  of   the  water  const i tuents,  ,. . 

inc lud ing  the  t race  e lements,   p lus  the  phys ica l   character is t ics  o f  the  water 
such t h a t  any a l te ra t i on   wh ich  may occur i n   t h e   f u t u r e  may be  assessed. 

The chemictl l  composition o f  a par t i cu la r   s t ream o r  r i v e r   i s   s u b j e c t   t o   v a r i a t -  
ions f o r  a number o f  reasons. The first of  these i s  re la ted   t o   d i scha rge . ,  
Over i per iod   o f   t ime   the   con t r i bu t i on  o f  ground  water t o  a r i .ver  remains  re la- 
t i v e l y   s t a b l e   w h i l e   t h e   c o n t r i b u t i o n  o f  sur face   runof f  can  be ext remely  var iab le.  

As ground  'water  tends t o  have h igher   d isso lved  so l ids  leve ls   than  sur face  runof f  
t h e   o v e r a l l   r i v e r   d i s s o l v e d   s o l i d s   c o n c e n t r a t i o n  will vary   i nve rse l y   w i th  dis- 
charge 26. Secondly, var ia t ions  in   chemical   composi t ion may be a t t r i b u t e d   t o  
l oca t i on   w ' i t h in  a system  insofar as t r i b u t a r y   i n f l o w s ,  degree o f   m ix ing  and 
evaporat ion may be determining  factor:;   of  chemical  composit ion.  In  general 
the  concentrat ion  o f   d isso lved  const i tuents   tends  to   i r ic rease  f rom  the  source 
o f  a stream t o  i . ts  mouth 27 . 

Lake  waters genera l l y  have  a m r e   s t a b l e  water qua l i t y   than  s t reams  o r   r i vers  
but  are  suf l ject  .to seasona l   cyc les ,   pa r t i cu la r l y   i n   t he  case of   smal l   lakes. 
Dur ing  the sumner, evaporation  takes  place and the  dissolved  sol ids  concentra- 
t i o n  may .irlcreasc?. S imi la r ly ,   dur ing   the   w in te r   in   lakes   tha t   a re   sha l low 
i n   r e l a t i o r  t o  t he i r   i ce   cove r ,   t he   concen t ra t i on   o f   d i sso l ved   so l i ds   i n   t he  
lake  water may increase as the  surface  water  f reezes.  Var iat ions  in  lake  water 
chemis t ry   nay   cause  s t ra t i f i ca t ion   o f   the   water  mass. The exten$ o f   t h i s   s t r a t -  
i f i c a t i o n  h i l l  depend on many fac to rs  such as depth,  size,  wind  exposure,  type 
o f   in f low  (whether   p redominant ly  grourld  water o r   sur face   water ) ,  and o v e r a l l  

f l u s h i n g   r a t e .  Changes in   lake  water   chemist ry  may also be r e l a t e d   t o   b i o l o g i c a l  

a c t i v i t y ,   p a r t i c u l a r l y   i n   h i g h l y   p r o d u c t i v e   l a k e s .  The act ion  of   photosyn- 
thes i s  and r e s p i r a t i o n  can marked ly   a l te r   the   leve ls   o f  oxygen, carbon  dioxide, 
and pH-depending upon which  t ime of day samples are  taken 28.  

The phys ica l   factors   promot ing  mix ing  in   sur face  water   bodies  are much les:; 
e f f e c t i v e  0:- absent i n  ground  waters.  Considerable  differences i n  composition 
o f  groundwa,ter may  be found   bo th   ve r t i ca l l y  and l a t e r a l l y   i n  ground  water  :?eser- 

vo i rs .   In   'de termin ing   the   na ture   o f   d isso lved  mat te r   in   s to red  ground  watltr 
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throughout an aqu i fe r ,   d i sc re te   we l l s   a re  sampled and an i n d i c a t i o n  i s  obtained 
of cond i t ions   a t  a s i n g l e   p o i n t   i n  a three  dimensional system. C o l l e c t i o n  
of samples from many w e l l s   d i s t r i b u t e d   a r e a l l y   o v e r  an aqui fer   genera l ly  will ' 

g ive  the  probable  upper and lower l im i t s   o f   t he   concen t ra t i ons   o f   t he   d i sso l ved  
so l ids   in   the   g round  water  body a t  that;  t ime and i n  a general way can show the 

d i s t r i b u t i o n   p a t t e r n   o f   t h e   w a t e r ' s   q u a l i t y  26. In  cons ide r ing   t he   va r ia t i on  

of q u a l i t y  c f  ground  water  with  t ime, i t  i s  b e t t e r   t o   t h i n k   o f   a q u i f e r s  as reser-  
vo i r s   sub jec t   t o  !;low changes i n   q u a l i t y  as the  water  c i rculates,   than  to  consider 
them as "piFelines"  or  watercourses  through  which  water moves from one place 
t o  another . 26 

,. .- 

Because of   the  natura l   var ia t ions  in   the  chemical   composi t ion  o f   waters ,  a 
water   qua l i t y   mon i to r ing  program  must be designed i n  such  a way as to  adequately 
document the  magni tude  o f   spat ia l  and tempora l   va r iab i l i t y   i n   t he   concen t ra t i ons  
of   the  parameters  selected f o r  measurement 2? In   the   fo l low ing   sec t ions ,   the  
measures  taken t o  achieve  th is   are  g iven.  

( i )  Ground Water 

The o b j e c t i v e  o f  the  ground  water  program was to   es tab l i sh   t he   base l i ne   o f   t he  
e x i s t i n g  ground  water q u a l i t y   i n   t h e  Ha.t Creek Val ley.  

A.  Programs 

To e s t a b l i s h  the ground water   qua l i t y  i n  the  Hat  Creek Valley, a v a r i e t y  ,of 

di f ferent   progr 'ms  o f   sampl ing and arlalysis were carr ied  out .   F igures 3-5 
t o  3-7 showthe  locat ion  o f  sample sit:es  for  the  ground  water program. Table 
3-4 shows the  f requency  of   sampl ing  for   the  d i f ferent programs and Table 3- 5 
shows the   d i f fe ren t   ana lyses   per fo rmed  fo r  each  program. 

All domestic  wells (DW) i n   t h e  Upper Hat  Creek Val ley were tabulated  (Table 
3-6) and those  of  ground  water  origir l  were selected  for   sampl ing and anal,ysis, 
thus  excluding  those  wells  designatecl as DW6, DW7, and DW11.  The maj0r i t .y  
o f  domestic  wel' ls  are  located  close t.0 H a t  Creek i n   t h e  Upper Valley  area and 

are  less  than 10 meters i n  depth. 
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In addition  to  sampling  domestic  wells on a  seasonal  basis  (winter and spring) 
five  other  sampling  programs  were  carried  out  to  meet  specific  information 
needs  of the ground  water  hydrology program. To assess  artesian  flows in the 
Hat Creek  Valley  a  number o f  sites  were  identified and selected  for  sampling 
and detailed  analysis.  To  determine  the  hydrogeochemistry in the pit area, 
a well (Well  RH 76-19) was  sampled  for  various  water  quality  parameters a t  
a  depth  of 90 meters  after 21 days of pumping. Local ground  waters in the  area 
were  also  sampled  to  provide  comparative data. To further  delineate  the hydro- 
geochemistry  of  ground  water in the pit area, an opportunistic  sample was obtained 
from Bucket Auger  Hole #7 located uphill from Well 59-19. This  hole had (i 

depth  of  22 meters. To assist in the definition  of  the  ground  water  regimes 
in the  Medicine  Creek area,  Houth Meadows, and Hat Creek-Marble  Canyon  divide 
area, the  water  quality  of  several test wells was  analyzed. These  wells  were 
sampled at depths  ranging  from 35 to  90 meters.  Finally, as a  means  of id.en- 
tifying po:;sible impacts  to  ground  water  quality  as  related  to  mining  activities 
of the project,  several  wells  were  regularly  sampled as part of the Bulk :Sample 
Program. Well locations  were  chosen  such  that  water  quality in spoil and coal 
storage  areas  might be identified. 

B. Sampling and Analytic,al Procedures 

The  collection  dates for all ground  water  samples  are  given on Table Cl-1, 
Appendix C. 

Specific  to  the  domestic well (DW)  program, all known  wells in the Hat Creek 
Valley  were ident,ified and those not pumped directly f r w  Hat Creek  were smpled. 
Inaccessible  wells  were  sampled  from the house  tap  after  a  flushing  period. 
During  sampling,  comments by residents in the Valley concerning  water  quality 
were  occasionally  noted.  Collections  were  carried  out on a  semi-annual  basis 
in conjunction  with  surface  water  surveys. 

For each pngram, samples  were  collected i n  either  clean  plastic bottles w.ith 
plastic lin!d caps or, for the specific  case  of  phenol,  clean  glass bottler;. 
Samples  wer? kept cool  and  dark. Samples  for  unstable  parameters  were  preserved 
immediately upon collection as detailed in Table Cl-2, Appendix C. 



The  methods used for  the  analysis  of  water  quality  samples and the  associated 
references  for each method  are  summarized in Table C1-3, Appendix C. Each 
method hiis been  selected  to  minimizs  interferences and obtain  suitable tlccuracy. 
The  references  from  which  they  are :selected are  recognized as containincJ 
"standard  procedures"  consistent with government  accepted  methods,  thus 
ensuring  comparability  of data. 

C. Precision and Accuracy 

In estab'ishing a comparative  data  base  over  a  long  period of time it is 
essential  that  strict  quality  control  procedures be assumed.  These  measures 
involve malyzing duplicate aliquotr; o f  each  sample  (precision) and reference 
control  samples  (accuracy).  This  procedure has  been performed  on 10 to 20 
percent cf the  samples  analyzed,  sufficient  to  ensure  the  validity  of  the 
resultant data.. A further  check  on  the  accuracy  of  the  laboratory  procedures 
and also the  completeness of the  parameters  selected,  may be conducted by 
performing  a  cation-anion  balance. ' The sum of all major  cations  expressed 
as equivalents/liter  should be equal,  within  certain  limits, to  the sum 
of  the  major  anions  expressed  similarly  (Figures C2-1  to C2-3). The data 
contained in this  report  are  expressed in mg/l, however,  these values ma,y 
be easily  converted  to  equivalents/ liter.  Several  cation-anion balancer; 
are  included i n  the  detailed  discussions  that  follow and may be used  not 
only as an accuracy  check but also as an indication of ionic distribution. 

( i  i)  Surface  Water 

The  objective o f  the  surface  water  program  was  to  establish  the  baseline 
water quality of Hat Creek  above and below  the  proposed  development plus 
the  water  quality  of  the  water  courses  which  could be influenced by Hat Creek. 

A.  Programs 

To  estab1,ish  the  existing  surface  water quality in the Hat Creek  Valley 
and in the  Bonaparte and Thompson Rislers, a variety  of  different  programs 
of samplirlg and analysis  were  carried out.  Figures 3-8 and 3-9 are  maps  of  the 
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surface  water  sampling  stations.  Table 3-4 (a lso   Tab le  C1-4, Appendix C) 
shows the !iamplimg dates   fo r   the   var ious  programs and Table 3-7 shows the 
parameters ana1y:zed. 

In   dec id ing   the   loca t ions   fo r   the   tempora l l y   sys temat ic   sampl ing   o f   Hat  Cr'eek 
and the  Borlaparte and Thompson Rivers,   care was taken t o   d e l i n e a t e   s p a t i a l  
v a r i a t i o n s .  The ra t iona le   beh ind   the  sample s i t e   l o c a t i o n   s e l e c t i o n  was t o  
place sample s i t e s  above and below the! e n t r y   o f   m a j o r   t r i b u t a r i e s   t o   t h e  
stream o f   i n t e r e s t .  In  addi t ion,   the number o f  sample s i t e s  decreases i n  the 
o rde r   o f  Ha. t  Creek, Bonaparte  River arld Thompson River .  The reasons f o r   t h i s  
were  two f c l d ;  f i r s t ,  f rom  the   s tandpc ' i n t   o f   wa te r   qua l i t y ,   t h i s   i s   t he   o rde r  
o f  importance  of  these  water  courses t.o the   p ro jec t ;  second, the   ava i l ab le  
h i s t o r i c a l   d a t a   f o l l o w s  a r e v e r s e   o r d e r   t o   t h i s   i n  terms o f  completeness. 

Dur ing  the  course  of   th is  study  f ive  addi t ional   surface  water  sampl ing  programs 
were i n i t i a t e d  t o  a s s i s t   i n   s p e c i f i c   s t u d i e s .  These were the Pit Hydrology  Study, 
Power Plant  Generat ion  Si te  Study,  Freshet  Study,  Intake  Design  Study and .:he Coal 
Bulk Sample Program. I n   t h e  Pit Hydrology  Study  the  intent was t o   d e l i n e a t e  
the  ground  water  composition i n   t h e  proposed p i t  area. However, components 
of  the  data  concern  Hat Creek and Aleece Lake and have, therefore,  been inco r -  
po ra ted   i n   t he   su r face   wa te r   sec t i on .   Add i t i ona l   wa te r   qua l i t y   da ta   i n   t he   v i c -  
i n i t y   o f   t h e  proposed power p l a n t   s i t e  was requ i red   to   he lp   de l ineate   g round 
water  f low  regimes i n  the  area.  This  necessitated  the  establ ishment o f  moni tor ing 
s t a t i o n s  on Medic:ine Creek and MacLaten  Creek. P a v i l i o n  Lake was sampled t o  
document th2 water  qual i ty  of   th is  nearby  standing  water  body. To determine  the 
change i n  suspended so l i ds   l oad ing   du r ing   t he   f reshe t   pe r iod  a  number o f   s t a t i o n s  

on H a t  Creek and the  Bonaparte  River were se lected and sampled da i l y   over   c :e r ta in  
per iods   o f   the  1977 f reshe t .  Changes i n  f l o w   d u r i n g   t h i s   p e r i o d  were very  low 
re f l ec t i ng   t he   ve ry   sma l l   sp r ing   runo f f .  Suspended so l id   concent ra t ions  and 
algae numbe-s i n  the Thompson River  were determined  from samples taken  a t   the  Wal- 
hachin  Eirid3e  located  approximately 21.5 km upstream o f   t h e   j u n c t i o n   o f   t h e  Bona- 
p a r t e   w i t h  :he  Thompson R ive r .  The purpose o f   the   s tudy  was t o   d e l i n e a t e   f l u c -  
tua t ions   o f   these  parameters   w i th   par t i cu la r   re fe rence  to   in take   des ign .  lo 
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provide more d e t a i l e d   d a t a  o n   t h e   p o s s i b l e   e f f e c t s   o f   m i n i n g   a c t i v i t i e s ,   t h r e e  
surface weer s t a t i o n s  were establ ished on and near  Hat Creek i n  aSS0CiatiOn 
w i th   t he   Bu lk  Sample Program. 

B. Sampling  and Analyt ical   Procedures 

The sampling and analyt ical  procedures  used  were as o u t l i n e d   i n   S e c t i o n  3.2 
( b ) (   i )  B Ground  Water. Stream and s m a l l   r i v e r  samples (Hat Creek  and 
Bonaparte  River)  were  obtained a t  mid-width and i n  areas f ree  f rom  turbulence.  
The  Thompson River  was sampled 1-2 m from  the  stream bank.  Lake  samples f o r  
de ta i l ed   ana lys l s  were obtained  near  the  surface. 

D u r i n g   t h e   i n i t i a l   s u r v e y   c a r r i e d   o u t   i n  September 1976 t o ta l   concen t ra t i ons  
and, where the   t o ta l   concen t ra t i on  was greater  than  the minimum detectable 

concentrat ion (MDC) ,  dissolved  concentrat ions were determined. The procedure 
was m o d i f i e d   i n   f u t u r e  samples so i h a t ,  with the   except ion   o f  mercury, o n l y  

d isso lved  concentrat ions were  measured. T h i s  was done for   three  main  reasons:  

( 1 )  The current   Min is t ry .o f   the  Envi ronment  (B.C.) regu la t ions   a re  based on 
dissolved  concentrat ions  wi th   the  except ion  o f   mercury 30,31 

( 2 )  The d i sso l ved  component i s  a p r i m e   b i o l o g i c a l l y   a c t i v e  component , 32 

( 3 )  The (great m a j o r i t y   o f   i o n r  were  below  the MDC i n  t h e   t o t a l   t e s t .  

C. P rec i s ion  and Accuracy 
The methocls used t o  ensure  prec is ion and accuracy were o u t l i n e d   i n   S e c t i o n  

3.2 ( b )  ( i  ) C Ground  Water 

( c )  Water Use 

( i )  Ground  Water 

I n t e r v i e w s  were c a r r i e d   o u t  with water  users. No metered flows  were 

a v a i l a b l e  and est imates o f  water  consumption were made. 

~~ 
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( i i ) Surf ace  Water 

A. Irrigation 

Field  work  was  limited to  the  observation of irrigation  practices of the 
area at virious  times  during 1976 and 1977, and the  discussion  of irrigation 
practices  with Hat Creek Val ley ranchers. 

B. Livestock 

Examinaticn  of  livestock  water  use  did  not  involve  any  field work. 

C. Domestic  and  Municipal 

Examination of  wrface water  domestic and municipal  use  was  restricted  to 
collection and review  of  existing  available data. 

3 - 2 2  
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4.0 RESOURCES  INVENTORY ' -  

4.1 HY DRMLOGY 

( a )  Ground Water 

( i )  General Regional Geohydrology 

The rate o f  recharge and  movement  of ground water  in any given regio!n will 
depend on the topography and on the  nature of local bedrock and 
unconsolidated  sediments. The tnpography in the Hat  Creek region va'ries 
from steep i n  the Marble Canyon region to rolling in  the  southern end  of 
the  valley.  Elevations range from a high of about  1,900 m (6.230 f t . )  on 
the west topographic  divide to about 550 m (1,800 f t . )  a t  the  confluence 
w i t h  the Bonaparte River. 

Uncorsolidated surficial  sedimenlts  cover much o f  the Hat Creek Valley and 
the tledrock sediments beneath are very varied  (see  geologic map i n  F.igure 
4-1) .  Most of the surficial  deposits and bedrock units  are made up of fine 
grained  sediments and do no t  have a very h i g h  hydraulic  conductivity.. 
While some ground water does f l o w  through these  materials, this flow i s  
genera l ly  insufficient t o  classify the geologic u n i t  as an aquifer  (see 
definition o f  an aquifer in Appendix A1.0). There are only three 
potentially  dist inct  types of extensive  aquifers i n  the Hat Creek area: 
fractured  limestone  bedrock;  fractured  intrusive bedrock; and  sand and 
gravel  aquifers i n  surficial  deposits  (see a n  o u t l i n e  of these  areas i n  
Figure 3 - 4 ) .  

The following i s  a review o f  the  hydrogeological characterist ics Of 

each major geological u n i t  found i n  the Hat Creek Valley. 

A .  Surficial  Deposits 

There i s  a thick and almost t o t a l  cover of surficial  deposits over thle  Hat 
Creek Val l e y  (Ryder 1976)  These deposits  are  varied and have 
diverse  origins  ( including  glacial   t i l l ,   lacustrine  deposits,   glacio- 
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Recent --uIIuv8um, colluvium, londsltde  debris.  peat, 
Yakanit a h .  

Pleistocene -:!ccial till, glacio-Iocusrr ine si l t .  c loc io -  

: a I I ~ v i ~ r n , ~ o l c a n i c   a s h .  
f luvial  sand and qravel,  landslide  debris, 

Quaternary 

Tert iary Kamluops Group - 

Coldwafer  Formation;  canglomero1c.sond- 1 stone, s: I ts tone ,  claystone  and cool. Often 
I bentonirqc  or  fuffocpou;  IEocene) - I Uamlor,: 1 Volcarics;  Baralt,  andpsite,  dacite. 

i 3 n d  breccias  (Eocene). 
rhyolite r..th associated tuf fs ,  a(jg1orneratts -7 

Mesozoic  Early  Tertiary 10 Spences Bridge  -vo!canic and minor scdimmtary  rocks. I.-] Late  Cretaceous Group 

Palasomc-  Permian c Lc!arble  Conyon  Foimoti-n;  limestone 
Group i rcenstonc,  chert,   argi l l i te.  quorfzitc, 

! Imestor,P and phy l l i te  .. 

- Intrusive Rocks 

Mesozoic Early Cretoceaus Mount  L y f t o n  
io Late  Jurassic  Bcihol i th  - jranodicri !c.  quartz  diori te  and diorlte 

!Mosot hlortlev 
L Stock i .  

i 

LEGEND'  ""_ Inferred Geolot':ci Contact --- ir.fc,re< ?"Ut i  
Ground contours ;wen in feel 

Si l f%ton? and claya!one ( Medicine Cresk Fn.1' 

a C o o l  I t43t Creek Cool F m . i a  

a SandsiG'r,   conplomarats  %il ! t tone. ! Cal<FoIar Beds I '5 
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f luv ia l   depos i ts ,   co l luv ium,   a l luv ium and s l i de   deb r i s ) .  Because o f  the 
d ivers i ty   o f   these  deposi ts ,  d d e t a i l e d   d i s t r i b u t i o n   i s   n o t  shown i n   t h i s  
r e p o r t  and the  reader i s   r e f e r r e d  to  a de ta i l ed  map provided i n  Ryder 
1376 1 

I n  genera l   the  sur f ic ia l   deposi ts  on the  western bench o f  the  upper  Hat 
Creek Val ley  are  less well drained  than  the  deposits on the  eastern bench. 
Springs and seeps are comnon  on the   wes tern   s ide   par t i cu la r ly  below  the 900 

m (3,OO'O ft.) contour  (Golder  Associates,  Reference 2)  and these seeps are 
p a r t i c u l a r l y   n o t i c e a b l e  between  Finney  and  Anderson  Creeks. 

The fo l l ow ing  i s  a b r i e f  sumnary of   hydrogeologica l   character is t ics   o f   the 
major  surficial  deposits  encountered  arounh  the  proposed  development areas. 
The d i s t r i b u t i o n   o f  some of   these  un i ts  will be described  further- i n  
Sect ion 4.1 ( a )  (ii). 

A1 1 u v i  urn 

Al luv ium i s  found  predominantly  along  the  bottom o f  the  val ley  (see  Figure 
3-4) and i s  made  up o f  reworked  glacial and co l luv ium  deposi ts   cons is t ing 
o f  sands and gravels  comnonly.with  si1 t interbeds and occasional  clay 
l a y e r s .   S u f f i c i e n t  ground  water has been encountered t o  c l a s s i f y  t h i s  
geologic u n i t  as a ground  water  aquifer. The tes t   t rench "8" exc:avated f o r  

the  coal  bulk sample study  intersected a 5 m (16 ft.) t h i c k  sequence o f  
permeahle sands and gravels  wi th  hydraul ic  conduct iv i t ies  ranging  f rom 

t o  10-2  m/sec. The quant i t y  o f  water pumped f r o m  t h i s  trenc:h 
ranged up to a steady  flow a f  about 1,700 m3/day. The B.C. Hydro 

exp lo ra t i on  camp we l ls  [DM-1)  y i e l d   w a t e r  from the same a l l u v i a ]   s e r f f m n t s  
and the y i e l d  i s  est imated  to be i n  the  order  of  10  &'/day. Most o f  
the  shal low dug wells  located  along  the  Hat Creek Valley  are  producing 
ground  water  that has i n f i l t r a ted   t h rough   the   a l l uv ium from  Hat Creek. 

II- 
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Ti l l  - 
4 glacial  deposit,  consisting of cobbles and gravels w i t h  occasional 
~ou lde r s  up to  1 m diameter  in  a  matrix of sand, s i l t  and clay is located 
3n the west side of the valley. Hydraulic conductivities  are  generally 
very low  and hence, t h i s  u n i t  cannot be classed  as an aquifer. 

Glacio-fluvial  Deposits 

Thick sequences of glacio-fluvial sediments up t o  90 m thick (Golder 
4ssociates, 1977 ') have been encountered i n  exploration  drill  holes 
along the east  side of the valley i n  the vicinity of the proposed coal p i t .  
These deposits  consist o f  interbedded  sands and sandy gravels w i t h  cobbles 
and boulders up to 0.6 in. Typically  there i s  much variation i n  grading, 
d t h  some interbedded t i l l s ,   c l ays  and s i l t y  sediment zones. However, 
dhile these sediments are  relatively  thick and potentially permeable, they 
are  generally dry and well drained  particularly i n  the area immediately 
!;outh east  of the proposed pit. 

'The location of a potential buried glacio-fluvial  aquifer  north of the 
proposed  coal p i t  i s  shown i n  Figure 3-4. These deposits  are an extension 
of the east  side sediments $described above. A relatively h i g h  yield 
dquifer was encountered  in  borehole RH-77-46 which i s  located  near  the 
junction  of the Hat  Creek road and  Highway 12. The significance o f  these 
hro aquifers i s  further discussed i n  Section 11.1 ( a )   ( i l l .  

Relatively h i g h  flows ( u p  to 270 m3/day for  short  periods of time) have 
Ibeen observed while d r i l l i n g  geotechnical  boreholes i n  the  vicinity of the 
 proposed coal p i t .  These h i g h  flows i n  glacio-fluvial sediments suggest 
,the  presence of  an aquifer, however d r i l l  logs of adjacent  boreholes shows 
t h a t  these water  bearing zoties are o f  limited  areal  extent  (Golder 
Associates, 1977 2 1. 

J 

I 
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li substantial volume of slide  debris  is  located on the west side of the 
valley  especially in the  northwest  part of the  valley. These sediments are 
composed of a variable  assortment of t i l l  and Coldwater  sediments often i n  
il bentonite matrix. Hydrau;iic conductivities  are very low except along 
s l ide  planes and there  are no known aquifers i n  this  unit. However  some 
!;hallow depressions i n  the  typically uneven surface topography have  been 
r'i l led w i t h  sloughs that hawe  been fed by shal low ground water  seeps and 
wrface water run-off. 

E. Bedrock Formations 

!'he regional bedrock geology i s  shown i n  Figure 4-1. The oldest  (basement) 
rocks,  the Cache  Creek .Group, consist  primarily of a1 tered  sedimentary 
t*ocks. These rocks are near the ground surface over  approximately 50 per 
cent of the  study  area. The  more recent bedrock formations  are made up of 
Spences  Bridge Group (mainly  volcanic  rocks) and Kamloops Group (consisting 
of volcanic and sedimentary rocks). The following i s  a brief  hydrogeologic 
description of the significant bedrock units found i n  the  study  area. 

Limestones  (Marble Canyon Formation) 

Yhese mssive limestones arf! well distributed th roughou t  the  area  (see 
f:igure 4-1) and there  are mlny exposures, noteably i n  the Marble  Canyon 
Area and northern  side of the Houth  Meadows  Area (Figures 4-2 ansd 4-3).  
[lased on an examination of exposed limestone bedrock i n  the n0rt.n Houth 
Fleadows Area (McCullough 19;f73) ,  i t  appears t h a t  the  fractures  are 
!;teeply d i p p i n g  ( largely between 60 degrees and 80 degrees) and only a few 
fractures cou ld  be classified as extensive. No significant  karstic 
features have  been identified i n  th is  area. 

florehole RH-77-45 penetrated 49 m (160 f t . )  of fractured limestoine located 
i n  a f,wl t or fracture zone north of Houth Meadows.  The water yield a t  a 
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MAL?BL€ CANYON Fi’gure 4-2 

View of Marble Canyon  from h i l l  s i d e  south  of   Tran- 
q u i l l e  Lake,  looking  southeast  towards  the  upper  Hat 
Creek Val ley   junct ion.  A r e l a t i v e l y   f l a t  sediment 
f i l l e d   v a l l e y  bottom  can be seen  in  middle  of  photo. 

,These   sediments   are   be l ieved  to  be r e l a t i v e l y   p e r -  
meable and is a p o t e n t i a l l y   s u b s t a n t i a l   a q u i f e r .  
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HOUTH M€ADOWS ARE4 Figure 4-3 
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depth of 92 m was 2 l / s  (168 m3/day)  and the fomation!s hydralllic 
conductivity i n  this fracture zone averaged 10-6 m/sec. As these 
1 imestone formations are relatively permeable, particularly alonq fau l t  
zones, they can be regarded  as a moderate yield  aquifer. 

Altered  Clastic Sedimentary Rocks 

These rocks are made up of yeenstone,   cher t ,   argi l l i te ,   (par t  01; Cache 
Creek  Group) quartzites and phyll i t e  and may be interbedded w i t h  the 
limestone.  Hydraulic  conductivities  are  typically low, ranging between 
10-10  and 10-8 m/sec, w i t h  t.he higher values being encountered in 

fractured  or  fault  zones. The ground water  flowing through thesc? roqks 
moves very slowly and  hence water  quanti t i e s  and qualities  abstracted from 
any wells would  be unsatisfactory due t o  low yields and h i g h  dis:;olved 
salts   content.  

Volcanic Rocks  (Kamloops Group Only) 

These ,include a diverse group of rocks:  basalt,   andesite,  dacite,phyllite 
k i t h  associated  tuffs, agglomerates and breccias.  Falling head 
permeability  tests  indicatea:  that  typical  hydraulic  conduttivitics around 
10-6  m,/sec could be anticipated. 

lhe  Kamloops Group volcanics,  are  believed to form the basement o f  the Hat 
Creek IBasin i n  the proposed p i t  area, although i t  i s  possible  that the 
Clarble  Canyon Limestone may locally  underlie the Coldwater sediml?nts in the 
rorthwest. The  Kamloops Volcanics are  faulted  against.the  overlying 
Col dwater Formation along the eastern margin of the Hat  Creek  Ba:;in. 

+ Poor1 Cclnsol i dated Sedimentary Rocks 
Co dwater  Formation) 

lhese (comprise  a thick sequelnce  of fine grained  Tertiary  clastic rocks and 
a substantial accumulation of low grade coal up  t o  460 m (1,500 .ft.) thick. 
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Although there  is much facies  variation  within the basin,  sandstones and 
conglomerates w i t h  si1  tstones predominate below the coal , and si1  tstones 
w i t h  claystones predominate above. The Coldwater Formation is  thickest i n  
 he center of the  basin Il,;!OO m +) and is  faulted along the  margins, 
particularly along the  east  side of the  valley. In the Medicine Creek 
drea,  the  picture becomes  more  complex and volcaniclastic rocks are  present 
possibly forming much of the Coldwater' Formation Sequence. Thin volcanic 
El ows are a1 so present. 

'The  most perheable zones i n  th i s  format ion  are  the coal units.  Results o f  
Falling head permeability tes ts  give  typical  values  far  hydraulic 
conductivity as follows: 

Clastic Coldwater  Sediments 10-10 m/sec 
( b o t h  basal m d  upper units) 
Coal 10-6 m/sec 

,As the coal units are  generally  encapsulated w i t h i n  the low permeability 
'claystone and si1  tstone  units,  the ground water  yield from the c:oal will 
!)e  limited to the q u a n t i t y  of water t h a t  can  flow through  the claystone. 
,Calcite  veins  are  relativelr  frequent i n  some areas and this  mineralization 
i s  believed to further reduce  the formation 's  hydraulic  conductivities. There 
i re  no significant  aquifers i n  these  sedimentary  rocks. 

Intrusivle Bedrock 

4 large body of intrusive rock i s  exposed a t  the  higher elevations west of 
the coal pit  area. The rock types  include  granodiorite,  quartz  diorite and 

diorit.e, and based on an a i r  photo examination  the rock mass appears to be 
relatively massive with on1,y minor fracturing. No permeability tests have 
Jeen made i n  th is  formation a t  Hat Creek. However  based on data from other 
areas,  hydraulic  conductivities of about lo" m/sec would be expected. 
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( i i )  Flow Patterns 

Both the  surficial and bedrock geology of the Hat  Creek Valley are very 
diverse and as a consequence the ground water flow patterns  are  cmplex. 
I n  order to simplify the study of these flow patterns  four  areas have been 
selected for detailed eval uations. These areas have been selected 
primarily because they appear to be major potential impact locations  after 
development comnences. These are  areas which could be reasonably  expected 
t o  be influenced by hydrogeologic changes caused by the proposed mining and 
power generation  activities. 

i.. 

A. General Flow Systems i n  the Upper Hat  Creek Valley 

The flow systems  in the upper Hat Creek Valley can be characterized by 

ground water  recharge i n  the upland areas and discharge  in the valley 
bottom. The east-west flow patterns  across the valley  are shown for the 
area around the proposed p i t  in Figure 4-4. These flow patterrls can be 
regarded as typical of flows across most parts of the Hat  Creek. Valley. 

The ground water flows typically under an approximate hydraul ic :  gradient of 
0.1 taward Hat Creek where most  of the  discharge  occurs. Recharge i n  the 
up land  areas  takes  place through t h i n  surficial sediments i n t o  volcanic and 
1 imestone  bedrock. Lower down the Val ley,  the ground water flc~ws i n t o  the 
c l a s t i c  Coldwater  sediments. A pump test of a screened well in these 
Coldwater  sediments (RH-77-19, see  location  Figure 3 - 4 )  showed that ground 
water- in the sands and gravels in the t i l l  above the Coldwater Fonnation 
was recharging  water to the siltstone-claystone sediments. 

Estimates of the  quantity of ground water which discharges i n t o  Hat  Creek 
have been  made by considering  the amounts of  precipitation whic:h f a l l  i n t o  
the upland  recharge  area. 
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Tht! assumptions made were:- 

- that  recharge zones extend  approximately 2 kilometers toward  Hat 
Creek from a ground water divide in the u p l a n d  areas. 

- That  about 10 percent of the mean annual precipitation on the 
upl.and areas w i l l  irlfil  trate  to the ground water table i8n the 
recharge zones.  This percentage i s  a reasonable  value based on 
analyses of hydrogeologic  data  in other  regions  similar to Hat 
Creek. The estimated  accuracy i s  - + 30 percent. 

The mean annual precipitation.  in the upland  areas  (i.e. above elevation 
1 ,ZOO m )  i s  between 355 and an assumed maximum of 430 mn a t  the highest 
elevations  (see  precipitation va r i a t ion  given  in Figure 4-26, Section 4.1 ( b )  
( i i )  A ) .  We will assume that. the average  precipitation in these upland 
ground water  recharge  areas i s  400 mn. Thus, ground water  discharge i s  
estimated t o  be 10 percent o f  400 mm = 40 nh per year. Using Oarcy's 
equation  (see  glossary) for calculating ground water  seepage, the estimated' 
ground water  discharge along the valley i s  between 284 and 568 m3/day 
per kilometer  ',Also.it i s  estimated  that i n  the order of 0.5 - 2 percent &&GL 
of the ground water which discharges  into Hat  Creek originates from the 
Coldwater s e a i t s  and the remaining ground water  reaches the creek 
t h r o u g h  w r f i c i a l  sediments. 

- 
-2 7 

I n  the vicinity o f  the proposed coal p i t ,  the east  bench i s  better d r a i n e d  

due t o  a greater  thickness of surf ic ia ls  which consist predominantly of the 
moderately h i g h  permeability  glacio-fluvial  sediments. As a result. ground 
wat,!r discharge on the east  side o f  the valley  passes th rough  the alluvium 
and into Hat  Creek w i t h o u t  any surface  discharae. On the west bench the 
surf ic ia l  cover i s  much th inner  and consists predominantly of low permea- 
b i l i t y  t i l l s  with some interbedded  glacio-fluvial  sediments. As a resul t ,  
the west bench slopes  are  less well drained and springs and seeps are 
comnon particularly below the '900 m contour. 

A t  :;everal  locations i n  the Hat Creek Valley, small ponds exis t  which dis- 
p l a y  a d is t inct ive  l ight  coloul-ed deposit around their  perimeter  (see 
f igure 4-51. These are  evaporite  deposits which are  concentrations o f  
salts formed by the evaporation of water from restricted  basins.  rnese - 
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SALINE SLOUGH Figure 4-5 

A t y p i c a l   s h a l l o v   s l o u g h   t h a t  is commonly  found i n  
t h e  Eat Creek val ley.   These  depressions  col lect   both 
shal low  ground  water   seepage  and  surface water run- 
o f f .  The reg iona l   wa te r   t ab l e  is genera l ly  many 1 0 ' s  
of meters belov  ground  surface.   Most  of t h e   v a t e r  
c o l l e c t i n g  in these  ponds w i l l  evapora t e   and   neve r  
reach   the   reg iona l  vater tab le .  White r e s i d u a l   s a l t  

places   around the  edges of the  slough. 
d e p o s i t s  l e f t  behind on evaporation  can be seen   in  
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~ o n d s  appear to have a re1 a t ive ly  impermeable si1 ty  bottom and show  no 
indication of surface  outlets. 

lbservations around Finney and Aleece Lakes suggest that  these  lakes  are 
fed by local perched ground water flow systems and small streams,  flowing 
from the west. Intermittent  surface water  discharge from these  lakes can 
occur,  especially d u r i n g  the spring  freshet. The remainder of the lake 
dater  is  dissipated mainly as evaporation and o n l y  a small amount by ground 
dater discharge. Evidence for  the l a t t e r  conclusion i s  based on isotope 
data and i s  presented  in  Section 4.1 ( a )  ( i i i )  B. 

The only potentially  significant  aquifers i n  the main Hat Creek Valley are: 
the valley a l l u v i u m  and a bedrock valley  filled w i t h  glacio-fluvial 
sediments northeast o f  the proposed coal p i t .  

Valley A l l u v i u m  

The depth and width o f  the aquifer will  be variable, however by assuming an 
average depth of 5 m and wi.dth o f  100 m ,  the estimated ground water flow 
down valley i n  this  aquifer i s  2,300 d / d a y .  As the s i z e  and shape of 
the aquifer wi l l  vary and as the aquifer  is  hydraulically connected to Hat 
Creek, there w i l l  be an interchange o f  water between the creek and aquifer 
a long  the length of the  creek  channel.  This  interchange w i l l  be i n  b o t h  
directions;   ei ther from aquifer to creek or vice  versa, depending on t h e  

prevailing hydrogeologic ccnditions. 

Glacio-fluvial Valley 

As mentioned ear l ier  a numbler of boreholes drilled  for coal exploration i n  
the area northeast of the FlrOpOSed coal p i t  have delineated  pan of the 
buried bedrock valley. The approximate outline o f  this  valley i s  shown i n  
Figure 3-4 .  However, i t  should be noted that the locat ion o f  the northern 
p a r t  of this  valley has not: been probed by d r i l l  i n g  and hence i-Cs depth and 

" 
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location have  been estimated by extrapolating  existing  data i n  the  south. 
The channel i s  approximately 600 m wide and while  the depth  is  variable the 
estimated average depth below the  water  table  (elevation 833 m )  i s  100 m 
helow the general bedrock surface. B y  assuming a hydraulic  conductivity 
O f  m/sec and using the 0arcy  equation  the  estimated ground water 
flow along this   val ley  is  5,000 m /day. The discharge from the  northern 
end o f  the  valley  will probably  seep through a1 luvium and then into Hat Creek. 

3 

R. Houth  [Creek Basin 

The Houth Creek Basin i s  located i n  the northwest  corner of the Hat  Creek 
Valley (see  location  Figure 3-4) and i s  of particular  interest  as much  of 
the valley  could  possibly be used as a storage  area for waste rock. The 
significant geological  units and ground water flow systems within  the  basin 
are shown i n  Figure 4-6. 

The limestone and intrusive bedrock formations  are  the only  potential 
aquifer systems i n  the  basin. Ground water recharge will  take place  in the 
upland  areas a long  the northern and western margins of the basin. The 

~ f l o o r  of the f la t ter   par ts  of the basin i s  covered w i t h  a thick  (generally 
over 100 m l  veneer of relatively dense t i l l .  There are no existing data on 
hydraulic  conductivity and ground water levels  for  these  tills. However, 
some data wi l l  be obtained d u r i n g  the 1977-1978 geotechnical d r i l l i n g  

'program.  Preliminary  data  suggest t h a t  the t i l l s  w i l l  have a low hydraulic 
conductivity and that the regional ground water table will  be i n  the order 
of 30 m below  ground surface a t  the center of the  basin. 

Some of the ground water f lowing  south through the  limestone bedrock 
appears to discharge as a series of springs and seeps i n  the  valley  floor 
a long  the base of the bedrock slopes. For example the small lake ( H o u t h  
Lake) i n  the  northeastern  corner of the  basin  appears to be spring fed. 
These seeps, along w i t h  other ground water  discharges,  contribute to the 
base flow in the north branch of Houth Creek. The south branch of this 

~ " 
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creek  drains  the  areas  underlain by bedrock with a low hydraulic 
conductivity. Consequently, as the ground water  discharge from the bedrock 
is   negl igible   this  branch o f  the  creek would normally dry u p  soon after  the 
spring  run-off. 

lhe flow i n  Houth Creek as recorded a t  i t s  mouth, i s  given i n  Figure 4-7. 
P s  can be seen, there was very l i t t l e  run-off resulting from  sumner rain 
and hence, most o f  the discharge  recorded  during  the  monitoring [period was 
<round water  discharge. 

€:stirnates for the t o t a l  ground water budget  have been made. Seepage flows 
<.an be estimated by us ing  ttle Oarcy equation  (see Appendix A1.O) and i n  
clrder t o  apply  the  equation  the  following  assumptions were  made:- 

- The bedrock was asstlmed t o  be isotropic and relative1:y 
homogeneous. 

.- The average  hydraulic  conductivity for both limestone and 
intrusive bedrock was 10-7 m/sec. 

"he calculated ground water flows shown in Figure 4-6 are as follows:- 

" 
::nflow: 

from north 
from west 
TOTAL - 432 m3/d 

0.1tflow toward the  east: 
i n  1 imestone 168 m3/d 

i n  t i l l  2 m3/d 
i n  claystone-conglomerate - 1 m3fd 
T o m  - 171 m3/d 

The difference between these two totals  i s  the estimated ground water 
iischarge t o  the ground surface  within the Houth  Creek Basin, i . e . : -  

432 - 171 = 261 m3/d 

4 - 11 
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By i n s p e c t i o n   o f   t h e  f l o w  record  g iven i n  Figure 4-7 the  average  annual 

ground  water component o f   f l o w   i n  Houth  Creek i s  es t ima ted   t o  b c  about 

220 m3/d, the  ground  water   lost  as e v a p o t r a n s p i r a t i o n   i n   t h e  we t  areas 
espec ia l l y   a long   t he   t oe   o f   t he   h i l l s i de   s lopes   wou ld   accoun t   f o r   t he  
remai n i  ng d i  scharge, i .e. : 

261 - 220 = 41 m3/d 
This   represents  an annual  evapotranspirat ion  loss o f  about 30 mn Over t h e  
estimated  ground  water  discharge  area  (about 0.5  km ). The above ca lcu la-  
t i ons   a re   necessa r i l y  apprcsximate. However, they  are  provided to i l l u s t r a t e  
the  order  of   magnitude  of   5:mund  water  f lows  and  discharge i n   t h i s  creek  basin. 

2 

C. Marble Canyon 

The Marble Canyon area is   imned ia te ly   nor th   o f   the   Houth  Creek 3asin and i s  
o f   s p e c i a l   i n t e r e s t  because of  the  presence  of a ma jor   aqu i fe r   in   the  
canyon and i t s   c l o s e   p r o x i m i t y  to the  proposed  development  areas  (see 
F igu re  3-4). The canyon i s  Tong and narrow and extends  from  Pavi l ion Lake 

t o  a j u n c t i o n  with the  northern end o f   t he  Upper 'Hat Creek Val18?y.  Massive 
l imestone  bedrock i s  exposed along  both  sides  of  the canyon (see  Figure 
4-2)  ,and geologic  evidence  suggests  that  the canyon was formed by the 
scour ing   ac t i on   o f   g lac ia l   i ce  on the  fractured  l imestone  bedrock,  possibly 
along a f a u l t   l i n e .  The bottom  of  the canyon has been p a r t l y   f i l l e d  with a 
g l a c i a l  and g l a c i o - f l u v i a l  sediment to  an est imated average depth of 50 m. 

Borehole RH-77-46 was d r i l l e d   i n   t h e   v a l l e y   b o t t o m   a t   t h e   e a s t e r n  end o f  
the canyon (see  loca t ion  F.:gure 3 - 4 )  and a  good sand and gravel   aqui fer  was 
encountered a t  a depth  of  9 m. U a t e r   y i e l d s   o f  up to  2.8 l / S  (:!43 
m3/d) were  recorded  during  the d r i l l i n g  and  a p o t e n t i a l   y i e l d  o f  650 

m3/d has been es t imated  fo r  a proper ly   screened  product ion  wel l   a t   th is  
l oca t i on .  The aquifer  encountered i s  about 20 m t h i c k  and i s   b e l i e v e d  to 
be a s i m i l a r   t h i c k n e s s   a t  'the l imestone  quarry  wel l ,   which  a lso  y ie lds 

water  from a s i m i l a r   g l a c i o - f l u v i a l   a q u i f e r .  
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Ilased on geologic  evidence  there  appears to be an aquifer or series of 
interconnected  aquifers  extending to Pavilion Lake an' beyond i t s  
northwestern  shores. However, based on topographic and isotope  evidence 
there  appears to  be a ground water d i v i d e  east of Turquoise Lake (see 
Figure 3-41. Thus,  the water  seeping from this  lake would flow northwest 
toward Crown and Pavilion L,akes. This  isotope  evidence  will be presented 
i n  Section 4.1 ( a )  ( i i i )  8. 

'There are no well developed channels for collecting  surface water run-off 
From the canyon and hence, a11 precipitation must either become ground 
witer  recharge or be lost  as evapotranspiration. The ground water flow 
systems i n  the canyon are  i l lustrated i n  Figure 4-8. This shows that the 
!ground water  flows from recharge  areas a t  higher elevations,  laterally 
through limestone bedrock and discharges i n t o  the  surficial sediment 
,iquifer in the canyon  bottom. I n  addition  this ground water i s  
supplemented by surface run-off which inf i l t ra tes   in to  the talus  deposits 
,ind eventually i n t o  the surficial  aquifer. The ground water  in this  
,surficial  aquifer  will then flow i n  a southeasterly  direction from the 
#]round water d i v i d e  toward Iiat Creek. An estimated ground water flow 
lbudget is as  follows:- 
[nflows: 

Deep seepage i n  limestone 490 m3/d 
Canyon bottom inf i l t ra t ion  - 1564 d / d  

TOTAL 2054 d / d  
Outflows: 

- 

Down valley seepage in surficial  sediments 2053  m3/d 
Oown valley seepage i n  limestone bedrock 1 d / d  

TOTAL 
- 
- 2054 d / d  
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D .  Medicine Creek  Basin 

Thc Medicine Creek  Basin is   s i tuated on the eastern  side of the H a l t  Creek 
Va'lley and the creek flows into Hat  Creek just south of the proposed coal 
pi.:. The basin is   re la t ively f l a t  over much of the higher  elevations and 
thc  creek  valley is  deeply incised  (see  Figure 4 -9 ) .  Because of i ts  close 
proximity to the proposed development areas i t  i s  an a t t rac t ive  area for 
storage of waste rock and coa'l ash and  hence warrants a detailed 
hydrogeological  investigation. 

Most  of the bedrock in this  basin i s  covered  with a low permeability t i l l  
b l i tnke t .  The thickness of thfs t i l l  is variable, b u t  generally less than a 
few meters i n  the upland area:; and ranging up t o  60 m in the Medicine Creek 
Va':lcy f loor .   Al luvim  is  almost  absent  in  the  creek bed. 

Thc bedrock i s  comprised of  Vimestone (Marble Canyon Formation), a.1 tered 
sedimentary rocks (noteably greenstone), volcanic rocks and low 
permeability  sedimentary rock:; (Coldwater  Formation). A1 1 units w i t h  the 
exception of  some o f  the volci%nic  rocks would have hydraulic  conductivities 
less  than m/sec and hence, the rate of ground water flow through 
these rocks would be very slow. The Medicine Creek Valley  follows a 
geological  fault. However, based on data  collected to date, the hydraulic 
corlductivity a long  this  f a u l t  i s  only  marginally higher than the unfaulted 
bedrock.  Piezometric information recorded i n  piezometers installed i n  

boreholes RH-77-48 and RH-77-49 (see Appendix A4.0) indicates  that Medicine 
Crc?ek i s  perched above the ground water table.  Generally  this water table 
i s  located just above the bedrock surface as illustrated in Figure 4-10. 

Tht! ground water  recharge wi1.1 occur mostly in the upland areas and the 
movement would generally be toward the valley bottom. Preliminary seepage 
calculations show w a t  most (say 90 percent) of the ground water would 
flow  through the t i l  1 or glac.ia1 d r i f t  overlying the bedrock and the 
remaining 10 per cent would  f'low through the bedrock. The total seepage 
flow i s  estimated to be 35 m3/d per kin along the length of the creek. 
Bar,ed on these data,  the  estimated down valley ground water flow a t  the 
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Medicine Creek mouth i s  in the order o f  350 m3/d. Most of this flow i s  
in  the t i l  1 and less  than 1 per cent of the flow i s  estimated to flow i n  
the bedrock along the fau l t  line. 

( i  i i ) Hydrogeochemi cal  Patterns 

A. Dissolved  Inorganic Chemistry 

I ntroducti on 
Selected water  analyses for inorganic chemical content of both surface and 
grxmd  waters have been used to construct a Piper diagram (Piper 1944 1. 
This diagram i s  a convenient imethod for  representing a particular type of  
water based on the  relative  proportions  (expressed  as a percentage o f  the 
total  equivalent weight) o f  the major dissolved ions in the water (see 
F i l ~ u r e  4-11). Studies by others have shown tha t  w i t h  few exceptions ground 
waters  in  the  recharge zones are typically a calcium-magnesium bicarbonate 
t y x  water  (Schoeller, 1959 ). As the ground water progresses through the 
flow  system the increase o f  calcium and magnesium ions is   controlled by 
eqililibrfum  relationships w i t h  minerals present in the rock, such as ca lc i te ,  
dolomite and gypsum. Sodium ion i s  not  subject t o  these controls and hence 
the  proportions o f  this ion will  increase  relative  to calcium and  magnesium, 
and a sodium type water would result .  This effect   is   further  accalerated 
where ion exchange (calcium-magnesium for  sodium) can take  place. 

4 

5 

Area West o f  Proposed Coal P i t  

Most of the ground water flowing in the Coldwater Fonnation Rocks i s  
characterized geochemically 21s sodium-bicarbonate type waters (sec? sample 
Nos. 9 ,  20, 21,  2 7 ,  28 and 251 plotted in the Piper diagram Figure 4-11). 
N O  data is   avai lable  on the nature of ground waters  flowing i n  the  intrusive 
grandodiorite and volcanic bedrock materials. However, a ground water 
with  a lower percentage o f  dissolved sodium would be expected based 
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on data  obtained  from  other  areas  ( i .e. similar to the  cat ion  propor t ions 

shown  by Finney and A1 eece Lakes, samples 17 and 19).  Thus, fo r  ground 
wa'kr   f lowing  eastwards  f rom  in t rus ive o r  volcanic  rocks  into  Coldwater 
sell iments  the  anion  proportions  would be expected to remain  constant  ( i .e. 
mo,;tly b icarbonate  ion)  and the  calcium and magnesium port ion  would 
decrease i n   f a v o u r   o f  sodium ion. The b a s i s   o f   t h i s   p r e d i c t i o n  is r e l a t e d  
to  the  general  hydrogeochemical  trends  described above and to data on the 
c h y  mineralogy o f  the  Coldwater  claystone  sediments  (Golder  Assoc:iates 
19'77 '). The d m i n a n t   c a t i o n   i n   t h e   m o n t m o r i l l o n i t e   c l a y  was found to 

be sodium and hence ion  exchange o f  calcium-magnesium  ions i n  water  for  
sodium ions  in  the  sediments can be  expected. 

/I.- 

Medicine Creek Basin 

Borehole RH-77-48 encountered  ground  water  that  f lows  through  clastic 
sedimentary  rocks  (Coldwater  Formation  shale and sandstone)  while  borehole 
RH-77-49 encountered  ground  water i n  the  greenstone  bedrock. The 
geochemical   character ist ics o f  these two ground  waters  are  basical ly  very 
di.:ferent  (see  Figure  4-11, sdmples 27 and 30 respec t i ve l y ) .  The shale- 
sandstone  ground  water i s  a sodium bicarbonate  water and the  greenstone 
ground  water i s  a calcium-magnesium  bicarbonate  water.  This d i s t i n c t  

di,'ference i n  the  type o f  ground  water i n  these two zones i s  cons is tent  
wi':h the  s low  moving  hydrogeo' log ic   f low  pat terns  out l ined  in   the  last  

sect ion.  I f  the  ground  water  flows were rap id  and e n t i r e l y   i n  the bedrock 
i n  the down va l ley   d i rec t ion ,   then geochemical  theory  would  predict  that 
the  ground  water in  the  greenstone'bedrock  would  also have a very  high 
sodium  content  with  respect to the  other two cat ions.  

E. Isotopes 

In t roduc t i on  - 
Plots   o f   deuter ium and oxygen-18 isotope  content  are  presented  in  Figure 
4-12. This  shows t h a t   m s t  ground  water and r i v e r  water samples analyzed 
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f a l l   a l o n g  the l i ne   t yp i ca l   o f   i ne teo r i c   wa te rs  (see exp lanat ion   o f   theory  

i n  Appendix A5.1 1. The deuterium  values  for  these  waters  range between 
-150 and  -140 pe r  mil (O/oo)  and  oxygen-18 values between -18.8 and  -17.3 

?er mil. Most o f  the lakes and small  streams  have  waters t h a t  liave been 
subjected to a h igh  degree o f  evapora t ion ,   fa l l ing   beneath   the   lw teor ic  
l i n e   ( s e e   e x p l a n a t i o n   i n  Appendix A5.1). 

T r i t i u m  samples c o l l e c t e d  from a  number o f   we l l s   a re   sumnar i red   in   Tab le  

4-1 and show r e l a t i v e l y  low t r i t i u m  values. As explained i n  Appendix A 5 . 1  
values  of   less  than  about 30 t r i t i u m   u n i t s  sugges t   t ha t   mre   t han  16 years 
have  passed  since the water  entered  the  ground  water  f low system. 

Finney - Aleece  Lake  Area 

Both  Finney and Aleece  Lakes have a r t i f i c i a l l y   r a i s e d   o u t l e t s  aqd a t  the 
t ime o f  sampling no water was f low ing   over   the   ou t le t   s t ruc tu res .  The 
oxygen  -18  content   o f   in f lowing seepage water ' to   A leece  Lake  (poss ib ly   v ia  
Finney  Lake) was -14.3 i n  November 1976 whi le   the  A leece  Lake  u i ter  was 
-8.8. Th is  shows t h a t  the  lake i s  h i g h l y   e v a p o r i t i c  and hence  nuch o f   the  

water  appears to have  evapclrated  from  the  lake  surface and only  a small 
p ropor t ion   o f   the   water  will leave the l ake  as  ground  water  sewage. 

Houth Meadows Area 

Iso tope  da ta   ind ica te   tha t   the  seepage into  Houth  Lake i s  subjected to some 
moderate  evaporation  before' it leaves  the  lake and tha t   t he   d i scha rge   ( i n  
A p r i l  1977)  from t h i s   l a k e  was small i n  comparison to the   f l ow   i n   t he   no r th  
branch o f  Houth  Lake. 

Marble Canyon Area 

A progress ive change i n  iscltope  composit ion  of  surface  waters can be 
observed i n  the  Pavi 1 i on  La,ke area.  This change fol lows  along  the 

e v a p o r a t i o n   l i n e  shown i n   F i g u r e  4-12  and  can be  seen as fo l lows:-  

4 - 17 
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76-1  9/11/76 

7 6 4  W11176 
7 6 - i  9/11!76 
76-6 14/10,76 
77-7 2 w  4r77 

77.8 29/ 4/71  
77.9 29/ 4r77 
77.10 IS/ l l 7 7  

77-11 29 /  4,il 
77-11 29/ b 7 7  

77- I I 191 48 17 
77-14 IS/ 4177 

7 7 - I i  29/ b 7 7  
77-16 191 1/17 

77-17 291 k t77  
77-18 191 b 7 7  

77-19 IO/ 4,77 
77-20 IO/ k877 
77-11 IO/ i l l 7  
77-22 IO/ 4!77 
77-21 101 *r77 
77-24 IO/ 4r77 

77-11 I01 4177 
77-26 IO1 4r77 
77-27 101 4!77 

77-28 IO/ 4 8 7 7  
77.29 281 i,77 

17-30 18/ 5,77 

77-91 lil 8177 

77-11 211 at77 

77-11 ZiI at77 

7 7 - 3  2s) a177 

77-15 T i /  8177 

77-16 211 8t77 

71-17 li/ 8r77 

I b  
a 

It 
8 

I1 
I1  

i 
1 

9.4 18.0 160  47.1 s . i  7.6 677 -18.0 
17.4 b.0 a.o w .la.1 
11.6 14.0 1 1 i O  17.1 '.i 7.6 1814 -20.1 

600 -17.1 -111.1 

1291 I88 (401 10.51 18.41 500 4 6 . 9  -11b.8  
I661 1419112iOI 17.61 (7.61 1100 -18.1 -1bZ.k 
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- M e l t i n g  snow i n  Crown Creek iSampl e 18) 
- Turquoise  Lake (Sample  16) 
- Crown Lake (Sample 15 1 

P a v i l i o n  Lake  (Sample  14) 

Thus,  based on iso top ic   da ta   the  seepage f low  from Crown Lake  would  appear 
to   be   toward   Pav i l ion  Lake. The iso top ic   compos i t ion   o f  ground water 
simples  from  borehole RH-77-45 are a1 1 , with the   except ion   o f  one sample 
(No. 3 2 ) ,  very  c lose to normal meteoric  water and do no t  show any s ign   o f  
s .gn i f i can t   evapora t ion .  The l o w   t r i t i u m   l e v e l s   s u g g e s t   t h a t   t h e   r a t e  o f  
ground  water  Mvement i s  low,  suggesting a r e l a t i v e l y  low  rock  penea- 
b . : l i t y .  

Medicine (:reek Area 

Both  Medicine Creek water  (Sample 28) and grouna  water samples  from 
boreholes RH-77-48 and RH-77-49 l i e  on the  meteor ic   l ine.  However, the 
Medicine Creek water was isotopica l ly   heavier   than  the  ground  waters .   Th is  
sugges ts   t ha t   a t  the t ime  of  sampling  (Apri l   1977)  the  ground  water 
component i n  t h e   r u n - o f f   i n  I'ledicine  Creek was small r e l a t i v e  to  d i r e c t  
run -o f f .  These conc lus ions   a re   cons is ten t   w i th   o ther   da ta  on the loca l  
f';ow  systems i n   t h a t   t h e  bedrock  ground  water does n o t   c o n t r i b u t e  
s . i g n i f i c a n t l y  t o  the  creek  f low i n   t h i s   b a s i n .  

( i v )  Water Tables ,- Seasonal Va r ia t i ons  

Wdter l eve l   da ta   f o r   spec i f i c   geo log i c   un i t s  have been recorded i n  
piezometers i n  the  Hat Creek Va l l ey  and have been converted to piezometr ic 
head  elevations. These p iezv~met r ic  heads represent  the  total   hyciraul ic 
head  (pressure head p l u s   p o s i t i o n  head) a t  a s p e c i f i c   p o i n t   i n  an aqu i fe r  
( i.e. a t   t h e   p i e z o m e t e r   t i p ) .  The term  "piezometric head" i s  us,ed here as 

a more general term which can a p p l y   t o   a l l   p o i n t s   w i t h i n  a geo1oS:ic u n i t ,  

1 4 - 13 - 
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wh i le   t he  term "water  table"  appl ies  only  to  those  points where the 
pressure head i s  atmospheric. 

Monthly  p iezometr ic head data  have been recorded  since November  1976. 
P l o t s  o f  p iezometr ic head versus  t ime  for  selected  piezometers  are shown i n  
F igures 4-13 t o  4-15 and Table 4-2 l i s t s   t h e   r e l e v a n t   i n s t a l l a t i a n   d a t a   f o r  
e x h   o f   t h e   s e l e c t e d  piezometers. These piezometers  are  located  most ly  in 
t h e   v i c i n i t y   o f   t h e  proposed p i t  area  (see  locat ions i n   F i g u r e   3 - 4 )  and 
some are i n  the Medicine Creek Val ley.  

The genera l   t rend   i n   a l l   o f   t he   p lo t ted   da ta  shows  a decl ine  of  pl iezometric 
heads  since November  1976. A t  t h i s   s t a g e  i.t i s   d i f f i c u l t  to p r e d i c t   f u t u r e  
t rends, as no t   a l l   o f   the   p iezometers  have become f u l l y   s t a b i l i z e d  and the 
p e r i o d  o f  mon i to r i ng   i s   l im iced .  However,  based on present  data, maximum 
arlnual f l u c t u a t i o n s   o f   p i e z o m e t r i c  heads i n  recharge zones are  est imated to 
be between 3 and 10 m. Maximum annual f l uc tua t i ons   i n   t he   d i scha rge   a rea  
near  Hat Creek should  be  quite  small   (1  or 2 m )  s i n c e   i n   t h i s  area 
p iezometr ic  heads a r e   l a r g e l y   c o n t r o l l e d  by the  creek  level .  A s i m i l a r  

f l u c t u a t i o n   i s  expected fo r   p iezomet r i c   l eve l s   i n   t he   &d ic ine .Creek  
Vc.11 ey. 
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HYDROGWFHS OF SELECTED  PIEZOMETERS IN THE  PROPOSED  PIT  AREA 
BOREHOLE  NUNBERS 76-81 6 AND 76-160 Figurle 4 - 13 I 

LEGEND 
Plorted monthly dat.a 

* Indicates  readings were 
considered  erroneous. 
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T a b l e  4-2 

Summary Data on Geotechnical and Coal Exploration 
Hole:; Quoted i n   t h i s  Study 

m Piezometer (') Coo,rdinates (4) 1nstallat:Lon  Piezometer'')  Piezometer Material Discharge 
Number Date  Elevation Depth Below Screened o r  

Zone 
(m) Surface  Recharge 

.I - (m) 
" 

76-138-1  E19461  7/7/76  663.4  251.6 Sil ts tone,   Discharge 
N80977 Sandstone 

am 
76-138-2  E19471  7/7/76  854.6  60.4 Coal 

N80977 
Discharge 

I 76-144-1  E20505  2017176  626.6  329.1 Coal  Discharge 
N76991 

76-160-1  E21022  1018176  763.4  162.3 Sil ts tone  Discharge 
N81999 

m 76-160-2  E21022  1018176  864.7  61.0 Sand, 
N81999 Gravel 

76-803-1  E20390  23/6/76  798.2  168.4 Clayey Discharge 

Discharge 

1 N75190 S i l t s t o n e  

76-816-1  E24624  26/7/76  724.7  266.3 Basalt  Recharge 
a N78956 

76-816-2  E24624  28/7/76  891.2  99.7 Sand, Recharge 
N78956 

1.- 

Gravel, 
T i l l  

-76-7  €19,050 1976 open hole 23 m (3) Coal  Intermediate - N80000 

76-824-1  E38493  25/9/76  1123.6  51.5 Greenstone  Discharge 
N76601 

,- 

76-827-1 E37163 
N82798 

10/10/7b  1387.1 16 .8  P h y l l i t e  Recharge 

m 
RH-76-19  E19959  1/9/76 screened  well 44.2- Clayey 

118.3(5) S i l t s t o n e  
Intermediate 

N76477 

a Notes: 1) A:.l piezometers  are  standpipe  piezometers. 
2) See  locations,   Figure 3-4 
3) Depth t o  bottom of open hole .  

rn 4 )  Coordinates  given i n  f e e t .  
5) Screened  interval.  

J 



c 

# 

1 

r 

m 

beak 
" 

( b )  Surface Water 

1:i) Regional Descriptive I-lydrology 

A .  Thonpson River 

The  Thonpson River basin,  with its  irainage  area of approximately 55,000 kn , 
drains a large  portion  of  south-central Eritish Columbia. Upstrean o f  the i r  
confluen1:e a t  Ibmloop;, both the iiorth and South Thompson basins  are mountain- 
ous and extensively  forest covered. From the outlet   of IKamloo s Lake to i t s  
confluence with' the iiicola River, the Thompson drains 7,874 km of  semi-arid 
interior  plateau, and of  this  area,  5,000 km cmprise the Bonaparte River 
basin6 bthich includes  the 660 km Hat  Creek basin. 

2 

! 
2 

2 

The flow regim of the Thompson River i s  dominated by snomel t runoff  in i t s  
head watl2r area, the Columbia. Mountains, with the contribution from the in te r ior  
plateau M n g  almost negligible. A t  the out le t  o f  Kamloops  Lake the Thanpson 
River runoff amounts t o  564 mn from a 39,109 km drainage a r e a ,  based on a mean 
flow of 597 m . s  while the runoff  observed  in  the  Bonaparte  River  near Cache 
Creek (drainage area  4,092 km )amounts t o  only 39 mn based o n  a mean flow of 
5 . 1  m . s  . Several stream gauging s i t e s  have  been in  operation  along -:he Thomp- 
son River reach from Kamloops  Lake t o  the Fraser River confluence, b u t  by f a r  
the most extensive records are available a t  Spences Bridge, downstream of the  
confluence with the iticola River, where the drainage area i s  54,650 !a . A t  
the proposed cooling  water  intake  site, the drainage  area  is  approximately 
13,000 ka smaller b u t  the h i g h  and low flows  should  not d i f fe r  by more t h a n  
500 m .s and 20 m * s  respectively, which amounts t o  less  than 20 percent. 
Figure 4-16 shows  maximum and minimum flow frequency  curves for the Thornpson 
River near Spences Bridge. Both curves have unusually flat  slopes,  indicating 
that  the  year-to-year  variation i n  b o t h  freshet peak flow and minimum Flow i s  
relatively  small. 

2 
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2 
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2 
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PERCENT GREATER /LESS THAN 

FIGURE 4-16: MAXIMUM AN0 MINIMUM MEAN DAILY FLOW FREQUENCY CURVES FOR THE THOMPSON RIVER 
NEAR SPENCES BRIDGE (Drainage area : 54908 km') I b& F..' I K4242 1 4-16 

11 lorc T ~ ~ D F  
from; Nodhwost Hydroulic Conrullonts Lld., Hal Crook Interim Report, Novombr 1976. 0% NO 1 



B. Hat  Creek  and Bonaparte River 

The Bonaparte  River  drainage  basin,  including Hat Creek, l i e s   i n  the western part 
of the Interior  Plateau of Br i t i sh   C~lumbia .~  The northern  portion of the basin 
l i e s  on the Fraser  Plateau,  while the southern por t ion  f a l l s  i n t o  the Thompson 
Plateau. The Hat Creek drainage ba.sin also  straddles  the  line  separating  these 
two majcr subdivisions o f  the Interior  Plateau. The Clear Range, west o f  Hat 
Creek, i s  considered  part of the Fraser  Plateau,  while the broad valley above 
the mine s i t e  and the Cornwall Hi1 1 s are  part of  the Thompson Plateau. The Clear 
Range i s  separated from the Coast Mountains by the deeply  incised  valley of the 
Fraser  i?iver,  following the structural   l ine o f  the Fraser  River  Fault.7 

The clinlate o f  the Interior  Plateau  is   continental ,  m i l d l y  so i n  the western 
part,  wtich  includes  the Hat  Creek region, and o f  medium intensity  further  east .  
Kendrew f i S 8  describes  this  climate as follows: 

Winters are cold and the lcord is under .snow iusuatly of no great 
depth in   the   va l leys)  during most of December and J a n u a y .  
Temperature r i s e s   f a s t   i n  Elkzrch and spring i s  a pleasantly dry and 
b d n g  season, s m e r  i s  ~m with many hot  days  but cool and 
occasionatly  cold  nights.  Precipitation is l igh t  and well distri- 

Ashcroft. S m e r  and winter  get  most,  spring is def in i te ly  &d 
buted  over  the year; it i s  notably  l ight  in the ' d r y  b e l t  ' aroud 
m2d in  the  west autumn i s  almost  as dry. Of the months June is 
noticeably more cloudy and rainy'than i t s  neighbarrs, September 

is sww i n  December, Jmu~my ,  February. In s m e r  heavy  showers, 
( in  some valleys  October)  twtably  dry. Most of the  precipitation 

many of them in thunderstoms,  provide much of the  rain, but the 
showers are soon over and : ; m e r   i s  a season of   br ight   skies ,  by  
far the least  cloudy  season i n  contrast  to  the  rather  bleak  cloudy 
winters. The uplands are cool i n   s m e r ,  cold in winter, and have 
more p e c i p i t u t i a  than in  the  valleys,  but  west o f  the  Se1kirk.s 
even  the  uplands do not ge:: ezcessive  mounts  leg. Old Glory 24 
inches) and their  skies a m  not more cloudy  than in   t he   va l l eys .  

The de ta i l s  of  the precipitation regime i n  the Hat  Creek region  are  discussed  in 
Section  4.l(b)(i i)A. 



The hydr~logic  regime of  streams  originating on the Interior  Plateau  is  
relatively uniform,  being characterized by a prominent sprlng  freshet due t o  
snowmelt a t  the higher  elevations. where considerable snow packs can accmulate. 
I t   genemlly peaks in Hay or   ear ly  June.  Following spring  freshet, str!?am 
flow tends to   fa l l   o f f   rap id ly  t o  low s m e r  flow. Particularly in the 
southern  parts  of the plateau, where i r r igat ion  is  widespread, summer i:; also 
the time of highest consumptive use, contributing  further t o  reduced summer 
stream  flows. During September and October there may be sltght  increases  in 
runoff, iue in  part  t o  lower evapotranspiration  rates and  I n  part  to reduced 
demand. Runoff drops  again t o  low values i n  mid-winter.  Snowlelt a t  the  lower 
elevations begins early,  leading  to  gradually  increasing  runoff d u r i n g  ilarch 
and Apri 1. 

The hightzst flood  flows can be due to  either  snormelt or rainfal l  or a 
combination o f  both, w i t h  snomelt  being the most frequent cause by far , ,  
particu1,wly  in the larger  basins. Rain peaks due t o  high-intensity  convective 
showers ' in  midsunmer are comn,   par t icu lar ly   in  the smaller  stream, b u t  the 
intensit:( of  such floods is   rarely comparable w i t h  the larger snowmelt floods. 
Rain floods  caused by frontal  rain have occurred i n  some basins b u t  are  also n o t  
particul(1rly  large. 

The 1owe:jt flows occur  either du r ing  dry spel ls  in l a t e  sumner or in  nitl-winter 
d u r i n g  cold  spells. On many streams i t  can be e i ther  one o f  these timer;, 
dependinq on weather conditions. 

In order t o  check how the  runoff  patterns of the Bonaparte  River and lldi: Creek 
compare w i t h  the general region, a regional  analysis based on annual mean daily 
peak flows was computed. The stream flow records  generally  contain three types 
of annua'l  peak flows: 

(i) Wtantaneous peaks which are  only  available  for gauging s i t e s  equipped 
wilh a continuous recorder. 
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c. 
( i i  ) Mean daily peaks based on averaging  the  continuous  record  for  successive 

days. 

( i i i  ) Dikily peaks based on once-a-day manual observations. 

The datil publications o f  the Water  Survey of Canada  do n o t  distinguish between 
items ( . i i )  and ( i i i ) ,  although the;y can d i f f e r  by as much as 100% in snlall basins. 
The ins.:antaneous peaks are  o f  most practical  value b u t ,  because most o f  the  older 
stream flow records  are based on once-a-day mnual gauge readings,  there  are  not 
enough instantaneous peak data  available t o  j u s t i fy  a regional  analysis. 

Neil st have investigated  the  ratio of  instantaneous t o  mean daily peaks 
for   r ivers  in Alberta and found i t  t o  be exceedingly  variable,  ranging from 1.00 
t o  2.76, and. decreasing  irregular1.y w l t h  drainage  basin  size.. For the  case of the 
gauging s i t e  "Hat Creek near Upper  Hat Creek" located a t  the mine s i te   (drainage 
area 350 km ) the  ratio should fal l   in to   the range of  1.2 t o  1.5, while for  the 
Bonaparte  River,  with i t s  extensive  lake  storage,  the  ratio should be well below 
1.1. 

The index to  the  records of the Water Survey of  Canada"  was searched for  stream- 
flow re,:ords for  basins  within  the Southern Interior  Plateau  region. Two years 
of records  for  active  stations or five  years  for  inactive  stations were specified 
as  the Ininimum fo r  inclusion i n  the analysis. Then  somewhat subject ive  cr i ter ia  
were ad,~pted  for  the  following  reasons: ( i )  hydrometric measurements are  rarely 
discontinued  after only 2 t o  3 years,  unless  the  site proves t o  be h i g h l y  unsuit- 
able,   aid ( i i )  i t  seems qui te   l ikely  that  a similar  analysis  will be rtxomputed 
in a feld years t o  up-date the  results,  a t  which time act ive and inactive  stations 

9 

2 

will have comparable minimum record  lengths.  Basins w i t h  
d i v e r s i m  or regulation were omitted from the analysis. 
selected,  of which 85 were eventually  retained. 

Figure 1-17 shows the gauging s i t e s  included  in the f inal  
Appendix B l i s t s   t hese  85 s i t e s .  

s ignif icant  'lake areas, 
I n i t i a l l y ,  99 basins were 

analysis and Table 61-1, 
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For eacb basin the following parameters were evaluated: 

1. The geometric mean, u, of  the  observed sequence  of man  daily annual peak 
flows, Xi, as l i s t e d  by IUater Survey o f  Canada, 11 

"log"  referring  to  logarithms t:o the base 10. 

2. The geonetric  standard  deviatictn  of :he sane sequence. 

3. Drainage area. 

4. Slopl% of  t,he main-stem stream  channel between two points, 10 percent and 85 
percent o f  the  length from the  source t o  the gauge respectively. 

5. Clean basin  elevations,  obtained  as the mean of 10 to  50 g r i d  point  elqvations. 

6. Standard  deviation o f  the same g r f d  point  elevations. 

7 .  Mean annual precipitation a t  the centre o f  the basin as shown on Eri t ish 
Columbia Land Inventory "- t kan  Amual Precipitation Map (Hap No. 1 7 ) .  

8. Percent o f  basin  area  consisting of lakes  as  indicated by NTS maps. 

9. Percent o f  basin  covered by forest,  as  indicated by the green  shading on 
Ill3 maps. 

Ini t ia l lq ,  the extreme maximum daily flows  observed were p lo t t ed  against  drainage 
area  as shown in  Figure 4-18. All  points relating  to Iiat Creek or t o  the 
Bonaparte River f a l l   f a r  below the envelope  curve. 

- 
4 - 24 



. 

1 ENVELOPE: 

t 

1 7. 

+ 
10 

20. 

.- I 

a42 

1W t a w  

DRAINAGE  AREA, AD, in km 2 
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Linear  nu'ltiple regressions were then computed on the log-transfonned da ta  using 
the TRIP-program package available on the UBC computer,12 The regressiorl was 
weighted hy the number o f  years o f  data aval lab le   a t  each s ta t ion ,  Trm regres- 
sion equations were computed, one for  p ,  the geomtric  mean o f  the flows and one 
fo r  u, t h e  geometric  standard  deviation. The program searches t h r o u g h  the seven 
independelit variables and finds  those which contribute  signiflcantly t o  explain- 
i n g  the ol)served variation  in the dependent variables, u or u .  

* 

Four independent variables  appear  to  contribute  significantly  'to  explaining the 
mean s ize  o f  floods on the southern Dart of the  Interior  Plateau, I n  decreasing 
order o f  .importance they  are: 

2 
1. drainilge area, AD, in km ; 

2 .  mean elevation, E, in m; 

3. mean precipitation a t  the centre o 

4. percent  forest  cover, F. 

The regre%ion  equation  is: 

f the basin, P ,  in m; and 

log u = -1.7.008 + 1.008 log AD + 2.8!33 l og  E + 1.376 log P 

+ 1.450 log F .............. ( 3 )  
I t  explains 87.2 percent of the variance i n  the data. 

F i g u r e  4-:.9 i s  a p l o t  o f  the observed vs. predicted values o f  u for  the 85 basins 
included ' n  the regression. The two dashed lines  indicate the range within which 
the predicted  values  differ from the observed  values by a factor o f  less than two. 
Many points  fal'l outside tha t  range, indicating  that  considerable  caution  is 
required i f  such regression  results  are t o  be used for design purposes. For the 
purpose of' this  study, however, Figure 4-19 i s  very i l lus t ra t ive .  All the p o i n t s  

* 
A t  an F - probability  level of  less  than 20 percent 
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.. 
re lat ing t o  Hat Creek or t o  the acnaparte River l i e   f a r  above the  lfne of perfect 
agreement, which indicates  that Hat Creek and the Bonaparte River generate roughly 
one t h i r d  of  the flood  flows of conparable  basfns w t t h  the same tndependent 
variables, AD, E ,  P and F, b u t  located elsewhere on the lnterfor  Plate,su. This 

imnediately t o  the west o f  the Hat Creek drainage  area. The Coast Ilountatns are 
almost 1,000 m higher  than the h i l l s  surrounding Hat Creek and the change in 
general terrain level is   particularly  abrupt  imediately west  of Hat Creek. The 
parameter P f a i l s  t o  take  full  account  of  this  fact because i t   i s  based on biased 
data obtained mostly a t  low elevations. In the case o f  the Bonaparte River, the 
discrep.3ncy i s   par t ly   a t t r ibu tab le  to extensive lake storage, which reduces peak 
flows. 

m 

c i s  undoubtedly related t o  the pronounced rain-shadow effect  of the Coa:st Mountains, 

- 
- 
I I f  Equation 3 i s  t o  be used for  design estimates  in  the Hat Creek area!, the 

regression  constant  should be adjusted t o  -17.485 (from  -17.008) to correct  for 
the discrepancy beWeen the overall regression and the Hat Creek region .  Llith 
this aajustment, the equation can >e expected t o  give  reasonable  flood  estimates 
fo r  draTnage basins  greater  than 20 t o  50 km in the general Hat Creek region. 

w 

2 

II 

The regression on the geometric  standard  deviation was performed in a similar - manner. The data were f i r s t  log-transformed.  ilote tha t  the dependent variable, 
l o g  u, ’ s  simply t h e  standard dev i i i t l on  o f  the logarithms o f  t h e  individual 
annual peak flows, X i ,  Exactly the same four independent variables  appearing 
in the regression on log u (Equation 3)  reappear  again  in the regression on log 
U. The equation  is: 

- 
- 

l o g  u = 2,0265 - 0.0515 log AD - 0.,2436 log E - 
,s 0.1902 log P - 0.20139 log F . . . . . . %, . . . . . . ( 4 )  

I I t  explains 43 percent of the variance of the s e t  of 85 standard  deviations 
available  for  analysis. Observed elnd predicted  values  are compared tn  Figure 

- . 4 - 26 
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4-19 indicating a rather poor f i t ,  This i s  not  surprising since  the  standard 
deviation o f  flood  series i s  genera,lly more varfqble and more d i f f i c u l t  t o  
define than the mean value. 

The points representing Hat  Creek f'all  close to   t he   l i ne  of perfect agreement, 
indicating  that  the observed year-to-year  variability o f  floods i n  the Hat 
Creek region i s  reasonably  typical  for  the  southern  Interior  Plateau of B.C. 
The Eonaparte River is   less   typical ,  probably due t o  i t s   l a r g e r  basin w i t h  
significant  lake  storage. 

Similar  regression  equations could be computed for  other parameters  of  the 
annual  hydrography,  such as  the annual low flow, mean annual flow or mean flows 
for   par t icu lar  seasons. While the computation of  further  regressions was  beyond 
the scope of this study, a rough comparison o f  mean annual runoff i n  f la t  Creek 
w i t h  man annual runoff  elsewhere  in  the  southern  Interior  Plateau  appears  in 
F i g u r e  4-20. I t  confirms the  earlier  statement  that  the  drainage  basin  of Hat 
Creek and the major  western portion  of  the Bonaparte  River basins a r e  particularly 
dry  part,s o f  the Interior  Plateau. 

( i l )  Hat  Creek Valley Hydrology 

A. Precipitation arld Snowmelt 

The precipitation records for  the  c:limatological  station "Hat Creek", located 
within  the proposed p i t  perimeter o n  the  val ley  f loor   a t  an elevation of 399 m ,  
are sumnlarized in  Table 4-3. Tempe!rature (daily maximum and m i n i m u m )  and 
prei ipi ta t ion  (dai ly)  have  been obs,erved since November 1961. Precipitation i s  
observed twice daily,  in  the morning and evening, b u t  only a total  dai1.y value 
i s  published  for each day. The original,  half-day  observations  are  available, 
b u t  not  in  published form. Peak monthly precipitation occurs in  Januar.y, w i t h  a 
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Record 

Mean r a i n f a l l  (mn) 
Mean snowfall (cm) 
*ar. toti.! precip!tat ior  

Greatest r a i n f a l l  i n  
24 hrs. (mn) 

~ Greatest  snowfall i n  I 
I 
24 hrs. (cm) 
Years 
Greatest  preci  i tat ion 
i n  24 hrs. (nm ! 
Years 
Number o f  days with 
measurable prec ip i ta t ior  

I 

- 
Jan 

2.5 
36.9 

39.4 

10.2 

10 

42.4 

10 

42.4 

10 

10 

- 

- 

TABLE 4-3 

SUMMARY OF PRECIPITATION RECORDS FOR HAT CREEK 

(based on Canadian  Normals,  1941-1971) 

___ 
Fe b - 
2.8 

15.7 

18.5 

5.1 

10 

8.4 

10 

10.2 

10 

6 

- 

- 
Mar - 
5.3 

10.2 

15.5 

3.0 

10 

9 . 1  

10 

9.1 

10 

6 

- 

- 
AP r 

8.2 
8.1 

16.3 

8.1 

- 

10 

11.9 

10 

15.7 

10 

5 

__ 

__ 
May - 

17.8 
3.8 

2 l . b  

16.5 

10 

9.4 

10 

16.5 

10 

7 

- 

from  Atnospheric Environment Service, Canadian Ilormals. 1973. 

_. 

Jun 

35.1 
0 

33. I 

22.6 

10 

0 

10 

22.6 

10 

7 

- 

__ 

- 
Jul - 

29.0 
0 

Z Y . 0  

38.9 

10 

0 

10 

38.9 

10 

8 

- 

- 
Aug __ 

31.8 
0 

31 .tl 

30.0 

10 

0 

10 

30.0 

10 

7 

__ 
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secondary peak in  June, March ancl April are distlnctly  dry,  wtth a secondary 
dry period  in Septerher. In F t g u p  4-21, the seasonal d i s t r lhu t ion  of  mean 
monthly p rec fp i t a t ion  observed a t  Hat Creek t s  compared with the dfstribution 
observed a t  f ive other sites t n  the general region. The Hat Creek data  appear 
t o  be typical. 

The ye2.r-by-year variations i n  total   preclpitatton, total  ra infal l  and great- 
e s t  24 hour ra infal l   are   i l lustrated i n  Figures 4-22, 4-23 and 4-24, re- 
specti\Nely and are compared with  data for  other s i tes   in  the general region. 
The frequency  curves for Hat Creek are  based on 14 years o f  d a t a  i n  the period 
1961 tu 1975 b u t  other curves are based on dlfferent  periods  of record. The 
number of  years o f  record are shown i n  brackets for each curve. With 62 years 
o f  data, Kamloops has by f a r  the 'longest record. The lowest  total annual 
precip.tation  observed  in  tlat Creek region was 7 1  m a t  Ashcroft  in 1935. Some 
of the la rges t  24 hour rains  are: 114 m in 1917 a t  Lillooet, 77 m in 1963 a t  
L y t t o n ,  57 mn in 1939 a t  Wrritt. For Hat Creek, the  highest  value i s  39 m o n  
July 23, 1966. 

Data 011 ra infal l   in tensi t ies  o f  shorter d u r a t i o n  than  2 4  hours a r e  sparse. The 
Rainfa'll  Intensity-Duration-Frequency  curves  for IKamloops A and kmlocps-Meadow 
Creek, developed by the Atmospheric Environment Service,  are the mst relevant 
data  available  for the present st:Jdy. They are the nearest s ta t ions t o  Hat 
Creek dnd a l s o   m s t  compatible fmm a climatic  point of view. The 24 hour 
values given for Kamloops A agree  closely w i t h  t h e  corresponding  values  indicated 
by the frequency curve for  the d l s t r i  bu t ion  o f  the greatest  24 hour r a in fa l l   a t  
Hat  Crl?ek- (Figure 4-24). This i s  somewhat inconsistent as the Int,ens:ty-Duration- 
Frequency curves are for time periods  that can s t a r t  any time while  the  "greatest 
24 hou'. rain"  data  are  for  climatic  days, roughly 8 am to 8 am. The former  should 
give significantly  higher  intensit ies.  

S i n c e   m c i p i t a t i o n   a t  Hat Creek i s  significantly  greater than a t  Kaml,oops, the 
Intensity-Duration-Frequency  curves  for Kamloops were adjusted upwards t o   s e t  the 
24 hour values  in agreement w i t h  the 24 hour values  observed a t  Hat Creek, neglect- 
ing t h a  differences in definition  of the  time period. The resulting .:hree curves 
are  shwn in Figure 4-25. 
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FIGLIRE 4-21- SEASONAL OlSTRlBUTlON OF MEAN  MONTHLY PRECIPITATIOIN 
IN THE  HAT  CREEK  REGION 

ASHCROFT, ELE'I. 305 m 

KAMLOOPS, ELEV. 3 5 1 m  
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from  Atmospheric  Environment  Service 
Canadian  Normals, 1973. 
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Compdson  between  the  curves f o r  Kamloops A, s i t u a t e d   a t   e l e v a t i o n  351 m, and 

KamlI>ops Meadow Creek, a t   e l e v a t i o n  1,188 m, suggests t h a t   t h e r e  i s  o n l y   l i t t l e  

v a r i , i t i o n   i n   r a i n f a l l   i n t e n s i t y   w i t h   e l e v a t i o n .  The curves  given in Figure 4-25 
shou ld   there fore  be  adequate for   both  the  mine and p l a n t   s i t e s .  

T o t a l   p r e c i p i t a t i o n  depends s t r o n g l y   o n   e l e v a t i o n   b u t   i n   o r d e r  t o  eva lua te   t ha t  
depeldence f o r  a p a r t i c u l a r   r e g i o n ,  one  would requ i re   i n fo rma t ion  from close-by 
c l i m t i c   s t a t i o n s   c o v e r i n g  a wide  elevat ion  range.  This  informat ion i s  not 
a v a i l a b l e   f o r   H a t  Creek. The bes t   ava i l ab le   da ta   a re   p lo t ted  on Figure 4-26, 
t oge the r   w i th  a proposed  curve f o r  Hat Creek. The curve i s  n o t  meant t o  f i t  a l l  
t he   p lo t ted   po in ts ;  i t  i s  an a t t e m p t   t o  f i t  those  data  po ints   judged  to  be m s t  
r e l e v a n t   t o   H a t  Creek. The da ta   po in ts  f o r  L i l l o o e t  and Kwot lenem Lake show 
how rap id l y   p rec ip i t a t i on   i nc reases  westwards, whi le   the  data point!; f o r  Mamit 
Lake  and Kamloops i n d i c a t e  a more gradual  increase  eastward. 

The :urve o f   F i g u r e  4-26, r e l a t i n g  mean annual p r e c i p i t a t i o n  t o  elevation,  can  be 

combined w i th   the   a rea-e leva t ion   curves  f o r  Hat Creek  and  Medicine  Creek  (Figure 
4-27),to compute  a t o t a l  mean prec ip i ta t ion   inpu t   in to   these  bas ins   by   add ing  up 

the   inpu t   to   success ive   e leva t ion  bands. For  Hat Creek, t h e   t o t a l   m o u n t s  to 
394 !m, even ly   d is t r ibu ted   over   the   bas in  area,  which  can be  compared t o   t h e  317 
mn m a n  annual p rec ip i ta t ion   observed  a t   the   Hat  Creek c l ima to log i c i t l   s ta t i on .  
The f i gu re   f o r   Med ic ine  Creek i s  390 mn. 

The  streamflow  regime o f   H a t  Creek is dominated by the  annual  accumulation and 
melt o f  a snow pack. Deta i led   records   o f   th is   p rocess   a re   no t   ava i ' lab le   fo r   the  
Hat :reek drainage  but  Figure  4-28 shows fou r   yea rs   o f   t he   reco rds   f o r   t he  
Mission  Ridge snow pil3ow. It i s  loca ted  45 km west o f  Hat Creek, i:n the  Br idge 

River  drainage, a t  an e l e v a t i o n   o f  1,850 m, where it receives more !;now than 
w o u l d   s i t e s   a t   t h e  same e l e v a t i o n   i n   t h e   H a t  Creek Valley. The data  are  included 
here as a r o u g h   i n d i c a t i o n   o f   t h e   t i m i n g  and r a t e  a t  which  the snow pack i n  Hat 
Creek can be  expected to   accunu la te  and mlt. Except f o r   t h e   g r e a t e r   p r e c i p i t a -  

t i o n   a t   t h e   M i s s i o n   R i d g e   s i t e ,   o t h e r   r e l e v a n t   c l i m a t i c   f a c t o r s  (e.!]. temperature, 
humi j i t y ,   hours   o f   sunsh ine)   a re   c lose ly  comparable. a 
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F'IGURE 4-27:  AREA - ELEVATION CURVES FOR HAT  CREEK (AT CONFLUENCE 
WITH  MEDICINE CREEK)  AND FOR MEDICINE CREEK (AT MOUTH) 



SNOW PILLOW STATION DATA. 

NAME: MISSION RIDGE NO: P+ ELEVATION: 1,851 METRE5 

LOCATION: 50'46' LAT. -122" 12' LONG. DRAINAGE : BRIDGE RIVER 

CORRESPONDING S W W  COURSE : NO.102 MlS510N RIDGE 

i 

FIGURE 4-28: ACCUMULATION AND  DECAY OF SNOWPACKS NEAR  HAT CREEK 
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Snow act:umulation i s  even more dependent on elevation than is  mean annual  pre- 
c lpl ta t lon.  This variation can  be investigated  either on the basis of mean 
annual  !;nowfall. as  recorded by the  cllmatologlcal  statlons o f  AES, o r  on the 
basis 0.P man maximum  snow water content accumulated i n  the snow pack, as 
recorded by the snow surveys  of  the Water Investigatlons Branch. The iwo are  
not  tru'iy  equivalent  for  several reasons: 

(I) The Atmospheric Envlmnment Service uses a  standard  factor  of 0.1. t o  
convert  the depth o f  newly fa l len  snow t o  i ts  water  equivalent  although it 
i s  well known that   the   factor  can vary over a wide range. 

II 

( i i )  Snowmelt can take place  before the maximum  snow pack i s  accumulated. 

(I ( i i i )  Riiins f a l l i ng  onto a deep, cold snow pack  can becane incorporated i n  it. 

In Figure 4-29 these  factors  are  neglected and data  of both types are  plotted 
against  elevation. There appears  to be no obvious  discrepancy between the tw 
types o f  data ,  although  this  naturally does n o t  es tabl ish,   that  they are   real ly  
equivalent. As done e a r l i e r  i n  the  case  of  precipitati.on  (Figure 4-2611 a 
proposed curve fo r  Hat Creek i s  drawn by eye, f i t t i ng   t he  most relevant  data 
points 21s best  as  possible. I t   indicates  the  variation w i t h  elevation of both 
mean annual snowfall and  mean annual snow pack accumulation. 

As i n  the case o f  annual precipitation, an average snow pack can be computed f o r  
Hat  Creek on the  basis o f  Figures '1-27, and  4-29 by adding up  the accrnlulation i n  
each elevation band. I t  amounts t o  6.09 * 10 m o f  snow-water equivalent,  or 
176 mn over  the  total  basin  area. Comparing i t  w i t h  t he   ea r l i e r  mean annual 
precipi':ation i n p u t  to  the basin o f  394 m, indicates  that ,  on average, 45 per- 
cent  of  the  total  precipitation  input  into the bisin  is  incorporated in the snow 
pack  be.'ore  becoming runoff. 

7 3  

- 
4 - 30 



,1wo. ....... . 
MA"T LAKE * / 

7 ." ... .............. " "" .- i ~- ' 

-/- 



beak 

The year t o  year variation i n  snow accumulation i s  illustrated by the frequency 
curves O F  F i g u r e  4-30. In each case  the 1977 snow pack i s  i l l u s t r a t ed  with a 
separate  point. A tendency f o r   s i t e s  w l t h  a small snow pack to also have the 
most varlable pack is  apparent b u t  not  well  deflned.  Spring  1977 7s t ru ly  
o u t s t a n d i n g  for its lack  of snow. 

B. Flow  Regime 

As discussed i n  Section  3.l(a)[i i)   significant  ' records  exist   for three gauging 
s i t e s  along Hat  Creek. The uppem!i t  gauging station  (73 km ), "Hat  Creek near 
Ashcroft", was operated  seasonally frcm 1911 to 1922 only. The middle s ta t ion  
(350 km'). "Hat Creek near Upper Hat Creek", has alnust  continuous  records  since 
1961, and the lowermost station  near the mouth o f  Hat Creek, 1658 km ) "Hat Creek 
near Cache Creek", has records from 1911 t o  1913 and again fran 1960 t o  1973. 
This last:   station has recently (May 1977) been re-established,  Table 3-3 gives 
a sumnary of operating  periods and type  of  records.  Figure 3-2 is a plot  o f  
Hat Creek. drainage  area versus length from source. The three important  stream 
gauging sites are shown on this f igure .  

2 

2 

Almost a l l  streamflow  records fo r  Hat  Creek are  based on once-a-day manual gauge 
observations. As pointed o u t   e a r l i e r ,   i t   i s   t h e r e f o r e  q u i t e  probable  that some 
flood peaks may have been  considerably  larger than indicated by the  daily  data. 

In Figure 4-31, which  were or iginal ly  prepared by B.C. Hydro's Hydroelectric 
Design Division for Beak Consultants,  Limited, the records for Hat Creek and fo r  
the Bonaparte  River imediately upstream o f  Hat  Creek a r e   s m r i z e d  as 5-Day 
Probability Curves. for  each s i t e  t:he daily flow records  for  successive 5 day 
periods are  combined into groups. The distribution o f  flows i n  each qm'up i s  
then  analyzed t o  obtain  the  following parameters: maximum, 10 percent exceeded value: 
median. 90 percent  value and min imun l .  These parameters are  plotted a t  t h e  
middle o f  the 5 day period. The curves  provide an excellent s u m r y  of  the range 
and seasoqal  distribution of flows observed in the  past. Late August and early 
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FIGURE 4-31: 5-DAY FLOW PROBABILITY CURVES FOR HAT CREEK  AND  BONAPARTE RIVER 
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September show up clearly as critical low flow perlods, Rain-caused peqks can 
occur i n  smner b u t  do n o t  reach the magnitude of spring freshet flows. T h e  
poss ib i l i ty   o f   s ign t f lcant   ear ly   snowl t ' in  March o r  April ts  indicated b u t  
does not appear t o  be c o m n .  The Bonaparte Rtver appears t o  hive a much more 
regulated ,?low behaviour. Thls  i s  partly due to  sfgnificant  lake storage h u t  
also due ~ I I  i ts  very large  drainage  basin. 

The standard  flow-duration  curves fo r  the same four   s i tes  a re  show on Figure 
4-32, and the corresponding  flood-frquency  cuwes a re  shown on F f g u r e  4-33. 
Also shown on F i g u r e  4-33 are the predicted  flood  frequency  curves based on 
the regional  analysis  regression  equation  for p ,  the mean daily peak flow, and 
adjusted t o  the Hat Creek region, as discussed i n  Section 4 . 1  [b) (i)B. In 
F i g u r e  4-34. the adjusted regional  analysis has been  used t o  obtain  flood 

,frequency curves fo r  Harry, kd ic lne ,  Anbusten, Anderson, Ftnney and  lioutfi 
Creeks. Arl existing diversion from Medicine Creek t o  MacLaren and Cornwall 
Creeks affects  the topmost 15.3 km o f  Medicine Creek drainage, I t s  capacity 
i s  unknown, b u t  based on field  inspection i t  appears t o  be around 0.5 rn s , 
In F i g u r e  4-14 the diversion i s  ignored  as there is no assurance  that i t  wi l l ,  
in  fact ,  be  in  operation a t  any given tine. The basin parameters used as i n -  
dependent variables in the regression equations  are  listed i n  Table 4-4. llhere 
available,  peak flows observed by BEAK in the course o f  the freshet survey o f  
spring 1977 a re  also  plotted and show that  this was  an unusually dry spring. 

2 

3 -1 

The year t c  year  variability  of  total  runoff  fron  tiat Creek can on ly  be analyzed 
for  stream gauging s i t e s  w i t h  year-round operation. This eliminates the upper- 
most Hat Creek s t a t i o n  and part  of the!  record for the other two stations.  Figure 
4-35 shows the year t o  year  distribution  of runoff fron Hat Creek. Mean annual 
runoff,  for the station "Hat Creek nea,r Upper Hat Creek" based on 14 years of data, 
including 1976, is 21.0 x 10 p11 . The total  licenced use upstream of the gauge 
i s  9.79 x 10 m , of which 5.49 x 10 m is  licenced  for use in the Hat Creek 
drainage  basin. The remainder  consist:s  of 2.06 x 10 m licenced  for  diversions 
t o  Oregon Jack Creek, a diversion that: has not been used for  years (Figure B2-3 
Appendix 8 )  and 2.24 x 10 rn licenced  for  diversion t o  :lacLaren and  Cornwall Creek, 
which appears t o  be i n  f u l l  use. blhile these nuhers  indicate a consideralDle 
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PROPOSED  MINE. 



I TABLE 4-4: Basin  Parameters for   F lood Frequency  Curves 

I 

Hat  Creek  near 
Cache Creek 

H:t Crcek xcar 
Upper H a t  Creek 

Donaparte  River 
near Cache  Creek 

Anderson  Creek 

Ambusten Creek 

Eledicine  Creek 
inc lud ing   d ivers ion  





surplus o f  water in most years, th is  i s  somewhat misleading due t o  the fac t   tha t  
the  seasonal  distribution  of runoff and i r r igat ion water demand a r e  o u t  of phase, 
and there i s   l i t t l e  natural or ar t i f ical   s torage i n  the Hat Creek drainage area. 

In Hat Creek, the lowest mean daily  flows of  the year can occur either in  late 
s u m p  on in mid-winter. Both these low flow periods a r e  of  considerable, b u t  
different  biological and  economic significance. They are  therefore  analyzed 
separately  here. The streamflow records for  Hat Creek near Upper Hat Creek have 
been broken i n t o  yearly  periods running from June 1 t o  flay 31 and  low f low 
frequencies  curves  for the l a t e  sumer low, mid-winter low and  combined  low  have 
been prepared as shown on F i g u r e  4-36. (The individual  curves which include the 
data  points  are  contained i n  Appendix E, Figures 62-4, 62-5, and 62-6). The two 
low flow periods  are quite similar  in magnitude o f  observed flow b u t  t h e  l a t e  
s u m r  flows are  considerably  mre  variable. Sumner 1977 appears t o  have been 
the driest  summer o f  record. 

On two occasions during Fall 1976 and again during a  four week period in May and 
June 1977, streamflow measurements were carried o u t  i n   a l l  the major t r ibutar ies  
t o  Hat Creek near the proposed mine s i t e .  I l i t h  1976 having been a year  of 
re la t ively low flows  in Hat Creek, (mean discharge of  0.39 m - 5  , w i t h  long t e n  
mean bei l g  0.69 m.s ), the fall  discharge measurements give an indicauon o f  
normal minimum flows to  be expected in  these  tr ibutaries.  Under very unusual 
conditions, such as  occurred  in 1977, even lower  flows a r e  possible. The 
measuremmts o f  f a l l  1976 a re   l i s t ed  i n  Table 4-5. 

3 -1 

3 -1 

The data  collected d u r i n g  spring 1977 are shown in  Figures 82-7,  82-8, and  52-9. 
The gaug,ing s i t e s   f o r  the spring program are   l is ted  in  Table 3-3 and are not 
always illentical t o  those  of  fall 1976; although  the  differences  are minor, For 
comparison, the Hater Survey of Canada records of the same period for  the gauges 
"Hat Creek near Upper Hat Creek" ( a t  the nine s i t e )  and "Hat Creek near Cache 
Creek" (ikt the mouth) are  similarly shown in  Figure 62-10, Appendix 6. Harry 
Creek was vis i ted as part  of the f ie ld  program and was found to  be dry. 
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TABLE4-5: Streamflow  fleasurements o f   F a l l  1976 

I_ S t  ream 
I 

I n."h..- *" 
TYtl""3 LC,, 

Anderson 

Hat 

Iiouth 

Medicine  ( lower) 

Medicine  lower 
Medicine  [upper{ 

Gauging S i t e  
L a t i  tude Longitude 

c 

50 34 30 
50 44 00 121 33 48 

50 43 39 
50 43 39 

121 37 46 
121 37 46 

50 47 35 121 36 20 

50 47 24 121 36 18 

50 45 30 121 34  50 
50 45 50 121 30 50 
50 45 30 121 34 50 

1 1 1  -1 8" 
I L 1  J J  9" 

Date  and  Time 

15 Sept. 1:30 P.:?. 
18 oct .  3:55 p.tI. 

1n oct .  6:oo P.tt. 

1n oct .  5:15 p.t1. 

16 Sept. 8:30 A.H. 

18 Oct. 4:45 P.M. 

15 Sept. 10:30 A.11. 
15 Sept. 1:30 P.tl. 
18 Oct. 3:OO P.H. 

I 
Oischarqe 

(m . s- ) 
3 

I 
n nr u.u14: 
0.0099 

0.0419 
0.0201 

0.2996 

0.0110 

0.0147 
0.0136 
0.0110 

I 
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The period of  observations does irlclude the highest flow  of spring 1977 a t  the 
mine s i t e  (June 7, 1977), which irldicates  that the timing of the f i e ld  program 
was correct. The weather  did  unfurtunately not cooperate,  in  that there was 
an unusually low snow pack, combined w i t h  a long,  relatively cool melt  period. 
This  combination  of factors produc:ed by f a r  the lowest freshet peak ever 
observed i n  Hat Creek. 

In order t o  i l l u s t r a t e  the distribution of  runoff d u r i n g  Spring 1977, the 
observe'd runoff  values  for the period May 13 - June 9, 1977  have been integrated 
and plc,tted  against  the  corresponding  drainage  areas  in  Figure 4-37. I t   indicates  
t h a t  Ar,derson, Ambusten and Medicine Creek runoff  accounts for  approximately one 
t h i r d  c'f the runoff above the "Hal: Creek near Upper Hat Creek" gauge dur ing  th i s  
period. Also of  note is tha t  the t r ibutar ies  on the west side of the valley 
contritluted the greatest  runoff per u n i t  drainage  area. 

The recponse o f  Hat Creek t o  significant  rainstorms has been investigated by 
searching  the  streamflow  records  for  rain-caused  flood events, and then plotting 
streamflow a t  the Upper Hat  Creek gauge, and r a in fa l l ,  maximum, minimum and mean 
temper:.ture observed a t  the Hat Creek climatological  station.  Figure 82-11 
Appendix B, shows a sample of such plots and the  resul ts   are   sumrized  in  Table 
4-6. Column 8 gives the amount of runoff  in the hydrograph as mm over the 350 km2 
drainage  basin and Column 9  gives  this  runoff  as  a  proportion of the rainfal l  
input. I t  ranges from 1 percent 'to 10 percent,  with the larger  values  associated 
w i t h  rainstorms d u r i n g  o r  short ly   af ter  the main  snowmelt season. The one record- 
ed value o f  2 8 . 5  percent i s  almost  certainly  invalid, with the hydrograph repre- 
senting mainly snowmelt. Column 10 gives  a  simple  runoff  coefficient, based on 
the highest 24 hour rainfall  rate  during the storm and the peak flow,  including 
baseflow.  Since  the  data  are based on daily  observations,  irregularly spaced i n  
the case of stream  flow,  basin l a g  is  poorly  defined. The lag  appears t o  be i n  
the  order of 24 hours, b u t  i t   i s  probably closer t o  12 hours for  the  largest 
flows. Runoff coefficients  for rilin peaks in   la ter  summer  and f a l l  range from 
1 percent t u  3 . 5  percent, b u t  for  rain storms  occurring  during or short ly   af ter  
the snow melt  season, th i s  goes UIJ t o  17 percent. The one event w i t h  30 percent 
is probably nainly snowmelt. 
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The one climatic  record from a s i t e   a t  the edge and lowest  point  of the drainage 
basin i s  naturally  not  adequate  to  define  precipitation  over the entire  basin. 
The true  runoff  coefficients and proportions  of  runoff  are  certainly  different 
and protably  often  smller than the values shown in Table 4-6, since  the low 
elevatic'n o f  the climatological  station  will  often  lead  to  under-estimated 
precipitation. 

The Hat  Creek Valliy  contains  only a few small lakes. Finney Lake (Figure 82-12. 
Appendi,: B. 16 ha surface  area) and Aleece Lake ( 4  ha) f a l l  w i t h i n  the  Stage 
9 pit   p€r imetrr .  According to  Section 4 .1  ( a )   ( i i )  A, these  lakes  are  fed by 
perched ground water  flow  systems and small surface  streams. Both lakes have 
intermit:tent  surface outflows, intermittent streams  flowing into them  and inter-  
mittent  surface  outflow. The water  level o f  Finney Lake has  been raised by a 
small dam and outflow is   control led by a simple;  mnual sluice  gate  (Figure 62-13, 
Appendix B ) .  The lakes  in the val'ley do not s ignif icant ly   affect   the  basin 
runoff regime. 

C. Evaporation and  Water Balance 

Evaporation and transpiration can  be estimated by various means. Estivates  for 
specific:  drainage  basins or for  large  areas  (greater than a few km ) are  normally 
obtained from a water  balance which  can be stated  as 

2 

E = P - 0 - S  
P i s  p r e c i p i t a t i o n  i n p u t ,  0 is outflow, S is  storage change  and E i s  the  residual 
and can be  assumed to  represent  evapotranspiration, as long as  the  area under 
study does not  have s ignif icant  ground water  inflows or outflows. S ,  t.he storage 
change, can be neglected if  long-term mean values  are being considered. 

Applying this  equation  to  the Hat  Creek drainage  basin upstream o f  the  s t ream 
gauge ai: the mine site  (drainage  area 350 km ) ,  where the long-term runoff i s  
60 m, and using  the  elevation  adjusted mean annual precipitation o f  394 n as 
input, one obtains an evapotranspiration  loss of 334 mn. With proper  adjustments 
for   i r r iga t ion  and diversion  losses,  the  natural  runoff  should be approximtely 
75 nun, (living a natural  evapotranspiration  loss of 319 mn. 

2 
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Besides the above water  balance method, several  other techniques a r e  available 
for  estimating  evapotranspiration from climatological  data b u t  they  generally 
requi1.e f a r  more detailed data  than i s  available  for Hat Creek. One procedure 
speci.Ycal1.y  developed f o r   s i t e s  w i t h  only  temperature and precipitation  data 
i s  thr! Thonthwaite method.13 I t  was intended mainly for  the central and eastern 
U.S. iind i s  well known t o  lead  significant  discrepancies d u r i n g  spring snowmelt 
i f  applied  to Canadian data. The Atmospheric Environment Service has modified 
the procedure and i s  applying i t  to  some of i t s  standard  climatological  data. 14 

The computations are performed 011 mean mnthly  data and take the form o f  a water 
balance. The input  consists o f  measured precipitation and the output. i s  made up 
of computed evapotranspiration and runoff as a residual term ( that   par t  of  the 
input which cannot be accomdated  in  soil   storage).  The results depend greatly 
on the assumed value  for  soils  storage ( d e p t h  o f  water  that can be stored  in the 
soil   for  later  evapotranspiration).  In the  f ield,   soil   storage  is   highly  vari-  
able h u t  the values  of 100 t o  200 mm. for  which the Atmospheric Environment 
Servic:e performs i t s  computation!;, cover the c m n l y  observed range o f  average 
regiorlal values. Locally,  the  range can naturally be much larger. 

The w?.ter  balances for  Hat Creek,  Ashcroft and Highland Valley  are shown in 
Tables  61-2, 61-3 and 81-4, Appendix B. 

In Ficlure 4-38, the main terms o f  mnthly Thornthwaite  water  balances are  plotted 
for  six  climatological  stations covering  as wide a n  elevation range as possible 
in or near Hat Creek, u s i n g  the AES resul ts   for  200 mn soil  moisture  storage. 
All t t8e  graphs show how actual  evaporation i n  l a t e   s m e r  becomes severely  limited 
by dry soi l  conditions. This e f f ec t   i s  most pronounced a t  the lower elevations. 
Runoff occurs on ly  a t  the highest elevations and i s  concentrated i n  spring. The 
f ac t  t:hat  this does n o t  correspond  exactly t o  the time distribution of flow i n  
Hat Creek i s  n o t  surprising. The water  balances  only app ly  t o  s i t e s  w i t h  exactly 
200 m soil  water  storage,  while  in  fact a wide range of  soil  storage  capacities 
occur i n  any natural  drainage  basin. There are small areas of open water or areas 
w i t h  a ground water level  practically a t  the  surface a l l  a long  Hat  Creek  and i t s  

- 
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t r i b u t a r i e s  and i t  i s  these  areas  that  produce some r u n o f f  fran s m e r  and fall 
rains.  There  are  also  extensive  aqu’fers  below  the mot zone which  store  water 

and  release i t  gradual ly ,   mainta in ing sone year-round  streamflow. 

I n  Figure 4-39 the  elevation-dependence o f  the  main water balance terms i s  
examined.  The d a t a   p o i n t s   c o r r e s p o n d   t o   t h e   s i x   s i t e s   p l o t t e d   o n   F i g u r e  4-38 
and i n  adclition,  Kanloops A (E l .  345:1,  Kamloops (El. 378) and Ikrrit (El. 585). 

Curves  for, use i n   t h e   H a t ’  Creek  area  are  indicated. They  have  been obta ined by 
t r i a l  and e r r o r ,  assuming tha t   the   runof f   curve ,  i f  combined w i th   the   a rea-  

e leva t i on   cu rve   o f   F igu re  4-27, shoulid g ive   the   na tura l  mean r u n o f f   a t   t h e  
mine s i t e   o f  75 mn. The same r e s u l t   c o u l d   n a t u r a l l y  be achieved  wi th a wide 

range o f   d i f f e r e n t l y  shaped  curves s o  t ha t   t he   i n te rna l   cons i s tency  between  ob- 
served  rur lo f f  and proposed  water  balance  terns does not  guarantee  correctness 
o f   t h e   l a t t e r .  However i t  does ind ica te   tha t   curves  o f  F igure 4-39 are  probably 

n o t   f a r   o f f   t h e   n a r k  and siiows t h a t  computed evapotransptrat ion i’s compatible 
w i t h  observed  runoff.  It a lso  shows t h a t  an  average o f   c l o s e   t o  200 m s o i l  
storage he.s t o  be assumed to  obta in   the  low  observed  runof f   va lues.   Given  the 
ex tens ive   fo res t   cover   over  much o f   t h e   b a s i n ,   t h i s  i s  n o t  an  unreasonable as- 

s umpti on. 

The o n l y   w a p o r a t i o n  measurements (Class A pan evaporat ion)  avai lable  near Hat 
Creek  weE made a t  the   H igh land  Va l ley   c l imato log ica l   s ta t ion .  The records  are 
s h o r t  and discont inuous  but do c o n f i m  the cmputed  po ten t ia l   evapot ransp i ra t ion  
reasonablq.  closely  (Fi  gure  4-40). 

0. Channel Morphology 

Hat  Crsek, as i t  appears  presently, ‘ s  not   respons ib le   fo r   the   ma jor   land forms 
o f   t h e  Hat. Creek  Valley, The v a l l e y  i s  ma in l y   t he   resu l t  o f  g lacial   processes, 
combined w i t h   s t r u c t u r a l   f a c t o r s  and stream  erosion by e a r l i e r  and probably   larger  
streams.  Present-day  Hat  Creek has been t o o   s m a l l   t o   a l t e r   t h e   v a l l e y ,  as l e f t  

b y   t h e   r e t . r e a t i n g   i c e ,   i n  a major way. It has,  however,  been a b l e   t o   c u t  canyons, 

a 4 - 37 



From 

0 

Ica 200 0 400 5cn 
P r e c i D i t a t i o n  (mm) 

"I 0 
CI 100 mm soil 

storage i- o .  

Ool- IO0 200 3dO 460 5jn 
Actual  Evapotranspiration (mm) 

O O l / L 3 d O  460 ab0 6W 700 
A 

Potent ia l   Evapotranspirat ion Am) 

1600 
0 

-1 

E 

9 - $ 6 0  
W 

0 100 mn s o i l  
storage 

200 mn 5 0  1 I 
storage 

I00 200 3m a- 
Computed Runoff (nm) 

FIGURE 4-39: PROPOSED AVERAGE WATER 3ALANCE TERMS FOR  THE  HAT CREEK AREA. 

Vote:  Data  points  correspond to those of 
F i g w e  4-38 plus Kamloops A ( E l .  3451, 

MI( I k .  7 7 1  DF bg& ROJlCl I K 4242 
Kamloops (E l .   378)  and H e r r i t t  [ E l .  5 8 5 ) .  DIC *O [Rw. 24A-1 



200,  

180- Tota l  new water loss 
pan (712 mn) 

160- 

140- Computed potent  la1 
evaootransDiration  (AES) 

E 

0 
water storag4 

I I i 
MAY JUNE  JULY AUG. swr. 

FIGURE 4-40 :  HIGHLAND  VALLEY PAN AN0  LAKE  EVAPORATION, ALSO SHOWING  COMPUTED 

POTENTIAL AN0  ACTUAL  EVAPOTRANSPIRATION. 

:frtm the  Thornthwaite  water  balance  computations 
of the  Atmspheric  Environment  Service. b@& I m t c '  1K4242 1 M I (  1 7-77 IRM 

4-40 - D1G NO [ 

I 

. .  



20 t o  50 m deep, t h r o u g h  obstructions of bedrock or coarse  unconsolidated  sedi- 
ments, leaving  terrace remnants behind (Figures 52-14, 52-15, Appendix 8). The 
channel prof i le  o f  F i g u r e  4-41 ( i m e r t ) ,  shows the locatlon of  steep c'anyon sec- 
tions, where the channel i s  bedrock o r  boulder-controlled, a l t e r n a t i n g  with f l a t -  
ter  sections i n  unconsolidated sediments. Except fo r  the large  alluvi(i1  fan where 
Hat Creek emerges i n t o  the Bonaparte  Valley  (Figure 82-16. Appendix B )  there a re  
no truly  alluvial  sections. 

Hat Creek, between the proposed mine and the alluvial  fan i n  the Eonap'arte Valley, 
can be classif ied as  follows 15' In plan, the channel i s  irregular and s p l i t  
t o  anastomosing. The valley  cross  sections show an entrenched or partly entrench- . 
ed channel, whose la te ra l  development i s  continuously  confined by resi:stant  valley 
walls or h i g h  banks o f  unconsolida,ted  sediments. Except along some de'eply entrenched 
canyon sections,   the  valley  f lat  s!enerally consists of  several  fragmentary 
narrow and low terrace  levels, some of which nay be subject  to infrequlent  flood- . 

ing, and  a narrow genetic  flood  plain,  rarely more than a few channel !widths wide 
( F i g u r e  82-15, Appendix B ) .  The stream channel i t s e l f  i s  affected by :beaver work- 
ings, debris jams and local  coarse  lag  deposits and i t   i s  consequently  highly irreg 
ular i n  shape and often  poorly  defined. The dominant channel bed material is  
gravel t o  cobble w i t h  some sand. Sone flood  plain and terrace  areas  are covered 
by a thin veneer  of  sandy-silty  smpended  sediment  deposits (Figure 82,-17. 
Appendix 8). 

In order t o  define  the  hydraulic geometry of Hat Creek quantitatively, three 
short  channel profiles (Figure B2-18, Appendix B )  and 12 cross  section? were 
surveyed  (Figure 62-19, 62-20, 82-21,  82-22, 82-23, Appendix 8 ) .  The 'location 
o f  a l l  surveys is  indicated  in  Figure 4-41 and 4-42. 

The channel slope,  outside  of canyon sections,  appears t o  be about 1 percent 
and is  relatively  constant  along  morphologically homogeneous reaches. The 
third  pro'file on Figure 82-13. Appendix B ,  for Reach No. 9 ,  covers  almost the 
entire  length  of the alluvial  fan i n  the Bonaparte Valley. 
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The cross sectlons i l l u s t r a t e  haw thle valley  f loor  generally  conrfsts o f  a nar- 
row genetic  flood  plain and several  equally narrw low terrace  levels. At the 
time of survey flow was very low and unfortunately i t  has not been posstble t o  
o b t a i n  water levels  corresponding tcl re la t tvely h i g h  flows. The hydraulic  per- 
formance of  the Hat  Creek channel is  therefore  only poorly  defined. The observed 
hydraul ic   geactry i s  summarized in Table 4-7. 

On a geologic time scale ,  Hat  Creek i s  degrading  along  almost i ts  en t i re  channel 
length,   the  alluvial  fan a t  i t s  downstream  end being the main exception. The 
dimensions o f  such channels are  generally most closely  related t o  relatt,vely h i g h  
flows. since  only such h i g h  flows ca.n  nove the  coarse  lag  deposits  amoring much 
o f  the channel perimeter. While i t  i s  not  possible t o  s ta te   exact ly  what flows 
are  needed t o  maintain  the  present c:hannel s ize ,  flows a t   o r  above the two-year 
flood  level  of 6.0 m .s' would cert:ainly be required  regularly. 

3 -1 

Bankfull  flows can serve  as a rough indicator  of channel-forming djschar'ge. Us- 
i n g  the  bankfull  levels  indicated on Figures 62-19, 62-21, and 62-23, Appendix 6, 
flows have been estimated  for Reaches 1, 5 and 9 as 22.4,  25.5,  and 9.6 PI .s 

3 -1 

respectively.  This can be  compared with the two-year flood a t  Upper  Hat  Creek 
of 6.0 m . s , and indicates  that  the channel forming discharge is   i l l -&fined 
and probably o f  order 10 t o  25 m3.s-' w i t h  a return  period somewhere beween 4 

and 30 years. 

3 -1 

The t r ibu tar ies  t o  Hat  Creek i n  the  vicinity o f  the proposed mine are  all  steep, 
degrading mountain streams  flowing clver coarse  lag  deposits or over bedrock 
(Figures 62-1 and 82-2, Appendix 8 ) .  

E. Flood Plains 

140 s igni f icant  development has occurred on areas along Hat  Creek (downstream Of  

the propcsed mjne) subject t o  occasional  flooding. These areas  are  Presently 
e i ther  used for grazing and hay or are covered by dense wi l low thickets ,  beaver 
ponds  ana marshes, 
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TABLE 4-7 

HAT CREEK HYDRAULIC GEMETRY 

Cross O i  scharge 
iec t ion  !m ' 5  .. !m) !hi* 1 (m.5 -J 1 !m) n 3 -*)  Slope 

Surface  Width  Area Mean Ve loc i ty  Mean Depth  Manning 

1-1 0.937 
0.286 

0.937 
0.572 

0.937 
0.286 

0.937 
0.269 

1-2 

1-3 

2-1 

5-1 0.951 
0.277 

0.277 
0.951 

0.951 
0.294 

0.302 
0.965 

0.654 
0.271 

5-2 

5-  3 

6-1 

9-1 

9-2 0.271 
0.654 

0.271 
0.654 

0.654 
0.271 

9-3 

9-4 

0.011 
0.011 

0.012 
0.012 

0.014 
0.014 

0.014 
0.0i4 

0.014 
0.014 

0.011 
0.011 
0.0090 
0.0090 
0.010 
0.010 

0.0090 
0.0090 

0.0079 
0.0079 

0.0087 
0.0087 

0.0096 
0.0096 

4.41 
3.03 

8.88 
8.75 

7.25 
5.25 

7.50 
4.25 

5.12 
4.12 
6.00 
2.38 

3.75 
3.00 
8.25 
7.12 

10.25 
9.12 

7.75 
6.62 

3.50 
2.. 88 

4.75 
4.62 

0.90 
0.32 

1 .ea 
1.55 
1.70 
0.81 

1.95 

0.79 
1.54 

0.30 
1.52 

0.77 
0.33 

0.95 
1.81 

1.77 
1.18 

1.50 
0.90 

0.48. 
0.35 

1 .Ob 
1.03 

n "1 
U. . tL  

1.04 
0.89 

0.50 
0.37 

0.55 
0.35 

0.48 
0 .&4 

0.62 
0.35 

0.63 
0.92 

1.24 
0.89 
0.53 
0.32 

0.37 
0.23 

0.44 
0.30 

1.36 
0.77 

0.62 
0.26 

0.20 
0.10 

0.21 
0.18 

0.23 
0.15 

0.26 
0.10 
0.30 
0.19 

0.25 
0.13 

0.20 
0.11 
0.22 
0.13 

0.17 
0.13 

0.19 
0.14 

0.14 
0.12 

0.22 
0.22 

0.034 
0.025 

0.077 
0.094 

0.080 
0.095 

0.10 
0.040 

0.085 
0.11 

0.066 
0.029 

0.026 
0.024 
0.020 
0.080 

0.078 
0.10 

0.066 
0.079 

0.18 
0.19 

0.16 
0.14 
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Due to the i r regular  n a t u r e  of  the Hat Creek channel and the many low terrace 
fragnmts making up the  valley  f lat ,   exact  deftnit ton o f  a flood  plain zone 
( fo r  a specified  frequency of flooding) would be a massive undertaktng that 
could n D t  be jus t i f ied .  As an alternative.  a flood  plain zone, based riainly 
on the cross  section  surveys and on vegetative  indicators, has been defined 
on stereo air photos. I t   i s  delineated on Figures 4-41 and 4-42. The re- 
current? interval  of  flooding i s  probably quite  variable over the  flood plains 
zone, b u t  should  generally be in  the order o f  5 t o  20 years.  tlhile  the  total 
area  of  flood  plain downstream of the   p l t  (see inser t   table  on Figure 4-42) is 
qui te   sna l l ,  roughly 3 km , this should n o t  d i s t r ac t  from its  possible  biologi- 
cal and econmic  significance. 

2 
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4 . 2  PRESENT WATER QUALITY 
1 

' '  ' The examination  of the water  quality  data  generated by this study has been 

m 
divic,ed  into two  main areas, vi;:., ground water and surface  water. In the case 
of ground water this has been further d i v i d e d  i n t o  four subcategories which 
grourls the data on the basis of the general  type of aquifer  that  the water has 
come from. This, in turn, is   re la ted  to   different  geographical  areas  within 
the pogram  study  area. 

m 

I 

. .- 

hl 

In the  case o f  surface  water, because of the  general  absence of fixed  point 
waste discharges,  the approach 1;aken  was t o  examine the  different systems within 
the study  area by water  parameter  quality  groupings. Within each  grouping, 
each  parameter was then examined in t u r n  to  establish the influence of tha t  
pararleter on water quality. 

( a )  Ground Water 

In examining the ground water  simpled in this program, i t  has been observed 
tha t   a l l  of the ground waters  analyzed can be placed  in one of  four  categories. 
Thest! categories  are: 

( i )  Shallow ground water i n  the alluvium  connected t o  Hat Creek. 
( . i i j  Intermediate or surf ic ia l  ground water i n  limestone. 
( i i i )  Deep permeable bedrock ground water. 
( i v )  Unique samples due to special condi t ions .  

I t  i ;  based on these four  categories  that the data i n  this  section  will be 
presmted. 

( i )  Shallow Ground  Water 

This  water i s  of the  calcium-bicarbonate type and strongly resemble!; Hat Creek 
i n  i t s   cha rac t e r i s t i c s .  This i s  probably due t o  the  fact t h a t  the (alluvium i s  
hydraulica,lly connected t o  Hat Creek (Section 4 . 1  ( a )  ) .  The locations 
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indicated as having th i s  type of water  are: All  of the domestic  wel'ls sampled 
w i t h  the ex.ception  of DW.8, the artesian springs sampled with the excf!pti.on o f  
#3 East, and the B u l k  Sample  Program samples with the exception o f  Well 3, 
Table 4-8 shows a comparison of the system mean for  Hat Creek compared t o  the 
average  values for the domestic wells,  with  the  exception of DW8. The great 
similari ty between Hat Creek and the domestic  wells i s  evident,  particularly 
when compared t o  the coal seam ground water which i s  in  category  (ii.i ). The 
detailed  results  for  these samples are  contained i n  Tables C1-5 to C1-22, 
Appendix C. 

( i i )  Intermediate  or  Surficial Ground  Water 

These waters  are  intermediate between the shallow ground water  charalzterized 
by the  principal  ions being  calcium and bicarbonate and the deep bedrock where 
the principal  ions  are sodium  and bicarbonate. The sample locations  that  are 
in  this  category  are the Steel  bothers Well and d r i l l  hole RH77-45 i n  the Houth 
Meadows area  plus  the  artesian  s,pring #3 East. In the case of the t ~ o  samples 
in Houth Meadows, the water most. probably has come from a surf ic ia l  alluvium 
which flows t h r o u g h  limestone, which i s  a dominant formation i n  the area 
(Section 4. .  1 ( a ) ) .  In the  case of artesian spring #3 East, the   fac tor   mst  
l ikely t o  be dominating  in i t s  water  quali ty  characterist ics  is  the fact   that  
the  hater has travelled a greater  distance underground than  in the cases o f  the 
o t h e r  artesian s p r i n g s  sampled, t h u s  p e r m i t t i n g  base exchange t o  take  place i n  

whict sodium replaces calcium in  solution. The resul ts  of these  three sample 
locations  are summarized i n  Table 4-9. The detailed  results of these samples 
are  contained  in  Tables C1.-14, Cl-15, and  C1-18.  Appendix C. 

( i i   i )  Deep Permeable Bedrock  Ground Water 

These waters  are  characterized by h i g h  sodium content when compared t o  calcium 
and genera'lly have existed  as ground water f o r  an extended period of time 
(Sect.ion 4.1 ( a ) .  As a resul t  of t h i s  they  also  exhibit a h i g h  f i l t r a b l e  
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S W V  ff SKULOY 6 R O W A E R  MIA 
TABLE 4-8 

0.010 
0.m ' 0.m 
0.010 

< 0.m 
< 0.026 ' 0.010 

< 0.mMo 
< 0.MO 
< 0.M3 
G 0.m5 

o.ml 

57 

19 
4.0 

20 
0.12 

o.m2 

< 0.10 
1.1 
0.16 

54 

21 
9 

226 
224 
o m 2  

8.4 
489 

12 
1 . 5  
6 .6  

148 
3 2  

281 
6 

278 

' I  
11.1 
90.2 

'0.011 

0.m 
' 0.005 

< 0.010 
< o.mg 

'0.010 
0.2m - 
' O.mO28 
< 0.020 
o m 3  
o.ms 
0.071 

0.m 
69 

21 

0.13 
15 

< 0.10 
< 1.4 

0.15 
Io 

' 0.10 
0.16 

0 . w 1 1  
0.037 

' 37 
19 

247 
?46 

0 . ~ 2  

7 .8  
519 
< 9  

1.1 

357 
153 

M9 
4 

108 
' I  

(0.030) 

< o.C.25 
(0.0121 

'0.010 
< 0 . ~ 5  

0.125 ' 0.010 

10.CCQ39l 

< o m  
< 0.m5 

o.ms 

o.ms 
Is 

41 

Mo 
27 

0.14 

< 0.10 

0.33 
8 . 2  

260 

s.7 
0.02 

0.017 
o.mt 

21 

289 
791 

7.3 

1.1 
20 

IO 

I 7m 

1264 
1220 

I O B B  
24 

I 080 
8 

0.8 
7 

7 . 1  



STEEL P O S  YELL RH7745  AS :i flsT 

71.& 

45 .4  
3.4 
8.1 

14.5 

78 

350 
. .  

666 
7 . 4  

,. O.MI 

' O.M2 
< O . c d I  
< O.MI 

0.04 
0.m 

58.0 

30. I 

41 .1  
1 .6  

0.54 

6.0 

81.2 

269 
313 

8.0 
68  1 
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residue w i t h  a correspondingly  high  specific  conductance. The sample locations 
exhibiting  this  type of  water are dri.11  hole RH76-19 (.after 21 days of pumping) ,  
Buckl!t Auger Hole #7, d r i l l  hole RH77-48,  and d r i l l  hole RH77-49. The f i r s t  
two of these locations  are i n  the proposed p i t  area  while the l a s t  l;wo are  in 
the <Area of Medicine Creek. The results from d r i l l  hole RH76-19 are of special 
in te res t  i n  that ,  due t o  i t s  depth ,  they represent the most probable  composition ,. 

of tne  pit.  water and thus represent a worst  case si tuation of the water  discharge 
from the p i t  area. A comparison of these resul ts  w i t h  those from the Medicine 
Creek area shows that ,  o f  the parameters  analyzed,  only vanadium shows a signifi-  
cant  difference a t  RH76-19 (1.97 mg/l compared toc0.04 mg/I for  the two stations 
a t  Medicine Creek). This increase  in vanadium content is most probable due t o  
contact w i t h  the coal deposit,  as vanadium i s  a c m o n   t r a c e  consti.:uent of 
coal. The resul ts  o f  these sample locations  are sumnarized in Table 4-10. The 
detailed  results o f  these samples are  contained  in  Tables C1-16 to Cl-13, 
Appendix C:. 

( i v )  Unique Samples Due To Special  Conditions 

There are two sample locations i n  this  category, Well #3 of the Bulk.  Sample 
Program  and  Domestic Well 8. In the case of Well #3 the water was most l ikely 
dominated in terms of water quality by having percolated th rough  t h e  dry  lake 
imnediately  adjacent t o  the well.  This  dry  lake has l e f t  a large anlount of  a 
v a r i e t y  o f  sal ts   s imilar  t o  those found i n  Goose/Fish Hook Lake. This can be 

seen i n  Table 4-11 which comparazs the average of the  other ground wa,ters i n  the 
Bulk  Sample  Program w i t h  Well #:3 and Goose/Fish Hook Lake. In the c:ase o f  
DW8, i t  would appear t h a t  the winter feeding this well has come from a different  
aqui=er t h a n  that  feeding  the other wells  in  the  area, and that   this  aquifer 
has .:ravel led a greater  distance underground.  This conclusion i s  ba.sed on the 
much higher  levels o f  sodium and chloride  ions t o  be found in  this well. 

In general, while  the different  ground water samples examined showec:  many 
diffftrences, a comparison of t h e  ground water resul ts  w i t h  the Canacian 
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ill .- TABLE 4-11 

Y r r U R V  OF WlWE S W L E  DATA 

' 0.010 
< 0.005 .. 0.005 ' 0.010 

0.w 
< 0.018 ' 0.010 

' 0.014 < 0.011 ' 0.005 < 0.m 

' 0.010 ' 0.m 
0.162 

' 0.010 
0.009 
0.23 

(< 0 . m 1  
0.03 ' 0.003 
0. 006 

2 0.030 

0.m 
66 

16 

20 384 
1.26 

0.051 
246 11 

m 99 
190 
1390 
1.2 

0. om 

0.25 

0.3 
96 

: 0.57 
2140 

<0.10 
1.3 
0.120 
49 

0:lO 
7.5 
0.128 
1328 

3.2 
< 0.067 
< 0.0016 

1.5 0.027 

38 

O.MO 
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I24 
IM 
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1520 

0.wz . 
23 1 
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3.9 
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-.Drink.ng  Water  Standards  (Table  4-12) shows t h a t   i n   a l l  cases the  ground  waters 

sampled  meet the   Dr ink ing  Water  !Standards f o r   T o x i c  Chemicals and, w i t h   t h e  

e x c e p t i o n   o f   c a l c i u m   i n  one loca t i on ,  meet the  recomnended 1 im i t s   f o r ,   o the r  

chemicals i n  dr ink ing  water .  The l o c a t i o n  where c a l c i u m   d i d   n o t  meet. the 

recomnended l i m i t s  was Well #3 o f  the  Bulk  Sample Program. 

lb)'  Surface  Water - Streams  and Rivers 

To  da::e a l a r g e  amount o f   sur face  water   data i s  ava i lab le .  To reduce th i s   da ta  

t o  a s i ze  amenable to   analys is ,   i innual  means were c a l c u l a t e d   f o r  each s ta t i on .  
A l s o ,   t o   h i g h l i g h t   t h e   d i f f e r e n c e s  between  Hat  Creek, the  Bonaparte  River, and 

the  Thompson River,  annual means o f  each  watershed  were  calculated. Such a 
method o f  data  treatment will, upon i n c e p t i o n   o f  a regular  monitorinGI Program, 
r e s u l t   i n  an e f f i c i e n t  and substant ive means o f  assessment. 

Data .:or programs other  than  temporal ly  systemat ic  sampl ing  of   Hat  Creek and 
the  Bonaparte and Thompson River45 have no t  been i n c l u d e d   i n   t h i s   s t a t i s t i c a l  
t rea tnent .  The reason fo r   t he   exc lus ion  i s  t h a t  any base l ine   descr ip t ion  

developed  must be r a t i o n a l  and cc~ns is ten t   over   the   long- te rm  in   bo th   t ime and 
space.  Not a l l  sampling  programs  met  these c r i t e r i a  as they were  der;igned t o  

meet vary ing   in fo rmat ion  needs. Nevertheless,   the  non-rout ine  program do pro- 
v ide  . in format ion  against   which  the  basel ine  descr ip t ion  formulated f r o m  

systenatic  sampling may be tested.  

The d i i ta   fo r   sur face   waters   a re   resented   in   Tab les  C1-23 t o  C1-39, Appendix 
C. Annual means f o r   s t a t i o n s  on Hat  Creek,  the  Bonaparte  River, and the Thomp- 
son R.iver  are  presented i n  Tab1e.s 4-13,  4-14  and 4-15,respectively. A comparison 

o f   t h e  annual means f o r  each  watershed i s  presented i n  Table 4-16. 
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(i) Cations:  Trace  Metals 

This group consists of those  cations  that  are normally found in  natural  waters 
a t   l w e l s  of 0.1 mg/l or less. In this study, the cations which  were deter- 
mined were: Aluminum, arsenic, cadmium,  chromium, copper, iron, leald, mercury, 
molyl,denum, selenium, vanadium,  and zinc. Typical concentrations  for these 
ions  are showa i n  Table 4-17, which  shows  mean concentrations of these  ions  for 
waters  in the United States. 

Alum,inum i s  one of a group of metals  that can exhibit amphoteric qua l i t i es  . 
For ciluminum t o  be present in  appreciable  quantities as the ion Al'", requires 
that  the pH of the solution be less than 5.  For  aluminum to  be present i n  
apprlxiable  quantities as the  ion A1204-' requires a pH greater  than 9. Both 
of tiese  conditions  are  rare i n  natural  waters. I n  acid  waters,  values  greater 
than 100 mg/l can occur, b u t  th i s   i s   usua l ly  caused by industrial waste or mine 
drai As t o  be expected from the foregoing  discussion, level!;  of aluminum 
foun'i were very low. Indeed,  with the exception o f  Station 19  on the Thompson 
River, a l l  of  the  values  reported are less  than  the MDC (0.010 mg/ l ) .  

17 

Arseiic  generally  exists  in  natural  water  as the ions and As02 . Con- 
centrations of u p  t o  1 mg/l exhibit no le thal   effects  given that  the  lethal 
dose for animals i s  approximately 40 mg/kg19 of body weight. A t  al l   stations 
examined arsenic  levels were less than  the MDC (0.005 mg/l). 

-1 

Cadmium i s  a very rare  ion i n  natural  waters, however, i t  can be introduced by 
waste disposal. Cadmium i s  removed from solution by hydrolyzate and oxidate 
sedinents and also by precipitation of the cadmium as  the ~ a r b o n a t e " ~ .  A t  a l l  
s ta t ions examined cadmium levels were less than  the MDC (0.005 mg/l). 

Chronim i s  another of the group of metals  that can exhibit amphote!*ic qua l i t i es .  
I t   i s  present i n  minor amounts in  igneous rock b u t  i s  more comon ii? basic and 

- 
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SUIMRY OF TRACE ELEMENTS IN WATERS OF THE UNITED STATES' ~2 

Zinc 
Cadrni CM 
Arsenic 
Boron 
Phosptorus 

Molybcenum 
Iron 

Manganese 
Aluminum3 
Beryl 1 i um 
Copper. 

Nickel 
Silver- 

Cobalt, 
Lead 
Chromi urn 
Vanadi um 

Stront,ium 
Bari unl 

NO. o f  Positive 
Occurrences 

1207 
40 ~. 

1546 
87 

747 
1192 
51 6 
81 0 
456 . ~~ 

85 
1173 

104 
256 

305 
44 

386 
54 

1568 
1571 

Frequency o f  
detection, X 

76.. 5 
2.5 
5.5 

47.4 
98.0 

75.6 
32.7 
51.4 
31.2 
5.4 

74.4 

16.2 
6.6 

2.8 

24.5 
19.3 

3.4 

99.6 
99.4 

Observed Positive Values 

Min. Max. Mean 
( w e  1 

- " - 
0.002 1.183 

0.005 
0.001 

0.336 
0.120 

0.001 5.000 

0.001 
0.001 5.040 

4.600 
0.002 
0.0003 3.23(1 

1.500 

0.001 
0.00001 0.00:.22 

2.2760 

0.001 
0.0001 0.038- 

0.280 

0.001 
0.001 

0.130 

0.002 
0.048 

0.001 
0.140 

0.002 
0.1121 
0.300 

0.002 
0.003 5.000 

0.340 

0.064 
0.0095 
0.064 
0.101 
0.120 

0.068 
0.052 

0.058 
0.074 
0.00019 

0.0026 
0.015 

0.017 
0.019 

0.023 
0.0097 
0.040 
0.043 
0.217 

* Frcm J . F .  Kopp and R.C.  Kroner,  Trace  Metals i n  Waters of the United S ta tes ,  
Fec.era1 Water Pollution  Control  Administration,  Cincinnati 

1577 samples (Oct. 1 ,  1962 - Sept. 30, 1967) 

146'4  aluminum analyses 
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ultrs.basic  rocks than in the more s i l i c i c  types o f  rock . Strong  oxidizing 
conditions produce the Cr04-‘ ion”, however, the natural  occurrence  of this i s  
very rare  and i s  more usually the resu l t  of industrial waste disposal. A t  a l l  
s ta t ions examined chromium levels were less  than the MDC (0.010 mg/l). 

20 

Copper i s  a fa i r ly   comn  t race   cons t i tuent  which occurs most  comnonly in  rocks 
as ttle  sulphide. In the process of  weathering this sulphide i s  oxidized to  the 
sulptlate which i s  water  soluble. However, a considerable amount of  the copper 
thus dissolved may be subsequently  precipitated  as the carbonate”. A t  a l l  
s ta t ions examined copper levels were l e s s  than the MDC (0.005 mg/l). 

Iron can ex is t  i n  many forms in  natural  waters. I t  may be in true solution,  in 
a col loidal   s ta te   that   my be peptized by organic  matter,  in the inorganic or 
organic  iron complexes, or i n  relatively  coarse suspended par t ic les .  I t  may be 
e i ther   fe r r ic   o r   fe r rous  . Because of these factors,   iron is  generally  not a 
good constituent omwhich t o  bas,e.conclusions  in the chemical interpretation of 
water  analyses”. The dissolved  ferrous plus ferric  content of  the systems 
examined ranged from 0.022 mg/l fo r  the Thompson River t o  0.048 mg/l fo r  the 
Bonaparte River. The World Health  Organization (WHO) reconmended l imit   for  
iron  in d r i n k i n g  water i s  1 mg/l. This l imit  is  based n o t  upon physiological 
considerations,  for  iron  in  trace amounts is   essent ia l   for   nutr i t ion.  Rather 
the l i m i t   i s  based on aesthetic and taste  considerations. For example, iron 
and  manganese tend t o  precipitate  as hydroxides and s ta in  laundry and porcelain 
f ixtures  and the f e r r i c  i ron  will  also combine w i t h  tannin i n  tea t o  produce a 
dark violet  colour . Based on the foregoing, the values found are below the 
level a t  which iron begins to cause problems in  water quali ty.  

21 

22 

Lead occurs  in rock primarily  as  the  sulphide  (galena), and occasionally  as  the 
oxide , In these  forms,  lead i s  n o t  readily  soluble a t  a pH greater t h a n  
approximately 4 . 5 .  A t  a l l   s ta t ions examined lead  levels were less  than the 
MDC (3.010 mg/ l ) .  

19 
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Mercury is strongly absorbed by minerals i n  hydrolyzates which nonal’ly prevents 
natural  waters from carrying more than trace concentrations  except under unusual 
c t r c ~ m s t a n c e s ~ ~ .  The mercury levels t n  the systems examined ranged f,mm 0.00029 
mg/l for the Bonaparte River t o  0.00040 mg/l fo r  Hat Creek. The Canadian Public 
Health  Standards do not include a standard  for mercury b u t  the U.S. Environmental 
Protection Agency National  Interim Primary Dr inking  Water Regulations  specify 
0.002 mg/1.61  Based on this information i t   i s  considered  that the levels of 
mercury found do not exert a s ignif icant   effect  on the water  quality of the 
systems examined. 

Molybdenum acts  as  a  catalyst i n  the conversion  of  gaseous nitrogen ilqto a 
usable form by free-living, nitrogen f i x i n g  bacteria and blue-green algae. 
However, h i g h  concentrations  of molybdenum cause  heart  disease  in  ruminants . 24 

Molybdenum levels i n  the systems examined were below the MDC (0.020 m g / l )  i n  
the case of Hat Creek and the Thompson River, and only  slightly above the MDC 
i n  the case’ of  the Bonaparte  River. 

Selenium generally  occurs i n  natural  waters  as the ion SeOi‘. I t  may be 
absorbed on hydroxide precipitates such as   fe r r ic  hydroxide o r  on hyd,mlyzate 
sediments. .Selenium i s  generally  only  present i n  trace  quantities  in  natural 
waters”. A t  a l l   s ta t ions examined selenium  levels were less  than  the MOC 

(0.003 mg/l) .  

Vanadium i s  not normilly present i n  natural  waters i n  significant amunts. 
although  values of up  t o  0.150 mS:/l have been reported2’. A t  a l l   s ta t ions 
examined  vanadium levels were less  than  the WDC (0.005 mg/l) .  

Zinc i s  an essential and beneficial element in body growth b u t  i s  not normally 
found i n  more than  trace amounts i n  natural  waters”. However, concentrations 
above 5 mg/l can cause a b i t t e r  a,stringent tas te  and opalescence  in  natural 

a 
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water!; . F ish  and o t h e r   a q u a t i c   l i f e   e x h i b i t  a h i g h   s e n s i t i v i t y   t o   z i n c .   I n  

so f t   water ,   leve ls   o f   z inc   rang ing  from 0.1 t o  1 .0  mg/ l   are  le tha l ,   but   ca lc ium 
i s  antagonis t ic   toward  such  tox ic i ty" .  ' The annual  system means f o r   z i n c  found 

i n  th.is  study  ranged from 0.007 rg/l f o r  Hat Creek t o  0.023 mg/l f o r   t h e  Bona- 

par te   River .  These values  are well below  those  given i n   t h e   f o r e g o i n g   d i s -  

cussion, and  hence it i s  considered  that   these  leve ls   are  be low  those  that  

would  cause any concern  wi th  respect  to  water  quaTity.  

21 

( i i )  Cat ions:   A lka l i   Ear ths and Metals 

The a l k a l i   m e t a l s   a r e  a group o f  e lements   tha t   cons is t   o f   l i th ium,  sodium, 
potasr,ium,  rubidium, cesium,  and francium. O f  these,  rubidium and cesium  are 
exceec; ingly  rare i n  a natural  environment,  whi le  francium i s  an a r t i f i c i a l  
elemerlt  which has on ly   sho r t   l i ved   i so topes .  These three  elements  were  not 
determined and will not  be considered  here. All o f   t h e  coninon s a l t s   o f   t h e  
a l k a l i   m e t a l s   a r e   w a t e r   s o l u b l e   w i t h   s o l u b i l i t y   i n c r e a s i n g   i n   t t i e   o r d e r   l i t h i u m -  
sodiunl-potassium . Because o f   t h i s   h i g h   s o l u b i l i t y  i t  i s  o n l y   r a r e l y   t h a t  

these  elements  dre  not   found  in  r iatural   waters.  

25 

The a l k a l i   e a r t h s   a r e  a group o f  e lements   tha t   cons is t   o f   bery l l ium,  magnesium, 
calcium,  strontium,  barium, and radium. O f  these,  only magnesium, calcium, and 

s t ront ium  are  normal ly   present   in   natura l   waters .  The a l k a l i   e a r t h s   a r e  much 
less   ha ter   so lub le   than  the  a1 ka l  i metal s25, and the  importance o f  t h i s  group 
o f  compounds l i e s   m a i n l y   i n   t h e i r   c o n t r i b u t i o n  t o  water hardness. 

The ions   to  be considered i n   t h i s   s e c t i o n  ape calc ium,  l i th ium, magne.sium, 

potassium, sodium,  and stront ium. As shown i n  the  previous  discussion,  these 
ions make up the comnonly o c c u r r i n g   a l k a l i   e a r t h s  and metals. 

C a l c i u r i s   p r e s e n t   i n   n e a r l y  a l l  natural   waters because o f  i t s  widespread 
occurrence i n  rocks and so i l s .   H igh   concent ra t ions   o f   ca lc ium and sulphate 
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indicate  the  possibil i ty of solution of gypsum or anhydrite, and  low concentra- 
t ions of calcium compared t o  sodium may indicate absence of readily  :soluble 
calcium  minerals or the  action of base exchange whereby calcium originally 
in t h e  water has been exchanged for  sodium . An examination of the tdata for  
the  different systems shows that  calcium i s  present  in  appreciable  quantities 
with  the  calcium  to sodium ra t io  k i n g  approximately 3 3 .  This would tend 
t o  indicate  that  the water has come in contact w i t h  calcium bearing  minerals. 
Particularly  in  the  case of Hat Creek, w i t h  an annual system mean of 57 mg/l 
of calcium as Ca+*, there  is  an indication of a  si.gnificant ground water com- 
ponent which has been i n  contact wi th  calcium  bearing  minerals (see also  Section 
4.1 ( 3 )  j .  

2 

Lithillm is comparatively  rare. The scarcity of l i t h i u m  in  rocks mora than 
any o:her factor probably i s  responsible  for the re la t ive ly  minor  amounts  of 
the element found in  water. Lithium should  not be adsorbed in base exchange 
reactions because all  the comnon cations  are  reported t o  be able t o  replace 
lithiilm from base exchange material 26. Any base exchange reactions which 
occur,  therefore, shou ld  b r i n g  lithium i n t o  solution  rather than remove i t  
from :solution. These points  are borne o u t  by the  results obtained in th i s  
surve:/. Of the systems examined, only Hat Creek had a mean annual value greater 
than ::he MDC (0.001 mg/l), and e'ven here the value for  lithium was only 0.002 
mg/l. 

Magnesium content i s  considerab1,y less than calcium i n  most waters o f  low to  
moderitte dissolved  solids  concentration even when computed on the ba5,is of 
conceritrations  expressed in equivalents. The  Ca:Mg ratio  for  natural waters 
computed from equivalents comnonly ranges frm about 5:l to about  1 : l .  High 
value!; suggest that  the water obtained calcium from relat ively pure limestone 
or other calcium carbonate  deposits or that  gypsum  was available for solution. 
Low values of the  ratio  indicate  that  magnesium silicate  minerals  are being 
disso'lved or that  dolomitic rock:; are being attacked . Converting  t,he means 
for  the systems studied t o  equivdlents and calculating the Ca:Mg ra t ios  shows 

19 
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tha t   the   va lue   fo r   these  ra t ios   range from 1.1 for  the  Bonaparte  River t o  1.8 
f o r  Hilt Creek t o  2.9 f o r   t h e  Thompson R iver .  From t h i s  it can be i n f e r r e d  
t h a t ,   a t   l e a s t   i n   t h e  case of   the  Bonaparte  River and Hat Creek, the  water 
has  been i n   c o n t a c t   w i t h   e i t h e r  magnesium s i l i c a t e   m i n e r a l s   o r   d o l a n i t e .   I n  

the   case  o f   the  Thompson R i v e r ,   t h e   s i t u a t i o n  i s  no t   c lea r ,  a3 the   va lue   o f  
t h e   r i l t i o   o b t a i n e d  i s  a lmost   exact ly   a t   mid-range.   Th is   probably   re f lects  
the   s 'ze   o f   the  Thompson River  watershed  wi th i t s  much la rger   d ivers i ty ,   wh ich  
would  tend  to  produce a more  average  condition. 

Potass,ium i n   r e s i s t a t e  and hydro'lyzate  sediments i s   l a r g e l y   i n   t h e   f o r m   o f  

u n a l t e r e d   s i l i c a t e   m i n e r a l s  and clay minera l s .   respec t i ve l y .   I n   t hese  forms 
the  pcltassium i s  l e s s   r e a d i l y   a v a i l a b l e   f o r   s o l u t i o n   i n   w a t e r   t h a n   a r e   t h e  
so lub le  sodium sa l t s   t ha t   o f ten   a re   f ound   i n   c las t i c   sed imen ts .   On ly   i n   ce r ta in  

k inds  o f   evaporates  are  large  quant i t ies   o f   potass ium  sa l ts   avai lab le  for   d i rect  
so lu t ion  in   water .   Potass ium  sa ' l ts   are  h igh ly   so lub le and are among t h e   l a s t  
t o  be separated as solut ions  are  evaporated; hence evaporates  that   contain 
much potassium  are  rather  rare.  Because of  the  foregoing,  most  natural  waters 
conta in  much more  sodium  than  pot:assium,  even  though amounts o f   bo th   t ha t  would 
appear t o  be ava i l ab le   f o r   so lu t i on   a re   nea r l y   t he  same". An examination of 

t he   da ta   f o r   t he   t h ree  systems  er:amined i n   t h i s   s t u d y  shows t h a t   i n   a l l  cases 
the  foregoing  appl ies  here.  The sodium leve ls   found  a re   in   the   reg ion   o f  5 
t o  7 t imes  that   of   the  potassium. 

Sodium, when leached  from  rocks,  tends t o  remain i n   s o l u t i o n .  It taklgs p a r t  
i n  no impor tan t   p rec ip i t a t i on   reac t i ons   l i ke   ca l c ium and magnesium s ince  near ly  
a l l  sodium compounds a re   read i l y   so lub le .  Sodium bearing  waters may, under 
some c i rcumstances ,   par t i c ipa te   in  base exchange reac t ions .  A l l  natural  waters 
c o n t a i n   a t   l e a s t  some sodium and values  of  less  than 1 mg/ l   are  very  rare . 19 

The foregoing i s  borne  out by the   resu l ts   ob ta ined  fo r  a l l  three .systems  examined. 
The ra ther   h igh  sodium  value f o r  H a t  Creek (20 mg/ l )  when compared t o   t h e  Eona- 
pa r te  and  Thompson Rivers may re f lec t   the   combina t ion   o f   low  f law and h igh 

evapora t ion   ra te   tha t   occurs   in  Hat Creek (see  also  Section 4.1 ( a )  : .  

a 
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Strorltium i s  a typical  alkali  earth element similar  chemically t o  calcium. 
Strontium i s  one of the most abundant minor constituents of igneous rock and 
i s  important  also  in  carbonate  sediments.  Strontium i s  more plentiful  in syen- 
i t i c  and grani t ic  rocks and occurs  in  very minor quantit ies,   if  a t  a l l ,  in 
ultrztbasic  rocks.  Strontium  su'lphate ( ce l e s t i t e )   i s  a comnon  component  of 
carbclnate  sediments and strontium may partly  replace calcium  in  aragonite . 23 

An e>.amination of the results  indicates  that the water  present  in Hat Creek 
has Flrobab'ly been i n  contact w i t h  sane form of strontium  bearing  mineral,  as 
the values  ohtained  are above those  that would otherwise be expected (0.32 
mg/l as compared to  0.217 mg/l, the United States average as shown i n  Table 
4-17). 

( i i i ) Ani.ons : Gene.ra1 

The ions t o  be considered i n  this section are borate  (as boron) ,  chloride, 
f luoride,  and sulphate. 

Boron i s   essent ia l  in trace  quantities 
t o  solne plants when present in amounts 
Most plants are somewhat  more tolerant 
t r a t i m s  o f  2 mg/l. I n  a very general 
boron concentration seem usually t o  be 

i n  plant  nutrition b u t  become:; toxic 
as small  as 1 mg/l i n  i r r igat ing water27. 
t h a n  t h i s  b u t  many are damaged by concen- 
way, the  waters  that  are  highast  in 
sodium waters, which might be expected 

because the sodium borates  are more soluble than the calcium or magnesium 
boratv?s '8 This i s  borne o u t  by the resul ts  of th i s  survey  in that .in a l l  
cases we are  dealing w i t h  a calcium  type  water and we f i n d  that  i n  a71 cases 
the boron level  is  less than the MDC (0.1 mg/ l ) .  

Chlor.ide is present in  all  natural  waters. In waters  associated with sedimen- 
tary  rocks,  concentrations do not  usually exceed 5 mg/l. Waters h i g h  i n  chloride 
usual ' ly are  also h i g h  i n  sodium. This generalization is  based on the fact  
tha t ,  i n  the more highly  mineralized  waters, common s a l t  (NaC1) i s  the main 
mineral i n  solutionlg All o f  t h e  indications  are  that i n  the Hat Creek Valley 
the mzlin types o f  rock formations  are  sedimentary  in  origin  (Section 4.1 ( a )  ) .  
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The v a l u e s   o b t a i n e d   f o r   c h l o r i d e   f o r   a l l   t h r e e  systems  studied  were  less  than 

5 mg/l i n  all cases.  Again,  because  these  waters  are  calcium and no t  sodium 
waters  the  ch lor ide  content   tends  to  be lower. 

F luor ides   exh ib i t   modera te   to   h igh   so lub i l i t y .   Res is ta te   sed imentary   rocks  
f r e q u e n t l y   c o n t a i n   c a l c i u m   f l u o r i d e   ( f l u o r i t e )  as a minor  const i tuent,  and 
poss ib ly   o t ,her   f luor ide   bear ing   minera ls  may cons t i t u te   pa r t   o f   t he   ! g ra in  
ma te r ia l  o f  res i s ta tes ,  where  chemical  weathering has not been complete. 
F luo r ide   i n   na tu ra l   wa te rs  has been a t t r i b u t e d   t o   s o l u t i o n  o f  micas  which 

c o n t a i n   f l u o r i d e  2? Water conta in ing  less  than 0.9 mg/l i s  n o t   l i k e l y   t o  cause 
m o t t l ? d  enamel i n   c h i l d r e n   o r  cause  endemic cumu la t i ve   f l uo ros i s  and s k e l e t a l  

e f fec ts  ?O The WHO European Dr ink ing '  Water Standards  set an upper llnnit o f  
1.5 m3/ l   for   dr ink ing  water  **. The f l uo r ide   con ten t  o f  the systems stud ied 
rangesj from 0.11 mg/l f o r   t h e  Thompson R i v e r   t o  0.17 mg/l f o r   t h e  Borlaparte 
R iver .  . Based on the  foregoing,  it i s  not   cons idered  that   the  f luor ide  leve ls  
found i s  cause f o r  concern fo r   t he   wa te r   qua l i t y .  The r e s u l t s  do i n d i c a t e  
the  presence  of  some f l uo r ide   bea r ing   m ine ra l s   i n   t he   a rea .  

Sulphi l tes  of  most o f   t he  common m e t a l l i c  e lements  are  readi ly   so lub le  in   water .  
The sulphate  ion,  once  formed, i s  c h e m i c a l l y   s t a b l e   i n  most of  the  erlvironments 
t o  wh.ich natural  waters  are  subjected. These two factors   are  o f   bas ic   impor t -  
ance , in  governing  the  behaviour  of   sulphate  ions  in  water.  Gypsum  and anhydr i te  
are  i lnpor tant  components o f  many evaporate  rock  formations and are  present i n  

smal l  amounts i n  a g rea t  many r e s i s t a t e  and hydro lyzate  rocks.  Becau!se o f  
t h e i r   r e l a t i v e l y   h i g h   s o l u b i l i t y ,   t h e s e   m i n e r a l s   a r e  an important  source o f  
su lphate   in   water ,  even  though in   t he   i nd i v idua l   f o rma t ion   t hey  may be present 
on l y  as a minor   const i tuent '?  W,ith the  except ion o f  the  bicarbonate-carbonate 
group,  sulphate i s  the  most  important  anion  present  in  terms  of  concentrat ion. 
I n  the!  case o f  H a t  Creek the   resu l t s   f o r   su lpha te   t end   t o  bear  out   the  fact  
that   t .here i s  a comparat ive ly   large  groundwater   input   to  H a t  Creek and t h a t  
t h i s  groundwater has been i n   c o n t a c t   w i t h   e i t h e r  a gypsum or  anhydr i te  type 

o f  roc:k,  most p robab ly   incorpora ted   in   res is ta te   o r   hydro lyza te   rocks   (see  

- 
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also  Section 4.1 ( a )  ).  

( i v )  Anions :. Nutrfents 

Thf!  ions composing th i s  group are  total  Kjeldahl nitrogen,  nitrate  nitrogen, 
n i t r i t e  nitrogen, and to ta l  orthophosphate phosphorous. In considering the 
niWogenous compounds present in a water  system, i t   i s  helpful  t o  consider 
them as components of the nitrogen  cycle. In this  cycle, decomposition of 
nitrogenous  organic matter eit.her by aerobic  or  anaerobic  bacteria  gives  rise 
t o  amnonia. The sua of the "clrganic nitrogen" and the amnonia nitrogen present 
constitutes the to ta l  Kjeldahl  nitrogen. The oxidation of amnonia by aerobic 
bacteria, a process  usually  referred t o  as n i t r i f ica t ion ,  produces f irst  n i t -  
r i t s  and then nitrates.   Nitrate,  the final  oxidation product of the amnonia, 
serres as food for  plant  l ife and i s  used'by plants  for  the.building up of 
plant  proteins. The decay of oroteins  leads t o  the formation of anrnonia, thus 
completing the nitrogen cycle . Somewhat h igh  levels  for  total  yjeldahl nitro- 
gen i n  comparison to  the  nitrate and n i t r i t e  nitrogen  levels were noted.  This 
cou'd be due t o  agricultural  runoff from urea  type f e r t i l i z e r  or from  animal 
wasire. I t   i s  a l so  possible  that i t  is due to  some factor  inhibiting the action 
of  l.he nitrifying  bacteria.  For example, manganese, even i n  low concentrations, 
is   toxic   to  this group of bacteria. 

31 

Phosphate minerals, compared t o  the  carbonates or sulphates,  are  comparatively 
rare.  Phosphate tends  to  redeposit i n  hydrolyzates and elsewhere  in the form 
of iron and calcium  phosphates.  Generally the amount of phosphate present 
i n  natural waters i s  less than 1 mg/l, although a few examples of natural  waters 
are mown where the value i s  as h i g h  as 30 mg/l. In na tura l  waters,  the  nitrogen: 
phosphorous ra t io  is near t o  1O:l 19. An examination of the resul ts  of this 
s t u d y  shows an anomaly i n  the nitrogen t o  phosphorous rat io ,   par t icular ly  i n  
the case o f  Hat Creek. Nitrogen t o  phosphorous ratios  calculated from the 
annuill  system means give  values for   this   ra t io  of 5.6, 8 . 5 ,  and 7.6 for Hat 
Creek., Bonaparte River and Thompson River respectively. This difference, 
par t icular ly  in the case of Hat Creek, must be due t o  one of two causes.  Either 
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t he   n i t rogen   l eve l  i s  lower  than  normal fo r   na tura l   waters   o r   the  phosphorous 
l e v e l   i s   h i g h e r   t h a n  normal. The l a t t e r  i s  more l i k e l y  due t o   i n p u t  of phos- 
phorous from f e r t i l i z e r   c o n t a i n e d   i n   r u n o f f   t o   t h e   w a t e r  system. 

.. ~. ( v )  Organic,  Nonionic, & Calculated  Values 

The pxameters   con ta ined  in  th is  group  are  chemical oxygen demand  (COD), t o t a l  
organic  carbon (TOC), phenol, t o t a l  hardness as equiva lent  CaCO3, and t o t a l  
a l k a l i n i t y  as  CaC03. 

COD. TOC, and phenol when considered  together  are  indicators  of   environmental  

n 

.I 

3 contaminat ion   o f  an organic  nature.  Levels  of  these  three  parameters were 
found  to  be q u i t e  low i n d i c a t i n g   t h a t   t h e r e   i s  a low  leve l   o f   organic   loading 
to   t hese  systems. - 
Hardness i n  water i s  one means o f  exp ress ing   t he   concen t ra t i on   o f   ce r ta in  

r i  "soap  consuming" ca t i ons ,   spec i f i c i a l l y :   ca l c ium,  magnesium, s t ront ium,   i ron,  

1 water does n o t  becane p a r t i c u l a r l y   o b j e c t i o n a b l e   u n t i l  it reaches  approximately 

aluminum, z inc  and manganese. When considering  domestic uses,  hardness o f  

100 mg/ l .  Hardness can g r e a t l y  exceed t h i s   l e v e l .  I n  many places,  e,special ly 
where  waters  have come in   con tac t   w i th   l imestone  o r  gypsum, few natural   waters 
will be  found t o  have  a hardness o f  much less  than 200-300 mg/l. I n  gypsi ferous 

.I 

' waters  hardness  over 1000 mg/ l  i s  comnon. As a broad  c lass i f icat ion,   waters  

mg/l  moderately  hard and greater  than 200 mg/l  very hard.".  Hat  Creek may  be 

I w i t h  a hardness o f  less than 100 mg/l are considered s o f t ,  f rom 100 to 200 

4- c l a s s i f i e d  as being  very  hard  with a annual mean o f  224 mg/l, t h e   b n a p a r t e  
River  as moderate ly   hard  wi th  an annual  system mean o f  135.mg/l, and  .the Thompson 
River  as s o f t   w i t h  an annual  system mean o f  38  mg/l. 

*# u 

m 
A l k a l i n i t y   ( t o t a l )   r e p r e s e n t s   t h o s e  anions  which  form  acids  that  are  only  weakly 
d i s s o c i a t e d   i n   s o l u t i o n ,  and which  thus  enter  into  hydrolysis  react ions.  Thus, 
chlor ide,   sulphate,  and n i t r a t e   i o n s  do no t   a f fec t   a l ka l i n i t y   bu t   ca rbona tes  
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do. I n  general ,   because  of   the  re lat ive abundance o f  carbonate  minerals and 
because carbon  d iox ide ,   wh ich   en ters   in to   equ i l ib r ia   w i th  them i n  water  solut ion,  
i s   r e a d i l y   a v a i l a b l e ,   b i c a r b o n a t e  and carbonate  are t o  be expected i n  most 
waters. The presence o f  hydroxide  ions i n   n a t u r a l   w a t e r   i n  amounts s u f f i c i e n t  
t o   a f f e c t   t h e   a l k a l i n i t y   d e t e r m i n a t i o n   d i r e c t l y  i s  v e r y   r a r e ,   u n l e s s   a r t i f i c i a l  
contaninat ion has occured. 

In   add i t ion   to   the   carbonates  and bicarbonates  formed by e q u i l i b r i a   w i t h  carbon 
d i o x i d e   i n   t h e  atmosphere, these  ions can also be formed  by way of   the  carbon 
cycle.  Organic  carbonaceous  matter i n   r i v e r s ,  which may a r i s e  from dead  and 
l i v i n g  animals and p lants ,  from sewage  and i n d u s t r i a l  wastes, and frcm s o i l  
eros ion i s  ox id ized  by a e r o b i c   b a c t e r i a   i n   t h e  presence o f   d i sso l ved  oxygen 
t o  carbon  dioxide,  which may then be n e u t r a l i z e d   i n   p a r t   b y   t h e   a l k a l i   e a r t h s  
and metals  to  b icarbonates  or   carbonates.  The reverse  process  (production 
o f  oxygen  from  carbon  dioxide) i s  termed  photosynthesis and i s  ca r r i ed   ou t  
o n l y  by green  plants  containing  chlorophyl l ,   such as algae, i n   t h e  presence 

of   sunl ight . ;  it involves  the  format ion o f  oxygen and t h e   u t i l i z a t i o n   o f   t h e  
carbon f o r   t h e   s y n t h e s i s   o f  complex organic  compounds such as fats.  carbohydrates, 
e t c .   I n   t he  absence o f  oxygen anaerobic  bacter ia  metabol ize  carbohylrates 
and other  organic compounds lead ing   t o   t he   reduc t i on   o f   ca rbon   t o  methane. 
This  occurs i n   s e p t i c   t a n k s  and i n  sludge and mud deposi ts and decomposing 
vegetat ion  a t   the  bot tom o f  streams . The a l k a l i n i t y   l e v e l s  were found t o  
range  from 226 f o r  Hat Creek t o  147 f o r   t h e  Bonaparte  River, t o  35 f o r   t h e  
Thompson R ive r ,   t end ing   t o   f o l l ow   the   a l ka l i   ea r ths  and f i l t r a b l e   r e s i d u e   l e v e l s .  

31 

(v i )   Phys ica l   Data  

The parameters  contained  in  th is  group  are pH, s p e c i f i c  conductance, t rue   co lou r ,  
t u r b i j i t y ,  and temperature. 

The pH-value  of  a water   so lu t ion  represents   the  overa l l   ba lance  o f  a ser ies  
of e q u i l i b r i a   e x i s t i n g   i n   s o l u t i o n .  Most natural   waters have pH values  ranging 

from  about 5.5 t o   s l i g h t l y  over 8.0 . I n   a l l  cases the  waters samp'ied were 

on th8s   a lka l ine   s ide  o f  the pH sca le  and, as t h e   a l k a l i n i t y  o f  the water de- 
creases, so does the pH so t ha t   t he   h ighes t  pH i s  i n  Hat  Creek, fo l lowed by 
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the  Bonaparte  River, with the ;;owest values  being  recorded  for  the Tllompson 
River. 

E l f c t r i c a l  conductance i s  t h e   a b i . l i t y   o f  a substance t o  conduct an e l e c t r i c a l  
cur ren t .   Spec i f i c   e lec t r i ca l  conductance i s   t h e  conductance o f  a  cube o f   t h e  
sutstance 1 an on a s ide . The s p e c i f i c  conductance o f  an  aqueous so lu t i on  
i s  an indicat ion  of   the  concent,rat ion  of   d issolved  ionic  species  present and 
i s  thus an i nd i ca t i on   o f   t he   f i l t r ab le   res idue   p resen t  . In  natural  waters 
the  specif ic  conductance  of  the  water  mult ipl ied by a factor,  which  varies 
from 0.5 t o  1.0, g ives   the   va lue   fo r   the   f i l te rab le   res idue . Figure 4-43 
shows the   re la t i onsh ip  between t h e   s p e c i f i c  conductance and t h e   f i l t r a b l e  
res idue  fo r  Hat  Creek. Using  standard s t a t i s t i c a l  methods , a 1inea.r  regres- 
s ion  analysis.  was performed on the  data, and the  s lope  o f   the  regress ion  l ine 
was calculated. The value  of ' the slope, which i s  the   fac to r  mentioned above, 
was found t o  be 0.68. The regress ion   coe f f i c ien t  was ca lcu lated  a t  0.781, 
i n d i c a t i n g  a  good c o r r e l a t i o n  between spec i f i c  conductance and f i l t r a b l e   r e s i d u e .  

32 
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Co111ur  may indicate  the  possible  presence o f  organic  material.  Thus, surface 
wat,?rs that  leach  decaying  vegetation may  be coloured. and groundwaters tha t  
pas:; through  peat,   l igni te,  or other  buried  plant  remains may take on a colour. 
The de te rm ina t ion   i s   ma in l y   s ign i f i can t   i n   t he   eva lua t i on   o f   d r i nk ing  water 
suppl ies  or   for   o ther  uses where colour i s   n o t  desirable". The low colour 
l ev l? l s   f ound   fo r   a l l   t h ree  systems i s  a fu r the r   i nd i ca t i on   o f   t he  low leve l  
o f  organic  matter  in  the  water  md  tends  to  substant iate  the low levels   ind ica-  
ted by the low COD, TOC, and phenol  determinations. 

T u r b i d i t y  i s  caused by the  presence o f  suspended matter such as clay, silt, 
finely  divided  organic  matter,  Ibacteria,  plankton, and other  microscol3ic  organ- 
ism:;. T u r b i d i t y  i s  an expression  of   the  opt ical   property  of  a sample of water 
which causes l i g h t   t o  be scat tered  ra ther   than  t ransmi t ted  in   s t ra ight   l ines 
through  the sample. Excessive t u r b i d i t y  reduces l i gh t   pene t ra t i on   i n to   t he  
water and, therefore,  reduces  photosynthesis  by  phytoplankton,  attached  algae, 
and  submerged vegetation . Frcrm th is  i t  i s  evident  that  there  should be a 22 
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relationship between turbidi ty  and non-filtrable  residue.  Figure 4-44 shows 
this  relationship  for Hat Creek. Using standard s t a t i s t i c a l  methods' , a linear 
regression  analysis was performed on the data, and the slope of the regression 
l ine was calculated. The value of the slope, which gives the factor  relating 
turbidi ty  t o  non-filtrable  residue, was found to  be 3.1. The regression coe- 
f f i c i en t  was calculated  at 0.862, indicating a good correlation between non- 
f i l t rable   res idue and turbidity.  

33 

Temperature changes in  bodies  or  streams of water may result from natural 
climatic phenomena or  fran  the  introduction of industrial wastes such as cooling 
water;. Temperature i s  important, and sometimes c r i t i ca l ,   f o r  many uses of 
water. I t   affects  the palatabi l i ty  of water,  treatment  processes, the value 
of water for many industrial  uses,  including  cooling  processes, and .its suit- 
ab i l i ty   as  a habitat  for  aquatic  life 22. For d r i n k i n g  purposes,  water w i t h  
a temperature of 10°C is  usual1,y satisfactory.  Temperatures of 15OC or higher 
are  uwally  objectionable . Below 10°C water weeds grow very sparsely, between 
10-15°C growth i s   p ro l i f i c  reaching a maximum above 1 5 ' ~ ~ ~ .  Changes i n  water 
temperature as a resul t  of human ac t iv i ty  are generally upwards. This increase 
in  thc  temperature of receiving  waters  results in the following concalmitant 
e f f e c u :  (1 )  higher temperatures  diminish the solubi l i ty  of dissolvea oxygen 
and thus  decrease the avai labi l i ty  of this  essential  gas, ( 2 )  elevated temper- 
ature!; increase the metabolism, respiration, and oxygen  demand  of f ish and 
other aquat ic   l i fe ,  thus increaslng the demand for oxygen under conditions 
where the supply i s  lowered, ( 3 )  the  toxicity of many substances i s  increased 
as t h e  temperature r i ses ,  ( 4 )  higher  temperatures militate  against  desirable 
f i s h   ' i f e  by favouring the growth o f  sewage fungus and the  putrefaction of 
sludge  deposits, and f i na l ly  (5) even with  adequate  .dissolved oxygen  and the 
absence of ,any toxic  substances,  there is a maximum temperature  that each 
speciE!s of .Fish or other organism can tolerate;  in the case of lake trout and 
brook t rout   this   f igure  is  approximately 23 - 25OC. However, the optimum or 
preferred  temperature  for these f i sh   i s  13 - 17°C.22 Based on the foregoing, 
we can conclude t h a t  temperatures over 17OC represent marginal q u a l i t y  and 
temperatures over 2 5 O C  indicate poor quality.  Figure 4 - 45 shows t h e  water 
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temperatures for  two different   s ta t ions on  Hat Creek. Using the above c r i t e r i a  
i t  can be seen that  Hat Creek near Upper  Hat Creek rarely exceeds l!j°C (two 
t e s t   r e su l t s  in 86) and can, therefore, be classed as having good water quali ty 
with respect t o  temperature. A,t Hat Creek near Cache Creek, however, i t   i s  
observed that  during  the months o f  June t o  September the water temperature 
periodically exceeds 17OC.  Based on th i s  i t  may  be concluded tha t  IHat Creek 
near Cache  Creek  has water of only marginal quali ty with respect t o  temperature 
during  the sumner months. In the  case of the Thompson  and Bonaparte Rivers, 
the  highest  temperatures  recorded were 13 and 14OC respectively. Thus in  these - 

two r ivers  we  may conclude that  the  water  quality w i t h  respect t o  timperature 
i s  good. 

( v i i )  Physical Data: Residues 

The iparameters contained in t h i s  group are   total   res idue,   f i l t rable   res idue,  
non-”iltrable  residue,  fixed t o t a l  residue,  f ixed  f i l trable  residue,,  and fixed 
non-,Filtrable  residue. Total residue is  the term applied t o  the matmial   lef t  
in  the  vessel  after  evaporation of a sample o f  water and i ts  subsequent  drying 
in at1 oven a t  a def ini te  temperature. Total residue  includes  non-filtrable 
resiciue - that   is ,   the  portion 3f the  total  residue  retained by a f.llter and 
f i l t rable   res idue,   that   por t ion of the  total  residue which passes through the 
fi1tc?rZ1. The relationships of non-filtrable  residue w i t h  turbidi ty  and f i l t r a b l e  
residue w i t h  specific conductance have already been discussed (see ( v i )  above). 

Based on the results o f  the freshet  study shown in Table 4-18 and based on graph- 
ical  analysis of the suspen-ded  :sediment and dissolved  solids  concentrations 
versus  discharge  (Figures C2-4 to C2-9, Appendix C ) ,  predictions have  been 
made  of the load variation over a hypothetical mean discharge  year i n  both 
Hat Creek and the Bonaparte  River as  shown i n  Figure 4-46. Suspended sediment 
concentiations  are  likely t o  average  approximately 300 mg/l i n  Hat C:reek  and 
65 q / l  in the Bonaparte River ( jur ing mean freshet  discharge. The suspended 
sediment yield i n  Hat  Creek varies from less than 2 metric tonnes (t)/month 
during  winter t o  upwards o f  2401) t/month during freshet .  This translates  into 



St l t lon  (8.re) 
and Parara ter  

n m f l l t r a b l e  
C m d u r t l r l t y  

Rcriduc 
Turbldl 

Condw t l  V I  t y  
I m f l l t r d b l e  

Relldue 
Turbidlty 

. n m f l l t r a b l c  
Conductlrlty 

Nonf l l t rablc  
CmduCtlrity 

i u r b l d l t y  
Rerldue 

250 

a** 4.0 
i L  36 

19.3 
2 M  

28 
2.3 

220 
26 

2.8 

540 

I 
I .o 
0.44 

520 
4 
0.60 

4 8 0  

0.85 

3 

480 
'I 

0.29 
0.45 

250 
29 

18. I 
1.7 

2 30 

24 
1.1 

220 
'(I " 

1.6 

550 

I 
0.90  
0.41 

520 
5 
0.65 

470 
7 
0.95 

510 

'1 
0.45 
0.29 

250 
35 

2.6 
16.4 
2M 
27 
2.2 

220 
i6 
2.2 

540 

4 
1.1 

510 
0.39 

2 
0.60 

490  

6 

1.1 

510 

0.50 

3 

0.35 

i M L f  4-18 

FRESHET 1977 - M l l l  CCilfCTlCM O l T l  

250 
36 

15.3 
2.5 

230 
39 

1.8 

220 
< I  
-~ 

1.6 

5M 
6 

0.40 
0.55 

510 

4 
0.90 

4 9 0  

9 
1.2 

490 

1 

0.38 

0.50 

250 

37 
2.2 
14.6 

230 

26 
2.1 

220 

il 
1.4  

544 

0.15 
4 

0.44 
520 

1 
0.75 

4 8 0  

10 

I .o 
500 

4 

0.58 

0.55 

240 
57 

17.5 
4 . 1  

220 
50 
2.4 

210 

43 

1.1 

510 
4 

0.M 

510 
0.61 

8 

1.0 

410 
24 
2.1 

480  
9 

0.60 
0.95 

- 25 

250 
59 

6.4 
21.0 

210 

43 
3.7 

2 M  
24 
3.1 

530 
10 

0.62 
1.1 

500 
6 

1 .o 
450 

10 

2 . 1  

460 

4 
0.75 
0.43 

250 
59 
5.0 
22.9 

230 

45 
5 .1  

220 
ii 
4.0 

530 
4 

0.55 
0.80 

500 

3 
1.1 

440 

0.75 
7 

4 5 0  
3 

0.41 
1 .o 

* 
250 

51 
4.8 
25.9 

230 

50 
1.2 

220 
i i  

6.4 

5 M  

0.65 
3 

5 0 0  
0.51 

4 
0.90 

460 

4 

1.4 

450 
7 
1 .* 
0.35 

260 
156 
79 

27.1 
240 

116 
45 

230 
95 

36 

5M 
2 
0.10 

500 
0.46 

4 
1.0 

470 

- 1.1 
1 

460 

0.90 
3 

0.12 

* 
270 

33 
5.5 

11.6 
250 

21 
4.0 

230 
ii  
2.8 

490  
32 
7.5 
0.75 

430 
24 
8.2 

Y O  
30 
I 3  

290 
25 
7.8 
0.80 

2 70 
35 
5.1 

10. 7 
240 

25 
3.1 

230 
i i  
1.1 

480 
12 

4.1 
0.66 

420 
I2 
1.7 

390 
15 
1.5 

150 
9 

0.52 
2.2 

% 

260 

29 
1.3 

240 
IO. 1 

23 
3.3 

210 
Ii 
3.1 

190 
6 
1.7 
0.54 

460 

8 
2.0 

420 

a 
2.1 

S O  

3 
1.1 
0.43 



'IGURE 4 - ' i 6 : S E D l M E N T  AND DISSOLVED  SOLIDS  Y IELD 
HAT  CREEK AND BONAPARTE R I V E R  D I G  YO I 



r 

.. 
.. 

1 

1 

beak 

a  calculated mean annual  sediment yield of 5.6 t / k m  2 /year a t  the mouth of Hat 
Creek which has a basin  drainage  area of 660 km 2 . The Bonaparte Riser below 
Cache Creek carries  a sediment load of 10-25 t/month d u r i n g  the winter and 
upwards  of 2700 t/month d u r i n g  freshet. The calculated mean annual sediment 
yield  at   this  location based on a  drainage  area of 5.205 km2 is 1.3 t / k m  2 /year. 

The dissolved  solids  load  in Hat: Creek ranges from 260-400 thonth  in  winter t o  
upwards of 3,000 t h o n t h  d u r i n g  freshet. The corresponding  calculated mean 
annual dissolved  solids  yield on a  budgetary bas is   i s  14.3  t / km /year, from a 
total  basin  drainage  area of 660 km . This compares with a calculated  yield 
of  12.5 t /km /year f r o m  430 km2 i n  Upper Hat  Creek (BEAK Water Quality S t a t i o n  
7 ) .  These figures  indicate the calculated mean annual dissolved  solids pick-' 
up  i r  the lower 230 km of drainage  area i s  about 18 t km /year. 

2 
2 

2 

2  2 

The c,issolved  solids  load  in the Bonaparte  River below  Cache  Creek ranges from 
1,6Otl - 2,200 t / m o n t h  i n  the winter t o  upwards of  7,200 t/month d u r i n g  freshet. 
The c:alculated mean yield over the year would be about 8 t / k m  /year, based on 
the hasin  drainage  area of  5,025 km . 

2 
2 

The tludgetary  values  generated  -indicate Hat  Creek runoff i s  considerably more 
t u r b i d  in the spring than  the  Bonaparte, and i t  also  yields  considerably more 
dissolved  solids per unit  area of drainage t h a n  does the Bonaparte River. The 
sediment yield characterist ics ref lects  the surf ic ia l  geology, channel morphol- 
ogy m d  gradient and runoff reg-ime in the valley. The dissolved  solids  yield 
i s  a product of the ground water contribution t o  surface flow, agricultural 
practices and h i g h  evaporation ' in the  arid  climate of the valley. 

( v i i i )  Biochemical, Di:;solved Gases, aiid Related Measurements 

Biochemical oxygen demand ( B O D )  i s  a measure of the amount of  oxygerl required 
t o  remove organic  matter from the water i n  the process o f  decomposit:ion by 
bacteria.  It  provides a n  index of the  degree o f  the  biodegradable clrganic 
contt!nt o f  water . In th i s  Study the BOD a t  a11 stations examined was less 36 
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than t:he MDC (1 mg/ l )  indicating a very low level of biodegradable  organic 
matter  in the three systems examined. 

Disso'lved oxygen i n  surface water i s  necessary  for the support of aquat ic   l i fe ,  
which in turn i s  necessary for the removal of  organic  contaminants. For cold 
water  biota,  dissolved oxygen levels should be a t  or near  saturation36.  If 
f i sh  ilre  present  in a river  receiving a heavy organic  load,  mortality may 
occur when the dissolved oxygen f a l l s  below a certain  cri t ical   level - in the 
case of many f i sh   t h i s   i s  about !j mg/l . A n  examination o f  the  results shows 31 

that  i l t  no time  in any of  the systems studied  did  the  disiolved oxygen level' 
even itpproach the value of 5 mg/L and the  average  percentage  saturation for 
each system was 90.2, 91.1, and !93.3 percent for Hat Creek,  Bonaparte River, 
and Thompson River respectively. 

I C )  Surface  Watir - Lakes 

Lakes in  general  are  chemically more stable than  streams or rivers and do not 
show such s t r iking changes in the amount  and proportions of the  princ.ipa1 
dissolved  substances. I n  most lakes the major ions,  except the components of 
the cilrbonate buffer system, remain relatively  constant i n  amoun t ,  and large 
changes in  water  chemistry  are  restricted t o  the  scarcer  biologically  important 
substt.nces. 

I n  dec: iding which lakes i n  the Hat Creek Valley t o  analyze, the decision was 
made t o  analyze two lakes which rmst probably represent  the two extremes on 

a spec:trum of water  quality. Other lakes  in  the Hat Creek Valley may then be 
considered t o  ex is t  on a continuum between these two extremes. The two lakes 
choserl t o  represent  these two exxremes  were Goose/Fish Hook Lake and Finney 
Lake . 

Goose/Fish Hook  Lake is  typical of the  type of alkali  slough f o u n d  i n  the 
southern  interior o f  the  province. These sloughs  typicaily  contain very h i g h  
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levels of  a lkal i  metals and sulphate, which, of  course,  results i n  high values 
for \pH, conductivity,  and f i l t r a b l e  resi-due . 37 

Finney Lake, on the other hand, i s  more typical o f  a "wilderness  lake" or 
oligcttrophic  lake,  characterized by  low nutrient levels and high levels of  
dissolved oxygen in the epilimnion . 38 

The results  obtained  in the analysis of these two lakes  are presentesd in Tables 
4 - :.9 and 4 - 20. The format of presentation  in  this  section  is  the same as 
in  Section 4 . 2  ( b )  (Surface Water: Streams and Rivers). The general  chemistry 
discLssion  in  that  section  applies  equally t o  this  section and ,  fo r  the purpose 
of  brevity,  will  not be repeated. 

The following  cations were less  than  the MDC in bo th  Finney and Goose/Fish 
Hook Lake:  aluminum, cadmium, chromi'um, copper,  lead, and selenium. Of the 
remaining cations i n  this group, a l l  o f  the levels found were very s h i l a r   t o  
those found i n  Hat Creek, w i t h  the  possible  exception of vanadium, and that  
only in Goose/Fish Hook Lake. I n  th i s  one case  there was found,  in one t e s t ,  
a Val Ae o f  1.0  mg/l for   total  vanadium. The cause of t h i s  one h i g h  value is  
not  k:iown. 

In t h 8 s  case of Goose/Fish Hook Lake the clacium  level i s  lower than -that found in 
Hat  Creek resulting i n  a Ca:Na r a t i o  of 0.008:l. This  very low r a t i o  i s  probab ly  
due t, the fac t  t h a t  Goose/Fish Hook Lake is  a shallow  slough  located i n  a 
depression which collects shallow ground water  seepage and surface  water  runoff. 
Water leaves  these  types o f  sloughs almost exclusively by evaporation,  resulting 
in  concentration o f  the  dissolved components. As the  calcium compounds are 
much 'ess  soluble  than  the sodium  compounds, the calcium  tends t o  precipitate 
o u t  of solution forming a calcium type sludge on the bottom a n d  resulting i n  a 
lower r a t io  of calcium t o  sodiumin the remaining water. I n  a d d i t i o n ,  base 
excharge reactions i n  which calc.'um i s  replaced by sodium i n  solution would appear 
t o  be occurring. 
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The : i t h i m  level  in Finney Lake  was found t o  be less  than the MDC. This i s  
in agreement  w i t h  the resul ts  of Hat Creek. In the case of Goose/Fish Hook 
Lake the  lithium  levels found again  indicate the evaporative  Concentration 
which has taken  place. 

The nlagnesium level i n  Finney Lake is  lower  than tha t  found i n  Hat C.reek for  
the !;ame reasons  as  for  calcium,  that  is, a lower ground water  input t o  Finney 
Lake than to  Hat Creek. Generally  speaking, magnesium  compounds a re  more 
solutlle than the corresponding  calcium compounds. More specifically,  the 
solutl i l i ty of  magnesium carbonace and sulphate a t  25OC i s  0.0106 g/100 cc 
and 38 g/100 cc  respectively wh-ile the corresponding values for  the calcium 
salts,   are 0.00153 and 0.241 g/100 cc  respectively . The levels of  magnesium 
fount1 i n  Goose/Fish Hook  Lake reflect   this  increased  solubili ty  of magnesium 
compclunds when compared t o  calc-ium. 

25 

The Flotass-ium level  in Finney Lake i s  lower than tha t  found in Hat Creek. This 
i s  probably due t o  lower ground water  input t o  Finney Lake. Goose/Fish Hook  Lake 
potassium levels  again  reflect the evaporative  concentration  taking  place. 

The sodium level  in Finney Lake again i s  lower than  in Hat  Creek due t o  reasons 
already mentioned,  while Goose/i:ish Hook  Lake exhibits very h i g h  sodium levels. 
for  the  reasons  already discussed under calcium. 

The strontium  levels found in both  of the lakes  studied  repeat the pattern 
found for  the  other  parameters  already  discussed. 

I f  the ra t io  of concentrations  for  different  parameters,  outside of the trace 
consti tuents,   is   calculated for Hat Creek  compared t o  Finney Lake, i t   i s  found 
t h a t ,  w i t h  only a few exceptions,   this  ratio averages a t  2.05 with a standard 
deviation of 0 . 3 2 .  The excepticlns t o  this  are  fluoride,  sulphate,  Kjeldahl 
nitrogen, chemical oxygen demancl,  and t o t a l  organic  carbon.  This wolJld indicate 
that  in Finney Lake the  various  constituents bear the same relationship t o  each 
other as they do i n  Hat  Creek b u t  there i s  a d i l u t i o n  factor  of approximately 2 
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from a higher  input of surface  water compared t o  ground water. 
.I .- 

I f   s imilar  ratios are  calculated  for Goose/Fish Hook  Lake  compared to  Hat 
Creel:, the   s i tua t ion   i s  n o t  so clear.  The average r a t i o  i s  found t o  be 20.47, 
b u t  the  standard  deviation i s  24.62. This  large  variabil i ty  is  probably due 
t o  the  complicating  factor of  precipitation  of  dissolved  materials due t o  
concentration by evaporation  resulting  in  the exceeding of the  solubili ty of  
some of the d i  ssolved s a l t s .  That t h i s  occurs may  be seen by the  deposits o f  
salt:,   to be found around the  perimeter of the  lake. 

The Yluoride level i n  Finney Lake  was found to be higher than that i n  Hat 
Creel. (0 .22  mg/l compared t o  0.116 mg/l). This would  seem t o  indicate  that  the 
strems feeding Finney Lake flow  through an  area  bearing  soluble  fluoride  rocks, 
possibly  f luorite.  This i s  probably one of the  sources of the somewhat h i g h  
fluoride  level found i n  Hat  Creek  which  was previously mentioned. 

The wlphate  level found in Finney Lake i s  much lower than can  be accounted '. 

for  tly simple dilution when compared t o  Hat Creek ( 5 . 0  mg/l compared t o  54 mg/l). 
This i s  probably due t o  the ground water  input t o  Hat Creek. having been in contact 
with sulphate  type  minerals  resulting  in an  elevated  level  for  this ion in Hat 
Creel.. 

The Kjeldahl nitrogen, COD, and  TOC levels i n  Finney Lake may  be best understood 
when considered  together. The higher levels  for  these  three parameters indicate 
tha t ,  while in t r ins ica l ly  n o t  h-igh, the  level o f  biological  activity i n  Finney 
Lake i s   g rea t e r  than that  shown  by  Hat Creek. 

Figure 4-47 shows a temperature and dissolved oxygen prof i le   for  Finney Lake 
obtained  in September 1976. The figure shows a typical  pattern for  a shallow 
oligc'trbphic lake38,  with a h i g h  dissolved oxygen level in the  epilimnion, 
and a hypolimnion w i t h  a low level of dissolved oxygen. The absence of a 
themocl ine,   the   third  cr i ter ia   for  a shallow oligotrophic  lake, may  be  due t o  
the  fact  that  the  lake was sampled i n  September which would be the  period of the 
fall   overturn or i t  may  be that  the  lake  is  too  shallow  for a thermocll'ne a t  any 
time of the  year. 

4 - 63 



FIGURE  4 -47 :   TEMPERATURE AND DISSOLVED OXYGEN P R O F I L E S   I N   F I N N E Y   L A K E  
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( d )  Surface Water - Other Programs 

These programs provide  a  limited amount of  information on surface  water  quality 
and a"e discussed  briefly i n  this  section. 

( i  ) P i t  Hydrology Study 

Aleect? Lake ( 'outlet) and  Hat Creek (below Finney Creek) were  sampled  and a 
limit;!d analysis of  the samples was performed. The resul ts  o f  these  analyses 
are collated  in  Tab1e.U-33 , Appendix C .  The only  points worthy of note  in 
terms  of surface  water  quality are the somewhat high values o f  sodium  and 
potasr:ium found in Aleece Lake, possibly  indicating a n  input  to Aleece Lake o f  
deep permeable bedrock groundwater. 

(ii) Power Plant  Site.Study 

A ser ies  of samples was obtained from Medicine Creek, MacLaren Creek, and 
Pavilion Lake. The results of the analyses of these samples are  collated  in 
Tables C1-34 , C1-35 , and  C1-36 , Appendix C .  These resul ts   are  very similar 
t o  the  results  obtained  for  the Hat Creek area. 

( i i i )  Thompson River  Int,ake Study 

In this  study,  referenced  here only  for completeness, suspended sediment 
concentrations were found t o  range fromc1.0 - 2.0 mg/l d u r i n g  three  !separate 
samplings i n  February, March,  and June 1977. The report however does indicate 
suspenied  concentrations  as h i g h  as 91 mg/l have been observed i n  other  studies . 
The stJdy  also measured suspended  sediment size  distributions.  

60 

39 

A total  of  46 - 55 different  taxa o f  algae were f o u n d  d u r i n g  the s tudy  with a mean 
algal  density  ranging from 262,000 uni t s / l i t e r  i n  February t o  695,000 units/  
l i t e r  ':n June. The algae  density was found t o  vary proportionately w i t h  the 
river  discharge and inversely with river  ice  cover. 
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Forb f u r t h e r   i n f o m t i o n   i t  is  suggested tha t  the reader  consult the report. 

( i v )  Bulk Sample Program 

Three sample stations were established on Hat Creek w i t h  respect to t h e  coal 
Bulk  Sample  Program. The resu l t s  of the analyses  carried out  on samples from 
these stations are  collated  in Tables C1-37 , C1-38 , and C1-39 , Appelldix C. 
The! win points  of difference between these samples and the annual mean values 
for, Hat Creek l i e  in the higher values  for  total  organic carbon and noli-filtrable 
rer,idue. These higher values art? a t t r i b u t e d  t o  Samples taken d u r i n g  the S p r i n g  
freshet. 

( e )  Comparison With Existing Data 

As stated i n  Section 3.1 ( b ) ,  fo r  the purposes of this   report ,  the tenn "existing 
d a b "  is defined as  that data which has been collected,  or was in  the  process of 
being collected, prior t o  the C o ~ m ~ n C e m e n t  of this project in  July 19715. 

( i )  ' Ministry of the Environment (MOE) 

a 

P 

Table 4-21 shows the MOE data  for their sample stations of in te res t  t o  th i s  
prcject .  The da ta  for  Station 0600073, Hat Creek a t  mouth, shows very simlar 
values t o  those for  the Hat  Creek System mean values w i t h  the  exception of the 
total  orthophosphate phosphorous. The MOE mean value for   th i s  parameter i s  
0.C12 mg/l,  while the program mean value i s  0.043 mg/l. A possible  explanation 
for  this  variation may be found i n  the sampling dates of the MOE data. O u t  of 
a total  of 16 samples collected,, 10 were collected.  in the period of June to  
Augus t  inclusive. An examination of the  data  for Lower  Hat Creek for  the samples 
taken in March and May 1977 show t h a t  the average total  orthophosphate phosphorous 
for  these  dates i s  0.019 mg/l. This value i s  much closer t o  the MOE figure which 
m i g h t  indicate a seasonal  bias i n  the MOE data. 

m 
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A comparison of the data for the Bonaparte River with the MOE data i s  complicated 
by the f ac t   t ha t  the sample locations used do not  coincide.  Therefore, the few 

smal' differences observed (sulphate,  total  orthophosphate phosphorous, hardness. 
and alkal ini ty)   are  probably as much due to  sampling location  difference  as they 
are t o  any other  variable such as flow or seasonality. 

A comparison o f  the data  for the Thompson River with the MOE data shows that  the 
only  point of difference  is   tha% the program value for  the chemical oxygen demand 
for t.he Lower  Thompson River (Station 1 9 )  i s  much higher  than the MOE value for  
the Thompson River a t  Spences Bridge (Station 0600005). Because this  difference 
i s  the result of one very h i g h  test in the program (31 mg/l ,  May 1977) i t   i s  
considered  that  this  point  is arb unexplained out l ie r  and that the norm  would n o t  
show th is  high value. 

( i i )  Department of  Fisheries and Environment (DFE) 

The CFE temperature data  for Hat: Creek has already been discussed  in  Section 
4 . 2  ( b )  (vi)  (Surface Water: St.reams and Rivers)  (Physical  Data). The other 
DFE d a t a  available  is  the data  provided by the NAQUADAT program for  the Thompson 
River. The data  for this system are sumnarized i n  Table 4-22. The only points 
of difference between the NAQUAVAT data and the program data  for  Station 19 i s  
i n  the iron and z inc values. The values  reported by DFE f o r  iron and z inc  are 
0.117 and 0.002 mg/l ,  respectively. The program values  obtained  for  the same 
parameters  are 0.026 and  0.016 mg/l respectively. The most probable  cause of 
these  differences  lies  in  the  fact  that the analytical  techniques used for   the i r  
determination were different.  In the case of the DFE data, the values  reported 
are the extractable  values. In the case of the program data, the va'lues  reported 
are the dissolved  values. The reasons  for  determining  the  dissolved  values were 
discussed  in  Section  3.2 ( b )  ( i i )  ( B )  (Sampling and Analytical  Procedures). 

( i i i )  Calgon Corporation 

m 
T h i s  (data,  contained  in a Calgon Corporation  report to  B . C .  Hydro, covers the 
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pel-iod December 1974 to  October 1975 inclusive for  the Thompson River and i s  
suimnarlzed i n  Table  C140 , Appendix C. The two major differences between the 
da,ta  contained i n  the Calgon report and the data contained i n  t h i s  program l i e  

. in  the very  high values g iven  i n  the Calgon report for  aluminum and turbidity 
(0.2 mg/l and 5  respectively compared to  program values o f  (0.017 mg/l and 0.81 
respectively). The h i g h  turbidity  reported i n  the Calgon study i s  somewhat 
questionable when  compared t o  the  value of 4 mg/l.for  the  nonfiltrable  residue. 
Use of the regression  equation developed  in Section 4.2 ( b )  ( v i )  (Physical 
Oa.:a) indicates  that  a t u r b i d i t y  of 5 corresponds t o  a nonfiltrable  residue of 
approximately 17  mg/l or, conversely, a nonfiltrable  residue of 4 mg/l 
cot-responds t o  a  turbidiry of 0.89. The l a t t e r   i s  mare consistent w i t h  the 
program data. No explainable  reason can be found for  the high aluminum values. 

4 - 67 



beak 

4 . 3  WATER USE 
.," 

l a )  Ground  Water 

W i t h i n  the Hat  Creek Valley there  are 12 domestic wells, and thret! 
developed springs. The locations of a l l  wells  are shown i n  Figures 3-3 and 
3-4 and details of these wells are included in Appendix A2.0. As mentioned- 
ear l ier ,  metered  flows were not available so t h a t  water  consumption  from 
these sources had to be esrimated. I t  i s  estimated that the dme!itic water 
consumption i n  the Hat  Creek Valley i s  approximately 30 m3/d. \ 
There are no wells or springs which are used for irrigation purpo!ies i n  the 
valley, however i n  some places ditches have  been dug to divert ground  water 
from areas of bogs or seeps i n t o  dry soil  areas. This is  a limited 
practice  since minor  amounts of ground water are  available. 

A large  capacity well  supp'lies wash water for a limestone quarry 'located i n  
the Marble  Canyon area. This well i s  estimated to deliver 500 m3;d of 
which about 75 per cent i s  returned to the ground water table as 
infil trated waste water. 

(ti) Surface Water 

( i )  Irrigation 
Two analyses were carried o u t  t o  estimate the amount of water prewntly used 
for irrigation i n  the study area: ( A )  an analysis o f  water licence informa- 
t i o n ,  carried o u t  fo r  the Hat Creek, Lower Bonaparte, Cornwall, and Oregon 
Jack drainages (refer t o  Figure 4-48 f o r  the location of  these  drainage 
areas) and (E), an analysis based on a water use model carried out  for the 
Hat Creek Valley considering specific soi l ,  crop, climate, and' irrigation 
system characteristics. The two analyses provide a useful comarison or 
check on the other water ur,e estimate. While water licences 

a 
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are based on established  irrigation  practices and supply  needs  of a specific 
area,  they do not necessarily  represent  present use, insofar as less 
water  (or  none at all in the c:ase of an unused  individual  licence)  or 
more  water  may  on  the  average be currently used than  accounted  for by 
water licences. Water 1 icences do not  account  for  use  of  ground water, 
nor do  they  account  for natura,lly occurring  subsurface  irrigation.  The 
water use model, on the  other hand, while based on site  specific  clmdi- 
tions,  may not completely  account  for  variation in water use causell by 
very  localized  conditions. It. should be noted that in both analysiils, 
the  water  use  estimate  represents a gross  quantity  including  any  amounts 
that  may  reenter  the  surface  water  system as return  flow. 

A. Water  Licence  Analysis 

Water  licence  information  for  the.study  area is summarized in Tab112 4-23 
according  to  the  source  (specific  creek)  from  which  water is  1icenl:ed 
for  irrigation  or  storage purposes. 

Hat Creek  Drainage  (includes  Medicine  Creek) 

The  water  licence  information for the Hat Creek  drainage  basin was  cate- 
gorized in Table  4-23 on the  basis  of  four  subregions  (refer  to  Figure 
4-45)  which  contain  approximately equal  lowland  areas  of  the Hat Creek 
Valley. This sumnary  format was  envisaged as being  useful,  not only 
in reporting  present use  results, but i n  assessing and reporting  future 
water  use  with and without the E.C. Hydro  project. 

Details  of  water  licences are  shown on Figure  4-49  (sheet 1). The  locat- 
ion of  the licenced  point of  diversion and the  quantity  of  irrigation 
water  licenced per season are  depicted in this  figure, as well as the 
location  of  presently  irrigated lands (as  determined i n  the Agricu;!ture 
study4' from 1976  aerial  photographs ). 41 
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haak 
A t o ta ' l  o f  1050 ha-m o f  water o f  the  Hat Creek drainage i s  l icenced  annual ly  

f o r  i r r i g a t i o n  use. This amount i s  d i s t r i b u t e d  between  subregions I. 11, 111, 
& IV by the  amounts o f  188 ha-m, 296 ha-m, 288 ha-m, and 278 ha-m respec t i ve l y .  

The major  source o f  water i s  Hat Creek which i s  l i cenced f o r  the   d i ve rs ion   o f  

459 ha-In; Medicine Creek i s  the  next   largest   source,  1 icenced f o r  236 ha-m; 
the  remi l in ing 355  ha-m i s  . d i s t r i b u t e d  between 19 other  creeks.  Four  small 
creeks, Ambusten, P h i l ,  Darough,  and Yet  are  considered  by  the B.C. Water 
Rights  Branch as b e i n g   f u l l y   l i c e n c e d .  

O f  the  1,350 ha-m of Hat Creek Va l l ey   wa te r   l i cenced   fo r   i r r i ga t i on  use, 631 
ha-m a re   l i cenced   fo r  use on l a n d   t h a t   l i e s   w i t h i n   t h e  H a t  Creek drainage 

bas in  whi le  419 ha-m are   l i cenced  fo r  use on land  tha t   l i es   ou ts ide .   There  
are  two  na jor  components o f   t h e  w a t e r  t h a t  i s  used on land  outs ide  the H a t  
Creek drainage: (1) i n  subregion 11, 224 ha-m i s  l i cenced   fo r   d i ve rs ion   f rom 
Medicine (Creek into  the  Cornwall   drainage; and ( 2 )  i n  subregion IV, 158 ha-m 

are   l i cenced t o  be diverted  from  upper  Hat Creek to   the  Oregon Jack  drainage. 
T h i s   l a t t e r   d i v e r s i o n ,  however,  has no t  been operationa.1 f o r  some time. 

The area o f   l a n d s   t h a t   a r e   1 i c e n c e d . f o r   i r r i g a t i o n   w a t e r  use from H a t  Creek 

t o t a l s  1699 ha, wh ich   cons is ts   o f  1015 ha w i t h i n   t h e  Ha t  Creek drainage  basin 
and 683 ha ly ing   ou ts ide   assoc ia ted   w i th   the   water   quant i t ies   no ted  above. 

I n  add i t io r t  t o  t he   i r r i ga t i on   l i cences   (p r imary   l i cences )   d i scussed  above, 

supplemental i r r f g a t i o n   l i c e n c e s  can tte issued f o r  a secondary  source t o  make 
up t h e   t o t a l  amount o f   w a t e r   o f  a p r imary   l i cence when i t  i s  no t   poss ib le  xo 
withdraw  th?  complete amount from  the  primary  source. A t o t a l  o f  117 ha-m 
have  been Vicenced  under  supplemental  licences f o r   p o i n t s   o f   d i v e r s i o n   w i t h i n  

the H a t  Creek drainage. 

I r r i g a t i o n   s t o r a g e   l i c e n c e s  f o r  a t o t a l   o f  294 ha-m have  been issued f o r  
w a t e r s   o r i g i l a t i n g   i n   t h e   H a t  Creek drainage,  the  largest  being  the  storage 

o f  216  ha-m of water  from  Medicine CreeK i n  McLean Lake f o r   i r r i g a t i o n  use 

on the  benchiands o f  the Thompson River  I 

~ 
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A r e l a t i v e l y   s m a l l  amount o f  water, 42 ha-m, i s  l i cenced   fo r   s to rage  'in 

G a l l a g i e r  Lakes, Lloyd  Reservoirs,  Finney Lake. White Rock Lake,  Schneider 

Swamp, and Park  Lakes f o r  use i n  Hat   Creek   Va l ley   i t se l f .  The remaining  amunt, 
36 ha-In, i s  l i cenced   fo r   s to rage   i n   Lang ley  Lake  and  Oregon  Jack Creel: Swamp 
f o r  us,? outs ide  Hat  Creek Val ley.  However, water i s   n o t   b e i n g   d i v e r t e d   t o  

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

~~~ 

Bonaparte  Drainaqe  (south o f  Township 23) 

A t o t a l   o f  1290 ha-m of   the  sur face  waters   o f   the  Bonapar te  dra inage  ( (south 
o f  Towllship  23) i s  l i c e n c e d   f o r   i r r i g a t i o n  use. The major  source i s   t h e  
Bonapa,pte R i v e r   i t s e l f ,   a c c o u n t i n g   f o r  684 ha-m. Cache Creek i s  the  next 
l a r g e s t  source,  accounting  for 379 ha-m.  One i r r i g a t i o n   l i c e n c e   f o r  :I48 ha-rn 
i s  h e l f i  on the Thompson River.  The lands  associated  with  these  water 1 icences 
t o t a l s  1246 ha. A t o t a l  o f  75 ha-m o f  water i s  under  supplemental i r r i g a t i o n  
l icence.  Storage i s  l i cenced  fo r   Seml in  Lake and  a r e s e r v o i r  on the  west  fork 
o f  Cac.ie  Creek i n   t h e   t o t a l  amount o f  66 ha-m. L i c e n c e   l e t a i l s  f o r  the  lower 
p o r t i o n  o f  t h i s  area  are shown on Figure 4-49 (sheet 2 ) .  

Cornwall & Cheetsum Drainages 

A t o t a l   o f  125 ha-rn of   the  waters  of   the  Cornwal l   and'cheetsum  ( immediately 

south of   Cornwal l )   dra inages i s  l i c e n c e d   f o r   i r r i g a t i o n  use. The major  source 

i s  Cornwall   Creek,  accounting  for 59 ha-m.  The o t h e r   f i v e  sources i n   t h i s  
drainacge a r e  l icenced f o r  between 10  ha-m  and  18  ha-rn each. The land  associated 

w i th   t : I ese   l i cences   t o ta l s  307 ha. One supplemental i r r i g a t i o n   l i c e n c e  i s  
held  o: i   waters  of   Cornwal l  Creek i n   t h e  amount o f  45 ha-rn. Licenced  storage 
t o t a l s  97 ha-m and i s  h e l d   i n  McLean, F i t z e l l a n ,  Henry, and UK Lakes.  Licence 
d e t a i l  3 f o r   t h i s  area  are shown on Figure 4-49 (sheet 2 ) .  
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Oregon Jack and Minaberriet  Drainages 

A t o t a l  [of over 148 ha-m of   the  sur . face  waters   o f   the Oregon Jack and Minaber r ie t  

(imnedia.:ely n o r t h   o f  Oregon  Jack)  ,drainages i s   l i c e n c e d   f o r   i r r i g a t i o n  use. 
Oregon  Jiick Creek i s   t h e   p r i m a r y  solwce,  accounting f o r  136 ha-m o f   t h e   t o t a l .  
The land!; assoc iated  wi th   these  l icenced  waters   to ta ls   over  166 ha. A t o t a l   o f  
92 ha-m o f  water i s   h e l d  under  supplemental i r r i g a t i o n   l i c e n c e ,   t h e   s o u r c e   o f  
which i s  e n t i r e l y  Oregon  Jack  Creek.  Storage i s  1 icenced  for  one pond i n  the 
Oregon JitCk Creek drainage i n  the amount o f   over  68 ha-m. 

B. Water Use Model ,Analysis 

The amount o f  w a t e r   r e q u i r e d   f o r   i w i g a t i o n  i s  a f u n c t i o n   o f   c l i m a t e ,   s o i l ,  

crop, and i r r i g a t i o n  system charac t l2 r is t i cs .  In genera l ,   th is  amount is made up 
o f  two major components: t he   i r r i ga t i on   requ i remen t   o f   t he   c rop   (wa te r   used '  
by the  p ' lant ) ;  and the amount o f   wa te r   t ha t  i s  l o s t   d u r i n g   t h e  conveyance 
from  source t o   f i e l d  and d u r i n g   f i e l d   a p p l i c a t i o n   ( w a t e r   n o t   a v a i l a b l e  t o  the 
p l a n t ) .  The r a t i o   o f   t h e   i r r i g a t i o n   r e q u i r e m e n t  o f  t he   c rop   t o   t he   t o ta l  
amount 0': water  used  ( i .e.   d iverted  f rom  source)  represents an i r r i g a t i o n   e f f i -  
c i ency   v i i l ue   f o r  a p a r t i c u l a r  system.  For the  Hat Creek Val ley,   both  the irri- 
gation  requirement o f  the  crop and the i r r i g a t i o n   e f f i c i e n c y  were determined on 
a f i e l d   s p e c i f i c   b a s i s  t o  prov ide a second ( to   t he   wa te r   l i cence   ana lys i s )   es t i -  

mate o f   p resent   water  use. 

Determinat ion o f  I r r i g a t i o n  Requirement 

The f o l l o w i n g  model and associated  , resul ts  (Table 4-24 were developed i n  the 
Agricu t t zcre  report4'. The model i s  s i m i l a r  t o  a computer model used  by 

A g r i c u l t u r e  Canada i n   t h e i r   d e t e r m i n a t i o n   o f   i r r i g a t i o n   r e q u i r e m e n t s  f o r  o ther  
a g r i c u l t u r a l   a r e a s   i n   B r i t i s h  Columbia . 42 

IR = R (f.PE)-P-SUI , not  less  than  zero [ (1)  
where, 
- IR represents  the  i r r igat ion  requi rement  o f  the  crop,  expressed as  a deplth o f  

. water; 
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Dete rmina t ion   o f   I r r iga t ion   Requ i remen t  

The fo ' ! lowing  modgl and a s s o c i a t e d   r e s u l t s   ( T a b l e  4 - 2 4 )  wen3 
deve loped   i n   t he  Agriculture r e p o r t  40. The  model i s   s i m i l a r   t o  
a computer model used by A g r i c u l t u r e  Canada i n  t h e i r   d e t e r m i n a t i o n  
o f   i r r i g a t i o n   r e q u i r e m e n t s   f a r   o t h e r   a g r i c u l t u r a l   a r e a s   i n   B r i t i s h  
C o l u m b i a  . 4 2  

I R  = R[(f-'PE)-P-SU], n o t  l e s s   t h a n  ze ro  ( 1 )  
. .  

where, 

- IR r e p r e s e n t s   t h e   i r r i g a t i o n   r e q u i r e m e n t   o f   t h e   c r o p ,   e x p r e s s e d  
a s  a depth  o f  wate r ;  

, .  - R r e p r e s e n t s  a r i s k   f a c t o r ,  which i s  a f u n c t i o n   o f   t h e   r i s k   o f  

\. of t h e  c rop .   R i sk   i s   synonymous   w i th   p robab i l i t y ,  b u t  u s u a l l y  
.. i m p l i e s  a h a z a r d .   I t   i s   e x p r e s s e d   a s  a cumula t ive   percenta ,ge  and 

n o t  h a v i n g  enough i r r i g a t i o n   w a t e r  t o  meet   the  consumptive  needs 

i n d i c a t e s   t h e  number o f   y e a r s  o u t  of  100 when t h e   v a l u e s  uz;ed a r e  
exceeded.  When t h e   r i s k   f a c t o r   i s   g r e a t e r   t h a n  1 ,  t h e   r i s k :   i s  
l e s s   t h a n  50 p e r c e n t .  

A r e a s o n a b l e  p l a n n i n g  r i s k   o f  n o t  h a v i n g  enough  water   for  l:he 
i r r i g 2 , t i o n   o f  hay a n d  p a s t u r e ,  t h e  major   c rops  o f  t h e  H a t  Creek 
v a l l e y ,  was de te rmined  t o  be 20 
p r o b a b i l i t y  t h a t  2 0  y e a r s  o u t  o f  
i r r i g a t i o n   r e q u i r e m e n t  w o u l d  be 
bas'ed on a c t u a l   c l i m a t i c   c o n d i t i  
c u r r e n t   d e s i g n   s p e c i f i c a t i o n s  4 3  

M i n i s , : r y   o f   A g r i c u l t u r e   i r r i g a t i  

p e r c e n t   ( i . e . ,   t h e r e  would  be t h e  
1 0 0 ,  t h e   c a l c u l a t e d   s e a s o n a l  

l e s s  t h a n  t he   wa te r   r equ i r emen t  
o n s ) .   T h i s   f i g u r e  was based o n  
a n d  d i s c u s s i o n   w i t h  a B . C .  
on  s p e c i a l i s t   r e g a r d i n g   a c t u a l  

.. 
r i sks   assumed i n  c u r r e n t   f a r m i n g   p r a c t i c e s .  

The r i s k   f a c t o r ,  R ,  was o b t a i n e d  by a v e r a g i n g   t h e   r a t i o  o f  
i r r i g d t i o n   r e q u i r e m e n t s   f o r   t h e   d e s i r e d   r i s k   ( i n   t h i s   c a s e  2 0  

" 
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TABLE  4-24 

MONTHLY H A T  C R E E K  VALLEY I R R I G A T I O N  MOOEL PARAMETERS 

AN0 I R R I G A T I O N  R E Q U I R E M E N T  RESULTS 
!R = p. rt f .pE!-P-sq, thzil! 

L' ' ! I !  

A p r i l  I nay 

1.15  

1.0 1 .o  
1 . 1 5  

'E  (cm) 

( i n )  
' (cm)  

3 .03   1 .41  ( i n )  
7.70 3.58 

1 .63  
0.64 . 2.16 

0 .85  

J u n e  

1.15 

1 . 0  

9 . 1 4  
3 . 6 0  

3 .51  
1.38 

J i i ly  

1 .15  

'1 .o 

11.96 
4 .71  

2 .90  
1 . 1 4  

iu 

H a y / P a s t u r e *   o n   ( c m )  
U p l a n d   S o i  1 

1.95 
0 . 0  0 .02  0 .48  0 . 7 7  ( i n )  
0 . 0  0 .04   1 .22  

(cml 1 1 .95  I 2.49 
F l o o d p l a i n  S o i l  ( i n  
Hay o n  

0.77 0.98  

IR 

H a y / P a s t u r e *   o n  ( c m )  
U p l a n d   S o i l   ( i n )  

0 . 0  
0 . 0  

4 . 9 8 *  
1 .96  

I \ I  
Hay  on 
F l o o d p l a i n   S o i l   ( i n )  I 0 . 0  1 I 1 .38  

(cm) 0.0 3 .  51* 

0 .55  
0 .22  

6 .43  
2.53 

2.30 
5.84 

0 . 2 5  
0.10  

1 0  .'44) 
4 .11  

10.13 
3.99 

t A s s u m e s  t h a t   p a s t u r e   i s   i r r , i g a t e d  I t h e  f u l l   i r r i g a t i o n  
t *  S t a r t  o f  i r r i g a t i o n   s e a s o n ' c a l c u l a t e d  t o   b e  M a y   5 t h .  
'** S t a r t  o f  i r r i g a t i o n   s e a s o n   c a l c u l a t e d  t o   b e  M a y   1 5 t h .  

Aug  Sept  

10.24 5.38 
4 .03  2.12 

3 .18  2.06 

0.0 
0.0 0.0 
0.0 

0.0 
0.0 0 . 0  
0.0 

8.13 
3.20 

3.84 
1 . 5 1  

8 . 1 3  
3 .20  I 1 . 5 1  

3.84 

ea son.  

Oc t 

1 .15  

1 .o 
0.0 
0.0 

2.51 
0 .99  

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0 .u  
0 . 0  

1 .l! 

1 . o  
48 .0  
18.9 

1 7 . 9  
7.1 

3.2 
1 . 2  

5.0 
1 . 9  

33.8 
13 .3  

3 i . 5  
12.4 



- R represents a r isk  factor ,  which i s  a function o f  the  risk of  not having enough 
i r r igat ion water t o  meet the consumptive needs of the crop. Risk i s  synonymous 
w i t h  probability, b u t  usually  implies a hazard. I t   i s  expressed  as a cumulative 
percentage and indicates the number of years  out of  100 when the values used are 
exceeded. When the r isk  factor   is   greater  than 1, the risk i s  less  t h a n  50 per- 
cent. 

- 

A reasonable  planning  risk of  not hav-ing enough water for the i r r igat ion of hay 
and pasture!,  the major crops of the Hat Creek Valley, was determined t o  be 20 
percent ( i   .e . ,   there  would be the probability  that 20 years o u t  of 100, the 
calculated  seasonal  irrigation  requirement would  be less  than the water  require- 
ment based on actual  climatic  conditions). This figure was based on current de- 
sign  specification^^^ and discussion w i t h  a B . C .  Ministry of Agriculture  irriga- 
t i o n  specialist  regarding  actual  risks assumed in  current farming practices. 

The risk  factor,  R ,  was obtained by averaging the ra t io  of irrigation  require- . 
ments for t.he de!;ired risk ( i n  this  case 20 percent) t o  i r r igat ion requirements 
for a 50 percent  risk,  as documented for  various  surrounding  locations by Canada 
Department o f  Agriculture computer analyses 42144’45’46. The risk  factor so ob- 
t a i  ned was : 

R = 1.15; 

- f represents a consumptive use factor.  This i s  defined  as  the  ratio of consump- 
t ive  use o f  water by a crop t o  potential  evapotranspiration. Consumptive use i s  
defined  as  the sum of the  depths of  water transpired by the  plants,  evaporated 
from the sail  surface, and intercepted  precipitation  evaporated from plant 
foliage.  Fotential  evapotranspiration  is  the maximum quantity of  water  capable 
of being lcst as water vapor ,  for a given climate, by a continuous stretch o f  
vegetation cover-ing the whole ground m d  well supplied w i t h  water. 

- 

The consumptive use factor ,  f ,  i s  1.OCI for an actively growing crop t h a t  cm- 
pletely  covers  the  soil over a large  area and t h a t  has access t o  an ample supply 
of readily  available  soil water  (water t h a t  i s  w i t h i n  the root  zone of the  crop 
and t h a t  supplier;  the  water  requiremerlts of  the  crop  without 1 imitation t o  
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transpiratton).  If  the  crop  area  is !;mall or the-individual  plants  are high 
and spaced in rows so that  heat can be  carried  into the space below the tamp of 
the canopy,. the consumptive use factor may exceed 1.00. Where plants  are  short 
and do n o t  cover the ground so tha t  bare so i l   i s  showing, the consumptive use 

~ fac tor   i s   ' , e ss  than 1.00. Maturing crops  that  are  not  actively  transpiring 
have a consumptive factor of less  than 1.00. Consumptive use factors have  been 
established for  a number of  crops and climatic  condition^^"^^. The hay a.nd 
pasture of Hat  Creek Val ley are representative of crop  cover  with a consumptive 
use factor  of 1.00. 

- PE represents  potential  evapotranspiration, which i s  defined as the maximum 
quantity 0': water  capable of being lO!jt  as  water  vapor,  in a given climate, by 

a continuous stretch of  vegetation  covering  the whole  ground and well supplied 
w i t h  water .   I t  depends on ly  on meteorological  conditions. - 

Potential  evapotranspiration was determined by ut i l iz ing a formula tha t  is. cur- 
rently used by the Canada Department of Agriculture4*  in  estimating  irriga,tion 
requiremenxs.  This  formula, which i s  a modified  version of an original  rcgres- 
sion'model proposed by Baier and Robertson4' i s  based on energy  balance prin- 
c iples  and relates  daily  latent  evaporation t o  meteorological and astronomical 
variables. This method d i f fe rs  from the less  rigorous Thornthwaite methocl of 
determining  potential  evapotranspiration  (values  reported  for  the  study  area  in 
Section 4:L ( b )  ( i )  C ) .  

The Throntllwaite method uses the parameters of mean monthly temperature and 
length of day, and the assumption of fixed  sharing of the  heat  budget. I t  
was developed primarily  for  arriving , 3 t  a n  annual consumptive use value f a r  
hydrological  studies b u t  i s  not considered  as  reliable  as some other methods 
for  calculating  specific i r r i g a t i o n  requirements f o r  shorter  periods _. (;om- 
parison o f  resul ts  shows t h a t  the  Baier and Robertson formula i s  more cons.erva- 
tive,  i .e.,   yields  higher  potential  evapotranspiration  rates. 

50 
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The particulars  of the formula used for  estimating the potential  evapotranspira- 
t i o n  i n  the Hat  Creek Valley are given below: 

LE = -53.39 + 0.337 Max t 0.531 Range + 0.0107 Qo 
+ 0.0512 Qs + 0.0977 Wind t 1.77  (ew - e,) ( 2 )  

where, 
L E  = estimated  latent  evaporation,  in  cclday,  as observed from black  Bellani 

plate atmometers. 

Es t imtes  o f  LE ( i n  cclday)  convert to  estimates  of PE ( i n  inches/day) by a 
factor  of 0.0034 inch/cc. 

Max = dai ly  maximum temperature ( O F ) ,  

Range = difference between dai ly  maximum and minimum temperature (OFF:), 

Qo = jolar  energy at   the  top  of  the atmosphere, in  cal cm- day - 1  obtainable 
2 

From published tables . 40 

Qs = total sky and solar  energy on a horizontal  surface, i n  cal cm-z day". 

Q, i s  estimated from the formula: 

Qs = Q0(0.251 + 0.616 (n /N))  (3 )  

where, 
n = dllration  of b r i g h t  sunshine, i n  hours, 

N = length o f  day, i n  hours,  obtsinable from published  tables . 
Wind := total   dai ly  wind run, i n  miles, a t  6 f ee t  above the ground. 

40 

Ilind records  taken a t  higher  levels were adjusted  to  the 6 - f o o t  height 
Iby the formula: 
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where, 

Us = wind  run a t  6- foot   he ight ,  

U, = w ind   run   a t   he igh t   (hx ) ,  

hx h e i g h t   o f  anemometer, i n   f e e t .  

ew - e,. Vapor P r e s s u r e   d e f i c i t  (mb) from  saturation  vapor  pressure a . t  mean ., 
a i r  temperature ( Max ' '9) and mean daily  dew-point  tempera.ture. 

Long-twm  records o f  d a i l y  extreme  temperatures and p r e c i p i t a t i o n   a r e   a v a i l -  
a b l e   f o r  many stat ions,   but   the  corresponding  records o f  d a i l y  sunshine,  wind 
run, arld dew-point   temperature  are  of ten  missing  or  incomplete.   Special  
p rocedues have  been developed  to use ava i lab le   da i l y   tempera ture  and p r e c i p i -  
t a t i o n   r e c o r d s  and to   es t ima te   da i l y   va lues   o f   t he   m iss ing   e lemen ts   i n  equa- 
t i o n  ( 2 ) .  A n  equa t ion   re la t i ng  minimum and maximum temperatures t o  mean 
dai ly  dew-point   temperature  (Td) was evo lved  f rom  da i l y   c l imato log ica l   re -  
cords a t  e i g h t  Canada Department cf Agr i cu l tu re   s ta t i ons   ac ross  Canada f o r  

1956-57: 
T = -12.58 + 0.52 Min + 0.92 Max - 0.005 Max2 

d ( 5 )  

Month ly   va lues  for   potent ia l   evapotra.nspi ra t ion were de r i ved   f o r   t he   Ha t  Creek 

Valley from  the above fo rmulae   by   us ing   spec i f i c   c l imat ic  and physical  proper- 

t i e s   d a t a  50'51'52'53y54. C l ima t i c   va r iab les  were assumed t o  be constant   for  
the  val ley  lowlands, on which a l l  i r r i g a t i o n   o c c u r s ,  though some v a r i a t i o n  would 
be expected due t o   t h e   d i f f e r e n c e   i n   e l e v a t i o n  between the  south end o f   t h e  

Val l e y  and the   nor th  end  where Hat Creek jo ins  the  Bonaparte  River.  A t  the 
t ime  th is   der iva . t ion  was  made, c l i m a t i c   i n f o r m a t i o n   f o r  Hat  Creek Val ley was 
l i m i t e d  and d i d   n o t   a l l o w   f o r   t h e   p o s s i b l e   v a r i a t i o n   i n   c l i m a t e   t o  be taken  in-  
t o  account. The monthly  values  determined  for   potent ia l   evapotranspirat ion,  
PE, f o r  th! i r r i g a t i o n  season are shown on Table  4-24. 

- P r e p r e s e n t s   p r e c i p i t a t i o n .  Data f o r  average  month ly   prec ip i ta t ion were obtained 
from  meteo-ological  records  of  the  Atmospheric  Environment  Service"  monitori-  

ing  stat ion,   "Hat  Creek",  and a r e  shovn i n  Tab le  4-24. 



beak 

- SU represents   s to rage  u t i l i za t ion ,   wh ich  i s  t h e  amount o f  'water  stored i n   t h e  
s o i l   a t   t l i e   s t a r t   o f   t h e  season t h a t   c o u l d  be u t i l i z e d   e f f i c i e n t l y  under normal 
i r r i g a t i o n   s c h e d u l i n g .  

The  amoun,t o f   s t o r a g e   u t i l i z a t i o n   i s  a f u n c t i o n   o f   t h e   s o i l   t e x t u r e  and c:rop 
roo t ing   depth .  Based on c u r r e n t   i r r i g a t i o n   s c h e d u l i n g   p r a c t i c e s   t h e   t o t a l  sea- 
sonal  sto-age u t i l i z a t i o n  would  be  one-half o f   t h e   r e a d i l y   a v a i l a b l e   w a t e r ,  
which, i n  turn,   for   most   crop  types i s  50 p e r c e n t   o f   t h e   t o t a l   s o i l   w a t e r  be- 
tween f i e l d   c a p a c i t y  and w i l t i n g   p o i n t   ( a v a i l a b l e   w a t e r   s t o r a g e   c a p a c i t y , ,  AWSC). 

Fo r   Ha t   Peek   Va l l ey ,   s to rage   u t i l i za t i on  was determined f o r  two dominant s o i l -  
crop  comb,inations  presently  found i n   t h e   v a l l e y :  hay  on f l o o d p l a i n   s o i l s  and 

hay o r  pa:;ture on  up land  so i ls .  The v a l u e   o f  AWSC fo r   t hese   so i l - c rop  ccrmbina- 
t i o n s  was based  on  published AWSC va lues43   rep resen ta t i ve   o f   so i l   t ex tu res  en- 

countered i n   t y p i c a l   s o i l   p r o f i l e s   ( g r o u n d   s u r f a c e   t o   c r o p   r o o t i n g  depth:l o f  
each so i l   t ype .  The resu l t i ng   ava i l ab le   wa te r   s to rage   capac i t i es  were 20 cm 
f o r   t h e   f l o o d p l a i n   s o i l s  and 12 cm f o r  the   up land  so i l s .  Seasonal  storage u t i -  
l i z a t i o n  was c a l c u l a t e d  as 5 cm and 3 cm f o r   t h e   f l o o d p l a i n  and  up land  so i ls  

respec t i ve l y .  

The s e a s o n a l   s t o r a g e   u t i l i z a t i o n   ( f o r  each o f   t h e  two s o i l   t y p e s )  was d i s t r i -  
buted  throughout   the  ear ly  months o f   t h e   i r r i g a t i o n  season  by  the  graphic:al 

technique shown i n   F i g u r e  4-50. The curve  for  net  consumptive  use (f.PE-.P) i s  
rep resen td t i ve  o f  values as given i n  Table  4-24. The s t a r t i n g   d a t e   o f   t h e  ir- 

r i g a t i o n  season was c a l c u l a t e d   t o  be the  date  at  which  there  would  remain a 15 
pe rcen t   r i sk   ( cu r ren t   des ign   va lue  f 3 r  d e t e r m i n i n g   i r r i g a t i o n   c y c l e  ) o f  n o t  
m e e t i n g   t l i e   i r r i g a t i o n   r e q u i r e m e n t s   d u r i n g   t h e   f i r s t   i r r i g a t i o n   c y c l e .   T h i s  
date was determined f o r  each s o i l   t y p e  as the number o f  days o f  a maximum 
leng th   cyc le   be fo re   t he   da te   a t   wh ich   a l l   r ead i l y   ava i l ab le   wa te r   wou ld  be de- 
p l e t e d  if- no i r r i g a t i o n   w a t e r  was appl ied.  The c a l c u l a t e d   i r r i g a t i o n   s t a r t i n g  
dates, Ma:/ 5 f o r   u p l a n d   s o i l s  and Ma,y 15 f o r   f l o o d p l a i n   s o i l s ,  agreed  wel l   w i th  
f i e l d   o b s e r v a t i o n s  of  f a r m   p r a c t i c e s   i n   H a t  Creek. 

43 
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T o t a l   s e a s o n a l   s t o r a g e   u t i l i z a t i o n  (!jU) was 
d i s t r i b u t e d   t h r o u g h   t h e   e a r l y   m o n t h s  o f  t h e  
g r o w i n g   s e a s o n   b y   d r a w i n g  a s m o o t h   c u r v e   a s  
s h o w n .   T h e   a r e a   b e t w e e n   t h e   c u r v e s   ‘ F o r   e a c h  
month was u s e d  i n  t h e   m o d e l   f o r   m o n t h l y  
s t o r a g e   u t i l i z a t i o n .  
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The monthly  values o f   s t o r a g e   u t i l i z a t i o n   f o r   b o t h   t h e   f l o o d p l a i n  and up land  so i l  

types o f  t.he  Hat  Creek Val ley  are  presented i n  Table 4-24. 
I 

I The ca lcu la ted   lnon th ly   i r r iga t ion   requ i rements ,  IR. f o r   t h e   f l o o d p l a i n  and  up- : land  so i l r .   a re   g iven   in   Tab le  4-24. The t a b l e  shows t h a t   t h e   i r r i g a t i o n  season 
: i s  from M?.y t o  :September i n c l u s i v e .  The seasonal i r r i g a t i o n   r e q u i r e m e n t   o f   t h e  

two s o i l s   a r e  31 cm and 34 cm f o r   t h e   f l o o d p l a i n  and up land  so i l s   respec t ive ly .  
The f l o o d p l a i n   s o i l   t y p e   r e q u i r e s   l e s s   i r r i g a t i o n   w a t e r   i n  May and June  because 
o f   t h e i r   g r e a t e r   s t o r a g e   u t i l i z a t i o n . ,  

De te rm ina t ion   o f   : I r r i ga t i on   E f f i c i ency  

The i r r i g a t i o n   r e q u i r e m e n t s   i n   T a b l e  4-24 do not  take  into  account  water  convey- 
ance lossf !~,   spray  losses,  and  deep perco lat ion  losses.  These water  losses  are 
p r i m a r i l y  a f u n c t i o n   o f   t h e  method o f  i r r i g a t i o n  and type o f  s o i l .  Two artifi- 
c i a l  methods o f   i r r i g a t i o n   a r e  used  'in H a t  Creek V a l l e y :   s p r i n k l e r   i r r i g , a t i o n ;  
and d ivers ion   o f   c reeks  v i a  d i t c h e s   f o r   s u r f a c e   i r r i g a t i o n   w h i c h  i s  the  predomi- 
nant method.  Water  needs are  supplemented by na tu ra l   subsu r face   i r r i ga t i on  on 
must  o f   t h e   f l o o d p l a i n   l a n d s .  

Sp r ink le r  system e f f i c iences   a re   repor ted   to   range  f rom 60 percent t o  80 percent 

and surface  system  ef f ic iencies  f rom 40 percent t o  80 percent 4 3 9 5 6 .  I n te rp re -  
t a t i o n  of s tereo-pai r   co loured a i r  p l 7 0 t o s ~ ~  and f i e l d   o b s e r v a t i o n s  showed uneven 
water  d is. : r ibut ion on many f i e l d s ,   i 7 d i c a t i n g  a wide  range o f  ac tua l   app l i ca t i on  

e f f i c i e n c i e s   i n  H a t  Creek V a l l e y .   S i g n i f i c a n t  conveyance  losses  were  aswmed 
since, i n  many cases,  creek  water i s  d iverted  over  long  distances  before  reach- 

ing   the   f , ie lds  t o  be i r r i g a t e d .  8ec.ause o f  these  losses and the  irregu1e.r 
topograph:/ and  shape o f  many f i e l d s ,   e f f i c i e n c i e s  used t o  estimate  present  water 
use were (chosen on ;he low end o f  th '?  theoret ical   ranges and are shown i n  Table 
4-25. 

- 
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O V E R A L L   I R R I G A T I O N   E F F I C I E N C I E S   U S E D  
I N  T H E   E S T I M A T E  OF PRESENT  WATER  USE,  

H A T  ICREEK V A L L E Y  

Soil T y p e  
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I r r e g u ' ! a r l y   s h a p e d   f i e l d s   s h o w i n g   c o n t r a s t   b e t w e e n   s p r i n k  
i r r i g a : : i o n   ( f o r e g r o u n d )   a n d   d , i t c h   i r r i g a t i o n   ( b a c k g r o u n d  
t h e  Hal: C r e e k  valley. 

1 e r  
i n  

I R R I G A T E D  L A N D  FIGURE 4 - 5 1  
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Figure  4-51 i s  a p h o t o g r a p h   t h a t   i l l u s t r a t e s   t h e   i r r e g u l a r l y  shaped f i e l d s   i n  

Ha t  Creek Va l ley  and a lso  shows the   con t ras t  between s p r i n k l e r  and d i t c h  irri- 
g a t i  on. 

Water Use Model Estimates 

The quan t i t y   o f   wa te r   p resen t l y  used t o  i r r i g a t e   l a n d s   w i t h i n   t h e   H a t  Creek 
Val ley was est imated by super imposing  the  i r r igat ion  requi rements (IR, Table 
4-24)  developed f o r  each combination c l f  Hat Creek c l imate ,  s o i l  and crop t,ype 
onto  the amount o f   p r e s e n t l y   i r r i g a t e a ,   l a n d   w i t h i n  each combination. The d i f -  
f e r e n t i a t i o n   o f   c r o p   t y p e ,  hay or  past:ure, on  a f i e l d   s p e c i f i c   b a s i s  was esta- 
b l i shed   by   v i sua l   i n te rp re ta t i on   o f   s t . e reo -pa i r   co lou red   a i r   pho tog raphs  . 4 1  

The l o c a t i o n   o f   s o i l  type,   up land  or   f loodpla in ,  as g i v e n   i n   t h e  Agriculture 
report4 '  was es tab l i shed  by   so i l   survey  methods. The wa te r   quan t i t y   f o r  e,ach 
combination was adjusted by super imposing  the  ef f ic iency  factor  (Table  4-25) 
account ing  for   water  losses due t o  method o f  conveyance,  method o f   app l i ca t i .on ,  
and  deep perco la t ion .  The d i f f e r e n t i a t i o n   o f  method o f  wa te r   app l i ca t i on ,   d i t ch  
o r   s p r i n k l e r ,  on a f i e l d   s p e c i f i c   b a s i s  was es tab l i shed by i n t e r p r e t a t i o n  (of 
co loured  a i r   photos  . 41 

The r e s u l t s   ( T a b l e   4 - 2 6 )   f o r   b o t h   t h e   q u a n t i t i e s   o f   l a n d   p r e s e n t l y   i r r i g a t e d  
and the   es t ima te   o f   t he   quan t i t i es   o f   wa te r  used f o r   i r r i g a t i o n  were s u m m i z e d  
and repor ted  on the   bas is   o f   the   four   subreg ions   de f ined  fo r   the   Hat  Creek 
drainage  basin  (Figure  4-48). The est imate o f  t o ta l   wa te r  used f o r   i r r i g a t i o n  

i s  679 ha-m (5502 a c r e - f t )   p e r  year. Regions I11 and IV, which  roughly  cover 
t h e   s o u t h   h s l f   o f   t h e   v a l l e y ,   a c c o u n t   f o r   t h e   m a j o r i t y  o f  p r e s e n t   i r r i g a t i o n  
use w i t h  a :ombined t o t a l   o f  746  ha (1843  ac) o f  i r r i g a t e d   l a n d   r e p r e s e n t i n g  
a w a t e r   q u a i t i t y   o f  455 ha-m (3689 a c r e - f t ) .  Regions I and I1  are  est imated 
t o  have 338 ha (8'38 a c )   o f   i r r i g a t e d   l a n d  and associated  water   quant i ty   o f  224 
ha-m (1815 ac re - f t ) .   P resen t l y   i r r i ga ted   l ands   a re  shown i n  Figure  4-49. 

Examination  of  Table 4-26, shows tha t   t he   quan t i t y  o f  annual i r r i g a t i o n   w a t e r  i s  

app rox ima te l y   d i s t r i bu ted   t h rough   the   i r r i ga t i on  season as  fo l l ows :  May,  '14%; 
June,  19%; 81uly, 31%; August 24%; and  September, 12% 
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I Irrigation Method & Crop Type 

S p r i n k l e r - H a y  D i  t c h - l l a y   D i t c h - P a s t u r e  1 T o t a l  ! 
J 

Area volume j 

I 

Water Water h’a t e r Water ....- br” ‘:c:umz . A r r a  Voiume Area Volume ; 

(ha) (ha-m)  (ha)  (ha-rn) (ha) (ha-m) : (ha)   (ha-m)  S o i l  Group 

/ F l o o d p l a i n  soils 1 7 3  7 7  32 17 - - 205  94 1 
i 

.I Upland S o i l s  
I 

98 5 7  576 389 205  . 1 3 9  i 879 

IToTAl. 2 7 1  1 3 4  608 406 205 1 3 9  1 1084 679 

Average S e a s o n a l   D i s t r i b u t i o n   ( h a - m )  
1 

May June July  I August Sep t I T o t a l  
I 

I 96 128  211  lG5 79 
I I 6 7 9  1 

I 



- Irrigation Method 6 Cron Type ___- 
i Sprinkler-llay , Ditch-llay Ditch-Pasture 

I 

Total ! 
Water i Water Water 1 1 Water , 

Volume 1 Area 
(ha-m) ~ ( h a )  (ha-m) (ha 1 ( h a d  I 

Volume 1 Area  Volume 
I (hai (ha-m) 

, -  157 107 53 36 210 143 ' 

i I 

i Area Volume I Area 

I I 
Soii Group (ha) 

I 

I 
I 

i 
Wpland Soils 

Average Seasonal Distrihution (ha-m) 

June I . J u  1 y August I Sept Total 
I 

44 3'4 143 
1 

* .As so 
soils 

information for  this region did not allow a breakdown into floodplain and upland 
11 soils were assumed to be  characterized by upland  soils. 
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HODEL ESTIMATE OF AVERAGE I R R I G A T I O N  WATER USE Ill HAT CREEK VALLEY - PRESENT 

REGION I I 
SIIB- 

I 
I S p r i n k l e r - l l a y  : D i t c h - l l a y  1 D i t c h - P a s t u r e  , T o t a l  

! 
~~~ ~~ ~ ~ 

I r r i g a t i o n  Flethod 4 Crop Type 

I I 
Water - Area \'olume 1 Area  Volume  Area 

Iqater Water 

i s o i l  Group ~ ( h a )  (ha-m) ' (ha) ( h a - m )  , (ha) [ha-m! 
Volume  Area  Volume 

luster ! $2) [ha-n j  
.~ - 

F l o o d p l a i n   S o i l s  . 16 7 - - - 16 7 
1 

I U p l a n d   S o i l s  ! 1R 11  35  23 59  40  I 112  7 4  

T o t a l  34  1 8   3 s  2 3  ! 59 4 0  128  81 

I 

k"-- 

A v e r a g e   S e a s o n a l   D i s t r i h u t i o n   ( h a - m )  

May . lune  I . luly Sep  t 1 T o t a l  hugus t 
.- 

I 

I t 12 i 1 5  25 81  9 20 



TABLE 4-26/4 

MODEL ESTIMATE OF AVERAGE I R R I G A T I O N  WATER USE IN tIAT CREEK V A L L E Y  - PRFSENT 

SUB- 
REGION 1 1 1  

I 
I I r r i R a t i o n  Method & Crop  Type 

S p r i n k l e r - l l a y  I D i t c h - l l a y   D i t c h - P a s t u r e  : T o t a l  
I -4 

Water I IVater 
I 

Water  
I Area  Volume I Area  Volume . Area  Volume 1 Area  Volume 

S o i l   G r o u p  (ha)   (ha-m)   (ha)   (ha-m)   (ha)   (ha-m)  j (ha)   (ha-m)  

Water 

F l o o d p l a i n   S o i l s   1 5 7  70  32 1 7  - - 189  87 

! 
! 

Upland S o i l s  lo 6 2 7 1  183  87  59 ! 368  248 
I 

k 

! 
! TOTAL I 167 76  , 303 zoo 1 87  59 I 557  335 I 

A v e r a g e   S e a s o n a l   D i s t r i h u t i o n   ( h a - m )  

May J u n e  j J u l y  j A u g u s t   S e p t   T o t a l  1 
I 

I 
I I 

I 
I I I i 46 6 3  1 10s   82  I 39 i 335 
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MODEL ESTIMATE OF AVERAGE  IRf!ITATIOI4  WATER USE Ill  HAT CREEK VALLEY - PRESENl 

REGION IV 
SUB - 

S o i l  Group 

I r r i g a t i o n  Method & Crop Tvpe 

Sprinkler-May  Ditch-Hay 1 D i t c h - P a s t u r e  

Voiume 
Water Water I \\later j IVa t e r 

T o t a l  

Area  voiume  Area  Volume 
(ha) . (ha-m) (ha)  (ha-m) 

Area Volume 
(ha-m). j (ha)  (ha-m) I I A r ~ r a  

F l o o d p l a i n   S o i l s  - - - - 

I Upland so i l s  i 7 0   4 0  1 1 3  76  i h 4 1  189 120 

- - - 
I I 

t ! 
I i 1 TOTAL I 70 4 0  I ' 1 1 3  76  i h  4 i  189 120  

Average   Seasona l   D i s tr ibut ion  (ha-m) 

June I J u l y  I August I I Sep t T o t a l  
I 

2 3  
! 
I 37  I 29 

I I 120 



beak 

Discussion of Water Use Results 

A comparism of  water use estimates determined by the two analyses, i .e.,  the 
water lice,ice  analysis and the water use model analysis, i s  shown for  the Hat 
Creek Vallsy by subregion i n  Table 4-27. 

A1 though, i n  general, the water  quanti t ies defined by water 1 icences would be 
expected t> represent an upper 1 imi t of surface  water use, (by legal d e f i n i t i o n ) ,  
these quantit ies were not expected t o  be greatly  different from the model pre- 
diction of average use. Examination of  the summary  shows a good correlation be- 
tween bo th  analyses  for both the water  quantity and irrigated  land  quantity re- 
sul ts .  This close comparison suggests  that both analyses  provide a reasonable 
estimate a t  present  irrigation  water use i n  Hat Creek Valley. 

t L  

Based on the  aerial photographs and water  licence maps a few small irriga.tion 
licences were not  being uti l ized  in 1976, a t   l e a s t  on the land for  which .they 
were issued;  as  well, a re la t ively small amount of land,  principally  in  subre- 
gion I ,  was being irrigated  in 1976 for which recorded  water  licences  could not 
be associated.  This i s  probably the main reason for the difference of  45 hectares 
between the two analyses  for  subregion I (Table  4-26), a l t h o u g h  part  of t : i is   d i f -  
ference would also be made up of  subsurface  irrigated  land which  do not have 
water  licences  associated w i t h  them. 

The average ra te  of water use (water quantity 5 land q u a n t i t y )  f o r  subregion I . 
i s  roughly  one-third higher for  the hlater licence  analysis than the water use 
model analysis. Although the water  quantity result for the  water  licence  analysis 
i s  low because i t  does n o t  account f a r  the i r r igat ion of approximately 45 ha men- 
tioned previously, t h i s   i s  n o t  evident  in the resul ts  because  of a greater oppo- 
s i t e   e f f e c t  due to the fact   that  the mdel analysis d i d  not  take into account the 
s l igh t ly  warmer climate  during  the growing season and therefore  higher  irrigation 
requirement i n  this  area.  An average application  rate of 0.76 m (2 .5  f t )  for 
subregion I ,  which i s  between the  licenced  application  rates of 0.61 m ( 2  f t )   f o r  
the Upper Hat  Creek area and 0.91 m ( 3  f t )  for  the Bonaparte Valley, would give 

- 

4 - 80 
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TABLE 4 -  27 

COMPARISON OF WATER USE ESTIMATES 
HAT CREEK VALLEY 

S u b r e g i o n  - 

I 
I 1  
111 
IV 

T o   t a  1 

W a t e r  U s e  E s t i m a t e s  

W a t e r   L i c e n c e  A n a l y s i s  W a t e r   U s e   M o d e l  

- W a t e r   Q u a n t i t y ,  ha-rn W a t e r   Q u a n t i t y ,  ha-rn 

1 5 1  
7 2  

2 8 8  
1 2 0  
6 3 1  
- 

1 4 3  
81 

335  
1 2 0  

6 7 9  
- 

I r r i g a t e d   L a n d ,   h a   I r r i g a t e d   L a n d ,   h a  

I 
I 1  
111 
IV 

To t a  1 

1 6 5  
1 2 8  
5 3 8  
1 8 5  

1 0 1 6  
- 

21 0 
1 2 8  
557  
1 8 9  

1 0 8 4  
- 
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a better estimate of present  water usie. Multiplying this rate by the amount 
of i r r igated land i n  subregion I ,  210 h a ,  gives a value  for  present  irriga- 
t i o n  water use of  160 ha-m. 

Actual i r r igat ion water use would vary somewhat  from year t o  year depending on 
management practices,  climatic  condit:ions, land  ownership  change, e tc .  For 
example, in a year  with much greater than normal spring  precipitation,  the 
s t a r t  o f  i r r igat ion would be delayed somewhat; and in a year w i t h  lower than 
normal water  flows,  as has happened in  the  past due t o  low snowfall  and/or 
precipitation,  the  quantity of water  normally used in  irr igation may just not 
be available. This latter  condition  is  accentuated  in Hat Creek Valley due 
t o  the fac t  that;  storage of irrigatic 'n water i s  minimal. 

( i i )  Livestock 

The quantity of  water  presently used by livestock was estimated by multiplying 
the  livestock  population,  reported t o  be about 2000 catt le  within the Hat 
Creek drainage basin4', by an average daily rate of water consumption for  a 
beef animal of 0.033 m /day (8.6 U.S. gallons per day)  taken from the l i t e r a -  
t ~ r e ~ ~ .  The total   daily consumption, then, was estimated  to be  66 m /day  
(17,300 USGPO). During the s u n e r  the  daily consumption would be greater than 
th i s  amount and during the winter i t  would be less .  

3 
3 

The estimate of the  total annual q u a n t i t y  o f  water presently used by 1ive:jtock 
i s  2 . 4  x 13 m ( 6 . 4  million U.S. gallons).  This amount represents  approximately 
0.4 percent of water  presently used for i r r igat ion i n  the Hat Creek Valley. 

4 3  

I n  the spring, sunnner, and f a l l  when cattle  are  grazing on pasture and range- 
lands,  livzstock  water i s  supplied by the creeks,  lakes, and many small ciitch- 
ment  ponds t h a t  exist  in  the Hat  Creek drainage basin. During the  wintering 
period, t h ?  source of livestock water is  frequently the same as t h a t  of the 
domestic slpply t o  the farm residence. 

4, - 81 
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Estimates of  cattle  populations  were  not  available  for  other  portions o f  the 
study  area;  however,  it i s  judged  that  the  ratio  between  livestock  water  use 
and irrigation  water  use for the  Bonaparte,  Cornwall, and Oregon  Jack  drainage 
would not be  radically  different from that  estimated for the  Hat  Creek  drain- 
age. 

, . . .  
, 1 1 1 )  Domestic and Municip.al 

A. Present  Use 

Hat  Creek  Valley 

The  existing  population  of  Upper Hat.  Creek  Valley, south  of  Highway 12, i s  
approximately  25  persons  who  are  mainly in ranching  operations.  Lower  Hat 
Creek  Valley,  to  the  Bonaparte  River,  has an estimated  population  of 85 persons; 
of  these,  about 80 reside on two  Indian  Reserves ( I . R .  1 and 2 )  and  about five 
are  involved in ranching  operations  near  the  mouth  of Hat Creek. Thus,  .the 
total  population o f  Hat  Creek  Valley  is  estimated  at 110 persons. 

On  the  basis  of  water  licence  data (See Table 01-1 Appendix D), a total  water 
usage  of 84 m d (22,200  USGPD) i s  licenced  for  withdrawal  from  Hat  Creek.  and 
its tributaries  for  domestic and stock Watering  purposes. 18.2 m d (4,800 
USGPD)  of  this  amount i s  diverted  out  of  the  Hat  Creek  watershed  for use in 
the  Cornw2ll  Creek  and  Oregon  Jack  Creek  areas. 

Within the  valley itself, of  the 65.8 m3d-l (17,400 USGPD)  licenced, 36.3 
m3d-l (9,600 USGPD) is licenced  for  withdrawal  from  Hat  Creek and the  remainder 
is licenced  for  withdrawal  from  its  tributaries.  The  total  licenced  for  vith- 
drawal fr'on  Hat  Creek downstream  of  the  proposed  mine  is  25  m3d-' (6,600 IJ~GPD). 
The  licenc2d  quantity  for  use  on  Indian  Reserves Nos. 1 and 2 in Lower Hal: Creek 
Valley i s  13.6 171~d-l (3,600  USGPD). 

3 -1 
3 - 1  
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Downstream  Bonaparte and Thompson R i v e r  

The 1976 p o p u l a t i o n   e s t i m a t e s   f o r   t h e  downstream  comnunit ies o f  Cache Creek 
and  Ashcrof t   are 1,050 and 2,030 pe rsons   respec t i ve l y .  I n  a d d i t i o n ,  the r u r a l  
p o p u l a t i o n   n o t   i n c l u d i n g   i n h a b i t a n t s   o f   a r e a   I n d i a n   R e s e r v e s   i s   e s t i m a t e d   a t  
220  perlions f o r   t h e   u n i n c o r p o r a t e d   a r e a s   s u r r o u n d i n g   t h e s e   c e n t e r s .  The popu- 

l a t i o n   o f   I n d i a n   R e s e r v e  No. 3 n o r t h   o f  Cache Creek i s   e s t i m a t e d   t o  be 100 
Demons 

The w a t e r   l i c e n c e   d a t a   i n d i c a t e  a t o t a l   l i c e n c e d   q u a n t i t y ,   f o r   d o m e s t i c ,  mun- 
i c i p a l  iInd i n d u s t r i a l   p u r p o s e s ,  of 9,222 m3d-l  (2,438,800 USGPD) f rom 1:he Bona- 
p a r t e  R, iver   between  the  junct ion o f  Hat  Creek  and t h e  Thompson R i v e r .  The 
t o t a l  V i c e n c e d   w i t h d r a w a l   i n   t h i s   I t a t e g o r y   f o r   I n d i a n   R e s e r v e  No. 3 (Bonaparte) 
i s  11.3  m3d-l  (3,000 USGPD) and t h e   t o t a l   l i c e n c e d   q u a n t i t y   f o r  Cache Creek 
m u n i c i p i l l   u s e   i s  8,070 m3d-’ (2,13:3,960 USGPD). The  remainder i s   l i c e r l c e d  
t o  many o t h e r   u s e r s   i n   t h i s   r e a c h ,  made up o f   i n d i v i d u a l   w i t h d r a w a l   r i s l h t s  
r a n g i n g   f r o m  2.3 t o  726 m3d-’ (600 t b  192,000 USGPD). 

The c o m w n i t y   o f  Cache Creek p r e s e n t l y   u t i l i z e s  an i n f i l t r a t i o n   g a l l e r y  ad- 
j a c e n t  1.0 the  Bonapar te  River  and cu r ren t   wa te r   sys tem  i n take   capac i t y  i s  approx- 

i m a t e l y  4,990 m3dm1 (1,300,000 USGPD). Based  on t h i s   v a l u e  and present  (1976) 
popu la t i on ,   t he  peak p e r   c a p i t a  demand r a t e  i n  Cache Creek i s  4.8 m3d-’  (1,260 
USGPD) ufhich  1-ef lects  the  peak  dry  weather  requirements.  The a v e r a g e   d a i l y  
demand i s  approx imate ly   0 .91 m3d-’ p e r   c a p i t a  (240 USGPD p e r   c a p i t a )   o r  955 
m d (2L.8,900 USGPD). 3 -1 

The c o m l u n i t y  o f  Ashc ro f t   p resen t l y   w i thd raws   i t s   wa te r   supp ly   f rom  the  Thomp- 
son R i v e r ,  downstream o f   t h e   c o n f l u e n c e  o f  t he   Bonapar te   R ive r ,   v i a  a wet w e l l  
t y p e   i n t a k e .  The c u r r e n t   l i c e n c e d   w i t h d r a w a l   r a t e  i s  1,815 m3d-’  (480,000 
USGPD);.however, s u m e r  demand reaches 7,260 m3d-l  (1,920,000 uSGpD), which 
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translate!; to  a peak per capita  demand  rate  of 3.6 m3d-’ (950 USGPD) based 
on 1976  population?8The  average  daily  demand is approximately 0.91 m d per 
capita (240 USGPD per capita) or 1,847 m3d-’ (488,500 USGPD). 

3 -1 

The water licence data  for  the  Thompson River  between Wallachin and Lytto’n 
B.C. have been reviewed by others.59 The informat;on  derived  indicated a licenced 
quantity  for  domestic  purposes as 47;’ m3d-’ (126,150 USGPD) excluding  Ashcroft’s 
licenced :mount. The total  quantity licenced  or in application  status  for 
industrial  use including  mining  totals 86,885 rn3d-’ (22,975,000 USGPD). The 
majority cf this industrial demand i s  for the  Lornex  mine in the Highland  Valley. 

Cornwall and Oregon Jack: Creek Areas 

The current  population o f  the  Oregon Jack  Indian Reserve is 13 persons and 
a further 40 persons  reside on the A5,hcroft Indian Reserves Nos. 1, 2 and 4. 
It  is reported that no people live on the  McLean  Lake Reserve. The  quantity 
of water  licenced  for domestic and stock  watering  purposes in the Cornwall 
Creek watershed,  including  domestic  water diverted  from the Hat Creek basin, 
is 48.8 m3d” (12,900 USGPD). The quantity licenced for.industria1 use i:; 
12.3 m3d-l (3,240 USGPD). 

The  total  licenced surface  water for domestic and stock  watering  purposes in 
the  Oregon Jack  Creek  basin, including  surface water  from the Hat Creek  water- 
shed, is  15.9 m3d” (4,200 USGPD). 

A sumary >f the  existing  domestic water  use  licences by area is given in Table 
01-1 Appen’jix 0, with  locations  of existing  surface  water licences in the Hat 
Creek Valky having  possible  domestic or municipal water use shown in Figt1re4-52. 
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5.0 PROJECTED  RESOURCES WITHOUT THE PROJECT 

5.1 HYDROLOGY 

( a )  Ground Water 

The g r o u n d  water hydrology in the study  area has not  al tered  substantially dur- 
ing  recent  times. Exis t ing data  suggest  that  without the proposed Hat Creek 
Coal Pro jec t ,  there will be no noticeable  hydrogeologic changes i n  the foresee- 
able  future. , .  

( b )  Surface Water 

The runoff regime of Hat  Creek and i t s  t r ibu tar ies   i s   s tab le  and would liltely 
remain so without the project. The  same applies t o  the other streams which 
could be affected by the  project. As discussed i n  Section 5 . 3 ,  there  exists 
a consider3ble  potential  for expansion of  irr igation. Some additional irriga- 
tion water  could be obtained  simply by increasing the capacity of existing 
diversions or by building new diversions, b u t  upstream storage would  need 
t o  be provided for any large-scale exoansion of the irrigated area  in the 
Hat Creek 'lalley. This, i n  turn, would reduce spring freshet flows and extend 
the duration of late  sumer low flows. 

Reactivaticn o f  the Oregon Jack Creek diversion is  presently under study . I t  
would divert  u p  t o  4.5 x 10 - m  year-]. of  water o u t  o f  Upper  Hat Creek for i r r iga-  
tion i n  the  Ashcroft  area. There i s  c:onsiderable  storage a long  that  diversion 
route,  so  that most of  the  diversion  could  take  place d u r i n g  spring freshet. 

1 

6 3  

The three  lakes which  would  be affected by the project, Finney, Aleece and McLean 
are also  s table  and unlikely  to undergo significant  natural changes dur ing  the 
next few decades. Finney and McLean lakes  are  presently being used f o r  in-iga- 
t i o n  storagt.  This usage could be expanded and intensified by p r o v i d i n g  



increased  inflows through new diversions, and by building higher dams and mwe 
elaborate out le t  works. Aleece Lake could also be converted t o  a storage re- 
servoir,  iilthough the topography i s  not  particularly  favourable. 

5.2 HATER QUALITY 

( a )  (iwund Water 

Unless thwe i s  development of  other industry or a marked increase i n  residential 
dwellings  in the Hat Creek Valley, n o  noticeable change i n  the water  quality of 
the grounc water is   anticipated.  

(b) Surface Water 

The factors most l ikely t o  influence  surface  water  quality i n  the Hat Creek Valley, 
i n  the  absence of the development o f  the proposed thermal power s ta t ion,  (would be 
agricultural  act.ivities  including  increased  irrigation and fe r t i l i za t ion  3f land 
and clearing of trees  close t o  the banks of Hat Creek. At present.  the pliosphorous 
level compared t o  the  nitrogen  level  is  already h i g h .  Any further nutrient addi -  
tions could  possibly result in  a marked increase  in  algal growth in the week. 

Currently, the water  quality o f  Lower Hat Creek, w i t h  respect.to  temperature during 
the sumner months, i s  on ly  marginal. Any act ivi ty  which would tend t o  cause fur- 
ther increises  in  temperature would be detrimental. 

The projec::ed increase of agriculturally  uti l ized land of almost 100 percent by the 
year 2000, as  discussed i n  Section 5.:3 (b) (i) , cou ld  have an adverse affect  on Hat 
Creek water  quality.  Industrial or mlmicipal development i s  expected to  be mini- 
mal and therefore have l i t t l e  impact on surface  water  quality. 

” 



/I. .- 5.3 WATER USE 

(a)  Ground  Water 

The t o t a l  consumption o f  ground  water i n   t h e ' H a t  Creek Va l ley  i s  estimated t o  be 

about 531 m . d - l  and t h l s  *present.s less  than 5 percent o f  t h e   t o t a l   p o t e n t i a l  
ground  w,iter  resource i n  the   va l ley .  Most of   the  present  ground  water (:onsumPtion 
(94 percent)  i s  used to   supply  wash water   fo r  a l imestone  quarry.  Domestic  wells  use 
very l i t t l e  ground  water  and hence unless  other  industr ies,   municipal   subdiv is ions 

o r  perhaps i r r i g a t i o n   i s  developed  ilsing  ground  water i n   t h e   v a l l e y ,  the! f u t u r e  
ground  water use will remain  essent ia l ly   the same  as it i s  a t  present. 

3 

(b)  Surface  Water 

(i ) I r r i g a t i o n  

The pro jected  water  use analysis  corlsidered two  cases, t h a t   o f  maximum po ten t i a l  
use and t h a t  o f  probable use. Maxirnum p o t e n t i a l  use assumes tha t   the  amount o f  
i r r i g a b l e   l a n d  i s  l i m i t i n g   w h i l e   w a t e r   q u a n t i t y  and qua l i t y   a re   non l im i t i ng ;  
probable use cunsiders a l l   s i g n i f i c a n t   c o n s t r a i n t s ,   i n c l u d i n g   t h e   a v a i l a b i l i t y  

o f  good qual i ty   water .   Both cases inc lude,  as p a r t   o f   t h e   t o t a l ,   l a n d s   t h a t  

a r e  p r e s e i t l y   i r r i g a t e d .  It should be noted  that  all water use estimate!;  repre- 
sent a g r t~ss   quan t i t y   i nc lud ing  any amounts- t h a t  may reenter  the  surface  water 
system as return  f low.  

P ro jec ted   i r r i ga t i on   wa te r  use i s   repo r ted   f o r   t he   Ha t  Creek drainage on the 
basis o f  ,:he same four  subregions as i n   t he   p resen t  use inventory   (F igure 4-48). 

Because less i n fo rmat ion  was avai lable  for   the  Bonaparte,   Cornwal l  and Oregon 
Jack  regions,  these were  combined fo r   t he   ana lys i s   o f   p ro jec ted  use. 

5 - 3  
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A. Hat  Creek Drainage 

Po ten t i a l  Use 

Figure  5-1 shows the   l oca t i on   o f   po ten t i a l l y   i r r i gab le   l ands   ( i . e . ,   a l l  
land  arei ls  that  would,benefi t ,   in a conven t ia l   ag r i cu l tu ra l  sense, from 

i r r i g a t i o n )   i n   t h e  Upper H a t  Creek Va l ley  and Table 5-1 gives  the  associated 
potentia'   water use quan t i t i es  and land  areas. 

The a rea '   ex ten t   o f   i r r i gab le   l ands   i n  Subregions 11, 111, and IV were 
measured from the p o t e n t i a l  use map.,  The  maximum potent ia l   water demand 
f o r   i r r i g a t i o n   i n   t h e s e   s u b r e g i o n s  was estimated by the same methodology 
u t i l i z e d   f o r   t h e   p r e s e n t  use case (Water Use Model Analysis,  Section 4.3 
( b )   ( i )  LI) except   tha t   po ten t ia l   i r r igab le   lands  were s u b s t i t u t e d   i n   t h e  
analys is .  Corn, as we l l  as hay and pasture  are  the  crop  types  considered 
i n  potent.ia1 use. Although  the  actual  water use by  corn  would be s l i g h t l y  
less  tharl hay or   pas ture   dur ing   the   ear l ie r  months o f  t h e   i r r i g a t i o n  season, 
t h i s   d i f f e r e n c e  was not   cons idered  s ign i f icant  enough t o  a l t e r   t h e  water 
spec i f icat ions  prov ided  for ,pasture and hay. Thus,-the  annual i r r i g a t i o n  
requiremant and i t s  mon th l y   d i s t r i bu t i on   ove r   t he   i r r i ga t i on  season  were 
taken t o  be the  same f o r  each o f  the  three  crop  types.considered  in  poten- 
tial use. 

It was assumed t h a t . ' t h e   i r r i g a t i o n   e f f i c i e n c i e s  o f  the  present use case 

would  represent  the  future use case as well. Therefore,   the  overal l  irr i-  
ga t ion   e f f i c i enc ies ,   f o r  each of  thf!  two s o i l  types,  implied by the  present 
use analysis were used f o r   t h e   p o t e n t i a l  use analysis.   For  upland  soi ls 
t h i s  was  51 percent and f o r   f l o o d p l a i n   s o i l s ,  69 percent. 

F o r  Subregion 1, Canada Land Inventc ry   agr icu l tu ra l   capab i l i t y   c lasses  
1 - 4 a s  reported and  mapped f o r  the! Agriculture study were  used f o r  th'e 
p o t e n t i a l  use analys is .  These lands were measured fo r   a rea l   ex ten t  and 
the  potent ia l   water  use estimated by apply ing  the annual  water use r a t e  

2 

5 - 4  
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TABLE 5 - 1 / 1  

A V E R A G E  I R R I G A T I O N  WATER U S E  I N  HAT C R E E K  VALLEY - POTENTIAL 

T O T A L  WATERSHED 

Area   Water   Vo lume I 

I 6033 4 1   6 4  

SEASONAL DISTRIBUTION  (ha -m 

May  June J u l y  A u g u s t  S e p t  T o t a l  

594   791  1 2 9 0  1 0 0 4  4 8 5  4 1   6 4  
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TABLE 5 -  1 / 2  

A V E R A G E  I R R I G A T I O N  WATER USE I N  HAT C R E E K  VALLEY - POTENTIAL 

SUBREGION I 

L o c a t i o n *   A r e a   ( h a )   W a t e r   V o l u m e   ( h a - m )  

Low lands  7 90   602 

H i g h l a n d s   1 4 4 0   1 0 9 8  

To t a  1 2230 1700 

I 

SEASONAL D I S T R I B U T I O N  (ha-m) 

\ 

May J u n e   J u l y   A u g u s t   S e p t   T o t a l  

238  323 527 4 08 204  1700 

o i l s   i n f o r m a t i o n   f o r   S u b r e g i o n  I was n o t   a t   t h e  same l e v e l   o f   d e t a i l   a s   f o r   t h e   r e s t   o f  
a t   C r e e k   v a l l e y ;   t h e   a b o v e   e s t i m a t e   o f   p o t e n t i a l   w a t e r   u s e  i s  a r o u g h   e s t i m a t e   b a s e d   o n  
L I   a g r i c u l t u r a l   c a p a b i l i t y   i n f o r m a t i o n .   C L I   c l a s s e s  1 - 4 r e p r e s e n t   p o t e n t i a l   i r r i g a b l e  
a n d s   f o r  t h i s  s u b r e g i o n .   T h e   l o w l a n d s   a r e   l o c a t e d  i n  t h e   v a l l e y   b o t t o m   a n d   a r e   c o m p a r a b l e  
i t h  t h e   i r r i g a b l e   l a n d s   f o r   S u b r e g i o n s  11,  111.  and IV. T h e   h i g h l a n d s   a r e   l o c a t e d   a t   t h e  
x t r e m e   n o r t h   e n d   o f   t h e   w a t e r s h e d   a n d   d o   n o t   h a v e  a c o u n t e r p a r t   i n   t h e   o t h e r   s u b r e g i o n s .  



TABLE 5 -  1 / 3 

A V E R A G E  IRRIGATION WATER U S E  I N  HAT C R E E K  VALLEY - POTENTIAL 

S U B R E G I O N  I I 

S o i l   G r o u p   A r e a   ( h a )   W a t e r   V o l u m e   ( h a - m )  

F!oc?dp!!n SC!!!s 6 4  2 9  

Up1  and S o i  1 s 1 6 5 2   1 0 9 5  

To t a  1 1 7 1 6   1 1 2 4  

SEASONAL DISTRIBUTION  (ha-m)  

i 

M a y   J u n e   J u l y   A u g u s t   S e p t   T o t a l  

164   21  3 3 4 7   2 7 1   1 2 9   1 1 2 4  I 



R t 

TABLE 5 - 1 / 4  

A V E R A G E  IRRIGATION WATER U S E  I N  HAT C R E E K  VALLEY - POTENTIAL 

S U B R E G  I O N  I I I 

Soi l   Group  Area   (ha )   Water   Vo lume  (ha -m)  I 
F l o o d p l a i n  S o i l s  1 8 3   8 4  

j U p l a n d  S o i l s  1 1 2 9   7 4 8  

I T o t a l   1 3 1 2   8 3 2  

SEASONAL DISTRIBUTION  (ha-in) 

May  June J u l y   A u g u s t  Sep t T o t a l  I 
1 1 9   1 5 8   2 5 8   2 0 2   9 5   8 3 2  I 
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TABLE 5-1 / 5  

USE :N HAT C R E E K  ?ALLEY - P!l?E!i 

SUBREGION 1V 

?!A! 

S o i l   G r o u p   A r e a   ( h a )   W a t e r   V o l u m e   ( h a - m )  

F l o o d p l a i n   S o i l s   2 5   1 1  I 
U p l a n d   S o i l s   7 5 0   4 9 7  I 
To t a  1 7 7 5   5 0 8  

1 

SEASONAL DISTRIBUTION  (ha-m)  

Hay  June J u l y  August  S e p t  To t a  1 

73 97 1 5 8  1 2 3  5 7  5 0 8  
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01' 0.76 m (2.5 f t )  determined in   t he   p resen t  use analysis.  Seasonal d is -  

t r i b u t i o n   o f   i r r i g a t i o n  water i n  Subregion I was assumed t o  be the  same 

a!; i n  the  present use analysis.  .. 
11: was estimated  that 4164 ha-m (33.744 ac ft) would be requ i red  t o  i r r i g a t e  
a ' l l   o f   t he   po ten t i a l l y   i r r i gab le   l ands   i n   Ha t  Creek Valley, 6033 ha (14,908 ac) .  
This  water  quanti ty i s  approximately  s ix  t imes  greater  than  that   present ly 
being used f o r   i r r i g a t i o n  i n  the  Hat Creek drainage. The mon th l y   d i s t r i -  
b u t i o n   o f   t h i s  water  over  the i r r i g a t i o n  season was estimated t o  be: May 
- 594 ha-m; June - 791 ha-m; Ju l y  - 1290 ha-m; August - 1004 ha-m; and 
September - 485  ha-m. P o t e n t i a l   i r r i g a t i o n  water use by subregion was 
pr,ojected  to be: Subregion I - 1700 ha-m; Subregion I1  - 1124 ha.-m;  Sub- 
reg ion  111 - 832 ha-m; and Subregion IV - 508 ha-m.  The greatest  increase 
over   present   i r r igat ion  water  use would  be i n  Subregions I and I 1  where 
pr,esent use represents  only  about 10 percent of p o t e n t i a l .  

Ttte probable  future use o f   s u r f a c e   w a t e r   f o r   i r r i g a t i o n   i n  Hat Creek Valley 
is 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,  the a v a i l a b i l i t y   o f  
stsitable  water and future  socio-economic  condit ions.  Since  the  constraint 
of water a v a i l a b i l i t y   t u r n e d   o u t   t o  be very  dominant,  consideration  of 
f L tu re  economic condi t ions was l i m i t e d   t o   t h e  assumption tha t   they  would 
favor   the  product ion  o f   beef   cat t le  as they do a t  p resen t .   I r r i ga t i on  
water  therefore,  would  continue  to be used to   ass i s t   i n   t he   p roduc t i on  
o f  forage  crops. 

" 
Land A v a i l a b i l i t y .  The a v a i l a b i l i t y  o f  i r r i g a b l e   l a n d   i n   t h e  Hat Creek 
Val ley was repor ted  in   the  prev ious  subsect ion  (Potent ia l  Use) and represents 
a l l  the  land  that  would be cclnsidered f o r   i r r i g a t i o n  use. 

# 

5- 5 
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- Water Q u a l i t y .  The s u i t a b i l i t y   o f   p o t e n t i a l   i r r i g a t i o n   w a t e r  was assessed 

using  water  chemistry  information  reported i n  Section  4.2(b) and water  qual- 
i t y  spec i f i ca t ions   repor ted  fn the AgricuZkLne assessment . 2 

A comparison o f  water  chemistry  resul ts and the   water   qua l i t y   spec i f i ca t ions  
f o r   i r r i g a t i o n   ( T a b l e  5-2) shows t h a t  most  surface  water  resources  in-  Hat 
Creek  appear t o  be s u i t a b l e   f o r   i r r i g a t i o n  use. Exceptions  include  the few 
scat tered  a ' lka l i   lakes.  The qua;l i ty  of one o f  these,  Goose/Fish Hook Lake, 
showec high  values  of pH, e lec t r - i ca l   conduct iv i t y ,   to ta l   d isso lved  so l ids ,  
sulpha,tes, and t h e  sodium adsorp t ion   ra t io ,  a l l  o f   wh ich   ind ica te   unsu i tab i l i t y  
f o r  i r , r iga t . ion  use. 

Water Quant i t y .  The q u a n t i t y   o f   a v a i l a b l e   i r r i g a t i o n  water was based  on flow 
recorc,s  of  hydrometric  stat ions 'in the   va l ley  and t h e   f l o w s   i n  Hat Creek requ i red  
fo r   t t le  maintenance of   the  f isher ies  resource.  The cond i t i ons   o f   r i sk  under 
which i r r i g a t i o n  developments  would  proceed were assumed t o  be the same as 
used in   t he   p resen t  use water model analyses. The r i s k ,  20 percent,   indicates 
t h a t   i n s u f f i c i e n t   w a t e r  would be to le ra ted   no t  more than 20 years  out   of  100, 
thereby  requir ing  corresponding  f lows  having an  80 pe rcen t   p robab i l i t y   o f  
occurr'ence. The EO percent  f lows were interpolated  from  the  hydrograph  of 
the  hydrometr ic   s ta t ion of Hat Creek near Upper Hat Creek shown i n   F i g u r e  
5-2 arld these  f lows  reported  for   the months May through September i n  Table 
5-3. The f low  requi red by the  f isher ies  resource was based on resu l t s   o f  
the r'z.sheries and 3enthos repor t "  and i s  shown i n  Table 5-3. 

"- 

A v a i l d b l e   w a t e r   f o r   i r r i g a t i o n  use was estimated by subtract ing  the  monthly , 
f isher ies  rzqui rement  f r o m  the 811 percent   probabi l i ty   f lows.  As shown i n  
Table 5-3 the  f isher ies  requi remlnts   dur ing August and September are  greater 
than  the  ex is t ing EO percent   p robab i l i t y   f lows  e l im ina t ing  ". t h e   p o s s i b i l i t y  
o f  expansion o f   p resent   a l l -season  i r r iga t ion  use without  addi t ional   storage. 

- 
" . 
Fisher ies   a lso   requ i re  a two week f lush. ing  f low  o f  1.42 m .  s . This  require- 

ment can almost be met i n  the la!;t two weeks i n  June based on the  monthly  average 

80 percent   probabi l i ty   f low  quant i ty   o f  1.34 m 3  s - ' ;  however, i n  most years 

1 - I  

I 
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s 



beak 
" 

TABLE 5-2 
WATER QUALITY  LIMITS  FOR 

IRRIGATION  USE I N  HAT  CREEK  VALLEY 
m + 8  

I t e n   M a x i m u m - 
Temperature 
P 14 
Electrical  Conductivity 
Total  Dissolved  Solids 
Suspended  Solids 
Chemical or Biochemicai 

Oxygen  Oemand 
Chlorides 
Sulphates 

55Ot  at  source 
4.5' - 9 
2 mmhos/cm Q 2 5 ' C  
1400 mg/l 
tt 

tt 

15  meq/l 
15 meq/l 

Sodium  Adsorption  Ratiu 10 
Residual  Sodium  Carbona.te 2 meq/l 
Radionuclides: 

Alpha  Concentration 
Beta  Concentration 

Trace  Elements: 
A I  umi  num 
Arsenic 
Beryllium 
Boron 
Cadmi  um 
Chromium 
Cobalt 
Copper 
F1 uoride 
Iron 
Lead 
Lithium 
Ma,nganese 
Molybdenum 
Nickel 
Selenium 
Va.nadium 
2 ;  nc 

1 picocurie/l 
10 picocuries/l 

20.0 mg/l 
2.0 mg/l 
0.5 mg/l 

0.05 mg/l 
1.0 mg/l 
5.0 mg/l 
5.0 mg/l 

15.0  mg/l 
20.0 mg/l 
10.0 mg/l 
2.5 mg/l 

10.0 mg/l 
0.01 mg/l 
2.0 mg/l 
0.02 mg/l 
1.0 mg/l 

10.0 mg:l 

t*l *m 
1.0 - 2.0 mg/l 

* Mlnlmum 
** Limited  information  available on maximum l m t  but literature 

suggests  that high values  may leave adverse effects. 
-* Semi-tolerant crop's including potato, tomato,  corn and oat. 10 

*** Tolerant  crops  including alfalfa, cabbage,  lettuce and carrot. 10 

-*8 From the Agricultural  Report - Reference 2. 
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t i A 1  CREEK  NEAR  UPPER  HAT CREEK STATION 0 8 L f O 6 1  
MONTHLY  MEAN BASIS (1960-1975) ' 

Figure 5-2 



TABLE 5 - 3  

HAT C R E E K  WATER FLOW AVAILABLE FOR EXPANDED AGRICUL 

€ x i   s t i n g  
80% P r o b a b i l i t y   F l o w   1 . 0 7  1 . 3 4  0 . 4 5  0 . 1 6  0 . 1 3  

S u b t r a c t  1 s t  2nd 
F i s h e r i e s   M i n i m u m  wk wk 
F l o w   R e q u i r e m e n t 6  0 . 2 8  0 .28  1 . 4 2   0 . 2 8   0 . 2 8   0 . 2 8  

N e t   W a t e r   A v a i l a b l e  
F o r   A g r i c u l t u r a l  Use 0 . 7 9  1 . 0 6   N I L  

( 2 1 2  ( 1 3 7  
N I L  

ha-m)  ha-m) 

m I 

TURAL U S E  ( m 3 . s ” )  



bsall - 
this  requirement will be w e l l   s a t i s f i e d .  Assuming t h a t  th is  placement sa t i s -  
f ies   the  f isher ies  f lush ing  f low  requi rement ,   water  i s  a v a i l a b l e   f o r  expanded 

agricu1.tural development dur ing May and the first h a l f   o f  June. A s im i la r  

analys is   o f   the  f low  hydrographs  for  Hat  Creek near  the  Bonaparte  River  support 
the above conclusions, as the  avai lable  water  quant i t ies were n o t   s i g n i f i c a n t l y  
d i f f e r e n t .  

The  maximum amount o f  water  tha.t  would be ava i lab le   fo r   s to rage would  approach 

1585 ha-m  as  shown i n  Table 5-4.. This   f igure  was ca lcu lated by subt rac t ing  I 

the  f isher ies  requirement  of  H a t  Creek from  the average  annual runo f f   o f   t he  
Hat Creek drainage  basin (above Carqui le) .  

The f e a s i b i l i t y   o f   d e v e l o p i n g  new reservo i rs  was o n l y   b r i e f l y  assessed. A 
repo r t  by the B.C. Water Invest , igat ion Branch ind ica tes   tha t  a rese rvo i r  
near  Langley Lake could be developed fo r   s to rage  o f  up t o  691 ha-m (5,600 
a c - f t )  o f  H a t  Creek-water f o r   i r r i g a t i o n   w i t h   t h e   e x p e c t a t i o n   o f  a .favorable 
cos t -benef i t   ra t io .  

1 .  . 

I n   t h i s  case, most of t h i s  water  would  probably be used f o r   i r r i i a t i o n  o f  
land on the benches of   the west. s ide o f  the Thompson River  since  these  lands 

a re   genera l l y   o f   h ighe r   ag r i cu l tu ra l   capab i l i t y   t han   t hose   i n   t he  H a t  Creek 
Val ley.  The f e a s i b i l i t y   o f   d e v e l o p i n g   o t h e r   r e s e r v o i r s   i n   t h e  Hat Creek dra in-  
age basin was not addressed. 

Probable Use Results. The super impos i t i on   o f   l and   ava i l ab i l i t y  and water 
a v a i l a b i l i t y  was used to   pro ject   probable  fu ture  water  use i n  the H a t  Creek 
drainage  basin. The AgricuZ*.se study  repor ts   that  no add i t i ona l   l ay  o r  
pasture  lands  (al l -season  i r r igat ion)  would be expected t o  be developed i n  
the   f u tu re  due to   the   lack   o f   ava i lab le   s t ream water i n  August and September 

(Table 5 - 3 ) .  This  study  fur ther  states  that   water  avai lable  in  spr ing  would 
probably be used for  developing  spr ing  pasture and that  storage  would  probably 
be developed to  provide  water  for   corn  product ion on the  high  capabi l i ty   lands 
of  the  valley.  Probable  water use r e s u l t s  a r e  tabulated  in   Table 5-5. 

- 
2 

2 



TABLE 5 -4  

MAXIMUM WATER AVAILABLE FOR STORAGE,TOTAL HAT C R E E K  D R A I N A G E  B A S I N  

Volume  (ha-m) 
A v e r a g e   N e t   R u n o f f  

- .  

Ts - (-3ss&s 4 - 3 5 )   2 5  X 1 0 6 ~ 3   2 5 0 0  

R"+ axS&€dhCCPlCL.Um,th 
M i  nus i*M/t 2-00 

F i s h e r i e s   R e q u i r e m e n t 6  

October  - March  @ 0.21 m - s  

A p r i l  - September  @ 0.28 m .s  
F l u s h i n g   F l o w  @ 1.13 m - 5  

3 -1 
3 -1 

3 -1  

331  

4 4 2  
1 3 8  - 

R e m a i n i n g   R u n o f f   A v a i l a b l e   f o r   S t o r a g e   1 5 8 9  



TABLE 5 - 5 / 1  

A V E R A G E  I R R I G A T I O N  WATER USE I N  MAT C R E E K  VALLEY - PROBABLE 

TOTAL WATERSHED 

I I 

All S e a s o n   S p r i n g   P a s t u r e   ( 6  wks) T o t a l  I 
i 

Water   Water   Water  
Area  Volume  Area  Volume  Area Vo 1 ume 

S o i l   G r o u p   ( h a  1 (ha-m)  (ha 1 (ha  - m )  ( h a )   ( h a - m )  

F l o o d p l a i n   S o i l s  205 94 1 2  1 21 7 95  

U p l a n d   S o i l s  1211 . 827 5 06 83   1717 910  

' T o t a l  1416 921  518 84  1934 1 OD5 

! 

SEASONAL D I S T R I B U T I O N  (ha-m) 

May J u n e  J u l y   A u g u s t  S e p t  T o t a l  

182  207 286  224 106  1005 

I 



C 1 

TABLE 5 - 5 / 2  

A V E R A G E  IRRIGATION WATER U S E  IN HAT C R E E K  V A L L E Y  - PROBABLE 

SUBREGION I 

! All S e a s o n   S p r i n g   P a s t u r e   ( 6  w k s )  T o t a l  
I 

i Water  
1 Area  Volume 

S o 1  I t i r o u p  1 .  [ h a j  (ha-m j 

Water   Water  ' 

A rea  
i h a j  

Vo lume  Area 
(ha-m) 

Volume I 
( h a  j (ha-m) ! 

U p l a n d  S o i l s *  1 260   198  105 19  365 ' 21 7 1 

SEASONAL D I S T R I B U T I O N  (ha-m)  

May  J u n e   J u l y   A u g u s t   S e p t   T o t a l  

! 39 46  61  48  23  21 7 I 

* A s  s o i l s   i n f o r m a t i o n   f o r   t h i s   r e g i o n   d i d   n o t   a l l o w  a b r e a k d o w n   i n t o   f l o o d p l a i n   a n d   u p  
s o i l s ;   a l l   s o i l s   w e r e  assumed t o   b e   c h a r a c t e r i z e d   b y   u p l a n d   s o i l s .  



I 

TABLE 5-5 / 3  

A V E R A G E  I R R I G A T I O N   W A T E R  USE I N  HAT C R E E K  VALLEY - PROBABLE 

S U B R E G I O N  I 1  

All S e a s o n   S p r i n g   P a s t u r e  ( 6  w k s )  T o t a l  

Water   Water   Water  
Area  Volume  Area  Volume  Area 

S o i i  Group (ha  j ( ha-m j (ha  j (ha-m)   (na)   (ha-m)  
Volume .. . 

F l o o d p l a i n   S o i l s  1 6  7 - - 1 6  7 

. U p l a n d   S o i l s  3 94 261  57 9 451 2 7 0  

To t a l  ' ! 4 1 0  2 6 8   5 7  9 467 277 

SEASONAL D I S T R I B U T I O N  (ha-m) 

A u g u s t   S e p t   T o t a l  
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TABLE 5 - 5 / 4  

I G A T I O N  WATER USE I N  HAT C R E E K  VALLEY - PROBABLE 

SUBREGION 1 1 1  

S o i l  Group 

All S e a s o n   S p r i n g   P a s t u r e   ( 6  w k s )  
~ ~~ ~ ~~~~~~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ ~  ~~~~ ~ ~ 

T o t a l  

Water   Water  
' A r e a  V o l  ume A r e a   V o l  ume Area  Vo lume ! 

Water  

( h a j   ( h a - m j  ( h a  1 (ha-m)   [ha  1 ( h a - m j  

F l o o d p l a i n  Soils 1 8 9  87 - - 189   87  ; 

U p l a n d   S o i l s   3 6 8   2 4 8   2 6 1  42  629  290 ' 
, T o t a l  , 557  335  261  42 818 377 

SEASONAL DISTRIBUTION  (ha-m) 

May J u n e   J u l y   A u g u s t  Sep t T o t a l  I 

I 72  79 105 8 2  39 377 



TABLE 5-5 / 5  

A V E R A G E  IRRIGATION W A T E R  USE IN HAT C R E E K  V A L L E Y  - PROBABLE 

S U B R E G I O N  IV 

All S e a s o n   S p r i n g   P a s t u r e  ( 6  wks) T o t a l  

Wate r   Wate r   Wate r  
A r e a   V o l  ume 

S o i i  Group (ha  j (ha-m j 
Area Volume A r e a  Volume 

$ 0  \ rla I ( i i a - m )  ( h a )  

F l o o d p l a i n   S o i l s  - - 1 2  1 1 2  1 1  

I U p l a n d   S o i l s  i 189 1 2 0  8 3'   13  272  133 I 
I 
1 T o t a l  1 1 8 9   1 2 0  284  134 1 

SEASONAL DISTRIBUTION  (ha-m) 

I May J u n e  Ju l y  A u g u s t   s e p t   T o t a l  
! 

1 26  28  37  29  14  134 
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It s h w l d  be noted  that  any i nc rease   , i n   t he   ove ra l l   i r r i ga t i on   e f f i c i ency  

i n   t h e  Hat Creek Va l ley  would  al low  addit ional  lands  to be i r r i g a t e d   w i t h o u t  
i n c r e s i n g   t h e   t o t a l  amount o f  water use. This  aspect.  which has not been 

quant i f ied ,  would o n l y   a f f e c t   t h e   d i s t r i b u t i o n  o f  i r r i ga ted   l ands  and 
no t   w l te r   quan t i t y .  

The s t ream  water   ava i lab le   fo r   i r r iga t ion   in  May and two weeks o f  June 
would l i k e l y  be u t i l i z e d   t o   i r r i g a t e   s p r i n g   p a s t u r e  lands.  This use was 
assumjzd t o  be dependent on e x i s t i n g   i r r i g a t i o n   f a c i l i t i e s  and consequently 

. was l i m i t e d   t o  518 ha (1280 ac). The associated  water use quan t i t y  was e s t i -  
mated t o  be 84 ha-m (681 ac f t )  which i s  about  one-quarter of   the  water  avai l -  
ab le   in  May and June f o r   i r r i g a t i o n .   T h i s   m o u n t  was ca lcu lated frm monthly 

i r r ig, l t ion  requirements  determined  in  the  water use model analysis  (Table 
4-24) i n   t h e  case of  spring  pasture  lands  in  Subregions 11, 111. and IV, and 
the o t e r a l l  i r r i g a t i o n   e f f i c i e n c i e s   r e p o r t e d   i n   t h e   p o t e n t i a l  use sect ion 
f o r   f l o o d p l a i n  and upland s o i l  types. For spr ing   pas ture   lands   loca ted   in  
Subregion I ,  month ly   i r r igat ion  requi rements were ext racted from the  resu l ts  
o f   t h e   p o t e n t i a l  use section  (Table 5-1) .  The subregional breakdown of   pro-  
jected  water use associated  wi th   i r r igated  spr ing  pasture  (Table 5-5:1 i s :  
Subregion I - 19  ha-m; Subregion I1  - 9 ha-m; Subregion 111 - 42 ha-m; and 
Subregion IV - 14  ha-m.  The d is t r ibu t ion   o f   spr ing   pas tures  i s  much the same 
as pr l?sent   i r r igated  lands due t o  i t s  dependency on e x i s t i n g   i r r i g a t i o n   f a c i l -  

i t i e s .  

The Agricuiture s tudy   repor t   fu r ther  s t a t e s  that  besides  the  all-season 
hay and pasture  land  present ly  under  i r r igat ion,   that  332 ha o f   add i t i ona l  
land will probably be developed f o r   i r r i g a t i o n   o f   c o r n .  Most o f   t h i s   l and  
l i e s   i n  Subregion 11. Calculat ions  using  the  water use model spec i f rcat ions 
f o r  u l l land  soi ls  (Table 4-24) indicate  that   storage  would have t o  be developed 
t o  supply 220 ha-m (1783 a t  f t ) .  This amount i s  about one- th i rd  o f  the  maxi- 

mum storage  of  the  proposed  Langley Lake rese rvo i r '  and roughly 15 percent 
o f   the maximum s torage  ava i lab i l i t y   remain ing   in   the  Hat Creek drainage  basin 
a f t e r  sp r ing   pas tu re   i r r i ga t i on  water  use i s  subtracted. Assessment as t o  

the   loca t ion   o f  a s u i t a b l e   s t o r a g e   f a c i l i t y  f o r  t h i s  water  supply was not 
carr ied  out .  

2 
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The tc ta l   a rea   p ro jec ted   fo r   a l l - . season  i r r iga t ion   w i th in   the  Hat Creek dra in-  
age is 1416 ha (3499 ac). The associated  water use i s  921 ha-rn (7464 ac ft). 
The d i s t r i bu t i on   o f   t h i s   p robab le   a l l - season   i r r i ga t i on   wa te r  use on a sub- 
regioral   basis  is :   Subregion I .. 198  ha-m; Subregion I 1  - 268 ha-m; Subregion 
I11 - 335 ha-m; and Subregion IV - 120 ha-m. 

The projected  probable  water use i n  Hat Creek Val ley,   including  al l -season 
and sFring  pasture uses, i s  1005 ha-m (8144 ac f t ) .  This i s  roughly one  and 
one-hal f   t imes  present  i r r igat ion use. About three-quarters  of   the  addi t ional  
water  would have t o  be suppl ied by new storage. 

B. Bonaparte. Cornwall, and Oregon  Jack Study Areas 

Potent; a1  Use 

The B.C. M i n i s t r y   o f   A g r i c u l t u r e  (BCMA) h a s , i d e n t i f i e d  8137 ha (20.107 ac) 
i n  the Savona-Cache Creek area as hav ing   po ten t i a l   f o r   i n tens i ve   ag r i cu l tu ra l  
p r o d u c t i o n   w i t h   i r r i g a t i o n  . Th.s includes 2405 ha that   are  present ly  irri- 
gated. A rough  estimate o f  the  mount o f  i r r i g a b l e   l a n d   l y i n g   w i t h i n   t h e  
water use study  areas (Bonaparte,, Cornwall, and Oregon Jack drainages), based 
on the map accompanying the above BCMA analysis, i s  4500 ha (11,120 ac).  
The ncrrnal annual water use ra te   f o r   t hese  areas as per  water  l icencing i s  

0.91 nl ( 3  f t ) .  This i s  h igher   than  the  o therreg ions  wi th in   the  s tudy  area 

because o f   t he  warmer c l i m a t e .   M u l t i p l y i n g   t h e   q u a n t i t y   o f   p o t e n t i a l l y   i r r i g -  
able  land by th i s   ra te   g i ves  a t o t a l   p o t e n t i a l  water use o f  4095 ha-m (33,360 

ac f t ) .  This  quant i ty  of   water ' i s  about two and one-half  t imes  greater  than 
t h a t   p r e s e n t l y   l i c e n c e d   f o r   i r r i g a t i o n  use (Sect ion 4.3 ( b )   ( i ) A ) .  

3 

Probable Use - 
The pr,obable use o f  water  withoul:  the  project f o r  i r r i g a t i o n   w i t h i n   t h e  Bona- 
parte,  Cornwall, and Oregon Jack study area  was estimated on the  basis  of 
addi t ional   in format ion  conta ined  in   the BCMA analysis' and resu l ts   repor ted  

5 - 9  
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i n   t h e  AqricuZture assessment repo r t  . The former work i d e n t i f i e d   f o u r   d i s t i n c t  2 

areas t o t a l l i n g  1257 ha (3106 ac)  that  because o f   s i ze  and conf igurat ion 

o f   i r r i gab le   l and   cou ld  be p r a c t i c a l l y  developed. The la t te r   repo r t   j udged  
that  three  of   these areas, t o t a l l i n g  786 ha  (1942 ac), were favorably  disposed 
t o  pr2bable  i r r igat ion  developnent because o f   t h e i r   p r o x i m i t y   t o   i r r i g a t i o n  
water  supplies. As w e l l ,   t h i s   r e p o r t '   i d e n t i f i e d  a f u r t h e r  151 ha (374  ac) 
o f   l a i d   t h a t  would have a good probab i l i t y   o f   be ing   deve loped  w i th in   the  
l i f e  time o f  the  proposed B.C. Hydro pro jec t .  

Adding  the  est imate  of   present ly  i r r igated  lands, 1719 ha (4248  ac)  (Section 
4.3 ( 3 )  ( i ) A )   t o   t h e  937 ha considered t o  be most probable  for  future  develop- 
ment, a t o t a l   q u a n t i t y   o f   p r o b a b l e  use i r r i ga ted   l ands   w i th in   t he   s tudy  area, 

then, was est imated  to  be 2656 ha (6564 ac).  The probable  water use associated 
w i t h   t h i s   q u a n t i t y   o f   l a n d  was estimated by m u l t i p l y i n g . t h i s   q u a n t i t y  of 
land by the  normal  annual  water use r a t e   f o r   t h i s  area o f  0.91 m ( 3  ft), 
g iv ing  a t o t a l   o f  2417 ha-m (19,692 ac f t) .  This   quant i ty  of water i s  j u s t  

'over 50 percent more than i s  p r e s e n t l y   l i c e n c e d   f o r   i r r i g a t i o n  use and j u s t  

about 60 percent o f  t he   t o ta l   po ten t i a l .  

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

probable use was not assessed i n  any d e t a i l .  Some water may still be ava i l -  
able  for  l icencing  from  the  Bonaparte and other  small  creeks  of  the  area 
bu t   in fo rmat ion   d id   no t   a l low  quant i f i ca t ion   o f   th is   po ten t ia l .  Water i s  
avai lable  from  the Thompson R i v e r  and could be suppl ied t o  t h e   i r r i g a b l e  

lands,  most l i k e l y ,  v i a  a r e g i o n a l   i r r i g a t i o n  system since  the lifts are 
qui te   h igh.   Another   poss ib i l i ty  i s  development o f  a rese rvo i r  near "angley 

Lake for  storage o f  Hat Creek water.  This  proposal has  been studied by the 
B.C. M i n i s t r y   o f   t h e  Environment and i s  d iscussed  fur ther   in  a previous sub- 

sect ion ( H a t  Creek Drainage). 

' I  

5 - 10 
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( i i )  L ivestock 

The quant i t y   o f   l i ves tock   water  use pro jected  wi thout   the  pro ject  was based 
on the  probable  l ivestock  popu1at. ion  reported i n   t h e  Agrimctture assessment . 
By the  year 1996, the   ca t t l e   popu la t i on   suppor ted   i n   t he  Hat Creek drainage 
basin was pro jec ted  t o  be 3360 an imals .   Mu l t ip ly ing   th is  number by  the  average 
d a i l y   r a t e   o f  water  consumption f o r  a beef  animal o f  0.033 m d (8.6 USGPD) , 3 -1 4 

gives a da i l y   l i ves tock   water  consumption o f  about 111 m a  d - l  (29.318 USGPD). 
Annually, t h i s   i s  4.1 x 10 m ( 4 . 1  ha-m) (10.7 m i l l i o n  U.S .  gallons)  which 
i s  abciut 0.4 percent o f  t h e   i r r i g a t i o n  water use p ro jec ted   f o r   t he  H a t  Ceek 
Valley.  This i s  approximately 70 percent more than i s  estimated as being 
used tly l i ves tock   a t   p resen t   i n   t he  Hat Creek drainage  basin. 

2 

3 
4 3  

The source  o f   l ivestock  water   wi th in   the  length  o f   pro jected  fu ture use would 

be  thc!  same as a t  present (see Sect ion   4 .3 (b) ( i i ) ) .  

Es t im i i tes   o f   fu tu re   ca t t le   popu la t ions   in   the   o ther   por t ions   o f   the   s tudy  
area were not ava i lab le .  Howevet, i t  i s  expected  that the propor t ion o f  
l ivestock  water use t o   i r r i g a t i o n  water use would  not be r a d i c a l l y   d i f f e r e n t  
f rom  that   projected  for   the Hat Creek Val ley.  

( i i i )  Domestic and Municipal  

Po ten t i a l  Use 

The populat ion t o  1990 i n  the H a t  Creek Valley,  excluding  the  Indian Reserves, 
i s  expected t o  remain unchanged o r  t o  show negl ig ib le   increase.  Thu!; the 
potential  domestic use without  the  Hat Creek Pro ject  will approximate  the 
e x i s t i n g  use. The pro jected changes in   popu la t ion   o f   the   var ious   Ind ian  
Reserves,  based on the  t rend frm 1965 t o  1975, a re   neg l ig ib le  t o  s l i g h t  

decreases. 

" 
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POPULATION TREND - INDIAN RESERVES7 

" 
'(ear 

I965 
'I 970 
'I 975 

Bonaparte  Reserves  Ashcroft Reserves - 
203 46 
170 37 
179  41 

The on ly   s ign i f i can t   an t ic ipa ted   inc rease  in   water  demand fo r   mun ic ipa l   pur -  
poses will be f o r   t h e  communities o f  Cache Creek and Ashcroft. 

The pro jec ted   popu la t ions   o f  Cache Creek and Ashcrof t   for   year  1990 are 1.595 
and 3,,035  persons  respectively, as shown below: 

ASHCROFT  AN0 CACHE: CREEK POPULATION ESTIMATES AND 
PROJECTIONS ~ITHOUT HAT CREEK PROJEC? 

" 
'fear 

I976 
I980 
I986 
I990 

Ashcrof t  

2,030 
2,455 
2,685 
3,035 

Cache Creek 

1 ,050 
1 ,205 
1,355 
1,595 

Based on present peak municipal  ~ e r  cap i ta  demands i n  these  centers the pro- 

jected  potent ia l   water  use r a t e  ,for 1990 will be 7,580 m .  d (2,005,200 
USGPDt f o r  Cache Creek and 10,854 m e  d- '  (2,870,400 USGPD) for   Ashcrof t .  3 

The average d a i l y  demands based ton 0.910 m3. d- l   per  capi ta  (240 USGPCl per 
capiti!)  would be 1,451 m3- d-' (384,000 USGPD) f o r  Cache Creek and 2,760 
m? d - '  (730,400 USGPD) f o r   Ashc r ' I f t .  

3 -1 

No ma(ioi i n d u s t r i a l   p l a n t s  which  would have signi f icant  surface  water use 
are  ant ic ipated i n  e i t he r  o f  the:je  centres t o  1990 . 9 



bsah 
I 

/I.. 

REFERENCES 

SECTICN 3 
" 

1. Cluffel, S. ,  and McTaggart, L C .  1951. Ashcroft map - area  B.C. 
memoir  262 Geol. Surv .  Canada (tncluding map No. 1010A). 

2. Eyder, J.H., 1976. Terrain  inventory and quaternary  geology 
Ashcroft, B.C. Paper 74-49,  Geol. Surv:Canada. 

3. Church, B.I.I., 1977. Geology of Hat Creek Coal Basin. 
Geology  of British Columbia,  1975. B.C. Ministry  of Mines 
and  Petroleum  Resources, p. 99-118. 

4. KcCullough, P . T . ,  1977. PhuDina o f  limestone north of Houth 
t.leadows . British Columbia Hydro  and  Power Authority Report. 
.unpublished, 29 pp. 

5. Colder  Associates Ltd., 1977.'  Hat Creek geotechnical  study; 

Sritish Columbia Hydro and Power Authority. 
volume one  of  unpublished f i n a l  r epor t  (No. 6 )  submitted t o  

6 .  Environment  Canada, 1976. Climatological  Station Data Catalogue - 
British Columbia,  Atmospheric Env i ronmen t  Service.  

7 .  British Columbia Water 1nver;t igations Branch,  klater  Resources Service; 
1975, Snow Survey Measurements Sumary 1935-1975.  Department  of 
Lands, Forests and Nater  Resources. 

8. h a t e r  Survey  of Canada. 1974. His tor ica l  Streamflow Summary, Br i t i sh  
Columbia t o  1973. Inland  Waters  Directorate, Environment 
Canada, Ottawa. 

9. irater  Survey o f  Canada. Surface  i later Data,  Reference  Index,  1975, 
Inland  Haters  Directorate,  Environment Canada,  Ottawa. 1975. 

10. B.C. !.later Rights Branch,  Victoria, B.C. 1976.  Water Rights l aps  
and l i s t  of l i cence   de t a i l s ,  map s h e e t s   a t  20-chain sca le :  
321, 322,  323,325,  326,  361, 362, 363; 364 &. 365. 

11. E . C .  Hater Rights Cranch,  Victoria, D.C.  1978. klater Rights Haps 
. and l i s t  o f   l i cence   de t a i l s ,  map sheets a t  20-chain  scale: 

311,  320, 325,  328d, 3fi2, 363, 363A. & 364. 

12. Canadian  Bio  Resources  ConsLIltants Ltd.  1978. Agriculture Assess- 
ment - Hat  Creek Detailed  Environmental Studies. 



beak 
13. :lcElhanney Surveying h Engineertng Ltd. September, 1976, Coloured 

a i r  photographs, Roll MA 1045. 

14. Beak Consultants  Limited. 1,978. Fisheries and Benthos Assessment - 
Hat Creek Detailed Environmental Studies. 

15. B.C. Hater  Investlgation Bra.nch, Ministry of the Environment. June, 
1977. Preliminary  Feas,ibility S tudy  fo r  Oregon Jack Creek 
Irrigation  Proposals. 

16. B . C .  Ministry of Agriculture, Kamloops off ice .  March, 1977. Savona-Cache 
Creek - Basque Irrigation Development Study.  

17. Kidwest Plan Service. 1975. Structures and Environment Handbook, 

18. B.C. Hater  Rights Branch, Ka.mloops. E.C. List of Surface'Water 

Seventh Edition, p. 379. 

Licences for  Hat Creek,, Bonaparte River. 

19. Personal Comnunication. S t r o n g ,  Hall 6 Associates,  January 1978. 

20. Personal Comnunication. Urba,n Systems Ltd. ,  January 1977, March 1978. 

21. Stee l ,  E.N. 1960. Water Supply and Sewerage. McGraw-Hi11  Book  Company, Inc. 

22. Fair, Geyer and Okun, 1966. Water and Wastewater Engineering. John Willy & 
Sons,  Inc. 

23. Cakin, R.A.. 1975.  The origin of goundwater. Mayne Island,  British 
Columbia; unpublished, MSc Thesis,  University of  Haterloo,  Ontario, 
204 p . 

24. Simard, G. ,  1977.  Carbon-14 and tritium measurements o f  groundwaters 
in the Eaton River  Basin and i n  the tlirabel a r e a .  Quebec; 
Canadlan.Journa1 o f  Earth Sciences, Vol. 14 p. 2325-2338. 

25 .  Church, M. and Kellerhals, F!., 1970. Stream Gauging Techniques for Remote 
Areas Using Portable Ecluipment, Technical Bulletin No. 25, Inland 
Haters Branch,  Oepartnant of Energy, Mines and Resource,  Ottawa, 
Canada. (Now: Inland Waters Directorate, Environment Canada), 

26. b,em, J.D. 1962. Study and Interpretation of the Chemical Characteristics'of 
llatural  I,later, U.S. Gecllogical Survey Water Supply  Paper 1473, 

27.  Cguss E. and Erlebach W.E..1976. Limitations of Single Water  Salnples In  
Representing Mean Water Qual i ty ,  Technical Bulletin lio. 95, 
Inland  Haters  Directora,te,  Pacific and Yukon Region, llater 
Quality Branch. . 



beak 
28. Livingstone, 1963. Data o f  Geochemistry, S ix th   Edi t ion,  Chapter G, 

Chemical Composition o f  R i v e r s  and Lakes, U.S. Geological  Survey 
Professional  Paper 440-6. 

29. Ciaccio, L.L. 1973. Water and Water P o l l u t i o n  Handbook, Vol. .3, Marcel 
Oekker Inc., New York, N . Y .  

30. Anon., January, 1978. Br ief   presented by the   M in ing   Assoc ia t i on   o f   B r i t i sh  
Columbia t o  the   Pub l i c   I nqu i r y   I n to   Po l l u t i on  Control  Objectives f o r  
Mining,  Mine-Mil l ing, and Smelt ing  Industr ies o f   B r i t i s h  ‘Columbia. 

31. Anon.  December  1973. Pol lut ion  Control   Object ives  for   Mining,  Mine-Mi l l ing,  
and Smelt ing  Industr ies o f  B r i t i s h  Columbia. 

32. Lee G.F. and Mariani, G.M. 1977. Special  Technical  Publicatioin 634, 
pp. 196-213, American Society   for   Test ing and Mater ia ls,   Phi ladelphia,  Pa. 

” 
SECTION 4 

1. Ryder, J.M. 1976. Terrair l   Inventory  of   Quarternary Geology, Ashcroft, 
B r i t i s h  Columbia, Geclogical  Survey o f  Canada, Paper 74-79. 

2. Golder  Associates Ltd., 1977. H a t  Creek Geotechnical  study; volume 
one o f   unpub l ished  f ina l   repor t  (No. 6)  submitted t o   B r i t i s h  Columbia 
Hydro and  Power Author i ty .  

3. McCullough, P.T. 1977. Mapping of   l imestone  nor th   o f  Houth Meadows; 
unpublished, B r i t i s h  Columbia  Hydro and  Power Author i ty   repor t  
29 p. 

4. Piper, A.M. 1944. A graphic  procedure i n   t h e  geochemical i n te rp re ta t i on  
o f  water  analysis;  Trans. h e r .  Geophys. Union. Vol 25, p. 914- 
923. 

5. Schoeller, H. 1959. Geochemistry o f  groundwater;  Chapter I V  i n  A r i d  
Zone Hydrology, Unesc:o. 

6. Northwest  Hydraulic  Consultants  Ltd. 1976. Hat Creek Water Supply, 
Hydrology,  Interim  Report.  Prepared f o r  Sandwell and Company 
Limited. 

7. Holland,  Stuart S. 1976. Landforms o f   B r i t i s h  Columbia: a Physiographic 
Out l ine,   Br i t ish  Col rmbia Department o f  Mines and Petroleum 
Resources, B u l l .  48. V ic to r ia .  



beak 

rl 

I 

I 

8. 

9. 

10. 

11 .  

12. 

13. 

14. 

I 

15. 
m 

16. 
rl 

i 

rl 

17. 

18. 

19. 

20. 

21. 

Kendriew, G.W. and Kerr, 0. 1955. The Climate  of  British  Columbia 
and the Yukon Territory,  Queen’s  Printer, Ottawa. 

Neill, C.R.  et  ai, 1970. Selected  Characteristics of  Streamflolw in 
Alberta- =search Council o f  Alberta. River Engineering and 
Surface  Hydrology Report 70-1. 

Environment Canada. 1975. Surface  Water Data, Reference Index, 1975. 
Water  Survey  of Canada. Inland Waters Directorate, Ottawa. 

Environment  Canada. 1974. Historical Streamflow Sumnary,  British 
Columbia to 1973. Water Survey  of Canada, Inland Waters Directorate, 
Ottawa. 

Bjerring,  James H. and Seagraves, Paul. June 1974. UBC TRIP, Triangular 
Regression Package.  The University o f  British Columbia,  Vancouver, 
B.C. 

Thornthwaite, C.W. nad Mather, R.R. 1955. The Water Balance, Publications 
in Climatology, Drexe‘l Inst. of  Technology,  Laboratory  of Clima- 
tology, VOl. 8, 86 p. 

Phillips,  David W. 1976. Monthly  Water Balance Tabulations for Climato- 
logical Stations in Canada,  Atmospheric  Environment  Service, 
Publication  OS #4-76. 

Kellerhals, R., Church, M., and Bray, 0.1. July 1976. Classification 
and Analysis of  River Processes, American Society of Civil Engineer- 
ing, Journal  of the Hydraulic Division, Vol. 102, No. HY7. 

Ministry  of the Environment.  March 1977. Aquatic Systems  Inventory 
and Analysis,  Report  prepared by Resource  Analysis Branch, Victoria, 
B.C. 

Cotton F.A. and Wilkinson, G. 1962. Advanced Inorganic  Chemistry, 
interscience, New  York,, N.Y. 

Busch, W. Zeitsohr. 1927. Anorg. Chem., V. 161. 

Hem, J.O. 1962. Study and Interpretation of the Chemical Charatcteristics 
of Natural  Water, U.S. Geological Survey Water Supply Papel- 1473. 

Goldschmidt, V.M. 1937. ;I. Chem. SOC., 655. 

Standard Methods for the Examination of Water and Wastewater. 1971. 
13th Edition, American Public Health Association, et al., Washington, 
U.C. 

” 



beak 

22. I4cKee J.E. and  Wolf, H.W. 1963. Water Q u a l i t y   C r i t e r i a .  The Resource 
Agency o f   C a l i f o r n i a ,  S ta te  Water  Resources  Control  Board. 

23. !tankama K. and Sahama,  T.G. 1950. Geochemist ry .   Chicago  Univers i ty  
Press,  Chicago, I l l i n o i s .  

24. Smith R.L. 1966. Ecology and F i e l d   B i o l o g y ,   H a r p e r  and Row. 

25. Lange, N.A. 1967. Handbook o f  Chemistry, McGraw Hill. 

26. IKelley, W.P. 1948. C a t i o n  Exchange I n  Soils. Reinho ld   Pub l ish7ng 
Corp. 

27'. S c o f i e l d  C.S. and Wilcox, L.V. 1931. Boron I n  I r r i g a t i o n  Water. 
U.S. D e p a r t m e n t   o f   A g r i c u l t u r e  Tech. B u l l .  264. 

28. Eaton, F.M. 1935. Boron I n   S o i l s  and I r r i g a t i o n  Waters and It!; E f f e c t s  
on P lan ts .  U.S. Department o f   A g r i c u l t u r e  Tech. B u l l .  448.. 

29. Cedarstrom, O.J. 1945. Geology  and  Groundwater  Resources o f   t h e  
C o a s t a l   P l a i n   i n   S o u t h e a s t e r n   V i r g i n i a .   V i r g i n i a   G e o l .   S u r v e y  
B u l l .  63, 

30. Anon. 1971.  Water Q u a l i t y   C r i t e r i a .  Second E d i t i o n .   C a l i f o r n i a  
State  Water  Resources  Control  Board. 

31. K l e i n ,  L. 1962. R i v e r   P o l l u t i o n ,   V o l .  I 1  Causes and E f fec ts ,   Bu t te rwor ths ,  
London. 

32. Condon, E.V. and  Odishaw. h. 1967. Handbook o f   Phys i cs ,  McGraw Hill, 
New York, N.Y. 

33. B y r k i t ,  D.R.  1972. Elements o f   S t a t i s t i c s ,  0. Van Nostrand Company. 

34.  Burnson, 6. 1938. J.A.W.k'.A., 30, 793. 

35. Arnold, G.E. 1935. J.A.W.W.A., 27, 1968. 

36. Anon. 1972. Repor t   o f   the   Comni t tee   on   Water   Qua l i t y   Cr i te r ia ,   Federa l  
Water P o l l u t i o n   C o n t r c l   A d m i n i s t r a t i o n .  

37. L i v ings tone ,  D . A .  1963. Data o f  Geochemist ry ,   S ix th   Edi t ion,   Cl lapter  
G, Chemical  Compositic,n o f   R i v e r s  and Lakes,  Geological  Survey 
Paper  440-6. 

38. YcGauley, P.H. 1968. E n g i r e e r i n g  Management  of Water Q u a l i t y ,  IYcGraw 
Hill, New York, N.Y. 

39. Anon. 1976. Hat Creek  Water  Supply,   Hydrology  ( Inter im  Report) ,   Northwest 
Hydrau l i c   Consu l tan ts   L td .  

3 



" 

in 

* 

1 

beak 

40. Canadian Bio Resources  Consultants Ltd. 1978. Agriculture Assess- 
ment - Hat Creek Detailed  Environmental  Studies. 

41. Mc,El hanney  Surveying C Engineertng. Ltd. September,  1976.  Coloured 
a i r  photographs,  Roll #A 1045. 

42. Canada .Department of Agriculture.  1968. Tech. B u l l .  69. A 

ments from Climatic Data. 
Computer Program f o r  Estimating Risks o f  I r r i g a t i o n  Require- 

43. B . C .  Department  of  Agriculture. 1975. I r r i g a t i o n  Design Manual. 

44. Agrometeorology  Section, Canada Department o f  Agriculture.  August 

Da.ta for   Agricul tural  and Irrl 'gation  Planning,  bmloops, B.C. 
1968. Tech. B u l l .  54. flisk Analyses  of Isleekly Climatic 

45. A!trometeoro?ogy Section, Canada Department o f  Agriculture.  April 
1969. Tech. B u l l .  76, Risk Analyses o f  Weekly Climatic 
Data for   Agr icu l tura l  and Irr igat ion  Planning,   Pr inceton,  B.C. 

46. Agrometeorology Section, Canada Department o f  Agriculture. '  August 
1968. Tech. B u l l .  57, Risk Analyses  of  Heekly C l i m t i c  
Data for   Agricul tural  and I r r i g a t i o n   P l a n n i n g ,   S m r l a n d ,  B.C. 

47. B:aney, H.F., and N.0. Cridd'le. 1966. De ten in ing  consumptive  use 
for  planning  water  developments. p.  1-34.  In Methods for 
es t imat ing   evapot ranspi ra t ion .   I r r iga t ion  ;ifid Drainage Spec:- 
i a l i t y  Conference, Las  'Yegas, ilev. 1966. her .  SOC. Civil 
Eng., United  Engineering Center, New York. 

48. Hobbs. E.H., and K.K. Krogman. Observed  and estimated  evapotrans.pira- 
t i o n  i n  Southern  Alberta. Trans. Am. SOC. Agr. Eng. In press. 

49. Biiier, I/.. and Geo. li. Robertson,  1965.  Estimation o f  Latent Evapora- 
t i on  From Simple  Heather  Observations. Can. J.  Plant Sci. 
45: 278-284. 

50. Canadian  National  Comnittee  for the International  Hydrologic Decade. 
September 1966. Famili ,srization Seminar on Pr inciples  of 
Hydrology. 

51. Amosphcri c  Environment Service. Undated. Temperature and Preci  pita- 
t i o n  1941-1970 British Columbia. 

52. Canada Department of  Transport. . 1968. Climatic Normals, Volume 3. 
Sunshine, Cloud, Pressure and Thunderstorms. 

53. Ill!teorological  Rranch, Canada Department o f  Transport. 1963. C: imatic 
i iomals ,  Volume 5 ,  blind. 

54.  Combustion Engineering,  Inc. 1967. Steam Tables,   Properties o f  
Saturated and Superheated Steam. 

a 



I 
m 

beak 
- 

- 
55. B.C. Water Rights Branch, Victoria, B.C. 1976.  Water Rights Maps 

and Lis ts  of l icence  details ,  map sheets a t  20-chain  scale: 321.  322, 
323, 325, 326, 361, 36i:, 363, 364 and 365. 

56. Israeisen, O.W. and  Hansen, V.E. 1962. Irrigation  Principles and 
Practices. 447 pp. 

57. P,idwest Plan Service. 1975. Structures and Envi ronment  Handbook, 
Seventh E d i t i o n ,  p. 379. 

58. Personal Communication. Strong Hall & Associates.  January 1978. 

59. Integ-Ebasco. Hat Creek Pro;iect-Site  Evaluation Study. October 1976. 

60. eeak Consultants Limited. December, 1977. Suspended Sediment Character- 

Water Supply Systems. Prepared for  Sandwell and Company Limited. 
i s t i c s  o f  the Thompson River and Effects of Algae Growth  on Hat Creek 

61. Environmental Protection Agency. September, 1977. Multimedia Levels - 
Mercury. Office o f  Toxic Substances. EPA 560/6-77-031. Washington, D.C. 

SECTION 5 
" 

1. E8.C. Water Investigations Branch, Ministry o f  the Environment .  June 1977. 
Preliminary  Feasibility Study fo r  Oregon Jack Creek Irrigation Proposals. 

2. Canadian Bio Resources Consultants Ltd.  1978. Agriculture Assessment - 
Hat Creek Detailed Env'ironrnental Studies. 

3. E;.C. Ministry of  .Agricul ture,  Kamloops Office. March 1977. Savona-Cache 
Creek-Basque Irrigation Development Study. 

4 .  Midwest Plan Service. 1975. Structures and Environment Handboclk, Seventh 
Ed i t i on .  p. 379. 

m 5.  Water Survey of Canada. 19'74. Historical Streamflow S u m r y ,  British 
Columbia t o  1973. Inland Waters Directorate, Environment Canada, Ottawa. 

6. [leak Consultants  Limited. 1978. Fisheries and Benthos Assessnmt - Hat 
Creek Detailed Environmental Studies. 

7. Personal  Comunication.  Ju'ly 1977. Strong, Hall & Associates. 

8 .  Personal Communication.  December 1977. Strong, Hall & Associates. 
M 

* 9. Personal Communication. December 1976. Strong,  Hall & Associates. 

10. 1J.S. Environmental Protection Agency.  1973.  Water Q u a l i t y  Crit.eria 1972. 
EPA.R3.73.003. 

i. 



?I 

beak 

POPULATION TREND - INDIAN RESERVES7 

" 
'fear 

'I 965 
'I 970 
'1 975 

Bonaparte  Reserves  Ashcroft Reserves - 
203 46 
170 37 
179 41 

The on ly   s ign i f i can t   an t ic ipa ted   inc rease  in   water  demand for   munic ipa l   pur-  
Doses will be fo r   t he   co rnun i t i es   o f  Cache Creek and Ashcroft. 

The projected  populat ions  of  Cache Creek and Ashcrof t   for   year 1990 a.re  1,595 
and 3,035  persons  respectively, as shown below: 

ASHCROFT AND CACHE CREEK POPULATION ESTIMATES AND 
PROJECTIONS WITHOUT HAT CREEK PROJECTB 

" 
Year 

'1 976 
'! 980 

' 986 
' 990 

As hcr of t 
" 

2,030 
2,45!j 
2,685 
3,03!j 

Cache Creek 

1,050 
1,205 
1,355 
1 * 595 

Based  on present peak municipal   per  capi ta demands i n  these  centers  the  pro- 

j ec ted   po ten t i a l  water use r a t e  f o r  1990 will be 7,580 m? d - l  (2,005,200 
USGPO: f o r  Cache Creek and  10.854 m? d - l  (2,870,400 USGPD) fo r   Ashcro f t .  
The alterage d a i l y  demands based on 0.910 m3. d- l   per   capi ta  (240 USGPO per 
cap i ta )  would be  1,451 m3. d - l  (384,000 USGPO) f o r  Cache Creek and 2,760 

m .  d-  (730,400 USGPO) f o r  Ashcroft. 3 '  

No major   indus t r ia l   p lan ts  which  would have signi f icant  surface  water use 
a r e  a r t i c i p a t e d   i n   e i t h e r  o f  these  centres t o  1990 . 9 

5 - 12 
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