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APPENDIX A 

A1 .D GLOSSARY 

Tne f o l l o w i n g   g l o s s a r y   e x p l a i n s  some o f   t he   t e rms   used   i n   t he   g round   wa te r  
s e c t i o n s   o f   t h i s   r c p o r t .  

Aqui f?r 
a p p r e c i a b l y   g r e a t e r   t r a n s m i s s i v i t y   t h a n   a d j a c e n t   u n i t s  and 
A l i t h o l o g i c   u n i t   ( o r   c o m b i n a t i o n   o f  such u n i t s )   w h i c h  has 

wh ich  has c a p a b i l i t y   t o   s t o r e  and t r a n s m i t   w a t e r   r e c o v e r a b l e  
i n   e c o n o m i c a l l y   u s u a b l e   q u a n t i t i e s .  

Ddrcy   Equat ion   The  must   bas ic   eq l ia t ion   used  fo r   es t imat ion  o f  seepage f l o w  
r a t e s   t h r o u g h  a porous medium. 

Q = k i A  

where: f) = f l o w   r a t e   o f   w a t e r   t h r o u g h   t h e  medium (L3/T) 
k = h y d r a u l i c   c o n d u c t i r i t y   ( L / T )  

A = c r o s s   s e c t i o n a l   a r e a   o f   f l o w  ( ~ 2 )  
i = h y d r a u l i c   g r a d i e n t  ( L / L )  

Base  F low  Por t ion   o f   s t ream  f low  der ived   f rom  g round  water   d ischarge.  

DiscI Iarge  area  Ared i n  wh i ' ch   g round  water   f low  l ines   converge and a re  
d i r c c t e d  to,.iard w a t e r  t a b l e .  

E q j i p o t c n t i z l  Cont9,ur l i n e   w h i c h   r e p r e s e n t s   e q u a l   h y d r a u l i c  head. 
1 i n e  

E v a p o t r a n s p i r a t i o n  
P o r t i c r n   o f   t h e   p r e c i p i t a t i o n   r e t u r n e d  to t h e   a i r   t h r o u g h  
d i r r c t   e v a p l s r a t i o n   a n d / o r  by t r a n s p i r a t i o n .  

Flow  system A s e t   o f   f l o w   l i n e s   i n   w h i c h  any  two f l o w ' l i n e s   a d j a c e n t   a t  
one p o i n t   i n   t h e   f l o w   r e g i o n   r e m a i n   a d j a c e n t   t h r o u g h o u t   t h e  
e n t i r e   f l o w   r e g i o n ,  and t h a t  can  be  in tersected  anywhere by 
a n   u n i n t e r r u p t e d   s u r f a c e   a c r o s s   w h i c h   f l o w   o c c u r s   o n l y   i n  
o n e   d i r c c t i o n .  

Ground  water A b o d y   o f   s u b s u r f a c e   w a t r r   i n   w h i c h   f l u i d   p r e s s u r e   i s  
g rea ter   than  a t !nospher ic .  

i- ioi i l !qcneity The p h y s i c a l   p r o p c r t i e s   o f   t h e   p o r o u s  medium  do n o t   v a r y  
froln p o i n t  t o  p o i n t   i n   t h e  mediim. 

H y d r a u l i c  
c o n d u c t i v i t y   f o r  ViSCOuS f l o w   t i n d e r   s a t u r a t x i   c o n d i t i o n s   o f  a s p e c i f i e d  

R a t i o  o f  f l o w   v e l o c i t y  t o  d r i v i n g   f o r c e   ( h y d r a u l i c   g r a d i e n t )  

1 i q u i d   i n  a porous  mzdiun. 
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Ilydraulic head The sum of the  pressure and elevat ion heads. 

Hydraulic  Increase i n  hydraulic head per  unit   length of flow  path. 
grddient  

I n f i l t r a t i o n  The inflow  of  water  into  earth  materials.  

water 
Perched  ground A lense of  'ground mte r   s epa ra t ed  from an underlying body  of 

ground water by unsaturated  earth  material .  

Permeabili ty A measure o f  the relat ive  ease  with which a porous medium 
can  transmit a l i q u i d  under a hydraulic  gradient. I t  i s  a 
property of the medium alone and is  independent of the 
nature  of t he   l i qu id  and of the  force  f ield  causing IWVS- 
ment. I t  i s  a property of the medium t h a t  i s  dependent upon 
the  shape and s ize  of the  pores. 

PH A mezsure o f  t he   ac id i ty   o r   a lka l in i ty  of water. 

Piezo;ac.tric 
sur face  

Imaginary wrface  def ined by the  level t o  which water  will 
r ise   in   wel ls  t a p p i n g  a confined  aquifer. 

Spring  Natural  surface  discharge of ground water  having a 
concentrated flow. 

Transmissivity  Rate o f  horizontal  water  flow i n  gallons  per day through a 
v e r t i c a l   s t r i p  of aquifer  1 foot  wide and extending  fgll 
saturated  thickness  under  hydraulic  gradient of 1 foot per 
foot  at   pre,vail ing  water  temperature.  

Water table  Surface  along which the  f luid  pressure  is   atmospheric and 
below which the   f l u id   p re s su re   i s   g rea t e r  than  atmospheric. 
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k 2 . D  WELL INVENTORY 

The following  summarises the data collected on domestic wells, 
developed springs and an industrial well in the Hat Creek Valley. 

Well Dcsipaation: - 
" 
Use: 
Location: 

We1 I Type: 
Dcpth: 
Yield: 
Description: 

". - 
__ 

Water Type: 
Hydrogeolnqic Sctt ing: - 

." 

Well Desiqnation: 

use:  

Wc l I Type: 
Location: 

Depth: 
Yicald: 
Description: 

- 
. _" - 
" 

- - 
Water Type: 
Hydfoqcol?gic Setting: 

I 

DW- 1 7: 

E.C. Hydro  Camp  Supply 
Approximately 3m from Hat Creek, directly behind 
carrp. 

Approximately 5m 
In augered  hole 

Approximately 1Om /day 
Galvanized pipe liner set in hole with boards 
covering top. 
Ca - HCO3 
Hole was originally drilled down to the coal belo?; 
surficial sediments (approx. 5m thick). Most of  
the  water infiltrates through surficial sands and 
gravel from Hat Creek. 

3 

0I.I- 2 

Domestic sup?ly for residence. 
Located on western  hillside 
Developed spring 

Sufficient for small house 1.5m  /day. 
Less than Im 

Spring waters  flow t o  a  collection pool (approx. 
In x 2m x D.5m) 
La - HC03 . 
Sha1lo)d sprlngs  associated with seepage from 
Finney Creek 

3 

9:DW-1 refers t o  Domestic Water Supply Source number I .  Note Nos. 6 ,  7, 1 1  
and 12 are nat wells as  pump-pipe  systems  take  water directly from Hat Creek. 

i 
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" 

" - use : 
Loci, I. ion : 

" - Well TE: 
Dept.h: 
Yicid: 
Desc; ilst ion: 

". 

" "_ 

Domestic water supply f o r  Residence 
Dn west bench near Finney Creek. About I5Om from 
res i dence 
Developed  spring 
Watn-r flows  to  surface 
Not sufficient for house  supply at mid sumer 
Spring is about Irn in diameter and the  water 
depth about lonun 

Water Type: Ca - HCO 
" Hydro,.colo:ic _. . . "_ Setting:  Shallow 2round water associated with seepage from 

Finney Creek 
0 the r Comr;.!n t s : A  sulphurous smell was noted when a water sample was .- " 

about 4 years  ago  when, according to resident the 
collected. This spring used to supply two houses until 

supply  almost dried up as a result of subsidence of  part 
of the bench, west of the  property. 

- We1 I I jesignat ion: DW- 4 

US? : 
Loca t  ion : 
We1 I T w :  
Drl'th: - 
Yicld: 
Description: 

- 
"" "_ 
_" 
__ 
"- 

Donestic supply for Residence. Some irrisation use.  
About 20m west of Hat Creek 
Dug we1 1 
About 3m 
Good supply (approx. 2m / d a y )  
3 5 0 m  diameter  dug well collects  seepage water from a 
bank aboet 15m away. Well is sealed and water i s  pumpfd 
into the house. 

3 

Water T-: Ca - H C O  
Hydrogcoloqic Se-: Springs ised to issue from the foot of the bank but the 

springs have now dried up and a  dug well became necessary. 

\.le11 Dssignation: DV.-5 

- Use : 
Location : 
L!c I 1 Type : 
Depth: 
Yield: 
Description: 

" ___ 

" 

" 

" 

Domestic supply Ranch 
Ncar house and close to a small creek 
Du!; we1 I 
Es::imate' 5m 
Es!:imated 1.5m 3 /day 
Wel l  was dug  with  a back hoe  and kept open with a well 
I i ner 

Water  Type: Ca - HCO 
Hydrogeologic Setting: We'll watzr is probably derived from a  shallow ground water 

flow system and  being only 15m from Hat Creek may also in- 
clude some infiltrated creek  water 

- 
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Wel l   Des igna t ion :  - 
use : 
Loc.3 t i o n  : 
Wcl I TE: 
Dcpt.h: 
Y i e l d :  
D e s c r i p t i o n :  

- "- 
"" 

__ 
- 

Well  Design:!t ion: - 
" 
Use : 
1 . 0 ~ ~  t i o n  : 
We1 I Type: 

Y i c I d :  
D e s c r i p t i o n :  

-. "- 
"" .- 

-. - . . . - nc!f. t h : 

"" 

" 

- Water  Type: 
H y d r o g e s l o g i c   S e t t i n g :  

W e l l   k s i g n a t i o n :  

Use : 
L o c a t i o n :  

Depth:  
Y i e l d :  
Dr:,cr.int i o n :  

- 
- 
wc I I 2 p J :  

"" 

" 

" ~ j 

DW-8 

Approx. 15m from Hat  Creek 
Domest ic  supply  Residence 

Dug w e l l  
Appr'sx. 8m 
E s t i # n a t e d  2m /day 
The w e l l  i s  completely  boarded  up  and i s  not a c c e s s i b l e .  
No c o n s t r u c t i o n   d e t a i l s   w e r e   a v a i l a b l e .  
La - HCO w i t h   h i g h   s o d i u m   c h l o r i d e   c o n t e n t  
Well  dug 3:  l n t o   r i v e r   s l l u v i u m  and  on  P le is tocene  deposi ts .  
The h i g h   s o d i u m   c h l o r i d e   c o n t e n t   i s  somewhat Unusual f o r  
l oca l   g round   wa te rs   and   sugges ts   t ha t   t he   we l l   wa te r  may 
have  been  contaminated. 

3 

DW- 9 

Approx. 3DOm up h i l l ,  eas t   o f   t he   res idence  
Domest ic   supp ly   fo r   Res idence 

S u r f a c e   f l o w  
Developed,  Spring 

S u f f i c i e n t   f o r   h o u s e h o l d   u s e  (1.5m / d a y )  
A sma l l   ho ld ing   t ank   has   been   cons t ruc ted  t o  c o l l e c t  
s p r i n g   w a t e r  

Water i s  d e r i v e d  from a marshy   a rea .   Th is   water   i s  
p r o b a b l y  a m i x t u r e   o f   s u r f a c e  and shal low  ground  waters .  

3 

DW- 10 

Under  the  house  and  about 6m from Hat  Creek 
Domest ic   supp ly   to  Ranch  house 

Dug we1 I 
Es t ima ted  5m 
Est i .nated 1.5m /day 
Top {of w e l l  i s   s e a l e d   w i t h  a concrete  s lab  and  no  con-  
s t r u l r t i o n   d e t a i l s   a r e   a v a i l a b l e .  

3 

Water  Typc: 
t [ y d r o g e o i o q i c   S e t t i n 9 :   W a t e r   d e ? i v e d   f r o m   r i v e r   a l l u v i u m  and o r   p l e i s t o c e n e  

Other  Comments: Water  had a hydrogen  su lph ide  smll and   poss ib le   h igh  

"~ ~" 

Cr. - HCO 

"" 

sediments. 

d i s s o l v e d   i r o n   c o n t e n t   s u g g e s t i n g   r e d u c i n g   c o n d i t i o n s .  

http://Dr:,cr.int


bgg& - Des i qna t ion : DW- 13 

use : 
LO~~,. ,  L i on  : 

Depth: 
Y i c l d :  

L 

" . 
we I !Typc: 
" .. 
"__ 
- 
D e s c r i p t i o n :  

Wdter Type: 
H y d r o g e o l o g i c   S e t t i n g :  
- 

." We11 D e s i g n a t i o n :  

Usc: - 
"" 
Loca t i on : 
We 1 1 Typs : 
Dept i l :  
Y i e l d :  
D e s c r i p t i o n :  

_- - " 
" - 
__ 
____- 
" 
Water  Type: 
Hydroqco log ic  - S e t t i n o :  

Other Comments: 

- Well ." D e s i q n a t i o n :  

Use : - 

D o m e s t i c   w a t e r   s u p p l y   t o  a new house 
Approx. l 5 O m  west o f  Hat  Creek 
Dri 1 l e d  
36m 
1.6m /day  (Note wel l  i s  capab le  of produc ing   app rox ima te l y  
230m3/day). 
l50mm d i a m e t e r   s t e e l   c a s e d   w e l l   w i t h  150mm s t a i n l e s s   s t e e l  
c o n t i n u o u s   w i r e  wound s c r e e n   w i t h  Imm s lo t   open ings .   Sc reen '  
was set   between 12 and 13 m depth .  
No d a t a   a v a i l a b l e  
The w e l l  i s  l o c a t e d   i n   t h e   s o u t h   e n d  of t h e  H a t  C r e e k   v a l l e y  
near  Hat  Creek. The wa te r  pumped f r o m   t h i s   w e l l  comes from 
a sand  and  g rave l   aqu i fe r   wh ich   ex tends   f rom l l m  t o  13m. 
The u n c o n s o l i d a t e d   s e d i m e n t s   a b o v e   t h i s   a q u i f e r   c o n s i s t  
p r i m a r i l y  o f  t i l l  w i t h  some a l l u v i u m   n e a r   t h e  groun:: sur -  

been encountered  be low t h e   a q u i f e r .  No s i g n i f i c a n ' .  quan:ity 
f ace .  A s o f t   s t e e p l y  d ipp ing   bed rock  was r e p o r t e d  t o  have 

o f  ground  water  was e n c o u n t e r e d   i n   t h i s   b e d r o c k   m a t e r i a l .  
The s t a t i c   w a t e r   l e v e l   i n   t h e   c o m p l e t e d   w e l l  was 6 m  below 
g r o u n d   w h i c h   i n d i c a t e   t h a t   t h e   s a n d   a n d   g r a v e l   i s  a con- 
f i n e ' l   a q u i f e r .  

DW- 1 4  

Supplementary  domest ic   water   supply   for   Residence.  

I n  f ront  o f  house,  between  road  and  Hat  Creek. 
Dug h o l e  
Approx. 6m 
Unknown 
H o l e   p r o b a b l y   d u g   w i t h  a backhoe  and  then l m  d iameter  

no  data 
p i p e   l i n e r   i n s t a l l e d .  

W a t e r   p r o b a b l y   i n f i l t r a t e s   m a i n l y  from H a t  Creek. 
t i o l e   d u g   i n t o   u n c o n s o l i d a t e d   s i l t s ,   s a n d s   a n d   g r a v e l .  

The w e l l  was o n l y   r e c e n t l y   c o n s t r u c t e d   a n d  has n o t  been 
S t a t i c   w a t e r   l e v e l   a b o u t   t h e  same as  Hat  Creek. 

used. 

(Supplements OW-3) 

DW- 15 

Domest ic   water   supp ly  
o f f  Hi+.:y 12  on  Ind ian  Reserve  (see fig. 3-4)  
Dri 1 I$ed 
Unknown 
Unknown ( e s t i m a t e d  lm /day) 3 

P r o b a b l y   y i e l d i n g   w a t e r  from unconso l ida ted   sed iments  
Log o f  w e l l  was n o t   a v a i l a b l e .  
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~" Wel 1 Designation: DW- 1 b 

Well Designation: 

- Use: 
Location: "- 
" Well*: " 

Well Designation: 
" 

Well Desiqnation: - 
- Use: 
- Location: 
We1 I Type: 
Depth:  
Yield: 
Description: 

HydrogcoIc1;;i:- 

"_ 
__- 
watci- l'yne: - "_ 
" 

Settino: 
A 

0 the r Comaen t s : 

Domestic  water  supply 
Off highway 12 on Indian Reserve (see fig. 3 - 4 )  
Drilled 
Unknown 
Unknown (estimated Im /day) 3 

Probably  yielding  water from unconsolidated sediments. 
Log 3f well was not available 

DW- 17 

Off highway 12 on Indian Reserve (see fig. 3-4) 
Domestic  water  supply 

Dri I led 
Unknown 
Unknown (estimated Im 3 /day) 

Probably  yielding  water from unconsolidated sediments 
Log of well vJas not available. 

DW- I E 

Hig!wzy 12 at Caribou  Highway 
Donestic water  supply 

7 . 6 ~ 1  
Dug wrl 1 

(es t i ma  ted 1 .5r;1 /day) 

(chloride 2 5  mg/l, pH 7.5) 

Data provided by B.C. Government Ground water Division. 
Flood plain sediment. Mostly silt. 

3 

Dh" I 9 

Hwy. 12 at Caribou Hwy. 
Domestic  water  supply 

Dug well 
15m 
No data (estimated at 1.5n 3 /day) 

Located 5n south of Hat Creek.  Probably  yielding  water 

Data provided by B.C. Government Ground Water Division. 
from flood plain sediments. 
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Well Des igna t ion:  

" 
Use : 
L0c.a t ion : "- 
" . " We1 I T y p e :  
Dcr'th : 
Yield :  
Desc r ip t ion :  
". 
- 
Water  Temperature: 

HydrugcoloSic   Se t t ing :  

"" 

Wat*:r  Type: 
"" .~ 

Limestone  Quarry Well 

Approximately 1 5 m  no r th  o f  Hwy. 12  and 4km west of  
Supply  of makeup  and  wash w a t e r   f o r   p r o c e s s   p l a n t .  

Upper  Hat Creek V a l l e y   t u r n o f f .  
Dri l  l ed  
3Om . 
525m-/dsy  ( e s t ima ted )  3 

1751~1- d iameter  d r i l l e d  wel l  w i t h  150mrn s t a i n l e s s   s t e e l  
screen  set   between 26 and 3 1 m  depth below  ground. 

The well  i s  l & a t e d  i n  a narrow  val ley w i t h  l imestone 
Ca - Hg - H C O  

bedrock  exposed on both sides of  t h i s  v a l l e y .  Water 
pumped from t h i s  well comes  from  a  sand  and g rave l   aqu i f e r  
which i s  known to   extend  f rom a d e p t h  of  24m to  the  bottom 
o f   t he   we l l .  The we l l   on ly   pene t r a t e s   pa r t   o f   t he   aqu i f e r  
and hence   t he   t o t a l   t h i ckness  of t h i s  a q u i f e r  is not known. 
A s toney   c lay   mater ia l   (probably  t i l l )  was penetrated  above 
t h e   a q u i f e r   a n d   p r o b a b l y   a c t s   a s  a confining  layer .   There 
a r e  no r e c o r d s   o f   s t a t i c   w a t e r   l e v e l s  i n  t h i s  w e l l .  

1 IDC 
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A3.0 SUMMARY OF G R O U N D  WATER ORILLIliG PROGRAt.1 

A3.1 INTRODUCTION 

This  appendix  sumnarizes  the  results of a f ive   ho le   d r i l l i ng  prograin 
supervised by Goldcr  Associates  to  provide  infi l l   information on the 
environnental  hydrogeology of the  Hat Crcek Valley  area. The d r i l l i n g  and 
p i e z o , x t e r   i n s t a l l a t i o n  1.15% perforrned by Ken’s  Dril l ing of Vic tor ia ,  B.C. 
between August 2 and August 2 7 ,  1977. 

A3.2 PUK?OSE 3F THE IHYESTiGAT!ON 

The purpuse of t h i s   f i e ld   i nves t iga t ion  was to  supplenent and c o r r e l j t e  
hydrogeologic d a t a  obtained from other   s tud ies  i n  the Hat Creek Valley. 
Two areas  of concern were ,the  limestone  bedrock  exposed and underlying  the 
novtherti  portion o f  the l lo ! l th  Il?adows basin and the   su r f i c i a l  and bedrock 
mater ia ls   in   the Medicine  Creek  Valley. Both areas   are  proposed  waste  rock 
?.nd/or ash d isposa l   s i tes .  The geological  properties,   areal   extent of the 
underlying  bedrock and t h e  ground  water c h a r a c t e r i s t i c s  i n  both areas were 
of par t icular   interest   as   the  potent ia l   for   contaminant   t ransport   wi th  the 

ground  water i n  these  areas was  unknown. 

A3.3 DRILLIRG PROG?,A!4 DET.4IL‘S 

A t o t a l  of 454 m of d r i l l i n g  was spread between f ive   ha les  d u r i n g  the 26 
day f ie ld   progran  invest igat ion.  All holes  were  dri l led 150 mm diameter 
and cased where necessary.  Three of these  holes  are  loceted i n  the tlouth 
Elcadov~s ar?a and two i n  the  Medicine Creek Valley (see locations Figure 
3-11). nl l   holes  were d r i l l e d  w i t h  a Chicago  Pneumatic T-650 which was 
capable of d r i l l i ng   w i th   t he   ro t a ry   a i r   f l u sh  method  and was also  able  to 
dr ive  casing.  A summary o: all  boreholes  are  given i n  the  hydrogeologic 
logs  presented i n  A7pendix A4.0. 
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[ a )  Houth ikadows Program 

( i ) Borehole RH-77-45 

The f i r s t  ho le   d r i l l ed ,  RH-77-45, was s t a r t e d  on August 6 a n d  completed a t  
a depttl  of  92.0 m on Augusl, 8 ,  1977.  Four  piezometers were i n s t a l l e d   a t  
depth: of 12.0,  35.2,  62.9 and 89.8 m (see Hydrogeologic  Logs i n  Appendix 
A4.0). The shallow  piezometer was a porous cup type  lysimeter  (see  Figure 
A3-1) and was i n s t a l l e d  in the  unsaturated  si l ty  gravel whereas  the  other 
piezoia.=ters  were of the blow  back sampling  type  (see Figure A3-2). The 
ground  water  table was encountered i n  the  top of the  limestone bedrock and 
the   th ree  lower  piezoineter!; were i n s t a l l e d  i n  potentially  water  bearing 
zones i n  t h i s  bedrock. 

Ilatc7- samples \.:ere taken and the  ra te  of water  return was measured as  thc 
dr i l l i i lg   progressed.  Each  ;ample was tested  in  the  f ield  for  temperature,  
e lec i r ica!   conduct iv i ty  and pH. A Corning !.iode1 3 pH Meter and a Bectman 
Solo-tiridg? Rti3 EC f4eter wer?  used t o  test the water  samples, and these 
f i e ld   dd ta   a r e   show on the  Hydrogeologic Logs. Two soi l  samples were also 
taken a t  depths 6.9 m and 28.2 m and a gra in   s ize   ana lys i s   for   the  28.2 rn 
sa:r:ple  ir, shown i;? Figure 143-3. Fal l ing head permeabi l i ty   tes ts  w?re 
carried  out  in  dl:  the  piezometers i n  the  limestone  bedrock and hydraulic 
conduc t iv i t i e s   a r e  summarized i n  Table A3-1. 

( i i )  Borehole RH-77-46 

The second  hole d r i l l e d ,  111-1-77-46,  was s t a r t e d  on August 9 and was 
completed a t  a depth o f  92.0 in on A u g u s t  1 1 ,  1977. Two blow  back sanplin3 
pieztmeters were in s t a l l ed   a t   dep ths  of 36.0 and 89.8 rn. The deep 
limestone  bedrock  piezoiiieter was damaged dur ing   ins ta l la t ion  and is not 
operat ional .  The shallow  piezometer i n  t h e   s u r f i c i a l s  was p a r t i a l l y  sea1.d 
by the  casing and hence i s  only  par t ia l ly   operat ional .  

Water samples  taken d u r i n g  d r i l l i n g  were tes ted i n  t he   f i e ld  and r e s u l t s  
a r e  shown on the  Eydrogeologic Log. Five so i l  samples  were  taken a t  depths 
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5KE7CH 590PJ/#G N P / C A L  CONSTRffCTlON 
OF A STANDPIPE P/€ZUM&T€R T/P Wll f f  Figure A3-2 
GAS 0LOW OUT TUBE FOR WATER SAMPLING 

B a c k f i l l  Mater- 

Notes :  1) D e t a i l  A shows t he   ; s i r / gas   b low 
o u t   t u b e   t h a t  was used t o  ra ise  

n c l e a n   g r a v e l  

w a t e r   s a p l e s   b a c k  t o  g round   su r f ace  
from t h e  1% pvc  s tandpipe.  

o n   i n s t r m c n t a t i o n  ins ta l l ed  i n  bore-. 
h o l e s .  

Not b a c k f i l l e d .   s a n d  
and g r a v e l  &-ill have 

2)  See  Appendix A4.0 for d e t a i l e d   i n f o m a t i o n   c o l l a p s e d   i n t o   h o l e s .  9 .  ,' ' 

3) T h e  b e n t o l l i t e   p e 1 l . x ~  and c l e a n   p e l l e t s .  
Sodium b a s e ,   b e n t o n i t e  

nylon mesh bag. 
g r a v e l  vere i n s t a l l e d  i n  an   expands ib l e  

" Golder Associates 
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beak Table  A3-1  

Hat Creel: Envi ronmenta l   Hydrogeologica l  Study 
Sum~.xy  of Logs  of B o r e h o l e s   D r i l l e d  for 

(2) ( 4 )  
P i e z o  (2 ,3 ,5)  Hydraul ic  

Hole P iezo  Ijepgh Depth to Conduc t iv i tv  
Ku5w:r Number .- (m) - Li thology  (2)  \dater (x) -. ( n l s e c )  colnment s 

HI-77-45 1 89.8   b lue  LMST l9.'2 1.7~10 
-6 

2 62 .9   b lue  LMST 16.8 5 .  o ~ ~ o - ~  
3 35.2 b u f f  LMST 17.3 1 . 3 ~ 1 0  Weathered  zone 

-6 

mi-77-46 1 89.8   whi te  LMST - - Pie7.o.  broken 
dur  I I: con- 
s t r u c i i o n  

2 36.0 sandy GF"4VEL - - P i e z o  sea l ed  by 
c a s i n g  

);I:-77-47 1 32.0 s i l t y  CLAY - - Piezo.  broken 
du r ing  con- 
s t ruc t i .on  

Rl!-77-48 1 89.9 Y .  dark  SHPLE 20.0 
-7 

-8 
5 . 0 ~ 1 0  

2 77.0 SPJ,TSTOXC 21.8 8.Or.10 Probably low 
due t o   p l u g g i n g  
o f  f o r n a t i o n  

3 56.1 grey SPAL!: 21.9 
-7 

3.0xlO 

Rli77-49 1 89.6  GREENSTONE 62.4 1 . 8 ~ 1 0 - ~  

2 71.5 GWENSTONE 64.8 5 . 0 ~ 1 0 - ~  Fracture   zone 
a t  72 m. 

h'oies :  

(1) see l o c a t i o n s  of b o r e h o l e s   i n   F i g u r e  3-4. 
( 2 )  5p.c a more d e t a i l e d   d e s c r i p t i o n  of p i e z o m e t e r   i n s t a l l a t i o n   i n  Appendix ~ 4 . 0 .  

( 4 )  hascd on f a l l i n g   h e a d  t e s t s  
(3 )  WRter l e v e l s   r e c o r d e d  on September  20,  1977 

( . 5 )  water   samples  were taken  f o r  chemica l   and   i so tope  
a n a l y s e s ,   s e e  resul ts  gi-Jen in Table  4-1. 
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7 . 7 ,  12.3,  14.3, 23.6 a n d  35.6 m and a grain  s ize   analysis   for   the 23.6 m 
salnple is presented  in  Figures A3-3. No f a l l i n g  head permeability tests 
were  c?!.r-ied out ,  however an estimate  for  the  hydraulic  conductivity o f  t h e  
gravcl between and m/s. These est imates   are  based on 
calculations  using  the iiazen formula and grain s i z e  information  provided i n  

Figure 113-3. 

( i i i )  RH-77-47 

Thc l a s t   h o l e  i n  the Hotith i.leadoi/s a rea ,  RH-77-47, was s t a r t e d  August 11 
and cm;ieted Auy!;;t 13, 1977 a t  a depth o f  56.0 m.  One blow back type 
saml)liny  piezometsr ‘was i n s t a l l e d  a t  a depth of 32.0 rn in   s i l ty   c lay  
sediments. A d?ep piezometer  could n o t  be i n s t a l l e d  i n  the  greenstone 
bedrock  as this for ix t ion  was too  unstable. 

The h l e  did not  yield cnough water for water  samples  to be taken, a1 though 
0.03 l i t c s s  per  wcofid (l /! j)  d i d  flow  for a brief  pzriod a t  a depth of 24.5 
m. Five  soi l   smples  were taken at   depths  8.7,   8.8,   24.3,  24.6 and 28.2 m 
durin!: t he   d r i l l i ng .  The <;rain s ize   analyses  of each  sample are  given i n  
Figures A3-3 and ,434 ,  and cation  exchange  capacity  test  results  are  given 
in   Table  A3-2.  The piezom,?t?r  appears  to have been severed  during 
i n s t a l l a t i o n  arid no hydraulic  conductivity and water  level  determinations 
c o u l d  be made. 

( b )  liiedicine Creek  Program 

( i )  Rti-77-45 

The f i r s t  hole  in  the  i4edicine Creek Valley, RH-77-48 was s t a r t e d  A u g u s t  14 
and  cotnpleted a t  a depth of 92.0 m on A u g u s t  15, 1977. Three  standard, 
sacipl in3  typc  piezomters  were i n s t a l l e d  i n  the  bedrock a t  depths  of 58.1, 

77.0 and 89.9 rn. The bedrock. opposite  each  piezometer was respect ively:  
grcy  shal C ,  sandstone and d a r k  shale.  
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SAMPL€D FPOM BOREUOLE RU 77- 4 Z  Figure A 3 - 4 

N V H I  t l3NIJ iN3383d 

Golder Associates --- 
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Tab le  A3-2 

Sunmary o f  Cation-Exchange  Capacity  Values f o r  
Uncons '3l idated  Sedinents  - 

Ilole (1) 
Kwnbrr 
" 

~ 7 7 - 4 7  

RIi77-47 

331177-48 

K1177-49 

:Sample Depth CEC (2)  

(El) ." m. eq/100F; 

8.7 6.8 

24.7  5.9 

4.3-lh.S 12.7 

10.7-15.4  12.7 

l o c z t i o n s ,   F i g u r e  3-4. 

( 2 )  The samples were tes ted  f o r  cation-exchange 

ance   w i th   p rocedures   desc r ibed   i n  "t4ethods 
c a p a c i t y  by "Sodium S a t u r a t i o n "  i n  accord-  

of S o i l   A n a l ? . s i s "   p u b l i s h e d  by t h e  Americaa 
S o c i e t y  of Agronomy. 
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Twelve water  samples  were  taken, of which seven  were f ie ld   tes ted  as  was 
out l ined for  hole KH-77-45.  The r e s u l t s  of these   t es t s   a re  shown on the 
Hydrogeologic Log. One so i l  sample was obtained a t  a depth range o f  4.3 - 
16.8 m a n d  a cation  exchange  capacity  test  was run on t h i s   s o i l  sample (see 
r e s u l t s  in Table A3-2 ).  

P e r m e a b i l i t y   t e s t s   w r e  performed  in all  three  piezometers and hydraulic 
conduc t iv i t i e s   a r e  sumnarized  in  Table A3-1. 

( i i  ) Rti-77-49 

The l a s t   h o l e   d r i l l e d  in the  Nedicine Cree!: Valley, RH-77-49, was s ta r ted  
on August  16 a n d  was completed a t  a depth of 92.0 m on August  19, 1977. 
Two standard  piezometers were i n s t a l l e d  i n  the  greenstone  bedrock a t  depths 
of  71.5 a n d  89.5 rn. Three  water  samples were field  analyzed for 
tc ! lpera ta re ,   e lec t r ica l   conduct iv i ty  2nd pH. These r e su l t s   a r e  given on 
tt:.. :iydro9eolo5ic Los. Soil  samples were taken a t  depths of 10.7 - 15.4, 
2 9 . 6  - 36.0 a n d  57.0 - 59.4 m and one cat ion exchange capac i ty   t es t  was 

clad? o n  the  f i  r’;t s?wp;e (se?  Tabie A 3 - 2 ) .  Fa1 1 ing head permeabil i ty  t e s t s  
were ::.?rformed  in the two piezorne.ters.  Test resu l t s   2 re  found in  Table 
A3-1. 
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A 4 . 0  HYDROGEOLOGIC LOGS OF BOREHOLES 

The fo l lowing   hydrogeologic  logs summarize  information on a l l  

b o r e h o l e s   t h a t  wcrc d r i l l e d  for t h e  ground  water   s tudy.  The a b b r e v i a t e d  

l i t h o l o g y  is  based on d a t a  suF8plied from d r i l l e r s  l ogs ,  bag  sample 

ana1ysc.i and h y d r o g c o l o g i s t s '   f i e l d   n o t e s .  

I n   o r d e r  t o  shoi; a l l   d a t a  i n  one  compact  log i t  was n e c e s s a r y   t o  

USE a nunber of a b b r e v i a t i o n s  and  symbol ic   no ta t ion .   The   fo l lowing   no tes  

exp1.nin t h e s e   a b b r e v i a t i o n s .  The no te  numbers  correspond t o  t h e  numbers 

shom i n  p a r e n t h e s i s  e t  t h e   h e a l  of each  column i n  the   fo l lowing   hydl -o logic  

logs : 

1) 1.i t h o l o g i c  l e r n i r m l o g a e d  .. i n   L ~ g s  

L i t h o l o g y   d e t e r a i n r d  from h y d r o g e o l o g i s t s '   f i e l d   d e s c r i p t i o n  of r o t a r y  

c u t t i n g s .  

2 )  Datum 
" 

U n l e s s   o t h e r w i s e   s t a t e d  a l l  depth   measurements   a re   g iven  i n  

meters r e l a t i v e  t o  p re sen t   g round   l eve l .  

T.D. = total depth  dr5. l led.  

3) Cons t ruc t ion  

a )  u e  "" of  B a c k f i l l  

s a n d ,  g r a v e l  a n d  b e n t o n i t e .  
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, 3 )  C o n t ' d  

b) Hole 

I I  
i i  d r i l l e d  ho le  cas ing  removed 

d r i l l e d   h o l e  casing l e f t  in place  

I t  
I I  
I 1  d r i l l e d  open hole  
i I  

[:I d r i l l e d  hole  known t o  have  squeezed i n  

Standard  Dcuble Sea l  P i e m w t e r   A r r a n g n w n t  

7 a e p t h  t o  c e n t r e  of p i e z o m t e r  i n l e t  

piezorrzter   type (see bclm) 

Standard Top Seal Piezomzter  Arrangemnt 
7 

236 depth t o  c e n t r e  o f  p i e z o m t e r  i n l e t  - 
I c p i e z o m e t e r  type (see below) 
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1 

Type 2 :  Mulr>le Tip  Sampling  Piezometer:  
" 

6mm PVC tubing   th readed   th rough 

middle  of 6 4 m  PVC c a s i n g .  End 

of tubes were   exposed ,   covered   wi th  

a c e l l u l o s e   f i l t e r   c l o t h  and  taped  to  

t h e  5 0 m  cas ing .  

Type 3:  =us Cup Type Lysimeter :  

Usel! fo r   vn te r   s ampl ing   pu rposes   on ly  

(se,? d e t a i l s   i n   F i g u r e  A3-1) .  

Water   level  n.:asured i n   b o r e h o l e  when d r i l l i n g  had  reached 

i n d i c a t e d  dep:h (me t lxs ) .  

\:atcr flo;.s r ecs rded  w h i l e  d r i l l . i n g  was i n   p r o g r e s s .  In hard  rock 

d r i l l i n g  where t he   bo reho le   s t ays   open   t hese   f l ows   no rma l ly  

r e p r e s e n t   c u - u l a t i v e   f l o w s   s i n c e   t h e   w a t e r   b e a r i n g   z o n e  was f i r s t  

encountered .  

Other : f l  = water f lowing   over   top  of c a s i n g  

Lv = l o s i n g  water 

P:J = making water 

EC = E l e c t r i c a l   c o n d u c t i v i t y  i n  micro mhosfcm 

PH = F i e l d  pH measmement  of  water  sample 

S t a t i c   w a t e r   l e v e l  in piezomete r fwe l l   a f t e r   t he   g round  water h a s  

r ecove red   f rom  d r i l l i ng   ope ra t ions   (Sep tember ,  1 9 7 7 ) .  pos i t ive  

vnlurs i nd ica : e   a r t e s i an   heads  ( i . e .  above   da tum) .   These   s t a t i c  

water l e v e l s  are  e q u i v a l e n t   t o   t o t a l   p i e z o m e t r i c   h e a d s   i n  a l l  

piezomc:crs. 
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D = Depth  range for permeability test (meters) 

K = Average  formation permeah::ity determined (cm/sec) 

M = Met.hod used to determine  permeability 

P = Packer test using head method 

f = Falling head  test in  piezometer 

w = Pumpi.ng test 

? . .  
a 
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A5.0 ISOTOPES  USED IN GROUND UATER STUDIES 

A5.1 THEORY OF ISOTOPES A P P L I E D  TO HYDROLOGY 

Thc fo l lowing   i s  a b r ie f  revie\., of the use of three  selected  isotopes for 
evalua t ion  of hydrs logic   sys tem.  Much o f  the  information i s  summarized 
from Brown, R. i i .  " e t   a1 . (197 ,2 ) (1 )  

( a )  Stable   I so topes  o f  Hydrogen and  Oxygen i n  Natural Waters 

The s tab le   i so topes  of hydrogen and oxygen, which are  the two elemental 
constitu?n:s of  water, have mean abundances i n  natural  compounds as  
fol lows:  

Hydrogen C 1 H )  = 99.905%, Deuterium (?H) or ( D )  = 0.015% 
Oxygen-lb (160) = Y9.75%, Oxygen-17 (170) = 0.04.X a n d  
Oxygen-16 (180)  = 0.2%. 

Among a l l  the pos:ib!s speci?s of water,  only the following  are of 
p r a c t i c a l   i n t e r e s t  i c r  most. s tud ie s :  

" 

Tile va r i a t ions  o f  tne   i so topic   ra t ios  D / H  and  180/160 i n  water 
sarrples  are  expressed i n  terms o f  a per m i l .  d i f fe rence  ( " /oo)  w i t h  

respec t  t o  tnc+ i so topic  ratios o f  mean ocean water. This cons t i tu tes   the  
re fersnce  s t a n d a r d  ca l l ed  SMOW (Standard Mean Ocean Water),  (Craig 
l S i t i l ( 2 ) ) .  

6 o/oo = !LE!Y!k - 1  x 1 ,uou 
R smew 

where R i s  the   i so tope   ra t io  D / H  o r  l80/16O. 

Thus samples w i t h  + valuer; are   enr iched,  t h a t  i s  they  have more o f  tile 

heavirr   i sotope t h a n  sea waL?r. All Oxygen-18 isotope data i n  t h i s   r epor t  
i s  r e l a t ive   t o   t he  Y~IOLl stilndard. 
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b n y  naturdl  processes  cause  variations of the  isotope  compositions of 
natural   waters.  Among them, the most important  are  evaporation and 
condensation. During  evaporation  the  lighter  molecules of water 
( ; I Z ~ % J ) ,  a re  more volat i le   than  those  containing the heavier 
i so tope ,  (HD160 or  H z 1 % ) .  T h u s ,  the  vapour which evaporates 
fro!a  the oceali i s   dep le t ed  by about  12-15"/00 i n  oxygen-18  and 80-120"/00 
in  deuterium, w i t h  respect   to  ocean  water.  Winter  precipitation i n  general 
wi l l  be depleted  in heavy i s o t o p e s   ( i . e .   l i g h t e r )   i f  compared to  the 
sllmner p rec ip i t a t ion  and the   var ia t ions  of deuterium and oxygen-18 contents  
i n   p rx ip i t a t ion   a r c   l i nea r ly   co r re l a t ed   (Cra ig  1961)  (2): 

~. -. "" ~~ 

60 = 8618U + C 
whi.r? C i s  a constant   vhich  var ies  from at-ea to  area.  

Surface waters generally  reflect   the  average  isotopic  composition of the 
loca l   p rec ip i ta t ion   un less  i t  i s :  

1 ) mix2d with i so topica l ly   d i f fe ren ;  wat?rs, such as  water from 
a different   catchment   basin,   or  ground  water  of a d i f f e r e n t  
isct3pic  composition. 

2 )  a1 laked to  re-evaporate froln open wa'tors (such  as  lake 
su r faces ) :   I f  th is  evaporation  occurs, the r e l a t ionsh ip  
between 60 and 6 l80   wi l l   devia te  froln the  l inear  
equation above, and wil l   take on a f l a t t c r   s l o p e  of the 
form: 

& D  = K6l80 - A 

( G a t   e t  51.  1968) : (3)  
where K = a cons tan t   fa l l ing   va lue  between 4 and 6 

A = a second constant .  

Grountl water  will  tend  to  reflect  the  average  colaposition of the  recharge 
zone  waters.  Thus,  if  recharge  took  place from a lake w h i c h  was highly 
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e v a p o r i t i c ,  then  these ground waters would have a heavier  isotopic 
composition. 

( b )  Tritium  in  Natural  IJaters: A Review 

T r i t i m   i s  a radioact ive  isotope of hydrogen,  having  a mass of 3 ,  and a 
h a l f - l i f e  12.26 y e a r s ,  (Drown " e t  a1 1 9 7 2 ) ( l ) .  I t  occurs  in the 
environment a; a r e s u l t  of b o t h  natural and  nan-made processes. Largc. 
amounts o f  man-made t r i t ium were released t o  the  atmosphere by 
thernio7iuclmr tests  in  the  period 1953-1962. The t r i t ium  content   in  
natur3l  $waters is   expressed  in   t r i t ium  uni ts  (T.U.). One tritium  urlit 
corres?onds t o  a concentration of 1 t r i t iunl  atom p2r 101s hydrogen 
a toms. 

I n  ground water  s.tudies,  tritium  neasurements  are  useful t o  give 
inforiiiation on the  ap2roximate  time  that has elapsed  since  recharge took 
place.  1; i t  can be assuimed t h a t  the g[.ound water  enters a closed syystein 

a n d  t h a t  no mixing takes place,  then the age o f  the  water can be determined 
by using a logarithmic  dxay  formula.  

Est imated  t r i t ium  concentrat ions  for   the  precipi ta t ion  in   the H a t  Creek 
a r e a ,  are  presented i n  Firlure A5-1. As can be seen froln t h i s  diagram the 
in t ecp rc t a t ion  of the age of a par t i cu la r  ground water  younger t h a n  16 
y e a r s   i s  n o t  very easy.  "his i s  due to  the   fac t  t h a t  for  ground waters 
t h a t  have been i n  the ground fo r  less t h a n  16 years   there   are  two age 
so lu t ions  for each t r i t iun   l eve l   ob ta ined .  However, if   values  are  less 
t h a n  30 t r i t ium  uni t s   the  ground water can be interpreted  as  being  over 16 
yea r s  o l d .  

A5.2 b l iTHODS FOR ISOTOPE ANALYSIS 

Samples o f  wat?r  collected  in  the  f ield were analyzed  using  standard 
nwthods for   i so topic   ana lys i s .  
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( a )  Deuterium 

The m t c r  Samples (minimum 10 m l )  were  sent t o  the  Environmental  Research 
Urancll o f  Atomic Energy of: Canada L t d .  ( A . E . C . L . )  Chalk River Nuclear Lab- 
orator ies   for   analysis .   \ la ter   samples  were fed  continuously  into an eva- 
porator  and the  ensiring  water vapour  converted t o  hydrogen  gas by the  reac- 
t i o n  with h o t  (750° C )  uranium  metal  (Friedman and  Woodcock 1957)(4) .  
Thc dcuierium  to hydrogen r a t i o  i n  t h i s  gas i s  then  analyzed by co:npariscn 

w i t h  a standard  gas  using a specially  constructed mass spectrometer  with a 
douthe  col lector  system. The r e su l t s   a r e   accu ra t e  to + l 0 /oo  for  o!~? stan- 
dart1 (!?viation. 

- 

( b )  Oxy3c:n-lS 

lhe   ana lys i s  of water  samples was car r ied   ou t   a t   the   Univers i ty  of S!aterloo 
Gpncl!nl:liStry  Labo!.at,ry. The f i e l d  sarnple;  were col lected and sealed w i t h  
wax i n  10  n l  b3tt:es. The method of analysis  used i s   bas i ca l ly   t he  saw  as 
timi aescribed hy Epstein and  Mayeda ( 1 9 5 3 ) ( 5 ) .  A 3 n1l sample of tile 
water 'was equi l ibra ted  w i t h  carbon  dioxide gas a t  25" C in a constant 
tcrn>.rature  bath biitll shaker ,   for  a minirnui!!  of  24 hours. An aliq!iot of t k  
gas wz; then analyzed  for oxygen-18 content  us ing  a specially  designed m s s  

spcctrolwter  (Varian-!dat GI)-150). Corrections to the mass spectrozeter  
ana!yses  were c c r r < ? i  o u t  a s  described by Craig  (1957)(6).  The 
oxy;?,?-l3 vzlues  fcr  ezch group of 12 sanples were checked against  a 
s t a n d a r d  water savple  o f  known i s o t o p i c  composition. The results are  
p rec i se   t o  a standard  deviation of - + 0.1 per  mil. (SMOW). 

( c )  Tritium 

Tlw ana lys is  of tritium in  the  waters was carried ,;:it a t  the  University o f  
h'dterlOG laborator ies .   Anj lysis  was carr ied  out  by f i r s t  mixing 10 mls of 
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water   sample   w i th  15 n l s  o f  ' I n s t a g e l ' .   T h i s   m i x t u r e  was then  shaken  up 

a n d   t h e   r e s u l t i n g  emu1 s i o n  a1 lowed to ge l .  The sample was t h e n   p l a c e d   i n  a 

N u c l e a r   C h i c a g o   L i q u i d   S c i n t i l l a t i o n   C o u n t e r   f o r   r a d i o a c t i v e   c o u n t i n g .  The 

t e m p e r a t u r e   i n   t h e   c o u n t e r  was 10" C and  the  aver.+ge  sample  countir lg  t ime 

was about 400 m inu tes .  
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Tahle EL-3: Thornthwaite  Climatic Water Balance  for  Ashcroit 

Table B1-4: Thornthwaite  Climatic Water Balance fo r  Highland  Valley 

4 

% 

J 

4 

i 



-! 

" 

-4 

"r 

c 

L. 

U 

c 

rr 

beak 
.. .. -~ ~ 

1;Z.O F1GU:ICS 

r i g u r r  15-1 (76-4-32):  Streamgauging  in Anderson  Creek 

I icjurc! C2-2 (76-4-28) :   current I'leter  ready for Streamgauging i n  Anbusten  Creek 

rigu~-e 82-3 (76-1-15): Hamlnond Diversion o f  Upper  Hat Creek t o  Oregon Jack 
Creek 

Ha t  Creek (03LF06.1) 
Late Summer I-iininnm Flow Frequency  Curve f o r  Hat Creek  near Upper 

Ninter fliriinlun!  Flow Frequency  Curve f o r  Hat Creek  near Upper H a t  
C t w k  (OhLiO61) 

Crwk (I)Z?iOGl) 
Yearly bi i : ) i ! i lw Flow Frequency  Curve f o r  iiat Creek  near Upper Hat 

The Rela%ionship between the  Climatic  Conditions o f  the  Hat Creek 
Valley and the  Discharges o f  the  Houth Creek and bledicine  Creek 
Diversion 

The Relationship between the  Clinlatic  Conditions o f  the H a t  Creek 
Valley  ax!  the  Discharges o f  Firt!ley and Anderson  Creeks 

The Relat ionihip between the C1il:iatic Conditions o f  the  Ha t  Creek 
Valley and the ni:jcha;.y?s o f  Medicine and  Ambusten Creeks 

The Relat ionship between the Climatic  Cortditions of the  H 2 t  Crack 
Valley  and t.he 0,iscil;lrge  of t h e  I4.S.C. S ta t ions  on H a t  Creek 

Soin? Typical  Rainfall-Runoff  Events i n  Hat Creek 

(7G-4-35)  Finney Lake 

(76-4-36)  Dan and ga te   cont ro l l ing  outflow fron,Finney Lake 

(76-1-7)  Deeply entrenched  section  of Hat Creek 

of H a t  Creek 
(76-5A-14)  Keandering,  partly  entrenched and  contbined sertion 

(76-SA-28) Hat (Creek a t   Sec t ion  5-4 

(76-5-29)  Upstn?al!l view along Hat Creek 

Hat Creck k t e r  :Surface  Profiles 
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Figurc B2-19: Cross Sect ions 1-1, 1-2,  1-3 

Figure B2--20: Cross Section 2-1 

ligurc C2-21:  Cross Sections 5-1,  5-2,  5-3 

I iqurc  C 2 - 2 2 :  Cross S e c k i o n  6-1 

I igurc 132-23: Crus: S o c i i o n s  9-1, 9-2, 9-3,. 9-4 
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TABLE 81-1 

STKEAFiGAUGING SITES IN THE R E G I O N A L  ANALYSIS 

I I  0 . Stti t ion MI. S t a t i o n  Name No. of  Years  Drainage 
of Records Area ( h 2 )  

1 
1 
3 
4 
5 
6 
7 

I :1 
19 
70 

Cuisson Crwk nest-  Alexandria  11  162 
Hawks Creek  abnve Lyne Creek 5 456 
F o u n l g i  n Creek  near Li 1 looe t  12 52 
Cinque~Foil  Creek  near  Lillooet  10 57 
FlcGiHivray  Creek near Li l looe t   12  52 
Boss Creek  above Hendrix Creek 3 122 
Nan? Creek near Blackpool 21 295 
Bar r i e re   K ive r   a t  the  nlouth 30  1,140 
tiarper  Creek  near  the mouth 3 168 
Louis Crwk a t  boundary  of 6 253 
r a i  lwag b e l t  
Louis  Creel: a t   t h e  mouth 5 66 3 
F i  5 h i r z p  Creek near  McLure 12 52 

. H e f f l e y  Creek  near Kamloops 12 1 G8 
Pzul  Creek  near Kamloops (S ta t ion  A )  30  321 
Solltii Thonlpjon River a t  Chdse 53  16,152 
South Thompson R i v e r   a t  Monte Creek 13  16,692 
Hiu ih i l l  Creek  near  Squilax  (lower 8 106 
S t a t i o n )  
Seymour River Near  Seymour Arm 
Ratchford  Cre?k a t  2,000 f t .  con.tour 
Eagle  River mar EZalakwa 
ShusbJap River  near  Enderby 

Bessett;?  Crsck  near  Lmby 
Ferry Creek near Lumby 

Salnion R-iver i 3 t  Gleneimna 
Salmon River  near Salmon Arm 
Bolean Creek <dt Falkland 
Chii:,t. Ci-.ei: near Chase 
Rente Creek near Monte Creek 
Tranqui l le   River  near Kamloops 
L:;l t ch  :'!!I Cre?i: near Katnl oops 
U+ad.i: : I  River  above  Criss  Creek 
Cr iss  ireek near Savona 
Rarl!ns Creek  nedr  kshcroft 
Eot::ipart? R . i r  c t '  near  Bridge Lake 

Donap;!! Le River below Csclie Creek 
Gonapartc R . i v e r .  near Caciit! Creek 

24 805 
3 253 

18 904 
42 4,682 
1 7  145  
17 253 
6 1.1 7 3  

17 
15 

1 ;507 
228 

17 61 3 
20  184 
1 3  596 

17 1 ;507 

17 
15 228 

61 3 
20  184 
1 3  596 
15 
23 

80 

25 499 
17 
16 

10-2 

15 
65 

15  5,025 
4 ,  os2 

a62 

- __ 



S t a t i o n  No. St.at ion Name No. of  Years  Drainas. 
o f  Records Area (k in2)  

" ." 

Fi f tyseven  Creek  near Cl i  nton 
Scot t . i e  Creek near Cache Creek 
H a t  Creek ncar  Ashcroft  
Hat  Creek  near Upper H a t  Creek 
Hat  Creek near Cache  Creek 
Nicola  River  above  llicola Lake 
Nicola  River  near  Spences  Bridge 
Cnldwter   River   near  Brookmere 
Coldtwater River  near  Merriit.  
Spius Creek r e a r  Canford 
b!lJi-ri!y Creek near  Spences  Bridge 
Ket t le   River   a . t   Ket t le   Val ley 
Kettle  River  near  Ferry 
\:'?st Kettle  R,iver  near McCulloch 
Rock Creek n f d r  Rock Creek 
Myers  Creel: a t  1nte.1-natiordl Boundary 
Boundary  Creek a t  Greenwood 
Graniry River a t  Grand Forks 
'Trout  Creek a t  t he  lnlouth 

Trt:?aitier  Creek a t   t h e  mouth 
Pe?chland  Creek a t   t h e  mouth 

Lat!:bly Creek. near the  mouth 
Powzrs  Creek a t   t h e  mouth 

Short.;  Creek a t  the nlouth 
Colds;;-earn  Cr?ek  above Kalavista 
d ivers ion  
Kelowna Creek near Kolowna 
(lol.!er s t a t io r l )  
Pent ic ton Cree!: a t   t h e  mouth 

Vilseux Creek  above Du;t.on Creek 
E l l i s  Creek a t   P c u t i c t o n  

Simil!:t~~!i??n River a t  Priticeton 
Sitt l i lkmxn  River  near  I iedley 

Nhipsaw  Creek  below Latitont Creek 
Si tn i  lkatileen River  near  Keremos 

Ott-c; Creek a t  T~lattieeti 
Tuldi;ie?rl River a t   P r i n c e t o n  

Asp Creek near  Princeton 
G r o i t i  te Creek a t   t h e  m o u t h  

a 
22 

108 
174 

1 2  73 
16 
l a  650 

350 

13  1 ,500 
29 7,278 
11 31 6 
24 914 
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4 c  61575 
21 

6 
249 
280 
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18  2,331 
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1 2  
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105 

6 207 
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12  177 

22  
10 
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11 
26 
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T A B L E  f i 1 - 1  Continued 

E!o. S t a t i o n  No. S ta t ion  Name No. o f  Years  Drainage 
of Records Area (km2) 

-~ " 

Al'lisun  Creek  near  Penticton 25 673 
Srititilt:l-s Creek a t   t h e  moutll 8 249 
Hayes ( f i v e   N i l e )  Creek  near  Princeton 8 751 
Sir iash Creek near Princeton 9 174 
Llolfe Creel: a t  the o u t l e t  o f  I s s i t z  8 215 
Lake 
tixiley Creek near   the mowth 3 3 85 
A?;hnola R i v e r  near Keremeos 33 1 , O X  
Terrace Creek near Kelo:.ma 11 31 
t4acKa.y River a t  the  mouth 5 144 
t40ffcl i Creek near  Horsefly 1 2  539 
Beaye], Creck a t   o u t l e t  of Beaver Lake 5 852 
Sari Jose River  near Lac l a  tiache 26 4c9 
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FIGURE 52-1: (76-4-32) Streamgauging i n  Anderson  Creek w i t h  
O t t  cu r ren t  meter, 16 Sept., 1976 
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FIGURE 82-2: (76-4-28) Ott  propeller-type  current  meter,  ready 
for  streamgauging in Ambusten  Creek, 
16 Sept., 1976 



FIGURE B2-3: (76-1-15) View along  the abandoned Hammond Diversion 
of Upper Hat Creek t o  Oregon Jack Creek, 
19 Ju ly ,  1976 



1.055 1.01 102 1.05 1.1 L25 

RETURN PERI@D iN YEARS 
2 5 IO 20 so 100 230 
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Hat  Creek  near Cache Creek 
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F i g u r e  82-10: The R e l a t i o n s h i p   b e t w e e n   t h e   C l i m a t i c   C o n d i t i o n s  o f  the  Hat   Creek 

V a l l e y  and t h e   D i s c h a r g e s  o f  n ... 



,'I FIGURE 02-1  1 : SOHE 1 Y P I C A L  R A I t J F A L L  - RUI'IOFF EVEI!TS I N  HAT CREEK 

" I  

A: JUNE 1964 

B: JULY-AUGUST 1968 
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m- FIGURE 62-12: (76-4-35) Finney Lake, 16 Sept . ,  1976 
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FIGURE B2-13: (76-4-36) Dam and gate  controlling  outflow from 
Finney Lake, 16 Sept . ,  1976 
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r’ FIGURE 52-14: (76-1-7) Deeply  entrenched  section of Hat  Creek, 
immediately  downstream of Indian Reservation 
No. 2, looking  downstream, 18 July, 1976 
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W 
- FIGURE 82-15: (76-5A-14) Meandering, partly  entrenched and combined 

section of H a t  Creek approximately 2 km 
downstream o f  Robertson Creek. A ser ies  
of fragmentary  terrace  levels and a small 
genetic  flood  plain  are prominent i n  the 
centre of the  photo, 19 Oct., 1976 
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F I G U R E  82-16: (76-5A-28) Hat Creek a t  Section 9-4, looking down- 
stream. A t  t h i s   s i t e ,   t he  stream  flows 
ac ross   i t s  fan i n  the Bonaparte Valley, 
19  Oct., 1976 
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APPENDIX C SUPPLEMENTARY WATER QUALITY  INVEFlTORY  TABLES A N D  FIGURES 

C1.0 TABLES 

Table Cl - I :  
Table C1-2: 
Table t i - 3 :  
.ratlie C I - 4 :  
Table C 1 - 5 :  
Tdhle C1-6: 
Table C1-7: 
Table C1-8: 
T;l!J!e c1-9 :  

Tat,it'  C1-10: 
Table  Cl-11: 
Table C1-12:  

Table C1-13: 
Tdble C1-14: 
Table C1-IS: 
Talrle C1-16: 
l a 6 l e  C1-17: 
T a b l e  C1-18: 
Table C1-19: 
Table C1-20: 
Table C1-21: 
Table C1-22: 
Table C1-23: 
1at)lr C1-24: 
'Table C1-25: 
Table  c1-26: 
Table C1-27: 
'rahle ~ 1 - 2 ~ :  

~ ~~ ~~ ~" 

Ground Water  Sample Collection  Dates 
Detai led  Preservat ion List and  References 
Analytical  l4ethodol  ogy,  References, & Detection Limi ts  
Surface Water  Sample Collect ion  Dates  
Ground Water Analytical  Data - Domestic Well 1 
Ground Ilater  Analytical  Data - Domestic Well 2 
Ground Water Analytical  Data - Domestic Well 3 
Ground Water Analytical  Data - Domestic Well 4 
Ground Mater  Analytical Data - Domestic Well 5 
Ground Water Analytical  Data - Domestic Well 8 

Ground !later Analytical  Data - Domestic Well 9 
Ground 1.hter Analytical  Data - Domestic Well 10 
Ground !,izter  Analytical Data - Domestic Well 12 
Ground Water Analytical  Data - Steel  Bros.  Limestone  Quarry Well 
Ground Water Analytical  Data - Artesian  Springs 
Ground Water Analytical  Data - P i t  Hydrology Program 
Ground Watcr Analytical  Data - Bucket Auger Hole ti7 
Ground Wzter Analytical  Data - Power Plant  S i te  Program 
Ground Water Analytical  Data - B u l k  Sampling  Program - #1 Well 
Ground Water Analyt ical  Data - B u l k  Sampling  Program - #2 Well 
Ground I:ater  Analytical Data - B u l k  Sampling Program - #3 Well 
Ground Water Analyt ical  Data - B u l k  Sampling  Program - Trench B 
Surface  l iater  Analytical  Data - Upper Hat Creek 
Surface  I later  Analytical  Data - Mid Upper Hat Creek 
Surface Water Analytical  Data - Nid H a t  Creek 
Surface Water Analytical  Data - Nid  Lower Hat Creek 
Surface  Nater  Analytical  Data - Lower Hat Creek 
Surface  Idater  Analytical Data - Upper Bonaparte  River 
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Table C1-29: Surface Water Analytical  Data - Mid Bonaparte River 
Tillrle  C1-30: Surface Water Analytical  Data - Lower Bonaparte  River 
Table C1-31: Surface  Water  Analytical Data - Upper Thompson River 
Table C1-32: Surface Water Analytical  Data - Lower  Thompson River 
Tchle C1-33: Surface  Water  Analytical Data - P i t  Hydrology  Program 
Table C1-3C: Surface Water Analytical  Data .- Power P l a n t   S i t e  Program 

Table C1-35: Surface Water Analytical  Data - Power P l a n t  S i t e  Program 

Table C1-36: Surface Wate;. Analytical  Data - Power P l a n t  S i t e  Program 

Table  CI-37:  Surface Water Analyt.ica1 Data - B u l k  Sampling  Program 
- Hat Creek - Sta t ion  1 

Table C1-38: Surface Water  Analyt.ica1 Data - Bulk Sampling  Program 
- Hat Creek - Sta t ion  2 

Table C1-39: Surface Water Analytical  Data - B u l k  Sampling Program 
- Hat Creek - Sta t ion  3 

- Medicine  Creek 

- MacLaren Creek 

- Pavil ion Lake 

Table  C1-40: Calgon Study - Thompson River - Means 



C2.0 FIGURES 

Figure C2-1: 
Figure C2-2: 
Figure C2-3: 
Figure C2-4: 

Figure C2-5: 

!'iyure C2-6: 

Figure C2-7: 

Figure C2-8: 

F.iyure C2-9: 

Analyses of Hat Creek Valley Ground Waters 
Mean Concentrations of Surface Waters 
Mean Concentrations of Generation S i t e  Surface Waters 

Upper Hat  Creek 
Sediment Concentration  versus  Discharge, Hat Creek ne3r 

Sediment Concentration  versus  Discharge, Hat Creek near 
Cache  Creek 
Sediment Concentration  versus  Discharge, Bonaparte  River 
below  Cache  Creek 
Dissolved Solids  Concentration versus Discharge, Hat Creek 
near Upper Hat Creek 
Dissolved Solids Concentration  versus Discharge, Hat Creek 
nesr Cache  Creek 
Dissolved Solids Concentration  versus Discharge, 
Bonaparte River below  Cache  Creek 
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TABLE C 1 - 1  

GROUNDWATER SANPLE COLLECTION DATES 

DOMESTIC WELLS ( B A S E )  

Dd 1 
Dw 2 

DW 4 
DW 3 

D\I 12 
Steel  Bras.  Limestone  Quarry Ne11 

ARTESIAN SPRINGS 
"" 

29 Nov.176 
1 Dec.176 

30 Nov./76 
1 Decij76 
1 Dec.176 
1 Dec.176 
1 Dec./76 
2 Dec.176 

- 

1 22 ilov./76 
2 22  Nov./76 
3 (;.;;!:;.i) 22  NOV./76 
3 ( E a s t )  22 N O V .  /76 

. . __._ BULK SANPLE PROGRAM 
COLLECTION NUMBER 

26  May177 

25 May/77 
29 Kay177 

29 May177 
19 May177 
28 ~ a y / 7 7  
30 May/77 
28 May177 
29 May177 
30 April177 

20 July 77 

1 2 3 4 5 
7=/ 7 7 We 1 1 1 - - - 

Miill 2 7  June177 21  June177 6 July177  20  July/77 - 
Ckll 3 7  June177  21  June177  6  July177  20  July177 4 Aug.177 
Trench B 21  June177 6 July177 19 July177  4 Aug.177 14 Sept.  /77 

- - - 

S P E C I A L   C O L L E C T 1 3 2  

Coal Seam 19 Sept .  1976 

P I T  HYDROLOGY STUDY 

Well R H  76-19  14 October, 1976 (Af te r  Pumping)  
$4 I, I ,  I, 9  September, 1976 (Before Pumping) 



I k t a l s  ~ Total and Extractable 
(excluding t la ,  K. Ca. Hg. Al. 
As.  U. Hexavalent Cr. and i ig l  

TABLE c1-2 

DETAlLED  PRESERYAIIOII LIS1 AliD REFEREKES 

Nitrogen . h m n i a .  k ie ldahl  

N i tmgdn.   t i i t rd te .  Nitr i te 

Organic Carbon 

Phenol 

Phosphates 

saap1e 1reatnent 

Refrigerate a t  4-C. 

Refrigerate a t  4% lake CIR 
t o  EIISUTL that  the  container i s  

bubbler. 
f i l l e d   t o   t h e   b r i m  and r i d   o f  air  

Rdd 2 a1 concentrated n&a. 
per l i t r e .  

Analysis i n  the   f ie ld .  The 
procedure i s  described in   "S tandad  
Vethods", 13th  ed i t ion pp 477-479. 

Add 50 concentrated H%'o,. 
Arista!' rad? and 5 d o f  

l i t r e .  

Add 5 a1 concentrated HNO,. per 
l i t r e   t o  lower the pH t o   l e s i  than 
2 .  Check wi th   ind ica tor  pawr 
t h a t   t i l e   ~ t i p u l d t e d  pH has been 
attained. 

The samle  mlt be f i l t e r e d  a t  the 

Add 2 m1 o f  2% HgC1, per l i t r e .  
Ref r igera te   a t  4'C. 

Add 2 m1 concentrated HCl per i i tw. 
to   lover   the  pH to less  than 2. 
Check with inelcator  paper thtc  the 
s t ivu ld ted OH has been attained. 
Refr iyerate 'a t  4% 

C o l l e c t   i n  1 litre g la r r   bo t t l e r .  
Add 10 nl o f  10% CuSO, and I nl of 
concentrated H.PO. t o   l w e r  the OH 
t o  4. Check with.indicat(lr &e; 
t h a t   t h e   ~ t l p u l d t e d  pH has been 
attained.  Biological  degradation i s  
i nh ib i t ed  by  the CuSO.. A c i d i f i c a t i m  
with HIP& assures the  presence of 
copper ion i n   s o l u t i o n  and eliminates 
any chemical change< Caused by the 
presence of strong alka l i   condi t ions.  

Add 2 ml of 2% HqCl. per l i t r e .  
Refriqerate a t  4 ' ~ .  - N.O. :  I f  t o t a l  phosphorus alone i v  

to  be drterninod.  preservation 
i s  not necessary. 

I .  t+thods tor Chemical Aodlysir o f  Kater and Uastel.  Env i romnta l   Pro tec t ion  Agency. Uatey p v a l i t y  
Off ice.  Analyt ical  Quali ty  Conlro' l  Lahratory. Cinciooati .  Ohio, 1971: 

4 .  8 io log i ca l   F ie ld  and Laboratory HCtimds far Heamring til$ Qua l i t y   o f  Surface  Udterr and Eff luents: 
Plankton Chdptw.  Edited  by  Corneiivr  Yrber, tPS-670/4-71-001. July. 1973. 

. 
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0.010 
0. w5 
0.005 
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TABLE C1-4 

SURFACE WATER SAMPLE  COLLECTION DATES 

Y 

d 

m- 

- SURFACE .. WATERS 

S t a t i o n  1 
S t a t i o n  3 
S t a t i o n  4 
S t a t i o n  5 
S t a t i o n  6 
Sta t ion  7 
S ta t ion   10  
S ta t ion  14 
9 t a t i o n  16 
S t a t i o n  17 
S ta t ion  18 
S t a t i o n  19 

Sept .  76 

18 Sept .  
18 Sept .  
16  Sept. 
16  Sept. 
16 Sept .  
16 Sept.  
15  Sept.  
15  Sept.  
17  Sept. 
1.7 Sept .  
18 Sept .  
18 Sept .  

Dec. 76 

6 Dec. 
5 Dec. 
5 Dec. 
5 Dec. 

30 Nov. 

30 Nov. 
3 Dec. 

6 Dec. 
3 Dec. 

6 Dec. 

- 
- 

March 77 

16 March 
15 March 
16 March 
16 March 

15 March 

14 March 
14 March 
15 March 
17 March 
16 March 

- 
- 

." "" 
B U L K  SAMPLE PROGRAM 

1 2 3 4  5 
COLLECTION NUMBER 

Hat Creek S t a t i o n  1 26 Apr. 77 11 May 77 24 May 77 8 June 77 22  June 77 
Hat  Creek S t a t i o n  2 - 11 May 77 24 May 77 8 June 77 22 June 77 
Hat Crcek S t a t i o n  3 26 Apr. 177 11 May 77 24 May 77 8 June 77 22  June 77 

6 7 8 9 

May 77 

24 Ray 
20 May 

25 Ray 
23 May 

22 May 
26 May 

24 May 
27 May 
23 May 
30 May 

- 

20 May 

Hat Creek S t a t i o n  1 5 Ju ly  77 20 July 77 4 Aug.  77 14 Sept.  77 
Hat  Creek S t a t i o n  2 5 Ju ly  77 20 Ju ly  77 4 Aug. 77 14 Sept. 77 
Ha-t Creek S t a t i o n  3 5 Ju ly  77 20 July 77 3 Aug. 77 14 Sept. 77 

SPECIAL  COLLECTIONS 

Freshet (Turb . ,  Cond. ,  S.S.) 

S t a t i o n  1 
S t a t i o n  3 

19  May 7 7  t o  28 May 77 Inc l .  8, 9 & 10 June 77 
19 May 77 t o  28 May 77 Inc l .  8, 9 & 10  June 77 

S t a t i o n  4 19 May  7:7 to. 28 May 77 I n c l .  8, 9 & 10 June 77 
S t a t i o n  5 
S t a t i o n  6 

19 May  717 t o  28 May 77 Inc l .  
19 May  7:7 t o  28 May 77 I n c l .  

8, 9 & 10 June 77 
8, 9 & 10  June 77 

StdtiOll 7 19 May 77 t o  28 May 77 I n c l .  8, 9 E 10 June 77 
S t a t i o n  14  19 May  717 t o  28 May 77 I n c l .  8, 9 & 10 June 77 

P I T  HYnI?DLOGY s m y  

Aleece Lake 
Hat Creek  (Below  Finney  Creek) 9 September  1976 

9 September  1976 

GENERATION SITE STUDY 
" " COLLECTION NUMBER 

1 2 -x- 4 
- 

Medicine Creek 21 May 77 27 J u l y  77 6 Aug. 77 13 Sept .  77 
MdcLaren Creek 27 Ju ly  7;' 6 Aug. 77 
P A V I L I O N  LAKE STllnY 
Pav i l ion  Lake 27 Ju ly  77 6 Aug.'77  13 Sept. 77 

. - - - . - -. . . " 
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U= 

I 
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STATION: p*l 1 

E"?"!, (21 
Ch lu r idc   (C l )  
F l u o r i t e  I F )  
Sulfate (50.1 

kc. 1976 

<0.00025 

60 

18 

18 
0.35 

1 .I 
0.54 
53 

0.11 
<0.020 

0.031 
'n.no1o 

224 
233 

490 
10 

8.3 

1.4 

335 
331 

273 
4 

271 
2 

<0.010 
<O.O05 
'0.005 
<0.010 

0.020 

'0.00325 
4.010 

'0.020 
<0.003 

0.069 

4 .005  

~o.nos 

58 

20 

23 

0.004 

0.30 

d . 1  

0.113 
1.6 

61 

0.36 

'0.0010 
0.06 

0.043 

45 
24 
<0.002 

227 
226 

5?0 
20 

8.3 

1.8 

356 
35 7 

9 

262 
271 

9 

- 
X 

'0.010 
rO.005 
4 . 0 0 5  
'0.010 
<0.005 

'0.010 
0.020 

<0.00025 
<0.020 
a n 0 3  
<0.005 

0.069 

59 

19 

21 

0.004 

.33  

<O,l 
1.4 
0 . 3 3  

57 

0.24 
~0.04 
~0.0010 

0.039 

45  
24 
4.002 

226 
230 

505 
15 

8.3 

1.6 

346 
339 

2 72 
7 

267 
6 

R 

'i.OOD25 

2 

2 

5 
0.05 

0.5 
0.427 
8 

0.25 

'C.OSl0 
~0.040 

0.008 

- 
1 
7 

30 
0 

10 
0.4 

21 
15 
5 
2 
9 
1 

w 
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C A l l G H S  ~ A l k a l i   i a r t h r  b l k t a l r  

"" 
IvilO!ls - N u t r i e n t s  

O_RG4IIlC. llONlONlC 6 CALCULATED VWUES 

COD 
1QC 

TPBLE CI-6 

GRDU!lOYATER ANALITICAL DATA - OOHESTIC YELL 2 

k c .  76 

<0.00025 - 

81' 

16 

15 
0.33 

2 . 4  
0.56 

49 

0.05 

'0.W10 
0.13 

0.016 

270 
276 

500 
7.9 

5 
0.10 

391 
38¶ 

389 
2 

389 
rl 

0.014 
4.005 
4.005 
rO.O1O 
<o ,008 
<0.010 
0.010 

0.00026 

'0.003. 
rO.020 

<0.005 
0.008 

87 

18 

14 

0.003 

0.26 

'0.1 
2 . 4  
0.082 

57 

0.00 

<0.0010 
0.15 

0,004 

31 
17 

271 
291 
<o.oaz 

600 
4 

7.6 

0.25 

39) 
395 

346 
2 

345 
1 

- 
X 

<0505 
0.014 

r0.005 
<0.010 
-0.005 
0.010 

rO.O1O 
r;0.00025 
4.020 
r;0.003 
r0.005 
0.000 

a6 

17 

15 

0.003 

.30 

c0.1 
2.4 
0.32 

53  

0.07 

~0.0010 
0.14 

0.010 

31 
17 

zed 
'0.002 

271 

7.8 
590 
<5 
0.18 

392 
394 

2 
360 
377 

e1 

R 

~0.00025 

3 

2 

1 
0.07 

0.478 
0 

8 

0.03 
0.02 

4J.0010 
0.012 

15 
1 

0;3 
20 
'5 

0.15 

6 
6 
0 

43 
4 4  
4 

1 
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'c 
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CLTlONS - A l k a l i   E a r t h s  h tkfalr 

" 
A'IlOllS - tenera1 

nWION5. - Nutr ients  

Totb l  K j c l d a h l   N I  t r o g m  (N)  
t l i t r a t e  t l i t r o g e n  W , - t l )  
t l i t r i t e   l l i t r o g r n  ( I lO~-N) 
Total  Orfhophosphdte  Phosphorus (PI 

ORMtlIC. NONlONlC 6 CALCULATE0  VALUE? 

coo 
Phenol 
mi 

Tota l  Hardness (CaCO,) 
T o t 8 1   A l k a l i n i t y  ( t a c o , )  

PllVSlCAL OATA 

T U L E  C1-7  

GROUNOYATER ANALlflCAt DATA - OOHESTIC YELL 3 

k c .  76 

<0.00025 

73 

15 

12 
0.29 

1.6 
0.55 
28 

0.28 
0.06 

~0.0010 
0.011 

244 
254 

480 
7.9 

5 
0.10 

3 4 4  
341 

309 
3 

309 
( 1  

'0.010 
<0.005 
<O.COj  
4 . 0 1 0  
<0.005 

<0.010 
0.015 

4 .00025 
<0.020 
4.003 
4.035 
0.U25 

81 

I7 

I 3  

0,004 

0.24 

<O.l 
2.1 
0.084 

37 

0.38 
0.32 
0.0016 
o.oz2 

38 
16 
4.002 

272 
257 

540 
7.7 

5 
0.75 

349 
342 

295 
7 

290 
5 

- 
X 

. 4.005 
<0.010 

'0.005 
<0.010 
<0.005 
0.015 

a . 0 1 0  
rO.00025 
'0.020 
~0.003 
4 . W 5  
0.025 

77 

16 

13 

0.004 

0.27 

'0.1 

0.32 
1.9 

33 

0.22 
0.30 
<0.0013 

0.017 

38 

'0.002 
16 

258 
257 

7.8 
510 

5 
0.43 

347 
342 
5 

302 
300 
3 

R 

<O.WC25 

8 

2 

1 
0.05 

0.5 
0.46 
9 

0.32 
0.02 

<8.0016 
0.011 

28 
3 

KO 
0.2 

0.65 
0 

5 
1 
4 

14 
19 
4 



m 
L 

1: 

z 

z 

E 

z 

c 

1 

TMLE  c1-8 

GROUNIIUATER ANALYllCAL DATA - DoIlESlIC YELL 4 

ORWtIIC, NONIONIC 6 CALCULATE0  VALUES 

k c .  76 
- 
X R 

<0.00025 

'0.010 
4 .005  

4 . 0 1 0  
0.015 

'O.WO25 

<0.003 
r0.020 

4 . 0 0 5  
0.12 

dI.010 
4.005 
0.015 

+00025 

4.003 
'0.005 
0.12 

59 64 62 5 

I 6  18 17 2 
0.004 0,004 

16 23 
0.35 

20 
0.29 0.32 

7 
0.06 

0.98 
0.69 

'0.1 4 . 1  
1.4 1.2 
0.100 

0.4 

45  66 
0.75 0.051 

56 21 

0.07 
0.05U 

0.045 

0.21 
0.050 

0.14 
0. OM 

0.13 

'0.0010 4 .0010 
0.350 

~0.0010 4 . t 5 : 0  
0.050 0.040 0.005 

222 
213 

38 
22 
'0.002 <0.002 

38 
22 

234 224 
228 225 

21 
6 

7.7 
470 

5 
0.10 0.20 

7.6 
500 

5 5 
5 30 

7.7 0.1 
60 
0 

0.15  0.10 

328 350 
326 348 337 

2 2 
301 

2 
302 

301 
y12 

300 301' 

339 22 
22 
0 
1 
1 

<I 2 ' 2  '2 

c 



U. 

L 

c 

t 

c 

" 

WlOlIS - N u t r i e n t s  

Ht t r d t e   I l i t r o g e n  (NO,-N) 
T o t a l   K J e l d d h l   N i t m g r n  ( N )  

uit r>t*  Nitmyrn (l;Oz-:O 
T o t d l  Orthophosphdte  Phosphorus (PI 

- ORUNIC. llOfllONlC b CALCU?ATEO  VALUES 

coo 
7°C 

Phenol 
Tota l  Hardness (CaC0,l 
T o t a l  A l k a l i n i t y  (taC0,) 

TABLE C1-9 

LROUNOYATER  ANALYTICAL  OA14 - WMESTIC UELL 5 

Oec. 76 

4.00025 

54 

14 

17 

- 
0.29 

0.60 
0.56 

37 

0.09 
0.020 

'0.0010 
0.062 

193 
193 

7.7 
400 

10 
1.2 

291 
290 

1 
268 
268 

<1 

'0.010 
4.005 
'0.005 
co.010 
4l.005 

4.010 
0.069 

4.0lkl25 
rO.OZO 
4.003 
0.014 
0.013 

54 

I4 

13 

0.003 

0.25 

'0. I 

0.065 
I .O 

34 

0.11 

~0.0010 
0.13 

0.045 

<lo 
4 

188 
192 
r0.002 

7.7 
420 
-5 
0.40 

272 
269 

3 
226 
226 

(1 I 

- 
X 

<O.OlO 

4 . W 5  
'0.005 

4 . 0 0 5  
'0.010 

'0.010 
0.069 

d.00325 
4 .020  
4.003 
0.014 
0.013 

54 

14 

15 

0.003 

0.27 

<o. I 
0.m 
0.32  

36 

0.10 
0.08 

'0.0010 
0.059 

'10 
4 

193 
191 

dl ,002 

410 
'IO 

7.7 

0.M 

282 
ZBD 

247 
2 

247 
<I 

R 

- .  

cO.OW25 

0 

0 

4 
0.04 

0.47 
0.40 

3 

0.02 

<O.OUIO 
0.017 

0.11 

1 
5 

0 
20 

<13 
0.80 

21 
19 

42 
2 

4 2  
.;1 

. 



TABLE Cl-IO 

GROIJNOUATER AHALYTICAL  DATA - WMLSTlC UELL 8 

k c .  76 
- 
X 

4.005 
0.015 

4.w5 
4 . 0 1 0  
0.022 
0.059 

'0.010 
0.00029 
<0.020 
4.003 
4.005 
0.62 

155 

58 

108 

0.012 

1 .o 

67 

135 

1.3 

0.44 

0.54 
1.0 
0.0029 
0.039 

55 
67 
4.002 

626 
655 

1750 
10 

7.4 

2.5 

966 
963 

866 
3 

e65 
'2 

.R 

O.WW6 

50 

I8 

25 
0 

21 

50 
0.52 

0.25 
1.94 

0.012 
0.00l8 

198 
59 

500 
0 

0 
0.4 

74 
74 

124 
0 

121 
'3 

0.015 
4.005 
4.005 
'0.010 

0.022 

4 .010 
0.059 

'O.O?O 
O.M'J26 

4 .  OC3 
4.005 
0.62 

180 

67 

120 

0.012 

1 .o 

19 

160 

1.3 

0.18 

0.66 
2.0 
0.0038 
0.033 

55 
67 
'0.002 

725 
685 

19W 
10 

7.4 

2.3 

1103 
1100 

928 
3 

925 
3 

0.00032 

130 

49 

95 
1 .o 

c 

55 

110 
0.70 

0.41 
0.060 
0.0020 
0.045 

O R U M I C ,  )IOHIONIC 6 CALCULATED  VALUES 

coo 
TOC 
OW"0l 
T o t a l  Hardness (CaCO,! 
T o t d l  A l k a l i n i t y  (CaCO,) 

PHYSICAL DATA 

c 

527 
626 " 

I 4 W  
10 

1.4 

2.7 

929 
926 

Bo4 
3 

Bo4 
-1 

. .  
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STATIOX: W 9 

PARAPETER (mglr] 

" 
CATIONS - Trace Heta l r  

l o t h 1  Kjeldahl   Ni tmgrn  ili) 
I ; , t r d t c  11rtrcgen (Ro,-:i 
Totdl O r t h o p h o s p h a t e  Pholphorus (PI 

OPCJNIC, I lONIONlC 6 CALCULATED VILUES 

COO 

- PIIVSICAL DATA 

rO.OW25 

72 

37 

8.8 
0.70 

0.82 
0.91 

78 

0.06 

4 .0010  
0.065 

0.011 

332 
286 

630 
15 

8.1 

0.15 

434 
43? 
2 

381 
241 

'1 

'0.010 
e0.005 
<0.005 
'0.010 
0.033 

'0.010 
0.016 

<O.iYO 
0.00035 

4.003 
'0.005 
0.28 

70 

32 
0.008 

9.8 
O.€O 

'0.1 

0.078 
0.45 

75 

0.08 

~0.0010 
0.07 

0,009 

41 
26 
<0.002 

268 
178 

360 
r5 

7 . 9  

0.50 

403 
4 m  

33? 
3 

329 
3 

- 
X 

'0.010 
<0.005 
~0.005 
'0.010 
0.038 

4.0 0 
0.016 

~0.00035 
'0.020 
4.M3 
'0.005 
o.ze 

71 

35 
0.008 

9.3 
0 .65  

4. I 
0.64 
0.49 

77 

0.07 
0.07 

'O.OD10 
0.010 

d l  
26 

255 
4.002 

277 

495 
<10 

8.0 

0.33 

419 
416 

357 
3 

355 
<2 

R 

<O.W035 

2 

5 

1 .o 
0.10 

0.37 
O.O? 
3 

0.02 

~0.0010 
0.095 

0.002 

154 
18 

0.2 

e15 
270 

0.35 

32 
31 

1 
49 

.3 
52 



T o t a l   K k l d d h l  N i t r a m  (N1 

-. O R f f i ~ l C .  tlONlOXlC b CALCCLATED  VALUES 

TABLE c1-12 

GROLINDUATLR ANALYTICAL  DATA - DOMiSTIC YELL  10 

coo 
TOC 
Phenol 
Tordl  Iilrdorls ( C I C O I )  
T o t a l   A l k a l i n i t y  lCaC0,) 

Oec. 76 

4.00025 

89 

36 

16 
0 . 4 8  

2.6 
0.33 

73 

'0.020 
0.33 

0.0010 
0.12 

370 
354 

Total  Resldue 
f1l : rable  ner idue 
l i o n f i l t r r b l c   R c r l d u e  
f i r e d   T o t d l  Residue 
f i l e 6   f i l t r a b l e  Residue 
f i r e d   N o n f i l t r a b l e  Residue 

527 
519 

456 
8 

450 
6 

0.010 
'0.WS 
<0.005 
dJ.010 
rO.W5 

'0,010 
1.8 

~0.02G 
0.00035 

'0.003 
4.005 

0.040 

88 

32 

16 

0.w5 

0.35 

4 . 1  

0.126 
4.6 

78 

0.36 
0.14 
4.W10 
0.087 

48 
32 
4 . 0 0 2  

351 
310 

7.2 
820 

10 
12 

178 
475 

3 
393 
390 

3 

- 
X 

<0.005 
0.010 

4.005 
'0.OIO 
4 . 0 0 5  

rO.O1O 

4.020 
<0.00030 

dJ.003 
4.005 
0.040 

l.e 

89 

34 

16 

0.005 

0.42 

<O.l 
3.6 
0.23 

76 

0.35 
4 . 0 8  
'0.0010 
0.10 

48 
32 
'0.002 

361 
332 

785 

24 
15 

7.3 

503 
497 

424 
6 

420 
5 

R 

'0.00035 

.~ 

1 

4 

0 
0.13 

9.20 
2.0 

5 

0.a 

<O.WlO 
0.033 

19 
44 

90 
10 
24 

0.1 

49 
44 

63 
5 

60 
3 



T U L E  C1-13 

GROUNUYATER ANULITICAL DATA - W n E S T l C  YELL 12 
e 
Lr 

t - 
X R 

E 
'0.010 
r0.005 
r0.005 
4 . 0 1 0  
4.005 
0.31 

'0.010 
0.00035 
*0.020 
<0.003 
<0.005 
0.040 

'0.010 
<0.005 

<0.010 
4 . W 5  

<o.oos 
0.33 

<0.010 
0.00035 
<O.OZO 

a.c05 
4.003 

0.040 

50 

13 
0.003 

50 

13 
0 .W)  

9.1 
0.11 

9.1 
0.11 

IVtlONS - k n e r d l  

4 . 1  
'0.10 
0.078 

a. 1 
<0.10 

13 
0.078 

13 

0.08 
0.07 

0.009 
c.0011 

0.08 

0.W11 
0.07 

0.W9 

C R U t i I C ,  NONIOt41t 6 CALtULSTED YALUCS 

coo 
m r  41 

8 
r0.002 

178 
IS5 

41 
8 

.n0.002 
178 
185 

360 
'5 

1.9 

2.2 

360 
4 

7.9 

2.2 

PHVSICAL DATA - Residues 

b r a 1  ResicJue 

IlonfilLrablr Hcsldue 
Fil t rable  Residue 

Fixed  Total Plriduc 
Fixed f i l t r a b l e  Kesidue 
F i M  l ionf~lcrab l r  Residue 

zzz 
219 

3 

194 
196 

2 



* 
i 

I m 

a 

4 

STATION: S tee l  Bros. Limestnne Quarry 

PARAMETER (mg/.t)  

CATIONS - Alkal i  Earths and  Metals . 
". - 

Calcium.(Ca) 
Magnesium (Mg) 
Sodi um (Na ) 
Potassium (K) 
ANIONS - General 
Bicarbonate (HC03) 
S u l f a t e  
Chloride ( C 1 )  
PHYSICAL DATA 
Spec i f ic  Conductance (umhos/cm 

.- 

25%) 

71.4 
45.4 
8.4 
3.4 

350 
78 

14.5 

666 

pH 7.40 

Sampled  by Golder  Brawner - Analyzed by Can-Test 

. 
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TABLE c1-15 

GROUNDWATER A N A L Y T I C A L  OATA - A R T E S I A N  SPRINGS 

*r-l 
no". July 

22 20 

- *  
- *  

0 . W  
0.12 

- .  
- *  - .  " 

- 0.001 - 0.032 

74  72 

14 16 

14 12 
0.18 

~ 0 . w 7  

1:s 2.3 

35 37 
~ 0.017 

" 
" - 0.014 

~. 
~ 30 

255 257 
- 246 
" 

7.6 7 . 9  
510 540 
" 

. -  

- 349 

- r l  
- 349 

. .  
" 

- A S - 2  

NO?, 
22 
E 

72 

33 

9 . 4  

0.50 

76 

271 

550 
8.1 

IW) 

E 

AS-]  

NO". 
22 

62 

15 

17 

1.7 

44 

212 

460 
1.3 

- 

I N )  

E 

AS-3 

No". 
22 

- 

140 

66 

2E 

1.6 

250 

439 

1100 
7.6  



i:IlONS - General 

i :WiI ! I IC.  IIONIO!I!C L CALCULATED V A L l g  

iOii 

. . "" 

1Alll.E c1-lli 

GI(I1lINUHAlkU A N A L I l l C A L  i;iTA - PIT IIIDi(0LffiI PROGRW 

stat*,on 1 

&ece cwei 

44.8 

21.7 

11.0 
9.0 

201 

508 
7.85 

19.0 

18.0 
9.4 

110 

10.5 

47.7 

213 
86 

677 
7.6 

O.M2 
~ O . l J O 5  
<0.001 
<O.OrJI 

<0.05 
0.621 

0.520 ' 0.0032 
.< 0.Ooc 
c n . m  

1.97 

47.7 

21.6 
14 .O 

0.05 

330 
0.06 

<o. 1 
4 . 5  

17.3 
0.067 

22.2 
<0.10 
'0.001 
<O.OI 

208 
943 

1834 
7.6 

1600 

1400 



I 
L 

TADLE C l - I 7  

tiHIlIINLIYATEH AhALYTICAL OAlA - UUCKET AUGEH HOLE t7 

II 
L 

" 

a, 

Y 

U 

u 

rr' 

I 
I 

I 
I 

. 
f 

Bucket Auger tmle 7 

0.006 

48 

4 1  

303 
27 

0.26 

8.2 
0.33 

260 

5 . 1  
0.02 
O.GQ10 
0.037 

21  

289 
791 

17W 
2 0  

10 

7.3 

3 . 3  

1244 
1250 

24 
1 ffio 
IORO 

8 

1 
0.8 



STATIi!U: Dr i l l  Hole 
SAMPLE DEPTH: m 
PARAMETER: (mg/e) 

p l l  (Units) 
Conductivity (u rnhos/cm) 
Total  Hardness (CaC03) 

Alka l in i ty  
Oi ssol ved Anions 

Bicarbonates (HC03) 
Carbonates 
Chlorides 
Su l f a t e s  (SO4 1 

.. Dissolved . " -~ Cations 
Ca 1 c i I M  7-m 

TABLE c1-18 

GROUNDWATER ANALYTICAL DATA - POWER PLANT SITE PROGRAM 

RH - 77 - 45 
89.9  b2.9  35.2 

7 .75  
626. 
281. 

325. 
NIL 

5.0 
62.4 

64.4 
29.3 

23.0 
4.33 

0.049 
L 0.00:1 

0.014 
L 0.00.1 

0.010 
L 0.001 

0.62 

L 0.04 
0.031 

8.00 
689. 
269. 

330. 
NIL 

6.0 
91.2 

55.2 
32.0 

43.7 
4.62 

L 0.03 
0.002 
0.071 
0.001 
0.009 
0.002 
0.45 

L 0.04 
0.042 

Note:-   Field  Collection by Golder, Brawner 
- Analyses by Can Test  L t d .  
- L Denotes Less Than 

8.15 
729. 
258. 

344. 
NIL 

7.0 
96.0 

54.3 
29.9 

57.5 
4.74 

0.043 
0.002 
0.21 

L 0.001 
0.005 

L 0.001 

0.038 
0.43 

L 0.04 

RH - 77 - 48 RH-77-49 
89.9 77.0  58.1 

8.10 
936. 
81. 

407. 
NIL 
4.0 

115.2 

20.2 
7.4 
3.95 

172.5 
L 0.03 

0.005 
0.002 
0.002 
0.037 

L 0.001 

0.030 
0.30 

L 0.04 

8.10 
1019. 

97. 

476. 
NIL 

139.2 
5.0 

25.1 
8 . 3  

203.6 
4.12 

0.044 
0.004 
0.013 

0.006 
0.002 

L 0.001 
0.33 
0.031 

L 0.04 

8.35 
872. 

57. 

408. 
3.04 

81.6 
3.5 

15.2 
4.6 
3.47 

170.2 
L 0.02 

0.003 
0.001 

L 0.001 
L 0.001 

0.020 
0.38 

L 0.04 

0.002 

89.1 

8.00 
1326. 
682. 

672. 
N I L 

196.8 
2.0 

123.4 
91.2 

32.2 
4.74 

L 0.001 
0.073 

L 0.001 
C. i 3  

L 0.001 
L 0.001 

0.071 
1.26 

L 0.04 



7 June 1977 21 June 1977 

. 
0.043 
* 

0.013 

74 

16 
0 . W  

c 
19 
0.27 

c 

Boron ( 0 )  
Ch lo r ide   (C l )  
Fluoride [F) 
S u l f a t e  (SO,) 

1 .5  
0.091 

48 

0.024 

20 

251 
230 

520 
7.8 

Total RBIinUe 
F i l t r a b l e  RcriCuc 

$82 
342 
40 



m 
Ir 

m 
C 

t 

m L 

"L 

4 

4 

1- 

7 June 177 

0.034 

0.006 

64 

15 

18 

0.003 

0.20 

0.104 
1.7 

3a 

0.032 

27 

222 
229 

7.6 
510 

354 
330 
24 

21 June I77  

0.024 

0.005 

0.014 

75 

15 
0.004 

la  
0 . 2 1 .  

1.4 
0.120 

45  

0.033 

32 

249 
232 

7.4 
520 

370 
340 

24 

6  July  177 

0.010 

0.035 

0.008 

65 

16 

10 

0.005 

0.28 

1.3 
0.135 

54 

0.043 

24 

228 
231 

7.4  
531 

409 
340 
69 

20 July 177 

2.030 

0.13 

0.004 
0.001 
0.04.1 

66 

16 

18 

0.004 

0.23 

1.3 
0.146 

4B 

0.009 

50 

231 
2 4 1  

?.6 
540 

387 
349 

38 



r 
L. 

.. w 

'c 

4 

H 

T l i s L i  Cl-21 

GROUNDWATER ANALIlICAL DATA - BULK SIWPLING P R O G R W  I 3 YELL 

7 J x r  111 

0. GO1 
0.260 

* 

0.024 

260 
0.064 
8! 

363 
0.12 

0.2 
1.J 
0. >05 
1 W 0  

0.038 

9: ' 

953 
:sa 

1.8 
3030 

. .  

2311 
271u 
161 

21 June I? ;  

0.081 

0.016 

260 
0.063 
83 

380 
0.10 

0.2 
1 . 5  
0. 134 
13W 

0.035 

10; 

991 
506 

1 . 3  
3000 

2817 
2730 
141 

6 July 171 

0 . 2 3  

0.008 
0.012 

230 
0.061 
BS 

400 
2.1 

0.1 
1.3 
0.134 
1360 

0.046 

mi 
924 
538 

1.2 
2970 

2845 
2100 
132 

20 July 117 

0.051 

0.25 

0.13t 

250 
0.007 
88 

440 
0.99 

0.2 

0.133 
1.4 

1280 

0.034 

80- 

981 
572 

7.3 
3030 

2851 
2050 
161 

4 ~ Y U .  117 

- .  . 
0.15 

0 . W 3  

0.003 
0.1D 

230 
0.055 
65 

240 
1.8 

0.2 

U.135 
7 . 1  

13.90 

0.0:8 

61 

&2 
586 

7.3 
3010 

2846 
2140 
106 



0 
L T A W  CI-22 

GROUNOWATliR ANALVIICAL OATA - BULK SWPLING PRCtRAn ~ TENCH 8 

STATION: Trench 8 Groundwater 

P A M X T E R  (wglr) 21 June 177  6 Ju ly  177 19 Ju ly  177 -7 14 sept.177 

0,009 0.012 

0.025 

. 
0.022 

0.0020 

t 

m 
L 

t 
0.014 

0.003 

0.012 

. .  
0.003 
O.OO2 0.003 
0.009 0 .047  

0.004 

0.007 
T, 

71 56 60 59 

16 16 
0.004 0.004 0.005 0.004 

67 

19 16 17 
0.034 z. 

0.142 
1.4 

0.099 
1.1 1.3 1.3 

0.102 
1.1 

0.143 0.112 
4 4  56 48 16 58 

'c 

0.032 0.024 0.026 0.026 0.025 

31 83 95  11 4 

74 3 
222 

206 
218 

220 
229 

213 
236 

246 
257 

V!lYSlCAL DATA 

510 
8.0 

499 530 540 
7.9 7.8 8.0 

603 
8.0 

387 ~ 38846 
339 340 316 

161 3 0  
357 376 - 31504 4 4 46 



i. 

5 

1L 

.L 

c 

c 

T I L E  CI-23 

S U I A C L   H A I k B   A I I A L I I I C A L  U A l A  - UPPER HAT CHEEK 

. .  
1.1 
('1 

'0.020~ d 
r0.003 d 
<0.005 I 

( 0 . 0 0 6 ) 0 . 0 0 8  - O.M6 0.001 0.001 0.w2 

56 52 30 49 13 2 8  
0.0011 ~ 0 . 0 0 2 5  0.0021 0.003 

16 I' 1; 19 16 2 . 6  5 
4.1  

19 It 16 
(0.28) 0.26  0.30 0 . 2 1  0.30 

I8 I7 
0 . 2 8  

1 .I 
0.020 0.04 

3 
4.9 '  

i 

L 

L 

c 

i ' l  
0.55 0.55 0.63 D.61 0.64 

<o. 1 
0.68 

4 
0.13 

0.014 0.097 0.15 0.070 0.133 0 . 2 3  0.20 
50 4 1  41 66 50 12 25 

0.23 0.10 0. lb 0.25 0.19 
0.04 U.03 

0.67 0.15 
0 . 1 2  0.04 0.06 0.W o.lJ9 

c- 

c 

" 

I 

I 

m' 

I 
I 

m 

210 
283 

7 

290 
2& 

3? 1 
31 2 

8 
266 
761 

-8  

36.2 
32.4 

38.3 
8 . 1  

3 5 . 0  
6.6 

55 
70 

83 
18 

79 
15 

211  
4 

213 
20; 
257 

5 

10.5 
102 

'1 
11.2 I .45 

Y C . 4  
9.3 

97.5 
12 .5  

Y5.9 
1 2 . 3  3 



E 
c 

. E 

c 

L 

G 

6 

0.020 
6 

d 
d 

0.017 

0.0012 

3.040 

57 5s 2.1 3 

20 20 0.71 
4 .5  

1 
6 

25  24 
0.29  0.34 

0.71 
0.078  0.11 

1 

0.004  -0.0025  0.0021 0.W3 

z 
'0.1 

1.4 1.0  0.53 0.75 
d 

0.11 0.18 0.11 0.15 
66 57  13 18 

z 0.31  0.27  0.64 0.M 0.22 
0.04 

0.081 

0.04 0.04 0 0 
< o . w 1  0 0 

0.050 0.065 0.0?2 0.031 

10 IO 
24 16 12 

d 
I 7  c '0.W2 d 

225  226  2.12 
224 

1 
228 5.66 8 

228 
232 

8.4 8.4 0 
510 

0 .  
495 21.2 

20 18 3.5 
30 
5 

IO 
1 .4  

9 . 8  
1.4 . d 

0.21 
0 
0 . 3  

360 
3 3  
6 

ZY I 

3 

351 356 6.36 9 
347 350 4.95 7 

b 5 1 2 
16.1 23 

4 
24 

4 1 1 

z6n 2eo 
288  261  2 ' 6  17.0 

I)- 

m- 

I" 



"r 

z 

1.1 * 
59 

I 9  

21 
4 .O 

(0.301 0.30 

1.1 
U.16 
1 . 2  

16 

0.24 
0.05 

0.040 

6 

226 
2 37 

4no 
. 8 . d  

15 
6.3 

1 2 -  

3 4 3  
346 

1 1  

2 70 
I 3  

2n3 

Y . 2  
e9.9 

0.011 0.016 
1 

c 
o.wo12 o.ow23  
6 
b 

- .  
1 . 1  

41.1 
1.3 

I 
I . 3  1.2 0.095 0.2 

0.22 
46 

0.ow 0 .10  
50 59 50 

0.14 
6 . 1  
0.063 0.14 

4.0 

0.10 0.12 0.28 0.19 0.090 0.18 

0.U33 0.0022 * 
0.13 0.05 4.06 0.04 

dl.0018 O.WO97 0.002 
0.024 0.043 0.045 0.03 0.009 0.021 

0.08 

17 
10 

I 7  
8 2.8 

6 
4 

213 206 214  215 8.Y) 20 
<0.002 4 

2?8 171  211 212 29.2 66 

470 460 a80 412 
10 

8.4 

5 

0.057 0.1 
9.57 20 

0.80 
15 I1  4.8 10 

1.7 
0.5  

1.3 
1 

2.5 2.5 5.5 

8.3 8 . 3  8.4 

12 6.4 6.5 11.5 

348 
346 

331 335 344 

2 
327 32 7 

14 .4  
336 

32 
11.0 

4 
101 

19 

,231 
8 8 

1x) 
2 i!? 

231 
274 

6 .6  
30.1 

15 

276 
1 

269 
79 

6 ;5 
28.6 

5.7 
69 
12 

12.8  12.9 
98.5 

9.6 
.1 
11.1 

6 
99.2 

1.99 
77.1 

3.7 



z 
t 

d 

'L 

64 

20 
'0.Wl 

3.1 
17 

z 
.. 
0.28 

('1 
0.87 
0.24 

41 

d 
6 
d 

0.87 
0.24 

41 4 

'c 0.12 4 
d 
d 
d 

'0.W1 
0.04 

0.059 

4 
g ~ ~ t i l c .  NOlilONlC 6 CALCULATED VALUES 

coo 
4 4 

242 
247  

242 
247 

470 
10 

1.2 
12.5 

0.5 

c 337 
333 

4 
259 
259 

317 
111 

259 
4 

259 
<l "J 

"J IlDfl 
0.0. 
i 5dt"rdtiC.l 



rc 
Ir 

22 33 27 22 26 5.2 11 
0.001 4.001 0 

20 18   1T 4 . 6  1C 
0 

I 5  
1.9 
0.0 14  14  8.9 11 

1.9 6 
3.2 6 

(0.131 0.05  0.29  0.11 . 0.13 0.067 0.15 0.17 

t 
1.1 t" 1 
\ I  

0.58 1.1  1.1 0.88 6 . 2 6  0.53 
-. . 

0.20. 0.28 
0.75 

0.088 0.089 0.16 O.OS3 0.192 
10 26 18 5.8 1 5  8.9 20.2 

1c 

4 

Y 

162 245 212 42.3 81 
152 

249 
240 

192 
2 19 I57  

10 5 
197 49.1 

lo 126 
35 15 

Btl 

118 
13.5 

I86 149 
M 

110 
145 

I O 4  
30.5 

149 
68 

94 1Y 40 .4  40 * 

c 

c 

c 

94.3 
9.7 12.6 

92.6 9.25 
9.1 

'1 
11.2 

4 
2.08 4.2 

99.3 
13.3 



TARLE Cl-29 

SUUFACE UAlER ANALYTICAL DATA 

P 

E 

G 

z 

z 

"c 

c 

w 

L 

Srpt.  16 

22 

II 

IO 
1.1 

10.13) 0.08 

0.30 

12 
0.20 

0.24 
0.04 

0.041 

13 

100 
I 1 3  

220 
20 

12 

8.2 

1.1 

186 
111 

119 
9 

113 
6 

9.6 
95.5 

35 

20  

14 
0.21 

0.28 
1.1 

26 

0.11 

0.001 
0.032 

169 
I 88 

8.3 
31V 
IO 

1 .o 
0 

253 
250 

3 

180 
I82 

2 

12.0 
9A. I 

0.050 . 
0 . m 1  

r3.010 
<0.005 
'0.005 
<O.OIO 
'0. ws 
0.050 

rO.O1O 
4.03025 
'0.020 
'0.003 

<0.013 

0.w1 

0 

0.016 

33 22 28 7.0 13 
0.001 '0.001 0 

19 11 15 4.9 9 
0 

1.7 
15 8.9 12 3.0 6.1 

d 

0.21 0.12 0.16 0.066 0.13 

1.2 0.63 0.81  0.42 0.9 
0.086 0.081 0.16 0.096 0.199 

d . 1  . d 

Y) 8.0 19 11 22 

0.24 0.50 0.29 
0.08 

0.lk 
0.10 '0.06 

0.33 
0.04 0.00 

0.0014 * 4 . 0 0 1 6   0 . W 9  0.002 
0.021 0.M4 0.034 0.010 0.023 

21 
7 

21 d 
12 4 .z 6 
4.002 d 

161 1W 132 
114  110  146 40.6 

37 .b1 6% 
70 

8.2 8.0 8.2 0.13 
350  220  290 

0.3 

IO 
81.2 I50 

30 
1.1 

IO 
4.6 

9 . 1  
2.1 

21) 

1 
1.7 3.6 

13 6.5 1.0 12 

249 
257 205 225 35.2 71 

I54 208  49.1 
8 

96 
51 I0 

111 
22 

146 
48 

154 28.0 
171 

63 
103 

8 
142 3 9 . 4  77 

43  15 19 41 



a 
.I 

5, R 

<0.010 
'0.005 
4 . 0 0 5  

0.005 o.ou5 
'0.010 

O.OS2 0.042 . r.o.010 
<0.00025 
d!.020 
<0:001 
4.005 

0.007 0.036 

* 

I 
m 

I 
I 

'I 
6.8 14 
0 0 
5.2 
6 

10 

2.5 
0.w2 0.21 

5.2 

1.) 
0.5u I .J 0.70 I .a 

4. I 
\.6 

0.20 0.33 0.090 0.086 0.18 
13 33 30 8 .1  21 

d 
0.53 1 .l 
0.12 

1 2  24.3 
(1.254 4 

4 
0.11 0.26 
0.02 0.05 
0.0015 O.Oii22 
0.011 0.C26 

4 

d 
0.7 
d 

I 

38.9  17 
39.9 16 

0.13 
78.5  130 

0.3 

5.8 
1.6 

10 

6.8 
3.6 

I 1  

4 
47.8 81 
57.6 114 
15 
36.3 80 

33 

46.3 130 
14 30 U 

# 
1.86 3 . 8  

. .  

c 

c 



I' - 

0.45 
0 .10  
6 

0.05 
0. Q7 

D.Ll"R 

4 

30 
77 

- 1.7 
71 

5 

13 
h uo 

60 
511 

46 
2 

46 

Y.8 
1 

9 b . l  

1 1  

2.4 

3.0 
0.05 

2.0 
0.26 
7 

u.05 

0.1103 
O.tl5 

0.016 

4 2  
17 

1 . 8  
110 

10 

4.5 
0.55 

1 4  
73 

1 
64 
64 

uu.9 
11.1 

UPPER TllOHYSON RlVEH 

0.00056 

0.025 

0.019 

<0.010 
<o ,005 
'0.005 
<0.010 
d.UO5 

'0.010 
<0.00035 
d.020 
'0.003 
d . 0 0 5  
0.018 

.o.o1n 

6 
I 
6 
1 
4 
0.011 
6 
0.000l7 
I 
6 
4 
0.0014 

0.015 

O.oW11 

0.002 

13 11 11 2.0 4.3 
0.001 tu.otl1 0 

2.5 1.8 2.2 0.32 0.7 
0 

4 . 0  4 .0  
0. GO 6 
3. I 

0.095 0.061  4.055 0.035 0.045 
1 . 3  3.1 

2.9  
c0.1 

1.3 
4 

1.7 1 .o 2.45 
0.C51 0.054 0.12 
9.1 

U.098 0.209 
6.7 7.3  1.5 3.4 

0 .05  0.10 
0.11  0.10 

0.07 0 . 2  0.05 
0.ou 0.03 0.06 

0.0011 @.QUI2 <O.OJ17 0.0011 O.iU2 
0.021 0.0% 0.028 0.021 0.05 

.. 
4 4 6 0 

4 3  35 38 6.1 
4.002 6 

39 I1 34 5.3 
13 
12 

./ 

110 95 15 
10 

32 

0.55 
10 8.8 2 . 5  5 

1.4  0.82 
1 ' 1 1  7.9 

0.40 o.es 
4.9 n 

7 . 9  1.7 1 . 8  0.096 0.2 
en 

87 72 
U4 68 

73 11 2 7  
71 11 

3 4 
26 

4 d 
2 

52 52 
1 3 

4 4  50 
9.0 20 

51 9.0 
2 <I 0.5 1 

i o  



t 

e 
b y  77 

0.023 

* 

0.043 

0.00047 

0.008 

11 
0 . w 1  
2.1 

2 .0  
0.013 

I .2 
0.057 
6.7 

0. I2 
0.10 
0.0011 
0.004 

31 
I 

16 
36 

90 
IO 

1 . 4  
11.5 

7.8 

99 
94 

5 
46 
4 1  

5 

9.9 
91.0 

S t ,  

I 
d 
d 
d 

0.0231 
I 

d 
O.WO13 

I 
d 

0.01? 
6 

2.0 
0 
0.33 
6 
2.5 
0.035 

D 

0.11 
1.1 

1.8 

0.03 
0.04 
0.0015 
0.005 

4 
0.7 

6.1 
6 

5 . 9  

17 
0.13 

2.5 
0.45 
4.9 

12 
14 

2 
6.4 

2 
7.4 

d 
1.68 

R %"t. 76 Dec. 76 

12 

2.6 

4 .0  
0.05 

2.0 
0.28 
9 

0.05 
0.06 

0.012 
0.004 

4 1  
37 ' 

7.6 
110 

10 
0.50 
4.8 

66 
66 

57 
57 

93.5 
11.6 

Mar. 77 

14 

2 . 0  

0.095 
6 . 8  

0.659 
2.9 

9.9 

0.08 
0.10 
0.0011 
0.016 

46 
41 

7.9 
110 

10 
0.40 
3 

e l  
M 

42 
2 

4 2  

1 3 . 3  
102.: 

5 
0.033 

0.000z2 t 
( * )  
i'! 
(C.057)  0.025 0.0077 

4 . 8  
0 
0.7 

5 .3  
0.053 

2 . 5 3  
0.23 
3.9 

0.07 
0 . 5 8  
0 . a  
0.311 

t 

lO.010) * 
9.2 

2.2 
0.65  
1 . 3  

(0.011 * 

E 

4.1 
I .6 
'0. I I 

7 . 9  

0.37 

G 

0.09 

0.015 

2 

27 
32 

' 1 . 8  
74 

5 

13 
0,90 

73 
70 

4s 
3 

4'J 

95.1 
9.7 

4 . 0 7  
0.09 

4 . 0 0 1 0  
0.012 

31 
2 

<O.W2 
39 
35 

1 
'y 

14 
I4 

36 
0 . 1  

5 
1 

10 

28 
31 

3 
15 
16 

4 

4 

4 
80 
78 
'3 
18 
4 7  
.2 rp 

'1 
1 1 . 1  3.6 

4 
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z 

z 

c 

II 

I 

rl 

111 

rr. 

A\ecce Lake 
l e 1  

Hat  Creek 
Oelhr finney Creek 

tlear RH-76-29 

4.05 

33.9 58.0 

25.2 
11.5 
38.0 

4 . 5  

52 .2  

217  
188 

508 
7.6 

17 .1  

21.3 
4.0 

214 

462 
8.0 
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TABLE C1-34 

SURFACE  MATER ANALITIUL DATA . POHER PLAHT S I T E  PROGRAM - MEOICINE CREEK 

STATION: h d i c i n c  Creek 

PAW\KTER (ppn) 

CATIOIIS - Trace k t a l r  

UllONS - Nutrients 

Tota l  K j e l d a h l  Nitrogen IN1 
l i i t r n t e   l i i t m g e n  (NO, tl) 
t i i t r i t e  flitmyen (NO, 11) 
Total  Orthophosphate  Phorphows  (PI 

__ 

ORGPIIIC, NOlllONlC b CA:CULATED  VALUES 

coo 

PHISltAl OATA 

PH (un l15 )  
Slreci f lc  Conductance (Sphnsf  

T u r b i d ,   t y  ( N T U )  
True Color  ( P t - t o  u n i t s )  

Teverature ('Cl 

PHYSICAL DATA - Residues 

Tota l  Residue 
F i l t r a b l e   n e r l d u c  
I l , n f i l t r a b l e  R?sidue 
Fixed Total Rcsldue 
Fixed  F i l t r a t l e  Residue 
Fixcd 1ionf l l . rable Residue 

8IOCtlEWICAL, DISSOLVE0 USES b RELATED 
f l c t m w w m  
0.0. 

2 1 r t  21  

1977 1911 
nay J u l y  
" 

<0.010 
io. ws 
.o.oos 
'0.010 
<0.005 
0.021 

d!.OlO 
o .wo50 

'0.020 
'0.003 
d.005 
0.w9 

61 

29 

14 

0.003 

0.44 

4 . 1  
0.50 
0.122 

40 

0.26 

Q.0010 
0.04 

0.010 

27 
10 

Q.W2 
272 
188 

8.4 
550 

10 
0.30 
7 

3 6 t  
359 

261 
2 

260 
1 

10.1 

- 

57 

20 
2.5 
12 

0.35 

m 
0.5 

255 
5.9 

8.5 
470 

304 

lug. 
6 

1917 - 

61 

21 
2.2 
12 

- 
0.20 

2.0 
18 

- 
263 
4.9 

8.5 
500 

322 

13 
Sept. 
1971 - 

58 

24 
2.3 
11 

0.26 

5.2 
15 

262 
1.3 

8.5 
402 

318 



TABLE C1-35 
SURFACE WATER ANALYTICAL DATA,- POWER PLANT SITE  PROGRAM 

MACLAREN  CREEK 

STATION:  MacLaren  Creek 
PARAMETER ( m g l a )  

CATIONS - Alkali  Earths  and Metals 

Calcium (ca) 
Magnesium (Mg) 
Potassium (K) 
Sodi  um (Na) 

ANIONS - General 
Chloride (Cl) 
Sulfate (SO4) 
Total Silica (Si02) 

NONIONIC  VALUES 
Phenolphthalein  Alkalinity (CaC03) 
Total Alkalinity (CaCC3) 

PHYSICAL  DATA 
pH ( U n i t s )  

Specific Conductance ( umhoslcm @ 25OC) 

PHYSICAL  DATA - Residues 
Filtrable  Residue 

.. 

27 July/77 6 Aug.177 13 Sept.177 

52 56 

17 19 
1.8 2.4 
4.4 5.6 

<o. 1 30.0 
9.6 11 
1.8 1.4 

0 0 .  
220 240 

8.3 a. 2 
400' 450 

257 284 



TABLE C1-36 

SURFACE WATER ANALYTICAL DATA - PAVILION LAKE PROGRM 

STATION: Pavillion Lake 

PARAMETER ( m g l a )  

CATIONS - Alkali  Earths and Metals 

Calcium (ca )  
Magnesi um (Mg) 
Potassium ( K )  
Sodi um (Na) 

ANIONS - General 
Chloride  (Cl) 
Sulfate (SO4)  

Total Sil ica  (Si02) 

NONIONIC VALUES 
Phenolphthalein  Alkalinity (CaCO,) 
Total A1 kal i ni ty  ( CaC03) 

" 

PHYSICAL DATA 

pH (Units) 
Specific Conductance ( pmhos/cm @ 25OC) 

PHYSICAL DATA - Residues 
Fi 1 t r ab l  e  Residue 

27 July177 

37 
16 
4.1 
6.2 

0.53 
52 

1.6 

2.0 
141 

8.5 
360 

239 

6 Aug.177 13 Sept.177 

37 40 
16 18 
4.4  3.5 
7.7 6.7 

0.50 0.40 
53 50 
1.1 6.5 

3.0 4.9 
139 138 

8.5  8.5 
360  359 

,241 238 



t 

t 

t 

'L 

'1L 

% 

* 

TMLE C l - 3 1  

SURFACE YltTER AhALYTlL4L DATA BULK SAIIPLE P R O W W l  - KAT U I E E K  
STATION 1 

STATIOY: 1 HAT CREEK 

"" 
PARAI*ITER Ingfl) 26/4/71  11l5177  21/5/77 8/6 /11  22/6/77 5/1/11 20/7/71 4/8/11 14/9/11 

-. 

" 

O . O I 8  

0.008 

* . . . 
f . . . . . 
0.019 * 0.029 0.022 0.020 0.014 0.015 0.030 .. f . 0.00025 

0.005 * 0.003 * * 
OD32 0.011 * 
0.005 * 

0.001 O.CO1 0.006 0.W6 
0.010 0.024  C.036 0.036 

42 

1:I 

12, 

D.O1O 

0.24 

59 60 31 57 60 ' KO 56 58 
0,025 0.004 0.003 .a.w4 0 . ~ 4  0 . ~ 5  O.WI 0 . ~ 2  

21 21 12 15 22 19 17 I9 

24 25 I5  21  20 22 23 22 
0.30 0.30 0.13  0.18 0.31 0.24  0.25  P.29 

m 

Cl.18 1.2 1.0 0.63 0.88 0.99 1.0 1 . 3  1.2 
Cl.088 0.120, 0.107 0.090 0.101 0.112 0.118 0.118 0.101 

... .. . 

4 1  56 65 34 44 68 52 45 41 

" 
PNIONS ~ N u t r i e n t s  

T o t a l  K j e l d a h l   N i t r o g e n   I N )  

N l t r i t e  Ni t rogen  (NO, - N) H i t r d t C   N i t r o g e n  (NO, - I:) 
Dissolved  Phosphate  Phosphoru i  ( P )  C,.030 

ORGANIC, NONIONIC 6 ULCULATEO VALUES 

10c 
COD 

Phenol 
T o t d l   n a r d n e s r  ICaCO,) 

I5  

158 
149 Total Alka l in lW (CaCOs) 

PHYSlCAL DATA 

on ( u n i t s 1  
Speci f l :   Cmductance ( m A o s l c n  P 25') 310 
True CD!W IP t -Co  h i t s )  
lurbid!?y (flTU) 
Tenperarum I'C) 

1.9  

"- PHYSlChL DATA - Rcsldues 

- - 
0.056 0.054 0.051 0.083 0.049 0.032 0.045 0.M9 

rc 

IO 

234 
220 

8.5 
490 

- 

262 
360 

2 

11 19 24 34 26 I 1  6 - rlr 
230 149 198 236 243 250 234 
236 142 204 240 228 210 223 

s 
520  350 440 547 520 520 508 
0.4 8.3 8.4 8.4 8.5 8.6 8.4 

L 

A 
Tota l   Res idue 
F l l t r a b l e   R e s i d u e  
l l o n f i l t r ~ b l e   R e r i d u r  
Fired To ta l   Res idue  
f i x e d   F i l t r a b l e  Residue 
f i x e d  H o n f i l t r a b l e   R e s i d u e  

323 
253 

10 

383 288 313 383 351 3 s  359 
361 253 306 378 349 353 346 

16  35 1 5 2 '1 13 

8IOCtltHiCAL. DISSOLVED GASES L RELATE0 
KASUREIfNTS -" c BOO 
0.0. 
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TABLE C1-38 

SURFACE UATER ANALYTICAL DATA - BULK SPHPLING PROGRM - U4T CREEK 
STAT103 2 

STATlOlI: 2 HAT CREEK 

. PARAEGTER (ng/n) 26/4/77  11/5/77  24/5/71  8/6/77  22/6/77  5/8/77 2018177  4/8/17  14/9/77 

* knotes  +~oc 

f 0.015 . .  
f . 
0.025 0.026 0.029 0.026 0.020 0.012 . 

0.004 &OM * 
0.002 * 
0.009 0.024 * 

0.002 D.001 
0.010 * 0,018 

. 
* ' .  . 
0.014 0.025 

0.0038 

0 . W  * 
0.001 0.006 

0.010 0.014 

59 60  45 57 6 1  60 57 6 1  

20 21 12 15 22 19  17 18 

24 24 16  19 20 20 22 22 
0.29 0.30 0.20 0.18 0.32 0.24 0.30 0.24 

0.W5 0,004 0.004 0.004 0.004 0.005 0.m 0.003 

0.1 * 
1.3 1.2 0.70  0.91 1.1 0.90 1.1 1.0 

0.1  ' 
0.110 0.110 0.081 0.110 0.111 0.120 0,120 0.W8 

56 61 35 49  62  46 43 44 

6 22  22 24 22 30 17 

230 236 162 ' 209 240 228 212 226 
222 228 157 196 237 246 251 241 

8.5 8.4 8.3 8.6 - 460 520 360 440 - .  _. 

- 359 381 275 308 - 357 369 255 302 
2 12 20 6 

546 530 520 515 
8.5 0.5 8.5 8.4 

380 ' 355 362 353 
372 351 362 343 

8 4 <I 10 



c 
TABLE CI-39 

SUaFACE YPlTER ANALYTICAL 041A - BULK S W L I N G  PRffiRAV - WT CREEK 

STATION 3 

STATION:  3 HAT CKEEK 

11/5/77  74/5/77  8/6/77  22/6/77 5/7/77  20/7/77  3/8/77 14pJJL , ' 

-. 
26Jm 

0.012 

0.004 

45 

15 

14 

0.001 

0.26 

0.95 
0.088 

35 

0.030 

.) 

0.032 0.032 0.021  0.020 

. 0.015 0.25 * 

. f . 
0.018 0.010 0.010 0.026 

. 
0.003 * 0.004 * 

0,005 

0.084 0.010 0.W7 

0.004, * 
0.001 * 

0.003 

0.008  0.011 0.005 0.021 

60  59 39 57 

20 2 1  12 15 

24 25 14 19 

0.005 0.004 0.004 0:004 

0.29 0.31 0.20 0.18 

61 60 57 57 

2 1  I9 17 18 

20 2 1  23 22 

0.005 0.W5 0.005 0.003 

0.34 0.24 0.26 0.30 

I 

111 

. * . f f 

1.3 1.3 0.70 0.85 
0.107 0.113 0.082 0.117 

56 64 34 42 

0.94 0.85 1.1 0.88 
0.108 0.120 0.122 0.091 

66 50 41 4 1  
I 

d 

0.045 0.062 0.057 0.078 0.055 0.038 0.048 0.042 

O_RGAHIC,  NCNIONIC b W.LCULATE0 VhLLlES 

COO 
TOC 19 16 

234 
230 

8.4 
530 

335 
367 

18 

6 20 32 28 28 

239 228 
237 247 

12 5 

1.74 232 
158 219 

147 204 
153 196 

212 216 
248 229 

360 446 
6 . 3  8.4 

540 530 
8.6 8.5 

520 498 
8.6 8.4 

270 308 
236 300 

34 8 

378 352 
371 349 

7 3 

362 337 
360 328 

2 9 78 5 

* Denotes rnoc - 
I 

i 

e 



a 
I 

.. 
m 

'L 

k 

i 

a 

O R U H I C ,  NWilDNIC 6 CALCUlkTED VALUES 

I 

d 

-__ PHISICAL h\TA 

3 

pH l u n i t r )  
Specific Conductance lmhoslca @ 25' )  

l u r b l d i t y  INTUl 
APW Color (Pt-Co U n i t s )  

l e v e r a t w e  ('C) 

P I z Y S I C A L  CATA - Rcsidve i  

TULi Cl-40 

CALCQN STUDY - THOWPSON RIVER ~ UEAHS 

0.2 

0.07 
0 . 2  

4 . 0 5  

I 1  

2 

9 

2.3 

10 

0.1 

0.0 

5 
4 . 5  
1 . 0  

41 
35 

96 
7 . 4  

8 
5 

i 
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TABLE Dl-1 

DOMESTIC I.IUNICIPAL AND INDUSTRIAL USE WATER LICENCES 

HAT C R E E K  VALLEY . "" "" 

1. Indidn  Affairs  
7. J.B. Jackson 
3. Indian  GiFait.s 
4. J.U. Jackson 
5. Ashcrof.t  Estates 
6. A .  Cameron 
7. Indian  r t f fa i rs  
I : .  J.B. Jdck.son 
9. A. Camerw 

10.  Ilidgs Investments 
11. A. Canleron 
'I?. A. Cameron 
1:;. G.  Parke 
14. A. Cameron 
l!;. J.B.  Jackson 
1 0 .  D.E. Gof f  
17. G .  Parke 
1:;. J.C.  Jackson 
.I?. I I . C . 1 I . P .  

Location 
" 

I . R .  #1 
L .  279 
I.R. #2 
L.94 & 93 
v ia  Cornwall Cr. 
H a t  Creek Easin 
via Oregon Jack Cr. 
Hat  Creek  Basin 
Hat  Creek Basin 
Hat Creek  Basin 
Hat  Creek  Basin 
Hat Creek  Basin 
Hat  Creek  Basin 
H a t  Creek  Gasin 
H a t  Creek Basin 
Hat Creek Basin 
Hat Creek Basin 
Hat Creek Basin 
H a t  Creek  Basin 

Water 
Source 

Hat  Creek 
Hat  Creek 
H a t  Creek 
Hat  Creek 
k d i  c i  ne Cr. 
Hat Creek 
Hat  Creek 
Robertson Cr. 
McDonald Cr. 
Hat  Creek 
HcCormi ck Cr . 
Hat Crwk 
Hat Creek 
Anderson Cr. 
Ambusten Cr. 
Yet Cr. 
McDonald Cr. 
Cashmere Cr. 
Finney Cr. 

Date - 

Sept.   26,  1888 
Mar. 19,  1294 
Sept .  26,  1832 
Jan .   9 ,  1871 
Nov. 19 ,  1877 
May 25, 1292 
Jun. 1 ,  1883 
Nov. 4 ,  1883 
Oct.  19, 1885 
Mar. 9 ,  1294 
Sept .  1 ,  1894 
Oct.  9,  1894 
Feb. 16 ,  1697 
Mar. 2 ,  1903 
Apr. 10 ,  1905 
Sept .   15 ,  1911 
May 14,  1918 
Dec. 14, 1922 
Aug. 2 2 ,  1958 

.. ___ EONADARTE RIVER-HAT C R E E K  TO THOt!PSO~i RIVER -__ 

A . A .  Parke L.102 Bonaparte R .  Dkc. 5 ,  1871 
J.B. Jackson L.90,91,92 Bonaparte .R. Lpr. 6 ,  1872 

(1.day-I)  
Volume 

6810 
2270 
681 0 
681 D 
4540 
4540 

1 S3?0 

90b0 
4540 
45"4 

22 70 
i?73 
2270 
2270 
2270 
2270 
2270 
2270 
22  70 

2270 
4540 



T A B L E  01-1 C O N T ' D  

DOMESTIC MUNICIPAL AN0 INDUSTRIAL USE WATER LICENCES 

Location ____ Water 
Source 

Est. o f  J. Feryusson  L.95  Bonaparte R. 
J.B. Jackson L .  95 Bonaparte R .  
J.B.  Jackson  L.93  Bonparate R. 
A . H .  Woodburn S.18,  T p i l l ,  R.24 Bonaparte R.  
A . H .  lloodburn 5.8, S.17, l p 2 1 ,  Bonaparte R.  

Chevron Canada L t d .  L.5189 Bonaparte R. 
C i rc le  7 P.anch Ltd. 5 .33 ,  TpT.0, R.24 Bonaparte R .  

R.24 

Eluter & Sons Invest. L.377, & S.7 ,  Tp21, 
L t d .  R.24 
A .  Stohlnan  5.33, Tp22, R.24 
Indian  Affairs  I . R .  #3 
0. M. Hayen L .  377 
Vil lage o f  Cache Cr. Cache Creek 

K . A .  tiagen R.24 
O.N., N O . ,  & L.377, 5.8, Tp21, 

O.i?. , N.O. ,  & 
K.A.  Hagen L.377 
Bonapartc Cr. 
Hold iny  L t d .  L.3832, L.1657 
Village o f  Cache Cr. Cache Creek . 

Emter & Sons L.377,  5.7, Tp21, 
Inves t .  L t d .  R .  24 

COI!WALL CPEEK 

Ashcroft Est. L t d .  L.15,16,17,18,19 

- Date 

Dec. 23,  1896 
Dec. 23, 1896 
June 16, 1905 
Dec. 29,  1908 
Jan.  5,  1909 

Dec. 1 ,  1950 
Ju l .  13 ,  1954 

(2 .day") 
Volume 
"_ 
22;o 
2270 

22700 
2270 
2270 

4540 
9080 

Bonaparte R .  Jun. 2 7 ,  1962 2270 
Walker Brook Apr. 25, 1962 2270 
Bonaparte R .  Jul .  15,  1963 11350 
Bonaparte R. Nov. 20,  1964 11350 
Bonaparte R. Ju l .   11 ,  1968 3178000 (wwks) 

Bonaparte R .  Oct. 23,  1972 177060 ( i n d )  

Bonaparte R. Oct. 23, 1972  726500 (wks  

Bonaparte R.  May 16,  1973 170250 ( i n d )  

Bonaparte R. Aug. 15,  1973 4894120 (wwks 

Bonaparte R. ( appl . )  N . A .  ( i n d )  
Dec. 30, 1976 

Cornwall Cr. Apr. 27,  1865 45CO 



beak 

TABLE Dl-1 C O N T ' D  

DOMESTIC MUNICIPAL AND INDUSTRIAL USE WATER LICENCES 

Ashcroft Est. L t d .  
Indian  Affairs  

Burford Kqmt. 
Services L t d .  
Shell  Canada Ltd .  

T . C .  & P.V.  Fisk 
T . C .  & P . V .  Fisk 
Indian   kf fa i r s  

OREGOFl JACK. C R E E K  

Indian  Affairs  

Ind ian   Affa i r s  

Indian  Affairs  

Indian  Affairs  

M.A. Landels 

Location 
" 

L.19 
IEg4 (Ashcroft  
Tr ibe)  

L.16 
L.16 

L.16,17 
L.16,17 
I.R.84 

L.17 

L.18, L.374 

Jack I .  R. #3 
Lower Oregon 

Jack I.P..#2 
Upper Oregon 

5.28, Tp19, R:24 

\.later 
Source 

Lone Tree Cr. 

Cornwall Cr. 

Cornwall Cr. 
Cornwall Cr. 

Cornwall Cr. 
Cornwall Cr. 
Cornwall Cr. 

Date Vol une 
(1.day- ')  - 

Apr. 27,  1865 4540 

May 19, 1942 4540 

Flov. 26,  1943  11350 
Dec. 21 ,  1973  1135 

Dec. 21, 1944 1135 
Dec. 21, 1944 3405 
May 18 ,  1966 18160 (wwks) 

+ 12300 ( i n d )  

Oregon Jack Apr. 6 ,  1863 2270 
Creek 
Oregon Jack Mar. 8, 1867 4540 
Creek 
Oregon Jack 
Creek Sept .  26, 1888 4540 
North Oregon 
Jack Creek Sept.  26 ,  1888 2270 
Oregon Jack 
Creek Aug. 27,  1965 2270 
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TABLE Dl-1 CONT'D 

DOESTIC MUNICIPAL  AND INDUSTRIAL USE  WATER LICENCES 
I 
I THONDSON RIVER (Between Wallachin and Lytton,  B.C.) 1 

f 

rc 

J 

Water Source - Date 

Thompson River 
Thonpson River 
Thompson River 
Tho2pson River 
Thompson River 
Thompson River 

*Thompson River 
*Thompson River 
*Tnompson River 
*Thompson .River 

( Apri 1 20,  1895 
July 17, 1915 
July  3,  1962 
May  2,  1964 
March 8, 1968 
August 13,  1968 

November 18, 1968 
September  21,  1970 
April 21, 1975 
April 21,  1975 

* 
Denotes water application only,  not a licence 

Volume (l.day - I )  

464900 
46490 (Ind) 
1810775 (wwks) 

9790 
2446 

68271076 (mining) 

N.A. (mining) 
97880 (mining) 
73410 (Ind) 

18409080 (Ind) 

Integ-Ebasco, Hat Creek Project - Site Evaluation Study,  October 1976 
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APPENDIX E QUALITAIIVE IMPACT  ASSESSMENT  MATRICES 

E1.O FIGURES 

Figure El-1: Impact Zones For Qualitative  Assessment  Matrices 

Figure El-2: Qualitative Matrix for Impact Zone A - Preliminary  Site 
Development and Construction 

Figure El-3: Qualitative  Matrix for Impact Zone A - Operation and 
Decommissioning 

Figure El-4: Qualitative Matrix for Impact Zone 82 

Figure El-5: Qualitative Matrix for Impact Zone 83 

Figure El-6: Qualitative Matrix for Impact Zone C2 

Figure El-7: Qualitative Matrix for Impact Zone C3 
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Qualitative Impact Assessment Matrices 

Notes on Qualitative Matrices: 

1) The assessments on Ground Water in the Qualitative Matrices 
refer only t3 activities in the Hat Creek Valley (Zone A). 
Activities outside the Hat Creek Valley are' beyond the  scope 
of this study and therefore impacts on the ground water resources 
of tnese  areas (Zones B and C) are not assessed. 
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APPENDIX F 

F1.0: 

Table F l - 1 :  

Table F1-2: 

F2.0: 

Table F2-1: 

Table F2-2: 

Table F2-3: * 
Table F2-4: 

QUANTITATIVE IMPACT  ASSESSMENT  MATRICES 

Matrices, Notes and M-1  Forms for Ground Water Hydrology 
and Surface Water Hydrology 

Quantitative Impact  Matrix - Ground Water Hydro1;::y 
Quantitative Impact, Matrix - Surface Water Hydrology 

Matrices,  Notes, and M-1 Forms for Ground Water and Surface 
Water Qualjlty 

Quantitative impact  Natrix - Ground Water Quality 
Quantitative Impact Matrix - Surface Water Quality 
Hat Creek Area 

Quantitative Impact Matrix - Surface Water Quality 
Bonaparte  River 

Quantitative Impact Matrix - Surface Water Quality 
Thompson River 

F3.0: Matrix, Notes, and M-1 Forms  for Surface Water Use 

Table F3-1: Quantitative Impact Matrix - Surface Water Use 
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APPENDIX F1.0 
blatrices, Notes and M-1 Forms for  

Ground Hater Hydrology a n d  Surface Water Hydrology 



TABLE F1-1 
Quant i ta t ive  Impact   Matr ix  

Ground Water  Hydrology 
Hat  Creek  Area 

Note: All values  are  f lows  given  in m /d  (see  Note I )  3 

A c t i v i t y  

Resource 

D 
(I> 
u) 

Bedrock Qual 

0 
P. 

Aqu i fe r  Impact 

$! 
8 

Canyon Qual 

Aqu i fe r  Impact 

__ 
Mine 

1250 

G 

-H 

300 

F 

- I  

Construct ion Opera t i on  
P l a n t  O f f  M i n e   P l a n t  

Water Other  Site  Dewater-  Other 
S u p p l y  A c t i v i t i e s  ' "9  A c t i v i t i e s  

- 85 
G 

- +L - 

- 2000 250 - 
- - G G - 

-H +M , - 

- .  1 , + M  1 - 1 I I 

Notes: ( I )  Values  glven  are  based on averages o f  ranges  given i n  M-l form. 

O f f s i  t e  
Divers ions 

1000 

G 

-H 

300 
F 

+M 

- 
- 
- 

Decommissioning 

F i l l i n g   o f  P i t  

100 

G 

+H 

400 

F 

+M 

(2) Q u a l l t y   o f  Resource: explanatory  note No. 7 g i v e n   a t  end o f  M - l  form  ( th is   appendix) .  

(3 )  Impact  Signi f icance: see exp lanatory   no te  No. 8 g i v e n   a t  end o f  M - l  form ( th is   appendix) .  
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7. 

NOTES ON PATRiX G I V E N  ON M-1 FORM 

Phase:  The  phase of   development   for   Hat   Creek Coal P r o j e c t  

proposed. 

A c t i v i t y :   A c t i v i t y   t h a t   c a u s e s   t h e   i m p a c t   t h a t  has  been 

q u a n t i f i e d .  

General   Areas:  These  are  the same a s   g i v e n   i n   t h e   m a t r i x   s h e e t s .  

Resource   Charac ter :   These  re fe r  to the  major   ground  water  

a q u i f e r ;   o u t l i n e d   i n   t h e   I n v e n t o r y   R e p o r t   ( S e c t i o n  4.1 ( a ) ) .  

V A A  = Val 1 ey A1 1 u v i a l   a q u i f e r  

BBCA = Bur ied   bedrock   channe l   aqu i fe r  

MCA = Marhl e Csnyon  aqui f e r  

A b s o l u t e   h o u n t :   T h i s   i s   t h e  amount of  ground  water,  measured i n  

te rms o f  chang ing   wa te r   t ab le   and /o r   f l ow   reg ime ,   t ha t   cou ld  

be a f f e c t e d  by development i n   t h e   g i v e n   a r e a .  

U n i t s :   U n i t s   o f  measurement  are f l o w s .  Chang ing   water   leve ls  

were  not   easy t o  q u a n t i f y   i n  a mat r ix   fo rm.  

Accuracy:  The l i m i t s   o f   a c c u r a c y   a r e   s p e c i f i e d  as fo l l ows : -  

D - Determined: A p r e c i s e   v a l u e   i s   g i v e n   b a s e d  on 

c a l c u l a t i o n   o r  measurement. 

R - Range: No e x a c t   s i n g l e   v a l u e  can  be p r o v i d e d   b u t   t h e  

1 imi t s   o f   t h e  rar;ge w i t h i n   w h i c h   t h e   v a l u e  will fa1 1 can 

b e   p r e c i s e l y   s t a t e d .  

P - P r e d i c t e d :   N e i t h e r  an e x a c t   v a l u e   n o r   e x a c t   l i m i t s  can 

b e   s t a t e d   b u t  a value  can be provided  based on l i m i t e d  

knowledge, known r e l a t i o n s h i p s ,   o r  any other  measure 



i 

C 

c 

IL 

II 

L 

(c 

" 

" 

4.r 

t h a t  will p r o v i d e  a v a l u e   w i t h i n  a l e v e l  Of accuracy 

a c c e p t a b l e   t o   t h e   p r o f e s s i o n   o r   d i s c i p l i n e   u n d e r  A i c h  

t h e   r e s o u r c e   i s   c a t e g o r i z e d .  

M - L i m i t e d   i n f o r m a t i o n  i s  a v a i l a b l e  and a v a l u e   i s   p r o v i d e d  

f o r  a s c e n a r i o   r e p r e s e n t a t i v e  o f  an  assumed s e t  of 

c o n d i t i o n s .  

0 - O p i n i o n :  A v a l u e  i s  p rov ided   f o r   wh ich   suppor t i ng   da ta  

i s   u n a v a i l a b l e .  However,   the  value  represents  the  best 

j u d g m e n t   o f   t h e   p r o f e s s i o n a l   a s s i g n e d  to s tudy   the  

resource .  

I n  cases  where no da ta  on the  amount o f   r e s o u r c e   a f f e c t e d  

can be p r o v i d e d ,   t h e   l a c k   o f   n u m e r i c a l   d a t a   i s   s p e c i f i e d  as 

fol1o'ws:- 

I - I n d e t e r m i n a n t :  An amount  cannot  be  determined. 

U - Undetermined: An amount  has n o t  been  determined. 

8. Percentage  o f   Resource :  The percentage o f  t h e   t o t a l   r e s o u r c e  

w i t h i n   t h e  gerle-a1  area t h a t  will be a f f e c t e d  by t h e  

development. The t o t a l   r e s o u r c e   i s   g e n e r a l l y   r e s t r i c t e d   t o  

the   l oca l   aqu i fe r   and /o r   g round   wa te r   f l ow   sys tem.  

9 .  R e s o u r c e   Q u a l i t y :   L w e l s  of q u a l i t y   h a v e  been  assigned to the  

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

0 - Outs tand ing ;   un ique;scarce ,   ra re ,   endangered 

H - H igh ;  much above  average  qual i ty  

G - Good; averasge q u a l i t y  

F - F a i r ;  somewl ia t   be low  average  qual i ty  

P - P o o r ;   s u b s t a n t i a l l y   b e l o w   a v e r a g e   q u a l i t y  
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I - Inde te rm inan t ;   qua l i t y   canno t   be   de te rm ined  

U - Unde te rm ined ;   t he   qua l i t y   o f   t he   resource   has   no t  been 

determined. 

10 .   impac t   S ign i f i cance :  The i m p a c t   s i g n i f i c a n c e   i s  an i n d i c a t i o n  o f  

t h e  - n e t   e f f e c t  of the   p ro jec t   on   t he   resource .   Beg inn ing  

w i t h   t h e   e x i s t i n g  amount  and q u a l i t y ,  a d e t e r m i n a t i o n  has 

been made o f   r e s o u r c e  amount  and r e s o u r c e   q u a l i t y   f o l l o w i n g  

p r o j e c t   a c t i o n s .  

L e t t e r   d e s i g n a t i o n s   h a v e  been  used to designate  impact  

l e v e l s  so as t o   a v o i d   t h e   i n h e r e n t   d i f f i c u l t i e s   i n   n u m e r i c a l  

v a l u e   s c a l i n g .  The i m p a c t   s i g n i f i c a n c e   i s   i n d i c a t e d   i n   f i v e  

1 eve1 s as f o l l  ows :- 

E - Extreme 

H - H i g h  

M - Moderate 

L - LOW 

I - I n s i g n i f i c a n t  

Note :  The s i g n   p r e f i x i n g  each l e t t e r   i s  - ve i f  water i s   l o s t  and 

+ ve i f  t h e r e   i s  a ga in  to   the  ground  water   resource.  

12. Comments : 

a )   t h e  a1 i u v i a l   a q u i f e r   i s   h y d r a u l i c a l l y   c o n n e c t e d  to H a t  Creek 

and  hence a m i n o r   r e d u c t i o n  i n  t h e   f l o w   i n   t h e   c r e e k   w o u l d  

occu r .  

b )   t h e   w a t e r   s u p p l y   w o u l d   r e q u i r e   a b o u t  10 m3/d.  However, 

abou t  8 m3/d i s   r e t a i n e d   i n   a n o t h e r   p a r t  of t he  same 

a q u i f e r  and  hence ne t   impac t  i s  a loss  o f  about 2 d / d .  
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beah ~ ~~~~ c l - _ t h _ e - _ e n _ t i t y   o f   w a t e r  pumped was about 320 m3/d o f   t h i s  

t o t a l   f l o w ,  95 p e r   c e n t   w o u l d   r e t u r n  t o  the  ground  water .  

On ly  16 m3/d i s   l o s t .  

d)   Bulk   sample  Trench "B" was v e r y   c l o s e   t o   H a t  Creek  and the  

so mos t   o f   t h i s   wa te r   wou ld   have  come i n d i r e c t l y   f r o m   t h e  

c reek .  

e )  The p e r   c e n t   o f   r e s o u r c e   i s   d e t e r m i n e d   b y   c a l c u l a t i n g  a 

weighted  average  impact   on  each  o f   the  two  aqui fers  

a f f e c t e d .  

f )  The va lues   g i ven  assume t h a t  a w e l l   n e a r   t h e   o f f i c e s   w o u l d  

supp ly   the   water .  

g )   T h i s  assumes t h a t   t h e  seepage  from  the sewage d i sposa l  

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

channe l   aqu i fe r .  

h )  The p r o j e c t   d e s c r i p t i o n   p r o p o s e s   t h a t  a w e l l  be d r i l l e d   a t  a 

p o i n t   s o u t h e a s t   o f   t h e   p l a n t s i t e .  As t h e r e   a r e  no 

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

t h a t  a ground  water   source  capable  o f   1800  m3/d  could be 

developed. The n e a r e s t   p o t e n t i a l   a q u i f e r   i s   t h e   b u r i e d  

bedrock   channe l   aqu i fe r  and we have assumed t h a t   t h e   w a t e r  

wou ld  come f rom  th is   source .  . 

i )  The est imated  seepage  losses  f rom  the  d i tch  range  between 50 

and  150  m3/d/km.  However, t h i s  seepage l o s s   o n l y   o c c u r s  

w h i l e   t h e r e   i s   w a t e r   i n   t h e   d i v e r s i o n   d i t c h .   A b o u t  400 

m3/d  could be er.pected to be l o s t  on average  throughout  

t h ?   y e a r .  

j )  Ti;is e s t i m a t e  i s  for   ground  water   seepage  on ly  and  does n o t  

i n c l  ud? seepage  losses  through  the embankments which  would 

~ ~~ b e  picked UP o n   t h e   s u r f a c e   w a t e r   c o l l e c t i o n  wrtem, 
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k )  This  seepage i s   l ike ly  t o  be very variable depending on the 

season. 300 m3/d i s  the maximum awlrage monthly. 

discharge. However, there would generally be no flow in 

t h i s  channel for a t  l eas t   s ix  months of the year. 

1 ) This  seepage would flow toward the Medicine Creek Valley and 

then westward to  the Hat Creek Valley where i t  would enter 

the  alluvial  aquifer. 

m) These values  inclurl? b o t h  ground water flows and surface 

waters which  have come th rough  the  retaining embankments 

and/or the ash p i les  b u t  n o t  entered the ground water table. 

These surface water  flows are  included here as much of the 

low flow in Harry Creek seeps down t o  the Buried Bedrock 

Valley  Aquifer. 

4 
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Note 4 
Plant  water 
SUPPlY 

Storm r m o f f   o n l y .  
kotes i and 3. 

: i a t  Creek O f f s i t c  r a c i l i t i c r  are  dispersed  and o f  
rmll  a red l  ex ten t .  

!pCration Hat  Creek 

I w r n t i o o  Hat Creek 
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operation lilt Creek "----i Vote 6 
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Opcratlon Ult Creek 

)pe ra t i on  H a t  Creek 
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construction 

c o n w u c t i o n  

%hEr I !!Et CrCPC 
Act iv i t ies  
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"-c 
t!ina  Hat  Creek 

Act iv i t ies  

O f f r i t e  Hat  Creek 

-L 

_I 

-L - 

Cstruct ion  o f  5 Xn O f  %edicine 
:reek channel.  Out of 55 km of  
:omp. channel 

Flow too  small t o  cause detectable 
cllanger. 

Oestwction o f  5 km o f  Ilediclne 
Creek cMnncl .  0°C of 55 kln of 
c w .  cnannel 

Only local interferences wi th  

FCC. 
 treat^ channels for dams. culvert: 



Operation  Mine 
DFwJterin? 

I I 

Hat  Creek 

I O f f r i t e  
O ive r r i on r  

ti O x r a t i o n   O f f r i t e .  
O t h t r   A c t i v i  
" 

of Pit 

A c t i v l t l e r  

l i a t  Creek 

i es  
Hat Creek 

Hat  Creek 

Hat  Creek 

Yo f lows  are added 

NO discharqes from t h e   P l a n t .  
::"le i o  

The d i v e r s i o n   e l i m i n a t e s  a f w t h  
4 km of  Hat  Creck.  beyond  the 5 
el i tn inated by the mine. 

Only l o c a l   i n t e r f e r e n c e   w i t h  
sotw stream channels (dams, 
cu l ve r t s .   e t c .1  

7 km o f  !(at Creek re -e r tab l i rhec  
23 km f u l l y   r e g u l a t e d  

Other   d ivers ions  t o  remain In  
place bu t  1 km of  Nedicine  Creel 
re -es tab l i shed  
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Note 11 

Laker 
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Note I I '  

Laker 
Note 11 ' 

Laker 
Note 11 

Deratlon ThE lngoons are  not  considered 
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+I4 ha 

Thc two rcrervo i r r  o f  the 
Hat Creek d iver r ion  w e  pemanent 
and m'igl!t be conridered laker. 

l l a t  Creek Laker 

Of fs l te .  H a t  Creek 
the? A c t i v i t i e  

I 
0 

- 

+H filling a f  p i t  

assumed t o  be permanently drained 
Finney and Aleece  Lake are  

,433 Oecomnirrioni F i l l i n g  o f  Hat Creek 
P i t  I Laker 

Note 11 
+225 ha 

0 Other  Hat Creek  Lakes 
Note 11 I I I 
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~ NOTES: SURFACE lrlATER HYDROLOGY - 
1. The "Hat  Creek Area" i s  assumed to  include the  en t i r e  Hat Creek drainage 

basin t o  the confluence  with the Bonaparte River. 

2.  Only mean annual  runoff is  considered, assuming thatmore runoff 
const i tutes  a posit ive impact. 

3 .  Absolute values  are  estimates of the  increased  runoff, assuming 22 mm 
for  disturbed  surfaces, based on the  differences between water balances 
for  100 I ~ I  a n d  200 mm soil  storage  (Table 61-2). 

4. I t  i s  assumed t h a t  the  construction  water  supply i s  derived from deep 
wells or from surface  waters  outside  of the Hat Creek basin and tha t  
75 percent of the  flow  eventually becomes  an addition t o  Hat  Creek flows. 

5.  This refers  t o  the  time  near  completion of mining,  with 1370 ha in  the 
p i t  a n d  in the HouthMeadow dump cont r ibu t ing   a t  100 mm and 800 ha  
of other  disturbed ground contr ibut ing  a t  22 nun. 

6. With the  plant  area, make-up water reservoir,  and ash pond>570 ha will be 
withdrawn from the  drainage  area  contributing t o  Hat Creek. Runoff a t  
El. 1300 i s  approximately 42 mm according t o  Fig. 4 - 39. Medicine 
Creek i s  assumed t o  be diverted around the  ash pond, not t o  McLaren 
Creek. 

7. The prime diversion scheme does n o t  a f f ec t  runoff  significantly b u t  the 

a l te rna te  scheme with  storage would have a major  impact on the  time 
dis t r ibut ion of Hat  Creek flows. 
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8. The t i m e   d i s t r i b u t i o n   o f   r u n o f f   c a n n o t   b e ~ r e d u c e d   t o  one o r  a few 

nunlbers y e t  i t  needs t o  be  cons idered in t h e   q u a n t i t a t i v e   m a t r i x .  I f  

o n l y   " r u n o f f   v o l u m e "   i s  shown, because i t  happens t o  be q u a n t i f y a b l e ,  

t h e   e r r o n e o u s   p i c t u r e   o f  a g e n e r a l l y   b e n e f i c i a l   i m p a c t   o f   t h e   p r o j e c t  

o n   t h e   r e s o u r c e   " s u r f a c e   r u n o f f "   a p p e a r s .  

9. A m a j o r   p o r t i o n   o f   M e d i c i n e  Creek i s   a l s o   b e i n g   d e s t r o y e d ,   b u t   s i n c e  

t h e   t r i b u t a r i e s   t o   H a t  Creek  cannot   readi ly   be  lumped  wi th   Hat   Creek 
and a r e  o f  less  s i g n i . f i c a n c e ,   t h i s   i s   i g n o r e d   h e r e .  

10. The i n t e r n a l   d r a i n a g e   o f   t h e   p l a n t   s i t e ,   r e s e r v o i r / a n d   a s h   p o n d   d o e s  

n o t   s i g n i f i c a n t l y   r e d u c e   f l o w s   i n   H a t  Creek  and  there i s  n o   n a t u r a l  

Medic ine  Creek  channel  l e f t  be low  the  ash  pond.  

11. The m a i n   l a k e s   i n   t h e   H a t   C r e e k   d r a i n a g e   ( a n d   t h e i r   a r e a s   i n   h a )   a r e  

B l u e   E a r t h   ( 6 ) ,   P a r k e  (4), F i s h  Hook ( 6 ) ,  Finney   (16) ,   A leece (4) and 

G a l l a g h e r  ( 6 ) .  Seve ra l   o the r ,  unnamed l a k e s   o f  one t o  two  hectares i n  

area  have a combined  area o f   a p p r o x i m a t e l y  10 ha, f o r  a t o t a l   o f  52 ha. 

The r e s o u r c e   i s  o f  r e l a t i v e l y   l o w   s i g n i f i c a n c e  because  several  much 
l a r g e r   l a k e s   a r e   s i t u a t e d   w i t h i n  a f e w   k i l o m e t e r s   o f   t h e   H a t   C r e e k  

b a s i n   p e r i m e t e r ,  i n  p a r t i c u l a r   P a v i l i o n ,  McLean and.Bedard  Lakes. 
Lake   a rea   g i ven   he re   a re   rough   es t ima tes   on l y  a s  t h e r e   i s   c o n s i d e r a b l e  

c o n f l i c t  b e t w e e n   d i f f e r e n t  maps. The l a r g e - s c a l e  maps t e n d   t o   i n d i c a t e  

l a r g e r   l a k e   a r e a s  but o n l y  a f e w   l a k e s   a r e   i n c l u d e d  i n  t h e   l a r g e r - s c a l e  
mapping. 
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APPENDIX F2.0 
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” 

Matrices,   Notes,   and M-1 Forms f o r  Ground  Water 
and S w f a c e  Water Q u a l i t y  

” 



T A B L E  F % - 1  Q U A N T I T A T I V E   I N P A C T   M A T R I X  - GROUND  WATER Q U A L I T Y  
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- NOTES: G R O U N D  WATER QUALITY .- 

I .  Parameters of leachate  quality t h a t  exceeded PCB Guidelines or were 
unusually  high  include  aresenic, chromium, copper,  iron,  dissolved 
so l ids ,  and pH. These were considered  in the impact assessment. 

The leachate flow  perecent of the t o t a l  aquifer was assumed t o  be 

20% as determined by Golder. 

The leachate and existing  acquifer  quality were used t o  estimate  the 
final  acquifer water qual i ty .  These values were compared t o  the 
Canadian Drinking Water Standards  in  evaluating  the impact. 

2. The qual i ty  and quantity of seepage t o  the ground water from the 
Medicine Creek dump will produce insignif icant  impact. 

3 .  Quality of p i t  water and  buried Bedrock  Channel Aquifer unknown 
and  therefore impact indeterminant. 

1' 



-H I Hat Creek due t o  n i n e  comtruc- 
incrcascd  rurpendcd  so l ids i n  

t i o n   a c t i v i t i e s .  

-L suspended s o l l d s   i n  Hat Crcek. 
Impact  due t o  inc reased  to ta l  

d isso lved s o l l d r  i n  Hat Crcek. 
I t :mct  due to  inct-eascd total 

and BOD., i n  Hat Creek from 
Impact due t o   i n c r e a s e d   s m o n i a  

b las t i ng .  

Assume no d i x h a r g e  to  Hat 
Creek. 

Arr~ne no discharge to Hat 
Creek. 

l n c r e a r e d   I m p e n d e d   s o l i d s   i n  
Hat Creek due t o  p l a n t  con- 
s t r u c t i o n   a c t i v i t i e s .  



OPLRATI(L'i MlXE  HAT CREEK CHEXICRL 0.030 
3i'dATERlNG 

?PEl!t?TIO;t MINE HAT CREEK BIOLOGICAL 0.030 
CPiATERIKG 

,' . '"ATION R l a E  - O V E R -  HAT !REEK 
OllPOEN OUHPS 1- ' 

0.087 

OPEDATlON M I X  - COAL HAT CREEK CHEY.!CAL 
S T K K P I L E  

0.09 

OPEFATION HI!:E - LOW HAT CREEK cHrl.llCA~ 0.42  t m r  WASTE 
STOCLPILE 

i I- 
I 

G ro!red s o l i d s   i n   H a t  Creek. 

I ~ C I T B I E ~  levclr o f  Cr, tu. Fe. 

Creek. 

Increased  Impended  sol ldr   in  

t i o n  a c t i v i t i e s .  

lls5mm no discharge t o  Hat  C r w k .  

G -H and to:al d i r ro lvcd  sol ids  I n  Hat 

G " H a t  Creek due t o  mine conrtruc- 

G - I  

G -I Arrunle no discharge to Hat Creek. 
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O F F S I T E S  HAT CRiEK 

HAT c n m  

PHYSICAL 

OlOLOGlCAL 

0.21 

~ 0.12 

I 

I 



P i P A T I O N  

CC!ET:T: 

<.-I 

Impact  d m   m s t l y  t 3  increased 
tctal   dissolved  sol ids.  

wnded  solids. 
:mpact due to  increased SUI- 

Impact due mortly t o  increased 
d i s s o l v e d   s o l i d s .  

and d i r ro lved sol ids .  
Impact  due t o  increased  metals 

lnipact due to  {"creased tempera- 
ture.  

I n c r e a s e d  nutr ient   load due t o  
f e r t i l i z e r s .  
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APPENDIX F3.0 
Matrix, Notes, and M-1 Forms for  Surface Water Use 
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1, i j ___ 
Construct ion 

Conr t ruc t i o "  

Construct ion 

b n s t r u c t i o n  

C O m t r U C t i O n  

Co"r t r "c t i0"  

ConStructiOn 

CDnrt r "c t i0n 

C0nr t r "c t io"  

!4ine-Pit 

Nine-Dumps 

j e w a i e r i q  
Ficoey  Late 

~ la" t -Upp.?r  
Ylcdicitw Crec 
Ash Uispora l  

O f f  s i t e s -  
Hat Creek 
Divers ion 

?f f  s i t e s -  
i i d t  Creek 
D i w r s i o n  

Finncy 
Creek 
U ive rs ion  

P i t  R i m  
Reservoir 

Hat Creek 

Sub Region 
Ii 

Sub-Region 
ii 

Sub Rcbion 
I 1  

Sub Region 
I1 

Sub Region 
Ii 

Sub Region 
II 

Sub Region 
111 

I r r i y t i o n  23 ha.m.yi l  0 6 
NOte 3 Note 2 G 

I I I I I 

I r r i g a t i o n  12 ha.rn.yr.' 0 4 G 
Note 2 Note 3 

I r r i g a t i o n  7 ha.m.yr-l 0 3 

I r r i g a t i o n  45  ha.w.yt"' 0 12 6 

G 

Nntr 3 

Note 3 

-I4 I A l i e n a t i o n  o f  l r r i g a b l e  Land 

A l i e n a t i o n  o f  l r r i g a b l e  Land 

A l i e n a t i o n  o f  I r r i q s b l e  Land 

h l i e n a t i o n  o f  l r r i g a b l e  Land 

-L I Conveyance U i s r u p t i o n  

A l i e n a t i o n  o f  l r r i g a b l e  Land 

-L A l l e n a t l o n  o f  I r r i g a b l e  Land I 
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Hain Access 

CL1!?.i~T 

t l : ,  

Al iena t ion  o f  I r r i g a b l e  Land 

A l i e n a t i o n   o f   l r r i g a b l e  Land 

:rrigu::on - i  

I I  

I r r i g a t i o n  ' - I  A l i c n d t i o n  o f  l r r i g a b l e  Land 
Eonaparte, 

Oregun Jack 
Cornm1,l And 

Study A m a s  
Oonaparte. 
Corrmall And 
Ore on Jack *Lmr 

c o n s r w c t i a n  
Stat ion I 

A i m o r t  
S i t e  C a l i e n a t i o n   o f   l r r i g a b l e  Land - L  I r r i g a t i o n  

I r r l g a t i a n  ProJect Use Evaporation I Sub-Regions 
I 5 I 1  - L  

- I  
Sub-Regions 
I % I 1  I r r i g a t i o n  Surface Evaporatlon 

Surface  Evaporation Sub-Regions 
I I 11 

Irrigation 1 Operation Headrmrks 
! I Reservoir 

- I  

-L  
Su5-Regionr 
I I i I  

I r r i g a t i o n  Based nn M a x i w m  Pump Capacity 
Spec i f i ca t i on  
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I l i  

I r r i g a t i o n  

Avai lable  Storage 
__ 

Avai lable  Storage 

P r o j e c t  Use Stops 

P r o j e c t  Use Stops 

P i t  Lake All Study I r r i g a t i o n  

I r r i g a t i o n  

l r r i g s t i o n  

I r r i g a t i o n  

i 

P ld " t  
: !" icrYoir I All Study 

Pirear Avai lab le  Storage 

I r r i g a t i o n  
Rvai lab le  Supply  

I r r i g a t i o n  
Avai lable  Storage 

I r r i g a t i o n  



1. 

2. 

3 .  

fl . 

Appears t o  be eas i ly   mi t iga ted .  

Eased on "Probable Use" case  without   the  project .  

Would a:so a f f e c t  Sub-Region 111. 


