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APPENDIX A 

A1.O  GLOSSARY 

W 

The fo l low ing   g lossary   exp la ins  some of   the  terms used i n   t h e  ground  water 
s e c t i o n s   o f   t h i s   r e p o r t .  

Aqu i fe r  
apprec iab ly   g rea ter   t ransmiss iv i ty   than  ad jacent   un i ts  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  of  such un i ts )   wh ich  has 

which has c a p a b i l i t y  t o  s to re  and t ransmi t   water   recoverable 
' in   economical ly   usable  quant i t ies .  

Darcy  Equation The most   bas ic   equat ion  used  for   est imat ion  o f  seepage f low 
rates  through a porous medium. 

Q = k i A  

where: Q = f low  ra te   o f   water   th rough  the  medium (L3/T) 
k = hyd rau l i c   conduc t i v i t y   (L /T )  

A = c ross   sec t iona l   a rea   o f   f low ( ~ 2 )  
i = hyd rau l i c   g rad ien t   (L /L )  

Base Flow  Port ion  of  stream  f low  derived  from  ground  water  discharge. 

Discharge  area Area i n  which  ground  water  f low  l ines  converge and are 
directed1  toward  water  table. 

Equipotent ia l   Contour  l ine  which  represents  equal   hydraul ic head. 
1 i n e  

Evapot ransp i ra t ion  
P o r t i o n  o f  t he   p rec ip i t a t i on   re tu rned   t o   t he   a i r   t h rough  
d i rect   evaporat ion  and/or   by  t ranspi ra t ion.  

Flow  system A s e t  o f  f l o w   l i n e s   i n  which 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  remain  adjacent  throughout  the 
e n t i r e   f l o w   r e g i o n ,  and t h a t  can be i n te rsec ted  anywhere by 
an  uninterrupted  surface  across  which  f low  occurs  only i n  
one d i rec t i on .  

Ground water A body of  subsurface  water i n  which f l u i d  pressure i s  
greater  than  atmospheric. 

Homogeneity The phys ica l   proper t ies  o f   the  porous medium do not  vary 
f rom  po . i n t   t o   po in t   i n   t he  medium. 

Hydrau l i c  
conduct iv i t y   fo r   v iscous   f low  under   sa tura ted   cond i t ions   o f  a spec i f i ed  

Ra t io  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 )  

l i q u i d   i n  a porous medium. 

Al-1 
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Hydrau l i c  head The sum of  the  pressure and e leva t i on  heads. 

Hydrau l i c   I nc rease   i n   hyd rau l i c  head pe r   un i t   l eng th   o f   f l ow   pa th .  
g r a d i e n t  

I n f i l t r a t i o n  The in f l ow   o f   wa te r   i n to   ea r th   ma te r ia l s .  

water 
Perched  ground A lense  of  ground  water  separated  from an under ly ing  body o f  

ground  crater by unsaturated  ear th   mater ia l .  

Pe rmeab i l i t y  A measure o f  t h e   r e l a t i v e  ease with  which a porous medium 
can  t ransmi t  a l i q u i d  under a hydrau l i c   g rad ien t .  It i s  a 
p roper t y   o f   t he  medium alone and i s  independent o f   t he  

ment. It i s  a proper ty  o f  the medium t h a t  i s  dependent upon 
n a t u r e   o f   t h e   l i q u i d  and o f   t h e   f o r c e   f i e l d   c a u s i n g  move- 

t h e  shape and s ize  o f   the  pores.  

PH A measure o f   t h e   a c i d i t y   o r  a1 k a l  i n i t y  of   water .  

P iezometr ic  1maginar.y sur face  def ined by the  leve l   to   which  water  will 
s u r f a c e   r i s e  i n  we l ls   tapp ing  a conf ined  aqui fer .  

Spr ing  
concentrated  f low. 
Natural   surface  discharge  of   ground  water  having a 

Transmiss iv i ty   Rate  o f   hor izonta l   water   f low i n  gal lons  per  day through a 
v e r t i c a l   s t r i p   o f   a q u i f e r  1 foo t   w ide  and extending f u l l  
saturated  th ickness  under   hydraul ic   gradient   o f  1 foot   per  
l oo t   a t   p reva i l i ng   wa te r   t empera tu re .  

Water   tab le  Sur face  a long  which  the  f lu id   pressure  is   a tmospher ic  and 
below  which  the f l u i d   p r e s s u r e   i s   g r e a t e r  than  atmospheric. 

A I - 2  
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A2.0  WELL INVENTORY 

The f o l l o w i n g  summarises the  data  co l lected  on  domest ic   wel ls ,  
developed  springs and an i n d u s t r i a l   w e l l   i n   t h e  Hat  Creek  Valley. 

Well   Designation: 

Use: 
Locat ion:  
- 
Well  Type: 
Depth': 
Y ie ld :  
Descr ip t ion :  

- - 
Water  Type: 
Hydrogeologic  Sett ing:  - 

Well  Designation: 

Use: 

Well Type: 
Locat  ion : 

Depth: 
Y ie ld :  
Descr ip t ion :  

- 

- - 
Water  Type: 
Hydrogeologic   Set t ing:  - 

D\J- 1 * 

Approximately 3m from H a t  Creek, d i r e c t l y   b e h i n d  
B.C. Hydro Camp Supply 

camp. 

Approximately 5m 
In  augered  hole 

Approximately 10m 3 /day 
Ga lvan ized  p ipe   l iner   se t   in   ho le   w i th   boards  
cover ing  top.  
Ca - HCO3 
Hole was o r i g i n a l l y   d r i l l e d  down to  the  coal   be low 
s u r f i c i a l  sediments  (approx. 5m t h i c k ) .  Most o f  
t h e   w a t e r   i n f i l t r a t e s   t h r o u g h   s u r f i c i a l  sands  and 
gravel  from  Hat  Creek. 

D1.J-2 

Domestic  supply  for  residence, 
Located on w e s t e r n   h i l l s i d e  
I leveioped  spring 
I-ess than Im 
S u f f i c i e n t   f o r  small  house 1.5m /day .  
! ;pr ing  waters  f low  to a c o l l e c t i o n  pool (approx. 

Ca - HCO3 
' lm x 2m x 0.5m) 

Shal low  spr ings  assoc iated  wi th  seepage from 
Finney  Creek 

3 

QDW-1 r e f e r s  t o  Domestic Wat,er Supply  Source number 1 .  Note Nos. 6, 7 ,  1 1  
and 12 a re   no t   we l ls   as  pump-pipe  systems  take  water d i r e c t l y  from H a t  Creek. 

Y 
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Well  Designation: 

Use: 
Locat ion:  
- 
We1 1 Type: 

Y i e l d :  
Descr ip t ion :  

Depth: 
- 

-: 
Hydrogeologic S e t l a :  

Other Comments: 

Well Designat ion:  

Use : 

Well Type: 
Locat ion:  

Depth: 
Y ie ld :  
Desc r ip t i on :  

- 

- - 

Water  Type: 
Hydrogeologic S e t t m :  

Well   Designation: 

Use : ~. ~ - 
Locat ion: 
Well  Type: 
Depth: 
Y ie ld :  
Descr ip t ion :  

- 
- 

Water Type : 
Hydrogeologic  Sett ing:  

DW- 3 

Domestic  water  supply  for  Residence 
Dn west bench near  Finney  Creek.  About 150m from 

Developed  spring 
res i dence 

Water f l o w s  t o   s u r f a c e  
Not s u f f i c i e n t  for house  supply a t  mid summer 
Spr ing   i s   about  I m  i n  diameter and the  water 
depth  about lOmm 
Ca - HCO 
Shallow  Jround  water  associated  with seepage from 
Finney  Creek 
,A sulphurous  smell was noted when a water sample was 

about 4 years ago when, acco rd ing   t o   res iden t   t he  
co l lec ted .   Th is   spr ing   used  to   supp ly  two  houses u n t i l  

o f   t h e  bench,  west o f   t h e   p r o p e r t y .  
: j ~ p p l y   a l m o s t   d r i e d  up as a r e s u l t  of subsidence o f  p a r t  

IDW-4 

About 20m west  o f  Hat  Creek 
Domestic  supply f o r  Residence. Some i r r i g a t i o n  use. 

About 3 m  
Dug we1 1 

Good supply  (approx. 2m /day) 
:i5Omm diameter dug w e l l   c o l l e c t s  seepage water  from a 
bank about 15m away. Well i s  sealed and water i s  pumped 

(:a - HCO 
i n t o   t h e  house. 

Ziprings  2sed to   i ssue   f rom  the   f oo t   o f   t he  bank but   the 
s.prings have now d r i e d  up  and a dug we l l  became necessary. 

3 

DW-5 

Near  house and c lose  to a small   creek 
Domestic  supply Ranch 

Dug  we1 1 
Est imate 5m 
Estimated 1.5m 3 /day 
Well was dug w i t h  a back hoe  and kept open w i t h  a w e l l  
1 i ner  
C a  - HCO 
Wall  wat2r i s  probably  der ived  f rom a shallow  ground  water 
f'low  system and be ing   on ly  15m from  Hat Creek may a l s o   i n -  
d u d e  some i n f i l t r a t e d   c r e e k   w a t e r  
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Well  Designation: 

Use : 

Well Type: 
Location: 

Yield: 
Description: 

- 

Depth: 
- 
Water  Type: 
Hydrogeologic Settd: 
Other  Comments: 

D'W-8 

Approx. 1% from Hat  Creek 
Domestic supply Residence 

Dug  well 
Approx. 8m 
Estimated 2m /day 
The well  is completely  boarded  up  and is not  accessible. 
No construction  details  were  available. 
Ca - HCD with high  sodium  chloride  content 
Well  dug  into  river  alluvium  and on Pleistocene  deposits. 
The high  sodium  chloride  content is somewhat  unusual for 

have  been  contaminated. 
local  ground  waters  and  suggests  that  the  well water may 

3 

3'  

Well  Designation: 

Use: - ~~ ~ 

We1 1 Type: 
Loca t ion : 

Depth: 
Yield: 
Description: 

- - 
Water  Type: 
Hydrogeologic  Setting: - 

DW- 9 

Domestic  supply  for  Residence 
Approx. 300m up hi1 1 ,  east of the  residence 
Developed  Spring 
C,urface  flow 
S,ufficient  for  household  use (1.5m 3 /day) 
P, small  holding  tank  has  been  constructed  to  collect 
spring  water 

Water is derived  from  a  marshy  area.  This  water is 
probably  a  mixture  of  surface  and  shallow  ground  waters. 

Well  Designation: cw- IO 
Use : - 
Location: 
We1 1 Type: 
Depth: 
Yield: 
Description: 

- 
- 

Domestic  supply to Ranch  house 
Under  the  house  and  about 6m from Hat  Creek 
Dug well 
Estimated 5m 
Estimated  1.5m /day 
Top o f  well is sealed  with a concrete  slab  and no con- 
struction  details  are  available. 

3 

Water  Type: Ca - HCO 
Hydrogeologic Settix: Water de?ived  from  river  alluvium  and or Pleistocene 

Other  Comments:  W,ater  had a hydrogen  sulphide  smell  and  possible  high 
sediments. 

dissolved iron content  suggesting  reducing  conditions. 

A2-3 
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Well   Designat ion:  

Use : 

We1 1 Type: 
Locat ion:  

Y ie ld :  

- 
Depth: 
- 
Descr ip t ion :  

Water  Type: 
Hydrogeologic S e t t h :  

We1 1 Des i gnat i on : 

Use : 

Well  Type: 
Loca t ion  : 

Depth: 
Y i e l d :  
Descr ip t ion :  

- 

- 
- 

IIW- 13 

Approx. 150m west of Hat  Creek 
Domestic  water  supply to  a new house 

Ilri 1 l e d  
:16m 
3..6m /day  (Note w e l l  is capable of producing  approximately 
>!30m3/day), 
150m  d iameter   s tee l   cased  we l l   w i th  150mm s t a i n l e s s   s t e e l  
con t inuous   w i re  wound screen  wi th  lmm s lo t   openings.  Scree 
was s e t  between 12 and 13 m depth. 
No da ta   ava i l ab le  
l h e   w e l l   i s   l o c a t e d  in  the   sou th  end of the  Hat  Creek  val le 
nlear Hat  Creek. The water pumped f rom  th i s   we l l  comes f r o n  
a sand  and gravel   aqui fer   which  extends from Ilm t o  13m. 
The unconsol idated  sediments  above  th is  aqui fer   consist  
p r i m a r i l y   o f  till w i t h  some al luvium  near  the  ground  sur- 
face. A so f t   s teep ly   d ipp ing   bedrock  was repor ted  to   have 

o f  ground  water was encountered i n  t h i s  bedrock  material.  
been encountered below  the  aqui fer .  No s i g n i f i c a n t   q u a n t i t  

The s ta t i c   wa te r   l eve l   i n   t he   comp le ted   we l l  was 6m below 
ground  which  indicate  that   the sand and gravel  i s  a con- 
f i n e d   a q u i f e r .  

DW- 14 

Supplementary  domestic  water  supply f o r  Residence. 

I n  f r o n t   o f  house,  between  road and  Hat Creek. 
Dug ho le  
Approx. 6m 
Unknown 
Hole  probably dug w i t h  a backhoe and then I m  diameter 
DiDe l i n e r   i n s t a l i e d .  

(Supplements DW-3) 

. ,  
Water Type: no  data 
Hydrogeologic  Sett ing:  Hole dug in to   unconso l ida ted  s i l t s ,  sands  and gravel .  

a t  
- 

Water  probably  inf i l t rates  mainly  f rom  Hat  Creek. 
S ta t i c   water   leve l   about   the  same a s  Hat  Creek. 
The we l l  was on ly   recent ly   cons t ruc ted  and  has no t  been Other Comments: 

..(*I used. 

Well   Designation: DW-15 

Use : Domestic  water supply 
ci 

- 
Locat ion:  
We1 1 Type: 

O f f  Highway 1.2 on"Indian  Reserve  (see f i g .  3 - 4 )  
Dri 1 l ed  

Y ie ld :  
Depth: Unknown 
- Un!tnown (est imated l m  3 /day) 
Descr ip t ion :  
Water  Type: 
Hydrogeologic  Sett ing:  Probably  yielding  water  from  unconsolidated  sediments. 
Other Comments: Log o f  we1 I was no t   ava i l ab le .  

s l l  - 
s* 

- 
19 
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Well  Designation: 

Use : 

Well Type: 
Location: 

Yield: 

- 

Depth: 

I N -  1 6 

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

I)ri 1 led 
Unknown 
Unknown  (estimated  Im  /day) 3 

. ~~ 

Description: 
Water Type: 
Hydrogeologic Setta: F’robably  yielding  water from  unconsolidated  sediments. 
Other  Comments: t.og of  well was not  available 

Well Designation: DW- 17 

Use: 
Location:  Off  highway 12 on Indian  Reserve  (see  fig. 3 - 4 )  

Clomestic water  supply 

Well  Type: Dri 1 led 

Yield:  Unknown  (estimated lm  /day) 
Unknown 

Water  Type: 
Description: 

Hydrogeologic Settis: Probably  yielding  water  from  unconsolidated  sediments. 
Other  Comments: Log o f  well  was  not  available. 

- 
&: 

3 - 

Well  Designation: 

Use : 

DW-18 

Highway 12 at  Caribou  Highway 
Domestic  water  supply 

Dug  we1 1 
7.6m 
(t:s t i ma  ted 1 .5m /day) 3 

(chloride 25 mg/l, p H  7.5) 
Flood plain  sediment.  Mostly silt. 
Data  provided by B.C. Government  Ground  water  Divis ion. 

Well  Designation: DLI- 19 

Use : 
Location: 
We1 1 Type: Dug well 

Yield: 
Description: 

Hydrogeologic  Setting: - Located 5m south o f  Hat  Creek.  Probably  yielding  water 

Other  Comments:  Data  provided by B.C. Government  Ground  Water  Division. 

hu 
- Domestic  water  supply 

Hwy. 12 at  Caribou  Hwy. 
.w Depth: 15m 

No data (estimated at 1 .5m /day) 3 - 
& Water  Type: 

from  flood plain sediments. 
1 

Y A2- 5 
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Well  Designation: 

Use : 
Location: 
- 
We1 1 Type: 
Depth: 
Yield: 
Description: 

- - 
Water  Temperature: 
Water  Type: 
Hydrogeologic  Setting: - 

Limestone  Quarry  Well 

Approximately 15m north of Hwy. 12 and 4km  west of 
Supply of makeup  and  wash  water  for  process  plant. 

Upper  Hat  Creek  Valley  turnoff. 
Drilled 

525m /day  (estimated) 

stseen  set  between 26 and 31m depth  below  ground. 
175mm  diameter  drilled  well with 150mm  stainless  steel 

1 1  c 

'The  well  is  lacated  in a narrow  valley with limestone 
Ca - Mg - HCO 
bedrock  exposed  on  both  sides  of  this  valley.  Water 
pumped from this  well  comes  from  a  sand  and  gravel  aquifer 
which is known to extend from a depth of 24m to the  bottom 
of  the  well.  The  well  only  penetrates  part  of  the  aquifer 
and  hence  the  total  thickness of this  aquifer is not known. 
A stoney  clay  material  (probably till) was penetrated  above 
the  aquifer and probably  acts as a confining  layer. There 
are  no  records  of  static  water  levels in this  well. 

30m 

ral 
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A3.0 SUMMARY OF GROUND WATER DRILLING PROGRAM 

A3.1 INTRODUCTION 

This  appendix summarize!; t h e   r e s u l t s   o f  a f i v e   h o l e   d r i l l i n g  program 

supervised by Golder   Associates  to   prov ide infill in format ion  on the 

environmental  hydrogeology  of  the  Hat Creek Val ley  area. The d r i l l i n g  and 

p iezomete r   i ns ta l l a t i on  was performed by K e n ' s   D r i l l i n g   o f   V i c t o r i a ,  B.C. 

between  August 2 and  August 27, 1977. 

A3.2 PURPOSE OF THE INVESTIGATION 

The purpose o f   t h i s   f i e l d   i n v e s t i g a t i o n  was t o  supplement and c o r r e l a t e  

hydrogeologic  data  obtained  f rom  other  studies i n  the  Hat  Creek Val ley.  

Two areas o f  concern were the  limestone  bedrock  exposed and under ly ing  the 

nor thern   por t ion   o f   the   Houth  Meadows basin and t h e   s u r f i c i a l  and bedrock 

mater ia ls   in   the   Med ic ine  Creek Valley.  Both  areas  are  proposed  waste  rock 

and/or ash d isposal   s i tes.  The geo log ica l   p roper t i es ,   a rea l   ex ten t   o f   t he  

underlying  bedrock and the  ground  water  character ist ics i n  both  areas were 

o f   p a r t i c u l a r   i n t e r e s t  as the   po ten t ia l   fo r   con taminant   t ranspor t   w i th   the  

ground  water i n  these  areas was unknown. 

A3.3 DRILLING PROGRAM DETAILS 

A t o t a l  o f  454 m o f   d r i l l i n g  was spread between f ive  ho les  dur ing  the 26 

day f i e l d  program inves t i ga t i on .  All holes were d r i l l e d  150 mm diameter 

and  cased where  necessar,y.  Three o f  these  holes  are  located  in  the  t louth 

Meadows area and  two in   t he   Med ic ine  Creek Va l ley   (see   loca t ions   F igure  

3-4 ) .  All holes were d r i l l e d   w i t h  a Chicago  Pneumatic T-650 which was 

c a p a b l e   o f   d r i l l i n g   w i t h   t h e   r o t a r y  a i r  f l u s h  method and was a lso   ab le   to  

d r ive   cas ing .  A summary o f  a l l  boreholes  are  given i n  the  hydrogeologic 

logs  presented in Append'ix A4.0. 
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(a)  Houth Meadohls Program 

( i  Borehole RH-77-45 

The f i r s t   h o l e   d r i l l e d ,  RH-77-45, was s t a r t e d  on August 6 and completed a t  

a depth  o f  92.0 m on  Au:gust 8, 1977. Four  piezometers were i n s t a l l e d   a t  

depths   o f  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 1   i n   t h e   u n s a t u r a t e d   s i l t y   g r a v e l  whereas the  other 

piezometers were of   the  b low back sampling  type  (see  Figure A3-2). The 

ground  water  table was encountered in   the   top   o f   the   l imestone  bedrock  and 

the  three  lower  p iezometers were i n s t a l l e d   i n   p o t e n t i a l l y   w a t e r   b e a r i n g  

zones i n   t h i s  bedrock. 

Water  samples  were  taken and the   ra te  o f  water   re turn was measured  as the 

d r i l l i n g  progressed. Each  sample was t e s t e d   i n   t h e   f i e l d   f o r  temperature, 

e l e c t r i c a l   c o n d u c t i v i t y  and pH. A Corning Model 3 pH Meter and a Beckman 

Solo-Br idge RB3 EC Meter were  used t o   t e s t   t h e   w a t e r  samples, and these 

f i e l d  data  are shown on the  Hydrogeologic Logs. Two s o i l  samples  were a lso  

taken a t  depths 6.8 m and  28.2 m and a g r a i n   s i z e   a n a l y s i s   f o r   t h e  28.2 m 

sample i s  shown i n   F i g u r e  A3-3. F a l l i n g  head pe rmeab i l i t y   t es ts  were 

c a r r i e d   o u t   i n  all the  piezometers in   the   l imestone  bedrock  and hydrau l i c  

c o n d u c t i v i t i e s   a r e  summarized i n  Table A3-1. 

(ii ) Borehole RH-77-46 

The second h o l e   d r i l l e d ,  RH-77-46, was s t a r t e d  on August 9 and was 
completed a t  a depth  o f  92.0 m on August 11, 1977. Two blow back sampling 

piezometers were i n s t a l l e d   a t  depths o f  36.0 and 89.8 m. The  deep 

limestone  bedrock  piezometer was  damaged d u r i n g   i n s t a l l a t i o n  and i s   n o t  

opera t iona l .  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   s e a l e d  

by  the  casing and hence i s   o n l y   p a r t i a l l y   o p e r a t i o n a l .  

Water  samples  taken d u r i n g   d r i l l i n g  were t e s t e d   i n   t h e   f i e l d  and r e s u l t s  

a re  shown on the  Hydrogeologic Log. F i v e  soil samples  were taken a t  depths 

A3-2 
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GAS SLOW OUT TU5E FOR WATER SAMPUffG 

Notes:  1) Detail A shows t h e   a i r / g a s  blow 
out t u b e   t h a t  was u s e d   t o   r a i s e  

(not f3 5ca/e) 
5how/#g go5 blow ouf fube 
u5ec' to rmse wafer sump/e 
up fo ground 5urfoce, 

B a c k f i l l   M a t e r i a l s  

c l e a n   g r a v e l  

water samples  back t o  ground  sur face  . , ,;, ? Not b a c k f i l l e d :   s a n d  
from t h e  1% pvc s t a n d p i p e .  and   grave l  w i l l  have 

o n   i n s t r u m e n t a t i o n   i n s t a l l e d   i n  bore-. 
h o l e s .  

nylon mesh  bag. 
g rave l   were   i n s t a1 : t ed   i n   an   expands ib l e  

2) See  Appendix A4.0 f o r  d e t a i l e d   i n f o r m a t i o n   c o l l a p s e d   i n t o   h o l e s .  

3)  The b e n t o n i t e   p e l l e t s   a n d   c l e a n  
Sodium b a s e ,   b e n t o n i t e  
p e l l e t s .  

,Golder Associates 
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Tab le  A3-1 

Summary of   Logs   o f   Boreholes   Dr i l led   for  - Hat Creek  Environmental   Hydrogeological   Stud2 

(2)  (4)  

Hole 
P iezo  

Piezo  Depfh 
Number Number 

(2,3,5) Hydraul ic  
Depth t o  Conduc t iv i tv  

- ( I p )  Lithology") Water (m) (m/sec) Comments 

"77-45 1 E!). 8 b l u e  LMST 19.'2 1 . 7 ~ 1 0  

2  62.  9 b l u e  LMST 18.8 5. oxso 
3 35.2 buff  LMST 17.3 1 . 3 ~ 1 0  Weathered  zone 

-6. 

-7 

-6 

RH-77-46 1 E!). 8 w h i t e  LMST - - Piezo.  broken 
du r ing  con- 
s t r u c t i o n  

2 36.0 sandy GRAVEL - - P i e z o   s e a l e d  by 
c a s i n g  

RH-77-47 1 32.0 s i l t y  CLAY - - Piezo.  broken 
du r ing  con- 
s t r u c t i o n  

RH-77-48 1 8!>. 9 v.  d a r k  SHALE 20.0 5 . 0 ~ 1 0  
-7 

-8 
2 77.0 SANDSTONE 21.8 8 . 0 ~ 1 0  Probably  low 

due t o   p l u g g i n g  
of formation 

3 58.1 grey  SFALE 21.9 3.OxlO 
-7 

RH77-49 1 89.6 GREENSTONE 62.4 1. ~ x S O - ~  
2 71.5 GREENSTONE 64.8 5. oxlo -' Frac tu re  zone 

a t  72 m. 

Notes: 

(1) s e e   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 )  see a more d e t a i l e d   d e s c r f p t i o n  of p i ezomete r   i n s t a l l a t ion   i n   Append ix  ~ 4 . 0 .  
(3) wa te r   l eve l s   r eco rded  on September 20,  1977 
(4) based  on f a l l i n g   h e a d  tesm 
( 5 )  water samples   were  taken  for   chemical   and  isotope 

a n a l y s e s ,   s e e   r e s u l - t s   g i v e n   i n   T a b l e  4-1. 

Y 
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7.7, 12.3,  14.3,  23.6 and 35.6 m and a g r a i n   s i z e   a n a l y s i s   f o r   t h e  23.6 m 
sample i s  presented i n  F igures  A3-3. No f a l l i n g  head p e r m e a b i l i t y   t e s t s  

were  carr ied  out ,  however an es t ima te   f o r   t he   hyd rau l i c   conduc t i v i t y   o f   t he  

gravel  between  and 10-2 m/s. These est imates  are based on 

ca l cu la t i ons   us ing   t he  Hazen formula and gra in   s ize   in fo rmat ion   p rov ided i n  
F igu re  A3-3. 

( i i i ) RH-77-47 

The l a s t   h o l e   i n   t h e  Houth Meadows area, RH-77-47, was started  August 11 

and  completed  August 13, 1977 a t  a depth  o f  86.0 m. One blow  back  type 

sampling  piezometer wa!; i n s t a l l e d  a t  a depth  o f  32.0 m i n   s i l t y   c l a y  

sediments. A deep piezometer  could  not  be i n s t a l l e d   i n   t h e  greenstone 

bedrock as th i s   f o rma t ion  was too  unstable. 

The h o l e   d i d   n o t   y i e l d  enough water   for   water  samples t o  be  taken, a1 though 

0.03 l i t r e s  per second ( l / s )   d i d   f l o w   f o r  a b r i e f   p e r i o d   a t  a depth o f  24.5 

m. F i v e   s o i l  samples  were taken a t  depths 8.7, 8.8, 24.3,  24.6 and 28.2 m 
d u r i n g   t h e   d r i l l i n g .  The gra in   s ize  analyses  o f  each  sample are  given i n  

F igures  A3-3 and A3-4, and c a t i o n  exchange capac i ty   tes t   resu l ts   a re   g iven  

i n  Table A3-2.  The piezometer  appears t o  have been severed  during 

i n s t a l l a t i o n  and no hyd rau l i c   conduc t i v i t y  and water  level   determinat ions 

cou ld  be made. 

(b )   Med ic ine  Creek  Program 

( i )  "77-48 

The f i r s t   h o l e  i n  the  Vledicine Creek Va l ley ,  RH-77-48 was started  August 14 

and  completed a t  a depth  o f  92.0 m on August 15, 1977. Three  standard 

sampling  type  piezometers were i n s t a l l e d   i n   t h e  bedrock a t  depths o f  58.1, 

77.0 and 89.9 m. The bedrock  opposite each piezometer was respec t ive ly :  

grey  shale,  sandstone and dark  shale. 

A3-3 
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Table A3-2 

Summary of Cation-Exchange  Capacity  Values  for 
Unconsolidated  Sediments - 

Hole (1) Sample  Depth CEC ( 2 )  
Number (m) m. eq/100g 

Rn77-47 a. 7 8.8 

RH77-47 24.7 5.9 

RH77-48 4.3-16.8 1 2 . 7  

m77-49 10.7-15.4 1 2 . 7  

" 

Notes: (1) See   loca t ions ,   F igure  3-4. 

( 2 )  'The samples   were  tes ted  for   cat ion-exchange 

ance  with  procedures   descr ibed in "Methods 
capaci ty  by  "Sodium Satura t ion"   in   accord-  

o f  Soi l   Analys is"   purb l i shed   by   the  American 
:Society of Agronomy. 
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Twelve  water  samples  were  taken, o f   wh ich  seven  were f i e l d   t e s t e d  as was 

o u t l i n e d   f o r   h o l e  RH-77-45. The r e s u l t s  o f   these  tests   are shown on the 

Hydrogeologic Log. One s o i l  sample was o b t a i n e d   a t  a depth  range of 4.3 - 
16.8 m and a c a t i o n  exchange c a p a c i t y   t e s t  was run  on t h i s   s o i l  sample (see 
r e s u l t s   i n  Tab'le 43-2 1 ) .  

Permeab i l i t y   t es ts  were performed i n   a l l   t h r e e   p i e z o m e t e r s  and hyd rau l i c  

conduct iv i t ies   are  sumnar ized i n  Table A3-1. 

( i i 1 RH-77-49 

The l a s t   h o l e   d r i l l e d  .in the  Medicine Creek Val ley,  RH-77-49, was s t a r t e d  

on  August 16 and was completed a t  a depth o f  92.0 m on August 19, 1977. 

Two standard  piezometers were i n s t a l l e d   i n   t h e  greenstone  bedrock a t  depths 

o f  71.5 and 89.6 m. Three  water samples  were f i e l d  analyzed  for  

t empera tu re ,   e lec t r i ca l   conduc t i v i t y  and pH. These resu l ts   a re   g iven  on 

the  Hydrogeologic Log. S o i l  samples  were taken a t  depths o f  10.7 - 15.4, 

29.6 - 36.0 and  57.0 - 59.4 m and one c a t i o n  exchange c a p a c i t y   t e s t  was 

made on t h e   f i r s t  sample (see  Table  A3-2). F a l l i n g  head pe rmeab i l i t y   t es ts  

were  performed i n   t h e  two piezometers.   Test  resul ts  are  found i n  Table 

A3-1. 

iul 
A3-4 
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A4.0 HYDROGEOLOGIC LOGS OF ROWHOLES 

The following  hydrogeologic  logs summarize information on a l l  

boreholes that were d r i l l e d   f o r   t h e  ground water study. The abbreviated 

l i tho logy  is based  on data   suppl ied from d r i l l e r s  logs,  bag  sample 

analyses  and hydrogeologis t s '   f i e ld   no tes .  

In   o rder   to  show a l l  d a t a   i n  one  compact log i t  was necessary   to  

use a number of abbreviat ions and  symbolic  notation. The following  notes 

explain  these  abbreviat ions.  The note  numbers correspond  to  the numbers 

shown i n  p a r e n t h e s i s   a t  t:he head of each column in  the  fol lowing  hydrologic  

logs : 

1) Lithologic  Terminology Used i n  Logs 

Lithology  determined from hydrogeologis t s '   f i e ld   descr ip t ion  of ro ta ry  

cu t t ings .  

2) 

Unless o therwise   s ta ted  a l l  depth measurements are given  in  

me te r s   r e l a t ive  t:o present  ground l eve l .  

T.D. = t o t a l  dept:h d r i l l e d .  

3) Construct@ 

a )  =of Backf i l l  

sand,   gravel  and bentoni te .  

J 

A4- 1 
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' 3) Cont ' d 

b) Hole 

I I  
i i  
I I  

[:I 

dr i l l ed   ho le   ca s ing  removed 

d r i l l e d   h o l e   c a s i n g   l e f t  i n  place 

I 1  
i I  
I I  
I I  

d r i l l e d  open hole 

dr i l led   ho le  known to have  squeezed i n  

7 
Standard Double Seal  Piezometer  Arrangement 

t o  cent re  of piezometer I n l e t  

L p i e z w t e r  type (see belcw) 

Standard Top Seal  Piezometer  Arrangemnt 
L. 

p$" 236 depth t o  centre of p i e z o m t e r  in le t  

T y p e ~ f  Piezometer Tip 

Type 1: Standard  Sampling  Piezometer: 6." p s  

Slotted 19 mm (0.75 inch) diameter 

:PVC pipe. Approx. 60 cm (2  f e e t )  

long. Has an air tube in s t a l l ed  t o  

(enable  water t o  be blown back to 
/ m . e &  

,7F,A:L 

A4-2 



Type 2:  

Type 3:  

Multiple  Tip  Sampling  Piezometer: 

6mm PVC tubing  threaded  through 

middle of 64mm PVC casing. End 

of  tubes were exposed,  covered with 

a  cellulose  filter  cloth and  taped  to 

the 5Omm casing. 

Porous  Cup  Type  Lysimeter: 

Used  for  water  sampling  purposes  only 

(see details in Figure A3-1). 

Water  level  measured  in  borehole  when  drilling had  reached 

indicated  depth (meters). 

Water  flows  recoxded while drilling was in  progress. In hard  rock 

drilling  where  the  borehole  stays  open  these  flows  normally 

represent  cumulative  flows  since  the  water  bearing  zone  was  first 

encountered. 

Other: fl = water  flowing  over top of casing 

Lw = losing  water 

Mw = naking  water 

EC = Electrical  conductivity  in  micro  mhoslcm 

PH = Field pH measurement of water  sample 

Static  water  level  in  piezometer/well  after  the  ground  water  has 

recovered  from  drilling  operations  (September, 1 9 7 7 ) .  positive 

values  indicate  a.rtesian  heads  (i.e. above datum). These  static 

water  levels  are  equivalent to total  piezometric  heads  in  all 

piezometers. 

A4- 3 
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8) I) = Depth range for permeability test (meters) 

K = Average  formation permeability determined (cm/sec) 

M = Method used to determine permeability 

1’ = Pack,er test using head method 

fi = Fal1:ing head test  in piezometer 

w = Pumping test 

A4-4 
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A5.0 ISOTOPES USED I N  GROUND WATER STUDIES 

J 
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A5.1 THEORY OF ISOTOPES APPLIED TO HYDROLOGY 

The f o l l o w i n g   i s  a b r i e f   r e v i e w   o f   t h e  use o f   t h r e e   s e l e c t e d   i s o t o p e s   f o r  
eva lua t i on  o f  hydro log ic  systems. Much o f   the   in fo rmat ion  i s  summarized 

f rom Brown, R.H. ” e t  a1.(1972)(1) 

co 
(a )   S tab le   I so topes   o f  Hydrogen and Oxygen i n   N a t u r a l  Waters 

rJ The s tab le   i so topes  o f  hydrogen and  oxygen, which  are  the two elemental 

c o n s t i t u e n t s  o f  water, have mean abundances i n   n a t u r a l  compounds as 

ul fo l lows:  
Hydrogen  (1H) = 99.985%, Deuterium ( 2 H )  or ( D l  = 0.015% 
Oxygen-16 (160) = 99.76%, Oxygen-17 (170) = 0.04% and 
Oxygen-18 (180) = 0.2%. 

r) 

Among  a1 1 the  poss ib le   spec ies  o f   water ,   on ly   the  fo l lowing  are  o f  
p r a c t i c a l   i n t e r e s t   f o r  most  studies: 

Hz160, HD160, and Hz180 
cal 

The v a r i a t i o n s   o f   t h e   i s o t o p i c   r a t i o s  D/H and 180/160 i n  water 

Y samples  are  expressed i n  terms o f  a per mil. d i f f e r e n c e  ( O/oo) w i t h  
r e s p e c t   t o   t h e   i s o t o p i c   r a t i o s   o f  mean ocean water .   Th is   const i tu tes  the 
reference  s tandard  ca l led SMOW (Standard Mean Ocean Water),  (Craig 
1961(2)) .  

. r i  

6 o/oo = R 1 e  -1 x 1,000 
R smow- 

where R i s  t h e   i s o t o p e   r a t i o  D/H o r  180/160. 

Thus samples w i t h  + values  are  enriched,  that i s  they have more of   the 
* heavier  isotope  than sea water. All oxygen-18 i s o t o p e   d a t a   i n   t h i s   r e p o r t  

i s  r e l a t i v e   t o   t h e  SMOW standard. 

I 
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Many natural  processes cause var ia t ions   o f   the   i so tope  compos i t ions   o f  
natural   waters.  Among them, the  most  important  are  evaporation and 
condensat ion.   Dur ing  evaporat ion  the  l ighter  molecules  of   water 
(Hz160),  are more vo la t i le   than  those  conta in ing   the   heav ie r  
i so tope,  (HD160 o r  H2180). Thus, the  vapour  which  evaporates 
f rom  the ocean i s  depleted by about  12-15"/00 i n  oxygen-18  and  80-12O0/oo 
i n  deuterium, with r e s p e c t   t o  ocean wa te r .   W in te r   p rec ip i t a t i on   i n   genera l  
will be d e p l e t e d   i n  he.avy i so topes   ( i . e .   l i gh te r )  i f  compared to   the  
summer p r e c i p i t a t i o n  and the  var ia t ions  o f   deuter ium and oxygen-18 contents  
i n   p r e c i p i t a t i o n   a r e   t i n e a r l y   c o r r e l a t e d   ( C r a i g  1961) C 2 ) :  

$D = 06l8O + C 
where C i s  a constant  which  varies  from  area to area. 

Surface  waters  general ly  ref lect   the  average  isotopic  composi t ion  of   the 

l o c a l   p r e c i p i t a t i o n   u n l e s s  it i s :  
1 )   m i x e d   w i t h   i s o t o p i c a l l y   d i f f e r e n t   w a t e r s ,  such  as water  from 

a d i f f e r e n t  catchment  basin,  or  ground  water  of a d i f f e r e n t  
i sotop i  c: composi ti on. 

surfaces,) :  I f  th is   evapora t ion   occurs ,   the   re la t ionsh ip  
between 6 D  and  &I80 will dev ia te   f rom  the   l inear  
equat ion above,  and will take on a f l a t t e r   s l o p e   o f   t h e  
form: 

2)  a l lowed  to  re-evaporate  f rom open waters  (such as lake  

6D = K6180 - A 

(Gat " et  a l .   1968) : (3 )  
where K = a cons tan t   f a l l i ng   va lue  between 4 and 6 

A = a second constant. 

Ground  water will tend to r e f l e c t   t h e  average  composit ion  of  the  recharge 
zone waters. Thus, i f  recharge  took  place  from a lake  which was h i g h l y  

A5-2 
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e v a p o r i t i c ,  then these  ground  waters  would have a heav ie r   i so top ic  
composition. 

( b )   T r i t i u m   i n   N a t u r a l  Waters: A Review 

T r i t i u m   i s  a rad ioac t i ve   i so tope  o f  hydrogen,  having a mass o f  3, and a 
h a l f - l i f e  12.26 years,  (Brown ” e t  a1 1972)(1). It occurs i n   t h e  

environment as a r e s u l t   o f   b o t h   n a t u r a l  and man-made processes.  Large 

amounts o f  man-made t r i t i u m  were  released to the  atmosphere by 
thermonuc lear   tes ts   in   the   per iod  1953-1962. The t r i t i u m   c o n t e n t   i n  

natura l   waters   is   expressed i n  t r i t i u m   u n i t s  (T.U.). One t r i t i u m   u n i t  
corresponds  to  a c o n c e n t r a t i o n   o f  1 t r i t i u m  atom per 1018 hydrogen 

a toms. 

I n  ground  water  studies, tritiUm MCbSurements are  usefu l  to g ive  

i n fo rma t ion  on the  approximate  t ime  that has elapsed  since  recharge  took 

place. I f it can be assumed that  the  ground  water  enters a closed  system 

and t h a t  no mixing  take:j  place,  then  the age of   the  water can be determined 

by   us ing  a l oga r i t hm ic  (decay formula. 

E s t i m a t e d   t r i t i u m   c o n c e n t r a t i o n s   f o r   t h e   p r e c i p i t a t i o n   i n   t h e   H a t  Creek 
area,   are  presented  in   F igure A5-1. As can be seen from t h i s  diagram  the 

i n t e r p r e t a t i o n   o f   t h e  age o f  a part icular  ground  water  younger  than 16 
y e a r s   i s   n o t   v e r y  easy. T h i s   i s  due t o  t h e   f a c t   t h a t   f o r  ground  waters 
t h a t  have been i n   t h e  ground fo r   less   than 16 years  there  are two age 

s o l u t i o n s  f o r  each t r i t i um  l eve l   ob ta ined .  However, i f  values  are  less 
than 30 t r i t ium  un i ts   the   g round  water  can be i n t e r p r e t e d  as being  over 16 

years  old. 

A5.2 METHODS FOR ISOTOPE ANALYSIS 

Samples o f   water   co l lec ted  i n  t h e   f i e l d  were analyzed  using  standard 

methods f o r   i s o t o p i c   a n a l y s i s .  
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(a)  Deuter ium 

The water Samples (minimum 10 ml)  were  sent  to  the  Environmental  Research 
Branch  of  Atomic  Energy  of Canada Ltd.  (A.E.C.L.) Chalk  River  Nuclear  Lab- 

o r a t o r i e s   f o r   a n a l y s i s .  Water  samples  were fed   con t inuous ly   i n to  an eva- 
p o r a t o r  and the  ensuing  water  vapour  converted t o  hydrogen gas  by the  reac- 
t i o n   w i t h   h o t  (750' C )  luranium  metal  (Friedman  and Woodcock 1957)(4). 
The deuterium to hydrog'en r a t i o   i n   t h i s  gas i s  then  analyzed by comparison 

w i t h  a standard gas us ing a spec ia l l y   cons t ruc ted  mass spectrometer  with a 
doub le   co l l ec to r  system,. The resu l ts   a re   accura te  to + - l"/oo f o r  one stan- 
dard  dev iat ion.  

( b )  Oxygen-18 

The ana lys i s   o f   wa te r   smp les  was c a r r i e d   o u t   a t   t h e   U n i v e r s i t y   o f   W a t e r l o o  
Geochemistry  Laboratory. The f i e l d  samples  were c o l l e c t e d  and sealed  wi th  
wax i n  10 ml b o t t l e s .   l h e  method o f   a n a l y s i s  used i s   b a s i c a l l y   t h e  same as 
tha t   desc r ibed  b,y Epste in  and Mayeda (1953)(5). A 3 m l  sample o f   t he  
water was equ i l ib ra ted   w i th   carbon  d iox ide  gas a t  25" C i n  a constant  
temperature  bath  wi th  shaker,   for  a minimum o f  24 hours. An a l i q u o t   o f   t h e  
gas was then  ana'lyzed f o r  oxygen-18 conten t   us ing  a special ly  designed mass 
spectrometer  (Varian-Mat GO-150). Correct ions  to   the mass spectrometer 
analyses were c a r r i e d   o u t  as descr ibed by Craig  (1957)(6).  The 
oxygen-18  values  for each  group o f  12 samples  were  checked  against a 
standard  water sample o f  known isotopic  composi t ion.  The r e s u l t s   a r e  
p r e c i s e   t o  a s tandard   dev ia t ion   o f  - + 0.1 per mil. (SMOW). 

( c )   T r i t i u m  

The a n a l y s i s   o f   t r i t i u m  iin the  waters was c a r r i e d   o u t   a t   t h e   U n i v e r s i t y   o f  
Water loo  laborator ies.   Analys is  was c a r r i e d   o u t  by f i r s t   m i x i n g  10 m l s  o f  

A5-4 



water sample with 15 m'ls of ' Instagel I .  This  mixture was then shaken up 
and the result ing emu1 :;ion a1 lowed t o  gel. The sample was then placed i n  a 
Nuclear Chicago L i q u i d  Sc in t i l l a t i on  Counter for  radioactive  counting. The 
temperature  in the counter was 10" C and the average sample counting  time 
was about 400 minutes. 
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APPENDIX B SUPPLEMENTARY  SURFACE HYDROLOGY INVENTORY TABLES AND FIGURES 

B1.0 TABLES 

Table B1-1: Streamgauging S i t e s  i n  the Regional Analysis 

Table 81-2: Thornthwaite  Climatic Water Balance for  Hat Creek 

Table 81-3: Thornthwaite  Climatic Water Balance for Ashcroft 

Table 81-4: Thornthwaite  Uimatic Water Balance f o r  Highland Valley 
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82.0 FIGURES 

Figure B2-1 (76-4-32):  Streamgauging in  Anderson Creek 

Figure 82-2 (76-4-28):  Current Meter ready f o r  Streamgauging i n  Ambusten Creek 

Figure B2-3 (76-1-15): Hammond Diversion o f  Upper Hat Creek t o  Oregon Jack 

Figure B2-4: 

Figure B2-5: 

Figure B2-6: 

Figure 82-7: 

Figure B2-8: 

Figure B2-9: 

Creek 

Hat Creek (08LF061) 
Late :Summer Minimum Flow Frequency Curve f o r  Hat Creek near Upper 

Winter Minimm Flow Frequency Curve fo r  Hat Creek near Upper Hat 
Creek (08LF061) 

Creek (08LF061) 
Yearly Minimuln Flow Frequency Curve fo r  Hat Creek near Upper Hat 

The Relations,hip betw&h the Climatic  Conditions o f  the Hat Creek 
Valley and t h e  Oischarges o f  the Houth Creek and Medicine Creek 
Diversion 

The Relationship between the Climatic  Conditions  of the Hat Creek 
Valley and t h e  Discharges of  Finney and Anderson Creeks 

The Relationship between the Climatic  Conditions of the Hat Creek 
Valley and the  Discharges of  Medicine and Ambusten Creeks 

Figure 82-10: 

Figure B2-11: 

Figure 82-12; 

Figure 82-13: 

Figure B2-14: 

Figure 82-15: 

Figure B2-16: 

Figure  82-17: 

Figure B2-18: 

The Relationship between the Climatic  Conditions of the Hat Creek 
Valley and the Discharge o f  the W.S.C. Stations on Hat Creek 

Some Typical  Rainfall-Runoff Events i n  Hat Creek 

(76-4-35) Firmey Lake 

(76-4-36) Dam and gate  controlling  outflow  frorn.Finney Lake 

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

(76-5A-14) Meandering, partly  entrenched and  combined section 
of Hat Creek 

(76-5A-28) Hat Creek a t  Section 9-4 

(76-5-29) Upstream view along Hat Creek 

Hat Creek Water Surface  Profiles 
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Figure B2-19: Cross Sections 1-1 

Figure B2-20: Cross Section1 2-1 

Figure B2-21: Cross Sections 5-1 

Figure 82-22: Cross Section 6-1 

Figure B2-23: Cross Sections 9-1, 

, 1-2, 1-3 

5-2,  5-3 

3-2, 9-3, 9-4 
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TABLE B 1 - 1  

STREAMGAUGlNG SITES IN THE REGIONAL  ANALYSIS 

No. Station No. 

8 
9 

10 

11 
12  
13 
14 

~~ 

15 
16 
17 

18 
19 
20 

22 
21 

24 
23 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
" 

08KE005 
08MC024 
08MD026 
OWF020 
08MF016 
08LA019 

~~ ~ . 

08LB050 
08LB020 
08LB076 
08LB010 

08LB072 
08LB024 
08LB004 
08LB013 
08LE031 
08LE069 
08LD006 

08LE086 
08LE027 

08LE024 
08Lcoo2 
08LC034 
08LC005 
08LE065 
08LE021 
08LE001 
08LE005 

08LF024 
08LE013 

08LF049 
08LF027 

08LF001 
08LF007 

0 8 i ~ 0 6 2  
08LF060 
08LF002 

Station Name No. of Years Drainage 
o f  Records Area ( km2)  

- - 

Cuisson Creek near Alexandria 11 
Hawks Creek above Lyne Creek 

1 2  
5 

Cinquefoil Creek near Li l looet  
Fountain Creek near Lii  looet 

10 
McGillivray Creek near  Lillooet 1 2  
Boss Creek above Hendrix Creek 3 
Mann Creek near Blackpool 21 
Barriere F!iver a t   t he  mouth  30 
Harper Creek near  the mouth 3 
Louis Creek a t  bouhdary of 6 
railway b e l t  
Louis Creek a t  the mouth  5 
Fishtrap Creek near McLure 12 
Heffley Creek near Kamloops 1 2  
Pau l  Creek near Kamloops (Station A )  30 
South Thonlpson River a t  Chase 53 
Sou th  Thoalpson River a t  Monte Creek 13 
Hiuihil l  Creek near  Squilax  (lower 8 
S t a t i o n )  
Se,ymour River Near  Seymour Arm 24  
Ratchford Creek a t  2,000 f t .  contour 3 
Eagle  River  near Malakwa 18 
Shuswap River  near Enderby 42 
Ferry Creek near Lucnby 1 7  
Bessette Creek near Lumby 1 7  
Sa'lmon River a t  Glenemma 6 
Salmon River  near Salmon Arm 1 7  
Bo'lean Creek a t  F a l k l a n d  15 
Chase Creek near Chase 17  
Monte Creek near Monte Creek 20 
Tranqui 1 l e  River  near Kamloops 13 
Watching Creek near Kamloops 15 
Deadman Ri.ver above Criss Creek 23 
Criss Creek near Savona 25 
Barnes Creek near  Ashcroft 1 7  
Bonaparte  River  near  Bridge Lake 16 
Bonaparte  liiver  near Cache  Creek 15 
Bonaparte liiver below Cache Creek 15 

I_ I 

162 
456 

52 
57 

122  
52 
~~ 

295 
1,140 

168 
259 

663 

1 68 
52 

381 

16,602 
16,162 

106 

805 
253 
904 

4,608 
145 
253 

1,173 
1,507 

220 
61 3 
184 
596 

862 
00 

490 
104 
66 

. . .  
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TABLE B1-1 Continued 

No. S t a t i o n  No. S t a t i o n  Name No. o f  Years  Drainage 
o f  Records  Area (km?) 

37 
38 

40 
39 

41 
42 

44 
43 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

57 
56 

59 
58 

60 
61 

62 

63 
64 
65 
66 
67 
68 
69 
70 
71 

73 
72 

08LF047 

08LF013 
08LF021 

08LF061 
08LF015 
08LG049 
08LG006 

08LG010 
08LG048 

08LF017 
08LG008 

08NN004 
08NN013 
08NN015 
08NN007 
08NN010 
08NN001 
08NN002 
08NM158 

08NM155 
08NM159 

08NM003 
08NM157 

08NM151 
08NM179 

08NM053 

08NM118 
08NM135 
08NM015 
08NL007 
08NL038 
08NL006 
08NL036 
08NL024 
08NL023 
08NL015 
08NL021 

F i f t yseven  Creek  near  Cl inton 
S c o t t i e  Creek  near Cache Creek 
Hat  Creek  near  Ashcroft 
I iat  Creek  near Upper Hat  Creek 
I i a t  Creek  near Cache Creek 
IUicola  River  above  Nicola  Lake 
N i  co la   River   near  Spences Br idge 
Coldwater  River  near  Brookmere 

Spius  Creek  near Canford 
Coldwater  River near  Merr i  tt 

Murray  Creek  near Spences Br idge 
K e t t l e   R i v e r   a t   K e t t l e   V a l l e y  
K e t t l e   R i v e r   n e a r   F e r r y  
West Ket t le   River   near   McCul loch 

Myers  Creek a t   I n t e r n a t i o n a l  Boun 
Rock Crelzk near Rock Creek 

Boundary  Creek a t  Greenwood 
Granby R.iver a t  Grand  Forks 
T rou t  Creek a t   t h e  mouth 

lr6paniet-  Creek a t   t h e  mouth 
Peachland  Creek a t   t h e  mouth 

Lambly  Creek  near  the  mouth 
Powers Creek a t   t h e  mouth 

Shorts Creek a t  the mouth 
Coldstream  Creek  above  Kalavista 
d i v e r s i o n  
Kelowna  Creek  near  Kelowna 
( l o w e r   s t a t i o n )  
Pen t i c ton  Creek a t   t h e  mou.th 

Vaseux Creek  above  Dutton  Creek 
E l l i s  Creek a t   P e n t i c t o n  

Similkameen  River  near  Hedley 
Similkameen  River a t   P r i n c e t o n  

Whipsaw Creek below Lamont  Creek 
Similkameen  River  near Keremeos 

Tulameen R i v e r   a t   P r i n c e t o n  
O t t e r  Creek a t  Tulameen 
Asp Creek near  Pr inceton 
Gran i te  Creek a t   t h e  mouth 

8 
22 
12 
16 
18 
13 
29 
11 
24 
15 
15 

48 
9 

21 
6 

ldary 36 
21 
18 
7 

7 
7 

7 
12 

7 
6 

27 

12 

22 
10 

41 
11 
19 
11 
26 
29 
10 

5 

108 
174 
73 

350 
658 

1 ,500 
7,278 

31 6 
914 
906 
149 

6,579 
5,698 

249 

207 
280 

425 
2,331 

764 

254 
150 

1 44 
272 

207 
1 85 

221 

177 

255 
158 

5,594 
1,852 

5,957 
185 

1 ,761 
673 

52 
264 
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TABLE B1-1 Continued 

No. S t a t i o n  No. S t a t i o n  Name  No. o f  Years  Drainage 
o f  Records  Area (km2) 

74  08NL012 A l l i s o n  Creek  near  Penticton 25 673 
75 08NL013 Sumners Creek a t   t h e  mouth 8 249 
76 08NL020 Hayes ( f i v e   M i l e )  Creek  near  Princeton 8 
77 08NL039 

751 

78 08NL041 
Siwash  Creek  near  Princeton 9 174 
Wolfe  Creek a t   t h e   o u t l e t   o f   I s s i t z  8 21 5 

79 08NL050 Hedley Creek near  the  mouth 3 388 
Lake 

80 08NL004 Ashnola  River  near Keremeos 33 
81 08NM138 

1,054 
Terrace Creek near Kelowna  11 31 

82 08KH022  MacKay R i v e r   a t   t h e  mouth 5 144 
83 08KH019 M o f f a t  Creek  near  Horsefly  12 
84 08KH021 

5 39 
Beaver  Creek a t   o u t l e t   o f  Beaver  Lake 5 852 

85 08MC006  San Jose  River  near Lac l a  Hache 26 489 

from Water Survey o f  Canada, Surface Water  Data,  Reference  Index, 1975. 



TABLE 81-2 

THORNTIIWAITE CLIMATIC WATER BALANCE (8ASEO ON C L I M T I C  NORMALS  FOR THE PERIOD 1941-1970) 
R T C R E K  BRITiW7XlImfli 1" __ 

899 METRES  AES STATION # 1163340 
50' 45 N 121" 35 w 

ALL VALUES EXCEPT TEMPEWTURE AN0 SNOUMELT  RUNOFF RATIO I N  MM 

JAN FEE MAR APR - MAY 
" 
JUN JUL - AUG - SEP - OCT - NOV - DEC ANNUAL 

-11.0 -5.7 -1.8 3.7 
0 0 0 3 5 ,  

39 19 15 16 

106 119 120 100 
39 19 15 -18 

32 0 0 0  
0 0 0 3 5  
0 0 0 0  
0 0 0  1 .  
0 0 0  
1  6 14 0 

I 

1 6 14 
9 25 41 

1 
0 

71 

-48 
22 

-38 
61 

61 
10 
0 

9.1 

n 

104 125 
12.3 15.1 

-68 -95 
35 29 

105 
14.2 

- 72 
32 

-5  
6 

65 
10.5 

-43 
21 

-1 
4 

23 
42 

0 

0 
0 

0 
0 

28 
25 
-2 
4 
0 

25 

4.1 -3.4 
0 

30 
30 
33 
30 
0 

-8 .3  
0 

35 

68 
35 

35 
0 

2 Temperature.  Deg. C. 
P o t e n t i a l   E v a p o t r a n r .  
P r e c i p i t a t i o n  
P r e c i u .  - P o t .   E v a u o t r a n s  

3. 
532 

-214 
317 

-29 -18 
31 12 

65 48 

s t o r a g e  

A c t u a l   E v a o o t r a n s .  
Change i n  S t o r a g e  

38 
67 

0 
0 
0 
0 
0 

295 
238 

1 
3 
0 
0 

0 

0 
0 

M o i s t u r e   D e f i c i t  

21 
1 

22 
0 
0 
0 

0 
0 
0 

0 
0 
0 

T o t a l   R u n o f f  
Snarmelt R u n o f f   R a t i o  (%) 

ASSUME0 WATER HOLDING CAPACITY 100 b+l 

ALL VALUES EXCEPT  TEMPERATURE AN0 SIOWMELT  RUNOFF RATION IN  MM 

! B I N .  JW ." SCP - OCT - .. NOV occ AjtIUA! 

532 P o t e n t i a l   E v a p o t r a n r .  
3.2 Tempera tu re  Oeg. C. 

317 P r e c i p i t a t i o n  
-214 P r e c i p .  - P o t .  E v e ~ o t r  

St"P.( IC 

317 A c t u a l   E v a p o t r a n s .  
Change i n   S t o r a g e  

215 M o i s t u r e   D e f i c i t  
0 M o i s t u r e  Surplus 
0 S u r p l u s   R u n o f f  
0 Snounnel t Runo f f  
0 T o t a l   R u n o f f  

S n o m e l t   R u n o f f   R a t i o  

-11.0  -5.7 
0 

39 
0 

39 19 
19 

132 i 151 
39 
0 

19 
0 

-1.8 3.7 9.1 
0 35 . 71 

15 -183 -48 
15 16 22 

16G 151 1111 
15 -14 -32 
0 31 55 

104  125 
12.3 15.1 

105 
14.2 

- 7 2  
32 

-1 5 
36 

40 
57 

65 
10.5 

- 4 3  
21 

29 

28 
25 
- 2  
28 
n 

4.1 -3.4 
0 

30 
30 
58 
30 
0 
0 
0 
0 
0 
0 
0 

-8 .3  
0 
35 
35 
93 
35 
0 

-611 -95 
35 29 

-33 -31 
(14 5 2  

69 61 2n 
37 
n 
n 

26 
2 

Y 
0 0 
0 n 
0 0 
0 0 
0 
0 

0 
0 

~~ 

34 64 
0 
0 0  

0 

0 0  
0 0  
0 0  

..  

n 
0 
0 

0 
0 
0 0 

0 0 
0 

0 
0 0 

ASSUMED  WATER HOLDING CAPACITY 200 MM 

Y 
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TABLE 61 -3  

THORNTHWAITE CLIPATIC WATER BALANCE (BASED ON CLIMATIC NORMALS FOR THE PERIOD 1941-1970) 
ASHCR~FT, 3lTTi3iRDiMi?& 

5 0  43 N 121" 1 7  W 
304 METRES AES STATION X ll60510 

ALL VALUES EXCEPT TENPEPATLIRE ANI1 SNOWMELT  RUNOFF RATIO IN  MM 

- JAN 

- 6 . 5  

- FEE - APR - MAY - JUN - JUL - RUG SEP 

15.7 
81 

-61 
19 

0 
0 

19 
62 
0 
0 
0 
0 
0 

- - OCT - NOV - OEC 

-1.2 
0 

13 

68 
13 

1 3  
0 

53 
9.4 

-41 
IO , 

-20 
41 

32 
21 

0 
0 
0 

15.0 
91 
1fi 

124 
18.5 

-94 
30 

21.4 
146 

-1 30 
15 

-a  
2 

6 
1.8 

18 
12 
13 
12 
6 
0 
0 

0 
0 

-3.1 

20 
0 

20 

20 
32 

0 

675 
213 

-462 

8.6 Tempera tu re  Deg. C. 
P o t e n t i a l   E v a p o t r a n s .  
P r e c i p i t a t i o n  
P r e c i o .  - P o t .   E v a o o t r a n s .  

16 
3.6 

-7 
7 

62 
-a  

8.8 
25 

-1 7 
I 7  

124 
20.4 

-97 
25 22 

0 

22 

22 
54 

0 

-74 
10 

.. 

-11 
7 

41 
83 

0 
0 
0 
0 
0 

0 

17 
0 

s t o r a g e  

A c t u a l   E v a p o t r a n s .  
Change i n   S t o r a g e  

M o i s t u r e   D e f i c i t  

-21 
37 
54 
0 

,, 

n 

13 
3 
0 
0 
0 

21 
125 

0 
n 

213 
463 

0 
0 
0 

0 
0 
n 

18 
0 
n 

0 0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 T o t a l   R u n o f f  
S n o w m e l t   R u n o f f   R a t i o  ( X )  

ASSUMED  WATER HOLDING CAPACITY 100 MM 

ALL VALUES  EXCEPT  TEMPERATURE  AND  SIYOWMELT RUNOFF M T l O  I N  MM 

JAN FEB MAR APR MY J U N  JUL nuC SEp a &IN% 
" - - .- - - " 
-6.5 
0 

22 
22 
59 
22 
0 

-1.2 
0 

13 

72 
13 

13 
0 

16 
3.6 

7 

69 
- 7  

-2 
10 

0 
5 

0 
0 
0 
0 

53 , 
9 . 4  

-41 
10 

-12 
56 

24 
29 

91 124 146 
15.0 18.5 21.4 

-74 -94 -130 
16 30 15 

-17 -14 ../I 
39 24 1 2  

33 44  27 
58 80 119 

0 0 0  
0 0 0  
0 0 0  

0 0 0  
0 0 0  

124 
20.4  

-97  
25 

8 

81 
15.7 

-61 
19 

6 

8.8 
35 

-1 7 
1 7  

5 

1.8 - 3 . 1  8.6 
675 

-462 
21 3 

Temperature  Deg.  C.  
P o t e n t i a l   E v a o o t r a n s  0 

20 
20 
37 
20 

18 
6 

12 
18 
12 
6 

P r e c i p i t a t i o n  
P r e c i p .  - P o t .   E v a p o t r a n s .  

30 
-4 

9 4  

- I  

60 
21 

0 
0 

0 
0 

0 
18 
18  
0 
0 
0 
0 

213 
463 

0 
0 
0 
0 

0 
0 
n 

0 
0 
n 

0 
0 
n 

Surplus Runoff 

T o t a l  Runoff 
S n o m e l  t R u n o f f  

S n o m e l t   R u n o f f   R a t i o  (:*) 

0 
0 
0 

0 
0 

0 
0 0 

0 1 
0 0 0 

ASSUMED  WATER HOLOING CAPACITY 200 MM 

W 
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TABLE 81-4 

THORNTHIIAITE CLl l lATIC  l lAlER BALANCE. iDASED ON CLIMATIC NORMALS FOR THE PERIOD 1941-1970) 
B X N D  VALLEY. m % X h 3 I A  . .  
50"  31 N 121" 1 1.1 
1554 METRES AES STATION #1123468 

4 

ALL VALUES EXCEPT TEIIPERJITURE AND SII(II~II1ELT RUNOFF FATI0 IN MM 

" - - ". " " "_ - - " JAN FEE tlAR APR I!AY .IUN JUL AUG SEP  OCT '% 
-8.6  -3 .8  -2 .0  1 .6  7 .4  11.5  14.2  13.9 9.9 3.9 -2 .3  -5.6  3.3 T e m p e r a t u r e D e g .  C. 

53  32 28 20 ' 26 :I4 19  26 19 24  36  57 
53 32 28 3  -44 4 9  -95  -77  -53 -3  36  57  -127 P r e c i p . - P o t .   E v a p o t r a n s .  

374 P r e c i p i t a t i o n  

S t o r a g e  

0 0 0 18 71 !I3 1 1 5   1 0 5  73 2 8  0 0 502 P o t e n t i a l   E v a o q t r a n r .  

142  154  151  100 64 35  13 6  4  3 40  97 
3 
0 

0 0 0 -35 -28 -21  -6   -2  0 36  57 Change i n   S t o r a g e  
0 0 18 62  t i2 4 1  34 21  24 

0 0 0 0 9 :II 74  71  52  4 0 0 240 M o i s t u r e   D e f i c i t  
0 0 262 A c t u a l   E v a p o t r a n s .  

0 
0 

0 0 5 3 0 0 0 0 0 0 0 0  53  l l o i s t u r e   S u r p l u s  
0 0 27  13 7 3 2  

8 20 32 0 0  n 
1 0 0 0  53 Surplus Runo f f  

8 20 32  27 13 
0 0 0 0  0 0  

7 
59 S n o w m l  t Runoff 

16  27  38 0 0 0 
3 2 I 0 0 0  112 T o t a l   R u n o f f  
0 0 0 0 0  0 S n o w m l t   R u n o f f   R a t i o  ( % I  

ASSUMED NATER HOLDING CAPACITY lO(1 MM 

ALL VALUES  EXCEPT IEIlPERATURE N I D  SIlOllllELT RUNOFF RATIO I N  l4M 

JAJl E ApR *Y. 3" JUC 6% SEp E e EC 
-8.6  -3.8 -2.0 1.6 7.4  11.5 14.2  13.9 9.9 3.9 -2.3 - 5 . 6  3.3 TeNnperdtureDeg. C. 

53  
0 0 0 18 7 1  9:l 115  105 73 28 0 0 502 P o t e n t i a l   E v a p o t r a n s .  

32 28 20  .26 36 19 26  19  24 36 57 
53  32  28 3 -44 -54 -95  -77  -53  -3 36 57  -127 P r e c i p . - P o t .   E v a p o t r a n s .  

374 P r e c i p i t a t i o n  

133  211  223 200 159 l l r l  73 50 38 37 73 131 
53 17 0 0 -40 -4Cl -44  -23 -11 

S t o r a g e  

0 0 
0 36 57  

0 18 66 75 64 50 30  25 0 
Change i n  S t o r a g e  

0 0 0 0 5 14  51 55  42 
0 0 0 26 0 C 0 

3 0  0 174 Moisture Def ic i t  

0 0 
0 0 0 0 0  

0 13 5 
26 I : o i s t u r e  S u r p l u s  

0 4 16 
2 I 0 0 0 0  

0 
26 Surplus R u n o f f  

0 4 16 13 6 
0 0  0 0 0 0 0 0 20 S n o w m l t   R u n o f f  

0 28 40 0 0 
3 2 1 0 0 0 0  46 T o t a l   R u n o f f  
0 0 0 0   0 0 0  S n o w w i t   R u n o f f   R a t i o  ( I 1  

0 328 A c t u a l   E v a p o t r a n s .  

ASSUEIEO UATER HOLDING CAPACITY 200 I t 1  









L .. s. . c. t It c L E 4 I 6 a. Q E E 0 4k E 

1.005 1.01 1.02 1.05 1.1 L25 
RETURN PERIOD IN YEARS 

2 5 10 20 so 1 0 0  200 

PROBABILITY 

99.99 99.999.8 99.S 99 98 95 90 80 70 60 M 40 30 20 10 5 2 I 0.5 0.2 0.1 0.M 

PERCENT  LESS  THAN 

FIGURE 82-4: L A T E  SUMMER  MINIMUM FLOW FREQUENCY CURVE 
FOR  HAT  CREEK  NEAR  UPPER  HAT  CREEK 

OAIC INov. 771DF 

(08LFO61) IWJrCT DIC.NO. 1 IRev.22Ai-I K4242 I B 2 - 4  



RETURN  PERIOD IN YEARS 
1.005 1.01 1.02 1.05  1.1 1.25 

L t 6 

2 5 10 
I I I L :" , , I  

50 100 200 

,9999  ,999.998 3 9 5  .99 .98 

99.99 99.9  99.8 99.5 99 98 ! 

FIGURE 82-5: WINTER MINIMUM FLOW FREQUENCY  CURVE . F O R  
HAT  CREEK NEAR UPPER HAT CREEK  (08LFO61) D A A  I Now 771 D F 

DIG.. NO 1Rev. 22Aii-I 
kB& IWWI 1 K4242 182-5 

.. . . . . ". 



RETURN PERIOD IN YEARS 
1.Wl.U 1.02 1.05 1.1 1.25 e 5 10 20 w 100 eo0 

t I  1 I I 1 I I ,  

FIGURE 82-6: YEARLY  MINIMUM FLOW FREQUENCY  CURVE  FOR 
HAT  CREEK  NEAR  UPPER  HAT  CREEK  (08LFO61) DAIS INOv. 771DF 

DIG NO IRev.22Aiii-I 
b& 1 m o ~ E C :  I K4242 182-6 



IMay June 

- *  " 

Houth  Creek 
-. 

9 - E 9) 4 .0 {  
(51 

n 

0.0 

, 1 0  15 20  25 5 9 

Va l ley  and the  Discharges o f  
the  Houth  Creek m d  Medicine 
Creek D ivers ion  

May June 

ttedicine  Creek  Diversion 
, , 
I 



20 25 30 . 5  10 

10 
Maximum 

20 
v 
(D 

Mean c 
10 2 

- 5  v 

- 0  

"5 

0 n 

r t 
0 

X 

1 
\ 
\ 
\ 
\ 

\ 
\ 
\ 

$ 
Finney  Creek"  (Weir) 

CI 
E 

Q 
m 
L 
m 

-k Q = 2.52 H 2 .5  
I . . 

5 1.0 
VI 

a 
.- ""-""""""- - -A\, . 

"" ) I  " ' 1  ' I " "  I 
10 1 5  20  25 30 5 10 

May June 

- 0.3 
m 

CI 0.2 
v 
E 

a, 
," 0.1 
r 0 

0 
VI .- 
n 0.C 

Anderson  Creek 

. .-  

' i g u r e  82-6: 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  of the  Hat  Creek 
Va l ley   and  the   D ischarges  
o f  Finney  and  Anderson 
Creeks 



*) 

Y 

J 

w 

d 

W 

May June 

‘Maximum - f \ I  
1 

\ 

F igure  62-9: The Re la t i onsh ip  between the   C l imat ic   Cond i t ions  of  the  Hat  Creek 
Va l ley  and th(a Discharges o f   Med ic ine  and Ambusten Creeks. 



Hav June 

Hat Creek near  Upper Hat  Creek 

10 15 20 25 5 9 

May June 

VI 
0 Hat  Creek  near Cache Creek 

10 15 20 i: 30 5 9 
Ma Y June 

F igure  82-10: The Re la t i onsh ip  between the   C l imat ic   Cond i t ions  of the  Hat Creek 
Va l l ey  and t h e  Discharges o f  
t h e  W.S.C.  S ta t i ons  on 
Hat  Creek. 



FIGURE 82-11: SOME 1YPICAL  RAINFALL - RUNOFF EVENTS I N  HAT CREEK 
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APPENDIX C SUPPLEMENTARY WATER CIUALITY  INVENTORY  TABLES AND FIGURES 
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TABLE C1-1 

GROUNDWATER  SAMPLE  COLLECTION DATES 

DOMESTIC WELLS (BASE) 

DW 1 
DW 2 
DW 3 
DW 4 
DW 5 

ow 9 

DW 12 
DW 10 

Steel  Bros.  Limestone  Quarry  Well  

DW a 

ARTESIAN SPRINGS 

1 22 NOV. /76’ 
2 
3 (West) 
3 (East)  

22 Nov./76 
22 NOV./76, 

22 NOV./76 

BULK  SAMPLE PROGRAM 

29 Nov.176 26 May177 
1 Dec./76 29 May/77 

30 Nov.176 25 May177 
1 Dec./76 29 May/77 
1 Dec./76 19 May/77 
1 Dec.176 28 ~ a y / 7 7  
1 Dec./76 30 Marl77 
2 Dec./76 28 May/77 

- 29  May177 
30 Apri1/77 

20 J u l y  77 

COLLECTION NUMBER 
1 2 3 4 

7 ” G /  7 7 
5 

7 June/77  21  June/77 6 Ju ly /77 20 Ju ly /77 - 
- - - 

Well 1 
Well 2 
Well 3 7 June177 21  June/77 6 J u l r / 7 7  20 Julv/77 4 Auu.177 

- - - - - 

Trench B 21  Junej77 6 J u l y j 7 7  19 Ju ly f77 4 Aug:f77 14  Sept./77 

SPECIAL  COLLECTIONS 

Coal Seam 19 Sept. 1976 

P I T  HYDROLOGY  STUDY 

Well RH 76-19 14 October, 1976 ( A f t e r  Pumping) 
II I, I t  It 9  September, 1976 (Before Pumping) 
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TABLE C1-2 

DETAILED PRESERVATION LIST AIIO REFERENCES 

Chemical Oygen k m n d  

Oissolved Oxygen 

Mercury 

l k t a l r  ~ To ta l   and  Ex tvac tab le  
(exc lud ing  Ha, K ,  Ca. Hs. Al. 
As. 8, Hexavalent Cr. and Hg) 

V e t a l ~  ~ Oissolved  (excludin Ale 
As, 8. Hexavalent Cr. and Hg? 

N i t rogeo  - Anmonia. l j i e l d a h l  

N i t m g e n ,   l l i t r a t e .   N i t r i t e  

O q a n i c  Carbon 

Phenol 

Phosphates 

R e f r i g e r a t e  a t  4'C 

Re f r i ge ra te  a t  4-C. Take care 
t o  e n s w e   t h a t   t h e   c o n t a i n e r  i s  
f i l l e d  t o  the  br im  and r i d  Of a i r  
bubbler 

Add 2 m1 concentrated HaSO, 
per litre. 

Ana lys i s  i n  t h e   f i e l d .  The 
procedure i s  descr ibed i n  "Standard 
Methods", 1 3 t h   e d i t i o n  pp  477-479. 

The sample mrt be f i l t e r e d  a t  the 

mhrm f i l t e r  paper  before  adding 
tim O f  rawling through 0.45 VRI 

5 m1 concen t ra ted   HNOlpe i7 i t re .  A 
d i s t i l l e d  water b lank   Rus t   a lso   be  

The sample ml t  be f i l t e r e d  a t  the 

m n b r a n e   f i l t e r   p a p e ~ .  A d i s t i l l e d  
tine of  sampling  through 0.45 lun 

water   b lank mst a l s o  be run through 
the sane apparatus using a s i m i l a r  
f i l t e r  paper. 

Add 2 ml o f  21 HgC12 p e r  litre. 
R e f r i g e r a t e   a t  4°C. 

Add 2 ml O f  21 HgCl, p e r  litre. 
R e f r i g e r a t e  a t  4% 

Add 2 nl concentrated HCl pep l i t r e  

Check W i t h   i n d i c a t o r   P a p e r   t h a t   t h e  
ta l ower   the  pH t o   l e s s   t h a n  2. 

s t i p u l a t e d  pH has been a t ta ined .  

Add 10  ml O f  101  CVSOI and I nl Of 
c o l l e c t   i n   1 , l i t r e  g l w s  b o t t l e s .  

concentrated HIPOL t o  l o w e r   t h e  DH 

R e f r i g e r a t e  a t  4ec. 

t o  4. Check w i th . l nd i ca to r   paper  
t h a t   t h e   s t i p u l a t e d  pH has  been 
a t ta ined .   B io log i ca l   deg rada t ion  i s  

w i t h  H#O. a~sumep the presence O f  
i n h i b i t e d  by  the CuSO,. A c i d i f i c a t i o n  

copper i o n  i n  s o l n t i m  and e l i m i n a t e s  
any  chemical  changer  caused  by  the 
presence o f  strong a l k a l i   c o n d i t i o n s .  

Add 2 ml of 2% HgCl, Per l i t r e .  
R e f r i g e r a t e  3 t  4'c. 
N.D.: I f  to ta l   phmphoru l   a lone  i s  - 

t o  be determinod,  preservat ion 
i s  n o t  necesrary. 

1. Standard  Methods for the  Examinal:ian o f  UateP  and Wastewater. 1 3 t h   E d i t i o n .   A n w i c a n   P u b l i c   H e a l t h  
A r r o c i a t i o n ,  mal.. Warhington,, O.C.., 1971. 

2.  InPtrUCt ions  for   Tak ing  and  Shipp ing Wdtw Sampler for  Physical  and  Chemical  Analyses. 2nd E d i t i o n .  
In land  Waters  Oi rectorate,  Water q u a l i t y  Dpanch. Ottawa, Canada, 1973. 

3. Methods f o r  Chemical Analys is   o f   Later   and  Waster .   Env i ronmenta l   Protect ion Agency, Ua te r   Qua l i t y  
O f f i c e ,   A n a l y t i c a l   q u a l i t y   C o n t r t ~ l   L a b o r a t o r y ,   C i n c i n n a t i .  Ohia.  1971. 



1.2.1.11 
1.2,3.4 
1 .2.3,4 
! . ? , 3 , 4  

1.2.3.4 
1 2 . 3 . 4  

0.010 
0.005 
0.005 
0.010 
0,005 
O.OI0 

O.UU025 
0.010 

0.U70 
O.OU3 
0.005 
n.oos 

0.01 

O.W< 

0 .  I 
0.1 

0.110 

n . m  

0.  I 
0.1 

I 
0.05 

0.02 
0.02 

0.001 
0.00I 

10 
I 
u.002 

0.5 
I 

0.1 
0.2 
5 

0 .  

i 
I 

I 

0 .  
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TABLE C1-4 

SURFACE  WI\TER  SAMPLE  COLLECTION  DATES 

- 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 
S t a t i o n  7 
S t a t i o n  10 
S t a t i o n  14 
S t a t i o n  16 

S t a t i o n  18 
S t a t i o n  17 

S t a t i o n  19 
- BULK  SAMPLE PROGRAM 

Hat  Creek  Stat ion 1 
Hat  Creek  Stat ion 2 
Hat  Creek  Stat ion 3 

Sept. 76  Dec.  76 March 77 

18  Sept. 6 Dec. 16 March 20 May 
18  Sept. 5 Dec. 15 March  24 May 
16 Sept. 5 Dec. 16 March 25 May 
16 Sept. 5 Dec. 16  March  23 May 
16 Sept. 
16 Sept. 
15 Sept. 
15 Sept. 
17 Sept. 
17 Sept. 
18 Sept. 
18  Sept. 

30 Nov. 

30 Nov. 
3 Dec. 

6 Oec. 
3 Dec. 

6 Dec. 

- 
- 

- 
15 March 

14  March 
14  March 
15 March 
17 March 
16 March 

- 
- 

22 May 
26  May 
20 May 
24 May 
27  May 
23 May 
30 May 

COLLECTION NUMBER 
1 2 3 4 5 - - - 

26 Apr. 77 11 May 77 24 May 77 8 June 77 22  June 77 

26 Apr. 77 11 May 77 24 May 77 8 June 77  22 June 77 
11 May 77 24 May 77 8 June 77 22 June 77 - 

6  7  8 
~ " 

9 

Hat  Creek  Stat ion 1 !i J u l y  77 20 J u l y  77 4 Aug. 77 14 Sept. 77 
Hat  Creek  Stat ion 2 !i J u l y  77 20 J u l y  77 4 Aug. 77 14  Sept. 77 
Hat  Creek  Stat ion 3 !i J u l y  77 20 J u l y  77 3 Aug. 77 14 Sept. 77 

- SPECIAL  COLLECTIONS 

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

S t a t i o n  1 19 May 77 t o  28 May 77 I n c l .  8, 9 & 10  June 77 
S t a t i o n  3 19 May 77 t o  28 May 77 I n c l .  8, 9 & 10 June 77 
S t a t i o n  4 
S t a t i o n  5 

19 May  77 t o  28 May 77 I n c l .  8, 9 & 10  June 77 
19 May  77 t o  28 May 77 I n c l .  

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

S t a t i o n  7 
8, 9 & 10 June 77 

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

P I T  HYDROLOGY STUDY 

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

POWER PLANT SITE STUDY  COLLECTION NUMBER 

Medicine  Creek 21.  May 77 27 J u l y  77 6 Aug. 77 13  Sept. 77 
MacLaren  Creek 27 Ju l y  77 6 Aug. 77 

- PAVILION LAKE  STUDY 
P a v i l i o n  Lake 27 J u l y  77  6 Aug. 77 13  Sept. 77 

"_ 1 -2" -3- 



GROUNDWATER ANALYTICAL  DATA 

STATION: CW 1 

( n i g l e )  

- Trace  Metals 

Aluminum ( A l )  
Arsenic (As 
Cadmium ( c d j  
chromium (cr) 
Copper (Cu) 
I r o n  (Fel 

CATIONS - A l k a l i   E a r t h s  6 Metals 

Calc ium (Cal 

Magnesium (Ilq) 
L i t h i u m   ( L i )  

Potassium 1K)  

Baron (B) 

F l u o r i d e  I F )  
Ch lor ide  (CI) 

S u l f a t e  (so+) 

- N u t r i e n t s  

N i t r a t e   N i t r o g e n  (NOI - N)  
T o t a l   K j e l d a h l   N i t m g e n  (N) 

N i t r a t e   I l i t r o s e n  (NO, - 14) 
Total  0rthoph~sph;te.Phorphorus (P) 

ORGANIC.  NONIONIC 6 CALCULATED  VALUES 

COD 
TO C 
Phenol 
Total Hardness (CaCOa) 
T o t a l   A l k a l i n i t y  (CaCO,) 

PHYSICAL  DATA 

PHYSICAL  DATA - Residues 

T o t d l  Residue 

Nonf i l t rdb le   Res idue 
F i l t r a b l e  Residue 

Fixed  Total   Residue 
F i xed   F i l t r ab le   Res idue  
F i x e d   I l o n f i l t r a b l e  Residue 

<0.00025 

60 

I8 

18 
0.35 

0.54 
1.1 

53 

0.11 
<0.020 

0.035 
<o.ooln 

224 
233 

490 
10 

8 . 3  

1 . 4  

335 
331 

273 
4 

271 
2 

DOMESTIC  WELL 1 

<0.010 
<0.005 
<0.005 
<o.nln 
e0.005 

0,020 
<0.010 

‘0,020 
<0.00025 

<0.003 
<0.005 
0.069 

58 

20 
0.004 

23 
0.30 

e0.1 
I .6 
0.113 

61 

0.06 
0.36 

~ 0 . 0 0 1 0  
0.043 

45 

a.002 
24 

227 
226 

8.3 
520 

20 
I .8 

356 
34 7 

27; 
262 

9 

- 
X 

<0.010 

<0.005 
<0.005 

<0.010 
<0.005 

‘0.010 
0.020 

<0.00025 
‘0.020 
‘0.003 
‘0.005 

0.069 

59 

19 

21 

0.004 

.33 

‘0.1 
1 . 4  
0.33 

57 

‘0.04 
0.24 

‘0.0010 
0.039 

45 

4.002 
24 

226 
230 

8 . 3  
505 

15 
1.6 

346 
339 

7 
272 
267 

6 

R 

<0.00025 

2 

2 

5 
0.05 

0.5 
0.427 
8 

0.25 
<0.040 
‘0.0010 
0.008 

- 
3 
7 

30 
0 

IO 
0 . 4  

21 
16 

5 

9 
2 

7 



STATION: W 2 

(mg/i) 

CATIONS - Trace  Metals 

Aluminum ( A l l  
Arsenic AS) 
Cadmium {Cd) 
Chromium (Cr) 

Iron (Fe 
Lead  (Pb] 
l4vcury (Hgl  
h lybdenum (Mol 
Selenium (Sel 
Vanadium (VI 
Zinc (Znl 

copper (CU) 

CATIONS - A l k a l i   E a r t h s  8 I!@talS 

L i th ium  (11 )  
ca lc ium  (ca l  

Magnesium (M I 
Sodium (Nal 
s t r o n t i u m  (Srl 

W O N S  - General 

Patasr ium ( K g  

" 

- N u t r i e n t s  

Tota l  K j e l d a h l   I l i t r o g e n  (111 
N i t r a t e   N i t r o g e n  (NO3-N) 
N i t r i t e   N i   t r a g e n  (NO* -N)  
Total  Orthophosphate PhOsPhorus ( P )  

TABLE CI-6 

GROUNOWATER ANALYTICAL  DATA - DOMESTIC  UELL 2 

ORGANIC,  NONIONIC 8 CALCULAT- 

coo 
7°C 

iK"d 
Tota l  Hardness (CaCO,) 
T o t a l   A l k a l i n i t y  (CaCO,) 

PHYSICAL  DATA 

S p e c i f i c  Conductance (WIhOSlcm @ 25'1 
p l i   ( u n i t s 1  

T W  calor (Pt-Co u n i t s 1  
T u r b i d i t y  (NTUI 

PHYSICAL  DATA ~ Residues 

Totdl  Residue 
F i l t r a b l e  Residue 
Nonf i l t rab le   Res idue 
F ixed  To ta l  Residue 
F i xed   F i l t r ab le   Res idue  
F i x e d   N o n f i l t r a b l e  Residue 

'0.00025 

84 

16 

15 
0 . 3 3  

2 . 4  
0.56 

49 

0.05 

.0.0010 
0.13 

0.016 

276 
270 

500 
7.9 

5 
0.10 

391 
389 

389 
2 

309 
<1 

0.014 
<0.005 
<0.005 
'0.010 
<0.005 

<0.010 
0.010 

<0.020 
0.00026 

d.003. 
<0.005 
0.008 

07 

18 

14 

0.003 

0.26 

co.1 
2.4 
0.082 
57 

0.08 

<0.0010 
0.15 

0.004 

31 
17 
<0.002 

291 
271 

600 
<5  

7.6 

0.25 

397 
395 

346 
2 

345 
1 

- 
X 

0.014 
<0.005 
<0.005 
'0.010 
<0.005 

'0.010 
0.010 

<0.00025 
<0.020 
<0.003 
'0.005 

0.008 

86 

17 

15 

0.003 

.30 

<O.l 
2.4 
0.32 

53 

0.07 

~0.0010 
0.14 

0.010 

31 
17 
'0,002 

204 
271 

590 
4 

7 .O 

0.18 

394 
392 

360 
2 

377 
<I  

R 

<0.00025 

3 

2 

1 
0.07 

0 
0.478 
8 

0.03 
0.02 

'0.0010 
0.012 

15 
1 

0.3 
20 
4 

0.15 

6 
6 

43 
0 

44 
( I  
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STATION: OW 3 

PRI(RMTER Img/ i )  

- Trace  Metals 

Aluminum ( A I )  
Arsenic  (As) 
Cadmium (Cd) 
Chromium (Cr) 
Copper (Cu) 

Mercury (Hg) 
Molybdenum (Mol 
Selenium ( S e )  
Vanadium ( V )  
Zinc  (Zn) 

- - A l k a l i   E a r t h s  6 Metals 

Calc ium  (Cal  
L i  th iw  (Li 1 

E: 1 3  

Magnesium ( M  ) 

Sodium  (Na) 
Potassturn (n4 
Stron t ium (sr) 

Boron IB) 
Chloride (C l )  
F l u o r i d e  ( F )  
S u l f a t e  (50,) 

- NlIONS - N u t r i e n t s  

To ta l   K je ldah l   N i t rogen  (N) 
N i t r a t e   N i t r o g e n  (NO,-N) 
N i t r i t e   N i t r o g e n  (N02-N) 
Total  Orthophosphate  Phosphorus (P) 

ORGANIC. NONIONIC b CALCULATED  VALUES 

coo 
TOC 

TABLE CI-7 

GROUNDWATER ANALYTICAL OATA - OOHESTIC WELL 3 

Phenol 
Total  Hardness (CaCO,) 
T o t a l   A l k a l i n i t y  (CaCO,) 

PHYSICAL DATA 

p~ ( u n i t s )  
S p e c l f l c  Conductance ( p h o s l c m  @ 25”) 
True  Color  (Pt-Co units) 
T u r b i d i t y  (NTU) 

PHYSICAL  DATA - Residues 

Total  Residue 

k c .  76 - 

d.00025 

73 

15 

12 
0.29 

1.6 
0.55 

28 

0.06 

~0.0010 
0.011 

0.28 

244 
254  

7.9 
480 

0.10 
5 

344 
34 I 

309 
3 

309 
‘I 

<0.010 
4.005 

<0.010 
4.005 

4.005 
0.015 

<0.00025 
<0.010 

qo.020 
4.003 
<0.005 
0.025 

81 

I7 

13 

0.004 

0.24 

4 . 1  
2.1 
0.084 

37 

0.38 
0.32 
0.0016 
0.022 

38 
16 
4.002 

272 
257 

540 
7.7 

5 
0.75 

349 
342 

295 
7 

290 
5 

- 
X 

‘0.010 

4 . 0 0 5  
‘0.005 

<0.010 
~0.005 

0.015 
<O.OIO 
<0.00025 
<0.020 
‘0.003 
<O ,005 
0.025 

77 

16 

13 

0.004 

0.27 

4 . 1  
1.9 
0.32 

33 

0.22 
0.30 

‘0.0013 
0.017 

38 
16 

258 
<0.002 

257 

7.8 
510 

5 
0.43 

347 
342 

5 
302 
300 

3 

R 

‘0.00025 

B 

2 

1 
0.05 

0.5 
0.46 
9 

0.32 
0.04 

<0.0016 
0.011 

28 
3 

0.2 
60 

0 
0.65 

5 

4 
1 

14 

4 
19 
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J TABLE cl-n 

GROUNDWATER  ANALYTICAL DATA ~ WMESTIC WELL 4 

## STATION: Ow 4 

- Trace  Metals 

Aluminum (AI)  
Arsenic As) 
Cadmium [Cd) 
Chromiun (Cr) 
Copper ( tu)  
I r on  (Fe 
Lead (Pbl 

Molybdenum (Mol 
brcury (Hg) 

selenium (se) ' 
Vanadium (Vl 
l i n t  (Zn)  

CATIONS - Alka l i   Ear ths 6 Metals 

Calcium L i t h i u m   i L i  
Magnesimi (M ) 
Potassium (K? 
Sodium (Nal 
Strontium (Sr) 

_. MIIONS ~ General 

noron (E) 
Chloride  (CI) 
Fluoride  (F) 
Sul fa te (SO.) 

MIIONS - Nutr ients  

Total   Kjeldahl   Ni t rogen (N) 
N i t ra te   N i t rogen  (NO,-N) 
Ni tri re  Ni t rogen (N02-N)  
Total  Orthophosphate Phosphorus (P) 

- 

ORGRNIC,  NONIONIC 6  CALCULATED^ 
COO 
TOC 
Pnenol 
Tota l  Hardness (CaCO,) 
T o t a l   A l k a l i n i t y  (CaCO,) 

PHYSICAL DATA 

pH (un i t s )  
Speci f ic  Conductance  (unhos/cs @ 25")  
True  Color  (Pt-Co u n i t s )  
Tu rb id i t y  (NTU) 

PHYSICAL DATA - Residues 

Total Residue 

F i xed   F i l t r ab le  Residue 
F ixed  Nonf i l t rab le Residue 

<0.00025 

59 

16 

<0.00025 

0.12 

64 
0.004 

62 5 

18 17 2 
0.004 

16 23 
0.35 

20 
0.29 0.32 

I 
0.06 

0.98 
0.49 0.100 

'0, I 4 . 1  
1 . 4  I .2 0.4 

45 
0.75 0.051 

66 56 2 1  

0.07 
0.050 

0.21 
0.050 

0.14 0.14 

'0.0010 
0.050 0.050 

0.045 
<O.OOlO 
0.050 

~0.0010 
0.048 

'0.0010 
0.005 

328 
326 

350 339 
348 

22 
337 

2  2 
22 

301 302 
2 0 

301 300 
302 1 

( I  2 '2 '2 
301 1 
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TABLE CI-9 

GROUNO!JATER ANALYTICAL OATA - DoMESTlC WELL 5 

STATION: 011 5 

PARAMETER (ag le )  

- ~ Trace  Metals 

Aluminum ( A I )  
Arsen ic  As 
Cadmium [Cd l  
Chromium (Cr) 
Copper (Cu) 

h r c u r y  (Hg) 
Molybdenum (n0) 
Selenium  (se) 

Z inc  ( 2 ” )  
Vanadium ( V )  

- - A l k a l i   E a r t h s  6 Metals 

Calc ium (Ca) 
L i t h i u m  (ti) 
Magnesium (M ) 
Potassium ( C Y  
Sodium  (Na) 
S t ron t ium (Sr) 

- General 

Boron (8)  
Chlor ide  (C1) 
F luo r ide   (F )  
S u l f a t e  (SO,) 

ANIONS - N u t r i e n t s  

T o t a l   K j e l d s h l   N i t r a g e n  (N) 
N i t r a t e   N i t r o g e n  (NO,-ll) 
N i t r i t e   N i t r o g e n  (NO,-N) 
Total  Orthophosphate  Phosphorus (P) 

_. 

ORGANIC,  NONIONIC & CALCULATEI- 

coo 
7°C 

Phenol 
Total  Hardness (CaCO,) 
T o t a l   A l k a l i n i t y  (Caco,) 

PHYSICAL OATA 

pH ( u n i t s )  

True  Color ( P t - C O  u n i t s )  
Spec i f i c  Conductance  (mhoslcm @ 25’) 

T u r b i d i t y  (NTU) 

PHYSICAL DATA - Residues 

Total  Residue 

Nonf i l t rab le   Res idue 
F i l t r a b l e   n e s i d u e  

Fixed  Total  Aesidue 
F ixed  F i I tPable  Residue 
F i xed   Non f i l t r ab le   Res idue  

<0.00025 

54 

14 

17 
0.29 

0.60 
0.56 
37 

0.09 
0.020 

<0.0010 
0.062 

193 
193 

400 
I O  

7.7 

1.2 

291 
290 

268 
I 

268 
‘I 

‘0.010 
4.005 
4.005 
‘0.010 
‘0,005 

‘0.010 
0.069 

<0.00025 
<0.020 
e0.003 
0.014 
0.013 

54 

14 

13 

0.003 

0.25 

<a. I 
0.085 
1 .a 

34 

0.11 
0.13 

<0.0010 
0.045 

e10 
4 

I 9 2  
188 

‘0.002 

420 
4 

7.7 

0.40 

272 
269 

226 
3 

226 
‘1 

- 
x 

‘0.010 

4.005 
4.005 

e0.005 
<O.OIO 

0.069 
<0.010 
4.00025 
‘0.020 
<0.003 
0.014 
0.013 

54 

14 

I5 

0.003 

0.27 

4. I 
0.80 
0.32 
36 

0.10 

‘0.0010 
0.08 

0.059 

*IO 
4 

193 
191 

<a. 002 

7.7 
410 
<IO 
0.80 

282 
280 
2 

247 
247 

e 1  

R 

‘0.00025 

0 

0 

4 
0.04 

0.40 
0.47 
3 

0.02 
0.11 
‘0.0010 
0.017 

1 
5 

0 

‘I 0 
20 

0.80 

21 
19 

42 
2 

42 
< I  



TABLE C1-10 

GROllNOWATER ANALYTICAL  OATA - DOMESTIC  WELL B 

STATION: CU 8 

"- PAMKTER ins/*) . ;,> . 
- Trace  Metals 

,. 

Aluminum ( A l l  
Arsenic As) 

Chmmim ( C r )  
Copper  (Cu) 

hk2rcury  (Ng) 

Selenium  (Se) 
Molybdenum (no) 

Vanadium ( v )  
Zinc (Zn) 

Cadmium {Cd] 

~ A l k a l i   E a r t h s  6 Metals 

Calcium (Ca)  

Magnesium ( M  1 
L i t h i u m  (ti) 

Potassium 1x7 
Sodium  (Na) 
S t ron t ium (ST)  

W - General 

Boron (8) 
Chlor ide  (CI)  
F luor ide  (F) 
S u l f a t e  (so,) 

~ N u t r i e n t s  

To ta l   K je ldah l   N i t rogen  (N) 
N i t r a t e   N i t r o g e n  (NO,-H) 
N i t r i t e   N i t r o g e n  ( N O * - N )  
Total  Orthophosphate  Phosphorus ( P )  

ORMNIC, NONIONIC h CALCULATE0  VALUES 

coo 

Phenol 
TOC 

Total  Hardness (CaCO,) 
T o t a l   A l k a l i n i t y  (Caco,) 

~ . .  

r n w c A L  DATA 

Spec i f i c  Conductance ( w h o r / c n  @ 25') 
PH ( u n i t s )  

T u r b i d i t y  (NTU) 
True  Color  (Pt-Co u n i t s )  

PHYSICAL OATA - Residues 

Total  Residue 
F i l t r a b l e  Residue 
N o n f i l t r a b l e  Residue 
Fixed  Total  Residue 
F i xed   F i l t r ab le   Res idue  
F i x e d   N o n f i l t r a b l e  Residue 

0.00032 

130 

49 

95 
1 .o 

55 

110 
0.70 

0.41 
0.060 
0.0020 
0.045 

527 
626 

1400 
10 

7.4 

2.1 

929 
926 

804 
3 

804 
(1 

0.015 
4.005 

4 . 0 1 0  
<0.005 

0.059 
0,022 

'0.010 

'0.020 
0.00026 

4 .003 
<O ,005 
0.62 

180 

67 

120 

0.012 

1 .o 

79 

160 

1.3 

0.18 

0.66 
2.0 
0.0038 
0.033 

55 
67 

725 
<0.002 

685 

1900 
10 

7.4 

2.3 

1103 
1100 

928 
3 

925 
3 

- 
x 

0.015 

4.005 
<0.005 

'0.010 
0.022 
0.059 

4.010 
0.00029 

<0.020 
<0.003 
<O. 005 
0.62 

155 

58 

108 

0.012 

I .o 

I . 3  

0.44 
67 

135 

0.54 

0.0029 
1 .o 
0.039 

67 
55 

<0.002 
626 
655 

7.4 
1750 

10 
2.5 

966 
963 

3 
866 
865 

e 2  

4 

0.00006 

50 

18 

25 
0 

24 

50 
0.52 

0.25 

0.0018 
1.94 

0.012 

198 
59 

500 
0 

0 
0.4 

74 
74 

124 
0 

121 
'3 



STATION: tw 9 

PAW\METER (mglr) 

CATIONS - Trace P e t a l s  

Aluminum (AI )  
Arsenic As) 

Chromium ( C r )  
Cadmium ICd) 

Copper (Cu) 
Lead (Pb j  
Iron (Fe 

Ml rcury  (Hg) 
Molybdenum (Ma) 
Selenium (Se) 
Vanadium { V )  
Z i n c   ( I n )  

- A l k a l i   E a r t h s  6 k l a l ~  

M O N S  - General 

NI IONS - N u t r i e n t s  , .  - 
Total   K je ldah l   N i t rogen  (N) 
N i t r a t e   N i t r o g e n  (NO,-tl 
N i t r i t e   N i t r o g e n  (NOI+ 1 
Total  Orthophosphate  Pllosphorus  (P) 

ORUNIC.  NONIONIC h CALCULATE- 

Tot  
COD 

Phenol 
To ta l  Hardness (CaCO,) 
T o t a l   A l k a l i n i t y  (CaCO,) 

PHYSICAL DAlA 

p n   ( u n i t s )  
S p e c i f i c  Conductance ( m h a r k m  @ 25O) 
True Color   (Pt -Co  un i ts)  
T u r b i d i t y  (NTU) 

PHYSICAL  DATA - Residues 

Tota l  Residue 
F i l t r a b l e  Residue 
N o n f i l t r a b l e  Residue 
Fixed  Total  Residue 
F i x e d   F i l t r a b l e  Residue 
F i x e d   N o n f i l t r a b l e  Residue 

~ ~ 6 ~ ~ c 1 - 1 1  

GROUNOUP.TER  ANALYTICAL  OATA ~ OOHESTIC WELL 9 

k c .  76 __ 

<0.00025 

72 

37 

8.8 
0.70 

0.82 
0.91 
78 

0.06 
0.065 

‘0.0010 
0.011 

332 
286 

8.1 
630 

15 
0.15 

432 
434 

2 

381 
<l  

381 

~0.010 
<0.005 
<0.005 
<0.010 
0.038 

<0.010 
0.016 

‘0.020 
0.00035 

r0.003 
*o.o(K 
0.28 

70 

32 
0,008 

9.8 
0.60 

‘0.1 

0.078 
0.45 

18 

0.08 

‘0.0010 
0.07 

0.009 

41 
26 
4.002 

1 78 
268 

360 
4 

7.9 

0.50 

403 
400 

3 

329 
332 

3 

~ 

- 
X 

~0.010 
4.006 
‘0.005 
‘0,010 
0.038 
0.016 

<o.o 0 
4.00035 

<0.003 
<0.020 

<o.offi 
0.28 

71 

35 
0.008 

0.65 
9.3 

<O.I 
0.64 
0 . b 9  

71 

0.07 

<0.0010 
0.07 

0.010 

26 
41 

4.002 
255 
277 

495 
<IO 

8.0 

0.33 

419 
416 

387 
3 

355 
e 2  

R 

dl.00035 

2 

5 

I .o 
0.10 

0.37 
0.83 
3 

0.02 

‘0.0010 
0.005 

0.002 

154 
18 

0.2 

<15 
270 

0.35 

31 
32 

1 
49 

‘3 
62 



b#ak 
TABLE C1-12 

GROUh~OWATER  ANALYTICAL  DATA - OOMESTIC WELL IO 

STATION: wd Io 

PRWUQTER ( r n g l s )  

CATIONS - Trace  Metals 

Aluminum (AI )  
Arsenic {As1 
Cadmium Cdl 
C h r o m i u i ( C i )  
Copper (Cu) 

Lead  (Pbj 
I r o n  (Fe 

Mercury (Hg) 
Molybdenum (Ho) 
Selenium (Se) 
Vanadium (VI 
Zinc (Zn) 

ANIONS ~ General - 
Boron ( E )  

F l u o r i d e  (F) 
Sul fa te  (SO,) 

Chlor ide (Cl) 

- ANIONS - N u t r i e n t s  

N i t r a t e   N i t r o g e n  (NO,-N) 
Tota l   K je ldah l   N i t rogen (N) 

N i t r i t e   N i t r o g e n  (NO?-N) 
Total  Orthophosphate  Phosphorus (P) 

ORGANIC,  NONIONIC 6 CALCULATE- 

- PHYSICAL  DATA 

PHYSICAL  DATA - Residues 
” 

Total Residue 

l l o n f i l t r a b l e  Residue 
F i l t r a b l e  Residue 

F ixed  To ta l  Residue 

F i x e d   N o n f i l t r a b l e  Residue 
F i x e d   F i l t r a b l e  Residue 

Oec. 76 - 

10.00025 

89 

36 

16 
0.48 

2.6 
0.33 
73 

4.020 
0.33 

0.0010 
0.12 

354 
370 

7.3 
740 
20 
36 

527 
519 

8 
456 
450 
6 

0.010 
<0.005 
‘0.005 
‘0.010 
<0.005 

<O.OIO 
1.8 

<o. 020 
0.00035 

‘0.003 
r0.005 
0.040 

88 

32 

16 

0.005 

0.35 

<o. 1 
4.6 
0.126 

78 

0.35 

~0.0010 
0.14 

0.087 

48 
32 
eo ,002 

310 
351 

820 
10 
1 2  

7 . 2  

478 
475 

393 
3 

390 
3 

- 
X 

‘0.005 
0.010 

<0.005 
<0.010 
<0.005 

1.8 
<0.010 

ro ,020 
<0.00030 

‘0.003 
‘0.005 
0.040 

89 

34 

16 

0.005 

0.42 

4 . 1  
3.6 
0.23 
76 

CO.08 
0.35 

~0.0010 
0.10 

48 
32 

351 
co.002 

332 

7 . 3  
185 

15 
24 

503 
497 
6 

424 
420 
5 

R 

~0.00035 

1 

4 

0 
0.13 

1.20 
2.0 

5 

0.03 

<0.0010 
0.033 

44 
19 

90 
10 
24 

0.1 

49 
44 

63 
5 

60 
3 



TABLE CI-13 

GROUNDWATER  ANALYTICAL  DATA - OOMESTIC WELL 12 

STATION: CW 12 

( n g / n )  k c .  76 - 
CATIONS - Trace  Hetals 

- 
X R 

Vanadium ( V ) ’  
Z inc (Zn) 

CATII)NS - A lka l i   Ea r ths  6 Metals,  

Boron (6 )  
Chlor ide (Cl) 
f luof ‘ lde I F )  
Su l fa te  ( S O , )  

ANIONS - N u t r i e n t s  - 
Total   K je ldah l  Nitrogen (N) 

Total  O r t h o Q h ~ s p h ~ t e ~ P h ~ s Q h Q r ~ s  ( P )  

OROINIC, NONIONIC 6 CALCULATC- 

coo 
TDC 
Phenol 

l a t a 1   A l k a l i n i t y  (CaCO,) 
Total  Hardness (CaCO,) 

PHYSICAL  DATA 

pH ( u n i t s )  
Spec i f i c  Conductance (whoslcm B 25O) 
True  Color (Pt-to u n i t s )  
T u r b i d i t y  (NTU) 

PHYSICAL  DATA - Residues 

Total  Residue 

N o n f i l t r a b l e  Residue 
F i l t r a b l e  Residue 

f i xed   To ta l  Residue 

F i x e d   N o n f i l t r a b l e  Residue 
f i x e d   F i l t r a b l e  Resldue 

<0.010 

<0.005 
<0.005 

<0.010 
e0.005 
0.33 

‘0.010 

‘0,020 
0.00035 

4.003 
<0.005 
0.040 

50 

13 
0.003 

0.11 
9.1 

<O.l 
<0.10 

13 
0.078 

0.08 
0.07 
0.0011 
0.009 

41 

<0.002 
8 

185 
I78 

7.9 
360 
‘5 
2 . 2  

222 
219 

3 
196 
194 

2 

50 

13 
0.003 

9.1 
0.11 

‘0.1 
‘0.10 

13 
0.078 

0.08 
0.07 

0,009 
0.0011 

41 

‘0.002 
8 

178 
185 

7.9 
360 
4 
2 . 2  

222 
219 

3 
196 
194 

2 



TABLE C1-14 

GROUNDWATER ANALYTICAL DATA - STEEL BROS. LIMESTONE QUARRY WELL 

STATION: Steel  Bros.  Limestone  Quarry 

PARAMETER  (.mg/.e) 

CATIONS - A l k a l i   E a r t h s  and  Metals 

Calcium  (ca) 71.4 
Magnesium (Mg) 45.4 
Sodium  (Na)  8.4 
Potassium (K)  3.4 
ANIONS - General 
Bicarbonate (HC03) 350 
S u l f a t e  7% 
Chlor ide  (Cl )  14.5 
PHYSICAL  DATA 
Spec i f i c  Conductance (wnhos/cn? 

666 

7.40 

25'C) 

PH 

Sampled by Golder Brawv ler  - Ar la lyzed by Can-Test 



STATION: 

PARAHETER Img/t) 

W\TIONS - Trace  Petals 

Aluminum ( A l l  
Arsenic As) 

Chromium (Cr) 
Cadmium [Cd) 

Copper (Cu) 
I r o n  IFe 

k r c u r y  (Hg) 
Lead (Pbj 

Selenium (Se) 
Molybdenum (Mol 

Zinc ( 2 " )  
Vanadium ( v )  

CATlONS - A lka l i   Ea r ths  & P e t a l s  

Calcium lea) 
L i t h i u m   ( t i )  
Magnesium (M ) 
Potassium ( K ?  
Sodium  (Na) 
S t ron t ium (sr) 

A1lIONS - General 

Boron ( 0 )  
Chlor ide (C1) 
F luor ide  ( F )  
S u l f a t e  (SO,) 

__ ANIONS - N u t r i e n t s  

- 

N i t r a t e   N i t r o g e n  (NO,-NI 
Tota l   K je ldahl   Ni t rogen IN) 
N i t r i t e   N i t r o g e n  (NOz-N) 
Total  Orthophosphate  Phosphorus ( P )  

ORWINIC,  NONIONIC & CALCULATED  VALUES 

CO 0 
Tor 
PG"0l 

Tota l  A l k a l i n i t y  (Caco,) 
Total  Hardness (CaCO,) 

PHYSICAL  DATA 

pH ( u n i t s )  
Spec i f i c  Conductance  (whos/cm a 25') 
True Color (Pt-Co units)  
T u r b i d i t y  (NTU) 

PHYSICAL  DATA - Residues 

Tota l  Residue 
F i l t r a b l e  Residue 
N o n f i l t r a b l e  Residue 
Fixed  Total   Residue 

F i x e d   N o n f i l t r a b l e  Resldue 
F i x e d   F i l t r a b l e  Residue 

Denotes < HOC 
t Contamination  Suspected 

Collected  by  Golder,  Brdwner  personnel. 

e 
NOV. J u l y  

22  20 

- t  
- *  
- *  
- 0.15t - 0.12 

- *  
- I  

- 0.032 
- 0.001 

74 72 

14 16 

14 12 

- 0.007 

- 0.18  

1:6 2 . 3  

35 37 
0.017 

" 

" 

" 

- 0.014 

" 

- 30 

255 257 
- 206 

7.6  7.9 
510 540 
" 

- 349 

~ s 1  
- 349 

" 

" 

" 

- AS-2 

NOV. 
22 
06- 

72 

33 

9.4 

0.50 

76 

271 

8.1 
550 

(W) 

06- 

AS-3 

NO". 
22 

62 

1 5  

17 

1 . 7  

44 

212 

460 
7.3 

140 

66 

28 

7.6 

250 

439 

1100 
7 . 6  



gTl4TlN~ - A lka l i   Ear ths  6 Metals 

._ MIIONS - General 

" 
RNlONS - Nutrients 

Pnenal 
t o t a l  IldPdnesP (CaMIl 
To ta l   A l ka l i n i t y  (taco,) 

Total Residue 

Nonf i l tPdb le  Residue 
~ i l t r a h l e  nesidue 

f i r e d  T o t a l  Residue 
Fkxed F i l t r a b l e  Residue 
Fixed N a n f i l t r a b l e  Residue 

TABLE CI-I6 

GHUUNOUATER ANALYTICAL OATA . PIT HVDROLOGI PROGRW 

sta t ion  1 

Aleece Creek 

44.8 

21.1 
9.0 

33.0 

201 

1.85 
508 

19.0 

9.4 
18.0 

110 

'0.5 

47.7 

213 
86 

7.6 
617 

NOTE: F ie ld   Co l l ec t i on  Conducted by Golder-lirawner dnd ana ly I i s   by  Cantest. 

Well WI 16-19 
Station 6 

(After 21 o w  Pump1 

47.7 

21.6 
0.05 

<o. 1 
4.5 

1 1 . 3  
0.067 

22.2 

.0.001 
'0.01 2~ 3. 

'0.10 ) ,o 

1600 i 9 J C  

1400 



- bleak 
TABLE Cl-17 

GROINOWATER ANALYTICAL OATA - BUCKET AUGER HOLf i l  

STATION: Coal Sean Groundwater Bucket Auger Hale 7 

19  Septellber  1976 
coal Seam 

CATIONS - Alka l l  E a r t h s  L k t a l r  __ 
(0.015) 4: 

41 
2 1  
300 

(0.20) 0.26 

ANIONS - General 

". ORGANIC, N O l i l O N l ~ ~ ~ U L A T E O  VALUES 

coo 
TOC 

BIOCIICHICAL, OISSOLVEO GASES & RELATE0 
Mnsu!E?rs 

(2. 0.02 
5 . 1  

u.oo-10 
0.037 

21 

289 
791 

1 
0.8 



TABLE C1-18 

GROUNDWATER ANALYTICAL DATA - POWER PLANT SITE PROGRAM 

STATION: Orill Hole 
SAMPLE DEPTH: m 
PARAMETER: (mg/t) 

pH (Un i ts )  
Conduc t i v i t y  (IJ mhos/cm) 
To ta l  Hardness (CaC03) 

Dissolved  Anions 
A l k a l  i n i  t y  
Bicarbonates (HC03) 
Carbonates 
Ch lor ides  
Su l fa tes  ( SO4 1 

Dissolved  Cat ions 
Calcium ( c a  
Magnesium (Mg) 
Potassium (K) 
Sodi um (Na) 

Copper 
I r o n  

Manganese (Mn) 
Lead  (Pb) 
Z i n c  
Cadmi um I;;{ 
Stron t ium (Sr 1 
Bar i  um (Ba 1 
Vanadium (VI 

I 3  

RH - 77 - 45 
89.9 62.9 35.2 

7.75 8.00 

626. 689. 
281. 269. 

325. 330. 
NIL NIL 

5.0 6.0 
62.4 91.2 

64.4 55.2 
29.3 32.0 
4.33 4.62 

23.0 43.7 

L 0.001 0.002 
0.049 L 0.03 

L 0.001 0.001 
0.014 0.071 

L 0.001 0.002 
0.010 0.009 

0.62 0.45 

L 0.04 L 0.04 
0.031 0.042 

Note:- F i e l d   C o l l e c t i o n  by  Golder,  Brawner 

- L Denotes Less Than 
- Analyses by Can Test   L td.  

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 
0.43 

L 0.04 
0.038 

RH - 77 - 48  RH-77-49 
89.9 77.0 58..1 n9.1 

8.10 8.10 

936. 1019. 

81. 97. 

407. 476. 
NIL NIL 
4.0 

115.2 139.2 
5.0 

20.2 
7.4 

25.1 

3.95 
8.3 
4.12 

8.35 n. oo 
872. 1326, 

57. 682. 

408. 
3.04 NIL 

672. 

3.5 
81.6 196.8 

2.0 

15.2 123.4 
4.6 
3.47 

91.2 
4.74 

172.5  203.6 170.2 32.2 
L 0.03 

0.005 0.004 
0.044 L 0.03 

0.003 L 0.001 
0.073 

0.002 0.013 
0.002 0.002 

L 0.001 L 0.001 
0.037 0.006 

0.30 0.33 

L 0.04 L 0.04 
0.030 0.031 

0.001 0.13 
0.002 L 0.001 

L 0.001 L 0.001 
L 0.001 L 0.001 

0.020 0.071 
0.38 1.26 

L 0.04 L 0.04 



i d  
- beak 

si TABLE c1-I9 

GROUNDWATER  ANALYTICAL  DATA - BULK  SAMPLING PROGRAM I1 YELL 

1111 STATION: 1. Y e l l  

rl 

ms - CATIONS - A lka l i   Ea r ths  L Metals 

Calcium  Ica) 
L i t h i u m   i L i i  
Magnesium (Mg) 
Potassium (K) 
Sodium (Na) 
Stron t ium (Sr) 

ul 

bd 

ui 

ANIONS - General 

ANIONS - N u t r i e n t s  

Tota l   K je ldahl   Ni t rogen (N) 
N i t r a t e   N i t r o g e n  (NO, ~ N 
N i t r i t e   N i t r o g e n  (NO2 ~ N 1 
Dissolved Phosphate  Phosphorus (PI 

ORGANIC,  NONIONIC k ULCULATED VRLULS 

coo 
T"P 
i G " 0 l  
To ta l  Hardness (CaCO,) 
T o t a l   A l k a l i n i t y  (CaCO,) 

PHYSICAL  DATA 

pH ( u n i t s )  
S p e c i f i c  Conductance (!mhos/cm 0 25') 
True Calor  (Pt-Co  Unl t r )  
T u r b i d i t y  (NTU) 
Temperature ("C) 

PHYSICAL  DATA ~ Residues 

Tota l  Residue 
F i l t r a b l e  Residue 
N o n f i l t r a b l e  Residue 
Fixed  Total  Residue 
F i x e d   F i l t r a b l e  Resjdue 
F i x e d   R o n f i l t r a b l e  Residue 

7 June 1977 

. 
0.043 

f 

0.013 

74 

16 
0.0011 

19 
0.27 

21 June 1977 

1.5 
0.091 

48 

0.024 

20 

251 
230 

520 
7.8 



TAQLE Cl-20 

GROUNDWATER  $ANALYTICAL DATA - BULK SPIIPLING PROGRPM 12 HELL 

STATION: 2, Well 

PAW\)IETER (mgle) 

- Trace #tall 

Aluminum ( A l l  
Arsenic  (As) 
Cadmium (Cd) 

Copper (Cu) 
Chromium (Cr) 

Elercury (Hgl  
Hclybdenum (no) 

Vanadium [VI 
Selenium 5e) 

zinc [rn) 

- A lka l i   Ea r ths  & Metals 

Calcium (Ca) 
L i t h i u m  (ti) 

Bomn (8) 
Chlor ide (Cl) 
Fluor ide  (F)  
S u l f a t e  ( S O , )  

__ ANIONS - Nut r ien ts  

To ta l   K je ldah l   N i t rogen  (N) 
N i t r a t e  Nitrogen (NO, - N) 
N i t r i t e   N i t r o g e n  (NO. - N) 
Dissolved  Phosphate Phosphorus (P) 

ORGANIC.  NONIONIC & CALCULATED  VALUES 

COD 
rnc 

w s m t  DATA 

Spec i f i c  Conductance (whos lcm e 25') 
pH ( u n i t s )  

True Color ( P t - t o  units) 
T u r b i d i t y  (NTU) 
Temperature  ("c) 

PHYSICAL  OATA - Residues 

7 June 177 21 June I 7 7  6 July 177  20 Ju ly  177 

0.010 0.030 * 
I) t 
t " 

0.034 0.024 0.035 0.13 

0.006 0.00s 0.004 

0.D14 
0.001 

0.008 0.041 
f 

0.104 
1.7 1.4 

0.120 
1.3 
0.135 

1.3 
0.146 

30 45 54 48 

0.032 0.033 0.043 0.009 

27  32 

222 249 
229 232 

510  520 
7.6 7.4 

354 370 
330 346 

24 24 

24 50 

220 231 
231 241 

631 540 
7.4 7 .6  

409 387 
340 349 

69 38 

Cenotes <HOC 



TABLE C1-21 

GROUNOUATER  RNALVTICAL  DATA - BULK SAHPLING PROGRAW I 3 YELl 

STATION: 3. Well 

PAW\METER (Hgll) 

- CATIONS - Trace  Metals 

A r s t n i c  ( A s )  
Aluminum (AI) 

Cadmium (Cd) 
Chromium (Crl 
Copper (Cu) 
Iron IFeI 

7 June 177 2 1  June 171 . 20 Ju ly  177 4, Aug. 177 

t t 0.?57 * " L. 

f 

0.007 . 
0.060  0.081  0.23 0.25 0.19 

f I 0.00053 
" 

I 0.008 
0.024 0.016 0.012 0.13t 0.10 

0.003 

Lead (Pbj  
Mercury (Hg) 
Molybdenum (tb) 

Zinc  (2") 

- A lka l i   Ea r ths  & Metals 

Calcium (Ca) 
L i t h i u m   ( t i )  
Magnesium (Mp) 

Sodium (Na) 
Potassium ( K )  

Stron t ium (Sr) 

_. M O N S  - General 

260 

8 1  
0.064 

260 
0.063 
83 

230 250 

85 
0.067 0.007 

88 

230 
0.055 
65 

340 
1.8 

360 
0.72 

380 
0.70 

400  
2.1 

440 
0.99 

Boron (8) 
Chlor ide (Cl) 
Fluor ide  ( F )  
S u l f a t e  (SO,) 

0.2 

0.105 
7.4 

1400 

0.2 

0.134 
7.5 

1300 

0.1 0.2 

0.134 
7.3 7.4 

0.133 
1360  1280 

0.2 
7.1 
0.135 
1300 

- N u t r i e n t s  

N i t ra te   N i t rogen  (NO3 ~ N) 
To ta l   K je ldah l   N i t rogen (N )  

N i t r i t e   N i t r o g e n  (NOI - N )  
Ois lo lved Phosphate  Phosphorus (P) 0.046 0.034 0.038 0.035 0.048 

61' 

ORGANIC, NONlONlC & CALCULAT- 

TOC 
COD 

Total  Hardness  (taco,) 
Phenol 

Total  A l k a l i n i t y  (Caco,) 

PHYSICAL OATA 

s i  ' 
983 
464 

10; loi 80- 

924  987 
538  572 

991 
506 

7.3 
3000 

842 
586 

7.3 
3030 

pH ( u n i t s )  

True Color (PC-Co U n i t s )  
Specif ic  Condwtance  (mhoslcm B 25') 

T u r b i d i t y  (NTU) 
Temperature ('C) 

1.8 
3000 2970 

7.2 7.3 
3030 

PHYSICAL  DATA - Residues 

T o t a l   R e r i d w  

N o n f i l t r a b l e  Residue 
F i l t r a b l e  Residue 

Fixed  Total  Residue 
F i x e d   F i l t r a b l e  Residue 
F i xed   Non f i l t r ab le  Residue 

2811 2871  2845  2851 
2710 2730 

2846 
2700  2050 

I 6 1  
2740 

147 132 161 106 
J 

m 

3 

ri 

* Cenotes rMOC 
t Contamination  Suspected 



TABLE C1-22 

GROUNDUATfR  ANALYTICAL  DATA - BULK  SAMPLING  PROGRAM ~ TRENCH 8 

STATION: Trench  8  Groundwater 

" PARANTER (mgla) 

CATI(INS - Trace  Hetals 

Aluminum (Al) 
Arsenic  (As) 
Cadmium (Cd) 
Chromium (Cr) 
Copper (CUI 
Iron (Fe) 
Lead  (Pb) 
W C W ~  (ng) 
Molybdenum (KO) 
Selenium  (Se) 
Vanadium (V) 
Zinc ( I n )  

- A l k a l i   E a r t h s  6 E k t a l s  

Calcium (Ca) 
L i t h i u m   ( L i )  
Magnesium (Wg) 
Potassium ( K )  
Sodium  (Na) 
S t ron t ium (Sr) 

RNlONS ~ General __ 
Boron  (8) 
Ch lor ide  (CI) 
F l u o r i d e  (F) 
Su l fa te  (SO,) 

- N u t r i e n t s  

N i t r a t e   N i t r o g e n  (NO, ~ N) 
To ta l   K je lddh l   N i t rogen  (N) 

N i t r i t e   N i t r o g e n  (NOz ~ N) 
Dissolved  Phosphate  Phosphows  (P) 

ORGANIC, NONIONlC b CdLCULA- 

COD 
Tnc 
ph ino t  
T o t a l  Hardness (Cam,) 
T o t a l   A l k a l i n i t y  (CaCO,) 

* f 

0.009 0.012 0.022 
I 

0.014 

- .  0.0020 

0. !03 0.003 
0.002 0.003 

0,004 

0,009  0.047  0.007 0.012 

71 56 60 59 

16 16 
0.004 0.004 0.005 0.004 0.004 

67 

19 16 17 

0.032 0.024 0.026 0.026 0.025 

31 95 11 4 83 

243 
222 

206 
218 

220 
229 

213 
235 

246 
257 

PHYSICAL  DATA 

pH ( u n i t s )  
S p e c i f i c  Conductance (mhos lcm @ 2 $ O )  510 
True Color (Pt -Co  un i ts)  
T u r b i d i t y  (NTU) 

8.0 7.9 7.8 8.0 
499 530 540 603 

8.0 

Temperat& ("C) 

PHYSICAL  DATA - Residues 

Tota l  Residue 
F i l t r a b l e  Residue 
N o n f i l t r a b l e  Residue 
F i xed   To ta l  Residue 
f i x e d   F i l t r a b l e  Residue 
F i x e d  n o n f i l t r a b l e  Residue 

387 - 38846 
339 

36 1 

48 
340 

380 
345 357 376 - 31500  4  4 

Denotes <HOC 



( '1 
0.55 
0.23 
50 

ORGAIIIC, NOIIIONIC 8 CALCULATED  VALUES 

coo 
TOC 
PhcnPI 

6 

T o t e l  Hardness (caco,) 
T o t a l   A l k a l i n i t y  (taco,) 220 

219 

56 

I4 

16 
0.30 

0.55 
0.20 

41 

198 
198 

420 
IO 

8.0 

0.75 
n 

52 

I4 
30 0.004 49 4.0025 13 0.0021 28 0.003 

19 

16 

16  2.6 

18 
4.9 

5 

0.27 0.30 I7 0.28 0.020 I .5 0.04 3 

0.63 0.68 eo. 0.61 1 . 0.64 d 0.13 
0.074 0.097 0.15 0.076 0.133 

41 66 50 12 25 

0.12 0.04 0.06 0.04 0.09 
0.18 0.25 0.19 0.67 0.15 

0.035 0.043 0.050 0.027 0.047 
0.0018 (0.0017 0.00094 0.002 

45 45 
11 

6 

187 

8.5 3.5 
.0.002 6 

5 

153 
162 215 

189 
I99 

27.6 63 
36.2 58 

8.1 
410 

8.2 

5 
500 450 

8.1 
42.4 80 

15 

0.13 3 

1.2 
12 6.4 

0 . 5 5  1.6 ' 1 . 5  
15 
3.15 

0 8 4.6 5.4 10.5 

286 
290 343 32 1 

341 
4 2 

36.2 
31 2 

70 

213 292 
8 

32.4 55 
8.1 

266 
1 8  

38.3 83 
35.0 79 

.!I 6.6 I 5  
21: 292 261 



beak 

g T 9 .  A l k a l i  Earths 6 Metals  

57 58 

20 20 

25 24 

0.004 <0.0025 

4 . 5  

0.29 0.34 

2.1 3 
0.0021 0.003 
0.11 
6 

1 

0.71 
0.078 0.11 

1 

4 1 
1.4  1 .o 

d 
0.53 0.15 

0.11  0.10  0.11 0.15 
66 57 13 18 48 

0.31 0.27 
0.04 0.09 

qo.001 
0.050 0.065 

0.64  0.09 
0 
0 

0 

0.022 0.031 
0 

0.081 

O&ANIC. NOiIIONIC & U\LCIJLATEO VALUES 

roc 
coo 
Pllel lol  
T O t A l  I lwdne$s  (CacO,) 
l o t d l  A l k a l i n i t y  (CaCO,) 

7 

228 
232 

I "  I "  

12 
6 

6 
17 

2.12 3 
5.66 8 

._  I" 

? 16 
(0.002 

225 
224 

226 
228 

PHYSICAL U T A  

8.4 8.4 
510 4Y5 
20 18 
I .4 1.4 

10 9.8 

0 
21.2 30 

0 

4 
3.5 5 

0 
0.21 0.3 

riHVSlCAL DATA . Residues 

Totdl   Rar idue 360 

t l o t ~ f i l l r a b l r  Restdue 
f i l t r a b l e  Residue 314 

f ixed  Totd l   Residue 
6 

f i x e d   F i l t r a b l e   R e r l d u e  
291 
288 

F i x e 0  I l o s f i l t r d b l e   R e s i d u e  3 

351 356 
347 

k 
310 
5 

268 280 
264 276 

4 k 

6.36 9 
4.95 7 

16.3 23 
1 2 

17.0 24 
I 1 



lA8Lf C1-25 

SURFACf UATtR ANAlYTlCAl OATA - HI0 H41 CRffK 

u 

J 

J 

Y 

<0.010 
<0.005 
'0.005 
4 . 0 1 0  

0.026 <0.018 
'0.008 

'0.010 

10.020 
r0.003 

0.007 0.008 
e0.005 

0 . ~ 8 ~ 8  o.00042 m10038 

d 
6 

b 
4 

6 
0,011  0.016 
0 

b 
0.00012 0.00023 

b 

0.0007 0.001 
4 

1.1 1.3 1 . 3  1.2 0.095 0.2 

46 46 '10 59  50 6.1 4.0 

.o. 1 d 

0 . 1 6  0.22 0.080 0.10 0.14 0.061 0.14 

.. 

226 213 206 
-0.002 b 

231  228 
214 215 8.30 20 

111 211 212 29.2 66 

QHISlCAt OATA 

QN ( " " i t $ )  8.4 8 . 3  8 . 3  8.4 8.4 

rrve Color (Pf.CO U n l t r )  
lurhldi ty ( m u )  
Telnperature ('CI 12 

Specif ic  Conductance ( I s h o r l m  @ 25") 4HO 410 460 
0.057 0.1 

4uo 
5 15 

6.3 
10 

112 

0.80 1 . 7  

9.51 20 
I 5  I 1  4.8 IO 
1 .3 

0.5 
2 . 5  

1 
2.5  1.5 

12 6.4 6 . 5  11.5 



SURiACt UAIEY ANALIlICAL OATA - MI0 LOVER Ml CREEK 

TABLE CI-26 

dj 

ai 

20 

I 7  

6: 

3.1  

10.25) 0.2U 

('' 0.87 
0.24 

41  

242 
241 

PlilSlCAL DATA - Residues 

Total  Residue 
f i l t r d h l e  Helldue 

331 

Nusfiltrable Rc~ldup 
333 

4 
Fixed  Tatdl  RcPidue 259 
f i x e d  ~ l l t r a a l e  nePidue 259 
P i x e d   N m f i l t r d b l r  Residue 

64 
-0.001 
20 

3.1 
17 
0.28 

0.87 6 
0.24 6 

41 6 

0.12 6 
0.04 b 

. o . m  6 
0.059 6 

8.5 
410 

P 
6 

10 P 
I .2 6 

12.5 6 

337 4 
333 # 

4 
259 

b 
6 

259 6 
.I 6 

'I 
9.5 $ 



TABLE CI-27 

SLIIIFACE WATER ANALYTICAL DATA - LOWER MT CREEK 

STATION: 5, Larer H a t  Cwek 

PARRMETER (mg1r) Sew. 76 k c .  76 Mar. 11 

__ CATIONS - Trace Heta l r  

(*I 23 
61 

3 . 3  
19 

(0.281 0.29 

1.1 
0.17 

4b 

0.13 
0.03 

0.050 

6 

247 
254 

490 
10 

I1 

8.6 

0. 18 

346 
345 

1 
294 
294 

10.3 
100.1 

0.00038 * 

69 

27 

23 
0.43 

0.24 
1.5 

72 

0.09 

0.003 
o.nw 

283 
2u3 

8.5 
580 
IO 
0.60 
0 

413 
41 1 
34 7 
34: 

98.6 
1 3 . 4  

60 

25 

22 
0.36 

0.081 
1.9 

76 

0.08 
0.01 

0.015 

253 
262 

8.4 
51u 

5 
0.50 
0 

392 
389 

299 
3 

299 

100.8 
13.7 

nay 77 

* 

0.015 

64 

24 

22 

0.004 

0.34 

1.6 
0.11 
65 

0.40 
0.05 

0.022 

IO 
7 

259 
248 

540 
IO 

12 

8.5 

0.85 

362 
359 

3 
300 
2% 

2 

101.5 
10.2 

- 
X I  

'0.010 
'0,005 
4.005 

4.005 
10.010 

ro.010 
'0.010 

4.00029 

4.003 
'0,005 
Q.010 

.o.ozr 

64 

25 
4.o(J2 

3.3 
22 
0.36 

'0.1 

0.15 
1.5 

65 

'0.04 
0.18 

'0.002 
0.025 

10 

'0.002 
6 

260 
262 

8.5 

U.8 
0.68 
5.H 

5115 

378 
376 

310 
- 2  

310 
( 1  

'I 
11.9 

6 
6 

t.0070 

4.0 
0.002 
1 . 1  
d 
0.058 
1 .1  

d 
0 . 3 3  
0.068 

13 

0.15 
0.01 

0.16 
0.001 

6 
0.7 
0 

15.8 
15.3 

40.4 
0.082 

2.5 
0.16 
6 . 6  

30.0 
30.5 

I 
24.8 
25. I 

0.5 

6 
1.91 

0.01 

9 
0.003 
4 

4 
0.14 

0.8 
0.153 

30 

0.32 
0.02 
0.002 
0.035 

1 

36 
35 

0.2 
90 

5 

12 
0.35 

61 
68 

53 
2 

53 
1 

3 . 2  



Y 

d 

Sept. 76 

('I 

~IiVSlCAL OAT& - Rr r i due r  

8IOCIIEMICAL, OISSOLVEO GASES 6 RELATED 
Mf?ZUHtMIN!5. 

0.58 
0.20 

10 

0.25 
0.03 

0.042 

9 

106 
96 

210 
20 

I 1  

8.1 

1.1 

I 62 
IS2 

10 
118 
110 

8 

9.7 
94.3 

k c .  76 

33 

20 

14 
0.29 

0.28 
1 .I 

2b 

0.16 
0.06 
0.002 
0.021 

164 
181 

360 
10 
0.15 
0 

8.3 

245 
240 

5 
186 
184 

2 

12.6 
92.6 

Mar. 77 

2 J  

10 

14 
0.17 

o.oon 
1.1  

18 

0.20 
0.09 

0.021 
0.0OIO 

142 
163 

320 
8.2 

5 

0.5 
1.7 

249 
2 39 

10 
149 
I49 

8 

13.3 
99.3 

May 71 5, R 

I 

ym 
0.00064 
0.030 

0.032 

*O.OIO 
'0.005 
<0.005 

'0.005 
~0.010 

~0.010 
<0.00038 

r0.003 
0.om 

e0.005 
<0.010 

0 . ~ 2  

4 

b 
B 
P 
P 
0.0084 
P 
0.00023 
6 
4 
b 
0.0191 

0.012 

0.00039 

0.027 

22 
0.001 .0.001 0 

2b 5.2 I I  
0 

12 15 4.8 10 

8.9 I I  
1.9 

0.11 0.13 0.OSJ 0.15 
$ 2  b 

0.75 O.R8 0.26 0.53 
0.089 0.16 0.093 0.192 
5 . 8  15 8.9 20.2 

so.1 4 

0.40 0.25 0.10 0.24 
0.09 0.06 0.03 0,05 

0.038 O.OM 0.008 0.015 
.0.0012 0.0005 0.001 

27  21 B 
12 
i0.002 d 

5.0 1 

104 
113 

126 
141 

32. I 68 
36.9 J 5  

'6, 

0.1 0.2 0.082 0.2 
2 30 280 11.6 150 
30 16 
3.3  

11 
1.1 

25 

13 
1.1 

6 . 1  6.0 13 
2 . 5 5  

192 212 
151 

42.3 87 

35 
197 

15 
49.1 88 
1 3 . 5  

126 145 30.5 68 
30 

94 I34 
32 

4 0 . 4  
12 

90 
13.3 30 

9.1 
'I 4 

9.25 
11.2 2.08 4.2 



W 

olrl 

d 

W 

*J 

w. 

-3 

- bleak 
TABLE C1-29 

.0.010 p 
'0.005 d 
4 . 0 0 5  6 
'0.010 6 
4 . 0 0 5  d 

<U.OIO 4 
io.00025 0 
'0.020 p 

0 

'0.003 d 
4 . 0 0 5  d 

:.050 0.050 0.00070 0.001 

0.021 '0,013 0.011 0.016 

CdlCiUlli (Cd) 
t i l h i w  ( t i )  

35 33 22 28 7.0 1 3  

nvqllaP I"," (Elq) I 1  20 11 
0.001 <0.001 0 

I 1  
0 

Pu la l s tum (K] 1 . I  
I 5  4.9 9 

Sodium (lial 10 14 
1.1 

15 
6 

S L r o n l i m  (Sr) (9.131 0.08 0.21 
0.9 12 3.0 

0.21 0.12 
6.1 

0.16 0.066 0.13 

Tota l  X j e l d a h l   N i t r O g e n   ( N l  
N i t l - d te   N i t rogen  (NO, .. PI) 
l i ~ ~ t m f e  h i t r o g r n  l I I O z  - N l  

0.04 0.08 0.10 ~0.06 0.04 0.00 

Totd l  UI.tIIophOsp1Iale Phosyhoms  (PI 
0.003 0.0014 * 

0.041 0.032 0.021 0.U44 0.034 0.010 0,023 
4l.0016 0.0009 0.002 

0.24  0.17 * 0.24  0.50  0.29 &I4 0.33 

LHYSlCAL OAT& 

pH (Llllitl) 
Sl iec i f ie   CoodwtanCe lumharlcm @ 25'1 220 
rrue c o l o r   ( P t - t o  Uaitr) 

370 350 

l o r b i d i l y  (IITU) 
20 IO 

220 290 
10 30 18 

81.2 150 

Temperature ('c) 
1 . 7  1 .o 1 . I  4.6 2.1 

12 U 

9.6 20 
1 . 7  

I I 3  6 . 5  7.0 12 
3.6 

8.2 0 . 3  8.2 n.0 n .2  0.13  0.3 

186 253 
I77  

257 
250 

9 

205 
249 

225 
154  

35.2 71 
208 

3 
49.4 96 

11Y tu2 1 7 1  
n 5 1  

146 
113 

154 28.0 6 3  
22 48 

6 
1 00 
2 

I71 
n 

103 142 
43 15 

31.4 7 7  
19 41 



. . - CATIONS - A l k a l i  Earths 8 Metals  

(') 0.50 1 . 4  1.6 0.70 
GO. 1 b 

13 
O.20 0.34 0.U90 0.086 0.18 0.12 o , ~ ~ ~  

1.0 

33 30 8.7 21 

0.53 1 . 1  

1 2  24.3 

184 280 266  199 
172 275 
I2 5 

255  161 
I1 

232 47.8 01 

1 32 
216 

212 
3u 

57.6 114 

124 209 
I 70 
I 7 6  

16 
142 

15 
166 

33 

U 
109 154 

36.3 00 
46.3 100 
14 30 3 5 33 12 



TABLE C I - 3 1  

SURFACE  WATER ANALYllCAL ORTA 

Sept. 76 

i:; 
u.0111 0.011 

(*) f 

8.7 

2.1 
0.60 
1.3 

(0.031 * 

('I 
0.45 
0.10 
6 

0.05 
0.07 

0.068 

4 

30 
27 

71 
7.7 

5 
0.80 

13 

60 
58 

2 
46 
46 

I 
9 .8  

96.1 

kc. 76 

13 

2.4 

0.05 
3.0 

2.0  
0.26 
7 

0.05 
0.05 

0.016 
0.003 

42 
37 

110 
10 
0.55 
4 . 5  

7.8 

74 
13 

1 
64 
64 

1 1 . 1  
88.9 

- 

UPPER  THOMPSON RIVER 

Mar. 77 

0.00056 

13 

2.6 

4 .O 
0.095 

2 . 9  
0.051 
9 . 4  

0.05 

0.0011 
0.021 

0.11 

4 3  
39 

110 
10 
0.55 
3 

7 . 9  

87 
86 

3 
44 
44 

101.6 
13.2 

nay 77 

(r 

!.a25 

0.019 

11 
0.001 
1 .8  

4.0 
0.061 

0.054 
1.3 

6.1 

0.10 
0.10 
0.0017 
0.oou 

4 

35 
33 

7 . 7  
88 
IO 

11 
1 . 4  

72 
68 

52 
4 

50 
2 

10.0 
93.6 

- 
x, I 

<0.010 
4.005 
<0.005 
io.010 
4.005 
4.018 
4 . 0 1 0  
4.00035 
4 . 0 2 0  
41.003 

0.010 
.o.nor 

11 
.O.oOl 

2 . 2  
0.60 

4.1155 
3.1  

<O.l  

0.12 
1 . 7  

7.3 

0.07 

4 .0017 
0.028 

0.08 

'10 
4 

4.002 
38 
34 

7.8 

8.8 
0.82 
7.9 

95 

73 
71  

52 
2 

51 
<I 

11.0 
1 

58. 

4 
d 
6 
6 
6 
0.011 

0.00017 
d 

B 
6 
d 
0.0014 

0 
2.0 

0.32 
6 

0.035 
1.3 

d 
1 .o 

I .5 
0.098 

0.2 
0.03 

0.027 
0.0011 

6 
6 
6.1 
6 

5.3 

19 
0.096 

2.5 
0.40 
4.9 

I 1  
I1  

I 
9.0 
9.0 
0.5 

4 
1.56 

R 

0.015 

0.00031 

0.002 

4 . 3  
0 
0.7 

3.7 
0.045 

2.45 
0.209 
3 . 4  

0.05 
0.06 
0.002 
0.06 

n 
13 
12 

32 
0.2 

5 

8 
0.85 

2 7  
26 

3 
20 
20 

1 

3 . 4  

1 



TABLE C1.-32 

SURFACI UAIER  ANALYTiCAL DATA ~ LOWER THOMPSON RIVER 

STATION: 19, Lower Thoopplon River 

IIIOCIIEEIICAL. OISSOLVEO GASES 6 HLLATCO 
E!LA~! lR<~WNT~ 

B I N  
0.0. 
: Saturat ion 

Seot. 76 

('1 
1.1 
(0.057) 0.025 

(0.C~lO) * 
9.2 

2.2 
0.65 
1.3 

( 0 . M )  * 

0.37 

h 

0.09 

0.015 

2 

2 1  
32 

14 
1 . 8  

5 
0.90 

13 

lo 
73 

3 
49 
49 

9.7 
95.1 

k c .  76 

12 

2.6 

4.0 
0.05 

2.0  
0.28 
9 

0.05 
0.06 
0.004 
0 . m  

41 
37 

110 
10 

1.6 

0.50 
4 .a 

66 
66 

57 
51 

11.6 
93.5 

Mar. 71 

14 

2.8 

6.8 
0.095 

0.059 
9.9 

i . 9  

0.08 

o.un1I 
0.10 

0.0t6 

46 
41 

7.9 
110 
IO 
0.40 
3 

nz 
BO 

42 
2 

42 

13.3 
102.4 

nay 77 

0.023 

0.043 

:.OD047 

0.008 

11 
0 . W l  
2.1 

2.0 
0.063 

I 

1.2 
0.051 
6.7 

0.12 
0.10 
0.0011 
0.004 

31 
1 

36 
36 

7.13 
90 
10 

11.5 
I .4 

59 
94 

46 
5 

41 
5 

9.9 
54.0 

- 
XI.  

'0.005 
0.023 

4 . 0 0 5  
r0.010 
4l.005 
0.026 

'0.010 

<o,u2u 
4.00032 

r6.0U3 

0.016 
a 0 0 5  

12 
d3.001 

2 . 4  
0.65 

<0.054 
3.5 

4 . 1  
1.d 

1 .Y 
.n.rl 

4 . 0 7  
0.09 

.o.now 
0.1112 

31 
2 

<0.002 

35 
3'1 

7.8 

11.8 
0.80 

96 

8.1 

80 
18 

48 
'3 

47 
-2 

e l  
11.1 

5 1 9  

# 
P 
6 
P 
0.0233 
4 

0.00013 
P 
4 
d 
0.012 
b 

2.0 
0 
0.33 
4 
2.5 
0.035 

4 

0.11 
1.1 

1.8 

0.03 
0.04 
0.0015 
0.005 

0.7 
6 

6.1  
6 

5.9 

I7 
0.13 

2 . 5  
0.45 
4.5 

I4 
12 
2 
6.4 
7.4 
2 

d 
I .6n 

R 

0.033 

0.00022 

0.0017 

0 
0.7 

5.3 
0.053 

4 .8  

0.23 
2.53 

3.9 

0.07 

0.003 
0.011 

o m  

1 

14 
14 

36 
0 .3  

5 
1 

10 

33 
28 

3 
15 
16 

4 

3.6 



TABLE Cl-33 

SURFACE  WATER ANALYTICAL DATA ~ HYOROLOGY P R O G M  

STATION: 

PIIW\METER ("19,t) Aleece  Lake 
(W) 

- CATIONS - Tvace H e t a l r  

- CATIONS - A l k a l i   E a r t h s  t Metals 

Calc ium  ica1 

ANIONS - General - 
Boron (8) 
C h l o r i d e   ( C l )  
F luo r ide   (F )  
S u l f a t e  (SO,) 

ANIONS - N u t r i e n t s  
I 

Tota l   K je ldah l   N i tPogen (N) 
N i t r a t e   N i t r o g e n  (NO, - 
N i t r i t e   N i t r o o e n  fNnr - !! 

ORGANIC, NONIONIC b CALCULATED  VALUES 

coo 
TOC 
Phenol 
Total   Hardness (CaCO,) 
T o t a l   A l k a l i n i t y  (CaCO,) 

PHYSICAL DATA 

pH ( u n i t s )  
S p e c i f i c  Conductance (mhos lcm @ 25') 

T u r b i d i t y  ( n u )  True  Color  (Pt-Co  unics) 

Temperature ( Y )  

PHYSICAL DATA ~ Residues 

F i l t r a b l e  Residue 
Total  Residue 

N o n f i l t r a b l e  Residue 
Fixed  Total   Residue 
F i xed   F i l t r ab le   Res idue  
F i x e d   N o o f i l t r a b l e   R e s i d u e  

33.9 

25.2 
11.5 
38.0 

4 . 5  

52.2 

217 
188 

7.6 
508 

Below  Finney  Creek 
Hat  Creek 

Near RH-76-20 

58.0 

17.1 
4.0 

21.3 

214 

462 
8.0 



TABLE Cl-34 

SURFACE  WTER INALITICAL DATA - POVLR PLANT SITE PROGRM - MEDICINE CREEK 

STATION: Medicine  Cwek 

PARAMETER (PPI41 

CATIONS - Trace Metals - 
Aluminum (A11 
Arsenlc As) 
Cadmium I W )  
Chromium (CP) 
Capper (CUI 
Iron (Fe l  
Lead (Pb) 
Mercury (Hgl 
Molybdenvm (Ma) 
selenium (se)  
Vanadium ( V )  
Zinc ( I n 1  

CATIONS - Alkal i   Earths 6 k t a l s  

calc ium (ea) 
L i t h i u m   ( t i )  
Magnesium (M ) 

Sodium (Na) 
Stront ium ( S r )  

P0tE.Sl"'n (K4 

lWlONS - Nut r ien ts  

Total   Kieldahl  N i t r a m  IN1 

- 
tlit ra te -N i tmgen (NO; N ) '  ' 
N i t r i t e   N i t r o g e n  (NO2 N) 
Total  Orthophosphate  Phosphnrus (PI 

ORGANIC, NONIONIC k CALCULAT- 

COO 
TOC 
Oh."", , ..... ". 
Total  Hardnesr (CaCO,) 

Phenolpl l tnalei! l   Alkal inity  (Cat03) 
Tota l   A lka l4n i tY (CaCOz) 

PHYSICAL  DATA 

PI1 l "" i tS1 
S p e i i f i c  Conductance ( w h o r l  

T u r b i d t t y  (NTUI 
True Color (PC-Co u n i t s 1  

Temperature ("c) 

PHYSICAL  DATA - Residues 

Total  Residue 

N o n f i l t r a b l e  Residue 
F l l t r a b l e  Residue 

Fixed Tota l  Residue 

f i x e d   N o n f i l t r a b l e  Residue 
f i x e d   F i l t v a b l e  Residue 

BIOCHEMICAL,  DISSOLVED  GASES 6 RELATE0 
MEASUREMENTS 

0.0. 

21st 
May - 1977 

<0.010 
<0.005 
dl.005 
'0.010 
'0.005 
0.021 

<0.010 
0. W050 

'0,020 
4.003 
9.005 
0,009 

61 

29 

14 

0.003 

0.44 

eo. 1 
0.50 
0.122 

40 

0.26 
0.04 

'0.0010 
0.010 

10 
2 7  

272 
'0.002 

I 88 

550 
10 
0.30 
7 

8.4 

361 
359 

2 
261 
260 

1 

10.1 

J u l y  
27 

1977 - 

57 

20 
2 . 5  
12 

0.35 

20 
0.5 

255 
5.9 

8.5 
470 

304 

6 
Aug. 
1977 - 

61 

21 
2.2 
12 

0.20 

18 
2.0 

263 
4.9 

8.5 
500 

322 

Sept. 
13 

1971 - 

58 

24 
2.3 
11 

0.26 

5.2  
15 

262 
7.3 

8.5 
482 

318 



beak - 

TABLE GI-35 

SURFACE WATER ANALYTICAL DATA - POWER PLANT SITE PROGRAM 
MACLAREN CREEK 

STATION: MacLaren Creek 
PARAMETER (mgla) 

CATIONS - Alkali  Earths and Metals 

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

ANIONS - General 
Chloride  (Cl) 
Sul fa te  (SO4) 
Total   Si l ica   (Si02)  

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

PHYSICAL DATA 
pH (Units)  
Specif ic  Conductance ( umhos/cNl@  25OC) 

PHYSICAL DATA - Residues 
F i l t r ab le  Residue 

27'July/77 

52 
17 
1.8 
4.4 

<o. 1 
9.6 
1.8 

0 
220 

8 .3  
400 

257 

6 Aug.177 

56 
19 
2.4 
5.6 

30.0 
11 

1.4 

0 
240 

8.2 
450 

284 



beak - 

TABLE C1-36 

SURFACE  WATER ANALYTICAL  DATA - PAVILrON LAKE PROGRAM 

STATION: P a v i l i o n  ILake 

PARAMETER (mgla) 

CATIONS - A l k a l i   E a r t h s  and Meta ls  

Calcium (Ca) 
Magnesium (Mg) 
Potassium (K)  
Sodi urn (Na) 

ANIONS - General 
C h l o r i d e  ( C l )  

S u l f a t e  (SO4) 
T o t a l   S i l i c a   ( S i 0 2 )  

- 

NONIONIC VALUES 
P h e n o l p h t h a l e i n   A l k a l i n i t y  (CaC03) 
T o t a l   A l k a l i n i t y  (CaC03) 

PHYSICAL DATA 
pH ( U n i t s )  
S p e c i f i c  Conductance . (  Omhos/cm @ 25OC) 

PHYSICAL  DATA - Residues 
' F i l t r a b l e  Residue 

27'July/77 

37 
16 
4.1 
6.2 

0.53 
52 

1.6 

2.0 
141 

8.5 

360 

239 

6 Aug./77 

37 
16 
4.4 
7.7 

0.50 
53 
1.1 

3.0 
139 

8.5 

360 

24 1 

13  Sept./77 

40 
18 
3.5 
6.7 

0.40 
50 
6.5 

4.9 
138 

8.5 

359 

t 

238 



STATION: 1 HAT CREEK 

PARAMETER IPg l l )  .____ 

CATIONS - Trace  Petals  

SURFACE WAlER ANALYTICAL DATA BULK SAHPLL PROGRAW * WIT CREfK 
STATION I 

Z&L.I/ll 11/5/71  24/5/77 8/6/77 22/6/71 5/7/71 20/1/77 4/8/77 14/9/77 

* 
0.018  0.019 * 0.029  0,022 0.020 0.014 0.015 0.030 

* 0.00025 * 
0.005 0.003 * 

0.008 0.005 * 0.010 f 

0.002 a.ou  * 0.001 0.001 0.006 0.006 
0.024 0.036 0.006 

C .  ~ Alkali  Earths 6 Metals 

42 59 60 37 57 ' 60 ' 60 56 58 

13 21 21 12 15 22 19 17 19 
0.010 0.005 0.004 0.003  .0.004 0.004 0.005 0.004 0.002 

14 24 25 15 21 20 22 23 22 
0.24 0.30 0.30 0 . 1 3  0.18 0.31 0.24  0.25  0.29 

O J 8  1 . 2  1.0 0.63  0.88 0.99 1.0 1.3 1.2. 
0.1m 0.120, 0.107 0.090 0.107 0.112 0.118 0.118 0.101 

.. . 

41 56 65 34 44 68 52 45 41 

0.(130 0.056 0.054 0.051 0.083 0.049 0.032 0.045 0.049 

ORGANIC,  N O N I O N I C  6 CALCULATEI- 

coo 
,or I5 
Phenol 
Total  Hardness lCaCOI l  
Total A lka l in i ty  ICatO,) 

158 
149 

PHYSICAL DATA 

$e!$:5hductance (mhorlcrn @ 25') 310 
True Color I P t - C o  Units1 
Turbidity (HTU) 
Temperature 1°C) 

PHYSICAL DATA ~ Residues 

1.9 

Total  Residue 
F i l t r a b l e  Residue 
N m f i l t r d b l e  Residue 
fixed  Total  Residue 
Fixed F i l t r a b l e  Restdue 
Fixed Nonf i l t rab le  Residue 

YiASUREMENTS 
8IOCHENICAL. DISSOLVED GASES 6 RELATE0 

D.O. 
800 

10 

234 
220 

8.5 
490 

362 
360 
2 

17 

:E 

520 
8.4 

333 
367 

16 

19 

149 
142 

8.3 
350 

288 
253 
35 

- 

24 

198 
204 

8.4 
440 

313 
306 

7 

34 

236 
240 

547 
8.4 

383 
378 

5 

26 

228 
243 

8.5 
520 

351 
349 

2 

I 1  

210 
250 

8.6 
520 

353 
353 

e 1  

6 

223 
234 

8.4 
508 

359 
346 
13 



i.1 

TABLE C1-38 

SURFACE  MATER ANALYl'ICAL OATA - BULK SAMPLING PROGRAM - HAT CREEK 

STATION: 2 HAT  CREEK 
STATION 2 

PAW\METER (ms/ a] 26/4/77  11/5/77 2 4 f 5 U  8/6/77 22/6/77 518177 20/0/77 4/8/77 14/9/77 

- T r a c e   M e t a l s  

A lun inum (A1) 
A rsen ic   (As )  

- A l k a l i   E a r t h s  6 M e t a l s  

Ca lc ium  (Ca)  
L i t h i u m   ( L i )  
Magnesium (&qI 
Potass ium ( K )  
Sodium  (Na) 
S t r o n t i u m   ( S r )  

~ General  

Boron ( 0 )  
C h l o r i d e   ( C I )  

S u l f a t e  (SO,) 
F l u w i d e  ( F )  

__ ANIONS - 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  (N) 
N i t r a t e   N i t w g e n  (NO, - N) 
N i t r i t e   N i t r o g e n  (NO, - N) 
Oir ro lved  Phosphate  Phosphorus (P) 

ORGANIC, NONIONIC & CALCULATE0 VALUES 

COD 
TOC 
Phenol 
To ta l   Ha rdness  (CaCO,) 
T o t a l   A l k a l i n i t y  (CaCO,) 

PHYSlCAL OATA 

pH ( u n i t s )  

T r u e   C o l o r   ( P t - C o   U n i t s )  
Spec i f i c   Conduc tance   ( tmhos lcn  @ 25') 

Temperature ('C) 
T u r b i d i t y  (l.ITU) 

PHYSlCAL OATA - Residues 

Oenotes <MOC 

- 

* * 1 0.015 * 
I " * t * * * 

* * . * " " 
0.025  0.026  0.029 0.026 0.020  0.012  0.014  0.025 

t " f 0.0038 * 
* 0.004 0.006 f 

0.002 
0.003 0.006 

0,009 0.024 * 0.010 * 0.018 0,010 0.014 
* 0.002 0.001 0.003 

59 60 45  57 61 60 51  61 

20 21 12  15  22  19 17 18 
0.005 0.004  0.004 0.004 0.004 0.005 0.005 0.003 

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

* 0.1 0.1 * 
1.3 1.2 0.70 0.94 1.1 0.90 1.1 1.0 
0.110 0.110 0.081 0.110 0.111 0.120 0.120 0.098 

56 61 36  49 62  46  43 44 

- 
0.050 0,064 0.060 0.066 0.046 0,033 0,049 0.032 

6 22  22  24 22 30 17 4 

- 230 236 162 ' 204 240 228 212 226 - 222 228 157 196 237 246 251 241 

8.5 8.4  8.3 8.4 8.5 8.5 8.5 8.4 - 460 520 360 440 546  530  520 515 

359 381 275 308 300  355  362 353 
- 357 369 255 302 372 351 362 343 

2 12 20 6 8 4 4 10 



TABLE CI-39 

SURFACE UATER ANALYTICAL DATA - BULK SAMPLING PROGRAM - HAT  CREEK 
STATION 3 

STATION: 3 HAT CREEK 

PARAMETER (nut) 

U\TIONS - Trace   Me ta l s  

26!4/77 11/5/77  24/5/77  8/6/77 2 2 m  v/7/77 2 0 / 7 / 7 1  3/8/77  14/9/77 

Aluminum  (AI )  
A rsen ic   (As )  
Cadmi urn (Cd) 

Iron (Fe )  

Mercu ry  (Hg) 
Molybdenum (Mo)  
Se len ium (Se )  
Vanadium (VI 
l i n c  (2n )  

copper  (C") 
ChMmiUm (Cr )  

Le i l d  (Pb) 

1) 

f 

(1.012 0.032 
f 

f " 

f 

0.015 0.25 * * " 
" * 

* 
0.018  0.010  0.010 0.026 0.032 0.021 0.028 . 

0.004  0.004 
0,001 
0. 008 

" " 0.003 * 
t * 
0.003 * 0.004 * 

0.005 

0.084  0.010 0.007 0.011  0.005 0.021 

- ~ A l k a l i   E a r t h s  8 M e t a l s  

C a l c i u m  (Ca) 

I l d g n e s i ~ r n  (Mq) 
L i t h i u m   ( L i )  

POtassiUm (K) 
Sodium  (Na) 
S t r o n t i u m  (sr) 

45 60 59  39  57 
0.001 0.005 0.004  0.004  0!004 

61 60 57 57 

21  19 17  18 
0.005 0.005 0.005 0.003 

15 20 21  12  15 

20 21  23 22 
0.34  0.24 0.26 0.30 

14  24 25 14  19 
0.26  0.29  0.31 0.20 0.18 

ANIONS - General  __ 
Boron (8)  
C h l o r i d e   ( C l )  
F l u o r i d e   ( F )  
S u l f a t e  (SO,) 

ANIONS - 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  (N) 
N i t r a t e   N i t r o g e n  (NO1 - N) 
N i t r i t e   N i t r o g e n  (NO2 - M) 
Oilsolved  Phosphate  Phosphorus  (P) 

- 

* , " 
0.95 1.3 1.3 0.70 0.85 
0.088 0.101 0.113 0,082 0.117 
35 56 64 34 42 

0.94 0.85 1.1 0.88 
0.108 0.120 0.122 0,091 

66 50 41  41 

0.030  0.045 0.062 0.052  0.078 0.055 0.038  0.048  0.042 

ORGANIC, NONIONIC 8 CALCULATED= 

TOC 
coo 

19 
Phenol 
T o t a l   H a r d n e s s   [ C a M 3 )  174 
T o t a l   A l k a l i n i t y  (CaCO,) 158 

6 16 

230 
234 

8 
530 

385 
367 
18 

20 32 28 28 

232 
219 

.!? 8.5 
410 

355 
350 
5 

147 204 
153 196 

239 228 
237 247 

PHYSICAL DATA 

.4 8.3 8.4 
360  446 540  530 

8.6 a.5 
520 498 
8.6  8.4 

PHYSICAL OATA - Residues 

Tota l   Res idue 
F i l t r a b l e   R e s i d u e  
t i o n f i l t r a b l e   R e s i d u e  
F i x e d   T o t a l   R e s i d u e  
F i x e d   F i l t r a b l e   R e s i d u e  
f i x e d   N o n f i l t r a b l e   R e s i d u e  

336 
258 
78 

270 308 
236 300 

34 8 

378 352 
371 349 

7 3 

362 337 
360 328 
2 9 

* Denotes <HDC 



TABLE CI-40 

CALGON  STUDY - THOMPSON RIVER - MEANS 

Aluminum ( A I )  
Arsenic  LA%) 
Cadmium (Cdi 
Chromium.(Cb) 
Comer  (CUI 
Irbn (Fe).)’ 

Mercury (Hg) 
Manganese (m) 
Molybdenum (Mol 
Selenium ($e )  
Vanadium ( V )  
Z i n c  ( Z n l  

CATI[)NS - A l k a l i   E a r t h s  6 Metals 

Calc ium (Ca)  
L i t h i u m  (t i) 
Ibgnesium (Mq) 

Sodium  (Na) 
Potassium ( K )  

Stron t ium (Sr) 

- General 

Boron (8)  
Chlor ide  (CI) 
F l u o r i d e  (F) 
S u l f a t e  (SO,) 

ANIONS - 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  (N) 

N i t r i t e   N i t r o g e n  (NO1 ~ N )  
N i t r a t e   N i t r o g e n  (NO, - N) 

Phosphate  Phosphorus ( P )  

__ 

ORGANIC, NONIONIC 6 O\LCULATEO VA- 

Thoapron R i v e r  
Dec.74 ~ O c t . 2  

0.2 

0.07 
0.2 

<0.05 

11 

2 

9 

2.3 

IO 

0.1 

0.0 

5 
4.5 
1.0 

41 
35 

PHYSICAL DATA 

96 
7.4 

8 
5 

PHYSICAL  DATA - Residues 

93 
89 

4 
Fixed  Total   Residue 
F i x e d   F i l t r a b l e  Residue 
F i x e d   N o n f i l t r a b l e  Resldue 









0.1 1 .o 10 
DISCUAQCE - m3 * s-l 

SED I MENT  CONCENTRAT ION VS D I S(iHARGE 
HAT  CREEK- NEAR  UPPER  HAT CREIEK kg&& , k4242 ~1 C2-4 
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TABLE Dl-1 

WMES'rIC MUNICIPAL AN0 INDUSTRIAL USE WATER LICENCES 

HAT CREEK VALLEY 

1. I n d i a n   A f f a i r s  
2. J.B. Jackson 
3. I n d i a n   A f f a i r s  
4. J.B. Jackson 
5. Ashcrof t   Estates 
6. A. Cameron 
7. I n d i a n   A f f a i r s  
8. J.B. Jackson 
9. A. Cameron 

10. Ridge  Investments 
11. A. Cameron 
12. A. Cameron 
13. G. Parke 
14. A. Cameron 
15. J.B. Jackson 
16. O.E. Go f f  
17. G. Parke 
18. J.B. Jackson 
19. B.C.H.P. 

L0cat.i on 
" 

X.R. #1 
L.279 
I .R. #2 
L.94 & 93 
v i a  Cornwall C r .  
Hat Creek Basin 
v i a  Oregon Jack C r .  
Hat Creek Basin 
Hat Creek Basin 
Hat  Creek Basin 
Hat  Creek Basin 
Hat Creek Basin 
Hat Creek Basin 
Hat Creek Basin 
Hat Creek Basin 
H a t  Creek Basin 
Hat Creek Basin 
Hat Creek Basin 
Hat Creek Basin 

Source 
Water 

Hat Creek 
Hat Creek 
Hat Creek 
Hat Creek 
Medicine C r .  
Hat  Creek 
Hat Creek 
Robertson C r .  
McDonald Cr. 

Hat Creek 
McCormick Cr. 
Hat Creek 
Hat Creek 
Anderson C r .  

Ambusten Cr. 
Yet C r .  

McDonald C r .  

Cashmere Cr. 
Finney Cr. 

Date 
I_ 

Sept. 26, 1888 
Mar.  19,  1894 
Sept. 26, 1888 
Jan.  9,  1871 
Nov. 19,  1877 
May 25, 1892 
Jun. 1, 1883 
Nov. 4, 1883 
Oct. 19, 1885 
Mar. 9, 1894 
Sept. 1,  1894 
Oct. 9,  1894 
Feb. 16, 1897 
Mar. 2, 1903 
Apr. 10, 1905 
Sept. 15, 1911 

May 14, 1918 
Oec. 14, 1922 
Aug. 22,  1958 

(1 *day") 
Volume 

6810 
2270 
681 0 
681 0 
4540 
4540 

13620 
9080 
4540 
4540 
2270 
2270 
2270 
2270 
22 70 
2270 

2270 
2270 
2270 

BONAPARTE RIVER-HAT CREEK TO THOHPSON RIVER 

A.A. Parke L.102 Bonaparte R. Dec. 5, 1871  2270 
J.B. Jackson L.90,91,92 Bonaparte R. Apr. 6,  1872  4540 



TABLE Dl-1 CONT'D 

DOMESTIC  MUNICIPAL AND INDUSTRIAL  USE WATER LICENCES 

Location 
" Source 

Water Date 
_I 

Est. of J. Fergusson L.95 Bonaparte R. Oec. 23, 1896 
J.B. Jackson L.  95 Bonaparte R. Oec. 23, 1896 
J.B.  Jackson L.93 Bonparate R.  June  16, 1905 
A.H. Woodburn S.18, Tp;!l,  R.24 Bonaparte R. Dec. 29,  1908 
A.H.  Woodburn S.8, S.17, Tp21, Bonaparte R. Jan. 5 ,  1909 

Chevron  Canada L t d .  lL.5189 Bonaparte R.  Dec. 1 ,  1950 
Circle 7 Ranch Ltd .  S.33, Tp;!O, R.24 Bonaparte R.  Jul .   13,  1954 

R.24 

Emter & Sons Invest .  L.377, & S.7 ,  Tp21, 
Ltd. R.24 
A. Stohlmn  S.33, Tpil2, R.24 
Indian  Affairs I.R.  #3 
O.M. Hagen 1.. 377 
Village  of Cache Cr. Cache Creek 
O.M. ,   NO. ,  & 
K.A. Hagen 

L.377, S.8, Tp21, 
R.24 

O.M. ,  N .O. ,  & 
K.A. Hagen L.377 
Bonaparte Cr. 
Holdings Ltd.  L.3832, L.1657 
Village o f  Cache Cr. Cache Cre1l.k 
Emter & Sons L.377, S.7,  Tp21, 
Invest.  Ltd. R.24 

CORNWALL CREEK 

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

(1 .day") 
Uol ume 

2270 
2270 

22700 
22  70 
2270 

4540 
9080 

Bonaparte R. 
Walker Brook 
Bonaparte R. 
Bonaparte R.  
Bonaparte R. 

Bonaparte R.  

Bonaparte R. 

Bonaparte R. 
Bonaparte R. 

Bonaparte R. 

Jun. 27, 1962 2270 
Apr. 25, 1962 2270 
Jul .   15,  1963 11350 
Nov. 20, 1964 11350 
Jul . 11,  1968 3178000 (wwks) 

Oct.  23, 1972 177060 ( ind)  

Oct. 23, 1972 726500 (wwks) 

May 16,  1973 170250 ( ind)  
Aug. 15,  1973 4894120 (wwks) 
Oec.' 30, 1976 
( a w l .  1 N.A. ( ind)  

Cornwall Cr. Apr. 27, 1865 4540 



TABLE Dl -1  CONT’D 

DOMESTIC MUNICIPAL AND INDUSTRIAL USE  WATER LICENCES 

Ashcro f t   Es t .   L td .  
I n d i a n   A f f a i r s  

B u r f o r d  Elgmt. 
Serv ices  L td.  
S h e l l  Canada L td .  

T.C. & P.V. F isk  
T.C. & P.V. F i s k  
I n d i a n   A f f a i r s  

OREGON JACK CREEK 

” 
Locat ion  

L.19 

T r i b e )  
IR#4  (Ashcrof t  

L.16 
L.16 

L.16,17 
L.16,17 
I .  R.#4 

I n d i a n   A f f a i r s  L.17 

I n d i a n   A f f a i r s  L.18, L.374 

I n d i a n   A f f a i r s  
Jack I .R.#3 
Lower Oregon 

I n d i a n   A f f a i r s  
Jack I .R. #2 
Upper  Oregon 

M.A. Landels S.28,  Tp19, R.24 

Water 
Source 

Lone  Tree C r .  

Cornwall Cr. 

Cornwall Cr. 
Cornwall  Cr. 

Cornwall  C r .  
Cornwall  Cr. 
Cornwall C r .  

Date - 
Apr.  27,  1865 

May 19,  1942 

Nov. 26, 1943 
Dec. 21, 1973 

Dec. 21, 1944 
Dec. 21,  1944 
May 18,  1966 

(1 .day”) 
Vol u r n  

4540 

4540 

11  350 

t 12300 ( i n d )  
1135 

1135 
3405 

18160 (wwks) 

Oregon Jack  Apr. 6, 1863  2270 
Creek 
Oregon  Jack  Mar.  8,  1867  4540 
Creek 
Oregon  Jack 
Creek Sept.  26, 1888 4540 
Nor th  Oregon 
Jack  Creek  Sept.  26,  1888  2270 . 
Oregon  Jack 
Creek Aug. 27, 1965  2270 



TABLE Dl-1 CONT'D 

DOMESTIC MUNICIPAL AND INDUSTRIAL USE WATER LICENCES 

THOMPSON R I V E R  (Between Wallachin and Lyt ton, B.C.) 1 

Water Source  Date - Volume ( l .day "1 

Thompson River 
Thompson River 
Thompson River 
Thompson R i v e r  
Thompson River 
Thompson River  

*Thompson River  
*Thompson River 
*Thompson River 
*Thompson River  

A p r i l  20, 1898 
Ju ly  17, 1915 
J u l y  3, 1962 
May 2, 1964 
March 8, 1968 
August 13, 1968 

November 18, 1968 
September 21, 1970 
A p r i l  21, 1975 
A p r i l  21, 1975 

* 
Denotes water   appl icat ion  on ly ,   not  a l i cence 

464900 
46490 ( Ind)  

1810775 (wwks) 
9790 
2446 

68271076 (mining) 

N.A. (mining) 
97880 (mining) 
73410 ( I n d )  

18409080 ( Ind)  

~ 

Integ-Ebasco,  Hat  Creek Pro jec t  - S i t e  Evaluation  Study,  October 1976 
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uri APPENDIX  E QUALITATIVE IMPACT ASSESSMENT MATRICES 
PAGE - 

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 B3 

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  to  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  these  areas  (Zones B and  C)  are  not  assessed. 

El- 1 
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- APPENDIX F1.0 

Ground Water Hydrology and Surface Water Hydrology 
Matrices, Notes and M - 1  Forms f o r  



APPENDIX F 

F1.0 

Tabl  e F1- 1 : 

Table F1-2: 

Form M-1: 

Form M-1: 

F2.0 

Tabl  e F2- 1 : 

Table F2-2: 

Table F2-3: 

Table F2-4: 

Form M-1: 

Form M-1: 

F3.0 

Tabl  e F3- 1 : 

Form M- 1: 

QUANTITATIVE IMPACT  ASSESSMENT MATRICES 

MATRICES, NOTES AND M - 1  FORMS  FOR GROUND WATER 
HYDROLOGY AND SURFACE  WATER  HYDROLOGY 

Q u a n t i t a t i v e   h p a c t   M a t r i x  - Ground  Water  Hydrology 

Q u a n t i t a t i v e   I m p a c t   M a t r i x  - Surface  Water  Hydrology 

Ground  Water  Sheets  1-4 
Notes on Matr ix   Given on M-1 Form F1-2 

Surface  Water  Sheets 1-5 
Notes:  Surface  Water  Hydrology F1-7 

F1- 1 

MATRICES, NOTES, AND M-1 FORMS  FOR GROUND WATER AND 
SURFACE WATER QUALITY 

Quan t i t a t i ve   Impac t   Ma t r i x  - Ground  Water Q u a l i t y  

Quan t i t a t i ve   Impac t   Ma t r i x  - Sur face  Water   Qual i ty  
Hat Creek  Area 

Quan t i t a t i ve   Impac t   Ma t r i x  - Sur face  Water   Qual i ty  
Bonaparte  River 

Quan t i t a t i ve   Impac t   Ma t r i x  - Sur face  Water   Qual i ty  
Thompson R ive r  

Ground  Water Q u a l i t y  Sheet 1 
Notes on  Ground  Water Q u a l i t y  

Surface  Water  Qual i ty  Sheets 1-5 

F2- 1 

MATRIX, NOTES, AND M-1 FORMS FOR  SURFACE  NATER USE 

Quan t i t a t i ve   Impac t   Ma t r i x  - Surface  Water Use 

Surface  Water Use Sheets  1-5 
Notes:  Surface  Water Use 

F2-2 

F3- 1 

F3-2 



E... 

TABLE F1-l 
Quant i ta t i ve   Impact   Mat r i x  

Ground Water  Hydrology 
Hat  Creek  Area 

Note: All va lues   a re   f lows  g iven   in  m 3 /d  (see  Note 1)  

Construct  ion  Operat  ion 
M i  ne P l a n t  O f f  M i n e  P lan t  

Decommissioning 

Water  Other S i t e  
A c t i v i t i e s  Supply 

Other Dewater- O f f s i   t e  
i ng F i l l i n g  of P i t  D ivers ions A c t i v i t i e s  

- 

Va l ley  - 1250 Amt ( I )  85 

+M -i.i - tn -n - +i 
G G - G G - G - Qual A1 l u v i a l  

100 1000 - 250 2000 - 
(2) 

nq", a = ,  , , I I p I L L  

Buried Amt 

-M -I Impact Aqu i fe r  

F F F F F - - F F Qual Bedrock 

400 300 20 115 300 - - 1350 300 

- - " +L 

G - - - - - G Qual Canyon 

- - - 700 - - 5 - - Amt Marble 

+M +M +I 

n-. . :c" - =x I " " C  (3)  

I impact I Aqul fe r  
+ I  I -  I - I + ' I - I  - I  - I 

Notes: ( 1 )  Values  given  are based  on  averages o f  ranges  given i n  M - l  form. 

(2 )   Qua l i t y  o f  Resource: explanatory  note No. 7 g i v e n   a t  end o f  M-1 form ( th is   appendix) .  

(3)  Impact  Signi f icance: see  explanatory  note No. 8 g i v e n   a t  end of M-l Form ( th is   append ix ) .  
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FORM Ml 

F G R O W  WATER 

PHASE A C T I V I T Y  

Preliminary  Water  svpply 
Site 
develoomenf I and disposal 

I 

:o"str"eLio" to offices 
water supply 

:onstruetion for mine and I water supply 

plant  camps 

I 

RESOURCE 

Coal  pit VAA 

I 
Coal  pit I 

Coal  pit 

North of 
coal  pit 

North of 
cos1 pit I BBCA 

North of 
coal p i t  

North of 
Coal  pit 

1 

"" 
HAT CREEK PROJECT 



operation Devatering cos1 p i t  I I 
Operation Canal base South and east I schfane I of pit 

I I 

Operation blending coal North of pit 
Stocking and 

130 

VAA 30-+70 m3/d M 2.2 G +I 

HCA 200+600 .'Id M 30 G +I4 J 



r" PHASE 

operation 
(Continued) 

F operation 

operation 

operation 

RESOURCE: GROUND  WATER N E A T -  HAT CREEK VfLLN - PAGE: 3 o f  4 - 
i 

RESOURCE X4OUNT RESOURCE IMPACT 

GEaERAL AREA CHCRACTER A b s o l u t e   U n i t  Accuracy Resource QUALITY  S!GNIFICANC  COWENT - 
( 3 )  ( 4 1  ( 5 )  ( 6 )  ( 7 )  ( 8 )  ( 9 )  (10) (12) 

I m3/d M 2 G +I 
j 

. 

1 n Id M 1s G +M 
3 

k 

L operation 

operation 

operation 

operation 

L operat ion 

Dvmping top 
soil 

Score bottom 
ash (Alt. I) 

Store fly ash 
(Alt. I)  

!iedicine Creek VAA j 10 -50 i 

I I 

Coal p i c  I I 15-so 

Upper Medicinel VAA 
Creek I 

Upper Medicine Vu 
Creek I 
Harry lake 4 0 r l Z O  

Creek 

- 
Harry Lake 

SS-rlSS 



PHASE A C T I V I T Y  GEWERAL AREA 

operation Store ash Harry Lake 

=I= 55.155 

BBCA 500*700 

- 

RESOURCE: CROWD __ UATEX A R E & : - L T  CREEK VALLEY - PAGF: _k of _4_ 



NOTES ON MATRIX GIVEN ON M - ' M  

1.  Phase: The phase o f  development f o r   H a t  Creek Coal P r o j e c t  

proposed. 

2. A c t i v i t y :   A c t i v i t y   t h a t  causes  the  impact  that has  been 

quan t i f i ed .  

3.  General  Areas: These are  the same as g j ven   i n   t he   ma t r i x   shee ts .  

4. Resource  Character:   lhese  refer to the  major  ground  water 

a q u i f e r s   o u t l i n e d  i n  the  Inventory   Repor t   (Sect ion 4.1 ( a ) ) .  

VAA = V a l l e y   A l l u v i a l   a q u i f e r  

BBCA Buried  bedrock channe'l a q u i f e r  

MCA = Marbl e Canyon a q u i f e r  

5. Absolute Amount: This, i s  the amount o f  ground  water, measured i n  

terms  of   changir lg  water  table  and/or  f low  regime,  that   could 

be   a f fec ted  by development i n   t h e   g i v e n  area. 

6. U n i t s :   U n i t s   o f  measurement are  f lows.  Changing  water  levels 

were  not easy tc l  q u a n t i f y   i n  a ma t r i x  form. 

7. Accuracy: The limits  of accuracy  are  speci f ied as follows:- 

D - Determined: A prec ise  va lue i s  g iven based on 

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

R - Range: No exact  s ingle  value  can be prov ided  bu t   the  

1 imi t s  of   the  range  wi th in   which  the  va lue will fa1 1 can 

be  prec ise ly   s ta ted.  

P - Predic ted:   Nei ther  an exact   va lue  nor   exact   l imi ts  can 

be   s ta ted  bbit a value can be prov ided based  on l i m i t e d  

knowledge, k.nown re la t i onsh ips ,   o r  any other  measure 



8. 

9. 

t h a t  will Flrovide a v a l u e   w i t h i n  a l e v e l  of accuracy 

acceptable to 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  khich 

the   resource  I s  categor ized. 

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 value i s  provided 

f o r  a scena, r io   representa t ive   o f  an assumed s e t   o f  

cond i t i ons .  

0 - Opinion: A v a l u e   i s   p r o v i d e d   f o r  which support ing  data 

i s  unavai lable.  However, the  value  represents  the  best 

judgment o f   the   p ro fess iona l   ass igned to study  the 

resource. 

I n  cases  where no data on the amount o f   resource   a f fec ted  

can be prov ided,   the  lack  o f   numer ica l   data i s   s p e c i f i e d  as 

fo l l ows : -  

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

U - Undetermined: An amount  has no t  been determined. 

Percentage  of Resourc:e: The percentage  o f   the  to ta l   resource 

w i th in   t he   genera l   a rea   t ha t  will be a f f e c t e d  by the 

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  to 

the  loca l   aqui fer   and/or   ground  water   f low system. 

Resource Q u a l i t y :   L e v e l s   o f   q u a l i t y  have been assigned to the 

a f fec t f td   resource   us ing   the   fo l low ing   le t te r   des ignat ions : -  

0 - Outstanding;  unique;scarce,  rare,  endangered 

H - High; much above  average q u a l i t y  

G - Good; average  qua l i t y  

F - F a i r ;  somewhat below  average  qual i ty 

P - Poor; s u b s t a n t i a l l y  below  average  qual i ty 

F1-3 
- 



I - Indeterminant ;   qua l i t y   cannot  be determined 

U - Undetermined; t h e   q u a l i t y   o f   t h e   r e s o u r c e  has no t  been 

determined. 

10. Impact  Signi f icance: The impact   s ign i f i cance 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 t h e   p r o j e c t  on the  resource.  Beginning 

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 determinat ion has 

been made o f  resource amount and resource   qua l i t y   f o l l ow ing  

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

Let ter   des ignat ions  have been used to designate  impact 

l e v e l s  so as to 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  

va lue  sca l ing.  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  1 oh's : - 
E - Extreme 

H - High 

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  eac :h l e t t e r  i s  - ve i f  water i s  lost  and 

+ ve i f  there  i s  a ga in to the  ground  water  resource. 

12. Comments : 

a )   t h e   a l l u v i a l   a q u i f e r  i s  hydraul ica l ly   connected to Hat Creek 

and  hence a minor   reduc t ion   in   the   f low  in   the   c reek   wou ld  

occur. 

b )  the  water  supply  would  require  about 10 m3/d. However, 

about 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   o f   t h e  same 

a q u i f e r  and hence net  impact i s  a loss   o f   about  2 m3/d. 

F1-4 



t h e   q u a n t i t y  o f  water pumped was about  320 m3/d of t h i s  

t o t a l  flow, 95 percent   wou ld   re tu rn   to   th~e  g round  water .  

Only 16  m3/d i s   l o s t .  

Bu lk  sample  Trench “E“ was very   c lose  to Ha t  Creek and the  

so most of th is   water   wou ld  have come i n d i r e c t l y   f r o m   t h e  

creek. 

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  by c a l c u l a t i n g  a 

weighted  average  impact  on  each o f  t he  two a q u i f e r s  

a f fec ted .  

The values  giveln assume t h a t  a we1 1 near   the  o f f ices  would 

supply  the  wate,r.  

T h i s  assumes t h a t   t h e  seepage  from  the sewage disposal  

f a c i l i t y  reaches  the  ground  water  table i n  the   bu r ied  

channel   aqui fer .  

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 we 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  area, it 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  of 1800  m3/d cou ld  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  channel   aqui fer  and we have assumed tha t   t he   wa te r  

would come f rom  th is   source.  

The es t imated seepage losses  from  the  ditch  range  between 50 

and 150 m3/d/km. However, t h i s  seepage loss   on ly   occurs  

w h i l e   t h e r e  i s  water i n  the  d ivers ion  d i tch.   About  400 

m3/d cou ld  be  expected to be l o s t  on  average  throughout 

the   yea r .  

T h i s   e s t i m a t e   i s  for ground  water  seepage  only and  does no t  

i n c l u d e  seepage losses  through  the embankments which  would 

be  p icked up on the   su r face   wa te r   co l l ec t i on  system. 

F1-5 



k )  This  seepage i s   l i k e l y   t o  be very  var iable  depending on the 

season.  300 m3,ld i s  the maximum average monthly. 

discharge. However, there  would  general ly be no f l o w   i n  

t h i s  channel f o r   a t   l e a s t   s i x  months of   the  year .  

1 )   Th is  seepage would  f low  toward  the  Medicine Creek Va l l ey  and 

then  westward to the  Hat Creek Va l l ey  where i t  would  enter 

t h e   a l l u v i a l   . a q u i f e r .  

m) These values  include  both  ground  water  f lows and surface 

waters  which have come th rough  the   re ta in ing  embankments 

and/or  the ash pi les  but   not   entered  the  ground  water  table.  

These surface  water  f lows  are  included  here as much o f   t h e  

l o w   f l o w   i n   H a r r y  Creek  seeps down to  the  Buried  Bedrock 

Val ley  Aqui fer .  
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FORM Ml HAT CKECK PROJECT 

-: Surface  Water  Hydrology - A R F A :  *reek - PAGE:  1 O f  5 

COMEhT 

(11) 

Note 2 and 3. 

Construction  water  supply. 
Note 4 

Storm runof f   on ly .  
b t e s  i and 3. 

Fac i l i t i es   a re   d i spe rsed  and o f  
smal l   areal   extent.  

PIiASE 

(1) 

Construction t" Mine  Hat Creek 

SUPPlY 

Runoff 

Construct ion Runoff 
I I I I I 

1 0 ~ ~ ? ~ ~ - ~  M +1 P +I Construction Runoff I t130 
A c t i v i t i e s  

Construction O f f s i t e  Hat  Creek Runoff 
V O l  ume 

+(<loo) 

Operation 
:low from  dewater ing  wel ls and 
l i n e  seepage would reach Hat 

t m w  

l o te  5 

Mine - Hat  Creek 

P lan t  Hat  Creek 

Runoff 
Volume 

Runoff 

Runoff 
Volume 

Runoff 
Volume 

Operation 

Operation 

I 
h t e  6 

Operation O f f s i t e  
Diversions 

Hat  Creek qote 7 

Operation 
' ac i l i t i es   a re   d i spe rsed  and of 
;mall   areal  extent Runoff 

Volume 
+(<loo)  



FORM H1 IIAT C R E W  PI:O.ICCT 

-: sur face  Water HydmlogY AREA: Hat  Creek - PAGE: 2 of 5 

PllASE ACTIVITY 

I P i t  
ing 
Decomission- F i l l ing   o f  

-"- Construction Mine 

Construction  Plant,  Water I SUPPIY 

A c t i v i t i e s  

Hat Creek Runoff I Volume I 
I , 

Hat  Creek I ?off I -1260 
I 

I I 

Hat  Creek Stream I llorphology 

Elorpholow 

Morphology, 

km I I I  changes. 
Flow too  small   to   cause  detectable  

D -9 Destruction of 5 km o f  Medicine 
F " 

camp. channel 
Creek channel,   out  of 55 km Of 

Only loca l   in te r fe rences   wi th  

e t c  . km D - ( < I )  F -L strealn  channels for dams. culver t :  



FORA H1 XAT C U I X  PROJECT 

RESOURCE: Surface  Water  Hydrology AKE4: Hat Creek 

Operation 

Operation 

Operation 

Operation 

Operat ion 

Decomission- 

Decomission- 

ACTIVITY GENERAL ARE4 

Mine  Hat Creek 

A c t i v i t i e s  

Plant   Hat  Creek 

I 
Offs i te  I Hat  Creek 
Divers ions 

I 

Of fs i t e ,  

F i l l i n g   H a t  Creek 

Other  Hat Creek 
A c t i v i t i e s  

rlorphology 

lorpholagy 

Stream 

Morphology 
Stream 

D 

D 
- 

D 

T 

'+ 

PAGE: Of 5 

No f lows  are added 

The mine a f f e c t s  21 km of Hat 

mod i f i ca t i ons  and S i l t a t i o n .  
Creek i n  minor way through  f low 

No discharges from the   P lan t .  
Note 10 

The d i v e r s i o n   e l i m i n a t e s  a f u r t h f  
4 km of  Hat Creek.  beyond the 5 k 
el iminated  by  the mine. 

On ly   l oca l   i n te r fe rence   w i th  
sow stream  channels (darns, 
cu l ve r t s ,   e t c . )  

7 km o f  Hat  Creek  re-establ ished. 
23 km f u l l y   r e g u l a t e d  

Other   d ivers ions  to   remain i n  
p lace   bu t  1 krn o f  Medicine  Creek 
re-establ ished 



FORM nl HAT W E T I (  YROJiiCT 

RESDLIRCE: Surface Water  Hydrology AREA: Hat Creek 

Operation  Mine  Dewater-  Hat Creek  Lakes 
i ng Note 11 

0 

Operation  Other Mine Hat  Creek Lakes 
A c t i v i t i e s  Note 11 ' 

0 

Operation  Plant  Note 11 
Hat Creek Lakes 0 

I I The lagoons  are not considered 
t o  be lakes. 

pond are  not  lakes. 
makeup water reservoir  and I 



FORH H1 

R-: Surface Water  Hydmlogy - AREA: Hat  Creek 

FeASE ALTIVlTX I QU&LITX CHAM.CTERIS'I'E GENERAL AREA 
RESOURCE RESOURCE AMOJNT 

(Note 1) A b s o l u t e  UniL A c c u r a c y  7. KeSourCe 

(1) (9) ( 8 )  ( 7 )  ( 6 )  ( 5 )  (4 1 (3)  ( 2 )  

Operation F i 2 7  D ha +14 Lakes llat Creek Offsite 
Diversions Note '11 

- PAGE: -5" 0 5  5 

IMPACT 

The  two reservoirs of the 
Hat Creek diversion are permanent 
and m i a h t  be considered lakes. 

i I 
t- 

D t433 
F 

"--i I I 

Filling of p i t  

Finney  and Aleece Lake are 
assumed to be  permanently drained 



NOTES: SURFACE  WATER'HYDROLOGY 

1. The "Hat  Creek  Area" i:s assumed t o   i n c l u d e   t h e   e n t i r e  Hat  Creek drainage 

bas in  to .   the  conf luence  wi th   the  Bonapar te  River .  
m 

d 

3 

ipl 

3 

m 

d 

ul 

3 

2. Only mean annual   runof f   is   cons idered,   assuming '   that   more. runof f  
c o n s t i t u t e s  a pos i t i ve   impact .  

3. Absolute  values  are  est imates  of   the  increased  runoff ,   assuming 22 mm 
f o r   d i s t u r b e d   s u r f a c e s ,  6ased  on the   d i f f e rences  between  water  balances 
f o r  100 mm and  200 mm so i l   s torage  (Table  81-2) .  

4. It i s  assumed t h a t   t h e   c o n s t r u c t i o n   w a t e r   s u p p l y   i s   d e r i v e d   f r o m  deep 
w e l l s   o r   f r o m   s u r f a c e   w a t e r s   o u t s i d e   o f   t h e   H a t  Creek  basin and t h a t  
75 p e r c e n t   o f   t h e   f l o w   e v e n t u a l l y  becomes an a d d i t i o n   t o   H a t  Creek  flows. 

5. Th i s   re fe rs   t o   t he   t ime   nea r   comp le t i on   o f   m in ing ,   w i th  1370 ha i n   t h e  
p i t  and i n  the  Houth Meadow  dump c o n t r i b u t i n g   a t  100 mm and 800 'ha 
o f   o t h e r   d i s t u r b e d   g r o u n d   c o n t r i b u t i n g   a t  22 mm. 

6. Wi th   the  p lant   area,  make-up water   reservo i r ,  and  ash pond,570 ha will be 
withdrawn  f rom  the  drairnage  area  contr ibut ing  to  Hat  Creek.  Runoff  a t  

E l .  1300 i s  approximately 42 mm accord ing   to   F ig .  4 - 39. Medicine 
Creek i s  assumed to   be   d iver ted   a round  the   ash  pond, n o t   t o  'MacLaren 

Creek. 

7. The pr ime  d ivers ion sc:herne does n o t   a f f e c t   r u n o f f   s i g n i f i c a n t l y   b u t   t h e  

a l t e r n a t e  scheme with  $,torage  would  have a major  impact  on  the  t ime 
d i s t r i b u t i o n   o f   H a t  Creek  flows. 
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a. 

9. 

10. 

11. 

The t i m e   d i s t r i b u t i o n  o f  runof f   cannot   be  reduced  to  one o r  a few 
numbers y e t  i t  needs t o  be considered i n   t h e   q u a n t i t a t i v e   m a t r i x .  If 
o n l y   " r u n o f f  volume" i s  shown, because i t  happens t o  be q u a n t i f i a b l e ,  

the   e r roneous  p ic tu re   o f  a genera l l y   bene f i c ia l   impac t  o f  t h e   p r o j e c t  

on  the  resource  "sur face  runof f "   appears.  

A major   por t ion  o f   Medic ine  Creek ' is   a lso  be ing  dest royed,   but   s ince 
t h e   t r i b u t a r i e s  t o  Ha.t Creek cannot   read i l y  be  lumped w i th   Ha t  Creek 
and a r e   o f   l e s s   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 .  

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  pond  does 
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 t h e r e   i s  no na tu ra l  

Medicine  Creek  channel l e f t  below  the  ash pond. 

The main  lakes i n   t h e  Hat  Creek  drainage  (and  their  areas i n  ha)  are 

B lue   Ear th  (6) ,  Parke (4),  F i sh  Hook (6), Finney (16), Aleece (4 )  and 
Gal lagher (6) .  Several  other, unnamed l a k e s   o f  one t o  two hectares i n  
area  have a combined  area o f   approx imate ly  10 ha, f o r  a t o t a l   o f  52 ha. 
The resource i s   o f   r e l 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 few k i l omete rs   o f   t he   Ha t  Creek 

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 ,  MacLean and  Bedard  Lakes. 
Lake  area  given  here  are  rough  est imates  only  as  there i s  cons iderable 

c o n f l i c t  between d i f f e r e n t  maps.  The la rge-sca le  maps tend   t o   i nd i ca te  
l a rge r   l ake   a reas   bu t   on l y  a few  lakes  are  included i n  t he   l a rge r -sca le  
mapping. 

- 
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Matrices, 
- APPENDIX F2.0 

Notes, and M-1 Forms fo r  Ground 
and Surface Water Quality 

Water 

- 
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TABLE'FZ-1 QUANTITATIVE IMPACT MATRIX - GROUND WATER QUALITY 
HAT  CREEK  AREA 

RECLAMA- 
TION 

00 t o  700 

U 

- 



~ ~~~~~ 

TABLE F2-2 QUANTITATIVE  IMPACT  MATRIX - SURFACE  WATER  QUALITY 
HAT  CREEK  AREA 

PHYSICAL  AMOUNT 
QUALITY 

CHEMICAL  AMOUNT 
QUALITY 
IMPACT 

I AMOUNT QUALITY 
IMPACT 

~~ 

I 

CONSTRUCTION 

MINE 

W 

0 4 ,- 
g ;(II 2 

0.018 

0.018 

0.018 

I LIECOM. 
OPERATION 

~ 

-H 

- 

W 
z 
n m  

m a  
.xn 
55% 
W 
> '  
0 

- 
1.087 

G 
-L 

0.087 
G 
-H 

- 

- 

- 

MINE 

W 
-J 

4 -  4 v  
w wn.  

bn. 
O Y  v u  

I 

-1 ny 

!- o w  
v, - I C  
0 3  

m 
4 
3 

1.09 0.42 
G G 
. I  -I  

l- 
IP 

-1 

5 1Lz z 
O w -  w o  
(L m * ?I) 2 
n 5 
x 4 -  0 

c >  -1 

ln 
4: 

zca w a 

1.21 0.12 
G G 

-I  -E 

0.21 

G 
-I 

U 
G 

-E 



TABLE F2-3 QUANTITATIVE IMPACT  MATRIX - SURFACE  WATER QUALITY 
BONAPARTE RIVER 

CONSTRUCTION 

MINE 

a 
W 

31 
u z 

PI w 
4 

=CY 
- 

n m  

2 4 .s 
e 
n n 

v) - 

0.12-4.0 

G 

- I  

1.12-4.0 

G 
-L 

PLANT 

W u 
ZI a 

za 

v) 

D 

ne 

5 2  
Y 

.12-4.0 

G 
-1 

1.12-4.0 

G 
-1 

OPERATION 

I 
MINE 

-7- I 

0.24- 

-L 

+ OFFSITES 

z 

5 

Y Z  

2 

E 
W 

Z Z  

w o  w -  
C T v )  
VPI 

-2- 
W 5 

u 
n: 

0.24-4.0 

G 
" 

1.24- 
1.0 
6 
-L 

ECOMIS- 
, IONING 

z 

c 
4 
E 

E 

1.24-4.0 



TABLE F2-4 QUANl 'ITATIVE IMPACT MATRIX - SURFACE  WATER  QUALITY 
THOMPSON  RIVER 

PHYSICAL  AMOUNT 
QUALITY 
IMPACT 

CHEMICAL AMOUNT 
QUALITY 
IMPACT 

BIOLOGICAL AMOUNT 
QUALITY 
IMPACT 

I 
CONSTRUCTION  OPERATION 

I 
2.0-16.0  2.0-16.0 

- I   - I  

2.0-16.0  2.0-16.0 

DECOMISSIONING 

2.0-16.0 
G 

-I 





3 

@ 

u 

d 

ty 

J 

w 

beak - 

NOTES: GROUND WATER QUALITY - 

1. Parameters o f  1eachal;e q u a l i t y   t h a t  exceeded PCB G u i d e l i n e s   o r  were 

unusua l ly   h igh   inc lude  a rsen ic ,  chromium, copper,   i ron,   d issolved 
so l i ds ,  and pH. These were  considered i n   t h e   i m p a c t  assessment. 

The l e a c h a t e   f l o w   p e r c e n t   o f   t h e   t o t a l   a q u i f e r  was assumed t o  be 

20 percent  as determined  by  Golder. 

The leachate and ex i s , t i ng   acqu i fe r   qua l i t y   were  used to   es t ima te   t he  
f i n a l   a c q u i f e r   w a t e r   q u a l i t y .  These values  were compared t o   t h e  
Canadian Dr ink ing  Water  Standards in   eva lua t ing   the   impact .  

2, The q u a l i t y  and q u a n t i t y   o f  seepage t o  the  ground  water  from  the 
Medicine  Creek dump will produce i n s i g n i f i c a n t   i m p a c t .  

3. Q u a l i t y   o f   p i t   w a t e r  and buried  Bedrock Channel Aqu i fe r  unknown 
and therefore  impact   indeterminant .  

- 
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FORH M1 HAT CREEK PP.0JECT 

-: SURFACE  WATER QYAlJlY AREA: HAT  CREEK 

ACTIVITY GEIIEPJLL ARER 

CONSTRUCTION MINE-LhND HAT  CREEK 
DISTURBANCE 

CONSTRijCilON MINE-PIT HAT CREEK 
DEWATERING 

CONSTRUCTION MINE-PIT HAT CREEK 
DEWATERING 

DEWATERING 
HAT CREEK 

I I STOCKPILE I CONSTRUCTION  MINE-COAL  HAT  CREEK 

I I 

CONSTRUCTION GRADE WASTE  HAT CREEK 
NINE-LOW 

STOCKPILE 
I , 

OFFSITES - 
DISTURBANCE 

HAT CREEK 

' 

T 

I 

100 I G 

___I__ 
loo I 
100 1 G 

-."-- 

t 

" I Increased  suspended  sol ids i n  
Hat  Creek due t o  mine  construc- 
t i o n   a c t i v i t i e s .  1 
Impact due t o   i n c r e a s e d   t o t a l  
suspended s o l i d s   i n   H a t  Creek. I 
Impact due t o  i n c r e a s e d   t o t a l  
d i sso l ved   so l i ds  i n  Hat Creek. 

-L 
Impact due t o   i n c r e a s e d  amnonia 
and BOD, i n  Hat  Creek from 
blast ing.  I I 

I 

-I 
Assume no d ischarge  to   Hat  
Creek. 

I 

- I  
Asrune no  d ischarge  to   Hat  
Creek. 1 

I 

" I Hat Creek due t o   o l a n t  con- 
Increased  suspended  sol ids i n  

I s t r u c t i o n   a c t i v i t i e s .  I 

the  Hat  Creek Diversron. 
S t r u c t i o n   a c t i v i t i e s ,   e s p e c i a l l y  



FORH Ml 1U.T CY.EI:K PltOJECT 

R-: SURFACE  WATER QUALITY AKFA: HAT  CREEK 

OPERATION 

OPERATION 

OPERATION 

ACTIVITY GENEUL AKFA CHAIlACTERISI 
RESOURCE 

MINE  HAT  CREEK P H Y S l C A i  
DEWATERING 

DEWATERING 

DEWATERING 
I I 

MINE - OVER- I HAT  CREEK I PHYSICAL 
BURDEN  DUMPS 

MINE - OVER- HAT  CREEK  CHEMICAL 
BURDEN DUMPS I 

1 I 

MINE - LAND I HAT  CREEK I PHYSICAL 
DISTURBANCE 

MINE - COAL  HAT CREEK CHEMICAL 
STOCKPILE I I 
MINE - LOW HAT CREEK  CHEMICAL 
GRADE WASTE 
STOCKPILE 

0.030 "13.5-1 P 100 G 

0.030 m3.s-l  P 100 G 

0.030 m3.s" P 100 G 

I + 
" 

" 

" 

" 

" 

" 

" 

L 

- PACE: 2 of 5 

ZWPACT 
IGNtPICAh C O W ! ? ?  

-L 
E leva ted   leve ls  o f  suspended 
s o l i d s   i n   H a t  Creek. 

-H I Increased  leve ls  of t o t a l   d i s -  
ro!ved s o l i d s   i n  Hat  Creek. 

I 

-H 
Reduced dissolved  oxygen Concen- 

creased BOD, ana a m n i a  
t r a t i o n   i n  Hat Creek  due t o   i n -  

I 
Inc reased  leve ls  of suspended 
s o l i d s   i n  Hat Creek. 

and t o t a l   d i s s o l v e d   s o l i d s   i n   H a l  
Inc reased  leve ls  of C r ,  Cu, fe, 

Creek. 

Increased suspended s o l i d s  I n  

t i o n   a c t i v i t i e s .  
" Hat Creek  due to  mine COnStruC- 

I 

-I 
Assume no discharge t o   H a t  Creek. 

1 

-I 
Assum no discharge t o  Hat  Creek 



FORM MI HAT CP.Elx  I’P.O.lEcT 

-: SURFACE HBIEBounl TTY ARFA : HAT CRFFK 

(11) 

Assume no discharge to Hat 
Creek. 

Impact  due to  substantial Hat 
Creek  temperature increase. 

Increased nutrient load due 
to fertil izers.  



FORU Ml HAT CKEEK PI:n.lm 

-: SURFACE WATER QUALITY ARFA: 

r RESOURCE 
CHILRACTERIST 

(4 ) 

;.IGNfFICAlG 
IMPACT 

COMELENT PlIASE A C T I V I ' R  

(1) 

DEWATERING 
MINE - P I T  XNSTRUCTION 

(2) 

EONAPARTE 
RIVER 

CHEMICAI 0.12 - 
4.0 

m 3 . ~ - 1  I R  total  dissolved  solids. 

CONSTRUCTION  MINE, PLANT, I OFFSITES-LAN1 
DISTURBANCE 

EONAPARTE 
RIVER 

PHYSICAL 0.12 
4.0 

- I  Impact  due to increased sus- 
pended solids. I 

BON4PARTE 
RiYER 

PHYSICAI 0.24 - 
4.0 

j vended solids. 
Impact due to increased suS- 

Impact due mostly to increased 
dissolved  solids. 

100 

R m3.s-1  

OPERATION I MINE - P I T  
DEWATERING 

BONAPARTE 
RIVER 

CHEMICAL 0.24 - 
4.0 

"F m3.s"  
OPERATION I MINE - @YE& 

BURDEN 
BONAPARTE 
RIVER 

CHEMICAI 0.24 - 
4.0 

-L Impact  due to increased metals 
and dissolved  solids. I R m3.s" 

I 

" 
ture. 
Impact due to increased tempera- + OPERATION OFFSITES - 

HAT CREEK 
DIVERSION 

EONAPARTE 
RIVER 

PHYSICAL 0.24 - 
4.0 

I EONAPARTE 
RIVER 

EIOLOGICAL 0.24 - 
4.0 fert i l izers .  

Increased nutrient load due to 

I 



FORM Ml ILAT CREEK PXOJECT 

R-: SURFACE WATER Q U A L I N  ARUL: THOMPSON RIVER - PACE: 5 of 5 



Water Ma t r i x ,  Notes, 
APPENDIX F3.0 

and M-1  IForms f o r   S u r f a c e  
- 

Use 

- 
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\ 

\ A C T I V I T Y  

R E S O U R C E  \ 
? I 

L I V E S T O C K  

AMOUNT 

R R I G A T I O N  

IMPACT 

TABLE F3-111 QUAI4iITATIVC EU\TRIX - SURFACE HATER USE 

C O N S T R U C T I O N  I 

ALL STUDY 

/_1 
-L -L 



\ A C T I V I T Y  

R E S O U R L E  

I 
I AMOUNT 

. I V E S T O C K  
QUALITY 

AMOUNT 

R R I G A T I O N  

IMPACT 

TABLE F3-112 QUAlUITATIVE  HATRIX - SURFACE WATER USE 

O P E R A T I O N   D E C O C M I S S I O N I N G  



FORM HI IU? CXErK Pi:3JEcT 

R_ESO~~P\CE: Surface  Water Use ARUL: All Study  Areas 

PHASE 

(1) 

Construct ion 

Construct ion 

Construct ion 

Construct ion 

)perat ion 

)perat ion 

ACTIVIlY 

(2)  

Mine - Land 
A l i e n a t i o n  

Finney S Ale  
Lake  Dewater 

P lan t  - Land 
A l i e n a t i o n  

Land 
Of f s i t es  - 
A l i e n a t i o n  

Mine - Coal 
Stockp i l e  
Leachate 

Mine - 
Drainage 

GENERAL AREA 

(3 ) 

All Study 
Areas 

e All Study 
7 Areas 

A l l  Study. 
Areas 

All Study 
Areas 

Sub Region 
, I  

Sub Region 
11 

T 
Livestock 1 238; 

Livestock 

L ivestock & 
+ Livestock  Note 2 

Livestock  Note 2 - l '  

Note 1 I G  
--"-- 

& 
i p; i 

1" Note 1 

t 

-L 

- L  

- L  

-L 

-L 

-L 

PAGE: 1 of 5 

COIWhT 

(11) 

Loss of Watering  Sites 

Loss of Water ing  Si tes 

LOSS o f  Watering  Sites 

Po ten t i a l   Unsu i tab le   D r ink ing  
water 

P o t e n t i a l   U n s u i t a b l e   D r i n k i n g  
Water 



FORM M1 IN? CREEK PROJECT 

B: Surface Water Use AREA: Hat Creek Drainage 

RESOllRCE IMPACT 
QlIAL11Y SlGNIFICAA' ,. GUMEhT 1 AMOUNT 

PILLSE ACTIVIIY 

(9) (10) (11) 

G - M  Al ienat ion o f  I r r i g a b l e  Land Sub-Region 
I 1  

I r r i g a t i o n  
Note 3 

31 

Sub Region 
I 1  

I r r i g a t i o n  
Note 3 

I D  
I I 

G 1 - L  I Al iena t ion   o f   I r r i gab le  Land 1 
I 

G - L  Storage Loss 
I I I 

Sub-Region 
I 1  

I r r i g a t i o n  
Note 3 

4 Construction  Finney Lake I Dewatering 
___t I I I 

Sub Region 
I1 

I r r i g a t i o n  
Note 3 

4 G I -L I Al ienat ion of I r r i g a b l e  Land I 
Ash Disposal I I 1 i O f f  sites-  

Construction Hat Creek 
Diversion 

construction  Hat Creek 
Off s i t e s -  

Diversion 

Sub Region 
3 1  ha.m.yr- 

I r r i g a t i o n  

I r r i g a t i o n  

Note 3 
1 

Note 3 
6 

Note 3 
4 

3 
lw.e.3- 

Note 3 
12 

G - I  Al iena t ion   o f   I r r i gab le  Land 

I I 

Sub Region 23 
Note 2 

ha.m.yr-' D , 
1 I 

Finney 
G -L 

Conveyance Disruption  (Excludes 
12 ha. m.yr-I also  alienated  by 
Finney Lake dewaterinsl 

I I 

I r r i g a t i o n  

I r r i g a t i o n  

I r r i g a t i o n  

Sub Region 
I1 

Sub Region 
TI 

Sub Region 
Ill 

Note 2 

A l i ena t ion   o f   l r r i gab le  Land 

A l i ena t ion   o f   I r r i gab le  Land 
Hat Creek 



FORI! Hl H i T  CREZB PlilJECT 

-: Surface  Water Use APS.8.: As noted 

I 
RUSE ACTIVITS 

Construction Road I Main Access 

I 

Booster Puml 
S ta t ion  I 

Construction 

Airport 
S i t e  C 

Construction 

Operation  Control 
I Dust 

--"-- 
Operation Headworks I Reservoir 

Mine P i t  
Seepage 

Bonaparte, 
Cornwall And I I r r i a a t i o n  1 17 

Bonaparte, 
Cornwall And 1 I w i a a t i o n  1 2 I ha.m.vi '  I D 
Oregor: ? x ?  I I I 
StudvAreaS 
Bonaparte, 
Cornwall And 
Oregon Jack IPPigation 2 .  ha. m .yr D 
Study Areas 

Cornwall And 
Bonaparte, 

- 1  

-1 

n Jack I r r i g a t i o n  33 ha.m.yr D 
-1 

nl Fa> 

Sub-Regions I r r i g a t i o n  
I e I1 

ha.m.yr D -' 

Sub-Regions I r r i g a t i o n  0-21 ha.m.yi l  
I e I 1  

R 

1 
Note 3 1 G I - L  /Al iena t ion   of  

I r r i g a b l e  Land I 
2 I G  

I I 

-L Al ienat ion o f  I r r i g a b l e  Land 
Note 3 

I I 

?!3tC j I G 1 - I  IA l i ena t ion   o f   I r r igab le  Land I 
I I I I 

"-i I I I 
Note 3 

<1 I I - ]  I I Alienat ion of I r r i g a b l e  Land 

Note 3 I G 1 -L 1 Alienat ion of I r r i g a b l e  Land I 

Note 3 Projec t  Use Evaporation 

Note 3 
1 

G -1 Surface  Evaporation 

1 G - I  Surface  Evaporation 
Note 3 

Note 3 
1 4  I I--L I Based Spec i f ica t ion  on Maximum  Pump Capacity I 



RESO(IRCE: Surface Water Use Am: Hat  Creek  Drainage - PACE: 4 oi 5 

RESOWCE IlMOllIiT I RESOlXCE IMPACT 
R U S E  A C T l V l n  GENERAL ARUL CHANLCTERIST!; Q t i A L l n  S I G l i i F I C A N i Z  

AbS01"re Unit Accuracy 7. Resource 

(2)   (3)  ( 4 )  ( 5 )  ( 0 )  (7) (8) ( 9 ,  (10) (11) (1) 

COE!Il\T 

Operation  Dewatering Sub Regions Irrigation 0-21 ha.m.yr R 
P i t  R i m  

Diversion I 6 I 1  Note 3 
$ 4  Based on Maximum Pump Capacity 

G - I  Specification 



FOU! M1 IIAT CREIX P1:OJiCl 

ItESOUKCE: Surface Water Use AREA i All Study  Areas PhGE: 5 oi 5 - 

I RESOUKCE 
CHARIICTCRISl 

(4 1 

AMOUliT IMPACT RESOURCE 

Absolute 
~ i SIGNITICAh Q U A L l n  

unit A C C ~ T ~ W  % mesource 

00" (1U) 
1 

Note 3 t L  G 

30 
Note 3 +H G - 

4 "*- 1 .."" _I G tL 

Note 3 
1 

G I tL 

24 
Note 3 

G 

Note 3 

+H 

19 
I +H G 
- 

- G +M , 

COIIMEhT 

(11) 

Available  Staraqe 7 ha.m.yr 

Decomnission- 
ing 

P i t  R i m  
Reservoir 

All  Study 
Areas I I r r i g a t i o n  

Max. 
25 

Available  Storage 
P i t  Lake R11 Study 

ceases Areas 

Plant  A11 Study 
Reservoir Areas 

k c o m i s s i o n -  
ing 

Oecomirsion- 
i ng 

I r r i g a t i o n  

I r r i g a t i o n  

1035 
Max. 

Max. 
10 

Projec t  Use Stops 

Project  Use Stops 

Wailable   Storage 

Decomnission- 
ing 

I r r i g a t i o n  
Max. 

21 

830 
Max. 

Decomisrion- 
i ng 

I r r i g a t i o n  

I 

SUPPlY 
Pipe l ine  I A l l  Study 

Areas lva i lab le  Supply 
Decomnission- 
i n g  

Decormission- 
i ng 

I r r i g a t i o n  

I r r i g a t i o n  

650 
Max. 

- 
-."-- 

lva i lab le   S torage  

Decomnission- 
i ng 

I r r i g a t i o n  213 
Max. h a i l a b l e   S t o r a g e  

I 



NOTES: SURFACE WATER USE 

1. 

2. 

3. 

4. 

Based on  "Probable Use" Case Grazing Land wi'thout  Project,  Hat  Creek 

drainage  only.  

Appears t o  be eas i l y   t n i t i ga ted .  

Based on "Probable Use" case w i thou t   t he   p ro jec t .  

Would a l s o   a f f e c t  Sub-Region 111. 

U U J  F3-2 


