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" A p a r t f rom s l i g h t s e a s o n a l and g e o g r a p h i c a l v a r i a t i o n s , the c o m p o s i t i o n 

o f the w a t e r i n the ( F r a s e r ) r i v e r system i s v e r y u n i f o r m . Water t u r b i d i t y 

however , v a r i e s g r e a t l y w i t h s t ream f l o w and shows a l a r g e i n c r e a s e d u r i n g 

s p r i n g . " 

B r i t i s h C o l u m b i a Research C o u n c i l 1952 

V 



A b s t r a c t 

Water q u a l i t y d a t a c o l l e c t e d over a 21 month p e r i o d from t h i r t y - o n e s i t e s 

w i t h i n the F r a s e r R i v e r b a s i n upstream from Hope are a n a l y s e d . These data 

were found t o be skewed, making c e n t r a l tendency s t a t i s t i c s inadequate . 

N a t u r a l l o g a r i t h m i c t r a n s f o r m a t i o n o f the data proved to be a p a r t i a l s o l 

u t i o n . 

U s i n g c l u s t e r a n a l y s i s t e c h n i q u e s t h e s e 31 s i t e s were found t o form 

c l u s t e r s o f s i t e s which had s i m i l a r p r o p e r t i e s . These groupings were 

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

Three types o f parameters were found t o e x i s t ; some be ing d i r e c t l y r e l a t e d 

t o d i s c h a r g e ; some be ing i n v e r s e l y r e l a t e d t o d i s c h a r g e , and some being 

independent o f d i s c h a r g e . The r e l a t i o n s h i p s w i t h d i s c h a r g e are n o n - l i n e a r 

and are b e l i e v e d t o e x h i b i t a seasonal d i f f e r e n t i a l r a t e o f t r a n s p o r t 

thought to be h y s t e r e s i s . 



CHAPTER 1 - INTRODUCTION 

The water quality of the Fraser River system from Hope to the headwaters 
in the Rocky Mountains was examined by the Water Quality Branch, Pacific 
and Yukon Region,, between April 1975 and December 1976. The program was 
initiated to examine variations in water quality at different locations 
within the river system and to provide a basis for establishing water 
quality objectives for the basin as a whole. The primary aims of the 
study were tor 

T. determine the degree of uniformity in water quality within the system; 

2. examine techniques to subdivide the basins into sections with 
similar chemical conditions; 

3.. examine interdependence amongst- water quality parameter; and 

4. identify relationships between water quality parameters and discharge. 

Based on data from a- Targe number of manstream and tributary stations 
an attempt was made to divide the Fraser River system into segments with 
common chemical properties. Differences between mean concentrations; 
inter-dependence amongst chemical parameters, and relationships between 
chemical properties and discharge were investigated in the hope of gaining 
a better understanding of the mechanisms affecting water quality within 

the system. 

A project which attempts to evaluate a large number of rivers on a 
synoptic basis is faced with a: number of limitations. In this study, 
time limitations affect two aspects of the study. Since the period of 
data collection was limited to twenty-one months, one could question the 
manner in which the data represents a broader time period. This is a 
limitation which affects all such studies, and one must be content with 
the data as the best available. The second limitation with respect to 



V 

t ime i s t h e p o t e n t i a l f o r temporal v a r i a t i o n to e x i s t both a t a p a r t i c u l a r 

s t a t i o n , and between t h e v a r i o u s s t a t i o n s . Sampling o f the 31 s t a t i o n s 

n o r m a l l y took f i v e days i n summer and s i x i n w i n t e r . We have had t o 

assume t h a t temporal v a r i a t i o n a t each s t a t i o n and o v e r each sampling 

p e r i o d was n e g l i g i b l e i n r e s p e c t to s p a t i a l and seasonal v a r i a t i o n . 

A n a l y t i c a l l i m i t a t i o n s a l s o e x i s t * p a r t i c u l a r l y w i t h r e s p e c t t o t h e 

number o f samples which may be a n a l y s e d - In t h i s r e s p e c t , compromises 

must be r e a c h e d and: t h e s e a r e r e f l e c t e d i n t h e d i s t r i b u t i o n o f s a m p l i n g s . 

One i s a l s o f o r c e d t o make compromises when one wishes t o t a k e r e p r e 

s e n t a t i v e samples f rom a Targe number o f l o c a t i o n s over s h o r t p e r i o d s 

o f t i m e . The- l o g i s t i c a l problems a r e p a r t i c u l a r l y e v i d e n t d u r i n g w i n t e r 

when general t r a v e l c o n d i t i o n s a r e poor and the e f f o r t r e q u i r e d f o r 

sampl ing i s i n c r e a s e d . We were f o r c e d , a t t i m e s , t o omit some s t a t i o n s 

due to p h y s i c a l l i m i t a t i o n s , however, t h e s e were k e p t t o a minimum. 

The p r e s e n t r e p o r t i s o r g a n i z e d irr the f o l l o w i n g manner. Chapter 2 

d e s c r i b e s t h e s tudy a r e a , s a m p l i n g methods, a n a l y t i c a l t e c h n i q u e s , , and 

s t a t i s t i c a T methodology. C h a p t e r 3 d e s c r i b e s t h e v a r i a t i o n s i n mean 

c o n d i t i o n o f w a t e r q u a l i t y o f the mainstream o f the F r a s e r R i v e r and i t s 

t r i b u t a r i e s . Chapter 4 d e s c r i b e s the interdependence o f water q u a l i t y 

parameters and examines the r e l a t i o n s h i p s o f v a r i o u s parameters to d i s c h a r g e . 

Chapter 5 attempts to r e l a t e the v a r i a t i o n s d e s c r i b e d i n the p r e v i o u s t h r e e 

chapters to water q u a l i t y o b j e c t i v e s . 



CHAPTER 2 - STUDY AREA AND METHODS 

I . STUDY AREA 

The F r a s e r R i v e r f lows northwestward-from i t s source i n t h e Rocky 

Mountains , , through t h e Rocky Mountain Trench and C a r i b o u P l a t e a u . A t 

P r i n c e George i t changes d i r e c t i o n southwards and e v e n t u a l l y c r o s s e s 

t h e c o a s t a l mountains through the F r a s e r Canyon and i n t o the P a c i f i c 

Ocean. T h e downstream boundary f o r the p r e s e n t s tudy was chosen a t 

Hope where t h e r i v e r l e a v e s the^ F r a s e r Canyon and e n t e r s the l o w e r F r a s e r 

V a l l e y . 

T h e t o t a l d i s t a n c e the r i v e r c o v e r s from i t s headwaters t o i t s mouth i s 
2 

1400 km. I t d r a i n s a t o t a l o f 233,100 km , be ing the l a r g e s t r i v e r i n 

B r i t i s h C o l u m b i a . The l o n g term mean annual d i s c h a r g e recorded a t Hope 

i s 2700 m 3 / s e c . (96,000 c f s ) . 

The l a r g e s t p o r t i o n o f the d r a i n a g e b a s i n i s a p l a t e a u comprised p r i 

m a r i l y o f r e c e n t sediments . The e a s t e r n edge o f the b a s i n , , where the 

headwaters r i s e , , l i e s i n t h e h i g h l y f o l d p a l e o z o i c sedimentary format ions 

o f the Rocky Mountains. . The western boundary o f the b a s i n i s the c o a s t 

mountains - which a r e at g r e a t mass o f igneous r o c k s termed the c o a s t 

b a t h o l i t h . 

In t h i s s tudy we have c o n s i d e r e d t h a t p o r t i o n o f the b a s i n upstream 

from Hope. T h i s examinat ion has been r e s t r i c t e d to a s e r i e s o f l o c a t i o n s 

a l o n g the mainstem o f the F r a s e r R i v e r and a number o f i t s t r i b u t a r i e s . 

The t r i b u t a r i e s a r e c o n s i d e r e d o n l y as c o n t r i b u t o r s t o t h e F r a s e r R i v e r , , 

and n o t exami ned as separate systems. 

I I . STATION SELECTION 



I I . T. F r a s e r R i v e r Mainstem ~ 

The i n i t i a l survey taken d u r i n g A p r i l 1975 sampled the F r a s e r 

R i v e r where access t o t h e r i v e r was r e a d i l y o b t a i n e d . A review 

o f t h a t d a t a suggested t h a t a d d i t i o n a l s t a t i o n s were r e q u i r e d 

i n the uppermost p o r t i o n o f the b a s i n , where l a r g e d i f f e r e n c e s 

i n water q u a l i t y were n o t e d . One o f the o r i g i n a l s t a t i o n s was 

' e l i m i n a t e d : b e c a u s e o f i t s u n s u i t a b l e l o c a t i o n . In the remainder 

o f t h e sampling: t r i p s we at tempted t o c o l l e c t samples from 

f o u r t e e n l o c a t i o n s on t h e mainstem o f t h e F r a s e r R i v e r . The 

l o c a t i o n s o f t h e s e a r e shown i n F i g u r e 1. 



IIv2'.. T r i b u t a r i e s 
•\. • 

In t h e i n i t i a l s u r v e y , samples were c o l l e c t e d from o n l y f o u r 
r 

t r i b u t a r i e s * t h e Thompson R i v e r , Nechako R i v e r , Quesnel R i v e r , 

and. Bowron R i v e r - These had been chosen because o f a p r e c o n 

c e i v e d importance based on the magnitude o f r e c o r d e d d i s c h a r g e 

and because o f t h e i r l a r g e dra inage a r e a s . 

A d d i t i o n a l t r i b u t a r i e s were sampled on a l l subsequent sampling 

t r i p s . - These w e r e s e l e c t e d on t h e b a s i s o f a number o f c r i t e r i a : 

(a) where d i s c h a r g e r e c o r d s were a v a i l a b l e , , t h e s i z e o f 

t h e r i v e r r e l a t i v e t o the F r a s e r a t the n e a r e s t 

gauged s i t e was c o n s i d e r e d . T h i s suggested t h a t the 

sampl ing o f s m a l l e r t r i b u t a r i e s would be u s e f u l a t 

t h e upper end o f the b a s i n ; 

(b) obvious p h y s i o g r a p h i c d i f f e r e n c e s suggested t h a t 

smaller* t r i b u t a r i e s i n d i f f e r e n t r e g i o n s s h o u l d be 

c o n s i d e r e d ; a n d 

(c) ease o f access: t o c o l l e c t samples. Some t r i b u t a r i e s 

were n o t sampled because o f c o n d i t i o n s w h i c h made 

sampling d i f f i c u l t , p a r t i c u l a r l y i n w i n t e r . Some 

i m p o r t a n t t r i b u t a r i e s such as the McGregor, West Road 

and Chi l e c t i n were ; o m i t t e d f o r t h i s r e a s o n . 

In the e n d , we had c o l l e c t e d d a t a s e t s which we c o n s i d e r e d to 

be adequate f o r a n a l y s i s from seventeen t r i b u t a r i e s . The 

l o c a t i o n s o f these a r e shown i n F i g u r e 1. 



F i g u r e 1 - The F r a s e r R i v e r B a s i n showing t h e l o c a t i o n s o f 

mainstem s t a t i o n s (•;)'-and. t r i b u t a r y s t a t i o n s ( o ) . 

The number b e s i d e t h e symbols correspond t o : 

Mainstem 

1.. F r a s e r R i v e r n e a r J a s p e r 

2 . F r a s e r Ri v e r a t Red Pass 

3 . F r a s e r R i v e r a t T e t e Jaune Cache 

4 . F r a s e r R i v e r a t D u n s t e r 

5 . F r a s e r R i v e r a t M c B r i d e 

6. F r a s e r R i v e r a t Dome Creek 

7.. F r a s e r R i v e r a t Hansard

s' F r a s e r R i v e r a t I n t e r c o n t i n e n t a l Pulp 

9 . F r a s e r R i v e r a t QuesneT 

1 0 , F r a s e r R i v e r a t M a r g u e r i t e 

I T . F r a s e r R i v e r a t C h i l c o t i n Highway 

12. F r a s e r R i v e r a t L i 11 o o e t 

13. F r a s e r R i v e r a t L y t t o n 

14. F r a s e r R i v e r a t Hope 

T r i b u t a r i e s 

15. Moose R i v e r 

16. Robson R i v e r 

17. Beaver Ri v e r 

18. D O r e ' R i v e r 

19. G o a t R i v e r 

2 0 . Bowron R i v e r 

21 . W i l l o w R i v e r 

2 2 . Salmon R i v e r 

23 . Nechako R i v e r 

24. Cottonwood R i v e r 

2 5 . Quesnel R i v e r 

2 6 . B r i d g e R i v e r 

27. Seton R i v e r 

28. S t e i n R i v e r 

29. Thompson R i v e r 

30. Anderson R i v e r 

31. C o q u i h i l l a R i v e r 





I I I - Sample C o l l e c t i o n 

A t each s t a t i o n samples were c o l l e c t e d u s i n g a 2 l i t e r b o t t l e frame, 

and the-IWD r e p l i c a t e sampler from as c l o s e t o midstream as was p r a c 

t i c a l . A t a l l stations.- a two l i t e r sample was c o l l e c t e d f o r the 

d e t e r m i n a t i o n o f t u r b i d i t y * c o l o u r * p H , c o n d u c t i v i t y , a l k a l i n i t y , 

h a r d n e s s * c a l c i u m * s u l p h a t e , - sodium* potass ium and c h l o r i d e . A s e t 

o f s i x r e p T f c a t e samples were c o l l e c t e d d i r e c t l y i n t o g l a s s b o t t l e s 

f o r d e t e r m i n a t i o n o f t o t a l phosphorous . S i x r e p l i c a t e samples were 

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

n i t r i t e and; ammonia- D e t e r m i n a t i o n o f s i l i c a t e c o n c e n t r a t i o n was 

done on two> o f t h e s e s i x samples . Two samples were: c o l l e c t e d into . 

These samples were a n a l y s e d f o r t h e f o l l o w i n g : t r a c e m e t a l s ; c o p p e r , 

z i n c * , l e a d , i r o n and manganese. 

A t s t a t i o n s on t h e mainstem o f the F r a s e r R i v e r , and on the major 

t r i b u t a r i e s * f o u r r e p l i c a t e 500 ml samples were c o l l e c t e d f o r d e t e r 

m i n a t i o n o f t o t a l and f i x e d n o n - f i l t e r a b l e r e s i d u e s . T h i s a d d i t i o n a l 

sampling was done o n l y p e r i o d i c a l l y a t some o f the minor t r i b u t a r i e s . 

I V . Chemical D e t e r m i n a t i o n s 

The methods used i n per forming the chemical d e t e r m i n a t i o n s a r e l i s t e d 

i n T a b l e 1. A l l a n a l y t i c a l work was performed by A n a l y t i c a l S e r v i c e s 

D i v i s i o n , Water Q u a l i t y B r a n c h , P a c i f i c and Yukon Region. 

V . DischargeJIeacuromonts . ^ ' ^ e f r i ^ z ^ O c u l o* 

Discharge measurements used i n the accompanying a n a l y s i s were o b t a i n e d 

from the Water Survey o f Canada p u b l i c a t i o n " S u r f a c e Water Data -



TABLE 1 . ANALYTICAL METHODS 

Parameter Method Reference 

-1 

T u r b i d i t y P h o t o m e t r i c a l l y I n l a n d Water D i r e c t o r a t e 1974 

C o l o u r Spectophotometri c a l l y I n l a n d Water D i r e c t o r a t e 1974 

pH ptt meter I n l a n d Water D i r e c t o r a t e 1974 

C o n d u c t i v i t y C o n d u c t i v i t y meter I n l a n d Water D i r e c t o r a t e 1974 

A l k a l i n i t y HpSO^ t i t r a t i o n I n l a n d Water D i r e c t o r a t e 1974 

Hardness EDT/V t i t r a t i o n I n l a n d Water D i r e c t o r a t e 1974 

C a l c i u m EDTA t i t r a t i o n / 

C o l o u r i m e t r y ( A A I I ) 

I n l a n d Water D i r e c t o r a t e 1974 

S u l p h a t e 

EDTA t i t r a t i o n / 

C o l o u r i m e t r y ( A A I I ) I n l a n d Water Di r e c t o r a t e 1974 

S i l i c a t e C o l o u r i m e t r y (AAII) I n l a n d Water D i r e c t o r a t e 1974 

C h l o r i d e C o l o u r i m e t r y (AAII) I n l a n d Water D i r e c t o r a t e 1974 

Sodium FTame photometry I n l a n d Water D i r e c t o r a t e 1974 

Potass ium Flame photometry I n l a n d Water D i r e c t o r a t e 1974 

N i t r a t e ^ N i t r i t e C o l o u r i m e t r y Technicon Instrument Corp . 1972 

Ammonia C o l o u r i m e t r y I n l a n d Water D i r e c t o r a t e 1974 

T o t a l Phosphorous C o l o u r i m e t r y Technicon Instrument C o r p . 1971 

Copper Atomic a b s o r p t i o n 
spectrophotometry 

I n l a n d Water D i r e c t o r a t e 1974 

l i n e A t o m i c a b s o r p t i o n 
spectrophotometry 

I n l a n d Water D i r e c t o r a t e 1974 

Lead Atomic a b s o r p t i o n 
spectrophotometry 

I n l a n d Water D i r e c t o r a t e 1974 

I r o n Atomic a b s o r p t i o n 
spectrophotometry 

In land Water D i r e c t o r a t e 1974 

Manganese Atomic a b s o r p t i o n 
. spectrophotometry 

T o t a l n o n f i l t e r a b l e G r a v i m e t r i c a l T y 
Residue 

F i x e d n o n f i l t e r a b l e G r a v i m e t r i c a l l y 
r e s i d u e 

I n l a n d Water D i r e c t o r a t e 1974 

I n l a n d Water D i r e c t o r a t e 1974 

I n l a n d Water D i r e c t o r a t e 1974 



ubla ined as pmpubl ica'H-uii UaUt- from Water Survey o f Canada. These* 

i mn f iiiiiiiiii i (>iiin i i JI nr fniiiii (in i r ^ 1978, 1979) 

Data Analysts 

AIT data reduct ion and ana lys is were- performed a t The Univers i ty of 

B r i t i s h Columbia Computing Center, « p
 T R M ^n / t f iR n p a ^ a t i - n g 

-undei MiUiiyuii Tminlinil Qy'jlum, 

VI-/.T. Data Transformations 

A l l s t a t i s t i c a l ca lcu la t ions were performed on the natural 

logar i thmic (In) transformations o f the data. The transforma

t ion accomplishes several des i rab le i tems; i t makes the variance 

independent of the mean; precludes zero from the confidence 

intervaluncf makes the confidence in terva l assymetric about 

the geometric mean. Values reported are the ant i logs of the 

mean and standard dev ia t ion of the Tn-values. These are the 

geometric mean ( j £ ) and X respec t i ve ly . The confidence in terva l 

about %j are fl* \ a n d ^ v . 

V ^ 2 . S t a t i s t i c a l Analys is o f Mean Condit ion 

One aspect o f i n te res t (a pr ior i )was the di f ferences i n mean 

condi t ion between s ta t i ons . Amongst the mainstem s ta t ions the 

i n te res t was in pa i r s of s ta t ions i n the order that the 

stat ions occur along the r i v e r . In other words, we were i n te r 

ested i n the occurrence o f s ign i f i can t , t rans i t i ons in mean 

concentrat ion. The t r ibu tary s tat ions can be considered to be 

l o g i c a l l y independent of each other , based on the lack of 

in te rac t ion between them. Thus, we must consider the d i f f e r 

ences between a l l pa i r s . 



In both i n s t a n c e s the s t a t i s t i c used was 

W I n X , - InT, 

where l n X | , S ^ , and n ^ . a r e the mean o f the I n t r a n s f o r m o f 

the c o n c e n t r a t i o n measurements, i t s v a r i a n c e , and the number 

o f samples r e s p e c t i v e l y . T h i s i s i n f a c t e q u i v a l e n t to 

n , +• rw - 2 

The v a l u e o f t^ i s e v a l u a t e d w i t h (n^ + ng - 2) degrees o f 

freedom. ^ 

V I I . 3 . C l u s t e r A n a l y s i s 

One technique which seeks to separate data i n t o c o n s t i t u e n t 

groups i s c l u s t e r a n a l y s i s . The r e s u l t o f a c l u s t e r a n a l y s i s 

i s a number o f c l u s t e r s o r groups . Cases are c l u s t e r e d u s i n g • 

average d i s t a n c e as a measure o f s i m i l a r i t y . Two cases 

having the s h o r t e s t d i s t a n c e between them ( E u c l i d e a n ) are 

amalgamated ( c l u s t e r e d ) and become t r e a t e d as one case having 

p r o p e r t i e s which are the average o f the members o f the c l u s t e r . 

The c l u s t e r i n g process i s complete when a l l cases have been 

amalgamated i n t o one c l u s t e r . 



In the presejnt^appli c a t i o n o f t h i s method we chose n i n e 

p a r a m e t e r s j i t a f e x h i b i t e d apparent- v a r i a t i o n among a l l the 

s t a t i o n s and which c o u l d be doomed to bo independent o f each 

o t h e r . Those used were t u r b i d i t y , c h l o r i d e , c a l c i u m , s u l p h a t e , 

t o t a l phosphorous, n i t r a t e p l u s n i t r i t e , i r o n , s i l i c a t e and 

sodium. 

l a t i t u d e s , r a n g e s , and u n i t s 

. ^ c e r t a i n o f these would c a r r y 

more weight due e n t i r e l y t o the magnitude o f i t s v a l u e . T h i s 

d i f f i c u l t y 1s overcome by s t a n d a r d i z i n g each v a r i a b l e t o z e r o 

mean and u n i t v a r i a n c e by 

The d i s t a n c e s between cases C 2 a r e computed by 

°\ h " i % " V 2 

Where X , . i s the s t a n d a r d i z e d v a l u e f o r the c a s e , 

j t n v a r i a b l e . 

2 
The two cases w i t h D minimum ( i . e . the s h o r t e s t d i s t a n c e ) a r e 

grouped i n t o a c l u s t e r . T h i s c l u s t e r i s t r e a t e d as a new case 

w i t h the v a r i a b l e va lues being the weighted average o f the 

member o f the c l u s t e r . In the a c t u a l a n a l y s i s performed we 

used BMDP2M (DIXON, 1975). 



V I I . 4 . C o r r e l a t i o n A n a l y s i s 

C o r r e l a t i o n a n a l y s i s was performed t o determine whether p a i r s 

o f v a r i a b l e were interdependent ( c o v a r y i n g ) o r s t a t i s t i c a l l y 

independent . In t h i s a n a l y s i s , no d i s t i n c t i o n i s made between 

independent and. dependent v a r i a b l e s . The b a s i s o f the a n a l y s i s 

1s the assumption t h a t the two v a r i a b l e s are both e f f e c t s o f a 

common c a u s e . 

T h i s a n a l y s i s was performed on the I n t r a n s f o r m o f the c o n c e n 

t r a t i o n d a t a . P e a r s o n ' s product-moment c o r r e l a t i o n c o e f f i c i e n t 

i s commonly used as a measure o f c o v a r i a n c e (Soka.1 and R o h l f , 

1969). T h i s c o e f f i c i e n t r e q u i r e s t h a t the r e l a t i o n s h i p between 

the v a r i a b l e s 1s l i n e a r , , and t h a t the p a i r o f v a r i a b l e s have 

a b inormal d i s t r i b u t i o n . 

The product-moment c o r r e l a t i o n c o e f f i c i e n t ( r ) ranges i n va lue 

from +1.0 f o r a p e r f e c t a s s o c i a t i o n , to - 1 . 0 f o r p e r f e c t nega

t i v e c o r r e l a t i o n . - T h e c a l c u l a t i o n o f r f o r a p a i r o f v a r i a b l e s 

Xj a n d r e q u i r e s t h e f o l l o w i n g c o m p u t a t i o n s : 

2 2 2 
Ex j - r - X j _ (aq) 

2 2 11 2 
ZX k - 2.X k _ (ZXk) 

1 n 

s X j X ^ . t X V J y QeX T) frfy) 
n ' 

and r „. Zxj\ 

Ocf. tx\ 

The s i g n i f i c a n c e o f r i s determined by the F - t e s t o f 

independence where 

F = r 2 (n-2) 



/3 

where n i s t h e n u m b e r o f o b s e r v a t i o n s o f t h e p a r a m e t e r 

p a i r (Xj and fy). v a l u e o f F i s e v a l u a t e d w i t h 1 and n-2 

degrees o f freedom. 

V I I . 5 . R e g r e s s i o n A n a l y s i s : 

In i n i t i a l c o n s i d e r a t i o n s o f the dependence o f parameter 

c o n c e n t r a t i o n on d i s c h a r g e i t was d e c i d e d t h a t some b e n e f i t 

was t o b e o b t a i n e d from examining whether o r not a f u n c t i o n a l 

r e l a t i o n s h i p e x i s t e d . To t e s t f o r a f u n c t i o n a l r e l a t i o n s h i p 

a l i n e a r r e g r e s s i o n ; between I n - c o n c e n t r a t i o n and I n d i s c h a r g e 

was u s e d . j, 

In u s i n g t h e r e g r e s s i o n the f o l l o w i n g have been assumed; 

(a) t h e independent v a r i a b l e ( d i s c h a r g e ) i s measured w i t h o u t 

e r r o r . 

(b) the expected v a l u e f o r the dependent v a r i a b l e ("y") f o r 

any v a l u e o f the independent v a r i a b l e c o u l d be d e s c r i b e d 

by the l i n e a r f u n c t i o n 

Y = a + 6 X 

w i t h s l o p e s and i n t e r c e p t a . 

( c ) f o r any g i v e n v a l u e o f the independent v a r i a b l e , the x 

dependent v a r i a b l e s are i n d e p e n d e n t l y and n o r m a l l y d i s t r i 

b u t e d . T h i s can be r e p r e s e n t e d by 

. Y = or + S X e 
Where e i s a n o r m a l l y d i s t r i b u t e d e r r o r term w i t h a 

mean o f zero 

(d) The samples a long, the r e g r e s s i o n l i n e are assumed t o be 

homoscedast ic . In s i m p l e r t e r m s , the samples have a 

common v a r i a n c e which i s t h e v a r i a n c e o f the e ' s and t h a t 

v a r i a n c e i s c o n s t a n t and independent o f the magnitude o f 

e i t h e r the dependent o r independent v a r i a b l e . 



W i t h X r e p r e s e n t i n g , the independent v a r i a b l e and Y t h e 

dependent v a r i a b l e , the f o l l o w i n g computations are r e q u i r e d 

IX; ZX2; ZY; zY 2 ; and zXY 

The means, sums o f squares and sums o f products a r e : 

X = zX/n 

Y = z.Y/rr 

2 2 , 2 
SJC - ZX _ (zX) 

rr 

a n d ZJCY =zXY - (^OJ^Y) 

n 

The, r e g r e s s i o n c o e f f i c i e n t b , an e s t i m a t e o f 8 i s 

b - z * * 

The e x p l a i n e d , sum o f squares i s 

s-*2 = ( z x y ) 2 

y — T 
ZX 

and the unexpla ined sum o f squares i s 

2 2 2 
Zd . =zy -tr 

y - x y 

O u r pr imary i n t e r e s t i n t h i s a n a l y s i s i s i n t e s t i n g the assumption 

t h a t t h e r e l a t i o n s h i p i s l i n e a r . T h i s was done by t e s t i n g f o r a 

s i g n i f i c a n t p r o p o r t i o n o f the v a r i a t i o n i n y be ing e x p l a i n e d by 

v a r i a t i o n i n x . The a n a l y s i s o f v a r i a n c e o f the p o r t i o n e d sums i s 



SOURCE OF VARIATION 

DEGREES OF 
FREEDOM" 

SUM OF 
SQUARES 

MEAN 
SQUARES 

EXPLAINED BY REGRESSION 1 , z ^ " S * y 

UNEXPLAINED ERROR n-Z z d 2 „ v S 2 • 
y».x y . x 

,. 

TOTAL n -1 z y 2 S* y 

The s i g n i f i c a n c e t e s t used i s F c = S 2 " , S 2 f o r t h e n u l l h y p o t h e s i s 
i s y/ y . x 

Ho:g - ov I f F s i s g r e a t e r than F . o j ? , n - f j a s i g n i f i c a n t p o r t i o n o f 

the v a r i a t i o n o f the dependent v a r i a b l e i s e x p l a i n e d by r e g r e s s i o n on the 

independent v a r i a b l e d i s c h a r g e . 



CHAPTER 3 - VARIATIONS IN MEAN CONDITIONS 

I . DEALING WITH SKEWED, DATA. 

Most o f the w a t e r q u a l i t y parameters f o r which data was c o l l e c t e d 

were f o u n d to be skewed. T h i s r e s u l t s i n c e n t r a l tendency s t a t i s t i c s 

such as m e a n s r v a r i a n c e s and t - t e s t b e i n g inadequate i n d a t a e v a l u a t i o n . 

In o r d e r t o overcome "this problem a l l d a t a e v a l u a t i o n was performed 

u s i n g t h e n a t u r a l l o g a r i t h m i c t r a n s f o r m a t i o n o f the o r i g i n a l d a t a . 
t 

D a t a 1'$:* however* r e p o r t e d i n the a n t i l o g form. 

The mainner i n which d a t a i s d i s t r i b u t e d has a marked e f f e c t on the manner 

i n which i t can be i n t e r p r e t e d . To emphasize these e f f e c t s , some s t a t 

i s t i c s a r e compared i n T a b l e 3 . 1 . When the d a t a i s skewed t h e r e are a 

number o f e f f e c t s t h a t t h e use c e n t r a l tendency s t a t i s t i c s have which 

are c r i t i c a l i n e v a l u a t i o n ; . 

(a ) o v e r e s t i m a t i o n o f mean c o n c e n t r a t i o n ; 

(b) symmetrical c o n f i d e n c e l i m i t s ; and hence 

(c) inadequate p r o b a b i l i t i e s o f h i g h v a l u e s . 

T a b l e 3 . T and F i g u r e 3.1 show t h e d i f f e r e n c e s between the a r i t h m e t i c 

form and I n - t r a n s f o r m e d normal d i s t r i b u t i o n s f o r one parameter. In t h i s 

case we can see t h a t t h e r e i s a^large d i f f e r e n c e between the mean concen

t r a t i o n s o f the two t h e o r e t i c a l d i s t r i b u t i o n s , based on the same data s e t . 

I t i s important to note two f e a t u r e s o f the p r o b a b i l i t y d i s t r i b u t i o n 

shown i n T a b l e 3.1 and g r a p h i c a l l y i n F i g u r e 3 . 1 . There i s , f o r the 

' a r i t h m e t i c d a t a , a 20% p r o b a b i l i t y o f o b t a i n i n g a c o n c e n t r a t i o n va lue 

o f l e s s than o r equal t o z e r o . For I n - t r a n s f o r m e d d i s t r i b u t i o n t h i s 

p r o b a b i l i t y i s z e r o . A t h i g h e r c o n c e n t r a t i o n v a l u e s the p r o b a b i l i t i e s 

f o r a r i t h m e t i c d i s t r i b u t i o n are very much l e s s than f o r the I n - t r a n s f o r m e d . 



TABLE 3 . 1 . COMPARISON OF THEORETICAL NORMAL DISTRIBUTIONS 

UNTRANSFORMED In-TRANSFORMED 

mean 0 J 1 7 0 .064 

s ± 0 . 1 3 8 : 3.228 

95% c o n f i d e n c e i n t e r v a l 

upper 0 . 3 8 7 0.405 

l o w e r - 0 ,153 0.010 

p r o b a b i l i t y o f o b t a i n i n g 
a v a l u e 

<0.0 .20 .00 

>0.T .55 .35 

>0.2 . 2 7 .17 

>0.3 .09 .09 

>0.4 .02 .06 

>0.5 .004 .04 
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The c h o i c e o f a t h e o r e t i c d i s t r i b u t i o n i s a c r i t i c a l d e c i s i o n which 

a f f e c t s many a s p e c t s o f i n t e r p r e t a t i o n . As a t h e o r e t i c a l example, 

c o n s i d e r an o b j e c t i v e o r c r i t e r i a o f 0 . 2 . F o r the a r i t h m e t i c normal 

d i s t r i b u t i o n one would e x p e c t t h a t 20% o f the d a t a v a l u e s o b t a i n e d 

would be l e s s than 0 and 27% o f t h e v a l u e s would exceed the c r i t e r i a / 

o b j e c t i v e . With t h e l n - t r a n s f o r m e d . normal d i s t r i b u t i o n one would 

expect t h a t 17%: o f t h e v a l u e s o f f u r t h e r c o l l e c t i o n s would exceed 0 . 2 -

O b v i o u s l y t h e r e i s a d i f f e r e n c e between t h e accuracy a n d p r e d i c t i o n 

p o t e n t i a l . 

T h i s t r a n s f o r m a t i o n i s . f e l t to be an improved r e p r e s e n t a t i o n o f the 

d a t a being; r e p o r t e d h e r e i n , and the a r i t h m e t i c normal d i s t r i b u t i o n i s 

inadequate-The d e r i v a t i o n i s based on r e l a t i v e l y smal l sample s i z e and 

t h e assumption t h a t the d a t a have a normal d i s t r i b u t i o n subsequent to 

the n a t u r a l l o g a r i t h m i c t r a n s f o r m a t i o n . 

I I . VARIATION IN FRASER RIVER WATER QUALITY 

M o s t o f t h e water q u a l i t y parameters c o n s i d e r e d i n t h i s s tudy showed 

c o n s i d e r a b l e v a r i a t i o n a l o n g t h e l e n g t h o f the F r a s e r R i v e r . These 

v a r i a t i o n s , however, were n o t random b u t appear to r e f l e c t s y s t e m a t i c 

changes. , 

Rather than c o n s i d e r each o f the parameters i n d i v i d u a l l y f o r each o f 

the s t a t i o n s , we s h a l l c o n s i d e r o n l y a few parameters which r e f l e c t the 

v a r i o u s manners i n which parameters v a r y a long the r i v e r . Mean concen

t r a t i o n s a n d c o n f i d e n c e l i m i t s f o r each o f t h e 22 parameters taken a t 

t h e f o u r t e e n s i t e s a r e g i v e n as Appendix I . 

We found t h a t the parameters v a r i e d i n one o f t h r e e ways: those 

i n c r e a s i n g i n c o n c e n t r a t i o n s w i t h downstream d i s t a n c e ; those d e c r e a s i n g 

i n c o n c e n t r a t i o n s w i t h downstream d i s t a n c e ; a n d , r e a c h i n g maximum concen 

t r a t i o n above the m i d p o i n t o f the r i v e r . 



Most o f t h e parameters were found t o have s u b s t a n t i a l c o n c e n t r a t i o n 

i n c r e a s e s w i t h downstream d i s t a n c e . Some examples are g iven i n 

F i g u r e 3 . 2 - 3 . 6 - F i g u r e 3 . 2 shows t h e d i s t r i b u t i o n o f c h l o r i d e^jj^ 
c o n c e n t r a t i o n s a l o n g the r i v e r . Evidenced i n t h i s f i g u r e i s t h e general 

i n c r e a s e i n both t h e mean- c o n c e n t r a t i o n and i t s v a r i a n c e . The i n c r e a s e 

i n c o n c e n t r a t i o n w i t h d i s t a n c e i s not a l i n e a r f u n c t i o n but appears to 

r e f l e c t s tep changes, one n e a r t h e headwaters and one between Hansard 

and I n t e r c o n t i n e n t a l : P u l p - T u r b i d i t y ( F i g u r e 3 .3) a l s o shows s u b s t a n t 

i a l c o n c e n t r a t i o n i n c r e a s e s a l o n g the r i v e r * b e i n g l o w e s t i n t h e h e a d 

w a t e r s a n d h i g h e s t i n the downstream p o r t i o n . T o t a l phosphorus 

( F i g u r e 3 .4) a l s o ; shows t h e s e i n c r e a s e s w i t h r a p i d i n c r e a s e s between 

T e t e Jaune Cache and McBride and between I n t e r c o n t i n e n t a l Pulp and 

M a r g u e r i t e . I r o n ( F i g u r e 3.5) shows marked i n c r e a s e s i n the uppermost 

p o r t i o n o f t h e b a s i n w i t h a d d i t i o n a l i n c r e a s e s and i n c r e a s e d v a r i a t i o n 

w i t h d o w n s t r e a m d i s t a n c e . I t i s o f i n t e r e s t to n o t e t h a t w h i l e a l l o f 

t h e p r e c e d i n g parameters have i n c r e a s e s i n both mean c o n c e n t r a t i o n and 

v a r i a t i o n w i t h downstream d i s t a n c e , , n i t r a t e ^ n i t r i t e ( F i g u r e 3 .6) w h i l e 

r e f l e c t i n g downstream i n c r e a s e s i n mean c o n c e n t r a t i o n , t h e r e i s l i t t l e 

change i n v a r i a n c e about the mean. O t h e r parameters which behave i n a 

s i m i l a r manner i n c l u d e sodium,, p o t a s s i u m , c o l o u r , , s i l i c a t e , ammonia, 

c o p p e r ^ z i n c , l e a d * manganese and both t o t a l and f i x e d n o n f i l t e r a b l e 

r e s i d u e s . 

I t i s important t o note the c o i n c i d e n c e o f stepchanges and/or r a p i d 

changes i n c o n c e n t r a t i o n . These seem t o l i e i n two a r e a s ; one between 

Tete Jaune Cache and. D u n s t e r , and another e i t h e r upstream o r downstream 

o f I n t e r c o n t i n e n t a l Pulp m i l l . Some parameters had low c o n c e n t r a t i o n * 

i n t h e upper few s t a t i o n s a l o n g the r i v e r but showed r a p i d i n c r e a s e s 

i n c o n c e n t r a t i o n and reached maximum c o n c e n t r a t i o n upstream from 

P r i n c e George and decreased i n l e v e l downstream. Parameters which 

behaved i n t h i s manner i n c l u d e c a l c i u m , which i s shown i n F i g u r e 3 . 7 , 

a l k a l i n i t y , h a r d n e s s , pH and c o n d u c t i v i t y . 
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One parameter , s u l p h a t e , was found to have i t s h ighest , c o n c e n t r a t i o n s 

- i n t h e headwaters and t o g e n e r a l l y decrease w i t h d i s t a n c e downstream 

( F i g u r e 3.8). The most d r a m a t i c decreases i n s u l p h a t e c o n c e n t r a t i o n 

o c c u r r e d between McBride and Quesne l . 

I n i t i a l l y we used a t - t e s t on the mean c o n c e n t r a t i o n s o f each parameter 

between p a i r s o f s t a t i o n s as they o c c u r a l o n g the r i v e r . The va lues 

o f t h e s e a r e i n c l u d e d i n Appendix I * and were c a l c u l a t e d as d e s c r i b e d 

i n t h e methods: s e c t i o n s . Subsequent t o t h i s * i t became c l e a r t o us t h a t 

such t e s t i n g p r o v i d e d us w i t h two c o n f l i c t i n g f a c t s : r a p i d i n c r e a s e s 

i n c o n c e n t r a t i o n s i n t h e headwaters was r e f l e c t e d i n a Targe number o f 

s t a t i s t i c a l d i f f e r e n c e s * and s t e p changes e i t h e r upstream o r downstream 

o f I n t e r c o n t i n e n t a l Pulp produced some s i g n i f i c a n t d i f f e r e n c e s , f o r 

some p a r a m e t e r s . 

B a s e d o n these s t a t i s t i c a l d i f f e r e n c e s , and on the manner i n which 

parameters appear t o v a r y a l o n g t h e r i v e r * we dec ided t h a t i t would be , 

u s e f u l to d i v i d e t h e mainstem I n t o t h r e e p o r t i o n s . These p o r t i o n s a r e : 

(a) Headwaters 

The t h r e e s i t e s a t t h e u p p e r end o f t h e r i v e r c o n s i s t e n t l y show 

r a p i d changes i n the c o n c e n t r a t i o n s o f most parameters . The 

d e c i s i o n to c o n s i d e r these t h r e e as a group was based on parameter 

b e h a v i o r r a t h e r than c o n s i s t e n c y o f mean c o n c e n t r a t i o n . 

(b) Hansard P l a t e a u 

The s i t e s from Dunster to the I n t e r c o n t i n e n t a l Pulp form the 

second p o r t i o n . Parameter c o n c e n t r a t i o n s are r e l a t i v e l y c o n s i s t e n t 

, i n t h i s reach w i t h s i g n i f i c a n t d i f f e r e n c e s o c c u r r i n g f o r many 

parameters: a t e i t h e r end o f t h i s r e a c h . 
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.(c)- C a r i b o o P l a t e a u and F r a s e r Canyon 

T h i s p o r t i o n o f t h e r i v e r has r e l a t i v e l y c o n s i s t e n t mean concen

t r a t i o n f o r most parameters . V a r i a t i o n about the mean concen

t r a t i o n tends to. be g r e a t e s t amongst these s t a t i o n s . Some s i g n i f i 

c a n t d i f f e r e n c e s e x i s t between t h e downstream boundary and. 

s t a t i o n s f u r t h e r upstream. 

The range o f mean c o n c e n t r a t i o n o f each parameter w i t h i n t h e t h r e e 

reaches o f t h e r i v e r a r e g i v e n 1n T a b l e 3 . 2 . The c o n c e n t r a t i o n d i f f e r 

ences, which o c c u r a l o n g the r i v e r are very e v i d e n t , s u b s t a n t i a t i n g 

t h e t h e s i s t h a t t h e r i v e r has t h r e e d i s t i n c t p o r t i o n s , and t h a t t h e 

b e h a v i o r o f the parameters o c c u r s i n the t h r e e manners suggested. 

We then examined the r e l a t i o n s h i p between p a i r s o f parameters , u s i n g 

a l i n e a r model . Commonly i n T i n e a r r e g r e s s i o n , one would be j jn^erested 

i n the s l o p e and i n t e r c e p t o f a r e g r e s s i o n e q u a t i o n . T h i s is^, however, 

•mt t h e s t a t i s t i c ! o f i n t e r e s t h e r e . The use o f such a t e s t i n t h i s 

i n s t a n c e i s . t o Took f o r parameters which behave i n a s i m i l a r manner 

a long the r i v e r and hence would be expected t o r e s u l t from s i m i l a r 

mechanisms. The r e s u l t i n g F ^ f o r p a i r s o f parameters are shown i n 

T a b l e 3 . 3 . , 

T h i s Table c o n t a i n s o n l y those v a l u e s o f Fs which have a p r o b a b i l i t y 

o f <.05. T h i s shows a d i s t i n c t i o n between two major groups o f p a r a 

meters w i t h n i t r a t f e r i i t r i t e r e p r e s e n t i n g some form o f t r a n s i t i o n . 

Remembering t h a t o n l y s u l p h a t e showed decreases w i t h downstream d i s t a n c e , 

hence i t s r e l a t i o n s h i p i s i n v e r s e t o the o t h e r s and r e p r e s e n t s a t h i r d 

b e h a v i o r . 

F o l l o w i n g t h i s , we d e c i d e d t h a t we s h o u l d at tempt t o use c l u s t e r 

a n a l y s i s to at tempt to o b t a i n an unbiased e s t i m a t e o f the s i m i l a r i t y 

o f s t a t i o n s , and c o n s i d e r t h a t a g a i n s t our n o t i o n t h a t the r i v e r had 

t h r e e d i s t i n c t p o r t i o n s . 



TABLE 3 . 2 . RANGES OF MEAN CONCENTRATION WITHIN REACHES 

OF THE MAINSTEM OF THE FRASER RIVER. 

HANSARD CARIBOO PLATEAU 
PARAMETER HEADWATERS PLATEAU & FRASER CANYON 

T u r b i d i t y (JTU) 1-6 6-10 19-25 

C o l o u r 5 7-10 15-25 

PH 7 . 6 - 8 . 0 7.9 7 .8 - 7.9 

C h l o r i d e (mg/l) .25 - .55 . 3 9 - 1.0 1.1 - 1.5 

C o n d u c t i v i t y (uSiemens) 100 - 145 133 - 146 114 - 139 

A l k a l i n i t y 35 - 60 51 - 65 4 7 - 6 1 

Hardness 50 - 73 65 - 74 5 3 - 6 7 

C a l c i u m (mg/T) ; 12 - 20 19 - 23 16 - 20 

S u l p h a t e (mg/l) 11.5 - 13.5 7 .8 -- 12.4 6 . 3 - 7 .8 

S i l i c a t e (mg/l) 2 .6 - 3 . 8 3 . 0 • - 4 . 0 3.9 - 5 .6 

Sodium (mg/l) . 6 - . 9 .8 - 1.5 2.1 - 2 . 7 

Potass ium (mg/l) . 2 - . 3 .4 - .7 .6 - . 8 

T o t a l Phosphorous(mg/l) .005 - .008 .02 - .04 .07 - .11 

N i t r a t e - N i t r i t e (mg/V) .06 - .11 .13 - .17 .13 - .21 

Ammonia (mg/l) .02 - .04 .02 - .06 .05 - .06 

Copper (ug/1) 1-2 2 3-5 

Z i n c (ug/1) 2-3 2 2-5 

Lead (ug/1) 1 1-2 1-2 

I r o n (mg/l) . 0 3 - .10 .25 - .45 .35 - .68 

Manganese (mg/l) .01 .01 - .02 . .03 - .05 

T o t a l n o n f i l t e r a b l e 1.6 - 3 . 8 13.5 - 26.6 38 - 66 

(mg/l) 

F i x e d n o n f i l t e r a b l e 0 .7 - 2 .0 10 - 22 32 - 62 

(mg/l) 
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The manner i n which the data was c o n s i d e r e d warrants some e x p l a n a t i o n . 

Each parameter mean c o n c e n t r a t i o n has a v a r i a n c e comprised o f both 

seasonal and temporal v a r i a t i o n . These v a r i a t i o n s were ignored i n 

o r d e r t o determine s i m i l a r i t y o f mean c o n d i t i o n s , not o v e r a l l s i m i l a r -

i t y . S ince we know t h a t the parameters a r e r e l a t e d t o each o t h e r , 

as has been shown p r e v i o u s l y , we reduced the number o f parameters 

c o n s i d e r e d . We d e c i d e d t o use n i n e p a r a m e t e r s , ( t u r b i d i t y , c h l o r i d e , 
7 

c a l c i u m , s u l p h a t e , t o t a l phosphorous, n i t r a t e - n i t r i t e , i r o n , s i l i c a t e 

and sodium). The use o f these was based on two i t e m s . F i r s t , t h e 

parameters t o be used must show c o n s i d e r a b l e v a r i a t i o n amongst the 

s t a t i o n s / a n d , s e c o n d l y , i t was d e s i r e d t o use parameters which c o u l d be 
independent . 

The r e s u l t i n g c l u s t e r p a t t e r n i s shown i n F i g u r e 3.9. There appears 

t o be t h r e e d i s t i n c t c l u s t e r s o f s i m i l a r s t a t i o n s . Each o f these 

c l u s t e r s c o n t a i n s groups o f s t a t i o n s which are c l o s e s t t o each o t h e r 

a long the r i v e r , and i s i n approximate agreement w i t h the d i v i s i o n s 

p r e v i o u s l y suggested. 

I t i s i n t e r e s t i n g to l o o k a t the manner i n which s t a t i o n s are c l u s t e r e d 

i n F i g u r e 3.9. In g e n e r a l , s t a t i o n s from t h e c e n t r a l p o r t i o n o f fcbeC^c^ 
reach are c l u s t e r e d f i r s t as ev idenced by L y t t o n - L i l l o o e t , C h i c o t i n -

M a r g u e r i t e and Dunster-Oome C r e e k , and s t a t i o n s a t the ends o f the 

r e a c h , i . e . Tete Jaune Cache and I n t e r c o n t i n e n t a l P u l p ; and Q u e s n e l a n d 

Hope, are the l a s t to be j o i n e d t o the c l u s t e r s . These suggest t h a t 

these r e f l e c t the t r a n s i t i o n a l areas p r e v i o u s l y suggested. 

The manner i n which Tete Jaune Cache became c l u s t e r e d does not agree 

w i t h our p r e v i o u s s u g g e s t i o n . T h i s r e s u l t occurs because we c o n s i d e r e d 

the r a t e o f change i n c o n c e n t r a t i o n ev idenced i n the headwaters t o be 

as i m p o r t a n t as the a c t u a l c o n c e n t r a t i o n s . The c l u s t e r a n a l y s i s does 

not account f o r t h i s type o f c o n s i d e r a t i o n , hence f i n d s Tete Jaune Cache 

r 
most s i m i l a r to downstream s i t e s . 





r t appears l i k e l y t h a t the F r a s e r R i v e r s h o u l d be c o n s i d e r e d t o be 

comprised o f t h r e e d i s t i n c t p o r t i o n s when c o n s i d e r i n g water q u a l i t y . 

These a p p e a r t o r e f l e c t t h r e e p h y s i o g r a p h i c a r e a s ; the Rocky Mountain 

headwaters , t h e Hansard P l a t e a u , and t h e C a r i b o o P l a t e a u - F r a s e r 

Canyon. I t has been shown t h a t s i m i l a r i t i e s i n water q u a l i t y e i t h e r 

i n mean c o n c e n t r a t i o n a n d / o r b e h a v i o r o f parameters do e x i s t . 

I I I . TRIBUTARIES TO THE FRASER RIVER 

There 1 s c o n s i d e r a b l e v a r i a t i o n I n t h e c o n c e n t r a t i o n o f m a t e r i a l s 

between t h e seventeen t r i b u t a r i e s t o the F r a s e r R i v e r t h a t were examined. 

In o r d e r to p r o v i d e a summary o f the v a r i a t i o n which e x i s t s , the range 

' o f c o n c e n t r a t i o n s ( i n between the maximum and minimum) f o r each p a r a -

r meter was d i v i d e d i n t o f i v e . i n t e r v a l s . Each parameter f o r each s t a t i o n 

was then t a b u l a t e d as t o t h e i n t e r v a l i n which i t s geometr ic mean c o n - , 

c e n t r a t i o n o c c u r r e d . T h i s summary i s p r e s e n t e d as T a b l e 3 . 4 . 

Appendix IT c o n t a i n s the.mean c o n c e n t r a t i o n s w i t h conf idence i n t e r v a l s 

o f each o f t h e parameters f o r each o f t h e s t a t i o n s . 

On an o v e r a l l b a s i s * most o f the t r i b u t a r i e s have mean c o n c e n t r a t i o n s 

which f a l l i n t h e l o w e s t o n e - f i f t h o f t h e range (43%) w i t h p r o g r e s s i v e l y 

l e s s i n each succeeding i n t e r v a l (19%, 17%, 11%, 11%). Each parameter 

e x h i b i t s d i f f e r e n t d i s t r i b u t i o n among the f i v e , i n t e r v a l s . 

The t r i b u t a r i e s t o the F r a s e r R i v e r can be c o n s i d e r e d to be l o g i c a l l y 

independent o f each o t h e r , s i n c e t h e r e i s n o t any d i r e c t i n t e r a c t i o n 

between them. On t h i s b a s i s , we^jt t e s t e d the h y p o t h e s i s t h a t f o r 

p a i r s o f s t a t i o n s the samples come from the same p o p u l a t i o n ( H o ^ . - j T ^ ) . 

Here v.. and u« are the,means f o r a parameter from the two s t a t i o n s 
> 1 c 

u s i n g a t - t e s t . R e s u l t s from these are summarized i n T a b l e 3 . 5 . 

Values o f t ^ and t h e i r p r o b a b i l i t i e s f o r mean c o n c e n t r a t i o n f o r each 

o f the parameters between p a i r s o f s t a t i o n s i s g iven i n Appendix I I I . 
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TABLE 3.5 -

FOR EACH OF THE PARAMETERS 

Number 
S i g n i f i c a n t 
a t .05 

Number 
S i g n i f i c a n t 
a t .10 

Non
significant 

T u r b i d i t y 51 TO- 75 

C o l o u r 89 4 43 

PH 71 11 54 

C l 65 5 66 

C o n d u c t i v i t y 99 4 33 

A l k a l i n i t y 97 11 28 

Hardness 100 9 27 

C a l c i u m 96 9 31 

S u l p h a t e 9 ? '• 5 • 32 

S i l i c a t e 10Z 6 28 

Sodium 99 5 31 

Potass ium 94 6 36 

T o t a l Phosphorous 57 12 67 

N i t r a t e - N i t r i t e 34 4 98 

N H 3 

Cu 

11 11 114 N H 3 

Cu 20 9 107 

Zn 12 11 113 

Pb 3 2, 131 

Fe 65 8 63 

Mn 26 3 107 

TNF 7 0 14 

FNF 6: 1 14 



T a b l e 3.5 p r o v i d e s an i n d i c a t i o n o f t h e degree o f d i s s i m i l a r i t y 

between t h e s a t i o n s . FOr many p a r a m e t e r s , most o f the d i f f e r e n c e s 

were fOund t o be s i g n i f i c a n t a t p<0.05. Those d i f f e r e n c e s having 

p r o b a b i l i t i e s between 0 . 0 5 and 0.10 were fewer i n number. I t i s 

obvious from T a b l e 3.5 t h a t some parameters would, , based on the 

frequency o f o c c u r r e n c e o f s i g n i f i c a n t d i f f e r e n c e s , be most u s e f u l 

i n d i s t i n g u i s h i n g between t r i b u t a r i e s . 

In o r d e r t o b e t t e r e x p r e s s t h e r e l a t i o n s h i p between t r i b u t a r i e s we 

performed: c l u s t e r a n a l y s i s i n the manner p r e v i o u s l y d e s c r i b e d . I t 

i s i n t e r e s t i n g t o note t h a t a l though the parameters chosen to i n c l u d e 

i n the a n a l y s i s were based on the s e l e c t i o n process used f o r c l u s t e r 

i n g t h e mainstem s t a t i o n s , t h e s e n i n e a l s o show marked d i s s i m i l a r i 

t i e s between t h e t r i b u t a r i e s . Ranking the nine parameters on the 

b a s i s o f p e r c e n t occurrence o f s i g n i f i c a n t d i f f e r e n c e s (p < .05) l e a d s 

t o : S i l i c a t e (75%); s u l p h a t e and sodium (73%); c a l c i u m (70%); i r o n 

a n d c h l o r i d e (48%); t o t a l p h o s p h o r u s (42%) y t u r b i d i t y (38%) and 

n i t r a t e ^ f t i t r i t e ( 2 5 % ) . T h i s suggests t h a t these parameters w i l l be 

u s e f u l i n the c l u s t e r i n g p r o c e d u r e . 

. ' 0 
The c l u s t e r diagram which r e s u l t e d from the a n a l y s i s i s g i v e n as 

F i g u r e 3«1Q . As was observed f o r the mainstem s t a t i o n s , d i s t i n c t 

c l u s t e r s a r e e v i d e n t . T h i s r e p r e s e n t a t i o n o f the r e l a t i o n s h i p between 

t r i b u t a r i e s i s more u s e f u l than a d e t a i l e d c o n s i d e r a t i o n o f parameter 

c o n c e n t r a t i o n s and d i f f e r e n c ^ s Jja^ween s t a t i o n s . The l a r g e number o f 

comparisons which have to b e J a S d y t h a t i s f o r 22 parameters between 

seventeen s t a t i o n s , the problem becomes i n c o m p r e h e n s i b l e . The a b s t r a c 

t i o n p r o v i d e d by c l u s t e r i n g becomes most u s e f u l under these c i r c u m 

s t a n c e s . 

Most e v i d e n t i n F i g u r e 3.10 i s the grouping o f those t r i b u t a r i e s from 

s i m i l a r areas o f the b a s i n . In one c l u s t e r are a l l f i v e o f the t r i b u 

t a r i e s d r a i n i n g from the Rocky Mountains i n the headwaters o f the 





b a s i n . Three o f t h e t r i b u t a r i e s i n the F r a s e r Canyon form a second 

c l u s t e r . A t h i r d c l u s t e r c o n t a i n s those t r i b u t a r i e s d r a i n i n g the 

c e n t r a l p o r t i o n o f the b a s i n . There i s one e x c e p t i o n to t h e r e g i o n a l 

a s p e c t o f t h e c l u s t e r s , where t h e Anderson R i v e r i s c l u s t e r e d w i t h 

t h o s e from t h e c e n t r a l p o r t i o n o f the b a s i n . D u r i n g the s tudy p e r i o d 

t h e r e was f a i r l y i n t e n s i v e l o g g i n g a c t i v i t y w i t h i n t h e Anderson B a s i n . 

The e f f e c t s o f l o g g i n g p r a c t i c e s on the parameters c o n s i d e r e d may 

i n p a r t be r e s p o n s i b l e f o r the manner i n which t h i s t r i b u a r y r e l a t e s 

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

These were t h e Thompson* Q u e s n e l , Nechako and B r i d g e R i v e r s . The 

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

t h i s s t u d y . T h i s p a t t e r n would s u g g e s t t h a t these f o u r t r i b u t a r i e s 

are s e p a r a t e and d i s t i n c t from a l l o t h e r s i n terms o f the parameters 

used i n t h e a n a l y s i s . 

Based on t h e c l u s t e r a n a l y s i s a t a b l e , summarizing c o n c e n t r a t i o n 

v a r i a t i o n was developed ( T a b l e 3.6). Examinat ion o f t h i s T a b l e shows 

t h a t the f o u r n o n - c l u s t e r e d t r i b u t a r i e s are d i s t i n c t i v e l y and s i g n i f i 

c a n t l y d i f f e r e n t f o r a number o f parameters . Those parameters not 

used i n t h e c l u s t e r i n g p r o c e d u r e have been i n c l u d e d i n Table 3.6. 

Most o f these a d d i t i o n a l parameters show a d d i t i o n a l d i f f e r e n c e s between 

t h e groups o f t r i b u t a r i e s and t h e f o u r d i s s i m i l a r t r i b u t a r i e s . 
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CHAPTER 4 - C0VAR1AHCE OF HATER QUALITY PARAMETER 

4 . T CORRELATION ANALYSIS 

Any a t tempt t o examine a system a s complex as t h a t p o r t i o n o f 

the Fraser ; R i v e r B a s i n r e q u i r e s t h a t some u n d e r s t a n d i n g o f 

how, t h i n g s v a r y , both i n t ime and space as w e l l as i n r e l a t i o n 

t o each o t h e r - Our d a t a s e t was c o l l e c t e d w i t h t h e s o l e i n t e n 

t i o n o f e x a m i n a t i o n o f s p a t i a l d i f f e r e n c e s w i t h i n the b a s i n . 

A s a t i m e s e r i e s t h i s d a t a s e t i s i n a d e q u a t e . However, i t i s 

f e l t t h a t s u f f i c i e n t d a t a i s a v a i l a b l e t o enable us t o examine 

' the r e l a t i o n s h i p between t h e parameters . 

We chose i n i t i a l l y t o l o o k f o r s l g n i f i c a t e c o r r e l a t i o n between 

p a i r s : o f parameters f o r each s t a t i o n . A g a i n , t h i s q u i c k l y 

becomes incomprehensive " d u e - t i r t h e s h e e r volume o f i n f o r m a t i o n 

a v a i l a b l e . In f a c t , i t was d e c i d e d on the b a s i s o f the p r e c e d -

; . ing; c h a p t e r * to: l o o k a t c o r r e l a t i o n s w i t h t h e nine_parameters 

w i t h i n each group o f s t a t i o n s determined through c l u s t e r ~ 

a n a l y s i s . 

The groupings o f s t a t i o n s f o r t h i s a n a l y s i s was: 

1. F r a s e r R i v e r Headwaters 

- F r a s e r R i v e r near J a s p e r 

- F r a s e r R i v e r a t Red Pass 

2. F r a s e r R i v e r Car iboo P l a t e a u 

- F r a s e r R i v e r a t Hansard 

- F r a s e r R i v e r a t Dome Creek 

- F r a s e r R i v e r a t McBride 
- F r a s e r R i v e r a t Tete Jaune Cache 

- F r a s e r R i v e r a t I n t e r c o n t i n e n t a l P u l p 



) 

3* F r a s e r R1ver - Canyon 

- F r a s e r R i v e r a t L y t t o n 

- F r a s e r R i v e r a t L i l l o o e t 

- F r a s e r R i v e r a t C h i l c o t i n Highway 

- F r a s e r R i v e r a t M a r g u e r i t e 

- F r a s e r R i v e r a t QuesneT 

- F r a s e r R i v e r a t Hope 

4 - T r i b u t a r i es - Headwaters 

- Moose R i v e r 

- Robson R i v e r 

- Beaver R i v e r 

- Goat R i v e r 

- Dbre R i v e r 

5 - T r i b u t a r i es - C a r i boo PIateau 

- Salmon R i v e r 

- WIT Tow R i v e r 

- Cottonwood R i v e r 

Anderson R i v e r 

- Bowron R i v e r 

6 . x T r i b u t a r i e s - F r a s e r Canyon 

- C o q u i h a l l a R i v e r 

- Seton R i v e r 

- S t e i n R i v e r 

7. (a) Nechako R i v e r 

(b) QuesneT R i v e r 

(c) Thompson R i v e r 

(d) B r i d g e R i v e r 



S i g n i f i c a n t c o r r e l a t i o n c o e f f i c i e n t s (p<.10) f o r a l l parameters 

w i t h the n i n e parameters used i n the c l u s t e r a n a l y s i s f o r 

each o f the above groups o f s t a t i o n s a r e g i v e n i n Appendix I V . 

In g e n e r a l , . the c o r r e l a t i o n c o e f f i c i e n t s suggest t h a t t h e r e are 

v > ^ t h r e e groups o f parameters- The f i r s t group made up o f t u r b i d i t y 

" ^ c o l o u r , t o t a l phosphorous, i r o n * z i n c , c o p p e r , l e a d , manganese, 

\ - • andi n o n - f i l t e r a b l e : r e s i d u e s * have p o s i t i v e c o r r e l a t i o n s amongst 

themsel v e s . The second; group o f parameters v. c h l o r i de . conduct i v i t y , 

a l k a l i n i t y * , hardness* c a l c i u m , sodium, p o t a s s i u m , s u l p h a t e and 

s i l i c a t e * have p o s i t i v e c o r r e l a t i o n s amongst themselves and n e g a t i v e 

c o r r e l a t i o n s w i t h the members o f t h e f i r s t group. The r e m a i n i n g 

t h r e e parameters p H * n i t r a t e 4 n i t r i t e and ammonia* appear t o be 

independent f rom a l l o t h e r parameters . 

T h i s g e n e r a l p a t t e r n does not h o l d i n a l l c a s e s . There a r e a number 

o f c a s e s where t h e r e a r e r e v e r s a l s o f t h e general r u l e , p a r t i c u l a r l y 

amongst the f o u r i n d i v i d u a l t r i b u t a r i e s . T h i s then suggests t h a t 

the s i t u a t i o n i s more complex than i s i n i t i a l l y e v i d e n t . 

T h u s , one i s faced w i t h t h e t a s k o f d e v e l o p i n g an u n d e r s t a n d i n g 

o f what t h e general case i s and t o t r y and r e l a t e t h i s t o the 

except ions , t o t h e general case . The c o r r e l a t i o n a n a l y s i s has p r o 

v i d e d us w i t h a c l u e as t o the nature o f the p r o c e s s e s . In 

c o r r e l a t i o n we are concerned l a r g e l y whether two v a r i a b l e s are 

independent o r c o v a r y l n g (Sokal and R o h l f , 1969). The most t y p i c a l " 

assumption then i s t h a t t h e two v a r i a b l e s a r e both e f f e c t s o f a 

common >fQucg. C & 4 A £ X 

I t seemed obvious t h a t t h e most l i k e l y common cause c o u l d be 

r e l a t e d t o d i s c h a r g e , because o f i t s v a r i a t i o n over the study 

p e r i o d a t a l l s i t e s . 



REGRESSION ANALYSIS 

A s a n i n i t i a l c o n s i d e r a t i o n of the dependence o f concenr-

t r a t i o n on d i s c h a r g e i t was thought t h a t some b e n e f i t was t o 

be o b t a i n e d from examining whether o r not a s i g n i f i c a n t 

p o r t i o n o f t h e v a r i a t i o n i n c o n c e n t r a t i o n was a t t r i b u t a b l e to 

v a r i a t i o n i n d i s c h a r g e . In t e s t i n g f o r t h i s we used a 

Model I r e g r e s s i o n (Sokal and R o h l f , . 1 9 6 9 ) , T h i s r e q u i r e d 

t h e f o l l o w i n g assumpt ions : 

T. The independent v a r i a b l e ( d i s c h a r g e ) i s measured w i t h o u t 

e r r o r . 

2 . The expected v a l u e f o r the dependant v a r i a b l e (concen

t r a t i o n ) c o u l d be expressed by the l i n e a r f u n c t i o n 

y = a + ex +e 

Where c i s a n o r m a l l y d i s t r i b u t e d e r r o r term independant o f 

both x-and y and w i t h a mean o f z e r o . 

R e g r e s s i o n a n a l y s i s was performed on f i v e s t a t i o n s a long the 

F r a s e r R i v e r and f o r t e n t r i b u t a r i e s t o the F r a s e r R i v e r 

where d i s c h a r g e d a t a were a v a i l a b l e . (Those data wore pub— 

H s t e d - b y ( h a t e r Survey o f Canada, 1 9 7 6 , 1 9 7 7 ) . 

T a b l e 4 . 1 shows e s t i m a t e s o f e f o r the f i v e mainstem l o c a t i o n s 

and T a b l e 4 . 2 f o r t h e ten t r i b u t a r i e s . Only those e s t i m a t e s • 

where Fs i s g r e a t e r that F .05 ( l , n - 2 J are shown. 

None o f t h e parameters t e s t e d showed a s i g n i f i c a n t r e g r e s s i o n 

irTall fourteen, c a s e s . Even among those parameters which 

showed a l a r g e number o f s i g n i f i c a n t r e g r e s s i o n , t h e r e i s 

c o n s i d e r a b l e v a r i a t i o n in the e s t i m a t e s o f g. T h i s suggested 
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TABLE 4.1 

TURBIDITY 

CL 

CONDUCTIVITY 

CA 

S04 

Si0 2 

NA 

P.JOT. 

NITRATE-NITRITE 

CU 

ZN 

FE. 

^ MANGANESE 

HOPE 

-.4865 * 

T35T *;; 

-.2198 * * 

-.3316 * * 

MARGUERITE HANSARD 

-.1322 

-.092J 

-.2115 

-.0935 * 

MCBRIDE 

.8820 * 

-.3267 * 

-.1718 * * 

-.1786 * * 

-.2301 * * 

-.2447 * 

.5116 

,3725 

RED PASS 

.3299 

.3783 
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t h a t one o f two c o n d i t i o n s e x i s t e d , e i t h e r 

(a) c o n c e n t r a t i o n was independent o f d i s c h a r g e , o r 

(h) one o f our assumptions was v i o l a t e d . 

R e c o n s i d e r i n g the c o r r e l a t i o n i n f o r m a t i o n , i t seemed u n l i k e l y 

t h a t c o n c e n t r a t i o n was independent o f d i s c h a r g e . I t seemed 

l i k e l y t h a t our assumption r e g a r d i n g the measurements o f 

d i s c h a r g e being w i t h o u t e r r o r would not have a major e f f e c t 

s i n c e t h e e r r o r i s b e l i e v e d t o be smal l 5% and the v a r i a t i o n 

o v e r the study p e r i o d very l a r g e . T h i s then l e d us t o r e 

c o n s i d e r o u r assumptions r e g a r d i n g a l i n e a r f u n c t i o n and the 

e r r o r term e. 

T h u s , two q u e s t i o n s must be a d d r e s s e d ; i s the r e l a t i o n s h i p 

t r u l y l i n e a r o r i s i t some h i g h e r o r d e r r e l a t i o n s h i p ; and are 

t h e . £ • t r u l y independent o f both c o n c e n t r a t i o n and d i s c h a r g e 

and n o r m a l l y d i s t r i b u t e d . S i n c e the a n a l y s i s was performed 

u s i n g I n transformed v a l u e s o f both the c o n c e n t r a t i o n and 

d i s c h a r g e measurements, I t appears t h a t s imple h i g h e r o r d e r 

r e l a t i o n s d i d not e x i s t . We are then l e f t w i t h r e s o l v i n g 

whether o r not our assumptions about e are v a l i d . 

EXAMINATION OF e 

In o r d e r t o e v a l u a t e whether o r not the assumptions r e g a r d i n g e 

are v a l i d , we need t o examine whether o r not 

(a) e i s n o r m a l l y d i s t r i b u t e d 

(b) c i s independent o f c o n c e n t r a t i o n and d i s c h a r g e . 

A number o f data s e t s were e v a l u a t e d i n terms o f these two 

f a c t o r s . I t appears t h a t a l t h o u g h the sample s i z e s are s m a l l , 

e i s a t l e a s t a p p r o x i m a t e l y n o r m a l l y d i s t r i b u t e d and independ

ent o f both c o n c e n t r a t i o n and d i s c h a r g e . However, a major f l a w 



i n the a n a l y s i s d u r i n g t h i s e v a l u a t i o n became a p p a r e n t . I t 

was observed t h a t t h e r e i s a s e r i a l c o r r e l a t i o n among e . 

That i s t o say t h a t t h e r e s i d u a l s , w h i l e appear ing to be 

n o r m a l l y d i s t r i b u t e d and independent o f both c o n c e n t r a t i o n 

and d i s c h a r g e a r e not independent o f each o t h e r . 

T h i s s e r i a l c o r r e l a t i o n appears t o be t ime dependent. The 

r e s i d u a l s a r e on the most p a r t o f a c o n s i s t e n t s i g n between 

January and A u g u s t , changing s i g n d u r i n g August and m a i n 

t a i n i n g t h i s s i g n through December. In some c a s e s , the s p r i n g 

s i g n was p o s i t i v e w i t h n e g a t i v e s i g n s i n the f a l l , w h i l e i n 

o t h e r s the r e v e r s e was t r u e . T h i s suggested t h a t an a d d i t i o n a l 

mechanism was o p e r a t i n g t h a t we had not a n t i c i p a t e d . 

As the next s t e p , we proceeded t o produce p l o t s o f I n - c o n c e n -

t r a t i o n vs l n - d i s c h a r g e f o r a l l s i t e s where d i s c h a r g e and 

c o n c e n t r a t i o n d a t a was a v a i l a b l e . In p r o d u c i n g these p l o t s we 

chose t o connect the d a t a p o i n t s i n the t ime sequence they 

r e p r e s e n t , hoping t h a t t h i s would produce some u s e f u l i n f o r m a -

t i o n . 

T h i s r e s u l t s i n an i n t e r e s t i n g s e r i e s o f p l o t s . In p r e p a r i n g 

the f i g u r e s presented h e r e , we chose t o use o n l y a few s e l e c t e d 

parameters and l o c a t i o n s p r e s e n t i n g o n l y the 1976 d a t a . The 

1975 d a t a does not span the e n t i r e y e a r , hence o n l y confuses 

the f i g u r e s . 

F i g u r e s 4.1 - 4 . 4 are p l o t s o f l o g c o n c e n t r a t i o n vs l o g d i s 

charge f o r t u r b i d i t y , c h l o r i d e , c a l c i u m and i r o n a t t h r e e o f 

the F r a s e r R i v e r s t a t i o n s . I r o n ( F i g u r e 4 .4) and t u r b i d i t y 

( F i g u r e 4 .1) show a p o s i t i v e r e l a t i o n s h i p between c o n c e n t r a t i o n 

and d i s c h a r g e , t h a t i s the h i g h c o n c e n t r a t i o n s are a s s o c i a t e d 



FIGURE 4 . 1 PLOT OF ^ TURBIDITY VS DISCHARGE FOR THE 

FRASER RIVER AT HOPE, AT HANSARD AND AT RED PASS 

THE NUMBERS BESIDE THE POINTS CORRESPOND TO THE 

PERIOD OF THE SAMPLING: 

T. February 2 - 6> 1976 

2 . A p r i l T3 - 1 6 , 1976 

3* May 31 - June 4 , 1976 

4v J u l y 4 - 7 , 1976 

5. A u g u s t Iff - 1 9 , 1976 

6 . September 21 - 2 4 * 1976 

7 . October 2 5 , 1976 (Hope, o n l y ) 

8 . December 13 - 17 , 1976 
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FIGURE 4 . 2 PLOT O F C H L O R I D E CONCENTRATION (mgle) 

VS DISCHARGE (CFS) FOR THE FRASER RIVER 

AT HOPE, AT HANSARD,. AND AT RED PASS. 

THE NUMBERS BESIDE THE POINTS CORRESPOND TO 

THE PERIOD OF SAMPLING (ACCOMPANYING F I G . 4 . 1 ) 
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FIGURE 4 . 3 PLOT. OF JUQS CALCIUM CONCENTRATION (mg!e) 

V s J t H r DISCHARGE (CFS) FOR THE FRASER RIVER 

AT HOPE, HANSARD AND RED PASS. THE NUMBERS 

BESIDE THE POINTS CORRESPOND TO THE PERIOD 

OF SAMPLING (ACCOMPANYING FIGURE 4 . 1 ) . 
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FIGURE 4 . 4 PLOT .OF J[S& IRON CONCENTRATION (ingle) 

VS DISCHARGE (CTS) FOR THE FRASER RIVER 

AT HOPE, HANSARD AND RED PASS. THE NUMBERS 

BESIDE THE POINTS CORRESPOND TO THE PERIOD 

OF SAMPLING (ACTUAL DATES ACCOMPANY F I G . 4 . 1 ) . 





w i t h h i g h d i s c h a r g e both between and w i t h i n the s t a t i o n s . 

On the o t h e r hand, c h l o r i d e ( F i g u r e 4 .2) shows a p o s i t i v e 

r e l a t i o n s h i p w i t h d i s c h a r g e between s t a t i o n s and a n e g a t i v e 

r e l a t i o n s h i p w i t h i n s t a t i o n s . C a l c i u m ( F i g u r e 4 . 3 ) shows 

a s i m i l a r p a t t e r n . • , • 

What i s : most i m p o r t a n t t o note i s the o r d e r o f the p o i n t s 

as? t h e y o c c u r on t h e l o o p s . Samples 1 - 4 r e p r e s e n t the 

• p e r i o d o f t ime d u r i n g : t h e p e r i o d o f t h e y e a r p r i o r t o peak 

f r e s h e t and samples 5 - 8 r e p r e s e n t the p o s t f r e s h e t p e r i o d . 

I t i s h e r e t h a t one can s e e where the s e r i a l c o r r e l a t i o n o f e 

a r i s e s - F o r a l l these p a r a m e t e r s , those samples c o l l e c t e d 

d u r i n g ; t h e p r e f r e s h e t p e r i o d have h i g h e r c o n c e n t r a t i o n s than 

a t t h e same d i s c h a r g e s d u r i n g the post f r e s h e t p e r i o d . 

Although - t h i s judgement i s o n l y q u a l i t a t i v e , i t would seem 

h i g h l y i m p r o b a b l e t h a t t h i s p a t t e r n would o c c u r w i t h such 

r e g u l a r i t y . , 

I t i s b e l i e v e d t h a t these r e p r e s e n t i n d i c a t i o n t h a t h y s t e r e s i s 

p l a y s a m a j o r r o l e i n t h i s sytem. However, s i n c e these are 

based on r e l a t i v e l y few samples , some a n c i l l a r y ev idence was 

d e s i r e d . 

Water Survey o f Canada c o l l e c t s suspended sediment samples a t 

t h r e e s i t e s i n the study a r e a . These a r e : F r a s e r R i v e r at 

H a n s a r d , F r a s e r R i v e r a t M a r g u e r i t e , and the F r a s e r R i v e r a t 

Hope. S i n c e these d a t a were c o l l e c t e d much more f r e q u e n t l y 

than were water q u a l i t y samples , and a l s o o v e r a number o f 

y e a r s , i t was thought t h a t examinat ion o f the p u b l i s h e d d a t a 

(Water Survey o f Canada 1975,-1976, 1977, 1978) would support 

our h y s t e r e s i s h y p o t h e s i s . 



F i g u r e s 4 . 5 - 4 . 7 show d i s c h a r g e and suspended sediment 

c o n c e n t r a t i o n s o v e r 1976, and p l o t s o f l o g mean monthly 

suspended sediment c o n c e n t r a t i o n vs l o g mean monthly d i s 

charge f o r the p e r i o d 1 9 7 5 - 1977. These f i g u r e s show 

the t y p i c a l features , o f h y s t e r e s i s , i n p a r t i c u l a r a t 

M a r g u e r i t e and a t Hope. H y s t e r e s i s occurs t o a l e s s e r 

degree a t Hansard and h i g h e s t sediment c o n c e n t r a t i o n s are 

a s s o c i a t e d w i t h peak d i s c h a r g e . 

I t i s i n t e r e s t i n g t o note t h a t t h e p a t t e r n o f mean monthly 

sediment c o n c e n t r a t i o n s and d i s c h a r g e s ( F i g u r e 4 . 5 - 4 . 7 ( b ) 

i s v e r y r e p e a t a b l e . One would e x p e c t t h a t a s i m i l a r case 

would h o l d f o r mean monthly c o n c e n t r a t i o n s o f w a t e r q u a l i t y 

parameters . 

The d i f f e r e n t i a l r a t e o f t r a n s p o r t o f suspended m a t e r i a l 

between t h e p r e f r e s h e t and post f r e s h e t p e r i o d s i s b e l i e v e d 

t o r e s u l t from a d i f f e r e n c e i n the r a t e o f supply to the 

r i v e r o f e r o d i b l e m a t e r i a l s . The s c e n a r i o b e l i e v e d to be 

t a k i n g p l a c e i s t h a t d u r i n g the w i n t e r months and on i n t o the 

e a r l y s tages i n f r e s h e t t h e r e i s a b u i l d - u p o f sediments i n 

t r i b u t a r y d e l t a s and w i t h i n the mainstem c h a n n e l , as the d i s 

charge r i s e s towards the peak o f f r e s h e t t h i s m a t e r i a l 

q u i c k l y becomes eroded and i s supplemented by s u r f a c e f l o w 

a s s o c i a t e d w i t h snow m e l t . Supply o f such m a t e r i a l s d u r i n g 

t h e p o s t - f r e s h e t m t e r - i a l i s thought t o be s u b s t a n t i a l l y l e s s . 

I t would seem reasonable then t o s p e c u l a t e t h a t some o f the 

water q u a l i t y parameter behave i n the same manner as does 

suspended sediments . T u r b i d i t y , t o t a l phosphorous, the t r a c e 

metals and n o n - f i l t e r a b l e r e s i d u e s are p o s i t i v e l y c o r r e l a t e d 

w i t h each o t h e r and show a p o s i t i v e r e l a t i o n s h i p t o d i s c h a r g e . 
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T u r b i d i t y and i r o n have been shown to e x h i b i t a p a t t e r n o f 

h y s t e r e s i s s i m i l a r t o t h a t ev idenced f o r suspended sediments . 

One would a n t i c i p a t e then t h a t these parameters are to a 

high degree dependent on those mechanisms which cause suspended 

sediment t o be t r a n s p o r t e d . 

C a l c i u m ( F i g u r e 4 . 3 ) andjshoride ( F i g u r e 4 . 2 ) show a h y s t e r e 

s i s e f f e c t where h i g h e r c o n c e n t r a t i o n s a r e a s s o c i a t e d w i t h 

. low d i s c h a r g e s and h i g h e r c o n c e n t r a t i o n s d u r i n g the p r e f r e s h e t 

-N""i p e r i o d than d u r i n g the posfr- freshet p e r i o d . T h i s phenomenon 

w a r r a n t s f u r t h e r i n v e s t i g a t i o n ^ . The mechanisms which r e s u l t 

i n t h i s phenomenon a r e b e l i e v e d t o be complex and dependent 

on the form and amount o f p r e c i p i t a t i o n and the amount o f 

t i m e t h e water i s s t o r e d i n the form o f snow. A general 

o b s e r v a t i o n t h a t those r i v e r s under c o a s t a l i n f l u e n c e where 

a l a r g e p r o p o r t i o n o f the b a s i n remains snow-free d u r i n g most 

o f the y e a r , do n o t e x h i b i t the degree o f h y s t e r e s i s f o r 

t h e s e parameters which i s ev idenced i n the mainstem. T h i s 

a r e a , however, r e q u i r e s s p e c i f i c i n v e s t i g a t i o n s . ^ .. « 

Al though both t y p e f o f h y s t e r e s i s were observed throughout the 

b a s i n , i t was most pronounced a t the lower end o f the mainstem. 

One would d e s i r e a method by which a s t a t i s t i c a l e v a l u a t i o n 

o f data demonstrat ing h y s t e r e s i s c o u l d be e v a l u a t e d . The 

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

a n a l y s i s i n v a l i d . 

In summary, we have found t h a t the parameters c o n s i d e r e d c o u l d be p l a c e d 

i n t o t h r e e g r o u p s ; one p o s i t i v e l y a s s o c i a t e d w i t h d i s c h a r g e , one nega

t i v e l y a s s o c i a t e d w i t h d i s c h a r g e and one independent o f d i s c h a r g e . 

The manner o f a s s o c i a t i o n o f parameters w i t h d i s c h a r g e was observed t o 

be complex, w i t h d i f f e r e n t i a l t r a n s p o r t o f m a t e r i a l s between the p r e 

f r e s h e t and p o s t - f r e s h e t p e r i o d s . 



CHAPTER 5 - WATER QUALITY OBJECTIVES 

A number of aspects regarding the development of water quality objectives 

for this basin are worth considering. A water quality objective has been 

defined as a desirable level of water quality to be attained by either 

short or long term water resource management, (Water Quality Branch, 1972). 

In that document, the scope, of objectives is qualified by: 

i 

"A uniform- or standard water quality in a country as large as 

Canada with its wide differences in geology, climate, water 

quality, existing uses and water pollution is impossible. Thus 

i t i s necessary that each area must be managed or planned on 

its own merits,, insofar as water use is concerned. 

Any attempt to write a national standard for every surface 

water in Canada would either permit the pollution or the deter-

ioration of certain waters or would, place impossible demands 

for quality control orr waters which do not meet high quality 

standards even in their natural state." 

In the past, water quality objectives have been short-term criteria for 

reversing deteriorating trends. In this context, an objective is generally 

recognized as being adequate for protecting a water from the individual 

effect of a pollutant. On the other hand, the setting of water quality 

objectives for the upper Fraser River basin for long term effectiveness, 

will require objectives which reflect the complexities of this basin. 

Objectives for the Fraser River basin should reflect the regional differ

ences in water quality evidenced in Chapters 3 & 4. Hynes (1972) suggests 

that the chemical content of water varies from region to region reflecting 

local geography and climate. This is indeed the case within the Fraser 

River basin. It is generally recognized that a natural standard or objecti 

would permit the pollution of some rivers, while placing impossible require 

ments on some natural sysems. This situation also exists on the sub-basin 



s c a l e w i t h i n the F r a s e r R i v e r b a s i n . 

T h i s suggests that water quality objectives must be precisely defined 
for each sub-basin o r possibly a group of sub-basins with similar character
istics. The preceeding Chapters suggest that a minimum of ten regions 
exist within the basin on the basis of similar water quality conditions. 
I t would seem likely that different objectives would be necessary for each 
of these. 

I t has also been observed that the manner in which those parameters con
sidered varied through time* and in relation to discharge was complex. 
The question which should be addressed in this respect is how important to 
the ecology of the sytem are these relationships. I f certain relationships 
are ecologically important, then objectives should reflect the importance 
of such relationships. The differential transport rate which exists 
between the rising and falling periods of freshet suggests that a minimum 
of two objectives will be required, each reflecting this differential trans
port rate. 

T h i s then leads to a consideration of the statistical distribution of water 
quality measurements and of water quality objectives. A t the outset of 
this study, we decided that central tendency statistics were inadequate for 
dealing with the data as it was found to be distributed. I t was decided 
that since the data was skewed to the right that transformation to natural 
logarithms produced a distribution which was approximately normal. 

The transformation has two major effects; it results in a lower mean concen
tration and in assymetric confidence intervals. I t additionally produces 
some statistical properties which are conceptually important. These are 
the elimination of the probability of having negative concentration values; 
and increased probability of extreme values. 



In s e t t i n g o b j e c t i v e s , the e s t a b l i s h m e n t o f the s t a t i s t i c a l d i s t r i b u t i o n 

o f t h e d e s i r e d o b j e c t i v e i s c r i t i c a l . To i l l u s t r a t e t h i s , one can c o n s i d e r 

the d a t a p r e s e n t e d i n T a b l e 3 . 1 . D i f f e r e n t i a l p r o b a b i l i t i e s f o r o b t a i n i n g 

extreme v a l u e s e x i s t between the two t h e o r e t i c a l d i s t r i b u t i o n s . Thus i f 

t h e o b j e c t i v e was w r i t t e n " s h a l l n o t exceed 0 . 2 " , . one i s f a c e d w i t h a 

quandry. S i n c e v a l u e s g r e a t e r than 0 . 2 are expected t o o c c u r w i t h p r o b a 

b i l i t i e s o f 27% f o r c o n t r o l tendency d i s t r i b u t i o n and 17% f o r l n - t r a n s f o r m e d 

normal d i s t r i b u t i o n * the n a t u r a l system i t s e l f would n o t conform t o such an 

o b j e c t i v e . 

On t h e o t h e r h a n d , i f t h e n a t u r a l d i s t r i b u t i o n o f d a t a i s r e c o g n i z e d and 

accounted f o r , , an o b j e c t i v e such as "based on l n - t r a n s f o r m e d d a t a the p r o b a 

b i l i t y o f o b t a i n i n g a v a l u e g r e a t e r than 0 . 2 s h a l l not_exceed 0 .19" would 

r e f l e c t a more r e a l i s t i c approach t o t h i s problem. A_perhaps more d i s t i n c t 

example i s where an o b j e c t i v e was e s t a b l i s h e d t o be the mean c o n c e n t r a t i o n . 

In such cases t h e p r o b a b i l i t y o f o b t a i n i n g a v a l u e g r e a t e r than t h a t mean 

would be 50%, hence, the n a t u r a l system would be i n non-compliance o n e - h a l f 

o f t h e t i m e . How a p o t e n t i a l u s e r o f the w a t e r c o u l d proceed w i t h d e v e l o p 

ment under such a s i t u a t i o n needs r e s o l u t i o n . 

The process o f e s t a b l i s h i n g w a t e r q u a l i t y o b j e c t i v e s f o r the very complex 

F r a s e r R i v e r b a s i n must account f o r : 

1. d i f f e r e n c e s i n mean water q u a l i t y t h a t e x i s t between v a r i o u s s u b - b a s i n s . 

2. the s t a t i s t i c a l d i s t r i b u t i o n o f water q u a l i t y d a t a . 

3 . i n t e r r e l a t i o n s h i p s between parameters , p a r t i c u l a r l y those o f e c o l o g i c a l 

s i g n i f i c a n c e . 

4 . dependence o f parameters on d i s c h a r g e ; and 

5 . the d i f f e r e n t i a l r a t e o f t r a n s p o r t between the p r e f r e s h e t and post* 

f r e s h e t p e r i o d s . 

I t i s then r e c o g n i z e d t h a t the e s t a b l i s h m e n t o f water q u a l i t y o b j e c t i v e w i l l 

o f n e c e s s i t y be as complex as the system under c o n s i d e r a t i o n . 



CHAPTER 6 - SUMMARY 

, 1 . That p o r t i o n o f the F r a s e r R i v e r system c o n s i d e r e d i n t h i s 

s tudy i s d i v e r s e i n r e s p e c t t o w a t e r q u a l i t y . The d i v e r s i t y 

e v i d e n t i s r e l a t e d to g e o g r a p h i c a l a r e a s , s i m i l a r i t i e s being 

g r e a t e s t among t r i b u t a r i e s and mainstem s t a t i o n s which are 

c l o s e s t t o g e t h e r , w h i l e d i f f e r e n c e s are maximized w i t h geo- c - . 

g r a p h i c a l d i s t a n c e . <^~m^m^i^—— 

2. I t i s p o s s i b l e t o d i v i d e the b a s i n i n t o 10 u n i t s , each has 

d i s s i m i l a r p r o p e r t i e s . Techniques u s e f u l on making d i s t i n c t i o n s 

between these u n i t s were c l u s t e r a n a l y s i s supported by t - t e s t s 

between; means. 

3 . The interdependence and r e l a t i o n s h i p s a m o n g s t t h e 22 parameters 

c o n s i d e r e d were assessed u s i n g c o r r e l a t i o n a n d , r e g r e s s i o n 

t e c h n i q u e s . In terms o f c o v a r i a n c e and b e h a v i o r , the parameters 

can be c l a s s i f i e d i n t o t h r e e groups . 

(a) t h o s e parameters which were found t o e x h i b i t a p o s i t i v e 

c o v a r i a n c e w i t h one another and formed p o s i t i v e r e l a t i o n 

s h i p s w i t h d i s c h a r g e : t u r b i d i t y , c o l o u r , t o t a l phosphorus, 

t r a c e metals and n o n - f i l t e r a b l e r e s i d u e s . 

(b) those parameters which were found t o e x h i b i t p o s i t i v e 

c o v a r i a n c e w i t h one a n o t h e r and n e g a t i v e r e l a t i o n s h i p s w i t h 

d i s c h a r g e : c h l o r i d e , s u l p h a t e , c a l c i u m , c o n d u c t i v i t y , 

a l k a l i n i t y h a r d n e s s , sodium, potass ium and s i l i c a t e . 

(c) those parameters which are independent o f a l l o t h e r 

parameters and o f d i s c h a r g e : n i t r a t e - n i t r i t e , ammonia 

and pH. 



F o r most o f the water q u a l i t y parameters , the d a t a c o l l e c t e d 

o v e r a 21 month p e r i o d was found to be skewed. T h i s means 

t h a t the use o f c e n t r a l tendency s t a t i s t i c s such as means, 

v a r i a n c e s and t - t e s t s i s inadequate . The use o f n a t u r a l 

l o g a r i t h m i c t r a n s f o r m a t i o n s i s suggested as a p a r t i a l s o l u t i o n . 

T h i s improves the accuracy and p r e d i c t i o n p o t e n t i a l f o r water 

q u a l i t y parameters* both o f which are e s s e n t i a l i n e s t a b l i s h 

i n g water q u a l i t y o b j e c t i v e s . 

The r e l a t i o n s h i p between d i s c h a r g e and some o f the water q u a l i t y 

parameters was found t o be n o n - l i n e a r and complex. The d i s t r i 

b u t i o n o f the r e s i d u a l s from r e g r e s s i o n s appeared to be s e r i a l l y 

c o r r e l a t e d . L o g - l o g p l o t s o f c o n c e n t r a t i o n a g a i n s t d i s c h a r g e 

showed a d i s t i n c t e l i p s d i d a l r e l a t i o n s h i p though^to be h y s t e r e -

• i s . Suspended sediment data e x h i b i t s s i m i l a r r e l a t i o n s h i p s . 

The c o m p l e x i t i e s o f t h i s b a s i n should be r e f l e c t e d upon when 

water q u a l i t y o b j e c t i v e s are to be e s t a b l i s h e d . O b j e c t i v e s 

should account f o r t h e skewness e v i d e n t i n the d a t a , r e l a t i o n 

s h i p s between p a r a m e t e r s , dependence o f c o n c e n t r a t i o n on 

d i s c h a r g e and the observed d i f f e r e n t i a l r a t e o f t r a n s p o r t 

b e l i e v e d t o be h y s t e r e s i s . 
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APPENDIX I GEOMETRIC MEAN CONCENTRATIONS OF,HATER QUALITY 

PARAMETERS WITH CONFIDENCE INTERVALS FOR MAIN-

STEM FRASER RIVER STATIONS, t b VALUES AND THEIR 

PROBABILITIES BETWEEN STATIONS ALONG THE RIVER 

ARE ALSO GIVEN-
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ĵ- in «o m m m -o ^ 

m m m m 
CP ^ - * rvi p-
m oo <o o> co 

co 
m 

~ * ~+ CP 
m <o m 

co 
CO 

m 
cn 

u 
Ui >— 
OL V— 
a > 
x - J 
ra ra

ce oc 
LU Ui 
z> > 

CC c c 
LU Ui 
CO LO 

< 
cc cc 

LO 

Ul 

V— M 

Ul H» cc - i 
o O Ul Ul a U 3' Z ' ~ 
- i . _)- O to 
- j . OC Ul ou 
•«*> X: 4 3 O 
- i U X a 
ra ra ra; ra ra 
ce CC OC: ac oC 
Ul Ui Ul Ul Ui > > > > > 

»—« to* 
QC QC ac ac oc 

OS OC ac OC oc 
Ui Ui Ul Ul Ul 
LO to to to to 
< < <. 
C C OC ac ac ac 
LU u. u . LU LU 

Ul 
Ul z 
Ul 3 to 

a ac Ul ac < to 
ac. u a . Ul < ac 
«» to*. h- a. Ul 
to ut QC to Ul o. 
z a:: CO Z " r- a to 
< a (_> 3 Ul Ui < 
X a a: a »- aC -> 
ra; 

ra* ra ra ra ra ra 
ac ac oC ac ac ac ac 
Ui Ul Ul Ul Ul Ul Ul 
> > > > >- :> > 
to* to* to*- to* to*- to* to* 
ac ac "CC ac ac 0C ac 

ac ac cc ac oc ac ac 
Ul Ul Ul Ul Ui Ul Ul 
to to tO to to to to 
< <. <t < <J «r <t 
oc ac. cc cc ac cc CC 
LU LU LU LU tu LU LU 



33 
O 
0C 

co m r» m 
o m 00 >r 
o in r- o 

r •< • •- m 

o O o o o o 

m 
r— 

o» 
m 

ro in p-
O ro o 
r\j CO a o 
»• # ; •-

O o o o 

o in 
CM 

#-

ro 
CM 

O 
CM 

co - <M 
— 5 CM 

in 
CM 

•- • •- • 
in O <M ' P » 

CM fM CM CM -** 

cu i*. r» o» c* Cr> 
0> o > ; C M - . 0> ^ 

CM >o m P » ro oo ft* 
» «• * + •* 

«> o o o o o 
I I I I I 

«M in 
in 
0»-

m o <M 

~+ «-* OB 
m CM «-*• 
•> • » 

f-a O CO 
I 

O 

CM 

ro r\i 

t- •> 
ro m CO 
»*• 

QC t-
UJ 
O. Z 
a. »—• 
3 -I 

Mj in r t 
CM <o m o vc\ —* 

. * . » . • • « > 
m CM CO 
sQ. P » P»-

CO 

oa 
CM 0> 

O <M 

CM *0 
CM m 
CM» . CM. 

•-• •-
co r * 
CO OO' 

CO 
0» 
o 
in 
co 

in 
oo 
fO 
Cf* 

•O -A 
r * in CM 
cf eo r— • • • •• 
m ^ oo 

CM 

p» 

CM 
p» CP 

3 x. 
o * -

<• 
Q 
CO 
£ 

O 
O 
CO 

~ * CM 
ro 03 
CM CM 

* •> . «v 
r» p* «o 
in in «n 

o 
o 

CM co 
CM 

0* 
<0 m 

«0 o 0» CM CM 
m •4" in 
CM >0 CM p» 

• • — • « 
CO CM p— m 

m to in tn in 

p- m in o> 
ro m CM 00 .-»• 

CM ~* CM CM 

«-«>. 

o 
CM 

CO 
in 

CM 

co rn O 
o tn co 
- J >r o 
CM <M C 
>o m cn 

m oo 
•a 
CM 

LU 
X z 
a < 
LU LU 
O £ . 

in «0 0> m CM; 
c* p- ~M 

rn rn co P » 

«n >r 
m •a 

CO 

o -o 
0* 
o 

CM ro 

O p» 
oo 
a* 

Cf 
in 

• >J* 
o 

m 
m 

• • • in m CM a a* 
M3 p- P~ 

LU 
z 
a 
cc 
< 
I 

CC 
LU 
r— 
LU 
r < 
QC 
< 

u 
r -
< 

LU 
a. 
a 
x 
ca. 

cc 
LU 

>• 
CC 
LU 
LO 
<t 
ac 
U> 

Z 
r— 
LU CC _ l 

Z ' U a LU LU 
u U o z 

—J _ i O CO a —i- ^ » ac LU a 
>•• ' M - x. <t 3 ' <_> 
-1 —1 o £ O •• 

ra ra ra CB ra ra 

cc oc CC CC ac cc. 
LU LU LU LU LU LU 

> > > >• > > • »—• 
CC oc ac ac aC CC 

cc cc cc cc cc cc 
LU LU LU LU LU LU 

LO LO LO co CO < < < < < < 
ac ac ac CC cc CC 

LU LU u. LU LU IV 

LU 
LU Z ' 
LU 3 ' CO 

o cc LU ac. < CO 
0C U a . LU "3 < < <-«. 

LU 0-
CO LU ac CO LU 

z 2 . co z »— a 

< t_l CJ 3 Ui Ui 
X c X,. O H> cc 

ra ra CB ra ra ra 

0C: QC ac . ul oc ac 
LU LU LU LU LU LU 
> ' >• > >• >• > 
oc. cC CC QC cc OC 

X CC ac ac cc ac 
LU LU LU LU LU LU 
LO LO LO l/l co CO 

< <• <• < <* 
OC CC CC oc cc aC 
LU LU LU LU LU LU 

CC 
LU 

a 
LO 
<t 
-i 

ra 

cc 
LU 
> 
cc 
LU 

co 

ac 
LU 



U» 
Q 

CO •o m >o CM m o O r- - >0 O 
o in o r- o 0* m cn CO a 
o in o> a CO cn CM CM tn o o • • • • ••• • -
o o o o o o a a o O o a o 

m rfl o r- CO CM in m o CM 
CM CNJ. «M -4! CM CM CM CM (M CM CM 



ca- ra ra re ra re ra ra ra ra re ra ra 



CO 

o 
aL 
o. 

j. 
3 
I 
I 

[ 
[ 
E 
C 
B 
0 
I 
D 
D 
D 

ac I 
ui • 
o~: 
Ov i 

3: . 

CC I 
Ul i 

a — 

< a 
CO 
X 

U l 
z z 
o < 
Ul Ul 
o s 

CM 
a 

cc 
Ul 

t— 
Ul 
2. 
< 
O C 

< 
a. 

< 
i -
lA 

cy CM m CO CA CA .-t cn r- m o 
m O CA CA CO co CM m o 
CO o CO o ra a a 
• • •• »- • • • o o a O o a o o o o o o o 

• 
D

F m 
CM 

m 
CM 

o 
CM 

r- CO 

to*-
CM 
CM-

in 
CM 

in 
CM 

CM o 
CM • 

.»* 
CM 

CM 
CM r-

«*• 

i— • 

in 
o 
CM ,Q

7Q
 

•O in co-
>o 
CM 

m <o m m 

t 
GO 
CM 

o 
CM 
CO 

r»» 
CA o 

' —* 
~4 
CO 

CO 
CO 
CM 

OO 
CM 
rr| 

to4 

o 
1 

o O O o 
i 

CM O 
1 

« 4 - to*' a 
I 

CM. o 
1 

«<• 
I 

CM m cn CA 

o CM CO CM CA <o CM tn eo o o o 
o CA CM CA to* CA co CM CA eo , rn vO CA «r CM CM CM a cn •to) o »o »• » •< »- • » 

• • •< 
•a irr in >*» m m 

CA CM 4 m «*- in m -n 00 O P - in 
CA C A •a r » C A CO CM o CA cn 00 

>*• CM a* to a CA o • O CM a CM ••» 
f) » 

• 
» »•-

• • •• 
» » 

cn m CM. cn CM <M CM. CM CM cn 

i n m m m CO m CA CO 

*-< CO r * <o CA 
CM CM CM CM CM CM cn CM 

•> •• *> •» +• 
CM 

o 
in 
cn 

m 
CM 
cn 

o rn <a 
in r»» o 
CM - 4 CM 

•43 >CT 
«o in ^- .tn • • in in 

in 
in 

in CA •4- m o CA CO m a 
>f CA in o in CO CA m CM 
o CO to4 - o cn CA CM in 00 

*. • 
•• *- » • 

• • • m in rn cn CM cn CM CM cn 

Ul Ul 
Z h- Ul z to i— to». Ul 3 to 

UJ ^_ ac _j a ac L U ac « ' to 
z . o a Ul Ul ac a a Ul <• aC 

o o z < to* H- Ul 0u Ul 
ut t— _J - i a tn to Ul ac to Ul a. 
CL to- _J to* OC Ul Cw z 2. cu z I— a to 
a to* X < 3 O <• Ul Ul 3 Ul Ul < r ' —I. —I u zz O X a zc a 1- ac 

ra ra ra ca ra ra c* ra re (B ra ca ra rs 

oc QC ac ac ac ac ac oC ac CC oc OC CC ac 
Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul 
> >• > > > >• > > >• > > > > z> 

to#- to* to* to* to* to* to*>' to* to*. to*. to* to* 
QC oc ac OC ac cC oc ac QC ac ac ac cC ac 

cc 0C' ac ac ac QC ac ac ac ac ac ac oc CC 
Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul Ul 

tn to to to LO to LO to to to to to 
< <; < <r <t < •< <• < < < < < < ac ac ac ac ac ac ac ac ac ac CC 



03 in O 

a NO 

cc a. « 
o o o 

CM. CM CO to 
»r >0 rvi «o 
r- . CO - 4 o m 

• • - • •• o o o o o 

•* p- CP- eo <o 
<M <M CO «M in 
in m P-> O ** 
• • • • • O o o a a 

u, 
Q 

in 
CM 

m- o 
CM 

p-
' to* CO rvi 

CM 
m 
CM 

1— 

<o 
P» 
r -

o 
to* 
to* 

CO; 
r o 
P» 

ro 
ro 

>o 
p-> 

* * 
CO 

in 

\ *• 
P» 
ro 

" •-«• 

O: 
1 

a 
I 

a O a 
1 

CM 

m o CM P-
CM CM (M CM- CM »*-

r* CM >r CO >r 
CO in >»- ro CO 

fa «o «o m ro **• 
a-. o - o o CM to* 

i 1 

** •»• • • ••-

ro ni O 0> to* ro ro 
— * " « • * . 1-4- to* 

o O V 

OC to-
LU *-• 
CL X 
CL 
3 —I 

OC K-
UJ to* 
3 X 
O — 

p— o «*- .to*-' cor in- rrr p » CM o» a <o CM 
o? C3̂  P— tn ro ro rf ro <M r- o to* ro ' to* rn CO tn> in CO m rn m rn eo **> 
ro ro- rrr ro- ru -+ 

7 
•* •-4 to*) O 

in CO rvi CO O ' P- ro CO 0» to* <o CO CO 

0> to* cp- rg O to* o co «o cr-
un •o «0 ro cM rO CO «o in in in in 

«> •> to • •• •' • • -., • - • •• • a o a a a o a 

o 
» r 

P— 
P-
irr 

•a 
>o 

0* 
a 
r— 

to4-

o 

CM 
ro 
vO 

0Y 
r-
03 m 

cn to* 
>o 

CO 
CM 
-O 

-o 
in 
in 

CM 
P» 
CM 

in 
rvi 

to*>^ —* to* to* to* -* to*- to* >* 

UJ 

pto CJV in ro ccr o» CM CM tod •4* 
0* 0* i n tn CO o CP CM CM ^ » co ro eo 
CM tn <a CM a m CP CO CP CD O p— 

*. • • •- •• • • CM CM CM CM CM rvi. to*.- o o o o o a O 

o <x 
UJ UJ 
O X 

a 

UJ 
z - 1— to- to* to*~ LU ... 1— ac _ l 

z ' a a UJ LU 
a a o *C 

LU Y— _ j - j . iff co 
CL Hi- _ i to*- ac UJ 
O > toto x . < X _J -1 . o • X ' 
re ! CB re c«ĵ  C 4 CB 
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APPENDIX I I GEOMETRIC MEAN CONCENTRATIONS OF^JATER QUALITY 

PARAMETERS WITH CONFIDENCE INTERVALS FOR 

SEVENTEEN TRIBUTARIES TO THE FRASER RIVER. 

WITHIN EACH OF THE TABLES, THE TRIBUTARIES ARE 

ORDERED ON THE BASIS OF MEAN CONCENTRATION. 
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I 

VALUES OF t t AND THEIR ASSOCIATED PROBABILITIES 

BETWEEN TRIBUTARIES TO THE FRASER RIVER FOR 

TWENTY-TWO WATER QUALITY PARAMETERS. 
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APPENDIX IV SIGNS AND CORRELATION COEFFICIENTS FOR THE GROUPS 

OF STATIONS DESCRIBED IN CHAPTER 4-. ONLY THOSE 

COEFFICIENTS WHOSE PROBABILITY IS LESS THAN 0.05 

ARE GIVEN. 
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