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"Apart from slight'seasonal'and geographical variations, the composition

_of the water in the (Fraser) river system is very uniform. Water turbidity

however, varies greatly with stream flow and shows a large increase during

spring."

British Columbia Research Council 1952
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- Abstract

watef~qualityjdata collected over a 21 month period from thirty-one sites
within the Fraser River basim upstream from Hope are analysed. These data
were found to be skewed, making central tendency statistics inadequate.
Natural logarithmic transformation of the data proved to be a partial sol-
ution. ‘

Using cluster analysis techniques these 31 sites. were found to form
clusters of sites which had similar properties. These groupings were
found to be related to geographical location.. ‘

Three types of parameters were found to exist; some being directly related
to discharge; some being inversely related to d1scharge, and some being
1ndependent‘of discharge. The relationships with discharge. are non-1inear
and are believed to exhibit.a seasonal differential rate of transport
thought to be hysteresis. ' '
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' CHAPTER 1 - INTRODUCTION

eThe ﬁater'quality of the Fraser River system from Hope to the headwaters:

" in the Rocky Mountains: was examined by the Water Qua11ty Branch, Pacific

" and Yukon Region,, between April 1975 and: December 1976. The program was

1n1t1ated.to examine variations in water‘qua11ty at different locations

within the river system and to provide a bas1s for establishing water

o quallty-obaectives fqr the basin as a whole. The primary aims of the
study were to: ' o

sT; determine-the:degreefofluniformity.1n'water‘quality within -the system;

2.. examine: techniques to subd1vide the basins into sect1ons with
' s1mi1ar'chem1ca1 conthions,

3.. ekaminefinterdependence amongst water quality parameter; and
4. identify relationships. between water‘quality'parameterS’and-discharges

Based on data from a large 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
chemica]-propertieS'and discharge were investigated in the hope of gaining
a better understand1ng of the-mechan1sms affecting water quality within

the: system..

A project:whfch.attemptssto evaluate a large number of rivers on a
synoptic'basiS'is.faced with a. number of limitations. In this study,
time Timitations 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
Timitation which affects all such studies, and one must be content with -
the data as the best available.. The second limitation with respect to
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time- is the potential for temporal variation to exist both at a particular
station, and between the various stations. Sampling of the 31 stations
normally took five days in summer and six in winter. e have had to
assume that temporal variation at each station and: over each sampling.
period was.negligible in respect to spatial and seasonal variation.

‘Anaiytica]'TimitatiOnsﬁalsorexjst,:particularly’withtrespect.to<the

nUmber.of‘samples:Whichamay'be=ana]ysed. In this respect, compromises.
must be' reached and: these are reflected. in the distribution of samph‘ngs.

One is also forced to make~c0mpromises when one w1shes to: take.repre-
sentative samples from a: Targe number of Tocations over short periods

of time. The lagistical problems are particularly evident during winter
when general travel conditions are poor and the effort required for
sampling is increased. We were forced, at times, to omit some stations
due to physical limitations, however,.theséfwere:kept to a minimum.

The. present. report is organized in- the following manner. Chapter 2
describes:the~studyfarea;;sémp]ing methods, analytical techniques, and
statistical methodology. Chapter-3;describe5'the~variations.in mean
condition of water quality of the mainstream of the Fraser River and its
tributaries. Chapter 4 describes*the;intérdependence-of water quality

parameters. and examines the relationships of various parameters to discharge.
- Chapter 5 attemptS‘tO“relate-the:variations'described‘in the previous three
chapters to water quality objectives.
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CHAPTER 2 - STUDY AREA AND METHODS

I.

II.

“STUDY AREA

" Prince George it changeS‘direction:southwardS'and"eventually crosses

ValTey..

TheaFraser>River-fToﬁsrnorthwestward*from its source: in the Rocky
Mountains.,. through.therRockyﬁMountain'Trench and Caribou Plateau.. At

the coastal mountains through the Fraser Canyon and into. the Pacific
Ocean. 'The downstream: boundary: for the present. study was: chosen at
Hope where the river leaves the: Fraser Canyon and enters  the lower Fraser

The total distance the river covers from its headwaters to its mouth is
1400 km. It drains a total of 233,100 kmz, being the Targest river in
British Columb1a, The long term mean annual discharge recorded at Hope
is. 2700 m /sec. (96,000. cfs)- : ‘

The: largest portion of the: drainage basin is a plateau comprised pri-
mariTy of recent sediments. The eastern edge ofthe basin,. where the
headwaters: rise,. lies in the highly fold pa1eozo1c sedimentary formations
of the Rocky: Mountains.. The western boundary of the basin is the coast
mountains which are a great mass of igneous. rocks: termed the coast
batholith.. '

In this study we have considered that portion of the basin upstream
from Hope.. This examination has been restricted to a series of locations
along the mainstem of the Fraser River and a number of its tributaries.

The»tributaries:are-considered:onlynas.contributors'to'the Fraser River,.

and not examined as separate systems.

STATION SELECTION

/
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Fraser River Mainstem o

The initial survey taken during April 1975 sampled the Fraser
River where: access to: the river was readily obtained. A review.

“of that. data: s‘uggested‘ that additional stations were required

in. the uppermost portion of the basin,. where Targe differences.

_in-water quality were noted ‘One: of the original stations was _
 eliminated because of" its unsuttable 10cat1 on. ~In the remainder -
| of the sampling trips. we attempted to collect samples from
~ fourteen: Tocations on the mainstem. of the Fraser River. The -
‘ Jocations of- these are shown im: F1gure 1. ' '
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Tr1butar1es

In the initial survey, samples were. col]ected from only four
1:rribu1:ar'1esft the Thompson River, Nechako River, Quesnel River,
and:-Bowron River. These had. been chosen because of a precon-
ceﬂved.1mportance based on. the magnitude of recorded.dlscharge
and- because: of their: Targe drainage areas..

t
1

'AddjtiOnal«tributariéSawere=sampled“on~al1 subsequent sampling
’ tﬂps. These: were selected on the: basis. of a number of criteria:

(a) where' discharge: records. were: avai]able,.the size of

(b)

(c)

the river relative: to the Fraser at the nearest

| gauged site was considered. This suggested that the
- sampiing of smaIIer'tr1butar1es would be useful at
“the upper end of the basin; o o o

obvioﬂs physiographic‘differences.suggésted that
smaller tributaries in different regions. should be
considered; and

\

4

ease of access: to. collect samples.. Some tributaries
were not: sampled because of conditions which made-
sampling difficult, particularly in winter. Some
important tributaries such as the McGregor, West Road
and Chilcotin were: omitted for this reason.

In the: end, we had. collected data sets which we considered to
be: adequate: for analysis. from seventeen tributaries. The
locations of these are shown in Figure 1. -

! = .- o . - - . . : . .
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- Figure 1 - " The Fraser River Basin showmg the 1ocat1ons of
T mainstem stations (e) and tributary stations (o).
‘The number_ besi de the s_ymbo1sr correspond to:

Mainstem.

1.. Fraser River neat? Jasper
2. Fraser River at Red Pass:

3. Fraser River at Tete Jaune Cache
4. Fraser River at Dunster |

5. Fraser River at McBride A
Fraser River at Dome Creek.

7. Fraser River at Hansard:

8. 'Fraser River at Intercontmenta] Pu]p
9.. Fraser River at Qu_esnel
10. Fraser River at Marguerite
11. Fraser River at ChiTcotin Highway
12. Fraser River at Lillooet -
13. Fraser River at Lytton

..

NN N N N N _N_N_N_

.D 14. Fraser River at Hope - —

'B Tributaries:
15. HMoose River 21. Willow River 27. Seton River

.B 16. Robson River 22. Salmon River - 28, Stein River

» » 17. Beaver River. 23. Nechako River ~ 29. Thompson River
18. Dore River- o 24. Cottonwood River 30. Anderson River

IB 19. Goat River ~25. Quesnel River .31. Coquihilla River
20.. Bowron River 26.. Bridge River -

il
i
i
i



UPPER FRASER RIVER
SAMPLING STATIONS
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Sample: Collection

At each station 'sam‘ples were collected usvi'ng' a 2 Tliter bottle frame.
and the-IWD replicate sampler from: as close to: midstream as was prac-
tical. At all stations a: two. liter sample was collected. for: the
detem1nat1on of turbidity, ¢ olour, pH,. conduct1v1ty, alkal1mty,

"-hardness, calcium, sulphate,: sodium, potassium and chlonde. A set.

.of six replicate samples were collected directly into glass bottles.

These samples: were analysed for the following trace metals, copper, .'
zinc,. lead,. iron and manganese

for determination: of total phosphorKus.._, Six replicate samples were-
collected i w-»pol'yethyl"ene bottles for determination of nitrate pius
nitrite and ammonia. ' Determi nat1on of silicate concentration was

done on: two: of these six samples. Two samples wc;re collected 1n‘bo

c
250 mF polyethylene bottles. to which 0.5 mis of BN&% wa’s added.

At stations on the mainstem-of- the Fraser River, and on the major

tributaries,. four replicate 500 ml samples were collected for deter-
mination of total and fixed non-filterable residues. This additional
sampling was done ohl‘y periodically at some of the minor tributaries.

Chemical Determinations
The methods used in performing the chemical determinations are listed

in Table 1. Al analytical work was. performed by Analytical Services
Division, Water Quality Branch, Pacific and Yukon Region.

1scharge,uea-sm=emen-ts- §\ [ed h.,\_q,c\A D@;l o

Discharge measurements used in the accompanymg analysis were obtamed
from the Water Survey of Canada publication "Surface water' Data -
Br1t1sh Columbia" (1976'6 19777. g
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TABLE 1.  ANALYTICAL METHODS

T e -~

Parameter ~ Method
Turbidity ~ Photometrically
A Colour y Spectophotometr1ca11y
SopHo ‘ pH meter
. Conductivity  Conductivity meter
Alkalinity:  HpSO, titration
- Hardness. - " EDTA titration
- Calefum' EDTA titration
Sulphate - Colour1metry (AAII)
silicate  Colourimetry. (AAII)
Chloride ’-'rl._CbTourimetry.(AAII)
| fSodfumf‘A'{ '~:f' FTame~photomé§ry=
PotaSsium* -~ Flame photometry
| NitratéiNitrite: Colourimetry
Ammonia ~ Colourimetry -
Total Phosphor usu Colourimetry. .
Copper Atomic. absorption
EE : spectrophotometry
Zinc ‘ o Atom1c,absorpt1on
o spectrophotometry
. Lead ‘ Atomic absorption
- spectrophotometry
Iron Atomic absorption
spectrophotometry
Manganese. ' Atomictabsorptioh-
: spectrophotometry

Total nonfilterable Grav1metr1ca11y
Res1due

Fixed nonf11terab1e Grav1metr1ca11y |
residue.

’ M%%» /W%

Reference

Inland.uater Directorate.1974
Inland Water Directorate 1974

-in1and'Water'Directorate-1974-

IhlandtWater Directorate‘1974

Inland Water Directorate 1974

Inland Water Directorate- 1974
InTand: Water Directorate 1974

InTand: Water Directorate 1974

Inland Water Directorate 1974
Inland Water Directorate 1974

L InTAnd.Water Directorate 1974

Inland Water Directorate 1974

Technicon Instrument Corp. 1972

Inland Hater Directorate 1974

Technicon Instrument Corp. 1971

Inland Water Directorate 1974

Inland Water Directorate 1974

Inland Water Directorate 1974

Inland Water Directorate 1974

" Inland Water Directorate 1974 -

InTahd'Water Directorate 1974

Inland Water Directorate 1974

! L ’ . ' ’ . ' I ‘ )
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date- from Water Survey of Capada.. Th!se> _
e ] (197 1977b 1978, 1979).

VIiennata*Ana1ysi§:

AT data3reductfonfand"ane]ysis,Were'performed at The University of

British Columbia Computing Center. -Twhsejs an IBM 370/168 aperating
cunder—Mictrigamr-Termma-Systen. e '

V%ﬁ(T- Dafa Transformations

‘ ‘c,eiAII-statistica]_ca]cu]ationszwere‘perfdrmed on the natural

pR

llogarithmic (1n) transformations of the data. The transforma-

tion accomplishes several desirable 1tems, it makes the variance
1ndependent of the mean; precludes zero from the confidence

" interval; ,ard makes the confidence interval assymetmc about

the geometric mean. Values reported are the ant1]ogs.of,the
mean"and.standardt&eviation of the:1ln-values. These are the

'geometriC'mean'(i?) and A respectively. The confidence interval

about. 5 are 5" A and

!}ICZ. Statistical Analysis of Mean Condition

One-aspectﬁof'interestt(aipriori)wasethe differences in mean ‘
condition between stations, Amongst the mainstem stationg the
interest was in'pairs.of'stations in the order that the

_stations occur along the river. In other words, we were inter-

ested in the occurrence: of 'significant. transitions in mean
concentration. The tributary stations. can be considered to be
logically 1ndependent of each other,. based on the lack of
~interaction between them. Thus, we must ‘consider the differ-
ences between all pairs. ‘
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In both instances the statistic used was

o I"nX'L - 1n)§2- ‘

o Whereflﬁi}.a Szi, andanf,are:the meanfof’the In transform of

"“the-concentration measufements;-itS'vahiance, and the number

fb

VII.3.

of samples respect1ve]y Thisfis in fact eduiva]ent_to

’7?"*

' (n -1) , (n,-1) - _______.
VL L
B, T A

The value of ts is evaluated with (n1,+_nzﬁ- 2) degrees of
freedom. ~ | -

Cluster Analysis

. One technique which seeks to separate data into constituent

groups. is cluster analysis.. The result of a cluster analysis

is a number of clusters or groups. Cases are clustered using

average distance as a measure of similarity. Two cases
having the shortest distance between them (Euclidean) are

amalgamated (clustered) and become treated as one case having

properties which are the average of the members of the cluster.

The clustering process is complete when all cases have been
amalgamated into one cluster. '




~

In. the prezfct application of. this method we chose nine {
‘rparameters,whc’exh1b1ted apparent var19;1on among all the j

Lol R O I L e i L -

stations and which could be deemed—%e—be independent of each
other. Those. used were turbidity, chloride, calcium, sulphate, -

_Atota].phqsphogphs,”nitrate:plus nitrite,. iron, silicate and

sodium.

| These parameters haye 1ffere4} z gn1tudes, ranges, and un1tS"
g
. of measurement. 1 certain of these would carry

A
more weight due entirely to the nagnitude of its value. This

difficulty is overcome by standardiz1ng each variable to zero

- mean and unit variance by

(X, =X 47 ) /S0
i Tall, Tall,

i
The distances between cases Ci C2 are computed by -

-vxr ‘)2

b2 (X = X
423

2 X
Gy G 7 gy

th

Where X1j is the standardized value for the C case,

i* variable.

The two cases with D2 minimum”(i e. the shortest distance) are
grouped into a cluster. This cluster is treated as a new case
with the variable values be1ng the weighted average of the
member of the cluster. In the actual analysis performed we
used BMDP2M (DIXON, 1975).
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VII.4.

Correlatidn~Ana1ysis

Correlation analysis. was performed to determine whether pairs

of variable were: interdependent (covarying) or statistically

‘ independent. In this analysis, no distinction is made between
“independent and.dependent variables. The basis of the analysis

fs the assumption that the two var1ab1es are both effects of a

‘common cause. -

_Thﬁs analysis was performed on the In transform of the concen-
~ tration. data. Pearson's’ product-moment correlation coefficient

is commonly used as a measure of covariance. (Sok&] and Rohif,

1969). This coefficient. requires that the relationship between

the variables is Tinear, and that the pair of variables have
a binormal distribution. '

g The: product—moment correlation coeff1c1ent (r) ranges in value

from +1.0" for a perfect associat1on to -1.0 for perfect nega-
tive correlation. The: caTculation of r for a pair of variables
Xy and Xkarequiresgthe:fol1owing computations:

2 2
X § Xi (sz)
2 z
n
X xk - zx )S( (}IXj) (zxk)
n . {
2 2
zxaj X2,

The significance of r is determined by the F-test of

" independence. where

F= 2 (n2)

] -r2

I O EE S A B & M By aE I .
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where n is the number of observations. of the parameter
pair (X and X:). The value of F is evaluated with 1 and n-2-

degrees of freedgm;
. _J

Regression: Analysis:

Infinitiat considerations:of‘thezdependence of parameter

concentration on discharge it was decided that some benefit
was_to;be¥obtafned%f?om'examiningrwhether~or not a functional

. relationship exfstéd; To test for a functional relationship

a;Jinear"regressio@ between. In-concentration and In discharge

was.used;v_ r

'In'using'theﬁkegréssion the-fo11bwing hévé been assumed;

(a) uthe=ihdependent,variable (discharge) is measured without
error. '

: (b)- the éxpected_va]ué for the dependent variable-("y") for

any- value of the independent. variable could be described

by the Tinear function
: . ¥=q +8X.

 with slope g and intercept - _
(c) for any given value of the independent variabie, the
dependent. variables are independently and normally distri-
- buted. This can be represented by

Y= +8X + e
Where ¢ is a normally distributed error term with a
mean*of'zero

' (d)' The»éamp1es anng,the:régreésion-1ine~are*as$umed to be

" hamoscedastic. In simpler terms, the samples have a
common variancé which is the variance of the e¢'s and that -
 yariance_is constant and independent of the magnitude of
either the dependent or independent variable.



Nith:X.representing;thezindependent'variable and Y the

dependent variable, the following computations are required

'zx':; sz;z IV z.Yz;: and. gXY )

Thetmeansg.sumS'ofisquares.ahd sums of products are:
X =tX/n
¥ =z¥/n

2 2z -2
Ix =X _ (£X)

T
2

it
y “Fy -

oon
_(zX) &Y)

and zxy = XY

‘The regression coefficient b, an estimate of 8 is

| . b - xxy .
X

N

_The: explained. sum of squares is
S,
2:2 = (zxy)
y 2
X

and. the unexpliained sum of squares.is

2 2 2
rd L =zy =<~

y.-x y
Our‘primary-interest.in’fhis analysis is in testing the assumption
that the relationship is Tinear. 'This.was‘done'by testing for a
significant proportion of the variation iny being explained by

variation im x. The analysis of variance of the portioned sums is:

1

. . .
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' Thé~significance;test.used;is:Fglélsz‘ §2

 DEGREES OF - SUMOF .-~ MEAN -
SOURCE OF VARIATION  FREEDOM SQUARES. . SQUARES
EXPLAINED BY REGRESSION 1~ , 52~ sy
: L o A T
) - - : 2 . 2
UNEXPLAINED ERROR S 2
TOTAL S  on-1 - py2 . 52,

Shs D ylT yex 3f°r’the'"“]1 hypothesis

A Ho:a-=vd; If Fs:is.greater‘than-?,oy Ii, n-é] a~significant portion of

the variatioh of the dependent varfab]e is explained by'regression'on the -

independent.variéble dischargé.
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CHAPTER 3 - VARIATIONS [N'MEAH CONDITIONS

‘ using the natural logarithmic.tranSformation of the original data.

(b) symmetrical confidence limits; and. hence

- arithmetic data, a 20% probability of obtaining a concentration value

" for arithmetic distribution are very much less than for'the In-transformed.

A

DEALING WITH- SKEWED. DATA.
)

‘case we can see that there- is a
trations of the two theoretical distributions, based on the same data set.

Most of the watef-dua11ty parameters for which data was collected

were. found,to be skewed. This results in central tendency statistics
such as means,,var1ances and t-test being inadequate in data evaluation.
In. order to overcome this problem al1 data evaluation was performed

Data is;,however;‘repérted in the antilog form.
The mannek in which: dpta is distrﬁbuted has. a marked effect on the manner:
1n which it can be 1nterpreted To. emphasize these effects, some stat-
istics are compared 1n*Tab1e 3.1. Uhen the data is. skewed there are a
number of effects that the use central tendency statistics have which
are critical im evaluation;.

(a) overestimation of mean cohcentration;

(c) inadequate probabilities of high values.

Table 3.1 and- Figure: 3.1 show the differences between the arithmetic
form and. 1n-transformed normal eizzgibueiyw for one parameter In this

e d1fference between the mean concen-

It is important. to note two features of the probability distribution
shown in Table 3.1 and graphically in Figure 3.1. There is, for the

of less than=or‘eqpa1 to zero. For In-transformed distribution this
probability is zero. At higher concentration values the probabilities
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TABLE.3.1,,'g COMPARISON -OF THEORETICAL NORMAL DISTRIBUTIONS
UNTRANSFORMED Tn-TRANSFORMED

mean 0.117 0.064
s |  £0.138 3.228
95% confidence interval |

~ upper 0.387. '0.405

Tower - 0.153 - 0.010

probability of obtaining ' -
a value - o
<0.0 .20, .00
>0.T .55 .35
0.2 .27 a7
>0.3 .09 .09
0.4 .02 .06
>0.5 .004 .04
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,The ch01ce of a theoret1c d1str1but1on is a cr1t1ca1 dec1s1on which

affects many aspects of terpretatlonu As a theoret1ca1 example, -
consider~an,objectiue or criteria of 0.2. Fbr.the arithmetic normal
distribution]qnezwould"expect that 20% of the data values obtained
would be 1es$'than 0 and' 27% of the values would exceed the criteria/
obJect1ve; Nlth the: ln-transformed.normal distribution: one—wou1d
expect that. 17% of‘the ‘values of further col]ect1ons wou1d exceed 0.2.-

’ Obkusly there= 1s & d1fference between the accuracy and predictmn

mwmdy

’Th1s transformat1on 1s felt to be an 1mproved representat1on of the

data be1ng reported herein,.and the arithmetic normal distribution is

' 1nadequate.The der1vat1on is based on relatively small sample size and:

II.

the assumption that the data: have a. normal d1str1but1on subsequent to
the natura] 109ar1thmic transfbrmat1on.

VARIATION IN FRASER RIVER UATER QUALITY

 Most of the water quality: parameters considered fn'this study showed

cons1derable var1at1on along the Tength of the Fraser River. " These
variations,. however; were not random but appear to ref1ect systemat1c
changes. o

".Rather than consider each of the parameters 1nd1v1dua11y for each of

the stations, we shall consider only a few parameters wh1ch reflect the

- various: manners in which parameters vary along the r1ver Mean concen-

trations: and confidence limits for each of the.22 parameters taken at
the fburteen sites are g1ven'as‘Append1x I. -

wevfOund:that.the>parameters:varied in one of three ways: those
increasing in concentrations with downstream distance; those: decreasing
in concentrations with downstream distance; and. reach1ng maximum concen-
tration above the midpoint of the river.
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_ increases-with. downstream distance.. Some examples are given in
: F1gure 3 2 - 3.6. Figure 3.2 shows the distribution of chloride
concentrat1ons along: the river. Evidenced in this figure is the general.

‘Tete Jaune Cache: and McBride and: between Intercontinental Pulp and

~ changes in concentration.. These seem to 1ie ‘in two areas; one between

~of Intercontinental Pulp mill.. Some parameters had. Jow concentration =

3 3 3

Most of the parameters were: found to have substantial concentration

increase in both the meam concentration-and. its. variance. The increase
in concentration with distance is not a-Tinear function but appears to
reflect step changes,. one near the headwaters and one between Hansard
and Intercontinental Pulp. Turbidity. (F1gure 3.3) also shows substant-
jal concentration. increases: aTong the river, being Towest in the head-
waters and: highest im the- downstream portion. Total phosphorus
(Figure 3.4) also: shows these increases with rapid increases between

Harguer1te. Iron (Figure 3.5) shows marked increases in the: uppermost
port1on of the basin with additional increases and increased variation
with downstream distance. It is. of interest to notepthat while all of
the preced1ng parameters have increases in both mean concentration: and
variation with downstream distance,. n1trate, nitrite (F1gure 3.6) while
reflecting. downstream increases in mean concentration, there is little
change.1n variance about the mean.. Other-parameters which behave in a
similar manner include sodium,. potass1um, colour,. silicate, ammonia,
copperﬁz1nc,.1ead, manganese:and.both total and fixed nonfilterable

residues.

v

It is important to note the coincidence. of stepchanges and/or rapid
Tete: Jaune Cache and. Dunster, and another- either upstream or downstream

in. the upper few stations along the river but showed. rapid increases
in concentration and reached maximum concentration upstream from
Prince- George and decreased in level downstream. Parameters which
behaved in this manner include calcium, which is shown in Figure 3.7,
alkalinity,. hardness, pH and conductivity.
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One: parameter, sulphate, was found to have its highest: concentrations:
-in. the headwaters. and to: genera11y decrease with distance downstream
(Figure 3.8). The most dramat1c decreases in sulphate concentration
occurred between McBr1de and Quesnel

Initial]y~we-useQ‘a t-test on the mean concentrations of each parameter

between-pairs5of stations: as they occur along the river.. The values
of these are: included in Appendix I, and were calculated as described

in. the methods sections. Subsequent to this, it became clear to us that -

such testing. provided: us with two conflicting facts:. rapid.increases
in concentrations in the headwaters.was reflected in a Targe number of
statistical differences; and step changes either upstream or downstream
of Intercontinental Pulp broduced some significant differences, for
some parameters. | ‘

Based om these statistical differences, and on the manner in which

~ parameters -appear to.vary along the riVer,»we:decided'that it wouid be |
useful to.divide the mainstem into three portions. These portions are: .

(a) Headwaters

The: three: sites at the upper end of the river consistently show
rapid changes in the concentrations of most parameters. The
decision to consider these three as a group was based on parameter
behavior rather than consistency of mean concentration.

(b) Hansard Plateau

The sites from Dunster to the Intercontinental Pulp form the

second portion. Parameter concentrations are relatively consistent

. in this reach With~significant differences occucring for many
parameters: at either end of this reach.
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(c). Cariboo Plateau_and Fraser Canyon = -

This portion'of‘the-river-haS'relativeﬂy'consistent mean concen-
tration for most. parameters. Variation about the mean concen-
tration tends to: be greatest amongst these stations. Some signifi»
cant differences exist between: the downstream- boundary and.
stations. further upstream..

Thefrangejof'nean*concentration of each~parameter'within7the;three
reaChes;of'theiriverjarevgiven?1n~Tab1e 3.2. The concentration differ-

'ences.Whichﬁoccnr“alqng»theariver~are%very~evident;.substantiating

the thesis: that the river has three distinct portions, and that the .
behavior of the: parameters occurs in the three manners suggested.

e then examined the re1ati0nship'between pairs of parameters;.using,
a Tinear model. Commonly in Tinear regression, one would be jnjerested

- in the slope and‘intercept of a regression equation. This is, however,
Jot the statisticf of interest here. The use of such a test in this

instance is: to Took for parameters which behave in a similar manner
aTong the river and hence would" be expected to result from similar
mechanisms. The resulting F ~for pa1rs of parameters are shown in
Table 3.3. KSR
This Table contains only those values of Fs which have a pndbabi1ity

of <.05. This shows a distinction between two major groups of para-
meters with nitrate:nitrite representing some form of transition'
Remembering that only sulphate showed decreases with downstream distance,
hence its relatnonsh1p is 1nverse to the others and represents a third
behavior.

Following this, we decided that we should attempt to use cluster

analysis to attempt to obtain an unbiased estimate of the s1m11ar1ty
of stations, and consider that against our notion that the river had
three distinct portions. ‘
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TABLE 3.2. RANGES OF MEAN CONCENTRATION WITHIN REACHES
OF THE MAINSTEM OF THE FRASER RIVER. .

| -  HANSARD CARIBOO PLATEAU
PARAMETER HEADWATERS. = PLATEAU & FRASER CAMYON
Turbidity. (JTU) 1-6 6-10. ©19-25
Colour 5 7-10 15-25
PH. 7.6-8.0 7.9 7.8 - 7.9
Chloride (mg/1) .25 - .55 .39 - 1.0 1.1 - 1.5
Conductivity (usiemens) 100.- 145 133-146 - 114 - 139"
Alkalinity - | 35 - 60 51 - 65 47 - 61
Hardness | 50 - 73 65 - 74 53 - 67

Calcium (mg/1) o . 12-20 . 19-23 16 - 20
Sulphate (mg/1) 11.5 - 13.5 7.8 - 12.4 6.3 -7.8
Silicate (mg/1) 2.6 - 3.8 3.0 - 4.0 3.9.- 5.6
Sodium  (mg/1) 6.9 8-1.5 2.1 - 2.7
Potassium (mg/1) 2-.3 4.7 .6 - .8
Total Phosphorous(mg/1)  .005 - .008. .02 - .04 .07 - .M
Nitrate-Nitrite (mg/1) .06 - .11 .13 -.17 13 - .21
Ammonia (mg/1) .02 - .04 .02 - .06 .05 - .06
‘Copper  (ug/1) 1-2 2 3-5
Zinc  (ug/1) 2-3 2 2-5

Lead  (ug/1) 1 1-2 1-2
Iron  (mg/1). .03 - .10 25 - .45 .35 - .68
Ma_ngahese (mg/1) .01 .01 - .02 .03 - .05

" Total nonfilterable 1.6 -3.8  13.5-26.6  38-66

(mg/1) | o
Fixed nonfilterable 0.7 - 2.0 10 - 22 32 - 62
(mg/1) :

' .
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The manner in which the data wasuconsideredﬁwarrants some explanation.

. Each parameter mean concentration has a-variance comprised of both

seasonal” and temporal variation. These variations were ignored in

. order to determine: s1m11ar1ty of mean conditions, not overall s1m11ar--'
ity. Since we know that ‘the parameters are related to each other,

as has: been shown-prev1ously, we reduced the number of parameters

| cons1dered We'decided:to use nine'parameters, (turbidity, chloride,

calc1um, su]phate, total” phosphoraus n1trate-n1trite, iron, s111cate
and. sodium). The use of these was based on two items. First, the '

: fparameters to.be used must show considerab]e variation amongst. the
_stat1on29and seggngly, it was des1red to use parameters wh1ch could be

1ndependent

The resu1t1ng cluster pattern 1s shown in F1gure 3. 9 There appears

“to. be three d1st1nct clusters of s1m11ar stat1ons. Each of these

clusters. conta1ns groups of stations which are closest to each other

. along the r1ver; and is' in approximate agreement with the d1v1s1ons

previously suggested

J

It is interesting to-look at the manner in which stations are clustered A

in Figure 3.9. In general, stations from the central portion of the
reach are clustered first as evidenced by Lytton-Lillooet, Chicotin-

\ | - Marguerite and Dunster-Dome Creek, and stations at the ends of the
| reach, i.e. Tete Jaune Cache and Intercont1nenta1 Pulp; and Quesnel and

Hope, are the last to be joined to the c]usters These suggest that
these ref1ect the transitional areas previously suggested{

The manner in which Tete Jaune Cache became clustered does not agree
with our previous suggestion. This result occurs because we considered
the rate of change'in'concentration evidenced in the headwaters to be
as important as the actual concentrations. The cluster analysis does

not account for this type of consideration, hence f1nds Tete Jaune Cache

most s;m11ar to downstream sites.

v
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'Itfappgars<1ike1yvthat the Fraser River should be considered to be

comprised of’three-distinct'portions.when>considering:water quality.
These appear to reflect three physiographic areas; the Rocky Mountain
headwaters, the Hansard Plateau, and the Cariboo. Plateau - Fraser
Canyon.. It haS'béen>shown~that.simi]aritjes in water quality either
in mean concentration and/or behavior of parameters: do exist.

TRIBUTARIES TO THE FRASER RIVER

'Theres1sgcon$1derab1e-variation'in the: concentration of materiéls

between the seventeen tributaries to the Fraser“River"that‘werevexamined,'
In order to provide a summary of the variation which exists, the range

: of concentrations (in between the maximum and minimum) for each para-

‘meter was divided 1nto f1ve intervals. Each parameter for each station
“'was: then tabulated as to theA1nterva1 im which its geometric mean con- .

centration occurred. This summary is presented as. Table 3.4.
Appendix II contains the mean concentrat1ons with confidence intervals
of each: of the: parameters for each of the stations.

0n~an<oVeraTl basﬁs,‘most‘of the tributaries have mean concentrations.
whichtfaTT in the lowest one-fifth of the range (43%) with progrESsive1y

‘less. in each succeeding interva] (19%,-17%, 11%, 11%). Each parameter

exhibits different distribution among the five. intervals.

The tributaries to the Fraser River can be considered to be logically
independent of each other, since there is not any direct interaction
between them. On this basis, wes& tested the hyhothésis-that'for

' pairs of stations the samples come from the same population (Ho**]ﬁlz)'

Here g1 and o are- the means for a parameter from the two stations
using a t-test. Results from these are summarized in Table 3.5. _
Values of t, and their probabilities for mean concentration for each
of the. parameters between pairs of stations is given in Appendix III.
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TABLE 3.5 - NUMBER OF SIGNIFICANT t, BETWEEN STATIONS

FOR EACH OF THE PARAMETERS

Turbidity
CoIoUr

a -
Conductivity: -

' Alkalinity

Hardness
Calcium
Sulphate
Silicate
Sodium
Potassium

Total Phosphoraus.

Nitrate-Nitrite
NH3M '

Cu.

Zn

,' Pb

Fe

Mn
THF
FNF

Number
Significant

57
.
7
65
99
97
100
9%
102
99
87
%
m
20
12
3
65
26
-7
6:

Number

Significant
at. .10 - ..

10~
&
o

s
4

ST

- ST - N V-3

12

1

n

— O W ™

~ Non- .
-Significant

75

43 -

54

66
33
28

27

31
32
28

31
36
67
98

- 14

107 -

13

131
63

- 107

14
14 .
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'Table,3 5 provides: an indication of the degree of dissimilarity

" between the.;at1ons; For'many parameters most. of the differences

 were- found to. be- significant at p<0.05. Those di fferences having
“probabilities. between 0.05 and: 0 10 were fewer in number. It is

" obvious from Table 3.5 that some parameters would,. based on- the:
frequency of occurrence of's1gn1f1cant<d1fferences, be: most useful

in distnnguashing,between tr1butar1es,

In: order'to better express the-reIat1onsh1p between tr1butar1es we

::performed c]uster'analysis in the manner previously descr1bed It
- is 1nteresting to note that. although the parameters. chosen to include
in the analys1s were based on the selection process used for cluster-

ing. the—ma1nstem stations,. these nine also show marked dissimilari-

* ties. between the tributaries. Rank1ng the: nine parameters on the
‘basis of percent occurrence of significant differences (p'< 05) leads

to: - Silicate (75%); sulphate: and sodium (73%);. calcium. (70%); iron

.hand;ch1or1de (48%); total phosphor’hs (42%); turbidity (38%) and

nitraté*hitr1te:(25%), This: suggests. that these parameters will be
useful in the clustering procedure. .

g

- The cluster diagram:which resulted from the~ana1ysis is given as
Figure 3.10. As. was. observed for -the mainstem stations, distinct
clusters are evident. This representat1on of. the relationship between

tributaries is more useful than a detailed consideration of parameter
concentrations and differen'eg tween stations. The 1arge number of
comparisons which have to be hedd,’ that is for 22 parameters between

seventeen- stations,. the problem becomes incomprehensible. The abstrac-

tion. provided by clustering becomes most useful under these circum-
stances. ' '

-Most evident in Figure 3.10‘i5‘the grouping of those tributaries from

similar areas of the basin. In one cluster are all five of the tribu-
taries draining from the Rocky Mountains in the headwaters of the

/

—
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basin.. Three of the tributaries in the Fraser Canyon form a secend

_Tcluster. A third cJuster ‘contains those tr1butar1es draining. the.

central portion of the bas1n There is one: except1on to the reg1onal
aspect'of the clusters,. where the: Anderson River is clustered with
those:from the: central portion of the bas1n During. the. study period.

- . therewas fairly intensive logging activity within the Anderson Basin.
o The effects of 1ogging practnces on- the parameters considered may
in part be- responsibTe for the manner in which this tribuary relates
'_to the others. Four of the tributaries did not form. part of a cluster.
"These‘were the: Thompson;,. Quesne] Mechako and Bridge Rivers. The -
pf1rst three,of these~are.the largest of the»tr1buar1es considered in

”',-th1s study. Th1s pattern. wou]d suggest that these four tributaries

~are separate and. dist1nct from alT others in terms of the parameters

used. in the-ana]ys1s.

‘Based: on’the c]uster analysis a table, summar1z1ng concentration
'var1ation was. developed (Table 3.6). Examination of this Table shows

that. the four non-clustered‘tr1butar1es are dist1nct1ve1y and. s1gn1f1-

'cantly different for a number-of’parameters. Those parameters not
_used in the clustering procedure have been included in Table 3.6.
Most of these additional parameters show additional differences between

the groups of‘tributariésrand.the&four dissimilar tributaries..

il

R . , - . . . . .
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COVARIANCE -OF WATER ‘QUALITY ‘PARAMETER

CHAPTER &4 -

4.1

" _ Any attempt to examine a- system as complex as that portion of

CORRELATION ANALYSIS

5to each other. Our data set was collected with the sole inten-
”txon of examination of spatial differences. within the bas1n
Jthe.relat1onship between the parameters.

We chose initially to Took for significate correlation between
_ pairs of parameters for-each'statlon Again,. this quickly

~available. In fact, it was. decided on the basis. of the preced-

 within each group of stations determined through cluster "~ °

_the: Fraser: River Basin requires that some understanding of"
howrth1ngs vary, both in: time and space as well as in relation

As a time series this. data set is inadequate. However,. it is
felt that’suffic1ent.data is. available to enable us to examine

becomes. 1ncomprehensive due—bu-the sheer volume of information
ingrchapter;-to:look,at.corre1ations:w1th the nine parameters

analysis.

ThehgroupingS'of’stations-fOr this analysis was:

1. Fraser River- Headwaters

- Fraser River near dJasper
- Fraser River at Red Pass

2. Fraser River Cariboo Plateau .
- Fraser River at Hansard

- Fraser River at Dome'Creek

- Fraser River at McBride
- Fraser River at Tete Jaune Cache

- Fraser River at Intercont1nenta1 Pulp

i : - , L - > - :
- i IR A AN N T me AN T My B IS B e G s Al
| | h
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F'r'aserf"‘Ri Ver - .Cam'roh |

- Fraser River at Lytton

‘- Fraser River at Lillooet

- Fraser River at Chilcotin Highway.
- Fraser River at Marguerite

- Fraser River at Quesnel

- Fraser River at Hope

| Tri b_utam"es - Héadﬂater;s.

= Moose River -
- Robson' River
- Beaver River

- Goat River

- - Dore River

Tributaries - Cariboo Plateau

- Salmon River
- WiTTow. River
- Cottonwood River

.= Anderson River

- Bowron River .

Tributaries - Fraser Canyon

- Coquihalla  River
- Seton" River
- Stein River

7.(a) Nechako River

(b) Quesnel River
(c) Thompson River
(d) Bridge River
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Significant correlation;cogfficients_(p<.10) for-all parameteré
» with'the;ninesparameterS~u3ed'in,thelcluster'ana]ysis for -
“each of the above groups of stations. are given in Appendix IV.

In general , the: correlation: coefficients: suggest that there-are:
. .-three groups of parameters. The first group made up of turbidity
7" —‘colour, total phosphordlis,. iron, zinc, copper, lead, manganese,
L andinon-ffIterabTesresfdué54.have=positiVe;correlationsAamongst

themselves. The second: group of'parameters; chloriderbnductivity,
alkalinity, hardness.,. caICihm;fSOdium,,potassium,,sulphaté,and
silicate, haveapositiVe*co?re]ations amongst themselves and negative
correlations with the members. of the first group. The remaining
three-parameters:pH,.nitrate&nitriteaand<ammonia, appear to be

" independent from-all other parameters.

This. general pattern does not hold in all cases. There are a.number

of cases where there are reversals of the general rule, particularly.

amongst'theafour‘1nd1viduaT'tributarigs., This then suggests that
the situation is mere complex tham is-initially evident.

Thus, one is faced with the task of developing an understanding

of what the general case is and to try and relate this to the
exceptions. to the general case. The correlation analysis has pro-
vided us with a clue as to the nature of the processes. In |
correlation we are concefnéd'Targe1y whether two variables are

independent or covarying (Sokal and -Roh1f, 1969). The most typical’
. assumptign then is that.the two variables are both effects of a

common efause. QAR

N

‘ It seemed obvious that the most likely common cause could be

related to discharge, because of its variation over the study
period at all sites.

. \%
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4.2 REGRESSION ANALYSIS

As an: initial consideration of the dependence of éoncene-'

‘tratidn"on discharge‘itAwasvthoughtsthat.some.bénefit.was.to

be obtained from examining whether or not a.significant
portion of the variation im concentration was attributabTe to
var1at1on in discharge. In testing for this we used a o
Model I regression (Sokal and. Rohl1f, 1969), Th1s‘requ1red
the f0110w1ng assumptions:

1; -Théafndependent variable (discharge) is measured without
~ errar. R |

2. 1The-éxpected.va]ue'for“the~dépendant variable (concen-

'_tration).could-be'expressgd'by the linear function'

y = a+ BX +e

Nheré'e,151a=n6rma]1y distributed error term independant of
both"x;and y and with a mean of zero.

v.,'c

Regress1on ana]ysis was. performed on five statlons along the
Fraser River and for ten tributaries to the Fraser River
where discharge data were available. (Thase—data—were—pub=

" Tished-by (water Survey of Canada, 1976, 1977).

' Table 4.1 shows:estimates of 8 for the fiVe mainstem locations

and Table 4.2 for the ten tributaries. 'Only those estimates
where Fs is greater that F.05 ﬁ,n-zl are shown.

None of the parameters tested showed a significant regression

,..-———-»"\\ .
" in all: fourteen cases. Even among those parameters which
showed a 1arge number of s1gn1f1cant regression, there is
considerable variation in the estimates of g. This suggested
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TABLE 4.1

L ——————————

=7 . HOPE 'MARGUERITE
| ;
TURBIDITY:
L -}4865=ﬁ' .
. _ o . -
CONDUCTIVITY -.135T * -.1322 >
| | | & .
CA _ S -.0923 *
S04 I 1 R A1 R
5‘302'
NA . . =.3316 %%
P..TOT.
 NITRATE-NITRITE
cu
IN
FE.
 MANGANESE

=~
i
-

_HANSARD

—————

-.0935 *

MCBRIDE -

.8820 *

-.3267 *
-.1718 **

. -.1786 **

-.2301 **

.. 2047 *

5116 **

3725 *

-

- RED PASS

———————

.3299 *

.3783 *

:
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'

that one of two conditions existed, either
(a) concentration was independent of discharge, or

(b) one of“our assumptions. was violated..

Recons1der1ng the corre1at1on jnformation, it seemed unlikely -
that concentrat1on was independent of discharge. " It seemed
likely that our assumption regarding the measurements of
discharge being without error would not have a major effect

‘since the error is believed to be small 5% and the variation

over the study period very large. This then led us to re-

.- consider our assumptions regarding a linear function and the

error term €.

Thus, two questions must be addressed; is the relationship
truly linear or is it“sONé higher order felationship; and. are
the. Eftruly independent of both concentration and discharge
and’ normally distributed. Since the analysis.was performed
using 1n transformed values of both the concentration and
discharge measurements, it appéars that simple higher order
relations did not exist. We are then left with resolving
whether or not our assumptions about e are valid. '

EXAMINATION OF ¢

In order to evaluate whether or not the assumptions regarding e
are valid, we need to examine whether or not

(a) ¢ is normally distributed
(b) ¢ is independent. of concentration and discharge.

A number of data sets were evaluated in terms of these two
factors. It appears that ‘although the sample sizes are small,

¢ 1is at least approx1mate1y normally distributed and 1ndepend-
- ent of both concentration and discharge. However, a major flaw

<
~3

. N .
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‘;in the ana1ysis during this evaluation*became'apparent It
- was. observed: that there is a ser1a1 corre1at1on among e |

That is to say that the res1duals while appearing to be

' normalTy distr1buted and.1ndependent of both concentration
- and. dlscharge are not independent. of each other.

This serial. corre]ation appears to be time dependent The
“residuals. are on the most _part of a consistent sign between .
- January and August, changing sign durjng August and main-
_taining. this sign through December. In some cases, the spring
:rs1gn ‘was pos1tive with negative. s1gns in the: fall, while in

athers: the reverse was true. Th1s suggested that an additional
chan1sm was. operat1ng that we had not ant1c1pated

As the next step, we proceeded to produce plots of" In-concen-

tration vs. 1n-discharge for all sites where discharge and -

concentration data was ava11ab]e. In produc1ng these plots we

- chose to connect the data points in the time sequence they

represent,@hoping that this would produce some useful informa-
tion. | ‘

" This results in an interesting'series7of plots. In preparing

the flgures presented here, we chose to use only a few selected
parameters and locations present1ng on]y the 1976 data. The.

.- 1975 data does not span the entire year, hence only confuses .
jthe f1gures. ‘ ‘ '

Figures;4.l - 4.4 are plots of']og concentration.Vs log dis-
charge for turbidity, chloride, calcium and iron at three of

the Fraser River stations. Iron}(FiQUre 4.4) and turbidity
t(Figure‘4.1) show. a positive relationship between concentration
and diScharge, that is the high concentrations are associated
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FIGURE 4.1

- PLOT OF"ﬂB TURBIDITY VS é)'m DISCHARGE FOR THE
FRASER RIVER AT HOPE, AT HANSARD AND AT RED- PASS.

THE NUMBERS: BESIDE THE POINTS CORRESPOND TO THE.
B PERIOD OF THE,SAMPLING.

February 2 - 6, 1976

" 2. April 13 - 16, 1976
3.

~ May: 31 - June 4, 1976
. July 4 -7,1976
5. August 16 - 19, 1976

6. September 21 - 24, 1976

7. ' October 25,'1976»Yque,.onTy)‘ o
8. December 13 - 17,1976

S
-
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FIGURE 4.2

PLOT. OF 408 CHLORIDE CONCENTRATION (mgle)
Vs fe? DISCHARGE. (CFS ) FOR THE FRASER RIVER

AT H\OPE,.. AT HANSARD,. AND AT RED PASS.

- THE NUMBERS BESIDE THE POINTS CORRESPOND TO :
THE PERIOD. OF SAMPLING. (ACCOMPAN‘YING F1G6.4.1).

“
I

; o ‘
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FIGURE 4.3

PLOT or"ég CALCIUM CONCENTRATION (mgle)
vs,@@, DISCHARGE (CFS) FOR THE FRASER RIVER
AT HOPE, HANSARD. AND RED PASS. THE NUMBERS

" BESIDE THE POINTS CORRESPOND TO THE PERIOD

' OF’SAMPLING’(ACCOMPANYINGiFIGURE 4.1).

75
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~ FIGURE 4.4

PLOT ,OF éé IRON CONCENTRATION (mgie)
- V§ Iﬁ DISCHARGE (CTS) FOR THE FRASER RIVER

AT HOPE, HANSARD AND RED PASS. THE NUMBERS

" BESIDE THE POINTS CORRESPOND TQ THE PERIOD
OF SAMPLING: (ACTUAL DATES ACCOMPANY FIG.4.1 ).

-
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with- high dlscharge both between and w1th1n the stations.
On the other hand,. chloride (Figure 4.2) shows a positive
re]atJonsh1p w1th d1scharge between stations and a negative
relatjonshlp within stations. Calcium (Figure 4.3) shows

' “nWhat'1s:most important ta note is the order of the po1nts
- as they- occur om the»]oops. ‘Samples T - 4 represent the
u;per1od.of time during the period of the-year prior to peak
"+ freshet and samples. § - 8 represent the post. freshet. period.
':j*;It,IS here that one can' see where the serial correlation of ¢
uj{_arlses- For all these parameters, those samples collected
s *f}during the. prefreshet period have higher concentrat1ons than
- at the same- discharges during the post freshet period.
'YA1though this judgement is only qualitative, it would seem

h1gh1yv1mprobab1e.that this .pattern would occur with such

_reguIarityh.

It.1s.be11eved.that these represent indication that hysteresis
plays. & maJor-role in this sytem. However, since- these are
based on relatively few samples, some ancillary evidence was
desired. '

Water Survey of Canada col]ectS'suspendéd sediment samples at
three'éiteS‘in‘the-study area. These are: Fraser River at

: _¢Hansard,.F?aser“River'attMarguerite; and the Fraser River at

Hope. Since: these data were collected much more frequently
than were water quality samples, and also over a number of
years, it was- thought that examination of the published data

- (Water Survey of Canada 1975,. 1976, 1977, 1978) would support

our hysteresis. hypothesis.

.
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Figures 4.5 -~ 4.7 show discharge and suspended sediment
concentrations over 1976, and plots of log mean monthly

' suspended.sediment.concentratiohlvsv1og mean mbnth]y dis-

chérge:fqr the period 1975 - 1977. .These:figures show

the typical features of hysteresis, in particular at.
Marguerite and at Hope. Hysteresis occurs to a lesser
degrée at Hansard and highest sediment concentrations are
associated with. peak discharge. - |

Lt:is;interesting'to,nOte-that"the.pattern of mean month]y 
sediment concentrations and discharges (Figure 4.5 - 4.7(b)
is very repeatable. One would expect that a similar case
would hold. for mean monthly concentrations of water qua11ty

parameters/. :

The differential rate of transport of suspended material
between the prefreshet and post freshet periods is believed
to result from a difference in the rate of supply to the
river of erodible materials. The scenario believed to be

. taking place is that during the winter months and on into the

early stages in freshet there is a build-up of sediments in
tributary de]tas and within the mainstem channel, as the dis-
charge riées,towards the peak of freshet this material
quickly becomes eroded and is supplemented by surface flow
associated with snow melt. . Supply of such materials during
the¢post~freshet‘matEfia] is thought to be-substantially less.

\

e .

It wou]d seem reasonable then to- specu]ate that. some of the
water quality parameter behave in the same manner as does
suspended sediments. Turbidity, total phosphorous, the trace
metals and non-filterable residues are pos1t1ve]y correlated
with each other and show a positive relationship to discharge.
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TUrbidity and iron have been shown to exhibit a pattern of

hysteresis similar to that evidenced for suspended sediments.
"One- would anticipate then that these parameters are to a '

- high.degree dependent on those mechanisms which cause suspended
‘sediment. to be transported. |

Calcium (Figure 4.3) and Aéor‘i'de,(Figure' 4.2) show.a hystere-
sis effect where higher concentrations are associated with

-}‘10w=d1scharges and higher concentrationszduring'thé-pré%reshet

period. than during the post-freshet period;'7This.phenomenonl

warrants further investigationg. The mechanisms which result
~ in'this phenomenon are: believed to be complex and dependent

on the form and amount of precipitation and the amount of
time the water is stored in the form of snow. A general

‘observation that those rivers under coastal influence where
'a large proportion of the basin remains snow-free during most

of the year, do. not exhibit the degree of hysteresis for .
these parameters which is evidenced in.the mainstem. This
areagihowever3 requires specific investigations., - 0

A1though-bpth‘typg?of‘hysteresis were observed throughout the

" basin, it was most pronounced at the lower end of the mainstem.
One: would desire a method by which a statistical evaluation

of data demonstrating hystereSiS"couId be evaluated. The

serial correlation of e of a linear regression makes that

analysis invalid.

HE T N .
] .3 &3> 34

In summary, we have found that the parameters considered could be placed
into. three groups; one positively associated with discharge, one nega-
tively associated with discharge and one independent.of discharge.

The manner of association of parameters with discharge was observed to
be complex, with differential'transport of materials between the pre-
freshet and post-freshet periods.



3 31 3

CHAPTER & - NATER QUALITY OBJECTIVES

. -

1\ ’ \
A number of aspects regarding the development of water qua11ty obJectlves

. for this basin are worth: cons1der1ng. A water quality objective has been

defined as a desirable Tevel 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:

"A‘unifbrm-or'StandardﬂWater quality in a country as large as
Canada with. its. wide d]fferences in geology,. c11mate water
quality, existing uses,and water pollution is: 1mposs1b1e Thus.
it is necessary that each area must be managed or planned on . |
1ts own merits,. 1nsofar as water>use«1s concerned.

) !

_Any: attempt to write a national standard for every surface
water in Canada would either permit the pollution or the deter-
joration of certain waters or hou]duplace impossible demands
for*quality,control.on=waterszwhich'do not meet high quality.
standards even in their natural state.”

In the past, watér-quality-objectiveS'have been short-term criteria for
reversing deteriorating trends. In this cbntext,.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 requireeobjettivesrwhich reflect. the complexities of this basin.

Objectives.for'the'Fréser River basin should reflect the regional differ-
ences: in water"qua]ity 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 standerd or objective
would permit the pollution of some rivers, while placing impossible require-
ments on some natural sysems. “This situation also exists on the sub-basin

5?5
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scale within the Fraser River basin.

This suggests that water quality objectives must be precisely defined.

for each sub-bas1n or possibly a group of sub-basins with similar character-
istics. The preceed1ng ¢hapters suggest that a minimum of ten reg1ons

exist. u1th1n the basin on the basis of similar water quality. conditions.

It would seem likely that different obaectives wou1d be necessary for each

of these. -

. It 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. If certain relationships

are ecologically important,. then objectives should reflect the importance

of such relationships. The differential transport rate which exists

between theirisjng_and.fa]1ihg periods of freshet suggests that a minimum.

of two objectiVes.wi11 be réduired, each reflecting this differential trans-

port rate.. R ' | ' ‘
N _ ' .

This then leads to a consideration of the statistical distribution of water

quality measurements and. of water quality objectives. At 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. It 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;A

tration and in assymetrincontidehce,intervals. It 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.
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In sett1ng’obJect1ves, the establishment of the statistical distribution
of the desired. objective. is critical. To illustrate this, one can cons1der

- extreme values. exist between the two theoretical distributions. Thus if

‘obJect1ve.

- On the*other hand, 1f the natural distribut1on of data is recogn1zed and
;accounted for,. an objective  such as "based on ln-transformed data the proba-
bility of obtaining a value greater than 0.2 shall not _exceed 0. 19" ‘would

~ example: is: where an: objective was: established to be the mean concentration.

* In such cases the probability of obtaining a value greater than that mean

- ment. under such a situation needs resolution.

-The process of establishing water quality objeétives for the very complex

LS

the: data. presented. in Table 3.1. Differential probab111t1es for obta1n1ng

the objective was written "shall notpexceed 0. 2“, one is faced with a
quandry.. -Since: values. greater than 0.2 are expected. to occur with proba-
bilities of 27% for control tendency distribution and 17% for 1n-transformed
normal d1str1but1on, the natural system jtself would not conform to such an

reflect: a more realistic approach to. this: problem. A perhaps more: distinct

would. be.50%,. hence, the natural system would be in non-comp11ance one-half
of the time. How. a potential user of the water could proceed with develop-

!

Fraser River basin must account for:

1. differences in mean water quality that exist between various sub-basins:
2. the statistical distribution of water quality data. '

. interrelationships: between parameters, particularly those of ecological
significance. '
4. dependence of'parameters on discharge; and
5. the differential rate of transport between the prefreshet and post

freshet periods.

It is then recogn1zed that the estab11shment of water quality objective w111
of necessity be as complex as the system under consideration. ...

Al . . - P
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SUMMARY

That pdrtion of the Fraser RiVergsyétem‘considered,in-this
study is diverse in respect ta water quality. The diversity
evident is related to' geographical areas,. Similarfties being

" greatest among. tributaries and mainstem stations wh1ch are

closest together, while- differences are max1m1zed with geo-'
graphical djstance. ' : : .

i

It is poss1b1e to divide the bas1n 1nto 10 units, each has

dissimilar propert1es.. Technlques useful on making dist1nct1ons S

" between: these un1ts were cluster ana]ysis supported by t-tests -

3.

between means.

The interdependence and relationships amongst the 22 parameters
considered were assessed using_corrEIation and, regression.

* techniques. In_terms,of;coya?iance»and behavior, the parameters‘

can be classified into three groups.

(a) those parameters which were found tO'exhibit a positive .
covariance with one another and formed positive relation-
ships with discharge: turbidity, colour,. total phosphorus ,
trace metals and non-filterable residues.

(b) those parameters which were found to exhibit positive
covariance-with one another and negative relationships with
discharge: chloride, sulphate, calcium, conductivity,
alkalinity hardness,‘sodium,.potasSiUm and silicate.

(c) those parameters which are independent of all other
parameters and of discharge: nitrate-nitrite, ammonia
and pH.
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4. For most of the water quality parameters, the data collected
over a 21 mohth-pEriod was-fodnd to be skewed. This means
that. the use of central tendency statistics such as means.,

variances and t-tests is inadequate. - The use of natural
logarithmic transformations is suggested as a partial solution.
This improves the accuracy and prediction potential for water
quality parameters, both of which are essential in establish-
ing water quality objectives. . '

5. The relationship between discharge and some of the water quality
parameters. was found to-be non-linear and complex. The distri-
bution of the residuals from regressions appeared to be serially
correlated. Log-1og p]ots of concentration aga1nst discharge
showed a. distinct. e11psnida1 relationship thoughtto be hystere-
is. Suspended sediment ‘data exhibits similar re]at1onsh1ps.

6. The complexities. of this basin should be reflected upon when’
water quality objectives are to be established. Objettives
shouldfaccount.for the skewness evident in the data, relation-
ships between parameters, dependence of concentration on
discharge and the observed differential rate of transport
believed to be hysteresis.
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 APPENDIX I

GEOMETRIC MEAH CONCEMTRATIONS OF WATER QUALITY

 PARAMETERS WITH CONFIDENCE INTERVALS FOR MAIN-
© STEM-FRASER RIVER STATIONS. tb VALUES AND THEIR
PROBABILITIES BETWEEN STATIONS ALONG THE RIVER -

ARE ALSO GIVEN. -
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© APPENDIX IT

G
B g,

. GEOMETRIC MEAM CONCENTRATIONS OF JIATER 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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APPENDIX IV:

@

_ SIGNS AND CORRELATION COEFFICIENTS FOR THE GROUPS
 OF STATIONS DESCRIBED IN CHAPTER 4. ONLY THOSE

COEFFICIENTS HHOSE PROBABILITY IS LESS THAN 0.05
 ARE.GIVEN. -
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