TD
227
B74
CO87-3

&
.. [N
‘

SUPPLY AND SERVICES CANADA

STATISTICAL ANALYSIS OF WATER

- CHEMISTRY DATA FROM THE

COIL.UMBIA AND PEND D’OREILLE

E£5496
DECEMBER 1987

,,,,,,

‘“\ SIGMA ENGINEERING LTD
800 W. G a Street, Vancouver, B.C.,

§ } -1176 eorgi reet, u
(604) 688-8271 Fax: (604) 688-1286




TD Satistical analysis of
227 water chemistry data from
.B74 the Columbia and Pend
C087-3 d'Oreille Rivers

TD Statistical analysis

227 of water chemistry

.B74 data from the

C087-3 Columbia and Pend
d'Oreille Rivers

e .

- EE e e

‘- .

- - T EE R Ol N N O .



GEN N T E S B N S R A IS SN S Bl A B - El o

[ ]

lll(lMl(lL LL -

SUPPLY AND SERVICES CANADA

STATISTICAL ANALYSIS OF WATER
CHEMISTRY DATA FROM THE
'COLUMBIA AND PEND D'OREILLE '

E5496

- DECEMBER 1987

~ - LIBRARY =~
ENVIRONMENT CANADA

CONSERVATION AND PROTECTION

PACIFIC REGION -



. ,|<
i TGl I . ..

- . .

| .|

'SUPPLY AND SERVICES CANADA
DSS File No. 10SB.KW601-7-9046/A

~

STATISTIC AL AN S S OF WATER CHEMISTRY DATA FROM

CO U A AND PEND D’'OREILLE RIVERS

For

WATER QUALITY BRANCH
INLAND WATERS DIRECTORATE
ENVIRONMENT CANADA

REPORT
E5496

DECEMBER 1987

SIGMA ENGINEERING LTD

800 - 1176 West Georgia St., Vancouver, BC, Canada, V6E 4A2
Phone (604) 688-8271 Fax (604) 688-1286



N .

N EE R

. < .
R T N EE N EE EE .

- l— I- ‘- .-

3. SUMMARY STATISTICS

9. REFERENCES

- CONTENTS

1. INTRODUCTION..

2. RAW DATA

‘Data Sources

Water Quality Parameters
Data Tranformations
Data Sets '

Scatter Plots }
Descriptive Statistics

4. STATISTICAL ANALYSES
Lag Correlation Analysis
Histograms
Analysis of Varnancc (ANOVA)

5. DISCUSSION OF RESULTS
Lag Correlation Analysis
Water Quality Background Levels (As Measured at Birchbank)
Cominco’s Combined Sewer Dlschargc '

Waneta Observations
Effect of Cominco’s Discharge on The Columbia River

6. DILUTION BY THE PEND D’OREILLE RIVER
Transverse Mixing by Turbulent Diffusion

7. SHORT TERM VARIABILITY OF WATER QUALITY MEASUREMENTS ........
Methods
Discussion

8. CONCLUSIONS AND RECOMMENDATIONS

10. APPENDICES

‘A SCATTER PLOTS

FREQUEN(SY DISTRIBUTION PLOTS
ANALYSIS OF VARIANCE RESULTS
TRANSVERSE MIXING TABLES

RAW DATA FILES

M WM g A W

TERMS OF REFERENCE

11

18

22

25

27 .

29

30



S N - N N I TN EBE BN .

L

- ‘- ‘— ‘- l- ’- Y- ‘-

Page 1

1. INTRODUCTION .

The Columbia River is a maJor 1nternatxonal watercourse that originates in the Canadian
Rocky Mountains and.flows into the USA near Trail. The river and its tributaries are
regulated by four dams-and by the regulation of Kootenay Lake. See Figure 1.1 for
location and layout of the study area.

Durlng the mid 1970 the Water Quality Branch (WQB) of Inland Waters and Lands, and
the Environmental Protectlon Service became concerned with the water quality of the
Columbia River at the International Border near Trail. The identified sources of
pollution 1ncluded Westar’s pulp and paper mill at Castlegar the municipal sewage
treatment plant at Trail, and Commco S lead -zinc and fertilizer complex at Trail.

A study, under the direction of WQB, was initiated in 1978. 'The study’s main objectives
were to determine the concentration of nutrients and metals at the border crossing, and to
identify the main source of pollutants measured at the border. (Cominco’s lead-zinc
smelter and its fertilizer plant were expected to be the main contributor to the
deteriorated water quality of Columbia river below Trail). :

Furthermore,’ WQB was asked to provide advice to the BC Ministry of Environment

.regarding potential wastewater discharge permit modifications, and to interpret the water-

qualxty measured near the border in terms of the Boundary Waters Treaty

" The water quallty sampling program ran from 1978-1984, and generated about 10, 000

receiving water data values and about 7,000 values of .effluent quality data for Cominco’s
operations. The receiving water data were collected at Birchbank located upstream of
Trail, and from Waneta which is located immediately upstream of the confluence of the

- Pend d'Oreille River near the border (see Figure 1.1 for location of the sampling stations).

" Sigma Engineering Ltd was retained by the WQB under a Department of Supply and

Services contract to transfer, summarize, and analyze the receiving: water and effluent
data. The main objectives of this work have been to determine:

1. The effect of Cominco’s lead-zinc smelter and fertlllzer plant on the water quality
of the Columbia River.: ' :

2. The eff ect of dilution by the Pend d’Oreille River. on the measurements taken on
the American side of the border.

Our work also 1ncluded an evaluation of the effect samplmg mterval had on the results
of the receiving water measurements

Refer to Appendlx E for a copy of the Terms of Reference Wthh formed a part of
WQB’s Request for Proposal
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FIGURE 1 1 - LOCATION PLAN OF THE STUDY AREA l
(From Sheehan and Lamb, 1987) :
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2. RAW DATA .

Data Sources
The water quality data used in this report came from three diff erent sources:

1. "Water Chemistry of the Columbia and the Pend d’Oreille Rivers near the
International Boundary", Data Report by SW Shechan and M Lamb, Inland Waters
‘and Lands, Pacific and Yukon Region, Environment Canada, March 1987 .

(ref erred to as "Sheehan and Lamb 1987" in this-report).

2. "Ef fluent Discharges From Commco Ltd, Trail, BC to Thc Columbia River", Draft
copy prepared by CA Johnson, Waste Management Branch, Kootenay Reglon BC
Ministry of Environment (rcf erred to as "MOE chort")

3. "Acid Discharge to the Columbia River", by RC Brown GF Kcnyon JD McCunn -
and DM Glover, Cominco Ltd, Trail BC Dec 1985 ("Cominco Report, 1985").

Water Quality Parameters

Table 2 1 summarizes the parameters measured. The parameters of particular concern to
this study were phosphorus (from Cominco’s fertilizer plant), and zinc and lead (from the
lead-zinc smelter operation). Cadmium and especially mercury were also of concern
because of their high toxicity at low concentrations. Other parameters such as nitrogen,
iron, and copper, although present in detectable concentrations, were not considered
important for this study and therefore not analyzed. The same is true. for those
parameters whose values were at or near their respective detection limits.

We used the total concentrations for thclstatistical analyses as the dissolved (or soluble)
fraction likely change from the point of discharge to the Waneta sampling station.

Data transformations

During the period of investigation, the lead-zinc smelter discharged wastewater to the
Columbia River through several sewer pipes. Effluent from the fertilizer plant was
discharged to Stony Creek in 1978 and 1979. Refer to the MOE Report and the Cominco
Report (1985) for detailed description of the sewer pipe configuration and sampling
mcthods

The total mass of pollutants discharged into the river during a sampling period was
estimated from effluent quality and flow measurements taken from each sewer pipe. The
average ‘mass rate of dlscharge of a certain parameter was divided by the river flow to
give an equivalent receiving water concentration for comparison with thc concentrations
obscrved at Birchbank and Waneta.
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TABLE 2 1 - PARAMETERS MEASURED DURING THE FIVE TIME SERIES STUDIES
(from Sheehan and Lamb, 1987)

Sept. Sept. May Oct. March

Parameter - 1978 1979 1981 1983 1984
Total Phosphorus - N + , f:

Dissolved Phosphorus - Y S ]

Nitrate + Nitrite ° ’ + + N

Ammonia + +

Total Dissolved Nitrogen + + .

Particulate Nitrogen + +

Particulate Carbon ' o+ e

Fluoride o + _
Sulphate ' N _ ‘ .
Hajor‘Iohs. Residues "

and Physical Parameters ~  + ‘ I +
‘Total cd ~ e . P .
Dissolved Cd + +
Total Cu - + » + + +
Dissolved Cu S ‘ o + +
Total Fe - + _ : + +
"Dissolved Fe - , , s +
Total ﬁn_ + T
‘Dissolved Mn , + +
Total N3 " ' + | |

Total Pb + | . + .
Dissolved Pb | | , S . .
Total ZIn . - 4 >_ R + : +
Dissolved In : o ‘ . o+ .
Extractable As e + .

Extractable Se : + + +

Extractable Hg o + ' + e .
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~ Data sets

. Five sets of time series data were collected between 1978- 1984.. The first set, collected in
“ 1978, was of a limited and exploratory nature and did not include samplmg of Commco S

sewer dnscharges or of water quality at Birchbank.

Durmg 1979, 1981, and 1983 water quality at Birchbank and Waneta was dctermmed from
grab samples collected every hour for 72 hours (see Sheehan and Lamb, 1987, for
description of collectxon procedures). Three hour composite samples and flow .
measurements were taken from each of Commco S sewers durmg the same time perlod

In 1984, Cominco ran a controlled a01d»dlscharge study, as part of their application to
have the wastewater discharge permit amended to allow for emergency discharges of up to
200 tons per day of 93% sulphuric acid to the Columbia River. The tests included four
days of controlled acid discharges. One- composite sample was collected from each sewer

pipe during each run (one run per day of about 6-8 hrs length). The effluents were tested

for zinc and mercury but not for lead and cadmium. The lead smelter and the zinc plant

- operated continuously during the test period.

Table 2.2 - Time Series Data Sets of Selected Parameters

Location 1978 - 1979 1981 1983 1984

Sept Sept - May ) Oct Mar

19-20 17-20 12-15 _ 17-20 26-30
Birchbank TP Metals Metals Metals
Cominco : il Metals Metals - Zn,Hg only
Waneta TP Metals TP Metals Metals Metals

~** The wastewater flow from the fertilizer plant was not recorded (Stony Creek).
- The total mass discharged to the Columbia River can therefore not be estimated.
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3. SUMMARY STATISTICS

Scatter Plots

Scatter plots of the raw data are presented in Appendix A. Gaps in the graphs represent
times at which sampling for some reason was missed. The graphs were plotted at the same
scale for each parameter so that different data sets could be easily compared.

The background levels of zinc, lead and phosphorus, measured at Birchbank, were fairly
constant and considerably lower than the values observed at Waneta. The Waneta
measurements show a high degree of variability. This varlabxlxty reflects the fluctuating
quality of Cominco’s effluent discharges.

The increase in concentration of cadmium and mercury caused by Cominco’s discharges
diluted into the Columbia River were very low (assuming complete mixing). In fact, as
shown by the scatter plots, thc diluted concentrations represents values below the normal
detection limits. »

Descriptivé Statistics

Tables 3.1, 3.2 and 3.3 below summarize the means and standard deviations of the time
series data. The f requency distributions, maximum and minimum values, and standard
errors can be found in Appendix B The concentration means are also.depicted in Figures
3.1, 3.2, and 3.3.

. . . 3
‘Note that the concentrations plotted for Cominco represents the combined discharges from
the lead-zinc smelter and the fertilizer plant diluted into the Columbia River. Adding
these concentrations to the background levels measured ‘at Birchbank, gives an estimate of
the total concentration of water quality parameters at Trail assummg complete mixing of
_the discharges by the river.

 Note that the concentrations measured at Cominco represent the amount of metal
discharged to the river and should be added to the concentrations reported for Birchbank
(background levels) to give an estimate of the actual metal concentration of the Columbia
RIVCI’ at Trail. ‘

The frequency distributions of the receiving water data were generally skewed as one
would expect for data of this nature. The distributions are likely to be of the Poisson or
negative binomial type. The Waneta observations are more highly skewed than those of
Birchbank. This is to be expected as Waneta is affected by Cominco and therefore has
more "spikes" of high concentrations.
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Table 3.1 - TOTAL ZINC: Sample size, Means, and Standard Deyiations.
Location 1978 1981 - 1983 1984 LOCATION
‘ Sept .May ‘Oct Mar Means
19-20 12-15 . 117-20 - 26-30 '
* Birchbank + 72 69 88 229
0.0024 0.0036 ©0.0060 0.0042
- 0.0012 0.0018 0.0052 0.0038
Cominco « 21 24 4 49
- 0.035 0.012 ~ 0.039 0.024
0.031 0.004 0.021 0.024
Waneta 13 ' 61 67 92 220
: 0.041 - 0.029 . 0.038 0.034 0.034
0.015 - 0.012 0.044 . 0018 0.028
YEAR 13 | 54 160 184 4984
" Means - 0.041 0.017 0.019 . 0.021 _ 0.019

0.015 : 0.019 0.033 0.020 0.025

A. Not including Waneta 1978,
* No Data.
Means and standard deviations in mg/l.
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Table 3.2 - TOTAL LEAD: Sample size, Means, and Standard Deviations.

Location 1978 1981 " 1983 1984

" LOCATION
Sep 19-20 May 12-15 | QOct 17-20 Mar 26-30 Means

Birchbank * 72 69 88 229
‘ - 0.0012 0.0032 0.0021 0.0022
0.0007 0.0014 0.0021 0.0017

Cominco * 21 24 * 45
‘ 0.0049 0.0030 0.0039
0.0032 0.0028 0.0031

Waneta 13 .- 761 67 : 92 220
0.0052 . 0.0049 0.0089 0.0068 0.0069
0.0016 0.0029 0.0076 0.0048 0.0056

YEAR 13 154 160 180  404A
Means 0.0052 0.0032 0.0056 0.0045 - 0.0044
0.0016 0.0029 0.0059 0.0044 0.0047

A. Not including Waneta 1978,
* No Data. '
Means and standard deviations in mg/l.

"Table 3.3 - TOTAL PHOSPHORUS: Sample size, Means, and, Standard Deviations.

'LOCATION

" Location 1978 .1979
Sep 19-20 Sep 17-20 Means
Birchbank * 71 71
: 0.0066 0.0066
0.0017 0.0017
Waneta 13 72 85
' 0.044 0.080 0.074
0.052 0.03_7 0.0426
YEAR : , a .
Means 13 ' - 143 , _ 156
© 0.044 0.044 0.044
0.052 0.045 0.046
* No Data.

Means and standard deviations in mg/l.




9

\\\\\\\\\\\\\\\\\\\\-m o hE

INNE _ ?/////W
I zzi vt O N
o | N m/////////o”
S I G s BN
MW 7777777/77/7/75% K W zzzeg
M V,Mm M . ////Mmc
] Pt -



‘ Page 10
Figure 3.3 - Average éénccntrations: TOTAL PHOSPHORUS - 1978 to 1984
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4. STATISTICAL ANALYSES

' Lag Correlatlon Analyses :

R J .
Multxple lag c¢orrelation analyses were carrled out on sclectcd data sets from Wancta and
Cominco. Theé correlation between data sets collected at Cominco and Waneta was
estimated for 2 to 8 hour shift. The Waneta.data was shifted to correct for the
antxcxpated flow- time From Cominco’s dlscharges (see Table 5.1 for-estimated mean river
flow txmcs)

“The results for 1983 1ndxcated a 4 hr lag but showed a very low correlation coefficient..
~ Reasons for the apparent low. lag correlatxo_n .despite the obvious strong affect of
.. Cominco’s discharge on the Waneta measurements, are discussed in the following section.

Histograms

The mass rate histograms give a visual presentation of the pollutant loading of the
Columbia River.- The Birchbank and Waneta histograms were determined from water
quality observations and from the recorded flow of the River (see Table 4.1 below). The
mass rate of discharge from Cominco was estimated from the water quality and flow
“measurements of the sewers.: These histograms are especially useful for comparing
‘pollutant loadlngs of the river over time. The variation in river flow is eliminated and
‘the actual mass dlscharge compared. This gives a somewhat different picture of the water -
quahty as is evident by comparmg Figures 3.1 and 3.2 with Flgures 4.1 and 4.2. :

Table 4.1 - Mcan Flows’ of The Columbia River

‘DATE  YEAR  MEAN FLOW!, m3/s
Sept 19-20 978 o 1960
 Sept 17-20 1979 . 1540
May 12-15 1981 L . 1570
Oct 1720~ 1983 - 1300
Mar 2630 1984 820

1. Mean flows are based on daxly flow measurements for period of water quallty
.sampling.
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Analysis of Variance (ANOVA) ‘ ‘ .
ANOVA Assumptions

Analysis of Variance is a statistical test that allows for comparison of more than two
means by partitioning the variation (in terms of sums of squares) into recognized
components. . The test assumes that the éxperimental error is a normally distributed (i.e.
independent random effect has a mean value -of zero and a variance that is the same for
all treatments or: levels). oo

Moderatc departures from the assumptnon that the variances are homogeneous do not
seriously affect the accuracy of the decision reached by the Analysis of Variance (F-Test)
and multiple range tests (Box, 1954). In more technical language, these ‘tests are robust
with respect to moderate dcparturcs from the hypothesis of homogeneity of variance. The
term moderate in this context, is relative to the magnitude of sample sizes. If the sample

" sizes are greater than 30 (per mean to be compared) the effect of unéqual variances is
negligible. (Note that each composite sample represents a number of discrete sample
points).

The work of Box also indicates that the Analysis of Variance and multiple range tests are
robust with respect-to the assumption of normality of the distributions. Even when
population distributions are markedly skewed, the sampling distributions of the "t" and
the "F" statistics provide a good approxxmatlon to the exact samplmg distribution which
assumes normalrty

Very serious departures from normality and. homog‘cncity' of variance will change the
level of significance in the direction of rejecting the null hypothesis (that the means are

equal) more often than should be the case. This means that the ANOVA results may have

suggested a significant difference between data sets when this was not the case.

In some cases the original data can be transformed to remedy departures from the
assumptions, and the ANOVA carried out on the transformed data sets. However, the
results will reflect the behavior of the transformed data and drawing conclusion
regarding the original data may be difficult. The risk of carrying out ANOVA on data
sets of non homogencous variances is that sets of hlgh variances will bias the ANOVA
results.

The ANOVA also assumes that the observations in one data group are independent of the
observation in other groups receiving different treatment. The samples taken at
Birchbank are certainly independent of those taken at Cominco. Lag-correlation analysis
of the Cominco and the Waneta obscrvatlon were very low, so the assumption of low
dependency is reasonable. '

Finally, the fact that ANOVA is carried out on randomly collected data means that data
in each set can be analyzed independently of sampling order, and that lag effects can be
ignored.

Methods

Analysis of Variance (ANOVA) and Neuman-Keuls Multiple Range Tests were carried out
to order the means of the time series data sets into groups having statistically similar
means. .
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o The Two-Way ANOVA of lead suggest that the YEAR and LOCATION eff ects, and the
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- The one-wa& analyses were carried using ?owcrstat a MS:DOS based software program.

Theé two-way analyses were carried out on the UBC mamframe using - GENLIN Prmtouts
from the analyses can bc found in Appendix C.

Rcsults _ ‘ )

It is 1mportant to rcallzc that thc metal conccntratxons used for thc Cominco station in thc
ANOVA tests represent the combined sewer discharges diluted into the Columbia River.
Adding these concentrations to the background levels glves an estimate of the total
pollutant load at Traxl o . :

- The ANOVA results and the results of thc Multlplc Rangc tests are presented in the

Tables 4.2 through 4.7 below. The Two- -Way ANOVA results for zinc are shown in Table
42 and 4.3.. The year effect was not significant whereas the location effect and the
location by ycar interaction were sxgmf 1cant For discussion of these results see the next
section (Section 5) - :

-

YEAR * LOCATION interaction were all sxgmf icant as shown m Tables 4 4 and 4.5.

Phophorus was only measured at Birchbank in 1979 and at. Wancta in 1978 and_ 1979. The -

.cffect of LOCATION was highly significant as shown in Tablcs 4.6 and 4. 7.
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Table 4.2 - TOTAL ZINC: TWO-WAY ANOVA Results

SOURCE Sum of Degrees Mean F-Ratio E Probability

Squares of Freedom Square Level

LOCATION . 0.09959 2 0.0498 129.45 0.00000
YEAR 0.000749 2 0.000375 0.98 0.3783-
LOC*YEAR 0.00930 4 0.00233 6.05 0.00009
" Residual 0.1881 489 0.000385

Total 0.2981 497

Comment: The Probability Level rcpréscnts the probability of the means being not
significantly different. The confidence level of the means being different is equal to
(1 - prob level). For example, we are 100% confident that the LOCATION means are

significantly different.

Means in ing/l.

Table 4.3 - TOTAL ZINC: Comparison of Concentration Means

LOCATION by YEAR Means

|
, N LOCATION
LOCATION 1981 1983 - 1984 | Means
- May 12-15 Oct 17-20  Mar 26-30 | |
A ' A oA b A
Birchbank 0.0024 0.0036 0.0060 | . 0.0042
o : I
Cominco 0.035B 0.012AB 0.040B | 0.024B
. ‘ ' |
Waneta 0.029B 0.0388B 0.0348 | 0.034¢
: A A ‘ A '
YEAR Means 0.017 0.019 00214 |

Commcnt:t The letters "A, B and C" rank the LOCATION by YEAR, the LOCATION, and

the YEAR means separately into groups of statistically different values (at a 95%
confidence level). The letter "A" represents the group with lowcst means and "C" the

highest.

Means in mg/l.
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Table 4.4 - TOTAL LEAD: TWO-WAY ANOVA Results
SOURCE Sum of ~ Degrees Mean ‘'F-Ratio © Probability

Squares of Freedom Square Level
LOCATION 0.002522 2 0.001261 83.271 0.00000
YEAR. 0.0004104 2 0.0002052 - 13.55 0.00000
LOC*YEAR 0.0003011 3 0.0001004 6.627 0.00022
Residual . 0.007360 486 0.00001514
Total 0.010640 493

Comment: The Probability Level represents the probability of the means being not
significantly different. The confidence level of the means being different is equal to
(1 - prob level). For example, we are 100% confident that the LOCATION means are

sxgmf:cantly different.

Means in mg/l.

Table 4.5 - TOTAL LEAD: Comparison of Concentration Means

LOCATION by YEAR Means

_ | LOCATION

LOCATION 1981 1983 1984 | Means
Birchbank 0001244  0.00320BC  0.00208AB | 0.002154

o | | ,
Cominco 0.00486C  0.002994BC o | 0.003864

I

Waneta 0.00485C - 0.00894F 0.006830 | © 0.006928
YEAR Means 0.003164 0005578 0.00451AB

Comment: The letters "A, B, C, D and E" rank the LOCATION by YEAR, the
LOCATION and the YEAR means separately into groups of statistically different values.

The letter "A" represents the group with lowest means and "E" the highest.

* = No Data

Means in mg/L.
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Table 4.6 - TOTAL PHOSPHORUS:_ ONE-WAY ANOVA Results
SOURCE Sum of - Degrees Mean ‘ F-Ratio Probability
‘ Squares of Freedom Square Level
LOCATION 0.1933 1 - 0.1933 275.46 0.0000
Residual  0.0989 141 0.000702
Total 0.2922 . 142

Comment: The Probability.Level represents the probability of the means being not
significantly different. The confidence level of the means being different is equal to
(1 - prob level). For example, we are 100% confident that the ' LOCATION means are
significantly different. " ' ' '

Means in mg/l.

Table 4.7 - TOTAL PHOSPHORUS: LOCATION Effect

TYPE _ " YEAR Birchbank Cominco Waneta

" ONE- -
WAY 1979 0.006562 * ~ 0.0801B
ANOVA , ‘

. Comment: The letters "A and B" rank the LOCATION means for each year into groups of

statistically different values. The letter "A" represents the lowest means and "B" the
highest.

* = No Data.

Means in mg/lL.
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5. DISCUSSION OF RESULTS

Lag Correlation Analysis

The different nature of the raw data collected at Cominco and Waneta makes it difficult
to perform lag correlation analyses. The composite samples taken at Cominco smoothed
metal concentration peaks in the effluent. At Waneta however, one hour grab samples
would have detected some but missed most of thcse peaks. :

Despite thlS fact, the raw data clearly show that Cominco has a major effect on the zinc
and phosphorus concentration at Waneta. The effect of Cominco’s discharge on lead
concentrations are not so obvious. The scatter plots suggest a lag period of 3-5 hours
between Cominco and Waneta. However, multiple lag corrclation analysis produced very
low correlation coefficients. '

River velocities measured at Waneta during July 5 1979 suggests a lag of 4.2 hours as
shown in the table below. The Cominco effluent is discharged to a backchannel along the
west bank. As the flow is generally slower along the bank and mixing of the effluent
plume relatively slow, one would expect the actual plumc lag to be somewhat greater than
the estimated average flow time.

Table 5.1 - Estimated Columbia River Flow Times*: July 5, 1979-

STATIONS ~ DISTANCE, km TIME, hrs

Birchbank to Cominco_ 9, 1.7
Cominco to Waneta _ 17 4.2

Birchbank to Waneta : 26 59

* Based on a mean river flow of 1.5 m/s (as measured on July 5, 1979, Q=1257 m"/s).

Multiple lag correlation analysis assumes that the sampling frequency is greater than the
fundamental frequency of the variable sampled. It appears that the metal concentration
of the Cominco effluents fluctuated at a frequency greater than that of sampling. This is
probably the main reason why the correlation between Cominco and Waneta observations
are so low. Other factors that would effect lag correlation analysis include changes in
metal concentrations caused by chemical reactions (such as precipitation or leaching of
metals), and incomplete mixing of the effluent plume.
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Water Quality Background Levels (as measured at Birchbank)

The time series data represenf detaxled watcr quallty information for a short pcrlod of

time (typically 72 hrs). When comparmg these data sets it is important to realize that
seasonal fluctuations in background levels, weekly and monthly variations in plant
operation, and other variations not accounted for by the available data, may distort any
conclusion regarding trends. The long term trends can only be assessed if, in addition to

. the time series data, water quality data collectcd ona wcckly or monthly basis are

available.

As shown in Figurc 3.1; backgrounds levels of zinc (as measured at Birchbank) were only
about one tenth of those observed at Waneta. The measurements taken in May 1981
(mean=0.0024 mg/1) were somewhat lower than those of October 1983 (mean=0.0036) and

- March 1984 (mean=0.0060), but the differences were not significant-when. compared to the

changes observed at Cominco and Waneta, as demonstrated by the ANOVA tests! (Tablc
4.2 and 4.3). .

. The background levels of lead, on the other hand, was about one third of the Waneta

values indicating major sources of lead pollution upstream of Birchbank.

The background lead concentrations were lowest in May 1981 (mean=0.0012 mg/1), more

‘than doubled in October 1983 (mean=0.0032 mg/l), and about half way .in between in

March 1984 (mean=0.0021 mg/1). The 1983 increase was found to be significant (Two-Way
ANOVA at 5 % probability level). The 1983 mean concentration was not significantly -
different from cxthcr thc 1981 or the 1984 means (Table 4.5). .

Data for total phosphorus are only avaxlable for 1979. The background level that year
(mean= 0.00656 mg/l) was just below one tenth of the concentration observed at Waneta
(mean=0.0801 mg/l) The two means were found to be mgmﬁcantly different (Tablcs 4 6
and 4.7).

/

Cominco’s Combined Sewer Discharge -

Cominco installed a treatment facility between 1981 and 1983. Keeping in mind the
limitations of the data sets, the treatment facility appears to have reduced the zinc

.discharge as shown in Figure 4.1-(from 210 kg/hr to 60 kg/hr). The ANOVA results of

Table 4.3 show that the October 1983 mean (0.012 mg/1) were not significantly different
from either the background level mean (0. 0042 mg/1) or the mean measured at Waneta
(0.034 mg/1), indicating a reduction .in zinc discharge. ‘The March 1984 data were taken
during a controlled acid discharge experiment and therefore may not reflect the plant
discharge during normal operation.

The Cominco discharge-of lead was also lower in October 1983 as shown in Figure 4.1. In
fact the 1983 discharge was about the same as the amount of lead present at Birchbank -

" (background level) and only about one third of the Waneta observations. The ANOVA of

" 1. Note that ANOVA is a statistical test for comparisons of means. The comparison of

the means of the three intensive time series data sets include seasonal variations that can
not be separated from other.variations. The ANOVA tests therefore, while ranking the
means of the given data sets, do not tell us whether the observed differences are due to
seasonal effects or variations of pollution discharges upstream.
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mean lead concentrations showed that the October 1983 measurements (mean=0.0030 mg/1)
were not significantly different from either the 1981 mean (0 0022 mg/l) or the March
1984 mean (0.049 mg/I).

Waneta Observations

The concentrations measured at Waneta were significantly greater than the background
levels as demonstrated by scatter plots, histograms and ANOVA results (ranging from 3
times for TPb to 10 times for TP and TZn). The increase in concentration was due to
.Cominco’s discharges and possxbly to other sources of pollutants bctween erchbank and
Waneta

‘The mean concentrations of zinc measured at Waneta in Sept 1978, Sept 1979, May 1981,
Oct 1983, and Mar 1984 were all about the same (Figure 3.1). However, the mass
discharge rate was highest in 1978 and lowest in 1984, correspondmg to the recorded river
flows (Sec Figure 4.1 and Table 5. 1).

The ANOVA performed on the Waneta mean concentrations showed that the values were
not significantly different (Table 4.2 and Table C.3). :

Lead concentrations at Waneta were comparable for the September 1978 (mean=0.0052
mg/1) and the May 1981 (mean=0.0049 mg/1) data sets. The October 1983 mean lead
concentration was higher at 0.0089 mg/l, whereas the March 1984 mean was about
halfway in between (0.0068 mg/1). The differences were all significantly different at the
5% probability level (or better), as shown in Table 4.4 and 4.5.

The ANOVA resuits showed that the zinc concentrations at Waneta were comparable for
all the time series data sets at the 5% probablhty level (Table 4.3). The same is true for
lead (Tablc 4.7).

Effect of/ Cominco’s Discharge on The Columbia River

- The histograms and the ANOVA results all show that the concentrations of lead, zinc and
phosphorus increased significantly downstream of Trail. Zinc and phosphorus increased
about 10 times, and lead about 3 times. This suggest that Cominco is 4 major contributor
of these pollutants. Just how much of the increase was due to Cominco is displayed in
Figures 4.1 and 4.2 (average mass rate in kg/hr). Recall that the background levels should
be added to the Cominco discharge to reflect the total pollutant load of the Columbxa
River at Trall

In 1981, -Cominco contributed more zinc (200 kg/hr) and lead (27 kg/hr) to the river (not
including the background levels: zinc=14 kg/hr; lead=7 kg/hr) than could be accounted
for at Waneta (zinc=162 kg/hr; lead=27 kg/hr). This was reversed in 1983, when about
one third of .the metal appeared to come from sources other than Cominco (Figures 4.1
and 4.2).

A likely scenario is that although the different sampling programs (composite versus grab
samples) may be the cause of some of the difference bctwcen-tthoi\ﬁinco and the Waneta
measurements, the major source of the apparent loss of metal in 1981 and the gain in 1983
may be due to chemical reactions occurring in the river. ‘During 1981, metal may have
been lost to the sediment by precipitation, whereas metal may have been leached from the
sediments in 1983. :
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The ANOVA tests were carrxcd out on observcd (Blrchbank and Waneta) and cstlmatcd

. (Cominco) water quality concentrations.. The estimated water quality concentrations for

Cominco represents, the combmed sewer discharges diluted by the Columbia River
assuming complete mixing. ~

In the case of zinc, the Cominco observations were not sxgmf 1cantly different from those

"measured at-Waneta in May 1981, Oct 1983 and Mar 1984. (Table 4.3). The same is true

for lead in May. 1981 (Table 4.5). The Oct 1983 lead -concentrations measured at Cominco
(mean=0.0030 mg/1), on the other hand, were 31gn1f icantly lower than those observed at

‘Waneta supportmg the argumcnt that metal have been’ leachcd from the sediments.

.Thc dif f erences obsefved between- Commco and Waneta metal concentratnons may. also in

part have been caused by incomplete mixing of the effluents. ‘However, investigations by

. others (pers:.’comm. Steve Sheehan) suggest that the effluents are well mixed at Wancta ‘

and that any dlffercnccs attributed to 1ncomplete mixing were neghgnble
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6. DILUTION BY THE PEND D’OREILLE RIVER

Transverse Mixing by Turbulent Diffusion

An initial -analysis was carried out to determine the degree of completion of mixing of
waters from the two rivers at. various distances downstream of their confluence. The
international border crosses the .river diagonally at a distance of about 800 meters
downstream of the confluence, and the U.S. sampling station at Northport Washington is
‘at about. 16 km. downstream of ‘the confluence. S .

For this initial analysis the channel was assumed to be rectangular, with an average depth
equal to the mean. depth of the channel at Waneta. The average breadth of the channel
was assumed to be about 20% largcr than the breadth of the.channel at Waneta, because
the Columbia widens after receiving flows from the Pend d’Oreille. Three values for
turbulent diffusion coefficients in natural streams were used, following the range of
values recommended by HB Fischer (Mixing in Inland and Coastal Waters, Chapter 5,
1979).

Analysis of aerial photographs and river discharges for September 28, 1976 and July 13,
1979 showed the following:

Table 6.1 - River Mixing Information.

1]

Date _ Discharges | Width of section filled
Columbia * Pend Ratio by Pend d’Oreille waters
o d’Oreille 400m below confluence
m3/s m3/s ‘(from air photos)
28-9-76 2010 - 562 22% ‘ 29%

13-7-79 1890 776 29% L 43%

The table shows that the Pend d’Oreille waters fill slightly more of the river breadth at
distance x = 400m than would be attributable to the direct apportionment of flows. It
was assumed that the Pend d’Oreille waters filled one third (33%) of the section at the
confluence (used as the initial condition for the turbulent diffusion modelling).

Calculations were run for two sets of hydraulic conditions, the first a summer condition,
using data from lIst. June 1978, with sections for Waneta given by Sheehan and Lamb .
(1987), and the second a winter condition, using typical winter’ low flows and depths of
flows and velocities estimated from the summer data. '

Summcxf conditions are presented in 'Appcndix D Table D.1, with the width scale of
mixing "Sz" shown for various distances downstream of the confluénce. This "Sz" distance

-
i
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_is a measure of the wxdth of spreadlng (or smudgmg) of the interface between the waters

of the two rivers. The relative width of channel in relation to the width of transverse
spreading is listed in Table D.1 using the ratio (B/S ) where B is the breadth of the river
channcl downstream of the confluence (assumcd to be 240 meters in summer condmons)

H

Winter conditions are presented in Tablc D.2, with ‘smaller values for channel depth, -

.velocity and breadth used. The final ratios of channel breadth to width of transverse

spreading (B/Sz) are approximately the same as the values under summer flow conditions
(see.Table D.1), showing that the dlstanccs for the completxon of mixing are insensitive to
the hydraulic conditions.

‘Thc spread of the'step distribution of concentratxon is cxammed usmg the theory for
"diffusive spreading in rcctangular channels (Figure 2.6 and Table 2.1 of Fischer, 1979).

Data for 10 km downstream, using the lar 2gest value of the turbulent diffusion coefficient
found in summer conditions (DZ = 0.96 m“/s), are plotted in Figure 7.1. The diffusing

-waters start reaching the channel boundaries at about 2.5 km downstream, and the

reflection superposition principle is used to determine the concentration curves. Use of
the largest value of the turbulent diffusion coefficient is Justxfled because this reach of
river has some severe bends which provide enhanced transverse mixing.

The degree 'of‘completion. of mixing is poor, even at 10 km downstrearﬂ from the
confluence. At this distance samples taken from the river would be either slightly diluted
or. heavily diluted with Pend d’Oreille water. On the west bank, concentrations would be

“about 95% of the water quahty measured Waneta, and on the east bank only about 32%.

The situation at Northport (16 km downstream of the confluence).is difficult to predict
because the Columbia is backed up by the headwaters of Franklin D. Roosevelt Lakc but
the transverse mixing may be not much more complete than at 10 km.
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Figure 7.1 - Transverse Distribution of Dissolved Matter 10 km Downstream of the
Columbia-Pend d’Oreille Confluence.

CONCENTRATION
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DIMENSIONLESS TRANSVERSE DISTANCE ACROSS CHANNEL B/Sz
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Pend d’Oreille River Columbia River’

.S, = width scale of'm’ixi'ng

z

. B =240m = total river channel width (summer conditions)

. D, =096 mz/s = diffﬁsion coefficient (ﬁigh value)

. The left side of the graph represents the East bank (Pend d’Oreille River water),
and the right side represents the West bank (Columbia River water).

. B/S ='O represents the plane of separation between the Pend d’Oreille and

Columbia waters at the confluence. Based on Table 6.1 we assumed that Pend
d’Oreille River would initially occupy 1/3 of the river channel.

WESTBANK

Columbia River
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7. SHORT TERM VARIABILITY OF WATER QUALITY MEASUREMENTS
The WQB carried out a samplmg program to mvestlgate the effect of samplmg mtcrva‘ on

the measured concentrations. Water samples were collected in replicates at I minute
intervals and as "quickly as possible" (less than 1 minute), from several different depths at

-‘Waneta, and from the surface only-of the Pend d’OrcrIlc RlVCI‘ near the Columbla River

confluence.

Methods

Comparison of means of the collected data:would include changes in river quality over

the few hours it took to complete the sampling and would therefore mask any changes
occurring as a result of the sampling fréquency. : Comparison of the sampling variances of -
the data collected by the two sampling frequencies, however, would tell us whcthcr any
significant differences were due to sampling technique.

4

The hypothesxs is that variance increases with decreasing sample frequency. Data

collected at a very high frequency would have a variance close to zero. As the frequency’

decteases the variance should increase.

The F-Test is used to compare variances. Since we are not interested in the depth effect,’
the variances were estimated from means normalized over depth (normalized value =
observed value - mean value; for each depth). The variances were compared at 5 %
probability level. The results are shown in Table 7.1 and 7.2. The normalized data can be
found in Appendix E. For detailed information about the sampling. program, rcfcr to
Sheehan and Lamb, 1987.

" Discussion

Only nitrate at Waneta and total phosphorus. at Pend d’Oreille showed a significant
increase in variance for the 1 minute sampling frequency. All the other parameters had
variances that were 1ndepcndent of the two sampling frequcncy, Quick and 1 mmute
Parameters with values at or near thc detection limit were not included.

The conclusxon then, is that the two samplmg frequencies most lrkcly produced the same
results.
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Table 7.1 - F-TEST RESULTS: Waneta Station, Columbia River

TP' Np3 NH4 TN Fe Pb in
Standard Deviation (Quick) 0.0020 0.0135 0.0142 0.0499 0.0904 0.0008 0.0041
Standard Deviation (1 Minute) _ 0.0015 © 0.0518 0.0130 0.0407 0.0636 0.0009 0.0061
Number of data values (Quick) 34 50 50 50 30 30 30
Number of data values (1 Minute) 34 50 SO 50 30 30 30
Calculated f value 1.35 3.8 1.09 1.23 1.42 1.09 1.48
Tabulated F value at 5% level 1.81 1.62 - 1.62 1.62 1.86 1.86 1.86
Variance comparison _ NSD SD NsD NSD NSD NSD NSD
standard deviations im mg/L.
Table 7.2 - F-TEST RESULTS: Pend d'Oreille River near Waneta )

TP NO3 KRS TN Fe Pb Zn
Standard Deviation (Quick) - 0.0008 0.0048 0.0068 0.0357 0.0280 0.0005 0.0046
Standard Deviation (1 Minute) 0.0053 0.0037 0.0046 0.0236 0.0?8? 0.0006 0.0064
Number of data values (Quick) -7 10 10 10 10 10 10
Number of data values (1 Minute) 6 10 10 10 10 10 10
Calcutated f value - 6.39  1.29 1.50 1.51 1.03 1.31 1.38
Tabulated F value at 5% level - 4.39 3.18 3.18 3.18 3.18 3.18 3.18
Variance comparison D NSD NSD NSD NSD NSD NSD

Standard deviations im mg/l.
LEGEND

NSD - NO SIGNIFICANT DIFFERENCE
sD SIGNIFICANT DIFFERENCE
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8. CONCLUSIONS AND RECOMMENDATIONS

1. From the information presented in this report, it appears that Cominco’s lead-zinc
smelter and its fertilizer plant contributed most of thc lead, zinc, and phophorus
measured at Waneta. .

2. The apparent loss of metal between Cominco and Waneta in May 1981, and gain in
October 1983 may have been a result of precipitation/leaching of metal to/from
the river sediments. Other causes include differences in sampling methods (3hr-
composite at Cominco and grab samples every hour at Waneta), and incomplete
mixing of the Cominco effluents over thc 17 km distance between Cominco and
Waneta.

3 Lag correlation analysis of the Cominco and Waneta observations produced very
low correlation coefficients. It appears that the fundamental f requency of
Cominco’s metal discharges were higher than the frequency of samplmg If this
was the case, important frequency information would have been lost producing
low correlation. Another factor'is the different sampling program as described in
point #2 (above). '

4. ANOVA and Multiple Range Tests

- The measurements at Birchbank' rebresent the background levels. The
background levels were generally found to be significantly lower than both
the Cominco and Waneta measurements (except for Cominco, Oct 1983, lead
and zinc).

- The October 1983 observations at Cominco were generally lower that those of
May 1981, suggesting a possible improvement in Cominco’s wastewater
treatment. However, more data; collected throughout the year, are necessary
for evaluation of the .effectiveness of the installed treatment plant.

- The combined Cominco sewer discharges diluted into the Columbia River were
not significantly different from those of Waneta in May 1981 and March
-1984. In October 1983, the Waneta observations were considerably greater
than the estimated Cominco water quality concentrations. This may be due,
in part, to leaching of metal from the river sediments.

- ANOVA Assumptions: The fact that the data sets violated assumptions of
homogeneity of variance and the normality of distributions are not
considered to be serious. The large sample sizes (greater than 30 for
Birchbank and Waneta) suggest that the affects of nonhomogeneity of
variance are small. The effects of the skewness of the Birchbank and Waneta
data sets are also expected to be small as the sampling distributions of the "F"
statistics provide a good approximation to thc cxact samplmg distribution
(which assumes normality).

4. Transverse Turbulcnt Mixing by the Pend d’Oreille River was found to be
relatively poor. It is unlikely that the waters from the two rivers are completely
mixed by the time the water reaches the American water quality station at
Northport, some 16 km downstream.

5 Short Term Variability: F-tests of the sampling variance for data collected at 1
minute interval, and at intervals much less than 1 minute (termed "Quick"),



showed no significant difference for 6 out of 7 parameters.
the two sampling frequencies produced the same results.
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This indicates that

*
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APPENDIX A - SCATTER PLOTS
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APPENDIX B R FREQUENCY DISTRIBUTION PLOTS

Note: All units are in mg/I
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