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1.0 SUMMARY 

The water quality data for the Mackenzie River Basin showed that waters entering 
the Mackenzie River from tributary streams exerted a significant influence on the 
resultant quality of the water in this river. This effect was more pronounced 
during the low discharge period, February to April, than during the high discharge 
period, May to October. 

The influence exerted by these tributary streams on the quality of water in the 
main stream, the Mackenzie River,is noteworthy. It became particularly important 
when related to disturbances of the environment that can affect water quality 
during pipeline construction and maintenance. 

The preliminary sediment study showed that the water soluble and exchangeable 
chemical constituents in bank materials were in concentrations great enough to 
be of significance to stream water quality. It also showed that the release of 
chemical constituents in these materials to the stream waters was immediate. 
The results of this preliminary study were of a significance to warrant a 
thorough investigation of bank materials at all proposed pipeline route stream 
crossings that have the potential to develop accelerated erosion following 
disturbance. 

The water quality data for this basin are stored in the water quality NAQUADAT 
system and may be acquired on request by writing to Environment Canada, Water 
Quality Branch, Ottawa, KlA OH3. 
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2.0 INTRODUCTION 

2.1 The proposal to build pipelines and transportation routes through the 
Mackenzie River drainage basin raised many questions about the possible effects 
on the environment. Available information on the effects of development on a 
large ecosystem such as the Mackenzie River drainage basin is inadequate. 
Research directed to finding the answers to the many environmental questions 
posed by the development of this area is necessary so that appropriate techniques 
and methods can be developed. Water is the essence of all life forms and a 
sound knowledge of the quality of water in this area is essential in evaluating 
the areas's many uses. 

The Mackenzie River drainage basin has a number of unusual aspects as compared 
to other major Canadian rivers: it is virtually unpolluted at this time; it 
drains areas with varied soils and rock types and ages; it drains a large area 
of muskeg and tundra for which little water quality information is available 
in North America; and it has two large settling basins, Great Slave Lake and 
Great Bear Lake, which act as natural storage reservoirs for water during 
periods of high flow. 

Very little is known about the water quality of the Mackenzie River basin, 
except for information published by Thomas (7), Levinson, et. al. (3), 
Hitchon, et. al. (2), and Reeder, et. al. (6), and compiled by the Water 
Quality Branch's Water Quality Network which is stored in the Branch's NAQUADAT 
system (9). 

This study was directed to filling gaps in our knowledge of surface water 
quality of the Mackenzie Basin so that effects of development could be 
anticipated and preventive or corrective actions taken. Another objective 
of this study was to determine the effects of erosion materials reaching 
tributary streams on the water quality of the system. 

2.2 In designing the study, the following specific objectives were defined: 

1. To adequately determine the quality of the natural waters of the 
Mackenzie River and its major tributaries so that any changes in 
water quality due to development can be readily detected; 

2. to determine the effects of erosion materials entering the streams 
and rivers of the drainage system on water quality; 

3. to monitor the changes in the water quality of the drainage system 
brought about by pipeline, road, rail, and urban development in 
the basin; 

4. To make readily available the results of this study to other agencies 
studying the ecology of plant, wildlife, fish and other aquatic 
life, and other organisms dependent on water. 
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2.3 The water quality concerns as related to pipeline development may be 
summarized as follows: 

1. The increase in erosion materials reaching streams during the 
construction phase and following, especially where adequate 
protective cover cannot be established on disturbed areas; 

2. the pollution effects of large camp sites necessary to proposed 
pipeline; 

3. the pollution effects due to pipeline breaks especially at stream 
and river crossings, with emphasis on the erosion or siltation 
that would result from repair. 

3.0 STUDY AREA 

This section of the report describes the physical aspects of the Mackenzie 
River basin, its surficial geology and the relevant aspects of the study. 

3.1 Physical Description of the Basin  

The Mackenzie River drains an area of 697,094 square miles and has an average 
annual discharge of approximately 340,000 cubic feet per second. Its drainage 
basin is the second largest in North America and the sixth largest in the 
world. The discharge is about seven per cent of that supplied by North America 
to the world oceans, and one per cent of the world's fresh water input into 
the oceans. 

The physical boundary of the Mackenzie River discharge basin is shown in 
Figure 1. 

3.2 Simplified Geology of the Basin  

A simplified map of the basin's geology is presented in Figure 1. These 
variations in geological deposits in the basin assist in describing sedimentation 
effects on water quality in the basin's major rivers. 

3.3 Relevancy of Study to Proposed Pipeline Construction  

The composition of natural surface waters is influenced by inorganic and 
biochemical processes. 

The inorganic processes controlling natural-water composition such as, equilibrium 
solubility, complexion effect, electrochemical equilibra, and chemical kinetics 
have been much explored by a growing number of researchers and their published 
work is voluminous. The manner in which these processes operate and their 
relative importance in any one environment are controlled by factors such as, 
climate, geology, soils, precipitation, the hydrologic cycle and, last but not 
least, the influence of man. 
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The importance of biochemical processes on the composition of natural waters 
in unquestionable but much still needs to be done before the chemical principles 
controlling natural-water composition as affected by these processes can be 
fully defined. 

Biological factors which control the biochemical processes are important in 
almost all aspects of natural-water composition. Biological factors and 
processes are so interrelated in bringing about the composition of water 
that the study of natural-water composition must involve concepts of ecology. 
As in ecologic systems, changes in one factor may bring about a considerable 
number of other changes that can influence the variables being observed. 

The life processes of particular interest in the quality of water may be 
summarized as follows: 

1. Processes of photosynthesis; 

2. processes of metabolism and decay; 

3. reactions that promote chemical reduction and oxidization; 

4. effects of stabilization of inorganic colloids by soluble organic 
matter; 

5. the release of various waste products to water. 

Life forms and the chemical processes associated with them are intimately 
related to water and to the solutes contained in water. Therefore, 
maintaining a proper balance among life forms in water bodies is critical 
in preserving a good quality of water. The manner in which biochemical 
processes operate and their relative importance in any one environment are 
affected to a major degree by the influence of man. 

The power of man to alter his natural environment is very great and far 
reaching. Sometimes these alterations are by-products of actions which had 
other purposes in view. It is mainly this kind of activity that has caused 
changes in water quality that are both obvious and undesirable. Solutes 
may be directly added to water by increased erosion and by disposal of wastes. 
The ecology of whole drainage basins may be profoundly altered by disturbing 
natural vegetation and by removal of forests. Solute-circulation rates may 
be altered by structures such as pipelines, roads, bridges and by water 
diversions. 

The effects of man's activities on natural water quality may be obvious and 
direct as in the case of release of untreated sewage and industrial chemicals, 
or it may be more subtle and indirect as in the case of added nutrients in 
treated sewage and the increase in sediment loads due to deforestation and 
construction. 
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This study as outlined will supply the natural water composition information 
required to detect these changes as they occur, whether they be obvious or 
subtle, so that the effects of man's activities in northern environments can 
be better understood, and that appropriate techniques and methods can be 
developed in order to cope with the problems of water pollution in this 
unique area of Canada. 

4.0 MATERIALS AND METHODS 

4.1 Materials  

4.1.1 Water Quality Programs  

The locations of sampling points are described in Table 1 and shown on Figure 1. 

Table 1. Water quality Sampling Locations  

Identif- 
ication 	 North 	West 
Number 	 Sampling Location 	 Latitude Longitude  

W1 	Mackenzie River at FortProvidence 	61o
o  17' 	117 o

o  36' 
W2 	Horn River near mouth 	 61 32' 	117 58' 
W3 	 Trout River at Highway #1 	 610  10' 	119 o  51' 
W4 	 Mackenzie River upstream at Fort 

Simpson 	 61 50' 	121 o  10' 
W5 	 Liard River at Fort Simpson 	 61o o 49' 	121 15' 
W6 	 Liard River at Fort Liard 	 600  10' 	123 oo   25' 
W7 	 South Nahanni River at Nahanni 

Butte 	 61°o  02' 	123°o  25' 
W8 	 North Nahanni River near mouth 	 62 10' 	123 23' 
W9 	Willow Lake River near mouth 	 62o  42' 	123o  04' 

W10 	Mackenzie River at Wrigley 	 63o 
o 16' 	123o

o 36' 
Wll 	Blackwater River near mouth 	 63o 57' 	124 o 09' 
W12 	 Redstone River near mouth 	 64 o 16' 	124o 34' 
W13 	Keele River near mouth 	 64 23' 	124 53' 
W14 	 Great Bear River near outlet 

Great Bear Lake 	 65cl  10' 	123 o  30' 
W15 	 Great Bear River near mouth 	 64o  55' 	125 35' 
W16 	Mackenzie River at Norman Wells 	 65o  30' 	126o 

o 

 40' 
W17 	 Mountain River near mouth 	 65°o  40' 	128 °o  54' 
W18 	 Ramparts River near mouth 	 66 10' 	129 06' 
W19 	 Mackenzie River at Fort Good Hope 	66 14' 	128o  43' 
W20 	Hare Indian River near mouth 	 66o 

o 

 20' 	128 o  40' 
W21 	Arctic Red River near Arctic Red 

River 	 67 o 26' 	133o 46' 
W22 	Mackenzie River below Arctic Red 

River 	 67 o  34' 	133 o  50' 
W23 	 Peel River at Fort McPherson 	 67o  26' 	134 o  53' 

4.1.2 Sediment Program 

The sediment program was designed to study the sediments carried in suspen- 
sion and bank materials that were actively eroding. The sampling locations 



Identifi-
cation 
Number  Sampling Location  

North 	West 
Latitude Longitude  

Identif-
ication 
Number Sàmpling Location  

North 	West 
Latitude Longitude  

- 6 - 

of suspended sediments and bank samples are described in Tables 2 and 3. 
Both are shown in Figure 1. 

Table 2. Suspended Sediment SamplingLocations  

Si 	Mackenzie River upstream of Liard River 61 °  50' 	121 °  10' 
32 	Liard River near mouth 	 61 °  49' 	121 °  15' 
S3 	Mackenzie River 80 km. downstream 

of Fort Simpson 	 62 °  08' 	123 °  00' 
34 	Willowlake River near mouth 	 62 °  42' 	123 °  04' 
35 	Mackenzie River 40 km. downstream 

of Wrigley 	 63 °  37' 	123 °  10' 
S6 	Redstone River near mouth 	 64 °  16' 	124 °  34' 
S7 	Keele River near mouth 	 64 °  23' 	124 °  53' 
S8 	Mackenzie River 40 km. upstream of 

Fort Norman 	 64 °  41' 	124 °  57' 
S9 	Mackenzie River 20 km. downstream 

of Norman Wells 	 65 °  22' 	127° 24' 
310 	Hume River near mouth 	 66 °  01' 	129 °  34' 
Sll 	Mackenzie River 120 km. downstream 

of Fort Good Hope 	 66 °  58' 	130 °  13' 
S12 	Arctic Red River near Martin House 	66 °  45' 	133 °  04' 
S13 	Arctic Red River upstream of Arctic 

Red River 	 67 °  26' 	133 °  46' 
S14 	Mackenzie River below Arctic Red River 	67 °  34' 	133 °  50' 

Table 3. Stream Bank Sampling Program 

31 	Willowlake River 20 km. upstream 	 62 °  39' 	122 °  47' 
32 	Redstone River 40 km. upstream 	 63 °  58' 	125 °  00' 
B3 	Keele River near mouth 	 64 °  23' 	124 °  53' 
B4 	Hume River near mouth 	 66 °  01' 	129 °  34' 
85 	Arctic Red River near Weldon Creek 	66 °  25 	132 °  52' 
36 	Arctic Red River below Martin House 	67 °  02' 	133 °  17' 

4.2 Methods  

4.2.1 Field Procedures  

4.2.1.1 Water quality Pro:earn 
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4.2.1.1.1 Transportation  - A helicopter was used for the collection of all 
samples. This aircraft was selected because of its versatility under varied 
weather conditions and its speed. 

4.2.1.1.2 Methods of Sampling - All selected sampling locations were cross-
sections to assure the samples being collected were representative of the stream 
or river. The samples were then collected at the exact location selected for 
each sampling run. 

A metal sampler and bottle were used to collect the samples wherever 
applicable. 

This method of sampling is widely recognized as the best available for 
obtaining an integrated sample of water. 

The sample was taken by dropping the opened bottle affixed to the metal 
sampler into the water and as it filled it das  allowed to sink to the 
bottom of the stream. When the bottom was reached the sampler was pulled to 
the surface. If the bottle was not filled the procedure was repeated until 
sufficient sample was collected. This procedure ensures that portions of 
water at all depths were obtained. 

It should also be noted that samplikg-  bottles, as received by the sampling 
crew, were pre-cleaned in the Calgary laboratory and ready for field use. 

Because the elements to be analysed are present in minute quantities in 
water, extreme care was taken not to contaminate the neck of the bottle and 
cap while sampling. The bottles and caps were rinsed three times before 
filling with the sample. The cap with a polyethylene seal was then secured 
tightly to prevent leakage during shipping. Also, the bottle was filled to 
the neck only, leaving room for expansion. 

When smaller samples were required, the smaller bottles were filled from 
the sample bottle in the metal sampler immediately upon collection of the 
sample. 

Samples in all cases were obtained from the fastest flowl.ng portion of the 
stream. 

4.2.1.1.3 Sample Identification  - The identification of samples is most 
important. Therefore, the following information was required for each sample: 

1. Location or source: identifies sample site and station number. 
2. Date: time, day, month and year sample taken. 
3. Bottle number: correlate sample to rest of identification. 

Bottle numbers are placed on the bottles with water-proof ink. 
Use of tags or writing on bottles was avoided because of possible 
loss, smudging of ink, etc. 

4. Water temperature: at time of sampling. 
5. Water level: gauge reading was done at each station excepting 

those having continuous gauges. Wherever gauges (Water Survey of 
Canada's) were not available a rough estimate of flow was made. 

6. Collector: signature of collector. 
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4.2.1.1.4 On-Site Analysis  - The following analyses were performed on each 
sample immediately following collection. 

a. Temperature. 

b. pH - battery operated meter. 

c. Conductance - battery operated meter. 

4.2.1.1.5 Sample Handling  - standard preservation techniques were carried 
out at all sample sites as outlined in the Water Quality Branch's "Instruc-
tions for taking and shipping water samples" (10). 

Sampling schedules were arranged to coincide with commercial airline flight 
so that samples could be shipped to arrive at the laboratory for analyses 
within a 24-hour period. 

4.2.1.1.6 Sampline Frequency  - samples were collected at all sampling loca-
tions twice monthly during the spring high discharge period, monthly during 
the summer and fall periods of intermediate discharge and once every two 
months during the winter low discharge period. 

4.2.1.2 Sediment Program 

4.2.1.2.1 Transportation - Samples were collected during water quality 
sampling runs using a helicopter. 

4.2.1.2.2 Methods of Sampling  - Samples for suspended sediments were collec-
ted in 5-gallonpla.stic containers by allowing the container to sink to the 
bottom of the stream during the filling process. Ten gallons of sample 
were collected at each sampling site. 

Samples of actively eroding bank material were collected in glass jars by 
scooping the top layer of the material into the jars. Approximately 1000 
grams of bank material were collected at each sampling site. 

4.2.1.2.3 Sample Identification  - the samples were identified by a water 
proof label as follows: 

1. Location: identifies sample site and station number. 

2. Date: time, day, month, and year sample was taken. 

3. Bottle number: to correlate sample to the rest of the identification. 

4. Water level: approximation of water level in stream at time of sampling. 

5. Collector: signature of collector. 

4.2.1.2.4 Sample Handling  - samples were handled as described for water 
quality samples. 

4.2.1.2.5 Smal1221FrequeLlçy- samples were collected twice during the 1972 
spring runoff period at two week intervals. Sampling on the same basis 
will be carried out during the 1973 spring run off period. 

4.2.2. Laboratory Procedures  
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4.2.2.1 Water Quality Proram  - All samples were analysed for the parameters: 
alkalinity, aluminum, arsenic, barium, boron, cadmium, calcium, carbon, 
chloride, chromium, cobalt, color, conductance, copper, fluoride, hardness, 
iron, lead, lithium, magnesium, manganese, mercury, molybdenum, nickel, 
nitrate, nitrogen, pH, phosphorus, potassium, residue, sodium, sulphate, 
strontium, temperature, thallium, turbidity, and vanadium. 

4.2.2.1.1 Methods of Analysis  

An outline of the methods of analysis used in this study is given in Table 4. 

All values are expressed as milligrams per liter unless otherwise stated. 

Table 4. Analytical Procedures  

Parameter Procedure 

Alkalinity potentiometric titration with standard acid 
solution. Results expressed as CaCC(1)*. 

Al, Ba, Cr, Li, Mn, 
Ma, Sr, Tl, V 	 atomic absorption by direct aspiration (8). 

Cl  

Fe 

colorimetric on autoanalyser with ferric ammon-
ium sulphate and mercuric thiocyanate (8). 

atomic absorption after solvent extraction (8). 

colorimetric with silver diethyldithiocarbomate 
(8). 

calculated from the values of total alkalinity. 
Expressed as HCO3 (1). 

colorimetric dianthrimide method (4). 

titration with EDTA and Eriochrome Blue (8). 

material in blended sample is oxidized and the 
resulting CO

2 
measured by infrared analysis (8). 

visual comparison to Pt-Co disc standards (8). 

meter with platinum-electrode. Values corrected 
to 250  C and expressed as micromhos/cm (8). 

fluoride electrode and total ionic strength 
adjustment buffer (8). 

titration with EDTA and Eriochrome Black T. Ex-
pressed as CaCO

3 
(1). 

colorimetric on autoanalyser with tripyridys-s-
triazine. (2). 
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- 12 - 

calculated value: Mg = (total hardness x 
0.01998 - Ca x 0.0499)x 12.16 	(8). 

cold flame atomic absorption, automated (2). 

colorimetric on autoanalyser. NO reduced by 
cadmium and the resulting N0 1  is 3determined by 
reacting with sulphanilamideand napthyleth-
ylene diamine dihydrochloride (8). 

digestion with H
2 

SO
4 

and NHI  distilled into 
boric acid. NH

3
titrated with standard acid. 

Determines organically bound nitrogen and 
ammonia (1). 

meter with glass and saturated calomel 
electrodes (1). 

P, ortho 	 colorimetric on autoanalyser with ammonium 
molybdate and stannous chloride (8). 

P, inorganic 

P, total 

manual digestion with sulphuric acid. Color-
imetric on autoanalyser with ammonium molyb-
date and stannous chloride (8). 

manual digestion with sulphuric acid and 
potassium persulphate. Colorimetric on auto-
analyser with ammonium molybdate and stan-
nous chloride (8). 

Na, K 	 flame photometric by internal-standard 
measurement on autoanalyser (8). 

SO
4 

Whatman GF/C glass fibre filters. Oven 
dried at 105°C. (8) ,  

glass fiber filter dried at 105
o
C is ignited 

at 550
o
C for 1/2 hour. 

titration with barium chloride in alcohol 
solution under controlled acid conditions 
following passage through strong cation ex-
change resin-Ambelite IR-120 or equivalent 
(8). 

Turbidity 	 Hach turbidimeter (8). 

* Numbers in parenthesis refer to references as indicated. 

4.2.2.1.2 Detection Limits and Accuracy of Methods of Analysis• 

Following are the minimum detection limits and limits of accuracy of methods 
of analyses used for the study. 



Carbon(organ-
ic & Inorganic) 

1 mg/1 
+ 3.08% at 20 mg/1 C 

± 0.02% at 30 mg/1 C 
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Minimum 	 Limit 
Detection 	 of 
Limit 	 Accuracy  

Parameter 

Alkalinity 	 0.5 mg/1 CaCO
3 

Aluminum 	 0.10 mg/1 Al 

Arsenic 	 0.004 mg/1 As 

Barium 	 0.06 mg/1 Ba 

Boron 	 0.01 mg/1 B 

Cadmium 	 0.001 mg/1 Cd 

Calcium 	 0.05 mg/1 Ca 

(coefficient of variation) 

+ 1.48% at 33.3 mg/1 CaCO3 

no data available 

± 6.51% at 0.020 mg/1 As 

• 3.63% at 0.070 mg/1 As 

no data available 

no data available 

+ 3.5% at 0.010 mg/1  Cd 

• 2.9% at 13 mg/1 Ca 

• 0.5% at 45 mg/1 Ca 

Chloride 	 0.1 mg/1  Cl 	 - • 0.5% at 20 mg/1 Cl 

Cobalt 	 0.002 mg/1 Co 	 + 1.3% at 0.010 mg/1 Co 

Color 	 0 units - measurable 	0% at 10 units 
in units of 5 	 0% at 80 units 

Conductance 	 0.2 pmhos/cm 	 + 0.5% at 520 pmhos/cm 

Copper 	 0.001 mg/I Cu 	 + 1.6% at 0.010 mg/1 Cu 

Fluoride 	 0.05 mg/1 F 	 + 0.79% at 0.20 mg/1 Cu 

- • 0.93% at 1.00 mg/1 F 

Hardness 	 0.05 mg/1 as CaCo 3  

Iron 	 0.04 mg/1 as Fe 

Lead 	 0.008 mg/1 as Pb 

Lithium 	 0.005 mg/1 as Li 

Magnesium 	 0.05 mg/1  mg 

Manganese 	 0.008 mg/1 Mn 

+ 0.65% at 52.0 mg/I CaCo3  

+ 0.7% at 50 mg/1 Fe 

+ 2.2% at 0.20 mg/1 Pb 

no data available 

same as calcium 

no data available 



PH 

Nitrate- 
Nitrogen 

Nickel 

Nitrogen-
Kjeldahl 

0.004 mg/1 Ni 

0.01 mg/1 N 

0.01 mg/1 N 

Phosphorus 
(ortho) 

Phosphorus 
(Inorganic) 

Potassium 

0.003 mg/1 P 

0.003 mg/1 P • 

0.1  mg/ 1  K 
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Mercury 	 0.00005 mg/1 Hg - • 5.5% at 0.00030 mg/1 Hg 

-• 4.9% at 0.00200 mg/1 Hg 

-• 3.0% at 0.00800 mg/1 Hg 

Molybdenum 0.10 mg/1 Mo 	 no data available 

+ 3.8% at 0.010 mg/1 Ni 

4- 1.6% at 0.05% mg/1 N 

+ 4.58% at 25 mg/1 N 

0% at pH 8.8 
0% at pH 4.0 

+ 4.65% at 0.003 mg/1 P - 
+ 
- 3.98% at 0.008 mg/1 P 

- • 9.98% at 0.007 mg/1 P 

-• 4.71% at 0.017 mg/1 P 

+ 1.09% at 6.4 mg/1 K 
- 
+ 
- 1.79% at 36 mg/1 K 

Residue (non-
filterable - 
105°  C) 

Residue (non-
filterable - fixed) 

1 mg/1 	 no data available 

1 mg/1 	 no data available 

Sodium 	 0.1 mg/1 Na + 0.67% at 12 mg/1 Na 

-• 1.29% at 67 mg/1 Na 

Sulphate 	 0.1 mg/1 SO
4 - 3.0% at 25 mg/I 804 

Strontium 	 0.01 mg/1 Sr 	 + 1.0% at 0.20 mg/1 Sr 

Temperature 	 +  0.10 C C n Calgary Lab. 

± 0.25°C in field 

Thallium 	 0.24 mg/I Ti 	 no data available 
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Turbidity 	 0.I.J.T.U. 	 - • 9.22% at 1 J.T.U. 

-• 3.96% at 10 J.T.U. 

-• 1.68% at 40 J.T.U. 

-• 0.45% at 100 J.T.U. 

Vanadium 0.06 mg/1 V 	 no data available 

Note: Coefficient of variation is the ratio of the standard deviation to 
the arithmetic mean expressed as a percentage. 

4.2.2.2 Sediment Program  

4.2.2.2.1 Suspended Sediments  

Samples having sufficient suspended sediment were analysed to determine 
the following: 
1. Exchangeable cations and total exchange capacity. 
2. Acid soluble cations 
3. Organic content 

The waters from which the sediments were obtained were analysed for the 
following parameters: 

pH, Color, Conductivity, Chlorides, 	 Alkalinity, Calcium, 
Magnesium, Sodium, Potassium, active Silica, Dissolved Inorganic Carbon and 
Total Inorganic Carbon. 

4.2.2.2.2 Soil Stream Bank Samples  

Samples were analysed to determine the following: 

1. Particle size distribution 
2. Exchangeable cations and total exchange capacity 
3. Acid soluble cations 
4. Organic content 
5. Kinetics of solution and exchange 

4.2.2.2.3 Methods of Analysis  

Particle size distribution - destruction of organic matter with hydrogen 
peroxide, dispersion of particles with calgon, particle size distribution 
measured with a special hydrometer. 
Specific Gravity  - A weighed sample of oven-dried soil is introduced into 
a volumetric pycnometer. Soil is wetted with distilled water to expel 
entrained air. Pycnometer is filled to volume upon complete expulsion of 
air. Specific gravity is determined by weighing. 
Water soluble components  - Distilled water, whose pH was controlled by 
degassing with nitrogen gas, was added to soil sample. Suspension was 
stirred over a period of time, allowed to settle, then decanted. Additions 
of distilled water repeated until leachate had conductance of 1 umho or 
less. Leachate analysed as water samples. Soil was saved for exchange 
capacity determination. 
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Acid soluble cations  - A suitably weighed portion of soil was dissolved in 
80% Aqua Regia. Insoluble portion was removed by filtering. Filtrate was 
analysed for cations of interest by atomic absorption spectroscopy. 
Exchangeable cations  - Extraction of sample with normal ammonium acetate 
solution buffered at pH 7 and cations measured by methods described for water 
analysis. (8) 
Total exchange capacity  - Sample extracted with normal ammonium acetate 
solution buffered at pH 7, the excess ammonia extracted with ethyl alcohol 
and ammonium ions held by sample determined by kjeldahl apparatus. (8) 
Organic matter content  - The sample is digested in sulphuric acid and 
potassium dichromate and organic matter determined by measuring the excess 
dichromate with ferrous ammonium sulphate. (8) 
Kinetics of solubility and exchange  - (a) Method of discrete sample analysis 
- weighed portion of representative soil of a given sample were mixed with 
the appropriate water in large centrifuging bottles, then shaken for a given 
period of time. Soil was separated by centrifuging. Water was analysed for 
various parameters. (b) Calcium by method of specific ion electrode 
- the calcium specific ion electrode, connected through an appropriate 
potentiometer to recorder, was placed into a stirred water of interest. At 
a suitable time, a specified weight of soil was introduced into the stirred 
water. Changes of calcium concentrations were noted on recording. 

4.2.3 Definition of Ternis  

Dissolved  - No field pretreatment. Sample filtered through a 0.45 micron 
cellulose acetate filter. 
Extractable  - 2 millilitres of concentrated reagent grade nitric acid per one 
litre of sample was added at the time of sampling. (For mercury only - one 
millilitre of concentrated reagent grade sulphuric acid per one hundred 
millilitres of sample was added at the time of sampling.) Analysis was then 
performed on a shaken sample. 
Total  - No pretreatment. Analysis was performed on a shaken sample. 

5.0 RESULTS 

5.1 Water Quality Program  

5.1.1 Pre-Study Results  

The Water Quality Branch has operated a limited number of stations on the 
Mackenzie River since 1960 as part of its National Water Quality Network. The 
water quality data from these stations are stored on the Water Quality NAQUADAT 
system (9). They are presented in summary as lows, highs and percentiles in 
the NAQUADAT system 	and are shown in Figures 2, 3, and 4 as median values 
for the low, intermediate, and high discharge periods. 

Additional water quality information on the Mackenzie Rivers and its tributaries 
is presented by Levinson, Hitchon, and Reeder in their hydrogeochemical study 
of the surface waters of the Mackenzie River Basin during August, 1969 (2) (3) 
(6). 
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5.1.2 Study Results  

The water quality program for this study, comprising 23 stations on the 
Mackenzie River and its tributaries, got off the ground in January, 1972 
after considerable delay in obtaining transportation for sample collection. 

The results of the study, designed to fill the gaps in the ongoing network 
program, for the period March to September inclusive, are presented in 
Section 2 of Appendix "A" and are also shown in Figures 5 and 6. 

The results of the study from October to February were  flot  finalized and 
therefore not stored on the NAQUADAT system at the time of writing this 
report. Consequently, they are not presented in this report but will be 
included in the next report. 

5.2 Sedimeht_ Program  

5.2.1 Pre-Study Results 

Information on the chemistry of sediments being carried by the Mackenzie 
River and its tributaries and the effects of these sediments on the water 
quality of this river system is virtually non-existent. 

The most recent information has been presented by Peake, Baker and Hodgson 
in their hydrogeochemical study of sediments of the Mackenzie River 
during August, 1969. (5) 

5.2.2 Study Results  

At the time of writing of this report, the analytical results for the sediment 
program have not been placed in the NAQUADAT files. These results are 
presented in Appendix "B". 

5.2.2.1 Suspended Sédiment Program  

The results from the suspènded sediment portion of the program are presented 
in Part 1 of Appendix "B". 

5.2.2.2 Stream Bank Erodable Soils Program  

5.2.2.2.1 physical Parameters  

The grain size distribution of the stream bank erodable soils are presented 
in Table 5. 

Table 5. Stream Bank Erodable Soils Grain  Size Distribution* 

Sam2le  Location 

_ 

7. clay 	7. silt 	7. sand  

Bl Willowlake River 	 18 	 17 	 65 
B2 Redstone River 	 4 	 28 	 68 
B3 Keele River 	 34 	 22 	 44 



Parameter 

Ca 
Mg 
Na 

Li 
Sr 
Ba 
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B4 Hume River 
B5 Arctic Red River near 

Weldon Creek 
B6 Arctic Red River near 

Martin House 

25 	 55 	 20 

36 	 26 	 38 

78 	 18 	 4 

*A.S.T.M. standards 
sand: 5.0 mm. to 0.05 mm. 
silt: 0.05 nail. to 0.005 mm. 
clay: smaller than 0.005 mm. 

5.2.2.2.2 Chemical Parameters  

The analysis of dhemical constituents of the stream bank erodable soil 
samples are presented in Part 2 of Appendix "B". 

Organic content and total exchange capacity of these samples are summarized 
in Table 6. 

Table 6. Organic Content and Total Exchange Capacity of Stream Bank 
Erodable Samples 

Mmu1LADrA51221 

Organic Content* Total Exchange 
Capacity 

meg/1000 gms  

378 
175 
318 
485 
569 
66 

31 Willowlake River 	 0.6 
B2 Redstone River 	 1.1 
B3 Keele River 	 1.3 
B4 Hume River 	 1.8 
B5 Arctic Red River near Weldon Creek 3.3 
B6 Arctic Red River near Martin House 1.1 

* Percentage by weight of oven dried soil 

The results of the kinetic studies are presented in two parts: 
1. The kinetics of exchange of cations in soil river water systems. At 
the time of writing of this report, these results are incomplete. The 
results available are presented in Table 7. 
2. The kinetics of solution of various ions into distilled water. These 
data are presented in Table 8. 

Table 7. Kinetics of Exchange in Soil-River Water System. (Keele River Sample)  

Resulting Conc.(mg/1) at Time (T) after mixing soil 
Initial Conc. 	with river water (10 g. soil/liter water) 	T(Hours) 
in water(me1)0.16 	0.50 	1.0 	4.0 	8.0 	24.0  

	

38.1 	38.3 	38.3 	37.8 	38.3 	38.2 	37.4 

	

8.8 	8.4 	8.8 	8.8 	8.8 	9.0 	8.9 

	

3.2 	3.7 	3.7 	3.7 	3.7 	3.7 	3.9 

	

0.6 	1.8 	1.8 	1.8 	1.9 	1.8 	1.9 

	

0.003 	0.005 	0.004 	0 005 	0.005 	0.005 	0.005 

	

0.21 	0.21 	0.21 	0.21 	0.20 	0.23 	0.22 

	

< 0.04 	< 0.04 	0.06 	0.04 	0.07 	0.08 	0.08 
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Table 8. Kinetics of Soil - Distilled Water Systems  

Sample 	 Resulting concentration (mg/1) at time T after mixing 
Location 	Parameter soil with distilled water (10 1. soil/liter water) T (hours) 

2 	4 	7 	16 	24 	48 	96 
Bi Willowlake 	Ca 	4.3 	4.5 	6.0 	5.9 	5.7 	5.7 	5.4 

Mg 	0.9 	0.8 	0.8 	0.8 	0.8 	0.8 	0.8 
Na 	0.5 	0.5 	0.4 	0.4 	0.5 	0.4 	0.4 
K 0.70 	0.65 	0.72 	0.78 	0.78 	0.82 	0.82 
Li 	0.001 0.001 0.001 	0.001 	0.004 	0.002 	0.002 
Sr 	0.4 	0.3 	0.3 	0.3 	0.3 	0.3 	0.3 
Ba 	< 0.06 < 0.6 < 0.6 	< 0.6 	< 0.6 	< 0.6 	< 0.6 

B2 Redstone 
River, 40 
km. upstream Ca 	3.1 	3.2 	3.2 	3.4 	3.4 	3.4 	3.4 

Mg 	1.2 	1.3 	1.3 	1.5 	1.4 	1.5 	1.4 
Na 	6.7 	6.7 	6.7 	6.6 	6.5 	6.6 	6.6 
K 2.10 	2.20 	2.08 	2.18 	2.24 	2.13 	2.00 
Li 	0.005 0.006 0.005 	0.005 	0.006 	0.006 	0.006 
Sr 	0.05 	0.08 	0.07 	0.07 	0.07 	0.07 	0.07 
Ba 	< 0.06 < 0.06 < 0.07 < 0.07 < 0.10 < 0.08 < 0.07 

B3 Keele River 	Ca 	5.7 	5.7 	5.7 	5.7 	7.6 	6.9 	6.9 
Mg 	1.2 	1.2 	1.2 	1.2 	1.2 	1.3 	1.3 
Na 	0.7 	0.6 	0.7 	0.8 	0.8 	0.8 	0.8 
K 1.0 	1.0 	1.0 	0.98 	1.03 	1.00 	1.00 
Li 	0.002 0.003 0.003 	0.003 	0.003 	0.003 	0.008 
Sr 	0.05 	0.06 	0.05 	0.06 	0.05 	0.05 	0.07 
Ba 	0.06 	0.06 	0.06 	0.06 	0.06 	0.06 	0.06 

B4 Hume River 	Ca 	20.9 	21.3 	22.4 	21.7 	20.7 	20.8 	23.5 
Mg 	3.6 	3.7 	3.7 	3.7 	3.6 	3.7 	4.0 
Na 	0.3 	0.3 	0.3 	0.3 	0.3 	0.4 	0.4 
K 0.46 	0.41 	0.41 	0.40 	0.40 	0.42 	0.47 
Li 	<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Sr 	0.06 	0.06 	0.07 	0.08 	0.07 	0.06 	0.08 
Ba 	<0.06 <0.06 <0.06 	<0.06 	<0.06 	<0.06 	<0.06 

B5 Arctic Red 
River near 

	

Weldon Creek Ca 	34.2 	33.8 	32.0 	31.2 	33.1 	34.7 	33.9 

	

Mg 	6.4 	6.2 	5.9 	5.8 	6.0 	6.2 	6.1 

	

Na 	2.5 	2.5 	2.5 	2.5 	2.5 	2.6 	2.6 

	

1.00 	1.04 	1.02 	1.02 	1.02 	1.02 	1.02 

	

Li 	0.001 0.001 0.001 	0.001 	0.002 	0.002 	0.002 

	

Sr 	0.06 	0.06 	0.05 	0.06 	0.06 	0.07 	0.07 

	

Ba 	<0.06 <0.06 <0.06 	<0.06 	<0.06 	<0.06 	<0.06 
B6 Arctic Red 

River below 

	

Martin House Ca 	10.3 	9.8 	10.8 	11.3 	9.6 	10.9 	10.2 

	

Mg 	5.4 	5.4 	5.6 	5.6 	5.4 	5.6 	5.4 

	

Na 	0.2 	0.3 	0.3 	0.2 	0.2 	0.2 	0.2 

	

0.46 	0.44 	0.44 	0.45 	0.45 	0.50 	0.50 

	

Li 	0.24 	0.24 	0.25 	0.25 	0.24 	0.25 	0.25 

	

Sr 	0.02 	0.01 	0.01 	0.01 	0.01 	0.01 	0.02 

	

Ba 	<0.06 <0.06 <0.06 	<0.06 	<0.06 	<0.06 	<0.06 
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6.0 DISCUSSION 

6.1 Wate.L..93._iallAypromam 

The summary water quality data for the period 1960 - 1971 shows the 
composition of the waters of the Mackenzie River to increase in total 
dissolved solids from 182 mg/1 to 202 mg/1 in median value from its 
headwaters in Great Slave Lake to where it enters its delta near .  Arctic 
Red River. This increase in total dissolved solids is shown to result 
from increases in calcium and magnesium. Calcium increased from 29 to 35 
mg/1 and magnesium increased from 7 to 9 mg/l. Sodium showed a slight 
decrease in value over this distance. 

Bicarbonate increased from 95 to 120 mg/1 and sulphates from 23 to 32 
mg/1  in a distance of approximately 900 miles. The reactive silica and 
chloride content of these waters remained relatively stable. 

The color of these waters fluctuated considerably throughout the length 
of the river but showed virtually the same values at its headwaters as 
at the point where it entered its delta. 

The waters of this river are shown to contain low concentration of 
phosphorus, nitrogen, copper, lead, and zinc. 

The total organic carbon content of these waters varied between 1 and 10 
mg/1 with a median value of 7 mg/l. The relatively high organic carbon 
found in these waters is considered to result from the large areas of 
muskeg types through which these waters flow. 

These data are also presented as median values during low, intermediate 
and high discharges in Figures 2,3 & 4. 

These figures show significant increases in the concentrations of Ca++, 
Mg-H-,  HC0 -3 , and SOZ. , between Fort Providence and Norman Wells for 
the three discharge periods and that the concentrations of these cations 
and anions continue to increase for the remainder of the river's course. 
This increase in the major ions at Norman Wells, the first sampling 
location downstream of Fort Providence, is undoubtedly due to waters 
entering the Mackenzie River from the Mackenzie Mountains; a mountain 
range with a high volume of limestone and dolomite rocks. The Liard 
River which enters the Mackenzie River system at Fort Simpson has its 
headwaters in the Mackenzie Mountains and the composition of its waters 
is 275 mg/1 of total dissolved salts of which 38 mg/1 is calcium, 9 mg/1 
magnesium, 162 mg/1 bicarbonate, and 26 mg/1 sulphate. 

An interesting observation from these data is the increase in the major 
ion concentrations in the waters of the Mackenzie River during periods of high 
discharge. The opposite is generally true for most major Canadian rivers 
due to dilution caused by the inflow of low salt concentration water from 
snow melt, etc. during this period. The increase in major ions in the waters 
of the Mackenzie River downstream of Fort Simpson during the high discharge 
period is considered to result from the increased flows in small streams off 
the Mackenzie Mountains which dissolve these ions from the highly weathered 
limestones and dolomites of this mountain range. 
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The data for the period May to October, 1972 are presented as median values 
in Figure 6. These data show that during the high water period of 1972, the 
Chemical composition of the tributary streams was quite variable. However, the 
combined effect of these waters on the waters of the Mackenzie River was small. 
This figure shows that the levels of major ions (median values) in the 
mainstem of the Mackenzie River do not change significantly from the headwaters 
to the mouth. 

The natural effects of tributary waters on the main stem of the Mackenzie 
River system are shown to be direct and significant. 	The effects of 
man's activities in this basin, such as the increase in sediment loads, 
release of untreated wastes due to construction of pipelines, roads, and 
bridges could further influence water quality values in the drainage basin. 

6.2 Sediment Proeram 

6.2.1 Suspended Sediment  

The analysis of the suspended sediment for acid soluble components,(Appendix 
"B", Part 1) shows that the chemical composition of the present sediment 
load is quite varied. The range in concentrations of the major constituents 
are presented in Table 9. 

Table 9. Range in Concentrations of Major Acid Soluble Constituents in 
Suspended Sediment  (mg/1000 es.)  

1,000 to 100,000 
6,000 to 31,000 

22,000 to 140,000 

	

110 to 	990 

Lead and mercury are also shown to be present in significant amounts. 
Typical values for these parameters are in the range of 4.6 to 91 mg/1000 gm. 
for lead and less than 0.01 to 134 mg/1000 gm. for mercury. Any change in 
the physio-chemical equilibrium in the waterway may bring about solution 
of these constituents which, in such concentrations, would be detrimental 
to aquatic life and to the use of these waters for drinking purposes by wildlife 
and humans. 

The total exchange capacity of the sediments were shown to range from 248 to 
868 meq/1000 gms. The predominant ion contributing to the total exchange 
capacity was calcium. 

6.2.2 Stream Bank Erodable Soils  

Since only six (6) soil samples were collected for this preliminary work, 
the data presented in this report should not be regarded as being representa-
tive of any area; rather they should be regarded as indicators for a more 
detailed study. 

The analyses of the samples show a wide variation in composition. Clay content 
varied from 4% to 78%, silt content from 17% to 55% and sand content from 4% 
to 68%. Similarly, organic content of these soils was found to vary from 
0.6% to 3.3%. 

Ca: 
Mg: 
Fe: 
Zn: 
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The exchangeable ions contributing to the exchange capacity of the soils are 
presented in Table 10. 

Table 10. Range of Concentration of Exchangeable Ions Found in Stream Bank 
Erodable Samples. (mg/1000 gms)  

Calcium 	880 	to 	9,900 
Magnesium 	6 	to 	 76 
Sodium 	8 	to 	380 
Potassium 120 	to 	250 
Lithium 	0.02 	to 	 0.5 
Strontium 4 .2 	to 	 35 
Barium 	23 	to 	240 

These data show that the major exchangeable ions are calcium, magnesium, 
sodium and potassium. Calcium alone is shown to account for approximately 
80 to 90% of the total exchange capacity. 

The analysis of these soil samples also shows that calcium and magnesium are 
the major constituents of the water soluble ions. The ranges at which the 
water soluble ions were found to be present are presented in Table 11. 

Table 11. Range of Concentrations of Water Soluble Ions in Stream Bank 
Erodable Soils (me/1000 gm.)  

Calcium 	20 	to 182 
Magnesium 	6 	to 	50 
Sodium 	1 	to 	23 
Potassium 	2 	to 	14 

The major acid soluble constituents of the soils were found to be calcium, 
magnesium, iron and aluminum. The range of concentrations of the acid soluble 
components are summarized in Table 12. 

Table 12. Range of Concentrations of Acid Soluble Ions in Stream Bank 
	 Erodable  Soils (mg/1000 gm.) 

	

1,450 	to 	30,000 

	

2,200 	to 	14,000 

	

170 	to 	38,000 

	

100 	to 	700 

	

400 	to 	2,400 

	

20 	to 	900 

	

5,100 	to 	14,650 

	

80 	to 	120 

	

20 	to 	 30 

	

<0.1  to 	 5.7 

The results from the study of the kinetics of exchange of cations in soil-
river water systems (Figure 7), show that when soil is mixed with river 
water, the resulting changes in concentrations of alkali metals occur in a 
very short period of time. The initial change occurred during the time required 
to mix the soil with the water. Typical results are presented in Table 7. 

Ca: 
Mg: 
Fe: 
Na: 
K: 
Mn: 
Al: 
Zn: 
Pb: 
Hg: 
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Figure 7. Kinetics of Exchange of Soil-River Water System  
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The results of the study of kinetics of solvation of various ions into distilled 
water (Figure 8c) show that equilibrium of solution is reached in less than 10 
minutes. Typical results are presented in Figure 8. 

The kinetic study was limited to a 96-hour period. No attempt was made to determine 
changes which occur over a longer period of time (Figures 8a and 8b). 

7.0 CONCLUSIONS 

At the time of writing of this report it is not possible to draw firm conclusions 
because of the preliminary nature of the study to date. A minimum of two 
years of data are required to draw meaningful scientific conclusions from a 
study of this nature. 

Preliminary investigations have done much to characterize the water of the 
Mackenzie River system during low and high water periods. Continuing work 
is required to more fully characterize these waters. 

The data presented from the preliminary sediment and bank material program 
indicate that these materials release significant quantities of chemical" 
constituents to water on entering the stream system and that an expanded 
program is warranted to determine the total chemical loadings of streams 
due to erodable bank materials at all proposed pipeline crossings. Additional 
water quality data will be obtained in the 1973 field season. 

8.0 IMPLICATIONS AND RECOMMENDATIONS 

8.1 Because the power of man to alter his natural environment is very great 
and far reaching, and because many of man's alterations are by-products of 
actions which had other purposes, it is of major scientific importance that 
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Figure 8. Kinetics of Solvation. Redstone River Bank Salmi 
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natural environmental conditions be thoroughly inventoried and understood so 
that appropriate techniques and methods can be developed for the protection 
of the vital resource water during development of this area. 

Thus, it is recommended that: (1) the water quality study of the Mackenzie 
River and its tributaries be continued so that natural water quality conditions 
will be thoroughly inventoried and understood for the protection of this vital 
resource from man's actions in the Mackenzie River Basin; and (2) the solutes 
that may be added to water courses by increased erosion at proposed pipeline 
crossings be thoroughly investigated. 

8.2 The most sensitive and critical areas affecting the quality of water as 
related to pipeline development are considered to be: 

1. Solutes added to water by increased erosion; 
2. waste and construction materials left to decompose in the environment; 
3. release of untreated sewage to water; 
4. release of organic and inorganic compounds during and following 

construction. 

It is therefore recommended that stringent controls relating to the above 
sensitive and critical areas affecting water quality be implemented and 
strictly enforced. 
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APPENDIXA 

Water quality data for the Mackenzie River basin are 
not reproduced here but are stored in the water Quality 
NAQUADAT system and are available from Environment 
Canada, Water Quality Branch, Ottawa, KlA  0113. 
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APPENDIXB  

Part I 

Suspended Sediment Program 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Mackenzie River upstream of Liard River 
Location S-1 
Chemical Composition 

(mg/1000 g) 1  

Sediments d/26/07/72 

Water Soluble 	Exchangeable Acid Soluble 
Parameter 	 Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 8.0 	 -- 	 -- 	 -- 
Colour (Hazen Units) 	10 	 -- 	 -- 	 -- 
Cond. (umho's/cm) 	237 	 -- 	 -- 	 -- 
Total Alkalinity 	73.8 	 -- 	 -- 	 -- 
Lithium (Li) 	 0.004 	-- 	 0.41 	 17 
Sodium (Na) 	 8.1 	 21 	 52 	 -- 
Potassium (K) 	 1.1 	 34 	 105 	 -- 
Calcium (Ca) 	 28.4 	 420 	 3,700 	 10,300 
Magnesium (Mg) 	 6.9 	 14 	 689 	 7,000 
Fluoride (F) 	 0.08 	 -- 	 -- 	 -- 
Chloride (C1) 	 8.4 	 -- 	 -- 	 -- 
Sulphate (S0) 	 28.4 	 -- 	 -- 	 -- 
Silica (8102 ) 	 2.9 	 -- 	 -- 	 -- 
Dissolved Inorganic 

Carbon (D.I.C.) 	13 	 -- 	 -- 	 -- 
Dissolved Organic 

Carbon D.O.C.) 	4 	 -- 	 -- 	 -- 
Strontium (Sr) 	 0.11 	 -- 	 11 	 34 
Barium (Ba) 	 < 0.04 	 -- 	 169 	 -- 
Aluminum (Al) 	< 0.1 	 -- 	 -- 	 34 
Vanadium (V) 	 < 0.05 	 -- 	 -- 	 -- 
Iron (Fe) 	 < 0.05 	 -- 	 -- 	 30,000 
Manganese (Mn) 	< 0.008 	 -- 	 -- 	 330 
Chromium (Cr) 	< 0.1 	 -- 	 -- 	 -- 
Molybdenum (Mo) 	< 0.10 	 -- 	 -- 	 -- 
Cobalt (Co) 	 < 0.002 	-- 	 -- 	 19 
Nickel (Ni) 	 < 0.005 	 -- 	 -- 	 43 
Copper (Cu) 	 < 0.002 	-- 	 -- 	 32 
Cadmium (Cd) 	 < 0.002 	-- 	 -- 	 1.0 
Zinc (Zn) 	 < 0.001 	-- 	 -- 	 130 
Lead (Pb) 	 < 0.006 	 23 
Mercury 	 -- 	 -- 	 -- 	 0.19 

1 
in Milligrams per 1000 Grams unless otherwise stated. 



10 
90 

420 
91,600 
20,700 

.38 
49 
64 

13,350 
345 

21 
11 

1,026 
156 

160 
147 

5,800 
42 

23,000 
360 
19 
23 
26 
77 
24 
4.5 

170 
46 
<0.01 

35 
101 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Liard River near mouth 
Location S-2 

Chemical Composition 
1 

(mg/1000 g) 

Sediments - d/26/07/72 

Parameter  
Water Soluble 	Exchangeable Acid Soluble 

Water 	(oven dry wt.) 	(air dry wt.) (oven dry_ wt.)  

pH (pH Units) 	 8.0 
Colour (Hazen Units) 10 
Cond. (umho's/cm) 	255 
Total Alkalinity 	104 
Lithium (Li) 
Sodium (Na) 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Fluoride (F) 
Chloride (Cl) 
Sulphate (804 ) 
Silica (Si02 ) 
Dissolved Inorganic 

Carbon (D.I.C.) 	11 
Dissolved Organic 

Carbon (D.O.C.) 
Strontium (Sr) 
Barium (Ba) 
Aluminum (Al) 
Vanadium (V) 
Iron (Fe) 
Manganese (Mn) 
Chromium (Cr) 
Molybdenum (Mo) 
Cobalt (Co) 
Nickel (Ni) 
Copper (Cu) 
Cadmium (Cd) 
Zinc (Zn) 
Lead (Pb) 
Mercury (Hg) 

0.004 
1.3 
0.8 

40.3 
8.5 
0.09 
0.5 

25.0 
4.3 

6 
0.16 
0.09 
<0.1 
<0.05 
<0.05 
<0.04 
<0.01 
<0.04 
<0.002 
<0.005 
<0.001 
<0.002 
<0.001 
<0.006 

17 ORGANIC CONTENT % 

TOTAL EXCHANGE CAPACITY (meq/100 g soil) 

1 in Milligrams per 1000 Grams unless otherwise stated. 

709 
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SEDIMENT - STUDY 

SUSPENDED SEDIMENT PROGRAM 

Liard River near mouth 
Location S-2 

Chemical Composition 

(mg/1000 g) 1  

Sediments - d/22/09/72 

Parameter  
Water Soluble* Exchangeable* Acid Soluble 

Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 8.3 	 -- 	 -- 	 -- 
Colour (Hazen Units) 	5 	 -- 	 -- 	 -- 
Cond. (umho's/cm) 	294 	 -- 	 -- 	 -- 
Total Alkalinity 	117 	 -- 	 -- 	 -- 
Lithium (Li) 	 0.005 	 -- 	 -- 	 21 
Sodium (Na) 	 2.6 	 __ 	 __ 	 1,800 
Potassium (K) 	 0.7 	 -- 	 -- 	 1,440 
Calcium (Ca) 	 41.1 	 -- 	 -- 	 97,100 
Magnesium (Mg) 	11.8 	 -- 	 -- 	 26,200 
Fluoride (F) 	 '0.07 	 -- 	 -- 	 _- 
Chloride (Cl) 	 1.1 	 -- 	 -- 	 -- 
Sulphate ( 504 ) 	 28.8 	 __ 	 __ 	 -- 
Silica (SiO

2 ) 	 5.0 	 __ 	 __ 	 -- 
Dissolved Inorganic 

Carbon (D.I.C.) 	16 	 -- 	 -- 	 -- 
Dissolved Organic 

Carbon (D.O.C.) 	2 	 -- 	 -- 	 -- 
Strontium (Sr) 	 0.19 	 -- 	 -- 	 266 
Barium (Ba) 	 <0.04 	 -- 	 -- 	 -- 
Aluminum (Al) 	 <0.1 	 -- 	 -- 	 -- 
Vanadium (V) 	 <0.05 	 -- 	 -- 	 63 
Iron (Fe) 	 <0.05 	 -- 	 -- 	 -- 
Manganese (Mn) 	<0.04 	 -- 	 -- 	 950 
Chromium (Cr) 	 <0.01 	 __ 	 __ 	 246 
Molybdenum (Mo) 	<0.04 	 -- 	 -- 	 23 
Cobalt (Co) 	 <0.002 	 -- 	 -- 	 44 
Nickel (Ni) 	 <0.005 	 -- 	 -- 	 121 
Copper (Cu) 	 <0.001 	-- 	 -- 	 18 
Cadmium (Cd) 	 <0.002 	-- 	 -- 	 6.1 
Zinc (Zn) 	 <0.001 	-- 	 -- 	 340 
Lead (Pb) 	 <0.006 	 -- 	 -- 	 91 
Mercury (Hg) 	 -- 	 -- 	 -- 	 53.1 

* Insufficient sample available for analysis 

1 in Milligrams per 1000 Grams unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Mackenzie River 80 km. downstream of Fort Simpson 
Location S-3 

Chemical Composition 
1 

(mg/1000 g) 

Sediments - d/26/07/72 

Parameter  
Water Soluble 	Exchangeable Acid Soluble 

Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 8.1 
Colour (Hazen Units) 10 
Cond. (umho's/cm) 
Total Alkalinity 
Lithium (Li) 
Sodium (Na) 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Fluoride (F) 
Chloride (C1) 
Sulphate (SO4 ) 
Silica (S10 2 ) 
Dissolved Inorganic 

Carbon (D.I.C.) 	15 
Dissolved Organic 

Carbon (D.O.C.) 
Strontium (Sr) 
Barium (Ba) 
Aluminum (Al) 
Vanadium (V) 
Iron (Fe) 
Manganese (Mn) 
Chromium (Cr) 
Molybdenum (Mo) 
Cobalt (Co) 
Nickel (Ni) 
Copper (Cu) 
Cadmium (Cd) 
Zinc (Zn) 
Lead (Pb) 
Mercury (Hg) 

257 
105 
0.004 
2.6 
0.8 

40.6 
8.3 
.0.09 
1.7 

24.8 
4.0 

4 
0.15 
0.04 
<0.1 
<0.005 
<0.05 
<0.04 
<0.01 
<0.04 
<0.002 
<0.005 
<0.001 
<0.002 
<0.001 
<0.006 

1.6 ORGANIC CONTENT % 

TOTAL EXCHANGE CAPACITY (Meq/1000 g) 

1 in Milligrams per 1000 Grams unless otherwise stated. 

669 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Mackenzie River 80 km. downstream of Fort Simpson 
Location S-3 

Chemical Composition 

(mg/1000 g) 1  

Sediments - d/22/08/72 

Parameter  
Water Soluble* Exchangeable* Acid Soluble* 

Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 8.1 
Colour (Hazen Units) 10 
Cond. (umho's/cm) 	231 
Total Alkalinity 	78.3 
Lithium (Li) 	 0.004 
Sodium (Na) 	 7.8 
Potassium (K) 	 1.1 
Calcium (Ca) 	 30.5 
Magnesium (Mg) 	 6.7 
Fluoride (F) 	 '0.07 
Chloride (Cl) 	 7.6 
Sulphate (SO4 ) 	20.2 
Silica (Si02 ) 	 3.1 
Dissolved Inorganic 

Carbon (D.I.C.) 	10 
Dissolved Organic 

Carbon (D.O.C.) 	6 
Strontium (Sr) 	 0.12 
Barium (Ba) 	 <0.04 
Aluminum (Al) 	 <0.1 
Vanadium (V) 	 <0.05 
Iron (Fe) 	 <0.05 
Manganese (Mn) 	<0.04 
Chromium (Cr) 	 <0.01 
Molybdenum (Mo) 	<0.04 
Cobalt (Co) 	 <0.002 
Nickel (Ni) 	 <0.005 
Copper (Cu) 	 <0.001 
Cadmium (Cd) 	 <0.002 
Zinc (Zn) 	 <0.001 
Lead (Pb) 	 <0.006 
Mercury (Hg) 

* Insufficient sample available for analysis 

1 in Milligrams per 1000  Grains  unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Mackenzie River 80 km. downstream of Fort Simpson 
Location S-3 

Chemical Composition 

(mg/1000 g) 1  

Sediments - 21/09/72 

Water Soluble* Exchangeable* Acid Soluble 
Parameter 	 Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 8.0 	 -- 	 -- 	 -- 
Colour (Hazen Units) 	5 	 -- 	 -- 	 -- 
Cond. (umho's/cm) 	283 	 -- 	 -- 	 -- 
Total Alkalinity 	111 	 -- 	 -- 	 -- 
Lithium (Li) 	 0.005 	-- 	 -- 	 11 
Sodium (Na) 	 3.6 	 -- 	 -- 	 520 
Potassium (K) 	 0.7 	 -- 	 -- 	 630 
Calcium (Ca) 	 42.7 	 -- 	 -- 	 48,200 
Magnesium (Mg) 	10.3 	 -- 	 -- 	 13,900 
Fluoride (F) 	 .0.7 	 -- 	 -- 	 -- 
Chloride (C1) 	 2.3 	 -- 	 -- 	 -- 
Sulphate (SO4 ) 	30.3 	 __ 	 __ 	 -- 
Silica (SiO2 ) 	 4.6 	 __ 	 __ 	 -- 
Dissolved Inorganic 

Carbon (D.I.C.) 	18 	 -- 	 -- 	 -- 
Dissolved Organic 

Carbon (D.O.C.) 	5 	 -- 	 __ 	 -- 
Strontium (Sr) 	 0.14 	 -- 	 -- 	 114 
Barium (Ba) 	 0.04 	 -- 	 -- 	 149 
Aluminum (Al) 	 <0.1 	 -- 	 -- 	 5,730 
Vanadium (V) 	 <0.005 	-- 	 -- 	 33 
Iron (Fe) 	 <0.05 	 -- 	 -- 	 24,000 
Manganese (Mn) 	<0.04 	 -- 	 -- 	 480 
Chromium (Cr) 	 <0.01 	 -- 	 -- 	 51 
Molybdenum (Mo) 	<0.004 	-- 	 -- 	 12 
Cobalt (Co) 	 <0.002 	-- 	 -- 	 21 
Nickel (Ni) 	 <0.005 	-- 	 -- 	 62 
Copper (Cu) 	 <0.001 	__ 	 __ 	 37 
Cadmium (Cd) 	 <0.002 	__ 	 3.1 
Zinc (Zn) 	 <0.001 	_- 	 -- 	 240 
Lead (Pb) 	 <0.006 	-- 	 -- 	 40 
Mercury (Hg) 	 -- 	 -- 	 __ 	 4.10 

* Insufficient sample available for analysis 

1 In Milligrams per 1000 Grams unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Willowlake River 
Location S-4 

Chemical Composition 
1 

(mg/1000g) 

Parameter  

Sediments - d/26/07/72 

Water 	Water Soluble* Exchangeable* Acid Soluble* 
(mg/litre) (Oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 7.8 
Colour (Hazen Units 	80 
Cond. (umho's/cm) 	272 
Total Alkalinity 	76.7 
Lithium (Li) 	 -- 
Sodium (Na) 	 3.8 
Potassium (K) 	 0.6 
Calcium (Ca) 	 29.3 
Magnesium (Mg) 	65.2 
Fluoride (F) 	 0.07 
Chloride (Cl) 	 23.5 
Sulphate (SO4) 	22.2 
Silica (Si0 2 ) 	 -- 
Dissolved Inorganic 

Carbon (D.I.C.) 	12 
Dissolved Organic 

Carbon (D.O.C.) 	16 
Strontium (Sr) 
Barium (Ba) 	 -- 
Aluminum (Al) 	 -- 
Vanadium (V) 	 -- 
Iron (Fe) 	 -- 
Manganese (Mn) 	 -- 
Chromium (Cr) 	 -- 
Molybdenum (Mo) 	-- 
Cobalt (Co) 	 -- 
Nickel (Ni) 
Copper (Cu) 	 -- 
Cadmium (Cd) 	 -- 
Zinc (Zn) 
Lead (Pb) 	 -- 
Mercury (Hg) 

1 
in Milligrams per 1000 Grams unless otherwise stated 

* insufficient sample available for analysis. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Mackenzie River 40 km. downstream of Wrigley 
Location S-5 

Chemical Composition 

(mg/1000 g) 
1 

Sediments - d/26/07/72 

Parameter  
Water Soluble 	Exchangeable Acid Soluble 

Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 8.1 	 -- 	 -- 	 -- 
Colour (Hazen Units) 10 	 -- 	 -- 	 -- 
Cond. (umho's/cm) 	282 	 -- 	 -- 	 -- 
Total Alkalinity 	107 	 -- 	 -- 	 -- 
Lithium (Li) 	 0.021 	-- 	 0.37 	 13 
Sodium (Na) 	 4.4 	 19 	 52 	 130 
Potassium (K) 	 1.0 	 30 	 71 	 440 
Calcium (Ca) 	 39.7 	 630 	 11,800 	 62,700 
Magnesium (Mg) 	 8.8 	 96 	 502 	 16,000 
Fluoride (F) 	 '0.10 	 -- 	 -- 	 -- 
Chloride (Cl) 	 4.7 	 -- 	 -- 	 -- 
Sulphate (SO4 ) 	 29.7 	 -- 	 -- 	 -- 
Silica (SiO

2
) 	 3.6 	 -- 	 -- 	 -- 

Dissolved Inorganic 
Carbon (D.I.C.) 	14 	 -- 	 -- 	 -- 

Dissolved Organic 
Carbon (D.O.C.) 	2 	 -- 	 -- 	 -- 

Strontium (Sr) 	 0.27 	 -- 	 52 	 136 
Barium (Ba) 	 0.04 	 -- 	 116 	 138 
Aluminum (Al) 	 <0.1 	 -- 	 -- 	 8,840 
Vanadium (V) 	 <0.05 	 -- 	 -- 	 39 
Iron (Fe) 	 <0.05 	 -- 	 -- 	 28,000 
Manganese (Mn) 	<0.04 	 -- 	 -- 	 400 
Chromium (Cr) 	 <0.01 	 -- 	 -- 	 22 
Molybdenum (Mo) 	<0.04 	 -- 	 -- 	 23 
Cobalt (Co) 	 <0.002 	-- 	 -- 	 30 
Nickel (Ni) 	 <0.005 	 -- 	 -- 	 63 
Copper (Cu) 	 <0.001 	-- 	 -- 	 33 
Cadmium (Cd) 	 <0.002 	-- 	 -- 	 2.9 
Zinc (Zn) 	 <0.001 	-- 	 -- 	 140 
Lead (Pb) 	 <0.006 	 -- 	 -- 	 40 
Mercury (Hg) 	 -- 	 -- 	 -- 	 0.39 

ORGANIC CONTENT % 

TOTAL EXCHANGE CAPACITY (Meq/1000 gms) 

1 in Milligrams per 1000 Grams unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Mackenzie River 40 km. downstream of Wrigley 
Location S-5 

Chemical Composition 

(mg/1000 g) 1  

Sediments - d/25/09/72 

Water Soluble* Exchangeable* Acid Soluble* 
Parameter 	 Water oi..(2.en_dri_LI_Lqt. 	c_h_.1,._.,/t.L_Sovengt. 

pH (pH Units) 	 8.1 
Colour (Hazen Units) 	5 
Coud.  (umho's/cm) 	247 
Total Alkalinity 	81.0 
Lithium (Li) 	 0.004 
Sodium (Na) 	 7.7 
Potassium (K) 	 1.0 
Calcium (Ca) 	 32.2 
Magnesium (Mg) 	 7.5 
Fluoride (F) 	 0 .07 
Chloride (Cl) 	 8.0 
Sulphate (SO4 ) 	32.4 
Silica (SiO2 ) 	 3.4 
Dissolved Inorganic 

Carbon (D.I.C.) 	10 
Dissolved Organic 

Carbon (D.O.C.) 	5 
Strontium (Sr) 	 0.15 
Barium (Ba) 	 0.04 
Aluminum (Al) 	 <0.1 
Vanadium (V) 	 <0.005 
Iron (Fe) 	 <0.05 
Manganese (Mn) 	<0.04 
Chromium (Cr) 	 <0.01 
Molybdenum (Mo) 	<0.004 
Cobalt (Co) 	 <0.002 
Nickel (Ni) 	 <0.005 
Copper (Cu) 	 <0.001 
Cadmium (Cd) 	 <0.002 
Zinc (Zn) 	 <0.001 
Lead (Pb) 	 <0.006 
Mercury (Hg) 

* Insufficient sample available for analysis 

1 in Milligrams per 1000 Grams unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Redstone River near mouth 
Location S-6 

Chemical Composition 
1 

(mg/1000 g) 

Sediments - d/26/07/72 

Parameter  
Water Soluble 	Exchangeable Acid Soluble 

Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 8.1 	 -- 	 -- 	 -- 
Colour (Hazen Units) 10 	 -- 	 -- 	 -- 
Cond. (umho's/cm) 	247 	 -- 	 -- 	 -- 
Total Alkalinity 	108 	 -- 	 -- 	 -- 
Lithium (Li) 	 -- 	 -- 	 •45 	 14 
Sodium (Na) 	 3.0 	 17 	 54 	 110 
Potassium (K) 	 1.1 	 29 	 66 	 410 
Calcium (Ca) 	 36.1 	 660 	 10,380 	 60,500 
Magnesium (Mg) 	 7.0 	 120 	 405 	 25,500 
Fluoride (F) 	 '0.08 	 -- 	 -- 	 -- 
Chloride (C1) 	 1.9 	 -- 	 -- 	 -- 
Sulphate ( 504 ) 	20.1 	 -- 	 -- 	 -- 
Silica (S102 ) 	 3.8 	 -- 	 -- 	 -- 
Dissolved Inorganic 

Carbon (D.I.C.) 	17 	 -- 	 -- 	 -- 
Dissolved Organic 

Carbon (D.O.C.) 	5 	 -- 	 -- 	 -- 
Strontium (Sr) 	 -- 	 -- 	 41.1 	 105 
Barium (Ba) 	 -- 	 -- 	 95 	 117 
Aluminum (Al) 	 -- 	 -- 	 -- 	 9,560 
Vanadium (V) 	 -- 	 -- 	 -- 	 35 
Iron (Fe) 	 <0.05 	 -- 	 -- 	 30,000 
Manganese (Mn) 	<0.04 	 -- 	 -- 	 550 
Chromium (Cr) 	 -- 	 -- 	 -- 	 26 
Molybdenum (Mo) 	-- 	 -- 	 -- 	 9.9 
Cobalt (Co) 	 <0.002 	 -- 	 -- 	 26 
Nickel (Ni) 	 <0.005 	 -- 	 -- 	 59 
Copper (Cu) 	 <0.001 	-- 	 -- 	 31 
Cadmium (Cd) 	 <0.002 	 -- 	 -- 	 2.9 
Zinc (Zn) 	 <0.001 	-- 	 -- 	 990 
Lead (Pb) 	 <0.006 	 -- 	 -- 	 40 
Mercury (Hg) 	 -- 	 -- 	 -- 	 2.07 

ORGANIC CONTENT % 	 14 

TOTAL EXCHANGE CAPACITY (Meq/1000 g soil) 	 563 

1 In Milligrams per 1000 Grams unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Redstone River near mouth 
Location S-6 

Chemical Composition 
1 

(mg/1000 g) 

Sediments - d/21/09/72 

Parameter  
Water Soluble* ExchangeablL* Acid Soluble 

Water 	(oven dry wt.) _ (air dry:wt.) (oven dry wt.)  

pH (pH Units) 	 7.9 
Colour (Hazen Units) 	-- 
Cond. (umho's/cm) 
Total Alkalinity 
Lithium (Li) 
Sodium (Na) 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Fluoride (F) 
Chloride (Cl)  
Sulphate (SO4 ) 
Silica (Si02 ) 
Dissolved Inorganic 

Carbon (D.I.C.) 	12 
Dissolved Organic 

Carbon (D.O.C.) 
Strontium (Sr) 
Barium (Ba) 
Aluminum (Al) 
Vanadium (V) 
Iron (Fe) 
Manganese (Mn)  
Chromium (Cr) 
Molybdenum (Mo) 
Cobalt (Co) 
Nickel (Ni) 
Copper (Cu) 
Cadmium (Cd) 
Zinc (Zn) 
Lead (Pb) 
Mercury (Hg) 

* Insufficient sample available for analysis 
1 in Milligrams per 1000 Grams unless otherwise stated. 
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1.8 
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- 47 - 

SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Keele River near mouth 
Location S-7 

Chemical Composition 

(mg/1000 g) 1  

Sediments- d/26/07/72 

Water Soluble 	Exchangeable Acid Soluble 
Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  Parameter 

pH (pH Units) 	 7.9 	 -- 	 -- 	 -- 
Colour (Hazen Units) 10 	 -- 	 -- 	 -- 
Cond. (umho's/cm) 	258 	 -- 	 -- 	 -- 
Total Alkalinity 	100 	 -- 	 -- 	 -- 
Lithium (Li) 	 0.003 	 -- 	 0.33 	 12 
Sodium (Na) 	 3.2 	 23 	 67 	 160 
Potassium (K) 	 .6 	 40 	 74 	 420 
Calcium (Ca) 	 38.1 	 804 	 13,500 	 79,000 
Magnesium (Mg) 	 7.0 	 168 	 571 	 24,400 
Fluoride (F) 	 . .09 	 -- 	 -- 	 -- 
Chloride (Cl) 	 3.0 	 -- 	 -- 	 -- 
Sulphate (SO4 ) 	27.3 	 -- 	 -- 	 -- 
Silica (Si02 ) 	 3.6 	 -- 	 -- 	 -- 
Dissolved Inorganic 

Carbon (D.I.C.) 	12 	 -- 	 -- 	 -- 
Dissolved Organic 

Carbon (D.O.C.) 	6 	 -- 	 -- 	 -- 
Strontium (Sr) 	 0.24 	 -- 	 40.8 	 141 
Barium (Ba) 	 <0.04 	 -- 	 111 	 109 
Aluminum (Al) 	 <0.01 	 -- 	 -- 	 8,000 
Vanadium (V) 	 <0.05 	 -- 	 -- 	 33 
Iron (Fe) 	 <0.05 	 -- 	 -- 	 27,000 
Manganese (Mn) 	<0.04 	 -- 	 -- 	 440 
Chromium (Cr) 	 <0.01 	 -- 	 -- 	 20 
Molybdenum (Mo) 	<0.04 	 -- 	 -- 	 11 
Cobalt (Co) 	 <0.002 	 -- 	 -- 	 30 
Nickel (Ni) 	 <0.005 	 -- 	 -- 	 65 
Copper (Cu) 	 <0.001 	-- 	 -- 	 33 
Cadmium (Cd) 	 <0.002 	 -- 	 -- 	 3.6 
Zinc (Zn) 	 <0.001 	-- 	 -- 	 110 
Lead (Pb) 	 <0.006 	 -- 	 -- 	 50 
Mercury (Hg) 	 -- 	 -- 	 -- 	 <0.01 

ORGANIC MATERIAL % 

TOTAL EXCHANGE CAPACITY (meq/1000 grams soil) 

1 in Milligrams per 1000 Grams unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Keele River near mouth 
Location S-7 

Chemical Composition 
1 

(mg/1000 g) 

Sediments - d/21/09/72 

Water Soluble* Exchangeable* Acid Soluble* 
Parameter 	 Water 	_CLywt.L (ai_x_clrovend y wt.) (oven dry_y_t,)  

pH (pH Units) 	 8.0 
Colour (Hazen Units) 	-- 
Cond. (umho t s/cm) 	405 
Total Alkalinity 	118 
Lithium (Li) 	 0.005 
Sodium (Na) 	 8.1 
Potassium (K) 	 0.6 
Calcium (Ca) 	 58.3 
Magnesium (Mg) 	16.5 
Fluoride (F) 	 .10 
Chloride (Cl) 	 10 
Sulphate (SO4 ) 	82.0 
Silica (Si02 ) 	 3.3 
Dissolved Inorganic 

Carbon (D.I.C.) 	13 
Dissolved Organic 

Carbon (D.O.C.) 	8 
Strontium (Sr) 	 .44 
Barium (Ba) 	 <0.04 
Aluminum (Al) 	 <0.1 
Vanadium (V) 	 <0.05 
Iron (Fe) 	 <0.05 
Manganese (Mn) 	<0.04 
Chromium (Cr) 	 <0.01 
Molybdenum (Mo) 	<0.04 
Cobalt (Co) 	 <0.002 
Nickel (Ni) 	 <0.005 
Copper (Cu) 	 <0.001 
Cadmium (Cd) 	 <0.002 
Zinc (Zn) 	 <0.001 
Lead (Pb) 	 <0.006 
Mercury (Hg) 

* Insufficient sample available for analysis 
1 in Milligrams per 1000 Crama  unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Mackenzie River 40 km. above Fort Norman 
Location S-8 

Chemical Composition 

(mg/1000 g) 
1 

 

Sediments - d/26/07/72 

Water Soluble 	Exchangeable Acid Soluble 
Parameter 	 Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 7.8 	 __ 	 __ 	 -- 
Colour (Hazen Units) 10 	 -- 	 -- 	 -- 
Cond. (umho's/cm) 	287 	 -- 	 __ 	 -- 
Total Alkalinity 	88.8 	 -- 	 __ 	 -- 
Lithium (Li) 	 0.004 	-- 	 0.37 	 12 
Sodium (Na) 	 4.6 	 25 	 71 	 120 
Potassium (K) 	1.0 	 37 	 82 	 460 
Calcium (Ca) 	 41.7 	 720 	 13,300 	 79,700 
Magnesium (Mg) 	 8.7 	 96 	 5,440 	 23,000 
Fluoride (F) 	 0 .10 	 -- 	 -- 	 __ 
Chloride (C1) 	4.0 	 -- 	 -- 	 -- 
Sulphate ( 504) 	46.1 	 -- 	 -- 	 -- 
Silica (SiO2 ) 	 3.8 	 -- 	 -- 	 -- 
Dissolved Inorganic 

Carbon (D.I.C.) 	12 	 -- 	 -- 	 -- 
Dissolved Organic 

Carbon (D.O.C.) 	3 	 __ 	 -- 	 -- 
Strontium (Sr) 	0.35 	 -_ 	 37.6 	 152 
Barium (Ba) 	 0.04 	 -- 	 108 	 118 
Aluminum (Al) 	 <0.1 	 -- 	 __ 	 8,400 
Vanadium (V) 	 <0.05 	 -- 	 -- 	 38 
Iran (Fe) 	 <0.05 	 __ 	 -- 	 27,000 
Manganese (Mn) 	<0.04 	 __ 	 -- 	 410 
Chromium (Cr) 	 <0.01 	 -- 	 -- 	 22 
Molybdenum (Mo) 	<0.04 	 -- 	 -- 	 10 
Cobalt (Co) 	 <0.002 	 -- 	 -- 	 25 
Nickel (Ni) 	 <0.005 	 -- 	 -- 	 68 
Copper (Cu) 	 <0.001 	-- 	 -- 	 80 
Cadmium (Cd) 	 <0.002 	-- 	 -- 	 3.5 
Zinc (Zn) 	 <0.001 	-- 	 -- 	 140 
Lead (Pb) 	 <0.006 	 -- 	 -- 	 44 
Mercury (Hg) 	 -- 	 -- 	 -- 	 0.08 

ORGANIC CONTENT % 	 2.1 

TOTAL EXCHANGE CAPACITY (Meq/1000 g) 	 716 

1 in Milligrams per 1000 Grams unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Mackenzie River 20 km. downstream of Norman Wells 
Location S-9 

Chemical Composition 

(mg/1000 g) 1  

Sediments - d/26/07/72 

Parameter  
Water Soluble* Exchangeable* Acid Soluble 

Water 	(oven dry wt.) 	(air dry wt.) (oven  dry wt.)  

pH (pH Units) 	 8.1 	 -- 	 -- 	 __ 
Colour (Hazen Units) 10 	 -- 	 -- 	 -- 
Cond. (umho's/cm) 	248 	 -- 	 -- 	 -- 
Total Alkalinity 	84.8 	 -- 	 -- 	 -- 
Lithium (Li) 	 0.004 	-- 	 -- 	 14 
Sodium (Na) 	 6.1 	 __ 	 __ 	 300 
Potassium (K) 	 0.9 	 -- 	 -- 	 550 
Calcium (Ca) 	 31.6 	 -- 	 -- 	36,700 
Magnesium (Mg) 	 7.9 	 -- 	 -- 	14,600 
Fluoride (F) 	 .0.08 	-- 	 -- 	 -- 
Chloride (Cl) 	 6.0 	 -- 	 -- 	 -- 
Sulphate (SO4 ) 	28.8 	 -- 	 -- 	 -- 
Silica ( 5 102 ) 	 3.5 	 -- 	 -- 	 -- 
Dissolved Inorganic 

Carbon (D.I.C.) 	12 	 __ 	 __ 	 -- 
Dissolved Organic 

Carbon (D.O.C.) 	6 	 -- 	 -- 	 -- 
Strontium (Sr) 	 0.17 	-- 	 -- 	 79 
Barium (Ba) 	 <0.04 	 -- 	 -- 	 110 
Aluminum (Al) 	 <0.1 	 -- 	 -- 	 9,850 
Vanadium (V) 	 -- 	 -- 	 -- 	 36 
Iron (Fe) 	 <0.05 	 -- 	 -- 	 30,000 
Manganese (Mn) 	 <0.04 	 -- 	 -- 	 480 
Chromium (Cr) 	 <0.01 	 -- 	 -- 	 26 
Molybdenum (Mo) 	-- 	 -- 	 -- 	 <10 
Cobalt (Co) 	 <0.002 	 -- 	 -- 	 22 
Nickel (Ni) 	 <0.005 	 -- 	 -- 	 54 
Copper (Cu) 	 <0.001 	-- 	 -- 	 32 
Cadmium (Cd) 	 <0.002 	 -- 	 -- 	 1.6 
Zinc (Zn) 	 <0.001 	-- 	 -- 	 140 
Lead (Pb) 	 <0.006 	 -- 	 -- 	 30 
Mercury (Hg) 	 -- 	 -- 	 -- 	 5.6 

* Insufficient sample available for analysis 

1 in Milligrams per 1000 Grams unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Mackenzie River 20 km. downstream of Norman Wells 
Location S-9 

Chemical Composition 

(mg/1000 g) 1  

Sediments - d/22/09/72 

Parameter  
Water Soluble* Exchangeable* Acid Soluble 1  

Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 8.0 	 -- 	 -- 	 -- 
Colour (Hazen Units) 	5 	 -- 	 -- 	 -- 
Cond. (umho e s/cm) 	272 	 -- 	 -- 	 -- 
Total Alkalinity 	89.0 	 -- 	 -- 	 -- 
Lithium (Li) 	 0.004 	-- 	 -- 	 11 
Sodium (Na) 	 7.8 	 __ 	 __ 	 1,390 
Potassium (K) 	 0.9 	 -- 	 -- 	 660 
Calcium (Ca) 	 35.1 	 -- 	 -- 	 51,700 
Magnesium (Mg) 	 8.6 	 -- 	 -- 	16,700 
Fluoride (F) 	 .0.06 	-- 	 -- 	 -- 
Chloride (C1) 	 8.3 	 -- 	 -- 	 -- 
Sulphate (SO4 ) 	23.7 	 -- 	 -- 	 -- 
Silica (Si02 ) 	 3.5 	 -- 	 -- 	 -- 
Dissolved Inorganic 

Carbon (D.I.C.) 	16 	 -- 	 -- 	 -- 
Dissolved Organic 

Carbon (D.O.C.) 	4 	 -- 	 -- 	 -- 
Strontium (Sr) 	 0.20 	 -- 	 -- 	 120 
Barium (Ba) 	 <0.04 	 -- 	 -- 	 118 
Aluminum (Al) 	 <0.1 	 -- 	 -- 	 5,980 
Vanadium (V) 	 <0.05 	 -- 	 -- 	 30 
Iron (Fe) 	 <0.05 	 -- 	 -- 	 25,000 
Manganese (Mn) 	<0.04 	 -- 	 -- 	 470 
Chromium (Cr) 	 <0.01 	 -- 	 -- 	 42 
Molybdenum (Mo) 	<0.05 	 -- 	 -- 	 <10 
Cobalt (Co) 	 <0.002 	 -- 	 -- 	 21 
Nickel (Ni) 	 <0.005 	 -- 	 -- 	 66 
Copper (Cu) 	 <0.001 	-- 	 -- 	 36 
Cadmium (Cd) 	 <0.002 	-- 	 -- 	 3.0 
Zinc (Zn) 	 <0.001 	-- 	 -- 	 170 
Lead (Pb) 	 <0.006 	-- 	 -- 	 40 
Mercury (Hg) 	 -- 	 -- 	 -- 	 19.7 

* Insufficient sample available for analysis 

1 in Milligrams per 1000 Grains  unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Hume River near mouth 
Location S-10 

Chemical Composition 
1 

(mg/1000 g) 

Sediments - d/26/07/72 

Water Soluble* Exchangeable* Acid Soluble* 
Parameter 	 Water 	(oven dry wt.) , (air dry wt.) (oven dry wt.)  

pH (pH Units) 	 7.6 	 -- 	 -- 	 -- 
Colour (Hazen Units) 30 	 -- 	 -- 	 -- 
Cond. (umho's/cm) 	212 	 -- 	 -- 	 -- 
Total Alkalinity 	78.4 	 -- 	 -- 	 -- 
Lithium (Li) 	 0.003 	-- 	 -- 	 -- 
Sodium (Na) 	 2.3 	 -- 	 -- 	 -- 
Potassium (K) 	 0.8 	 -- 	 -- 	 -- 
Calcium (Ca) 	 31.9 	 -- 	 -- 	 -- 
Magnesium (Mg) 	 6.9 	 -- 	 -- 	 -- 
Fluoride (F) 	 . 0.08 	-- 	 -- 	 -- 
Chloride (Cl) 	 0.5 	-- 	 -- 	 -- 
Sulphate (SO4 ) 	26.5 	 -- 	 -- 	 -- 
Silica (SIO2 ) 	 2.2 	 -- 	 -- 	 -- 
Dissolved Inorganic 

Carbon (D.I.C.) 	12 	 -- 	 -- 	 -- 
Dissolved Organic 

Carbon (D.O.C.) 	7 	 -- 	 -- 	 -- 
Strontium (Sr) 	 0.08 	-- 	 -- 	 -- 
Barium (Ba) 	 0.04 	__ 	 __ 	 __ 
Aluminum (Al) 	 <0.1 	 -- 	 -- 	 -- 
Vanadium (V) 	 <0.05 	 -- 	 -- 	 -- 
Iron (Fe) 	 <0.05 	 -- 	 -- 	 -- 
Manganese (Mn) 	 <0.04 	-- 	 -- 	 -- 
Chromium (Cr) 	 <0.01 	-- 	 -- 	 -- 
Molybdenum (Mo) 	<0.04 	 -- 	 -- 	 -- 
Cobalt (Co) 	 <0.002 	-- 	 -- 	 -- 
Nickel (Ni) 	 <0.005 	-- 	 -- 	 -- 
Copper (Cu) 	 <0.001 	-- 	 -- 	 -- 
Cadmium (Cd) 	 <0.002 	-- 	 -- 	 -- 
Zinc (Zn) 	 <0.001 	-- 	 -- 	 -- 
Lead (Pb) 	 <0.006 	-- 	 -- 	 -- 
Mercury (Hg) 	 -- 	 __ 	 __ 

* Insufficient sample available for analysis 
1 in Milligrams per 1000 Grams unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Hume River near mouth 
Location S-10 

Chemical Composition 
1 

(mg/1000 g) 

Sediments - d/21/09/72 

Water Soluble* Exchangeable* Acid Soluble 
Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  Parameter 

pH (pH Units) 
Colour (Hazen Units) 
Cond. (umho's/cm) 
Total Alkalinity 
Lithium (Li) 
Sodium (Na) 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Fluoride (F) 
Chloride (C1) 
Sulphate (SO4) 
Silica (S10 2 ) 
Dissolved Inorganic 

Carbon (D.I.C.) 
Dissolved Organic 

Carbon (D.O.C.) 	11 
Strontium (Sr) 
Barium (Ba) 
Aluminum (Al) 
Vanadium (V) 
Iron (Fe) 
Manganese (Mn) 
Chromium (Cr) 
Molybdenum (Mo) 
Cobalt (Co) 
Nickel (Ni) 
Copper (Cu) 
Cadmium (Cd) 
Zinc (Zn) 
Lead (Pb) 
Mercury (Hg) 

* Insufficient sample available for analysis 
1 In Milligrams per 1000 Grams unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Mackenzie River 120 km. downstream of Fort Good Hope 
Location S-11 

Chemical Composition 

(mg/1000 g) 1  

Sediments - d/26/07/72 

Water Soluble *  Exchangeable *  Acid Soluble 
Parameter 	 Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 8.0 	 -- 	 -- 	 -- 
Colour (Hazen Units) 10 	 -- 	 -- 	 -- 
Cond. (umho l s/cm) 	252 	 -- 	 -- 	 -- 
Total Alkalinity 	85.2 	 -- 	 -- 	 -- 
Lithium (Li) 	 0.004 	-- 	 -- 	 11 
Sodium (Na) 	 6.7 	 -- 	 -- 	 280 
Potassium (K) 	 0.8 	 -- 	 -- 	 540 
Calcium (Ca) 	 32.5 	 -- 	 -- 	 49,400 
Magnesium (Mg) 	 8.6 	 -- 	 -- 	18,400 
Fluoride (F) 	 0.08 	__ 	 __ 	 -- 
Chloride (Cl) 	 7.1 	 -- 	 -- 	 -- 
Sulphate (SO4) 	27.5 	 -- 	 -- 	 -- 
Silica (Si02 ) 	 3 • 5 	 __ 	 __ 	 -- 
Dissolved Inorganic 

Carbon (D.I.C.) 	12 	 -- 	 -- 	 -- 
Dissolved Organic 

Carbon (D.O.C.) 	4 	 -- 	 -- 	 -- 
Strontium (Sr) 	 0.17 	 -- 	 -- 	 90 
Barium (Ba) 	 0.04 	 -- 	 -- 	 140 
Aluminum (Al) 	 <0.1 	 _- 	 -- 	 6,280 
Vanadium (V) 	 <0.05 	 -- 	 -- 	 32 
Iron (Fe) 	 <0.05 	 -- 	 -- 	 24,000 
Manganese (Mn) 	<0.04 	 -- 	 -- 	 450 
Chromium (Cr) 	 <0.01 	 -- 	 -- 	 35 
Molybdenum (Mo) 	<0.04 	 -- 	 -- 	 10 
Cobalt (Co) 	 <0.002 	 -- 	 -- 	 25 
Nickel (Ni) 	 <0.005 	 -- 	 -- 	 65 
Copper (Cu) 	 <0.001 	-- 	 -- 	 29 
Cadmium (Cd) 	 <0.002 	 -- 	 -- 	 2.6 
Zinc (Zn) 	 <0.001 	-- 	 -- 	 120 
Lead (Pb) 	 <0.006 	 -- 	 -- 	 34 
Mercury (Hg) 	 -- 	 -- 	 -- 	 2.0 

* Insufficient sample availalbe for analysis 

1 
in Milligrams per 1000 Grams unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Mackenzie River 120 km. downstream of Fort Good Hope 
Location S-11 

Chemical Composition 

(mg/ 1000 g) 1  

Sediments - d/02/09/72 

Water Soluble* Exchangeable* Acid Soluble 
Parameter 	 Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 8.1 	 -- 	 -- 	 -- 
Colour (Hazen Units) 10 	 -- 	 -- 	 -- 
Cond. (=ho t s/cm) 	275 	 -- 	 __ 	 -- 
Total Alkalinity 	86.3 	 -- 	 -- 	 -- 
Lithium (Li) 	 0.005 	-- 	 -- 	 12 
Sodium (Na) 	 8.2 	 __ 	 __ 	 1,560 
Potassium (K) 	 0.9 	 -- 	 -- 	 700 
Calcium (Ca) 	 34.9 	 -- 	 -- 	 50,700 
Magnesium (Mg) 	 9.0 	 -- 	 -- 	 16,600 
Fluoride (F) 	 '0.06 	 -- 	 -- 	 -- 
Chloride (C1) 	 8.8 	 -- 	 -- 	 -- 
Sulphate (S0A ) 	 37.9 	 -- 	 -- 	 -- 
Silica (S102 )'t 	 3.4 	 __ 	 __ 	 -- 
Dissolved Inorganic 

Carbon (D.I.C.) 	13 	 -- 	 -- 	 -- 
Dissolved Organic 

Carbon (D.O.C.) 	4 	 -- 	 -- 	 -- 
Strontium (Sr) 	 0.20 	 -- 	 -- 	 117 
Barium (Ba) 	 <0.04 	 -- 	 -- 	 143 
Aluminum (Al) 	 <0.1 	 -- 	 -- 	 6,230 
Vanadium (V) 	 <0.05 	 -- 	 -- 	 30 
Iron (Fe) 	 <0.05 	 -- 	 -- 	 25,000 
Manganese (Mn) 	<0.04 	 -- 	 -- 	 470 
Chromium (Cr) 	 <0.01 	 -- 	 -- 	 42 
Molybdenum (Mo) 	<0.04 	 -- 	 -- 	 <10 
Cobalt (Co) 	 <0.002 	-- 	 -- 	 21 
Nickel (Ni) 	 <0.005 	-- 	 -- 	 66 
Copper (Cu) 	 <0.001 	-- 	 -- 	 36 
Cadmium (Cd) 	 <0.002 	-- 	 -- 	 3.0 
Zinc (Zn) 	 <0.001 	-- 	 -- 	 170 
Lead (Pb) 	 <0.006 	-- 	 -- 	 40 
Mercury (Hg) 	 -- 	 -- 	 1.7 

* Insufficient sample available for analysis 
1 in Milligrams per 1000 Grams unless otherwise stated. 
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SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Arctic Red River near Martin House 
Location S-12 

Chemical Composition 
1 

(mg/1000 g) 

Sediments - d/25/07/72 

Parameter  
Water Soluble* Exchangeable Acid Soluble 

Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 
Colour (Hazen Units) 
Cond. (umho's/cm) 
Total Alkalinity 
Lithium (Li) 
Sodium (Na) 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Fluoride (F) 
Chloride (Cl) 
Sulphate (SO4) 
Silica (Si02 ) 
Dissolved Inorganic 

Carbon (D.I.C.) 
Dissolved Organic 

Carbon (D.O.C.) 	1 
Strontium (Sr) 
Barium (Ba) 
Aluminum (Al) 
Vanadium (V) 
Iron (Fe) 
Manganese (Mn) 
Chromium (Cr) 
Molybdenum (Mo) 
Cobalt (Co) 
Nickel (Ni) 
Copper (Cu) 
Cadmium (Cd) 
Zinc (Zn) 
Lead (Pb) 
Mercury (Hg) 

TOTAL EXCHANGE CAPCITY (Meg/100 g soil) 

* Insufficient sample available for analysis 
1 in Milligrams per 1000 Grams unless otherwise stated. 

148 
212 

5,890 
35 

33,000 
390 
19 
31 
25 
60 
40 
2.8 

160 
40 
3.65 



8.0 
5 

334 
106 

0.005 
2.8 
0.6 

43.7 
15.0 
0.09 
0.5 

62.6 
2.8 

13 

2 
0.15 
<0.04 
<0.1 
<0.05 
<0.05 
<0.04 
<0.01 
<0.04 
<0.002 
<0.005 
<0.001 
<0.002 
<0.001 
<0.006 

12 
460 
660 

38,900 
11,700 

107 
233 

6,350 
38 

33,000 
440 
27 
13 
29 
61 
35 
2.1 

160 
36 
3.03 

- 57 - 

SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Arctic Red River near Martin House 
Location S-12 

Chemical Composition 

(mg/1000 g) 
1 

Sediments - d/22/08/72 

Water Soluble* Exchangeable* Acid Soluble 
Parameter 	 Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 
Colour (Hazen Units) 
Cond. (umho i s/cm) 
Total Alkalinity 
Lithium (Li) 
Sodium (Na) 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Fluoride (F) 
Chloride (C1) 
Sulphate (SO4 ) 
Silica (Si0 2 ) 
Dissolved Inorganic 

Carbon (D.I.C.) 
Dissolved Organic 

Carbon (D.O.C.) 
Strontium (Sr) 
Barium (Ba) 
Aluminum (Al)  
Vanadium (V) 
Iron (Fe) 
Manganese (Mn) 
Chromium (Cr) 
Molybdenum (Mo) 
Cobalt (Co) 
Nickel (Ni) 
Copper (Cu) 
Cadmium (Cd) 
Zinc (Zn) 
Lead (Pb) 
Mercury (Hg) 

* Insufficient sample available for analysis 

1 in Milligrams per 1000 Grams unless otherwise stated. 



8.1 
50 

275 
87.2 
0.005 
3.1 
0.4 
37.1 
11.5 
0.07 
0.7 

54.1 
2.7 

13 

7 
0.10 
0.04 
0.1 
0.05 
0.05 
0.04 
0.01 
0.04 
0.002 
0.005 
0.001 
0.002 
0.001 
0.006 

13 
530 
700 

15,800 
8,170 

60 
272 

7,480 
34 

41,000 
560 
34 
12 
22 

50 
1.4 

310 
26 
2.53 

- 58 - 

Parameter  

SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Arctic Red River near Martin House 
Location S-12 

Chemical Composition 

(mg/1000 g) 1  

Sediments - d/21/09/72 

Water Soluble* Exchangeable *  Acid Soluble 
Water 	(oven dry wt.) 	(air dry wt.)oven dry wt.)  

pH (pH Units) 
Colour (Hazen Units) 
Cond. (umho's/cm) 
Total Alkalinity 
Lithium (Li) 
Sodium (Na) 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Fluoride (F) 
Chloride (C1) 
Sulphate (SO4 ) 
Silica (SiO2 ) 
Dissolved Inorganic 

Carbon (D.I.C.) 
Dissolved Organic 

Carbon (D.O.C.) 
Strontium (Sr) 
Barium (Ba) 
Aluminum (Al)  
Vanadium (V) 
Iron (Fe) 
Manganese (Mn)  
Chromium (Cr) 
Molybdenum (Mo) 
Cobalt (Co) 
Nickel (Ni) 
Copper (Cu) 
Cadmium (Cd) 
Zinc (Zn) 
Lead (Pb) 
Mercury (Hg) 

* Insufficient sample available for analysis 

1 in Milligrams per 1000 Grams unless otherwise stated. 



- 59 - 

SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Arctic Red River upstream of Arctic Red River 
Location S-13 

Chemical Composition 

(mg/1000 g) 1  

Sediments - d/25/07/72 

Water Soluble* Exchangeable* Acid Soluble 
Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  Parameter 

pH (pH Units) 	 8.0 	 __ 	 __ 	 -- 

Colour (Hazen Units) 	5 	 -- 	 -- 	 -- 

Cond. (umho's/cm) 	341 	 -- 	 -- 	 -- 

Total Alkalinity 	108 	 __ 	 __ 	 -- 

Lithium (Li) 	 -- 	 __ 	 12 
Sodium (Na) 	 3.1 	 __ 	 __ 	 360 

Potassium (K) 	 0.7 	 -- 	 -- 	 590 

Calcium (Ca) 	 46.4 	 -- 	 -- 	 5,200 

Magnesium (Mg) 	13.4 	 __ 	 __ 	12,600 

Fluoride (F) 	 0.09 	-- 	 __ 	 -- 

Chloride (Cl) 	 0.8 	 __ 	 __ 	 -- 

Sulphate (SO4) 	68.7 	 -- 	 __ 	 -- 

Silica (Si02 ) 	 2.6 	 __ 	 __ 	 -- 

Dissolved Inorganic 
Carbon (D.I.C.) 	18 	 -- 	 __ 	 -- 

Dissolved Organic 
Carbon (D.O.C.) 	6 	 -- 	 __ 	 -- 

Strontium (Sr) 	 -- 	 -- 	 -- 	 144 

Barium (Ba) 	 -- 	 -- 	 -- 	 213 

Aluminum (Al) 	 -- 	 __ 	 __ 	 6,290 

Vanadium (V) 	 -- 	 __ 	 37 

Iron (Fe) 	 <0.05 	-- 	 -- 	34,000 

Manganese (Mn) 	<0.04 	-- 	 -- 	 710 

Chromium (Cr) 	 -- 	 -- 	 -- 	 30 
Molybdenum (Mo) 	-- 	 __ 	 __ 	 23 

Cobalt (Co) 	 <0.002 	__ 	 __ 	 29 

Nickel (Ni) 	 <0.005 	-- 	 -- 	 60 

Copper (Cu) 	 <0.001 	-- 	 -- 	 41 

Cadmium (Cd) 	 <0.002 	__ 	 __ 	 3.2 

Zinc (Zn) 	 <0.001 	-- 	 -- 	 180 
<0.006 	-- 	 -- 	 43 Lead (Pb) 
-- 	 __ 	 __ 	 5.3 Mercury (Hg) 

* Insufficient sample available for analysis 

1 in Milligrams per 1000 Grams unless otherwise stated. 



- 60 - 

SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Arctic Red River upstream of Arctic Red River 
Location S-13 

Chemical Composition 

(mg/1000 g) 1  

Sediments - d/22/08/72 

Parameter  
Water Soluble* Exchangeable* Acid Soluble 

Water 	(oven dry le.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 8.0 
Colour (Hazen Units) 10 
Cond. (umho's/cm) 	310 
Total Alkalinity 	99.5 
Lithium (Li) 	 0.005 
Sodium (Na) 	 2.5 
Potassium (K) 	 0.7 
Calcium (Ca) 
Magnesium (Mg) 
Fluoride (F) 
Chloride (C1) 
Sulphate (SO4 ) 
Silica (S 102 ) 
Dissolved Inorganic 

Carbon (D.I.C.) 	13 
Dissolved Organic 

Carbon (D.O.C.) 
Strontium (Sr) 
Barium (Ba) 
Aluminum (Al) 
Vanadium (V) 
Iron (Fe) 
Manganese (Mn) 
Chromium (Cr) 
Molybdenum (Mo) 
Cobalt (Co) 
Nickel (Ni) 
Copper (Cu) 
Cadmium (Cd) 
Zinc (Zn) 
Lead (Pb) 
Mercury (Hg) 

* Insufficient sample available for analysis 

1 in Milligrams per 1000 Grams unless otherwise stated. 

42.7 
13.4 
0.09 
0.5 

56.6 
2.7 

2 
0.16 
<0.04 
<0.1 
<0.05 
<0.05 
<0.04 
<0.01 
<0.04 
<0.002 
<0.005 
<0.001 
<0.002 
<0.001 
<0.006 

13 
400 
750 

38,900 
11,100 

107 
298 

7,060 
36 

35,000 
470 
25 
13 
23 
58 
40 
2.7 

160 
37 

.79 



Parameter  

pH (pH Units) 
Colour (Hazen Units) 
Cond. (umho's/cm) 
Total Alkalinity 
Lithium (Li) 
Sodium (Na) 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Fluoride '(F) 
Chloride (Cl)  
Sulphate ( 504 ) 
Silica (Si02 ) 
Dissolved Inorganic 

Carbon (D.I.C.) 
Dissolved Organic 

Carbon (D.O.C.) 
Strontium (Sr) 
Barium (Ba) 
Aluminum (Al)  
Vanadium (V) 
Iron (Fe) 
Manganese (Mn) 
Chromium (Cr) 
Molybdenum (Mo) 
Cobalt (Co) 
Nickel (Ni) 
Copper (Cu) 
Cadmium (Cd) 
Zinc (Zn) 
Lead (Pb) 
Mercury (Hg) 

12 

22,300 
12,400 

- 61 - 

SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Arctic Red River upstream of Arctic Red River 
Location S-13 

Chemical Composition 

(mg/1000 g) 1  

Sediments - d/21/09/72 

Water Soluble* Exchangeable* Acid Soluble 
Water 	oven  dry  wt. 	air dry  wt.) (oven  dry  wt. 

8.0 
40 

276 
81.3 
0.004 
2.8 
0.4 

40.6 
11.2 
0.06 
0.7 
33.8 
2.6 

11 

6 	 -- 	 -- 	 -- 

	

0.10 	 __ 	 __ 	 -- 

	

<0.04 	 -- 	 -- 	 -- 

	

0.14 	 -- 	 -- 	 -- 

	

<0.05 	 -- 	 -- 	 -- 

	

<0.05 	 -- 	 -- 	 33,000 

	

<0.04 	 -- 	 -- 	 480 

	

<0.01 	 __ 	 __ 	 -- 

	

<0.04 	 -- 	 -- 	 — 

	

<0.002 	-- 	 -- 	 21 

	

<0.005 	-- 	 -- 	 65 

	

<0.001 	__ 	 __ 	 42 

	

<0.002 	-- 	 -- 	 1.8 

	

<0.001 	-- 	 -- 	 210 

	

<0.006 	-- 	 -- 	 27 
-- 	 -- 	 __ 	 1.30 

* Insufficient samples available for analysis 

1 in Milligrams per 1000 Grams unless otherwise stated. 



0.52 14 
460 
660 

58,700 
15,100 

13,100 
884 

130 
154 

7,950 
44 

27,000 
440 
21 
12 
28 
66 
27 
3.4 

180 
42 
0.54 

105 

- 62 - 

SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Mackenzie River below Arctic Red River 
Location S-14 

Chemical Composition 
1 

(mg/1000 g) 

Sediments - d/22/08/72 

Water Soluble *  Exchangeable Acid Soluble 
Parameter 	 Water 	,oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 8.0 
Colour (Hazen Units) 20 
Cond. (umho's/cm) 	249 
Total Alkalinity 	83.0 
Lithium (Li) 	 0.004 
Sodium (Na) 	 5.2 
Potassium (K) 	 0.9 
Calcium (Ca) 	 33.9 
Magnesium (Mg) 	 8.3 
Fluoride (F) 	 .0.09 
Chloride (C1) 	 4.9 
Sulphate ( 504) 	 29.9 
Silica ( 3 102 ) 	 3.6 
Dissolved Inorganic 

Carbon (D.I.C.) 	9 
Dissolved Organic 

Carbon (D.O.C.) 	8 
Strontium (Sr) 	 0.16 
Barium (Ba) 	 0.04 
Aluminum (Al) 	 <0.01 
Vanadium (V) 	 <0.05 
Iron (Fe) 	 <0.05 
Manganese (Mn) 	<0.04 
Chromium (Cr) 	 <0.01 
Molybdenum (Mo) 	<0.04 
Cobalt (Co) 	 <0.002 
Nickel (Ni) 	 <0.005 
Copper (Cu) 	 <0.001 
Cadmium (Cd) 	 <0.002 
Zinc (Zn) 	 <0.001 

Lead (Pb) 	 <0.006 

Mercury (Hg) 

* Insufficient sample available for analysis 

1 in Milligrams per 1000 Grams unless otherwise stated. 



- 63 - 

SEDIMENT STUDY 

SUSPENDED SEDIMENT PROGRAM 

Mackenzie River below Arctic Red River 
Location S-14 

Chemical Composition 

(mg/1000 g) 
1 

Sediments - d/21/09/72 

Water Soluble* Exchangeable* Acid Soluble 
Parameter 	 Water 	(oven dry wt.) 	(air dry wt.) (oven dry wt.)  

pH (pH Units) 	 8.1 	 -- 	 -- 	 -- 
Colour (Hazen Units) 	5 	 -- 	 -- 	 -- 
Cond. (umho t s/cm) 	275 	 __ 	 __ 	 -- 
Total Alkalinity 	92.8 	 -- 	 -- 	 -- 
Lithium (Li) 	 0.005 	 -- 	 -- 	 12 
Sodium (Na) 	 8.2 	 -- 	 -- 	 1,280 
Potassium (K) 	 0.9 	 -- 	 -- 	 740 

Calcium (Ca) 	 35.3 	 -- 	 -- 	 46,700 
Magnesium (Mg) 	 8.7 	 -- 	 -- 	 15,700 
Fluoride (F) 	 .0.07 	 -- 	 -- 	 -- 
Chloride (Cl) 	 8.7 	 -- 	 -- 	 -- 
Sulphate (SO4 ) 	 55.1 	 -- 	 -- 	 -- 
Silica (SiO

2
) 	 3.4 	 -- 	 -- 	 -- 

Dissolved Inorganic 
Carbon (D.I.C.) 	12 	 -- 	 -- 	 -- 

Dissolved Organic 
Carbon (D.O.C.) 	5 	 __ 	 __ 	 -- 

Strontium (Sr) 	 0.17 	 -- 	 -- 	 141 

Barium (Ba) 	 0.04 	 -- 	 -- 	 151 

Aluminum (Al) 	 <0.01 	 -- 	 -- 	 6,870 

Vanadium (V) 	 <0.05 	 -- 	 -- 	 33 

Iron (Fe) 	 <0.05 	 __ 	 __ 	 27,000 

Manganese (Mn) 	<0.04 	 -- 	 -- 	 440 

Chromium (Cr) 	 <0.01 	 -- 	 -- 	 20 

Molybdenum (Mo) 	<0.04 	 -- 	 -- 	 11 

Cobalt (Co) 	 <0.002 	 -- 	 -- 	 30 

Nickel (Ni) 	 <0.005 	 -- 	 -- 	 65 

Copper (Cu) 	 <0.001 	-- 	 -- 	 33 

Cadmium (Cd) 	 <0.002 	 -- 	 -- 	 3.6 

Zinc (Zn) 	 <0.001 	__ 	 -- 	 110 

Lead (Pb) 	 <0.006 	 -- 	 -- 	 50 

Mercury (Hg) 	 -- 	 __ 	 __ 	 1.8 

* Insufficient sample available for analysis 

1 in Milligrams per 1000 Grams unless otherwise stated. 





APPENDIXB  

Part II 

Stream Bank Erodable Soils 



	

-- 	 0.3 	 19 

	

15 	 160 	 707 

	

59 	 160 	 555 

	

190 	 7,000 	13,700 

	

29 	 190 	 9,700 
fen 

45 
101 

14,550 
26 

38,400 
930 
31 
<8 
26 
55 
38 

<0.6 
110 
26 
0.32 

31 
120 

- 66 - 

SEDIMENT STUDY 

STREAM BANK MATERIAL PROGRAM 

Willowlake River 20 km. upstream 
Location B-1 

Chemical Composition 

(mg/1000g) 1  

Sediments - d/21/09/72 

Water Soluble 	Exchangeable 	Acid Soluble 
Water 	(oven dry wt.) 	(air dry wt.) 	(oven dry wt.) Parameter  

pH (pH Units) 
Colour (Hacen Units) 
Cond. (umho's/cm) 
Total Alkalinity 
Lithium (Li) 
Sodium (Na) 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Fluoride (F) 
Chloride (C1) 
Sulphate (S0,) 
Silica (Si0 2 7 
Dissolved Inorganic 

Carbon (D.I.C.) 
Dissolved Organic 

Carbon (D.O.C.) 
Strontium (Sr) 
Barium (Ba) 
Aluminum (Al) 
Vanadium (V) 
Iron (Fe) 
Manganese (Mn) 
Chromium (Cr) 
Molybdenum (Mo) 
Cobalt (Co) 
Nickel (Ni) 
Copper (Cu) 
Cadmium (Cd) 
Zinc (Zn) 
Lead (Pb) 
Mercury (Hg) 

1 in Milligrams per 1000 Grains  unless otherwise stated 



0.5 
-- 

250 
1,980 

620 

35 
240 

140 
200 
75 

17 

88.0 
3,560 
3,380 

30 

32 
22,800 

160 
16 
8 

15 
31 
28 
<0.6 

110 
18 
<0.10 

SEDIMENT STUDY 

STREAM BANK MATERIAL PROGRAM 

Redstone River 40 km. upstream 
Location B-2 

Chemical Composition 
1 

(mg/1000g) 

Sediments - d/21/09/72 

Parameter  
Water Soluble 	Exchangeable 

Water 	(oven dry wt.) 	(air dry wt.) 
Acid Soluble 
(oven dry wt.) 

pH (pH Units) 
Colour (Hacen Units) 
Cond. (umho's/cm) 
Total Alkalinity 
Lithium (Li) 
Sodium (Na) 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Fluoride (F) 
Chioride (Cl) 
Sulphate (SOD 
Silica (Si02j 
Dissolved Inorganic 

Carbon (D.I.C.) 
Dissolved Organic 

Carbon (D.O.C.) 
Strontium (Sr) 
Barium (Ba) 
Aluminum (Al) 
Vanadium (V) 
Iron (Fe) 
Manganese (Mn) 
Chromium (Cr) 
Molybdenum (Mo) 
Cobalt (Co) 
Nickel (Ni) 
Copper (Cu) 
Cadmium (Cd) 
Zinc (Zn) 
Lead (Pb) 
Mercury (Hg) 

ORGANIC CONTENT % 

TOTAL EXCHANGE CAPACITY (meq/1000 g soil) 

1 in Milligrams per 1000 Grams unless otherwise stated 

11 

175 



Parameter 	 Water  
Water Soluble 	Exchangeable 

("endrs---- rdr  

Acid Soluble 
(oven dry wt.) (air dry wt.) 	(oven dry wt.  

0.3 
-- 
230 

5,950 
58 

28 
180 

10 

80 
320 
57 

480 
46,400 
11,100 

51 
149 

5,100 
25 

17,100 
300 
12 
12 
14 
33 
19 
0.9 

80 
25 
2.10 

- 68 - 

SEDIMENT STUDY 

STREAM BANK MATERIAL PROGRAM 

Keele River near mouth 
Location B-3 

Chemical Composition 
1 

(mg/1000g) 

Sediments - d/22/07/72 

pH (pH Units) 
Colour (Hacen Units) 
Cond. (umho's/cm) 
Total Alkalinity 
Lithium (Li) 
Sodium (Na) 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Fluoride (F) 
Chloride (C1) 
Sulphate (S0 A ) 
Silica (S102 7 
Dissolved Inorganic 

Carbon (D.I.C.) 
Dissolved Organic 

Carbon (D.O.C.) 
Strontium (Sr) 
Barium (Ba) 
Aluminum (Al) 
Vanadium (V) 
Iron (Fe) 
Manganese (Mn) 
Chromium (Cr) 
Molybdenum (Mo) 
Cobalt (Co) 
Nickel (Ni) 
Copper (Cu) 
Cadmium (Cd) 
Zinc (Zn) 
Lead (Pb) 
Mercury (Hg) 

13 ORGANIC CONTENT % 

TOTAL EXCHANGE CAPACITY 

1 in Milligrams per 1000 Grams unless otherwise stated 

318 



Exchangeable 	Acid Soluble 
Water 	(oven dry wt.) 	(air dry wt.) 	(oven dry  wt.) Parameter  

Water Soluble 

410 
95 

5,750 
28 

28,600 
320 

1.3 
<10 
16 
38 
28 
1.3 

94 
26 
0.10 

•••••... 

16 
64 

SEDIMENT STUDY 

STREAM BANK MATERIAL PROGRAM 

Hume River near mouth 
Location B-4 

Chemical Composition 
1 

(mg/ 1000g) 

Sediments - d/21/09/72 

pH (pH Units) 
Colour (Hacen Units) 
Cond. (umho's/cm) 
Total Alkalinity 
Lithium (Li) 
Sodium (Na) 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Fluoride (F) 
Chloride (Cl) 
Sulphate (S0 A ) 
Silica (SiO2 j 
Dissolved Inorganic 

Carbon (D.I.C.) 
Dissolved Organic 

Carbon (D.O.C.) 
Strontium (Sr) 
Barium (Ba) 
Aluminum (Al) 
Vanadium (V) 
Iron (Fe) 
Manganese (Mn) 
Chromium (Cr) 
Molybdenum (Mo) 
Cobalt (Co) 
Nickel (Ni) 
Copper (Cu) 
Cadmium (Cd) 
Zinc (Zn) 
Lead (Pb) 
Mercury (Hg) 

	

-- 	 0.2 	 11 

	

39 	 82 	 133 

	

59 	 170 	 380 

	

1,820 	 8,600 	29,600 

	

340 	 570 	13,800 

1 
in Milligrams per 1000 Grams unless otherwise stated 



0.2 
190 
120 

9,900 
760 

15 
47 

230 
90 

1,790 
420 

68 
141 

5,190 
38 

28,100 
23 
13 
13 
20 
37 
38 
1.5 

120 
30 
5.70 

3.3 

- 70 - 

SEDIMENT STUDY 

STREAM BANK MATERIAL PROGRAM 

Arctic Red River near Weldon Creek 
Location B-5 

Chemical Composition 

(mg/1000g) 1 

Sediments - 22/07/72 

Parameter  
Water Soluble 	Exchangeable 

Water 	(ovendr ciry.at.)  
Acid Soluble 
(oven dry wt.) 

pH (pH Units) 	 -- 
Colour (Hacen Units) 	-- 
Cond. (umho's/cm) 	-- 
Total Alkalinity 	-- 
Lithium (Li) 	 -- 
Sodium (Na) 
Potassium (K) 	 -- 
Calcium (Ca) 	 -- 
Magnesium (Mg) 	 -- 
Fluoride (F) 	 -- 
Chloride (Cl) 	 -- 
Sulphate (S0,) 	 -- 
Silica (SiO2 Dissolved Inorganic 

Carbon (D.I.C.) 
Dissolved Organic 

Carbon (D.O.C.) 
Strontium (Sr) 	 -- 
Barium (Ba) 	 -- 
Aluminum (Al) 	 -- 
Vanadium (V) 	 -- 
Iron (Fe) 
Manganese (Mn) 	 -- 
Chromium (Cr) 	 -- 
Molybdenum (Mo) 	-- 
Cobalt (Co) 
Nickel (Ni) 	 -- 
Copper (Cu) 	 -- 
Cadmium (Cd) 	 -- 
Zinc (Zn) 	 -- 
Lead (Pb) 	 -- 
Mercury (Hg) 

ORGANIC CONTENT % 

9.0 
630 
590 

26,900 
8,650 

TOTAL EXCHANGE CAPACITY(Meq/1000 g. soil) 

in Milligrams per 1000 Grams unless otherwise stated 

569 



Water Soluble 	Exchangeable 
(oven dry wt.) 	(air dry wt.) Water 

0.5 
160 
120 
881 
150 

10 
24 

626 
500 

<2 
23 

SEDIMENT STUDY 

STREAM BANK MATERIAL PROGRAM 

Arctic Red River below Martin House 
Location B-6 

Chemical Composition 

(mg/1000g) 1 

Sediments - d/22/07/72 

Parameter  

pH (pH Units) 
Colour (Hacen Units) 
Cond. (umho's/cm) 
Total Alkalinity 
Lithium (Li) 
Sodium (Na) 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Fluoride (F) 
Chloride (C1) 
Sulphate (S0 A ) 
Silica (Si02 y Dissolved Inorganic 

Carbon (D.I.C.) 
Dissolved Organic 

Carbon (D.O.C.) 
Strontium (Sr) 
Barium (Ba) 
Aluminum (Al) 
Vanadium (V) 
Iron (Fe) 
Manganese (Mn) 
Chromium (Cr) 
Molybdenum (Mo) 
Cobalt (Co) 
Nickel (Ni) 
Copper (Cu) 
Cadmium (Cd) 
Zinc (Zn) 
Lead (Pb) 
Mercury (Hg) 

Acid Soluble 
(oven dry wt.) 

12 
173 

2,400 
1,470 
2,200 

173 
5,760 

21 
29,800 

480 
14 
13 
10 
29 
39 
<0.6 
97 
17 
<0.1 

.ORGANIC CONTENT % 

TOTAL EXCHANGE CAPACITY (Meg/100 g soil) 

1 
in Milligrams per 1000 Grains  unless otherwise stated 

11 

66.4 



EUVIRONM-Elli:  CANADA LIBRAFIY 
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