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OVERVIEW

This report describes the water quality and benthic invertebrate
communities in the Lovett River upstream and downstream of the Coal
Valley mine, owned by Luscar Ltd. and Alberta Energy Corp. and operated
by Luscar Sterco (1977) Ltd. The evaluations are based on field
investigations conducted in 1984 by the Former Hater Quality Control
Branch, Pollution Control Division, Alberta Environment.

Statistically significant changes in river water quality occurred as
a result of point or non-point source discharges from within the lease
area. The concentration of particulate material, as measured by
turbidity, non-filterable residue, and suspended sediments, increased in
a downstream direction during wet and dry weather. The concentration of -
various dissolved materials also increased downstream. Discharges from
impoundments increased river concentrations of major ions, and caused a
shift in ionic dominance. Seven metals and trace elements (i.e.,
aluminum, molybdenum, manganese, arsenic, zinc, chromium and selenium)
increased significantly downstream of the impoundments. Plant nutrients
(forms of nitrogen and phosphorus) also increased significantly
downstream.

Most water quality changes were interpreted with reference to the
Alberta Surface Water Quality Objectives (ASWQO) and Canadian MWater
Quality Guidelines (CWQG), where suitable numeric limits existed. In
general, the most frequent exceedances of either ASWQO or CWQG were for
non-filterable residue, total nitrogen, total phosphorus, and certain
metals (iron, aluminum and chromium). Other elements which occasionally
exceeded the guidelines were manganese, arsenic, and selenium.
Concentrations of certain substances (iron, aluminum, copper, chromium
and phenolics) were naturally high at the background sites and on
occasion also exceeded the Alberta Surface Water Quality Objectives or
Canadian Water Quality Guidelines.

These changes in water quality were refletted by changes in the two
biological communities that were monitored in the Lovett River. Ranthic
algal growth was stimulated below the mine as a result of nutrient
enrichment. In addition to the influence of changes in water quality,
sedimentation of the river bottom and changes in the food base induced a
shift in benthic invertebrate community composition whereby the
importance of pollution-intolerant taxa (e.g., mayflies, stonefiies)
declined and that of pollution-tolerant 'taxa (e.g., worms, some Diptera
larvae) 1increased in the downstream direction. Such a change in river
zoobenthos was not evident in benthic collections of 1976, before the
coal mine operation started.

The Lovett River discharges into the Pembina River. The effects on
the latter system were measurable at one site 13.5 km downstream.
Statistically significant increases were found for some major ions, all
nitrogen forms, soluble veactive phosphorus, tota! organic carbon,
molybdenum, manganese and arsenic.
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Although the study on the Lovett River was limited in time to one
year (1984), the general value of its findings is strengthened by studies
on certain other western Canadian coal mines which have also identified
significant increases in sediment flux and nitrogen loading. Because of
the high levels of inorganic nitrogen below  the mine, any further
increases in  phosphorus loadings could result in accelerated
eutrophication, as has been observed below similar mine settings in the
Elk River watershed, British Columbia.
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1.0 INTRODUCTION

This report describe§ the water quality and benthic community in
the Lovett River upstream and downstream of the Coal Valley mine, owned
by Luscar Ltd. and Alberta Energy- Corporation and operated by Luscar
Sterco (1977) Ltd. The evaluations are based on field investigations
conducted in 1984 by the former Water Quality Control Branch, Pollution

Control Division, Alberta Environment.

1.1 BACKGROUND
Mining in the vicinity of Coal Valiey, Alberta dates back to

71910. At present, three coal mines operate in the region (Luscar Stefco
(1977) Ltd. at Coal Valley, Cardinal River Coals at Luscar, and Gregg
‘River Resourceg at Gregg River) with six others in various stages of
planning. Most of the leases are located in the mountain and foothills
biomes within the headwaters of McLeod River drainage, while thé Luscar
Sterco mine predominantly lies in the Pembina River drainage.

Although each mine is unique in terms of its Tocation and mining
plan, certain inherent operational features and their effects‘on adjacent
watercourses are of common concern. Stream water quality impacts may
result from uncontroiled erosion from roads, stream crossings and cleared
slopes. Streams also receive controlled discharges from settling ponds
which collect pit water and surface runoff from the mine site. The*
primary function of these ponds is to reduce the load of inert mineral
sediments 1in the discharges to surface waters. The magnitude and

locations of these inputs are in a state of flux through the life of the



mine as old pits are abandoned and new ones created.

To address perceived water qua1ity concerns, the Water Quality
" Control Branch initiated a study on the Lovett River during the
open-water season of 1984. The principal purpose of the study was to
determine the extent ofrany upstream to downstream changes in the aquatic
environment due principally to the coal mining operations of tLuscar
Sterco (1977) Ltd., and to provide a preliminary evaluation of the
underlying causes for these changes. It was impossible to prepare a
formal impact assessment because the historical data base for the water
quality variables of major interest was frequently inadequate. The
secondary objective of the study was to apply this knowledge in
developing a water quality management plan for the region as part of a

river basin planning program for the McLeod River. -

1.2 | OBJECTIVES

The study objectives were as follows:

1. to describe the spatial and temporal changes in water
quality and the benthic community in the Lovett River
upstream, witﬁin and downstream of the Luscar Sterco (1377)
Ltd. Coal Valley mine area;

2. to provide a preliminary assessment of the changes as they
relate to- the hydrologic regime, precipitation, surface
runoff and pit water discharges, other mine activities,

groundwater discharges, and other 1land uses in the study

area; and



3. to assess the implications of the water quality changes to

the aquatic life in the Lovett and Pembina rivers.

1.3 STUDY AREA

The study area encompasses portions of the Lovett and Pembina
rivers, and extends from the old town‘ of Foothills, Alberta, in the
Lovett River Valley, to the Highway No:. 40 bridge on the Pembina River
(Figure 1). The Lovett River originates approximately 8 km west of
Foothills, flows southeasterly and ehters the Pembina River about 34 km
downstream.

The Luscar Sterco (1977) Ltd. coal mine is located approximately
80 km south of Edson, Alberta. The coal is extracted with the use of
dragline and shovel-truck operations, cleaned and processed, and
" transported to markets by unit trains. The mine plan involves four
distinct mining zones: Mynheer "A", Mynheer “B*, Val D'Or, and Silkstone
(Figure 1). Each mining zone consists of numerous pits. During the
study perfod of May to October 1984, mining activities were ‘mainly
limited to pits 12 and 13 (Mynheer "A"), pit 42 (Mynheer "B"), and pits
21 and 24 in the Val D'Or =zone which were mined occasionally for
"make-up" coal (R. Kusters, pers. comm.)}.

Pit water and surface runoff !are diverted into impoundments
prior to release to the river. Pits 12 and 13 drained into the Mynheer
"A" (pit 15) timpoundment, Pit 42 discharged into the Mynheer “B"
impoundment, and pits 21 and 24 drained into the Val D'Or south-east

impoundment. Surface runoff from the plant site and discharge from the
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sewage lagoons drained into the Coal Creek impoundment. Discharge rates

from the various impoundments fluctuated during the study period.

2.0 DRAINAGE BASIN CHARACTERISTICS

This section provides a general description of the climate,
physiography, surficial geology and soils, hydrogeo]ogy, major habitat
types, and land uses in the study area. The tnformation presented in
this section focuses on factors that have importaht effects on

.determining water gquality in streams; it was obtained mainly from EPEC

Consulting Western Ltd. (1976).

2.1 CLIMATE

The study area 1ies within the Boreal climate zone which 1is
characterized by long cold winters, _short cool summefs and moderate
gmounts of precipitation. EPEC Consulting Western Ltd. (1976) reported
that highest and lowest mean monthly temperatures at Robb, Alberta occur
in July {(13°C) and January (=17°C), respectively. Average annual
precipitation fis approximately 64 cm, of which over one-half is rain.
Vogwill (1983) reported that for the Edson region the potential
evapotranspiration exceeds the mean precipitation during the growing
season; this results in an annual soil moisture deficit of about 50 mm.
Local patches with positive moi;ture index have been reported in the
Edson region. In the Coal Valley, for example, precipitation exceeds
evapotranspiration (EPEC Consuiting Western Ltd. 1976, Alberta Soils

Advisory Committee 1987).



2.2 PHYSIOGRAPHY AND GEOLOGY

The study area is located within the Rocky Mountain Foothills
subdivision of the Mestern Cordillera region. The region is
characterized by undulating topography with long forested ridges aligned
in a northwe;t-southeast direction separated by steep-sided, eroded
valleys. The relief varies from approximately 1524 m above sea level
near the Lovett Lookout to about 1326 m at the confluence of the Pembina
and Lovett rivers. L |

The intensely folded bedrock of Cretaceous and Tertjary ages is
qverlain by Pleistocene depostts of till and colluvial Holocene material
" (Dumanski et al. 1972). The main bedrock structure is the Paskapoo
Formation (Vogwill 1983), consisting of ca]carebus sandstone, siltstone

and mudsfone.

2.3 SURFICIAL GEOLOGY AND SOILS

Surficial materials in the study area vary from a]luviai sand
and gravel, and gfacial till to colluvium associated with eroded slopes
and historical mine discard (EPEC Consulting Western Ltd. 1976). Sand
and gravel deposits are found in fhe valley bottom and muskeg on upland
areas; till is the principal surficial depostt (Vogwill 1983). Soils are
predominantly of the Robb association, which s characteristic‘df‘well
drained, steeply sloping ridges, and consist of Gray Luvisols and Eutric
and Dystric Brunisols.

Erosion by water is the dominant form of soil erosion in the

study area. The Luvisolic and Brunisolic topsoils have a moderate



erosion potential, while the parent material of the Robb assoctation,
which is primarily a stoney till, is generally considered to have a low
erosion potential. However, bedrock parent material which is blasted and
removed from the Coal Valley weathers and breaks down very quickly. This
material ts commonly used on haulroads and weathering of these roads may

représent a significant source of suspended sediment to the Lovett River.

2.4 HYDROGEOLOGY

The groundwater regime varies from complex to relatively well
_ defined because of tectonic activity and previous coal mining operations
(EPEC Consulting Western Ltd. 1976). Groundwater anomalies resultfng
from previous. surface and underground mining are most evident in the
‘Mynheer "B" Zone. Vogwill (1983) reported that the Paskapoo Formation is
the main bedrock aqdifer in the area with groundwater yield depgndent on
the degree of fracturing. He also indicated that groundwater obtained
from wells in the Lovett River valley is mainly of the sodium bicarbonate
type with probable yields of 0.4 to 2.0 Les™'; water from-an arfesian
well at Lovettville is of the calcium bicarbonate type.

Groundwater 1in the Mynheer “A" zone generally flows to the
southwest direction from the northwest to southeast trending ridge which
forms the local surface and groundwater divide. The groundwater table in
this zone coincides with water levels in the abahdoned pits and in Coal\
Creek, southwest of the mining area.

In the Mynheer “B" zone, important groundwater bearing zones are

present above and below the Mynheer Coal Seam. Groundwater in the lower



aquifer is under artesian pressure. The groundwater table in this region
s approximately 9.1 m below surface. In the Val D'Or Zone, groundwater
flow is generally downslope and follows the general dip of the underlying

bedrock strata which is away from the mine.

2.5 HABITAT TYPES
In 1976, the main terrestrial habitat 1ﬁ the study area (Lovett

River valley) was dominated by a coniferous forest (61.5%), followed by
mixedwood (17.7%), marsh-muskeg (14.7%), deciduous (4.2%); and disturbed
tand (1.0%) (EPEC Consulting Western Ltd. 1976). In the coniferous

forest, white spruce (Picea glauca) 1is the climax species, whitle

‘lodgepole pine (Pinus contrata) is the dominant upland tree type. The

mixedwood forest consists of poplar (Populus trehuloides) and lodgepole

pine, and to a lesser extent, white and black spruce (Picea marianal.

The mixedwood communities primarily occupy the valley bottoms.
The marsh and muskeg habitat type includes both the riparian
communities associated with the streams and the muskegs located in poorly

drained, depressfonal areas. The riparfan communities are dominated by

willows and dwarf birch Betula glandulosa. Stream margins exhibit
extensive growth of hydrophilic herbs and sedges. Extensive muskegs
occur in the lowland areas including those adjacent to the Lovett River.

Stunted black spruce &nd tamarack Larix laricina along with dwarf birch

are prevalent. The deciduous forest comprises mainly aspen poplar, which
is abundant on the well drained southerly and southwesterly facing

slopes. Balsam poplar Populus balsamifera and white birch Betula




papyrifera were also present.

A study conducted in the Edson, Alberta region revealed that
based on an average infiltration capacity of each forest cover type,
Lodgepote pine, spruce-fir and aspen forests have a low, very high and

moderate erosion susceptibilities, respectively (Singh 1983).

2.6 LAND USE

The history of man's activities in the area goes back over 8,000
years, a time when native people maintained relatively large encampments
on the banks of the Lovett River (EPEC Consulting Mestern Ltd. 1976).
With the coming of the steam engine to the West, coal became a valuable
commodity. Although there were Indian tales from the region about
nstones that burn", coal was not discovered by Europeans until Jack
Gregg, an explorer and buffalo hunter, discovered coal between 1895 and
1900. Subsequent finds were made by others including P.A. Robb, after
whom the Coal Branch town was named. Coal production varied during the
years but reached its highest level during World War II. Recent demands
for metallurgical and thermal grade coals have resulted in renewed
activity in the area.

Within the Lovett River drainage system, energy resources
comprise the most important component* of the non-renewable resource
base. Much of the region is under coal leases held by Luscar Ltd.

0i1 and gas exploration has not occurred in recent years
(K. Wheat, Alberta Forest Service, pers. comm.). Although forest (mainiy

pulpwood) is the most important renewable resource in the area, there has
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been no harvesting in the Lovett River drainage in the previous five
years (K. Wheat, pers. comm.).

EPEC Consulting HMWestern Ltd. (1976) reported thaf the Llovett
River valley constitutes an important recreational area. They also
indicated that historical pursuits (sightseeing of former mine workings
and weathered remains of the town of Lovettville), fishing and hunting -
are the matn recreational uses. The Lovett River and its tributafy. Coal
Creek, are the main streams located in the Lovett River basin: no lakes
are found in the basin. Generally, streams in the region havellow to
moderate fishing potential; the Lovett River provides only marginal
habitat for cold water species. Additional fisheries information is

provided (Energy and Natural Resources, Fish & Wildlife Division, 1984).

3.0 METHODS AND PROCEDURES

The study programs were designed to evaluate the water quality

and the benthic community components throughout the open-water season.

3.1 WATER QUALITY

3.1 Field Methods

| The water quality program was designed to characterize specific
physical, chemical and biological varfables of the wafercourses within
the study area. Eleven sampling stations were established. Five
stations were located on the Lovett River (above, within and below the

mine), two on the Pembina River (above and below the Lovett River
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confluence), and one on each of the four outlets associated with the
impoundments (Figure 1 and Table 1). Sampling commenced on 27 April
1984, continued at two week intervals and was completed on 23 October
1984.

Discrete samples from the river were collected with a stainless
steel sampling vessel approximately 200 m downstream of tributaries and _
impoundment discharges, to allow for complete mixing of the receiving
water. Because the Lovett River is small, shallow, and relatively swift
it- was assumed that vertically integrated samples were unnecessary
(Environment Canada 1983). At each station, samples from 5 to 10
locations across the river were combined in a nalgene carbuoy and
transported to the vehicle. Subsequently, the contents were - mixed,

subsamples obtained and preserved according to the fo]]owing procrdures:

Variable Group Bottle Type Preservative
Routine 500 mL polyethylene none

.MetaTS 500 mL polyethylene S mL T:1 HNGO,
Phenols 1000 mL glass with teflon liner 5 mL 1:1 H2S04
0i1 and Grease 1000 mL glass with teflon liner SmL 1:1 H,S0.
Mercury 125 mL polypropylene 2 mb K:Cr,0,-HNO»
Nutrients 125 mL polyethylene 2 mL 5% H2SO.
Carbon 125 mL polyéthylene none

B.0.D. 2000 mL glass with teflon liner ~none

samples were stored in coolers and transported to the Alberta

Environmental Centre at Vegreville, Alberta, for chemical analysis.



- 12 -

S'EL+ *abptaq
Ob "ON AeMySiy 3e JaAly eujquad nS PE.9LL "buol ,0,95,25 *1e] 00S¥vgL0v00 ¢dd
G+ 3JUdN | JU0) UABALY - : _
339A07 JO We3UISUMOp L3ALY euiquad n0,9€.911 Buoy ATIATYA IR LY SLS0vV8L0Tv00 eZyd
FA *82UdN [ U0l Nea’u)
343ua) Jo weasysdn JIALY eulquad wP2,0v,811 "buol ,5€,85,25 37 00£0vEL0TV00 14d
S0 GYT uOLje}s JO WRILISUMOP 43ALY 318407 w02,8€.911 "buoy n5¢,69.25°3107 UON 91
L2 "3 {1A333A07 O Weaa}sumop
uoj3els buibneb JSM 1R A3ALY 133407 WSL0v.9LL "Buol ,55,0,£5 '3e] 00+0vaL01V00 SH7
8°9 "33(3n0 juawpunodw| 3sed J40,G |BA n0Z,LY.911 "6uo7 01 ,¥.E5 3P 800EIVLOTIVOL HI-TVA
9L "ILL1AI]BA0T JE JBALY 1313407 W52, 1be91LL "Buo ,8G,10,£5 387 0SEOVEL0TVO0 12:0
1°8 *33{3no juswpunodwi g, 433Yuhy Wbl Z¥.9LL "DUOY ,1E,2.£5 "30 600E4VL0TV0Z WI-8HW
v 0l | "WI-VH UOi3e3s
_ 4O WEAIISUMOp JBALY 333407 w0.5V.911 "Buol ,z¢,E.E5 *3€7 000£4YL0TV00 £yl
9 €l "3313In0
jvawpunodwy (S| 3i1d) v, Je9yuly n0,9.911 *Buoq ,Sp,£.E5 307 LLOE3YL0TVOR WI-VW
LGl *Wi-DJ) uoj3lels }
40 WRALISUMOD J43ALY 339407 n0Z,9,911 "Buoy ,01,£.65 "3e7 GL094VL01V00 oyl
b9t *3a(3n0 .
juawpunodu} %3a.) {€0) J3MOT wlb,9%,911 "buol ,ZE,E.E5 327 900t 3dvL0TV0Z HI-22
5°0¢ *3IUIN| JUOI YB33J)
Fmou 40 weauysdn 43ALY 332407 n05.,8Y.91L "buol ,08,£,E5 "3 05094vL07¥00 eLYT R T
douan| Juod .
A9ALY eUqudd uo3diaasaq uo|3ed0n apoJ uoiiels uoijels buydwes

[IBALY 33307 WOLY
(WY 19A14) 3IURISIq

"$861 ‘siuswpunodu] BujW [R0D puR ‘JBALY BUIQWAd ‘43ALY 113A07 3y} UO SUO}}RIO| UO|IR}S bujidwes jo Kiewuns

| alqel



- 13 -

Recordings of temperature (by thermometer) and dissolved oxygen
(Winkler technique - Alberta Environment 1977) were conducted in the
field. Analyses for all other variables were conducted in the laboratory.

An automatic sampler, (ISCO-model 2100, Lincoln, Nebraska) was
located at stations LRl and LRS, to obtain water samples for
non-filterable residue analysis. An ISCO sampler is a portable device
desigﬁed to collect up to 24 separate, sequential samples of a
predetermined volume from a liquid source. During this study the sampler
was set to collect 60 mL of water once every three hours; these samples

subsequently were combined over a 24 hour period into one container.

3.1.1.1 Epilithic and potomo-phytoplanktonic algae

Samples for epilithic <(benthic) algal standing crop (as
chlorophyll 'a') were taken at stations LRI, LR4 and LR5 (Figure 1)
-according to the methods. reported in Hickman et. al. (1982). This .was
accomplished by randomly picking five rocks at-each site from water less
than one meter deep. The rocks were then transported to ‘the vehicle
where the attached algae were removed by brushing with a bristle brush.
The resultant slurry was measured for volume and three subsamples
removed. Each subsampie was filtered through a Whatman GFC filter at a
vacuum of 380 mm of mercury. The filter was placed in a screw-top test
tube and 25 mL of 90% buffered acetone added. Each tube was placed in a*
cool, dark container prior to shipment to Edmonton where it was analyzed
using the spectrophotometric technique outlined in Moss (1967 a, bY. The
surface area of each rock was estimated.by outlining its area onto an

acetate sheet and measuring the latter with a planimeter.
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Potomo-phytoplanktonic chlorophyil ‘a' was also sampled at the
corresponding three stations. After the water for chemical analysis was
removed, the carboy was shaken well and three subsamples were taken.
Each subsample was filtered through a glass fiber filter at a vacuum of
380 mm of mercury. The filter was placed fnto 25 mL of 90% buffered
acetone. Each tube was placed in a cool, dark container for shipment to
Edmonton where chlorophyll 'a' was measured using the fluorometric

technique of Yentsch and Menzel (1§63) as modified by Holm-Hansen et al.
(1965).

3.1;2 Laboratory Procedures

Since historical water quality data for the study area were
sparse, a wide ranje of variables was selected for analysis to fully
characterize the water quality in the drainage. These constituents
included major ions and related variables, nutrients, metals and trage
elements, suspended solids (non-filterable residue), oil and grease, BOD
and CQD. The selected variables and their respective analytical

procedures are summarized by NAQUADAT code in Table 2.

3.1.3  Chemical Data Analysis

In order to conduct comparative analyses and difference testing,
it was necessary to -reduce the measurements for each variable to a
measure of central tendency. Three statiétics commoniy employed for this
purpose are the mean, the median, and the mode. 1In a perfectly normal
distributton, mean, median, and mode coincide, but normal distributions

are seldom encountered in water quality data sets due to the variable
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Table 2 Summary of analytical methods.

Variable NAQUADAT Code Detection Limit
pH 10301L
Specific Conductance uSecm™ 02041L
Turbidity N.T.U. 02074L 0.1
Non-Filterable Residue - 10407L 2.0
Total Dissoived Solids 00205L
Alkalinity, T. as CaCO, 101011 5.0
Hardness, T. as CaCOs 10605L 5.0
Bicarbonate - 06201L 5.0
Carbonate 06301L 5.0
Calctum 20110L 1.0
Magnesium C 121020 1.0
Sodium 11103L 1.0
Chloride 17203L 1.0
Sulphate 16306L 5.0
Potassium 19103L 0.2
"Fluoride 09107L 0.05
Nitrogen, 7. as N 07601L 0.05
Nitrogen Ammonia, Diss. as N 07562L 0.05
Nitrogen NO; + NO., Diss. as N 07105L 0.05
Nitrogen NO., Diss. as N 07205L 0.001
Nitrogen T. Kjeldahl as N 07021L 0.05
Nitrogen T. Partic. as N 07906L 0.01
Phospho.us, T. as P 15421L 0.006
Phosphorus Ortho., Diss. as P 15256L 0.002
Silica Reactive 14102L 0.5
Carbon Inorganic, Diss. 06154L 1.0
Carbon Organic, Diss. 06107L 0.4
Carbon : 06905L 0.01
Phenolics 06537L 0.002
Mercury, T. 80015L 0.0001
Cadmium, T. 48009L 0.001 .
Arsenic, T. 33005L 0.0002
Copper, T. _ ' 29009L 0.001}
Lead, Ext. 82302L 0.003
Manganese, T. 25003L 0.008
Nickel, T. 28009L 0.001
Zinc, T. 30009L 0.001
Selenium, T. 34005L 0.0002
Molybdenum, T. 1 42009L 0.001
Chromium, T. 24009L 0.001
Cobalt, T. 27009L 0.001
Aluminum, Ext. _ 13306L 0.02
Beryllium, Ext. 04304L 0.001
Vanadium, T. 23009L 0.002
-Iron, Ext. 26304L 0.002
Epilithic Chlorophyll 'a’ 06711L 0.001
Planktonic Chlorophyll 'a' 06715L 0.001
Threshold Odor Number 02001L
Chemical Oxygen Demand ' 08304L 5.0
Biochemical Oxygen Demand 08202L i.0
0il and Grease 06524L 0.2
Chromium Hexavalent 24101L 0.001

Note: All v;lues are reported in mgeL™ unless otherwise stated.
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influences of hydrological and biological forces with time (Helsel
1983).  Because concentration medians may be more representative of
central tendency than the means in skewed distributions, and because
several non-parametric tests can be used to test the differences between
the medians of non-normal data sets (Elliott 1977), the 1984 data for
different stations were summarized as median concentrations (i.e. 50th .
percentile: Zar 1974).

All variables were described in terms of spatial and temporal
varfattons between the control station and stations downstream of the
" mine. Where possible, the water quality description included
relationships with hydrology, precipitation, éffluent drainage, substrate
characteristics, sediment transport, groundwater discharge, and land
uses. The water quality data were summarized in tables (see Table 6 in
section 4.2) ghowing maximum, median, and minimum vafues. A1l data are
stored on NAQUADAT.

The - Wilcoxon Signed-Rank Matched-Pairs test (a non-paramefric
test for the comparison of median values) was used to identify the
significant spatial differences of selected variables. The level of
confidence for the 2-tailed test was set at 95%; "P" values < 0.05 were
constdered significant (Siege! 1956). This means that there is 95%
confidence that the concentration of the tested varfables at the
downstream .station is different than at the upstream station. Tests were
performed with the aid of the SPSS INC. (1983) package run through the
government of Alberta computing center.

To aid in differentiating between point and non-point sources of

specific materials to the Lovett River, a mass balance analysis was
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conducted at one site (above and below the Coal Creek Impoundment). A
comparison of predicted concentrations at LRZ  with observed
concentrations provided some indication on the importance of non-point
sources. The predicted downstream concentrations were ‘developed using
the mass balance equation:
QuC. + QeCe
Q. + Qe

where Q. and C, represent the flow and concentration, respectively, of

C=

the Lovett River wupstream; Qe and Ce represent the flow and
concentration, respectively, of the effluent at station CC-IM. Ideally,
sampling progression is to be determined by the time of travel of water
in the river and water chemistry sampling is to occur simultaneously to
discharge measurement. As these requirements were not always met, the
accuracy of the estimates may be inconsistent. .

The impiications of water quality changes were interpreted
according to their possible effects on recreation and the propagation of
aquatic 1ife, which are the main watef uses of the streams in the study
area; Where appropriate, implications are described in terms of the
Albérta Surface MWater Quality Objectives (ASWQO; Alberta Environment
1977) and the multiple use guidelines described in the Environment Canada

- Water Quality Sourcebook (McNeely et al. 1979).

3.2 BENTHIC COMMUNITY
3.2.1 Field Sampling

Joobenthic surveys were conducted twice in the Lovett and
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Pembina rivers: in late spring (24 to 25 May, 19845 and early autumn (9

to 11 QOctober, 1984).

3.2.1.1 Spring Sampling §

Zoobenthic samples were .collected at five locations on the
Lovett River (stations LRI, LR2, LR3, LRS, and LR6) and at two locations
on the Pembina River (stations PRI and PR2) (Figure 1? and Table 1).
Sampling--was restricted to erosfonal habitats (i.e. riffles) and was
performed with a Neill cylinder sampler which had a sampling surface area
of 0.1 m* and a collecting net mesh size of 0.210 mm (Neill 1938>. Five
-_Eeplicate samples were collected at each station. In és far as field
conditions permitted (snow and ice cover precluded the access to some
areas in the Ldvett River), samples were collected irn a manner that
minimizes dffferences In substrate characteristics, flow velocity and
depth among stations.

At most stations (LR1, LRS, PR1 and PR2) the substrate consisted
of pebbles mixed with gravel and sénd, and a few cobbles. Cobbles were
not found at LR2 and LR6. Station LR3, where boulders were predominant,
differed most from other stations.

Samples were collected at a water depth ranging from 20 to 40 cm
and were preserved in 4% formaldehyde solution immediately after

collection. Macroscopic algal growth was absent from all stations except

station PR2 which had extensive mats of the colonial diatom Didymosphenia
geminata 1n association with other sessile algae (R.S. Anderson, pers.

comm. ).
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3.2.1.2 Autumn Sampling
3.2.1.2.1 Erosional Habitats

The number and location of stations sampled in the spring was
modified for the autumn survey (Figure 1). Two control stations (LRl.and
LR1a) were sampled on the Lovett River. Station LR3, which in spring had
a substrate type very dissimilar from the other stations, was moved
approximately 200 m upstream in autumn where a more comparable type of
substrate was sampled. In order to match sites monitored for zoobenthos
and water chemistry, sampling at station LR6 was discontinued in the
| autumn program; another station (LR4), was sampled instead. An
additional station (PR2a) was sampled on the Pembina River, approximateiy
halfway between station PR2 and the confluence of the Lovett River with
the Fambina RiQer.

The two control stations (LR! and LR1a) represented the two
types of substrate which were predominant in erosional areas of the
Lovett River. LRI samples were taken from a substrate where small cobble
and pebble mixed with sand and gravel was pfedominant. LRl1a samples were
taken from a finer grained, more compact substrate consisting primarily
of coarse gr#vel and sand. At all remaining stations on the Lovett
River, the substrate was more similar to that of LR1 than LR1a.

Stations on the Pembina River exhibited a coarser substrate than
the Lovett River: large cobble-pebble with boulders and.some sand and’
gravel were predominant. At station PR2a a silt deposit was present
despite a strong water current. All stations had a light algal cover;

station LR2 also had 11ght, scattered patches of filamentous algae.
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3.2.1.2.2 Depositional Habitats

Slow flowing areas with soft sediments (i.e. depositional zones)
were also sampled in the autumn in the Lovett River (LRI, LR2, LR3, LR4
and LRS), but not in the Pembina River. Depending upon accessibility of
the stations (i.e. sampling depth, consistency of substrate), samples
were collected from a small inflatable boat or by wading into the river.

The samples were collected with an Ekman dredge (15.5 ¢m x 15.5
cm), which was slowly lowered into the water and pushed into the sediment
with the aid of a rod before activating the release mechanism. This
procedure, which is only possible in shallow waters, ensured the sampling
of deeper layers in compact sediment than would .ordinarily be collected
with an Ekman dredge and should increase the sampling efficiency. The
Ekman dredge was carefully 1ifted and emptied into a sieving pall (mesh
aperture: 1.0 mm). Six repiicate samples were collected at each station
and at water depths ranging between 6.6 and 1.2 m. The samples contained
mostly sand and silt, and sometimes included quantities of gravel (soﬁe

samples from LR2 and LR&).

3.2.2  Laboratory Methods

Zoobenthic samples were stained with Rose Bengal (Mason and
Yevich 1967) upon return to the lgboratory. Samples were screened and
the residue on the finest sieve (0.213 mm) was extracted with a solution
of Ludox AM, a commercial preparation of silica sol. Ludox has been used
successfully in the separation of marine zoobenthos (Jonge and Bauman
1977)i The residue remaining after three extractions was examined and

specimens which were not extracted were removed manually. Coarse, and
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Ludox-extracted fine fractions of each sample were sorted under a
dissecting microscope (magnification 10 x 6 to 10 x 25).

Specimens were counted and identified according to Bauman et al.
(1977), Edmunds et al. (1976)>, Merritt and Cummins ¢1979), Pennak (1953),
and Wiggins (1977).

Because Chironomidae and Ollgochaeta were frequently the only
invertebrate taxa in the Ekman samples, a more detailed level of
identification for these two taxa was desirable. Up to 120 chifonomid
larvae were mounted from each sample. Small specimens were mounted
diréct]yl1n CMCP 9/9 AF mouhting medium (Beckett and Lewis 1982). Better
results were obtained when large specimens were cleared in 10% potassium
hydroxide prior to mounting. Identifications followed the keys 1in
Wiederholm ¢1983), Oliver et al. (1978) 1nd Qliver and Roussel (1983).
Chironomid identifications were confirmed by D.W. Mayhood, Freshwater
Research Limited, Calgary.

Tubificid worms (up to 30 per sample) were mounted in CMCP 9/9
AF. A number of mature specimens were also dissected to expose genital
organs which are key features. -Identificat1ons were made according to

Brinkhurst and Jamieson (1972).

3.2.3 Zoobenthic Data Analysis I

3.2.3.1 Preliminary Data Analysis (Major Zoobenthic Vartables)

| Consistent changes in zoobenthic community composition, such as
changes in the density of major taxonomic groups, total invertebrate
numbers, or total number of invertebrate taxa, could be indicative of an

identiffable impact. A one-way analysis of variance (ANQVA) (Sokal! and
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Roh1f 1969) was performed on the density of major taxonomic groups, total
invertebrate numbers, and total number of invertebrate taxa to determine
whether these variables differed significantly in their means between
stations. If significant differences were found, the

Student-Newman-Keuls test (SNK) (Sokal and Rohl1f 1969) was performed to

determine which stations were different. Before performing these tests, -

data were tested for normality with the Kolmogorov-Smirnov test (Siegel
1956). Normality was achieved after iog (x+1) transformation of the
data. Statistical tests were performed with the aid of the SPSS INC.

1 ¢1983) package.

3.2.3.2 Detailed Data Analysié (Multivariate Analysis)

Two multivariate techniques, clustef analysis (CA) and principal
component analysis (PCA), were also used in the analysis of zoobenthic
data. Some theoretical considerations and practical applications of
these techniques are discussed in Gauch and Whittaker (1972), Sinhai
(1977), Sprules (1977), Green (1979) and Gauch (1982).

Both CA and PCA provide a means of comparing samples using all
information contalned in these samples (i.e. numerical abundance data for
geach taxon). Cluster analysis is a technique whereby sampling sites are
grouped according to similarities among the =zoobenthic taxa (i.e.
gualitative and quantitative). The similarity index used in the present
analysis was the Squared Euclidean Distance. A variety of techniques can
be applied to the resdlting similarity matrix for the fusion of simil&r
clusters. The Hard (¢1963) method was used here. Results can be

presented graphically in the form of a dendrogram. Sampling sites with
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similar zoobenthic associations cluster together, and the difference in
similarity coefficient between clusters at their fusion points can be
used as a relative measure of the degree of similarity (or dissimilarity)
between clusters.

The basic effect of PCA 1s to change the original samples-by-
invertebrate taxa matrix into a samples-by-components matrix where the
'Eﬁmber. of components fs much smaller than the number of invertebrate.
taxa. Each component, a simple linear compound of the transformed
propdrtionate abundances, has an associfated -eigenvalue giving the amount
of variation in invertebrate taxa accounted for by the component, and an
efgenvector of component coefficients giving the weighting of each
invertebrate taxon in the linear compound. Successive components account
- for unique, progressively smaller portions of fhe total variation in
“invertebrate taxa, the first two or three usually accounting for most of
the variation. Eigenvector vatues proQide, for each component, a measure
.of the importance of individual taxa. Therefore, taxa with high positive
or negative eigenvector values <c¢an be wused to characterize each
component. The benthic invertebrate taxa which typify a sample or a
-;c1uster of samples can be derived from the position of this sample or
sample cluster on the ordination graph.

Inter-site differencés in score values are primarily related to
inter~site differences in the density of taxa with high loading values.
Ideally it is possible to give an ecological finterpretation to these
inter~site differences on the basis of the knowledge of the requirements
or preferences of these taxa. Taxa with an erratic occurrence and with

low densities were excluded from the analyses.
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3.3 HYDROLOGY

The hydrologic description, which is limited to the Lovett
River, is based on continuous discharge data obtained from Water Survey
of Canada for station 07BA003, located near the mouth of the Lovett
River. In addition, the HWater Survey Secthn, Alberta EnQironment
conducted instantaneous stream velocity measurements at hydrometric
station 07BA903, located immediately downstream of H1ghwa§ No. 40 bridge
(near LR1). Measurements were recorded approximately weekly from: 26
April to 23 October 1984, using a Gurley 622 current meter. Selection of
metering Jlocations was determined by accessibility, uniformity of
._substrate, absence of weeds and obstructions, consistent flow pattern,
and convenient depth. Discharges were then determined using procedures
outlined - in Hydrometric Field Procedures Manual III (Water Survey of
Canada 1977). _

The remaining daily discharges af 07BA903 were estimated through
the use of a_regressﬁon equation bhetween upstream and downstream*floys
(Alberta Environment 1985): |

Qus = 0.4571 Qq,s '-%'*

where Qu.s was the measured discharge for the Lovett River at OTBA903
(m*es~") and Qo.s was the recorded discharge for the Lovett River at the
mouth (station 07BA0C3). The analysis indicated that 92 percent of the
variance could be explained by the above relationship (n=27).
Subsequently, mean monthly discharges at stations LR2, LR3 and

LR4 were calculated. Mean monthly flows calculated for the Lovett
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River at Highway No. 40 were subtracted from the mean monthly fiows
recorded for the Lovett River near the mouth. A drainage area ratio was
then used to calculate the downstream discharge component of each
intermedtate station. Finally, mean monthly flows weré derived by adding
the upstream and downstream discharge components, as shown by the

following calcutations:

(AStatlon - Aﬂwyln)

QSlonn = Quwyul + (Qﬂoum - Q;lwyln) ,
(Anouth - Auwy4o)

Where: Qsiavion IS thﬁ mean monthly flow for the area “In question
(mPes™")

Quoutn is the mean monthly flow for the Lovett River at the
Mouth (m®es™")

Quwyao is the mean monthly flow for the Lovett River at
Highway No. 40 (m%es~")

Asiavion 15 the dralnage area upstream of the statfon in
- question (km?)

Avwyao is the drainage area upstream of the Lovett River at
: Highway No. 40 (km*)

Avourn is the drainage area upstream of the Lovett River
near the mouth (km?)
3.4 PRECIPITATION
The 1984 daily precipitation data were obtained from the Luscar
Sterco (1977) Ltd. plént station and from the Lovett Forestry Tower

hY

(Alberta Forest Service; see Figure 1).

3.5 SUSPENDED SEDIMENT
31.5.) Field Methods

Measurements of suspended sediment loads in Canadian rivers are
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normally made by the Water Survey of Canada. The standard sampling
approach is to take a vertically integrated sample in order to account
for the vertical gradient in suspended material that often characterizes
large rivers. Although discrete (1.e. NFR) samples were employed in this
study (discussed in Section 3.1.1), it was seen advantageous to generate
a suspended sediment data base using standard_ integrated samples for
comparison with sediment lcading data for other nearby rivers.
Accordingly, suspended sediment and discharge measurements were conducted
at two hydrometric stations on the Lovett River: one at Highway 40
(station O07BAS03), the second at the Water Survey of Canada (WSC) gauging
station (07BA003) near the mouth of the Lovett (Figure 1).

Sediment sampling was conducted approximately weekly at both
stations by the River Engineering Branch, Alberta Environment. Samples
were collected from 10 May'to 9 October at station 07BA903 and from 5
June to 9 October at station 07BA03. During each sampling period,
individual depth-integrated samples were obtained at either two or thrée
locations across the stream channel, depending on discharge.

Suspended sediment concentration was determined for each sample
at the WSC Sediment Labdratory in Regina, Saskatchewan. Size analysis
was cbnducted only on those sampies obtﬁined from station Q7BAOC3 on 7
September; suspended sediment concentrations at station 07BA903 were too
tow to determine particle size. Dué1ng all other sampling events at both
stations low suspendéd sediment concentrations prevented particle size
analysis.

It should be noted alsoc that slight methodological discrepancies

further weaken the direct comparability of suspended sediment and NFR
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data. The NFR measurement represents the solid material that was
suspended in the river water and that was removed from a discrete sample
by 0.4 um polycarbonate membrane filtration and measured. The suspended
sediment measurement represents solid material greater than 2.0 um from

an integrated sample (R. Drury, River Engineering Branch, pers. comm.).

3.5.2 Sediment Load Analysis

Relationships between measured discharges and measured suspended
sediment concentrations were developed for each station using regression
techn1que§. There was 1ittle variability 1in suspended sediment
concentrations between sample units taken at various locations at each
station. Therefore, an average concentration per station was developed
for each sampling event. Using the mean daily discharge sequence, and
the relatfonship between discharges and concentrations, daily suspendéd
sediment loads were estimated for the period 1 May to 31 October, 1984.
These daily loads were then added in order to.obtain seasonal and total
suspended sediment loads.

There was one anomaly in the analysis. Suspended sédiment
concentrations measured at station O7BAOO3 on 6 September and 710
September were relatively high, and were not adequately described by the
regression analysis. Therefore, for Fhe period 1 September to 10
September, suspended sediment loads were estimated by interpolation using
the measured data of station 07BA003 only (R. Drury, River Engineering

Branch, pers. comm.).
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4.0 RESULTS - HYDROLOGIC, PHYSICAL, AND CHEMICAL VARIABLES

4.1 HYDROLOGY

The Lovett River drainage basin discharges into the Pembina
River which enters the .Athabasca River near Tieland, Alberta. EPEC
Consulting Western Ltd. (1976) reported that the Lovett River has a
drainage of 10 100 ha, a stream tength of 34 km and a mean gradient of
4.8 mekm™'. The upper reaches of the Lovett River watershed are
characterized by a large marsh and muskeg area and by numerous springs.
Above the Coal Creek confluence, the river width varies between 4.5 and
7.5 m and the river bottom is predominantly rocky with extensive riffle
areas. Below Coal Creek the channel widens to nearly 10 m, its

configuration becomes U-shaped, and there are fewer riffles.

4.1.1 Precipitation

Based upon the long term (1951-80) precipitation record.for the
Lovett Forestry Tower, the average total precipitation between May 1 and
October 31 is 485.4 mm. The maximum monthly rate usually occurs in June,
but monthly precipitation can be relatively constant between May and
August (Figure 2). Prectipitation usually declines during September and
October.

The 1984 total monthly precipitation rate was ‘highest fin
September and lowest in October with values of approximately 155 and 15
mm, respectively (Figures 2 and 3). The data also indicate that the
total monthly precipitation in the area during 1984 was notably less than

the long-term mean monthly values, except in September.
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Figure 2  Total monthly precipitation recorded at the Lovett Forestry.
Tower and Luscar Sterco precipitation gauge ,1984.
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Intensive rainfall 1is common to this area. The maximum daily
precipitation event during 1984 occurred between 5-7 September when
64.3 mm of rainfall was reported at the Lovett Forestry Tower. Based on
the rainfall frequency analysis (24 hr. maximum precipitation)
reported in EPEC Consulting MWestern Ltd. (1976), the 5 September 1984
storm constituted a 1 in 6 yr. return period. Within the study area such
a storm event has an 18% probability of occurring. All other rain storms
had a less than 1 in 5§ yr. return perfod. |

Because of microclimates, the precipitation in the Lovett River
valley varies spatfally as 1indicated by differences within the
precipitation events recorded at the Loveft Forestry Tower and Luscar

Sterco (1977) Ltd. precipitation gauges (Figure 3).

4.1.2 Discharges -
The long-term hydrograph (Figure 4) for the Lovett River

downstream from Lovettville (WSC station 07BA003) reveals a pattern
similar to that defined by the long-term precipitation record. The
highest median daily flows usually occur between early May and mid-Juty,
corresponding to the period of maximum precipitation. Peak flows usually
occur in June, and decline progressively through late summer and autumn.
During the 1984 study period, flows in May only occasionally
exceeded the long-term median discharge, whereas in June the flows:
frequently exceeded the median values. During July and August flows were
quite low and usually below the Ilower quartile (Figure 4, Table 3).
Flows in September and October were high and generally exceeded the

long-term median discharge. Thus, the study year was characterized by
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Note: Taken from Alberta Environment

Table 3 Daily discharge data (m*es™'), for the Lovett River near the
mouth (station 07BA003), 1984.

- Date Apr. May June July Aug. Sept. Oct.
1 0.641 1.060 0.983 0.415 0.365 1.040
2 0.595 1.040 0.929 0.485 0.314 1.140
3 0.575 1.010 0.87 0.502 0.518 1.320
4 0.549 1.010 0.916 0.529 0.675 1.470
5 0.499 1.200 0.904 0.637 0.632 1.530
6 0.528 1.520 0.900 0.446 1.260 0.660
7 0.591 1.480 0.815 0.428 1.780 1.270
8 0.835 2.550 0.755 0.385 1.280 1.250
9 0.755 2.510 0.712 0.317 1.160 1.190

10 0.747 2.080 0.679 0.287 1.150 1.130
1 0.730 1.830 0.685 0.395 1.050 1.020
12 0.718 1.920 0.673 0.344 1.050 0.980
13 0.758 2.190 0.784 0.326 0.940 0.972
14 0.933 2.000 0.713 0.375 0.870 0.931
15 0.923 1.940 0.644 0.623 0.729 0.871
16 1.320 1.890 0.616 0.412 0.675 0.828
17 2.030 1.880 0.570 0.392 0.604 0.694
18 2.050 1.790 0.596 0.316 0.578 0.654
19 1.650 1.880 0.541 0.339 0.582 0.789
20 1.490 1.770 0.561 0.371 0.715 0.833
21 1.340 1.610 0.583 0.377 1.090 0.880
22 1.260 1.560 0.643 0.316 1.080 .0.839
23 1.230 1.460 0.54] 0.4381 1.010 0.801
24 1.190 1.320 0.468 0.539 0.924 0.774
25 1.140 1.230 0.391 0.327 0.802 0.794
26 0.439 1.110 1.140 0.406 0.278 0.749 0.693
27 0.371 1.120 1.100 0.439 0.300 0.797 0.615
28 0.357 1.080 1.070 0.576 0.347 0.768 0.566
29 0.388 1.030 1.070 0.680 0.373 0.742 0.534
30 0.524 1.030 1.040 0.370 0.397 0.760 0.518
31 1.050 0.424 0.384 0.502
Mean 1.010 1.570 0.657 0.397 0.855 0.978
(1985).
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variable flow dﬁring spring, Tow flows during summer, and high flows
during autumn.

The maximum daily discharge at the mouth occurred on June 8,
1984 (2.550 mes”'), the vresult of five consecutive days of
precipitation. The second highest discharge occurred on September 7,
1984 and was associated with the peak rainfall event described in Section
4.1.1. Thé low flow date during the study period was August 26, 1984
(0.278 m3es™").

The calculated and measured discharge rates above the minestite
-(WSC station 07BA903) (Table 4) indicate that in 1984 the daily flows
ranged from approximately one-third to one-half of those at the mouth. A
summary of mean monthly discharges at various stations in the Lovett
River is shown in Table 5.

AIthoﬁgh deforestation has been implicatedA with aTtered peak
flows and increased basin water yields in the Tri-Creeks stddy area
(Alberta Environment 1986), no evidence for altered regimes in the Lovett
River basin could be found. The initial hydrologic changes due to
-clearing of the minesite may be masked by the use of artificial
impoundments to trap and regulate runoff (R. Bothe, pers comm., Hyd%ofogy

Branch).

4.2 TEMPERATURE
A1l physical, chemical, and biological data for the Lovett

River, Pembina River, and Luscar Sterco 1977 (Ltd.) impoundments have
been summarized in Table 6. The data are expressed as the minimum,

median, and maximum concentration for each variable.
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July Aug.

June

Lovett River at Highway No.40 (station 07BA903), 1984.
May

Calculated and recorded daily discharges (m®es™") for the

Apr.

Table 4
Date

-------------------------

...............

..........

-------------------------

-------------------------

-------------------------

-------------------------

— o e g p—

Lamdi et Mo - o WO~ o0 oh Qo= M WO~ 00 (]
—r——— — (9]

21
22
23
24
25
26
27

0.161 E
0.410

0.361

0.107 £ -
0.115

0.137

0.488 E 0.101 E 0.112 E 0.301 £ 0.168 E
0.245

0.492 E
0.519 0.929

0.171 £ 0.586
E - estimated daily discharge.

Taken from Alberta Environment (1985),

30

31
Mean
Notes:
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Table 5 Drainage areas and mean monthly discharges for the Lovett River
at stations Q7BA903, LR2, LR3, LR4, and 07BAC03 (1984).
Mean Monthly Discharge (m*es™')
Station Drainage
Area (km?) May ~ June July Aug. Sept. Oct.
Lovett River at
station 07BA903 48.6 0.519 0.929 0.245 0.115 0.362 0.410
LR2 70.6 0.726 1.200 0.418 0.233 0.569 0.628 .
LR3 85.6 0.866 1.380 0.536 0.314 0.710 0.776
. LR4 94.8 0.952 1.490 0.608 0.364 0;797 0.867
Lovett River at
station 07BAQ03 101.0 1.010 1.570 0.657 0.397 0.855 0.928

Mote: Taken from Alberta Environment (1985).
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Median water temperatures in the Lovett River at station LRI and
LR5 were 5.9°C and 7.0°C, respectively (Table 6). The slightly higher
temperature at LRS (downstream) could be the result of longitudinal
heating, however diurnal effects are known to be a major influence on the
thermal characteristics of foothills streams (Miller and MacDonald
1949). Thus, the time of sampling may influence longitudinal patterns.
At both stations maximum and minimum temperatures were recorded in July '
and October 1984, respectively. IEC Beak (1985) reported that
temperatures of recetving streams above and below western Alberta coal

~mine stations remain relatively unchanged.

4.3 DISSOLVED OXYGEN

The median concentrations of dissolved oxygen at stations LRI
and LRS (Table 6) were identical (10.2 mgeL™') during the period of
observation. No significant Tlongitudinal trends were evident, and
concentrations were generally greater than 85% of saturation at both
locations. The highest concentrations (greater than 11.0 mgeL"")
occurred in spring and fall, during the period of Towest water
temperatures. The lowest values (gréafer than 8.0 mgeL™') occurred
during late July and August when maximum temperatures were recorded. The
diésolved oxygen levels were always above the ASWQO of 5.0 mgeL™', a

‘level generally considered adequate for the survival of sport fish.

4.4 TURBIDITY

Turbidity is a measure of optical interference by suspended

sediment (organic and finorganic) to the fransmission of 1light 1in
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water. High turbidity levels may reduce photosynthesis of aquatic
macrophytes and benthic algae (e.g., HMetzel 1975), and bring about a
reduction of fish productivity.

Turbidity levels 1in the Lovett River varied considerably.
Median levels were lowest at station LR1 (2.0 Nephelometric Turbidity
Units - N.T.U.), increased notably at LR2, reached a maximum at LR3 (12.0
N.T.U.) and subsequently decreased to 6.0 N.T.U. at station LRS (Table 5.
and Figure 5). Elevated turbidity Tevels in the Lovett River also
contributed to a slight increase in the turbidity of the Pembina River
(Figure 5).

The elevated levels downstream of the background station appear
to be correlated with discharges from the impoundments, particularty from
. CC-IM, MA-IM and MB-IM. In both the Lovett River and impoundment
effluents, highest values were recorded during the sampling trips of 31
and 25 September, following the majof rain storms that occurred that
‘month.

The high turbidity levels associated with MA-IM, MB-IM and CC-IM.
impoundments can be explained since mining in 1984 was concentrated in
these areas, while the CC-IM impoundment also received drainage from the
plant area.

The Alberta Surface MWater Quality Objective for turbidity bhas
been set at 25 Jackson Units [assumed to approximate 25 N.T.U.; Standard
Methods (1985)1 over “natural" turbidity. However, this objective 1is
difficult to apply in any developed river basin since true natural data
(t.e. pre-impact data) are usually unavailable. The only alternative is

to make upstream-downstream comparisons on the assumption that the
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upstream data would be representative of pre-impact conditions further
downstream. Based upon this approach, comparisons were made between the
turbidity data sets at LR1 and LR5. The longitudinal increases in median
turbidity levels are within the ASWQO. However, it should be recognized
that during the high discharge events of September 11 and 25, 1984,

individual exceedances of the ASWQO occurred between LR1 and LRS.

4.5 SUSPENDED SEDIMENT
4.5.1 Suspended Sediment Yield

The fpllowing analysts and data wefe supplied by R. Drury, River
- Engineering Branch, Technical Services Division.

Fifteen sets of integrated suspended sediment samples were
collected by the River Engineering Branch at station 07BA903 (upstream),
and nineteen sets were collected at station 07BAQ03 (downstream). It is
important to note that these data are distinct from the non-filterable
residue (NFR) data discussed subsequéntly in Section 4.6. The latter
data include discrete, non-integrated grab samples and. the
time-integrated composite samples.

The individual sample concentrations are listed by date in
Table 7. Sample concentrations at the upstream site were frequently
below 10 mgeL™', but downstream concentrations were higher and more
variable,

Using the calculation described in Section 3.5.2 the undisturbed
watershed upstream of statton 07BA903 (area = 48.6 km®) yielded a total
suspended sediment load of 53 200 kg between May 1 and October 31, 1984

equivalent to an areal sediment export coefficient or sediment yield of
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Table 7 Suspended sediment concentrations {mgeL~') in the Lovett River, 1984.

DATE STATION 07BA903 STATION 07BA00O3
May 10 5.0 -
May 18 20.0 -
May 23 5.5 -
May 30 5.0 -
June 5 6.5 8.5
June 11 5.5 16.0
June 18 4.5 12.0
June 26 3.5 8.0
July 4 3.0 8.5
July 9 4.0. 6.0
Juily 17 - 8.7
July 24 - 11.0
July 31 - 32.0
August 7 - 22.0
August 14 - 11.0
August 22 - 35.0
August 29 : - 17.95
September 7 13.5 470.3
September 10 _ - 56.3
September 17 2.5 10.0
September 25 3.0 46.5
October 2 6.0 24.5
October 9 - 8.0
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1100 kgekm™? (Table 8). If the remaining portion of the basin downstream
of station O7BA903 had a similar export coefficient, the hypothetical
estimate of annual total sediment production for the entire Lovett basin
would be: 1100 kgekm=? times 101 km? at station 07BA0G3 = 111 100 kg.
This 1s probably a fairly accurate estimate considering the uniformity of
the basin. In actual fact the sediment load at station O7BAQ03 was
408 900 kg which represents an increment (actual-hypothetical) of
297 800 kg. Assuming that alil of the incremental sediment is derived
from the 24.5 km® of disturbed mining area in the basin (both current and
hisforica1), the resulting sediment export coefficient for this disturbed
area would be: 12 200 kgekm™?.

These measured and hypothetical yields, from the natural basin
and the mined area, can be compared to data for other creek; in the
region. Similar data have been collected for the following basins:

Cache Percotte Creek

Whiskeyjack Creek

Wampus Creek (area = 28.2 km®, stream gradient = 18.9 m/km;
see Nip 1990)

Deerlick Creek <(area = 14.8 km*, stream gradient =
25.6 m/km; see Nip 1990)

Eunice Creek (area = 16.1 km*, stream gradient = 34.9-m/km;
see Nip 1990)

The first two basins, located near Hinton, are the subject of
experimental studies by the Alberta Forest Technology School and are
essentially wundisturbed. The latter three basins are part of the

Tri-Creeks experimental study (Alberta Forestry, Forest Land wuse
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Table 8 Suspended sediment loads' (kg) in the Lovett River, 1984.

Monitoring Station May-June July-Aug. Sept-Oct. Total
Lovett River

at station 07BA903 38,300 3,200 11,700 53,200
Lovett River _ :
at station 07BA0Q3 165,400 29,500 214,100 408,900

1) Prepared by Alberta Environment, River Engineering Branch

Table 9 Summary of sediment ylelds' from watersheds in the
Lovett River region. )

Years of Sediment Yield

Stream Sediment kgekm=2 X 10°
Data Min. Mean Max.

Lovett River 0.5 1,100 4,000 12,200
Undisturbed
Cache Percotte Creek 10 110 1,100 3,900
Whiskeyjack Creek 14 120 1,100 3,900
Disturbed
Wampus Creek 16 2,700 27,300 136,400
Deerltick Creek 15 2,200 11,300 38,900
Eunice Creek 15 1,800 13,000 33,500

1> Prepared by Alberta Environment, River Engineering Branch
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8ranch). Wampus has been extensively logged; Deerlick has been logged to
a lesser degree; Eunice has not been logged but has been subjected to
major seismic exploration and stream crossings. Calculated maximum, mean
and minimum yields for each bastn are given in Table 9. The mean
"undisturbed" and “disturbed" basin yields are similar in order of
magnitude to the corresponding estimates developed for the Lovett River
for 1984.

The Alberta Surface Water Quality Objective for suspended
sediments, suspended solids, or NFR has been set at 10 mgeL™' over
background concentration. Based upon the approach described for
turbidity (Section 4.4), comparisons were made betweenr the suspended
sediment data sets at station 07BAS03 and 07BAQ03 (Table 7). In 4 out of

10 paired samples the ASHWQO was excceded.

4.5.2 Sediment Size Analysis

Only the samples collected on 7 September 1984 at station
‘07BA003 contained sufficient material for particle size analysis. The.
results indicate a high percentage of clay (Table 10) in the suspended
sediment foad.

Histortcal particle size data for other streams in the foothtlls
region are summarized in Table 11. These streams include the three
Tri-Creeks Study basins as well as thé McLeod Riyer just above its
confluence with the Embarras River, The variability in sediment
composition is large, but sitt ts the dominant size fraction despite the

differences in drainage areas and the wvartations 1in watershed

disturbances.
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Table 10 Suspended sediment size analyses' 2, for the

Lovett River, 1984.

Monitoring Station % Sand % Silt % Clay
Lovett River at

station 078A003 7 Sept. No. 29 4.4 18.0 17.6

7 Sept. No. 30 1.6 14.1 | 84.3

7 Sept. No. 31 2.4 11.7 - 85.9

Average 2.8 14.6 82.6

'.15 Prepared by Alberta Environment, River Engineering Brahch
2) Clay < 0.004 mm

Silt 0.004 - 0.062 mm .
. Sand ‘ 0.062 - 2.000 mm

Table 11 Suspénded sediment composition' at WSC gauging stations.

Sample Size Range ( %)
Stream Station Size Sand silt Clay
Deerlick Creek  O07AFQ04 5 7-18 5373 19-40
Eunice Creek 07AFQ05 4 9-44 43-57 8-34
Wampus Creek 07AFQ03 9 8-38 45-66 17-38
MclLeod River
above Embarras
River 07AF002 1 18 71 11

1) Prepared by Alberta Environment, River Engineering Branch



- 49 -

Suspended sediments collected at the mouth of the Lovett River
contain considerably more clay than any of the other rivers. The Lovett
River samples were collected after heavy rains and may not reflect the
average suspendedrsed1ment particle size in the river. At that time the
contribution of non-point sources <(e.g. river bank erosion, road
crossings) to the river's sediment Tload was probably considerable.
Another contributing factor to the unusual sediment compostition could be

the selective retention of larger size fractions in the mine impoundments,

4.6 NON-FILTERABLE RESIDUE

4.56.1 Discrete Samples

| As noted in Section 3.11, both discrete samples (fortnightly
‘intervals) and time-integrated composite samples (3 hr. intervals) were
taken for NFR analyses by Water Quality Control Branch staff.

The median concentration for the discrete samples from the
Lovett River and the four impoundments are plotted on Figure 6. The
median levels were Jowest at LR1 (6.0 mgeL™') and increased significantly
through LR2 to LR3. The maximum median concentration was measured at LR3
(20 mgeL"") and declined thereafter to 13.2 mgeL™' at both LR4 and LRS.

By employing the ASWQO for suspended solids (NFR) in the manner
discussed in Section 4.5.1, and comparing paired data for upstream (LRD
and downstream sites (LRS), it was observed that 4 out of 12 samp]es\
exceeded the objective. Within the minesite the frequency of exceedance |
was variable: 4 out of 11 times between LR1 and LR2; 5 out of 12 times

between LR2 and LR3; once out of 12 times between LR3 and LR4; 2 out of



eliplseg wQbield - YON

ViR

0z¢

002

oot

009

008
0001

P8 AT D TWE . puUr Al J9A | ey,

8 ) & _.sd

8|qDia} |1} -uou JO SUOl}DIIUBIUOD upipaw jo0 mm__ho._a _u:__u__:_o:o_ pup moo:om 9 o._:o_n_
| (wy) @duoysig
02 o (s) 02 ]| 9l 1] 2! o ] 9 v 2 0
T i & ,- " L 1 I pP [l Fl -— -- Il 1 _.- [ i [l I 1 -b " & Nl L “ —
244 14d s¥ WI-IVA 41 WIFBN g1 WI-YW ZH1 WI-DD 157
—_— x_.. ]
[|
1
_ & v
. .\\n\ 9
—— — — ;ﬁx o
® i / I
L T oum_\_
_ \\ _ 02
: / v o ® -1
0951 ov
i 09
} B - 08
1 00!
| WNWUIN — &
_ uoipIy — @
_ wWRUNXDY — v 002
L
oov
_ R
+ 009
008
000l

J9AId DUIqued

J9AIY  {i9A0T]

(,1 -Bw ) enpisay 9[Q0II|I4 ~ UON



- 5] -

12 times between LR4 and LR5. The sampling dates with most exceedances
were July 31, August 29, September i1, and September 25, and in all cases
- followed ratn events.

| Note that as part of its Licence to Operate under the Clean
Water Act, the Luscar Sterco (1977) Ltd. coal mine was required to
monitor and control the discharge of suspended solids from its various
impoundments. The mine was required to submit compliance reports based
on composite samples in which NFR was not to exceed 50 mgeL™' or éxceed
background by more than 10 mgeL™'. The terms of the licence could be
waived fof 48 hours during rainstorms greater than the 1 in 10 year
24-hour precipitation event. Based on these terms, the mine was in
compliance with 1its licence 85% of the time during the 1984 study
period. However, the grab Sample data presented in this report cannot be.
used for compliance purposes.

Based on statistical difference testing using the Wilcoxon.
Signed-Rank Matched-Pairs test, the median NFR value at LR2 15
significantly higher than that at LR1 (Table 12). The median value at
LR3I is significantly higher than that of LR2, while LR4 is significantly
lower than LR3. |

The high median NFR concentrations in CC-IM and MA-IM
1mpoundment§ (Figure 6) are correlated with the zone of increasing river
concentrations, and the lower NFR concentrations of MB-IM and VAL-IM
corretate with the zone of décreasing river concentrations. In order to
quantify the influence of point and non-point sources on river NFR
concentrations, a mass balance analysis was undertaken. The objective
was to compare predicted versus observed NFR cdncentrations at LR2, using
LR1 and CC-IM loading data. This analysis could not be undertaken with

other impoundments since discharge data were unavailable for them.
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The results are summarized in Table 13. The instantaneous load
at LR2 is always greater than the sum of the loads from CC-IM and LRI,
suggesting input from the two smaTI. ungauged, tributaries and a'muskeg
area downstream from LR1. Regardless of these data gaps, the NFR
¢ontr1but10ns from CC-IM were always on the same order of magnitude as
the ambient NFR load at LRI.

Oon five out of eight sampling date{ the predicted NFR
concentrations at LR2 were similar to the observed. On these dates, the
increaéing NFR concentrations between LR1 and LR2 are primarily due to
effluent discharged from CC-IM.

On the three remaining dates the predicted NFR cﬁncentrations at
LRZ were much greater than the observed, indicating the presence of
important, unaccounted inputs to the stream. Speculatively, thesé 1hputs
could be the result of erosion from road crossings or disturbance of
dverburden. etc., near the water course. 'Thus, both point and non-point
sources appear to be involved in the increasing NFR concentration between
LRT and tR2. This is probably the pattern downstream to LR3, since tﬁe
same potential sources are present downstream from LR2.

‘ The net impact of the Lovett River on the Pembina River, as
indicated by these fortnightly data was to increase the median
concentration of NFR in the tatter from 7.2 to 9.5 mgeL™'

4.6.2 Time Integrated Composite Samples
The daily NFR concentration estimates provided by the composite
samples from LR1 and LR5 enhance the overall picture of suspended

sediment flux through the Lovett River.
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The median values and ranges for the composite samples have been
superimposed on the longitudinal profile of discrete NFR data
(Figure 6). It is apparent that the maximum values (and medians) are
higher then those indicated by the discrete samples, but the general
upstream—downstream pattern of increase is similar.

A detatled dally plot of composite sample NFR estimates 1s
presented in Figure 7. The concentrations at LRS are consistently higher
than fhose at LRI, with the exceﬁtion of one date. In general, the
highest NFR concentrations at both stations are associated with high
precipitation and discharge events, and during these events the
conéentrations at LRS are approximately one order of magnitude higher
than those at LR1.

The data base at LRS is incompTeterduring late summer due to
equtpmeﬁt malfunctions, however at least five major sediment transport
events (NFR > .100 mgeL™') are indicated during the May to October
interval. These occurred during May 17-19, June 6-19, August 5-6,
September 7-9, and September 21-23. Only the event of August S-6 was not
gséociated with intense or prolonged precipitation, and may be indicattive
of anthropogenic streambed or bank disturbances. None of these five
events were sampled during the fegu]arly scheduled fortnightly trips.

The daily NFR data underscore the problems inherent in defining
water quality in the dynamic foothills stream environment bn a fixed time®
schedule. MWhether variability 1is introduced by "flashy" hydrologic
characteristics, by anthropogenic influences, oF by a combination of
both, it s important to be aware of short-term changes and their

potential influence on data interpretation.
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No significant difference was detected when composite and
discrete sample data from LR1 were palred for four dates and tested
statistically (Wilcoxon signed -~ Rank Matched - pairs test; p <'0.05).
However, the same test performed on data for eight pairs of composite and
discrete samples from LRS indicated that levels of NFR were significantly
higher in composites. Composite samples from LRS had NFR levels which
were consistently higher than grab samples by a factor of two ‘to ten.
Considering that NFR and discharge are.generally positively correlated,
detajled hydrographs from the Lovett River at LR5 were examined to
determine whether grabs were collected at a lower discharge than the
average discharge for the corresponding composite. This was the case for
three out of eight pairs only. Fluctuations in river discharge did not
explain why NFR levels in composites were greater than in grabs for the
rematning five pairs‘of samples. Although variability in NFR levels ma}
have occurred as a result of rainfall for some samples, at least two sets
of samples were collected after a dry period of at least three days and
at a time of stable discharge. The underlying causes of fluctuatjons in
NFR in disturbed watersheds is a topic worthy of further investigation.

The ASWQO for suspended solids, applied in the manner described
fn Section 4.6.1, indicates that on 89 out of 97 dates the objective was
exceeded between LR1 and LR5. ' =
4.7 TOTAL DISSOLVED SOLIDS

Total dissolved solids concentration [TDS] is a calculated index

depicting the amount of dissolved substances in water.
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The background TDS concéntrations at LRI were lowest in the
spring and fall, and highest in summer, reflecting an inverse
relationship with stream discharge rates. The seasonal fluctuations of
[TDS] in the four impoundment discharges were somewhat variable, peaking
either in mid-summer (CC-IM, MB-IM) or late fall (VAL-IM, MA-IM). Median
TDS concentrations in the 1mp6undments were similar and at least five
times higher than the median value at LRI(59 mgeL~').

The median TDS concentrations in the Lovett River were lowest at
LR1 (Figure 8)>. They increased significantly (p <0.003) at LR2 (100
mg-L';). remained relatively constant through LR3 and LR4, and increased
to their highest valuel (123.0 mgeL"') at LRS. The discharge of the
Lovett River into the Pembina River resulted in a significant increase (p
< 0.003) 1n £TDS] between PRI (83 mgeL~"> and PR2 (101 mgeL™"). '

A mass balance analysis between stations CC-IM and LR1 indicated
that on most occasions the predicted and observed concentrations at
station LR2 were relatively similar (Table 14). These results suggest
that the major source of fncreased [TDS] between LR] and LR2 was the
Lower Coal Creek Impoundment discharge. The absence of flow data for the
remaining impoundments and for the misceiianeous tributartes between LR2
and LRS makes it impossible to quantify the influence of the other
anthropogenic ([TDS] discharges on the Lovett River. However, the

longitudinal patfern of river [TDSj corresponds with effluent qualities,

suggesting a relationship.
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Despite the elevated concentration of TDS, the resulting levels
in the Lovett River are considered low. Assessed independently, these
levels 1fkely have no adverse affects on aquatic 1ife. McNeely et al.
(1979) reported that waters with [TDSI concentrations of less than 1000

mgeL™' are considered fresh (non-saline).

4.8 SPECIFIC CONDUCTANCE

Specific conductance is a measure of the mobility of ifons in

solution, and is dependent upon ionic concentration and temperature. It
may or may not be closely correlated to [TDS], depending on the nature of
the dissolved constituents.
7 Median specific conductance values in the Lovett River ranged
From 106 uSscm~' (LR1) to 226 uSecm™' (LRS) Figure 8 and reveal a
tongitudinal pattern s1m11af to that described for [TDS]. The discharge
of the Lovett River into the Pembina River resulted in an incfease in
median specific conductance values in the latter from 165 uSecm™' (PRf)
to 191 uSecm™' (PR2).

As with [TDS], the épecific conductance of impoundment
discharges was much highbr than background river values at LRl. The
impoundment discharges ranged from 492 qucm" to 700 uSecm™', and based

on the analysis in Section 4.7 were probabiy impticated in river specific

conductance changes. .

4.9 MAJOR IONS

The tconcentrations of all major ions increased immediately

downstream of station LR1, and showed significant differences between LR1
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and LR2, and, in many cases, between LR4 and LRS (Tables 6 and 12). The
water at station LR1 was of the calcium bicarbonate type with an ionic
dominance of HCO3» Ca**> Na*> Mg**> SO03> CI1°> K* (illustrated as
millequivalents in Figure 9). Downstream, at station LR2, the median
concentrations of sodium and sulphate increased significantly and became
the second and fourth most dominant ions, respectively. These increases
resulted in the water becoming a sodium bicarbonate type; this condition
prevailed downstream to station LRS. ‘In 1975, the ionit dominance was
similar to that recorded at LR! during the current study period, but was
consistent throughout the reach (EPEC consulting Western Ltd. 1976). As
described for [TDS] and specific conductance, the major ions showed some
seasoral variations with the highest concentrations generally occurring
during summer, a period of relatively low flow in the stream.

Below LR2, and through to LR4, there was often a slight decline
in concentrations. Most major ions increased again between LR4 and LRS.

The 1increased concentrations of sodium and sulphate were
correlated longitudinally with discharges from the impoundments (not
shown on Figure 9; see Table 6). Effluents from each of the impoundments
exhtbited particularly high median concentrations, ranging from 94.5
mg-L'i to 142 mgeL™' (sodium) and frdm 30.0 mgeL™' to 44.5 mgeL”'
(sulphate). The major river concentration changes occurred below CC-IM
and VAL-IM. Most major ions in the Pembina River were significantly
increased between PR1 and PR2, as a consequence of the Lovett River

tnput. However, two 1ons (magnesium and sulphate), actually
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decreased betweén PR1 and PR2, reflecting the different major ion
chemistry of the Pembina River system.

Provincial surface water quality objectives have not been
specified for the major ions discussed above. This is because they are
often too variable in the natural state to permit thé definition of
absolute 1imits and becausé most are considered harmless even when
presenﬁ in moderately high concentrations (McNeely et al. 1979),

The changes in major ion concentrations in the Lovett River
downstream of LR1, when v1ewed individually, are not likely to affect
- aquatic 1life. Changes of this magnitude can occur naturally. They are
common in the winter period when streams return to base flow conditions

and the relative influence of -groundwater increases.

4.10  TOTAL HARDNESS

Total Hardness is principally determined by the sum of calcium
and magnesium fons and is expressed as an equivatent. of calcium
carbonate. Median total hardness concentrations in the Lovett River
ranged from 46.5 mgelL™' (LRI} to 60.0‘mg-L“ (LR4) and fluctuate among
stations in a pattern similar to that of TDS and specific conductance
(Table 6). In the Pembina River, a notable decrease (81.0 to 51.5
mgeL™') 1s apparent downstream of the Lovett River confluence. The
decrease in totél hardness is mainly due to an important decrease in the
concentration of magnesium, which results from a dilution effect by the
Lovett River.

The elevated total hardness concentrations in the Llovett River

are not considered important and most likely have no adverse effects on
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the aquatic life. Waters with total hardness ranging from 30 to

60 mgeL”™' are considered soft (McNeely et al. 1979).

a.1 TOTAL ALKALINITY

Alkalinity 1s a measure of a water's capacity to neutralize
actds. This variable indicates the presence of carbonates, bicarbonates.
and hydroxides, and other less significant buffering factors.

In the Lovett River, median total alkaiinity levels ranged from
50.7 to 98.6 mgeL™' (Table 6). The levels were Towest at station LRI,
Increased at station LR2 then vremained relatively ;onstant before
reaching the highest level at station LRS5. The fluctuations of total
alkalinity levels among stations were similar to that shown for TDS.

| The increase in total alkalinity downstream of <tation LR was

mainly due to increases in the concentrations of bicarbonate described
previously. Such an increase was not tonsidered important and should
lhave no effect on aquatic Tife because the elevated levels are similar to
the maximum values observed at station LR1. Although there are ﬁo
objectives or guidelines to protéct aquatic environments, total
alkalinity should be maintained at natural background levels with no

sudden variations (McNeely et al. 1979).

4.12 pH

The - median pH values in the Lovett River were consistently
alkaline, ranging from 7.7 (station LR1) to 8.2 at stations LR2 and LR3
(Table 12). Folliowing an increase at station LR2, the median pH values

remain above the background level throughout the study area reaching a
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level of 8.1 at station LRS5. The highest pH values in the river occurred
1n August while the lowest values were generally recorded in April and
May. The increase in pH downstream of station LR1 is Tikely the result
of discharges from the four 1mpoﬁndments (stations CC-IM, MA-IH, MB-IM,
and VAL-IM). The median pH of the discharges were notably higher than
the background level of the river.The elevated pH of the Lovett River
appeafed to influence the pH of the Pembina River; the median pH value at
the background Station PRI was 7.9 but increased at station PR2 to 8.1.

In 1975, the pH of the Lovett River remained‘ essentially
unchanged throughout the study area. The mean pH at locations near
"~ stations LR2, LRS were 7.8 and 7.9, respectively, while the pH in the
Pembina River was 7.8 downstream of the Lovett River confluence (EPEC
Consulting Western Ltd. 1976).

Although there is a definite increase in the Lovett River, the

median values are within the Alberta Surface HWater Quality Objectives of

6.5-8.5.

4.13 NITROGEN

Concentrations of all nitrogen fractions in the Lovett River
increased downstream of the mine, and, for some nitrogen fractions, the
changes were important. Elevated concentrations were also recorded in

the Pembina River downstream of its confluence with the Lovett River.

4.13.1 Total Nitrogen

Median total nitrogen concentrations (TN], defined as the sum of

total kjeldahl nitrogen [TKN]l plus the sum_of nitrate and nitrite
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nitrogen [NO;+NO ], ranged from 0.203 mgeL™' at station LRl to 0.974
mgeL~' at station LRS (Table 6 and Figure 10). At LR1, the ([TN]
consisted primartly of [TKNl which had a median concentration of 0.180
mgeL™'. However, between statfons LRI and LR5 2 change in TN composifion
occurred, and the dominant fraction became [NO;+NO.].The highest
concentration of total nitrogen at LR1 occurred during high discharge
events, whereas the remaining stations frequently revealed highest [TN]
during summer Tow flow.
Total nitrogen concentration increased significantly (P = 0.012)
.(Table 15) between LR!1 and LR2, and befween LR4 and LRS. The elevated
| concentrations of [TN] downstream from LR1 were correlated with
qischarges from the impoundments. Median concentrations of total
ﬁnitrogen in the effluents reached levels as high as 45.040 mgelL"’
(MB-IM); median values for all effluents ranged between 15 to 225 times
higher than the (background) median level at LR1. A significant increase
ifn [TN] (P = 0.003) was also observed in the Pembina River as vh
consequence of the Lovett River input. ' |
In spite of the [TN] increases observed in the Lovett River,
median values at all stations remained below the ASWQO of 1.0 mgeL™'.

However, the, maximum values at LR2, LR4, LRS, and PR2 exceeded this

objective.

4.13.2 (Nitrate + Nitrite) Nitrogen

Compared to the other nitrogen fractions, [NO;+NO.] underwent
the targest degree of change between upstream and downstream stations.

Median concentrations ranged from 0.006 at LR1 to 0.58! mgeL"’
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at LRS (Table 6 and Figure 11>. At station LR1 the [NO,+NO.] showed a
slight seasonal variation with the highest values occurring in spring,
while at the downstream station the highest concentrations generally
occurred during summer low flow.

The longitudinal pattern of [NO.+NO,] increase was correlated
with discharges of impoundment effluents high in Inorganic nitrogen.
Individual concentrations in the effluents ranged from 0.483 to 35.30 -
mg-L" which were approximately 81 to 5883 times higher than the
(background) median value at LRI.

Median concentrations of NO;+NO, increased significantly
(P = 0.012) between LRl (0.006 mgeL"') and LR2 (0.319 mgeL™'), and
between PR} (0.004 mgeL"') and PRZ (0.205 mgeL™') (P = 0.003). The
median concentrations 1ncreaséd downstream progressively, reaching their
maximum at LR5.

A mass balance and]ysis between station CC-IM and LR1 indicated
that on most occasions the predicted and observed concentrations at LR2
were relatively similar (Table 16). These results suggest that the m#jor
source of increased [NO,+NO,] between LRl and LR2 was the lower Coal
Creek Impoundment discharge.

No Alberta Surface MWater Quality Objective has been set for
(NOs+NO,]. However, this form of nitrogen can contribute to the
fertility of surface water, especially in the presence of adequate
concentrations of available phosphorus.

Nitrite is a readily oxidized, unstable form of inorganic
nitrogen, occurring as an intermediate form between ammonia and nitrate.

No Alberta Surface Water Quality Objective has been established for
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nitrite, although a guideline of 0.06 mgeL™' has been recommended by the
canadian Water Quality Guidelines (CCREM 1987) for the protection of
aguatic life. Nitrite concentrations in the Lovett River exceeded this

guideline on two dates at one station (LRS5).

4.13.3 Total Ammonia Nitrogen

Inorganic nitrogen measured in the form of total émmonia
nitrogen concentration [TAN] is significant to aguatic systems because it
contributes to the fertility of water, and, because under certain
conditions, it can be toxic to fish.

TAN concentrations in the Lovett River underwént substantial
changes between stations upstream and downstream of the mine (Table 6 and
Figure 12). There was -a significant increase 1in [TAN] (P = 0.005)
between LRI ¢0.006 mgeL™') and LR2 (0.025 mgeL™')>. Median concentrations
declined slightly between LRZ and LR4 and finally increased again to
0.022 mgeL"' at LRS. The median [TAN] in the Pembina River increased
slightly between PR1 (0.005 mgeL~'> and PR2 (0.007 mgeL™"). |

No distinct seasonal characteristics were evident for ([TAN],
although the highest concentrations were measured in summer and autumn at
the various stations. Effluent concentrations are generally one order of
magnitude higher than background concentrations at LR1, except for MB-IM
which is three orders of magnitude higher (Figure 12). The largest
single increment in [TAN] occurred between LRT and LR2Z, and probably
reflects the presence of a larger volume of outflow from CC-IM, since the

high [TAN] at MB-IM had little effect on the river.
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The proportion of un-ionized ammonia (NH:> in [TANI] in surface
water, and its relative toxicity, is controlled by in situ temperature
and pH. The maximum value of [TAN] (0.123 mgeL”™') recorded in the Lovett
River, as well as al! other values, were helow the recommended guidelines

for [TAN] published by C.C.R.E.M.

4.13.4 Total Kjeldah! Nitrogen

Total kjeldahl nitrogen is the sum of organic nitrogen and TAN.
In the Lovett River, [TKN] was a close representation of 6rganic nitrogen
because [TAN] usually constituted less than 10% of [TKNI.

Compared to the other nitrogen fraction, [TKNl revealed
statistically insignificant changes in the Lovett River
(Tables 6 and 15). Median concentrations ranged from a low of 0.180
mgeL™' at LR1 to a high of 6.300 mgeL~=' at LR2. The change between LRI
and LR2 was probably due to discharge from the Lower Coal Creek
Impoundment. '

A comparatively high concentration of TKN ia the effluent of
MB-IM (median = 8.390 mgeL™') had Tittle effect on the river, presumably
due to a low effluent flow rate. A significant increase in [TKN] did
occur between PR1 (0.190 mgeL™') and PR2 (0.250 mgeL"'), once again

reflecting the 1nf1uencerof the Lovett River on the Pembina.

4.14  PHOSPHORUS
Median totai phosphorus concentrations [TP] in the Lovett River

ranged from 0.012 mgeL™' (LR1) to 0.029 mgeL™' (LR3) (Table 6 and
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Figure 13)>. The only significant change in [TP] was the increase which
occurred between LR1 and LR2, (Table 15) reflecting the input of effluent
from CC-IM. In general, the effluent [TP]'s were low, and the median
[TP] at MA-IM and VAL-IM were below the river median concentrations.

- River [TP] declined below LR3, and dropped between PRI and PR2.
This may have been due to increased plant uptake of phosphorus in that
reach, stimulated by excessive levels of inorganic nitrogen. Although
the river median [TP] values were well below the ASWQO of 0.05 mgeL™',
the objective was exceeded by the maximum values at LR2, LR3, LRS, and
PRZ.

Median soluble reattive phosphorus  concentratfons  [SRP]
displayed little longitudinal variation in the Lovett River, ranging only
from 0.007 mgeL™' (LR3) %o 0.009 mgeL™' (LRI} (Table 6 and Figure 14).
No significant changes were evident in the Lovett River, however the
decrease in [SRP] between PR1 and PR2 proved to be significant (Table
15). Median [SRP] in the impoundment discharges were beiow the median

[SRP] measured in the river.

4.15 REACTIVE SILICA

In the Lovett River, median concentrations of reactive silica
ranged from 6.5 mgeL™' (LRS) to 7.4 mgeL™' at station LR! (Table 6). The
cbncentrations ‘were essentially uniform throughout the reach, and
exhibited no seasornal relationship. Similar values occurred in the
Pembina River.

Most natural waters contain concentrations of silica from 1 to

30 mgeL™" (McNeely et al. 1979). The concentrations of reactive
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silica in the impoundment effluents were also low; they ranged from 3.30

to 5.95 mgeL™’'.

4.16 CARBON

Dissolved organic carbon concentrations (DOC] displayed 1ittle
longitudinal variation in the Lovett River (Table 6). Median (DOC]
ranged from 3.50 mgeL™' (LR5) to 4.7 mgeL™' (LR1); no significant changes
were measured (Table 15). Median [DOCI in the impoundment effluents were
Tess than river median concentrations. In the Pembina River median [DOCI
decreased slight]y between PR1 and PR2 as a consequence of the Lovett
River inflow. ‘ |

Unlike [DOC], dissolved inorganic carbon concentrations ([DIC]
did vary.substantially in the Lovett River (Table 6). Concentrations of
[DIC] increased significantly (Table 17) between LR] (312.2 mgeL™") and
LR2 (20.9 mgeL"') and increased slowly thereafter. The impoundment
effiuents were much higher in [DIC] than the river, and changes in river
[(DIC] appeared to be correlated with their inputs. The finput of the
Lovett River to the Pembina caused a slight increase in [DIC] between PRI
(16.6 mgsL™") and PR2 (20.8 mgeL"").

No numerical values have been specified in the ASWQO for [DQC]
or [DIC]. The values for both variables observed in the Lovett and
Pembina rivers are within the normal range observed in the foothills

aquatic environment in Alberta (WQCB, unpublished data).

4.17 PHENOLIC MATERIALS
Median concentrations of phenolic materials were generally low

in the Lovett River, and decreased in a downstream direction from
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0.007 mgeL~™' (LR1) to 0.004 mgeL™' (LR5}. The median concentrations of
all impoundment effluents (0.002 mgeL™') were Tless than the river
medians. The median values in the Pembina River remained unchanged
between PR1 and PR2 (0.004 mgeL™").

Strong seasonal patterns were evident at the river statiohs.
The highest concentrations occurred during high flow events, and
vice-versa. Conversely, concentrations 1in the impoundment effluents
displayed no seasonality. and were usually near the detection limit.

Although all median values except LR! were below the ASKWQO of
0.005 mgeL™', individual samples frequently exceeded the objective. At
thevbackground station on the Lovett (LR1), 7 out of 13 samples exceeded
the objective, as did 4 out of 12 samples on the Pembina at PRI. This
was vaiously a naturai qccurrénce originating mainiy from natural

hydrocarbons and decaying vegetation.

4.18 METALS AND TRACE ELEMENTS

Analyses were conducted on samples from ail sampling locations
for 16 metals and trace elements. Metals are reported as "total" or
4extractable“ concentratidns as indicated in Table 6.

Five constituents were seldom detected (Table 6). These include
mercury (2 detections out of 86 samples), cadmium (7 out of 87), lead (2
out of 86), cobalt (13 out of 86) and beryllium (3 out of 86). Most
contentrations were close to the analytical limit and thé detections were
variable in time and location.

Four other constituents were detected regularly (copper,
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vanadium, nickel, and 1{ron) but inter-site differences were not
stat1sticélly significant (Table 17). |

' Median concentrations of iron ranged from 0.220 mgeL~' (LR1) to
0.350 mgeL™' (LR5) and from 0.290 mgeL™ (PR1) to 0.280 mgeL™' (PR2). The
observed concentrations often exceeded the ASKQO ;nd CCREM guidelines
(0.3 mgeL™'), especially at LR3, LR4 and LR5. Major increases in iron
concentrations were recorded downstream of impoundments on June 5, and
September 11 and 25. .

Nickel was detected 356 times in 86 samples and concentrations
were well below the CCREM guidelines of 0.065 mgeL™' and usually near the
detectfon limit of 0.001 mgeL~'. Median concentrations ranged from L.001
mgeL~' at LR! and LR2 to 0.003 mgeL™' at LR3.

Median concentrations of vanadium were below detection at all
stations, except LR4 (0.0035 mgeL™') and PR2 (0.0025 mgeL™'). This
substance was detected 28 times in 86 samples, and concentrations were
always less tﬁan 0.008 mgeL™'. Insufficient information is available to
set water quality guidelines or objectives for this metal.

The longitudinal pattern of median copper concentrations was
uniform and below detection (0.001 mgeL™"), exdebt at LRS
(0;002 mgeL™'). Insignificant differences were noted between PR} and
PR2, and all median values were below the ASWQO (¢0.020 mgeL"') and at or
below CCREM guidelines (0.0002 mgeL™'). Sixteen measurements were above
the CCREM guidelines, but below the ASWQO; all values were helow 0.008
mgeL™'.

Seven constituents (A1, Mo, Mn, As, Se, Cr, Zn) were detected

regularly and showed statistically significant differences among sites
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(Table 17). Median aluminum concentrations tncreased significantly from
LR1T (0.0540 mgeL™')> to LR2 (0.1380 mgeL™'). The maximum median
concentration was recorded at LR3 (0.1590 mgeL™'). In the Pembina River
median concentrations ranged from 0.0745 mgeL™' at PR1 to 0.1060 mgeL™'
at PR2. Concentration increases in aluminum between LR1 and LR2 were
most likely related to the discharges from CC-IM which had a median
concentration of 0.4010 mg-L‘f and where concentrations as high as 1.1400
mgeL~' were measured. Loading estimates (Table 18) illustrate the
importance of the combined effect of high aluminum concentrations in the
effluent and high discharges from the CC-IM impoundment on aluminum
concentrations measured at LR2. Alumino silicate minerals are abundant
in all rock types and most geologic materials, especially clays (CCREM
1987). It is not unexpected to find that high aluminum levels occur at
times when suspended sediment loads in the impoundments is highest.
Although maximum concentrations measured in MA-IM (2.240 mgeL™') were
even higher than tn CC-IM, the median concentration in the MA-IM was
lower (0.2110 mgeL™'). CCREM gquidelines for the protection of aquatic
Tife (0.1 mgeL™') were exceeded in 6 out of 25 samples from background
sites (LR1 and PR!) whereas guidelines were exceeded in 37 out of 6l
samples at remaining'sites on the Lovett and Pembina rivers.

Median molybdenum concentrations at LRZ (0.0030 mgeL™') were
significantly higher than at LRI (L.0010 mgeL™') as a consequence of
discharges'from CC-i4. Median molybdenum concentrations in the Pembina
River were below detection at PRI, but increased significantly to 0.0065
mgeL™' at PR2 (Table 17). MB-IM had the highest median molybdenum
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concentration (0.1050 mgeL™ "), but maximum concentrations for the study
period were recorded at MA-IM (0.1700 mgeL™'). No guidelines have been
established for molybdenum in the aquatic environment. Concentrations in
the Lovett and Pembina rivers, as well as in impoundments were within the
environmental range (<1 mgeL™') specified by McNeely et al. (1978).
CCREM guidelines for irrigation (0.17mg-L") or livestock watering (0.5
mgeL~') were not exceeded in any of the Lovett or Pembina river samples..

Median manganese concentrations at LR2 (0.027 mgeL™') were
significantly higher than éf LR1 (0.016 mgeL™'), and a significant
concentration increase was also recorded in the Pembina River between PRI
(<.008 mgeL"") aﬁd PR2 (0.015 mgeL"') (Table 17). Discharges from CC-IM
are the likely reason for increases in Mn concentrations observed between
LRT and LR2. The median concentration of CC-IM (0.054 mgeL™') was
considerably lower than that of samples from MA-IM (0.140 mgeL™'), where
concentrations as high as 0.245 mgeL™' were measured. Discharges from
MA-IM explain the higher manganese concentrations recorded at LR3. ASWQO
specify that manganese concentrations should not exceed 0.05 mgeL""'.
Guidelines were not exceeded at LR1, but they were exceeded in two
samples from LR2 and LRS and once at all remaining Lovett River sites.
ASWQO were not exceeded at PRI or PR2.

Median arsenic concentrations increased significantly from LR}
(0.0006 mgeL™') to LR2 (0.0029 mgeL™'), then declined significantly
between LR2 and LR3 (0.0021 mgeL™') and between LR3 and LR4 (0.0019

mgeL"'). A significant increase in median arsenic
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concentration was also recorded in the Pembina River between PR1 (0.0006
mgeL™'> and PR2 (0.0012 mgeL™') downstream of the Lovett River
confluence. CC-IM had a median arsenic concentration of 0.0137 mgeL™’
and a maximum of 0.0470 mgeL~'. Discharges from this 1mpoundment explain
the concentration increase bgtween LRT and LR2. ASWQO for arsenic (0.01
mgeL™') were exceeded on September 28 at LRZ (0.0532 mgeL™') and at LR3
(0.0485 mgeL™"). The value recorded at LR2 was also in excess of the
CCREM guidelines (0.05 mgeL~') for the protection of aquatic life.

Median selz2nium concentrations were below detecfion (L.0002
mgeL™") at all river sites except LRS which had a concentration of 0.0003
mgeL™'. Selenium levels were remarkab!y similar in the four
impoundments: CC-IM, MA-IM and VAL-IM had a medium concentration of
1 0.0014 mgeL™', whereas MB-IM had a concentration of 0.0019 mgsL™'. One
exceptionally high concentration of 0.0220 mgeL™' was recorded on Auqust
14 in CC-IM. ASWQO (0.01 mgsL~') were met in all river samples, but
CCREM gquideltines for the protection of aquatic 1ife (0.001 mgeL™') were
exceeded on one occasion at LR3.

Median chromium concentrations were below detection (L.0010
mgeL™') at all sites except LR3 (0.003 mgeL™'), LR5 (0.003 mgsL"') and
PR1 (0.0002 mgelL™'). Inter-site differences were only statistically
significant between LR2 and LR3I (Table 17). The measurabte chromium
concentrations at LR3 and LRS were related to the discharges from MA-IM
and VAL-IM with a median concentration of 0.003 and 0.002 mgeL"’,
respectively. ASWQO (0.05 mgeL~') and CCREM gquidelines for the

protection of fish (0.02 mgeL™") were not exceeded
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in any one river sample. However, CCREM guidelines for the protection of
other aquatic 1ife (0.002 mgeL™') were exceeded frequently at all sites.
Median 2zinc concentrations in the Lovett and Pembina rivers
ranged from 0.004 mgeL™' at LR!, to 0.007 mgeL™' at LR3. All other
sites, including PR1 and PR2 had median zinc concentrations of 0;005
mg-L". Inter-site differences were statistically significant between
LR1 and LR2 only (Table 17). Median zinc concentration in impoundments
was comparable to river concentrations except in MA-IM which had a median
concentration of 0.057 mgeL™’' and where a maximum of 0.167 mgeL™' was
recorded. ASWQQO (0.05 mgeL™') and CCREM guidelines (0.030 mgeL™') for
the protection of aquatic life were not exceeded on any éamp]ing occasion

,’" the Lovett River or in the Pembina River.

4.19 CHLOROPHYLL a

The median ]eve]é of planktonic.chlorophyl1 'a' and epilithic
chlorophyll ‘'a' range from 0.5 to 2.3 pgeL™' and from 7.8 to 47.4'mg-m'5}
respectively. Concentrations of both variables were higher at LR4 than
LR1 (Wilcoxon test P = 0.028 and 0.046 for planktonic and epilithic
chlorophyll a, respectivély). This suggests an increase in primary
productivity . probably resulting from the nutrient enrichment of the
Lovett River. Biological components of the stream will be addressed in

more detail in section 5.0.
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5.0 RESULTS - ZOOBENTHIC VARIABLES

A total of 110 different taxa was identified from the nine
sampling locations on the Lovett and Pembina rivers. In the survey of
erosional habitats, 74 and 80 taxa were encountered in the spring and
fall, respectively. Sixty-four taxa were identified in the Ekman sampleg
taken from depositional areas. Benthic invertebrate data are stored on a
SPIRES storage and retrieval system maintained at the University of

Alberta, Edmonton.

5.1 SPRING SURVEY
5.1.1 Major Zoobenthic Variables

Figures 15 a and b and Table 19 summarize data for major
zoobenthic variables. The results of ANOVA and SNK tests are presented
in Table 20. Approximately 40% of the benthic invertebrates collected at
LR1 are Ephemeroptera (mayflies); Chironomidae (midges) are the second
most importanf group and represent 30% of the total numbers (Figure 15
a). A major change occurs in the invertebrate assemblies at the first
mine station (LR2). The ﬁumber of taxonomic groups is significantly
lower at this station than at the other stations (Table 19) and the
density of most major taxonomic groups 1is depressed. Ephemeroptera
appear to be particularly affected: they reach the lowest density at LR2
(Table 19) and their contribution to the total invertebrate density is
reduced to 2%. Plecoptera (stoneflies) numbers are also significantly
lower at LR2. Nematoda (round worms), Oligochaeta (bristle worms), and
Chironomidae are the only major groups which show a tendency towards an

increase in density at the first mine station (LR2). Chironomidae are
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TABLE 20 Sprin? survey: summary of variance (ANOVA) and Student-Newman-Keuls
S

test (SNK) on major zocbenthic variables (1), 1984.
ANGVA STUDENT-NEWMAN-KEULS (2)
F SIG(3) LR1 LR2 LR3 LR5 LR6 PRI PR2
1 1 1
Nematoda 5.59 e { | | | | |
0ligochaeta 2.10 n.s.
| & |
Crustacea 8.95 wxx ! L1 1 1
S I 1
Ephemeroptera 18.44 el 1 |
| |
- Trichoptera 9.27 KRN | | l ] |
‘Plecoptera 16.72 xx | & & ¢ 1 1 1
| L1
. | |-
Chironomidae 6.51 babeied | i |
| | |1

Misc. Diptera 2.05 n.s.

I S !
Remaining Groups 8.22 *x | | |
| —
| § 1.1 | |
Total Numbers 3.39 * | { | ] i |
a ] 1 1 11
Total No. Taxa  6.40 hofald | | 1 |

{1) all tests were performed on log(x+1) transformed data.

(2) horizontal lines station groups which do not differ significantly in their
means (P>0.05)

{3} n.s. - no significant difference ** _ gignificant difference P<0.0}
* - significant difference P<0.05 *** - significant difference P<0.001
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the dominant fauna element at this station: they represent 88% of the
total numbers. This taxon remains significantly more abundant at the
second mine station (LR3) than at any other Lovett River station. Some
recovery can be qetected in the Ephemeroptera populations at LR3. In
contrast, Plecoptera numbers remain depressed at LR3 but recover at the
next station. Despite this apparent recovery of the two most sensitive
orderé, Chironomidae remain the numerical dominant group and
Ephemeroptera never reach densities comparable to those of.the control
station again. A similar trend canlbe detected in the Pembina River:
PR1, the control station, has more Ephemeroptera, but fewer Chironomidae

than PR2, the station below the confluence with the Lovett River (Figure

15).

5.1.2 Cluster Analysis (CA)

| Results of CA on spring data are presented in Figure 16 a.
Clustering of individual samples occurs at two levels:
1. Intra-station clustering. In general, replicate samples from
one station tend to cluster together. This indicates a high degree of
sim?farity between the invertebrate associations in these samples, and
suggests a good sample replication. The only exceptions to this pattern
are one sample from LR1 and two samples from LRS which do not cluster
with the remaining samples from LR] and LR6, respectively.
2. Inter-station clustering. Stations tend to form separate
clusters. This 1is an indication of inter-station differences in the
fnvertebrate associations. The clustering pattern between stations

suggests that LR1 and PR1 (the control stations on the Lovett and
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LR,

LRy

RIVER

LRy

Figure

I6C.

Spring Survey ( Neill Cylinder ) .
Schematic presentation of site classification derived from the
results of multivariate analyses on benthic invertebrate data .
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Pembina Rivers, respectively) are different from the remaining stations.
Although this gives the impression of similarity between LR1 and PRI, the
fusion level of these two stations verifies thé distinction tn the
invertebrate associations. The remaining stations split into smaller
clusters. Station LR2, together with an atypical sample from LRI and
LR6, forms a separate cluster, while station LR3 and PRZ are split from

stations LR5 and LR6. Samples from LRSS and LR6 are relatively

homogeneous.

5.1.3 Principal Component Analysis (PCA)

The results of PCA performed on zoobenthic data from the spring
survey are summarized in Table 21. A two-dimensional projection of the
samples ordination on PC] and PC2 is also presented in Figure 16 b. The
results of ANOVA and SNK tests performed on the scores of the eight first
principal components are also summarized in Table 21.

Significant inter-station differences exist between  the mean
scores for the first principal component (PC1) (ANOVA Table 21). The SNK
test specifies that these differences exist between three station groups:
stations LR1 and PR1 (control stations); station LR2 (the first mine
station); and stations LR3, LR5, LR6, and PR2 (stations below the mine
stations). These differences are primarily the result of density
differences in taxa which have the highest loading on PC1 (Table 21).
Station LR1 and PRI have higher numbers of Baetidae, Epeorus,

Heptageniidae, Micrasema, Ephemerella {(Ephemerella), Simuliidae,

Ceratopogonidae, Ameletus, and Baetis while lowest densities for these

taxa are recorded at station LR2.
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PC2 accounts also for significant differences in the mean scores
of stations. Station LR1; station LR2, LR3 and LR5; station LRS and LR6;
and station PR1 and PR2 form four significantly different station groups
(SNK>. Station LR1, which has the highest mean score, has the highest

numbers of Himalopsyche, Taeniopterigidae and Nematoda <(taxa with high

positive eigenvector values), while stations PR1 and PR2 with the Towest
negative scores are typified by higher numbers of Tanytarsini, and
Chloroperlidae, which have high negative eigenvector values.

ANOVA shows that the mean scores for PC3 are significantly
different among stations, and the SNK test points to differences between
station LR3; station LR5, LR6; and stations LRI, LR2, LRS, LR6, PRI.
Station LR3 is primarily typified by higher numbers of Tubificidae, but

this station alsc has high densities of grachycentrus, Orthocladiinae,

Diamesinae, Chelifera, Tanypodinae, Enchytraeidae, Acari, and
Rhyacophila. High densities of these taxa are less characteristic of
other stations. |

The first three principal components explain jointly 44% of the
sample varjance. It is oF' interest to compare the station grouping
obtained by CA with that derived from SNK tests on PC scores. The first
PC yields the same station classification as CA for a similarity measure
of 1.4 (Figure 16 a) and distinguishes between control stations on the
vaett and Pembina Rivers, the first mine station, and the remaining
stations. The second PC separates the two control stations by singling
out LR1 and by emphasizing similarities between PR1 and PR2. This
separation also occurs in CA. The analogy between the results of CA and

PCA is less evident when following PC's are examined. Although PC3, PC4
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and PC5 account for significant differences between PC scores, these
differences do not appear to be linked in a simple way to longitudinal
changes in the Lovett River or the Pembina River. The following PC's
(from PC6 on) account for the remaining 48% of the sample variance. This
variance relates to differences between samples rather than to
differences between stations (e.g. no significant difference is shown by

ANOVA in the mean scores per station).

5.1.4 Major Site Classification

The site classification which is derived from the results of
multivariate analysis (Figure 16 ¢) is mostly defined by the result of
PCA.. Two faunal units are distinguished in the spring survey: the first
one typifies the Lovett River, the second one typifies the Pembina
River. Further supdivision occurs within each unit. In the Lovett
River, three site groups with different benthic invertebrate composition
can be differentiated: LRI, LR2 and the 3 remaining sites LR3, LR5 and
LR6. In the Pembina River the two sites PRl and PR2 differ in their
zoobenthic composition. The similarity between LRI and PR1, the control

sites on the Lovett and Pembina Rivers, is noteworthy.

5.2 FALL SURVEYS

5.2.1 Neill Cylinder Samples - Erosional Habitat

Aﬁ overview of the data pertaining to major taxonomic groups is
presented in Figures 17 a and b and Table 22. Table 23 summarizes the
results of ANOVA and SNK tests on these data. Total invertebrate density

is significantly higher at LRla (fine gravel substrate) than at LRI
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TABLE 23 Fall survey (Neill Cylinder Samples) summary of variance (ANOVA) and
student-Newman-Keuls—test {SNK) on major zoobenthic variables (1), 1984,

ANOVA STUDENT-NEWMAN—KEULS (2)
F SIG(3) LR? LRl1a LR2 LR3I LR4 LRS PRI PR2 PR2a

1 P | |
Nematoda 2.83 * | | b | S
| | | ]
0ligochaeta 26.44 % ]
| 1 |
] | [ 1] | 1
Crustacea 3.03 * | I
| L1
| | .|
Ephemeroptera 14,37 boladl ] | ] |
L1
| | S I
Trichoptera 7.28 bk | | | |
11
|- | | 1
Plecoptera " 5.86 rax | 1 | I
| 1 L
| |
111
chironomidae 16.43 xxx | I
P11 | & |
| 1 i |
Misc. Diptera n i | : |
[ |
‘ ] [
Remaining Groups 3.18 xx | [ 1 |
N
| |
Total Numbers  22.36 bhd | |
i
| 1 a_ |

Total No. Taxa 1.55 n.s.

(1) all tests were performed on log{x+]) transformed data, . .

(2) horizontal lines group stations which do not differ significantly in their
means (P>0.05) ) L .

{3) n.s. - no significant difference ** _ gignificant difference P<0.01
*  _ gignificant difference P<0.05 *** - significant difference P<0.001
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(Cobble~pebble-gravel) (Table 23). This différence is primarily due to
the significantly higher numbers of Chironomidae Tlarvae at LRla.
Although Ephemeroptera, and Plecoptera also tend to be proporticnally
better represented on the finer grained substrate, the difference in
absolute numbers of these two orders is not significant between the'two
control stations. FEphemeroptera and Plecoptera, the dominant c¢lean
water taxa, represent 50% (LR1a) to 70% (LR1) of the total invertebrate
density at the control stations (Figure 17 a). There is a distinct
tendency towards a decrease in the percentage contribution of these two
orders at the three following stations (LR2, LR3, LR4). At LR3 for
example, only 13% of the invertebrates are Ephemeroptefa or Ptecoptera
_(Fiqure 17. a); 39% are Chironomidae and 14% are Oligochaeta (mostly
Tubificidae). There is also a tendency towards 2 decrease in total
invertebrate density in aldownstream direction (Figure 17 b). Stations
LR3, LR4, and LR5 have the Towest total fnvertebrate density recorded in
cylinder samples during the fall survey (Table 23). The percent 6f
Ephemeroptera and Plecoptera also decreases in downstream direction in
the Pembina River and <coincides with an increase in the percent
contribution of Chironomidae. This change in the distribution of numbers
between taxa is due to the increase of Chironomidae and Oligochaeta
numbers rather than to a decrease 1in Ephemeroptera or Plecoptera
density. It is reflicted in the.sharp increase in total invertebrate
numbers (8982 = 332 individuals sample ~' at PR2 with 7715 = 616

Chironomidae sample -' (Table 22)).

5.2.2 Cluster Analysis

The results of CA on the fall survey Neill cylinder data are
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presented in the form of a dendrogram in Figure 18 a.

Like the CA in the spring survey, the CA in the fall survey
shows a large degree of similarity between replicates of the same station
(intra-station stimilarity), and sharp dissimilarities between samples
from different stations (inter-station dissimilarity). There are two
exceptions: one sample from station PRI and one sample from PR2a, which
do not cluster with the other replicates from their respective stations.

CA divides the 45 samples into two major groups. The first
cluster contains samples from the Pembtna River and splits further into
one group which contains samples from the control station and another
group which contains samples from the two stations below the confluence
with the Lovett River (PR2a and PR2). There is a further distinction
between the samples of these two stations.

The second cluster contains all Lovett River samples. The first
split in this large sample group occurs between samples from the two
control stations and samples from the remaining stations. The five
replicates from each control station form two distinct units. The
remaining four stations on fhe Lovett River separate into one group which
contains the two mine stations (LR2 and LR3) and another group which
contains the two stations below the mine (LR4 and LRS). Samples from

each of these four stations form separate groups.

5.2.3 Principal Component Analysis

The results of PCA on fall cylinder samples are summarized in
Table 24. The results of the ANOVA and SNK tests on factor scores are

also given 1in the Table. Figure 18b represents the projection of
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Figure I8C. Fall Survey ( Neill Cylinder ) .
Schematic presentation of site classification derived from the

results of multivariate analyses on benthic invertebrate data .
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stations in a two-dimensional space defined by PCI and PC2. PCI
identifies differences between the two control stations on the Lovett
River and the other stations. It also points to differences between the
Lovett River stations and the Pembina River Stations, but the separation
is not well defined (Table 24). Inter-station differences are the result
of density differences between stations for the taxa listed for PCl 1in
Table 24. The control stations on the Lovett River are typified by
higher numbers of Chelifera, Ceratopogonidae, Baetis, and Dicranota,
while the PR2 and PR2a Pembina River stations are charécterized by

Enchytraeidae, Brachycentrus, Tanypodinae, Lepidostomatidae and

Tanytarsini. The remaining stations contain varying, usually Tow,
numbers of these taxa.

PC2 makes a sharp separation between the control stations on the
Lovett River, the stations on the Pembina River and the remaining
stations. The PC scores of the latter stations are strongly influenced
by the density of tubificid worms, while higher densities of
Heptageniidae, Epeorus, immature Ephemeroptera  and Plecoptera,
Chloroperlidae, Hexatoma, and Tanytarsini are generally more typical of
the Lovett River control stations and Pembina River stations.

PC3 has two features of interest: 1. it separates station LR2Z
from other stations, oprimarily because of higher densities of

Paraleptophlebia, Tipula, Orthocladiinae, and Chironomini; 2. it points

to differences between the two control stations (LRT has a denser
population of Arctopsyche than LRla, but LR1a has higher numbers of

Paraleptophlebia, Orthocladiinae and Chironomini).
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The first three PC's explain approximately 42% of the sample
variance. Although PC4 and PC6 account for an additional 18% of the
sample variance and although their mean PC scores show statistically
significant differences between stations, they do not appear to yield
ecologically interpretable information which could aid in explaining

inter-station differences.

5.2.4  Major Site Classification

The overall results of CA and PCA are similar and lead to the
site classification shown in Figure 18c. As in spring, invertebrate
associations in the Pembina River are different from those in the Lovett
River. The two control sites, in the Lovett River, form one site group
which is distinct from other Lovett River sites in its zoobenthos
composition. Although the four remaining Lovett River sites have rather
similar zoobenthic associations they split further into two groups. LR2
and LR3 which are located immediately below point source discharges fFrom
the Luscar-Coal Valley Mine have a different invertebrate composition
form LR4 and LRS, the sites farthest downstream. In the Pembina River,
the control site PR1 differs from the two sites below the confluence with
the Lovett River. These two sites (PR2a and PR2b) have some features in

common with the Lovett River sites within and helow the mine (LR2 to LR6).

5.3 EKMAN SAMPLES - DEPOSITIONAL HABITAT

8.3.1 Major Zoobehthic Vartables

Data pertaining to major taxonomic groups are presented in

Figures 19 a and b and Table 25. The results of ANOVA and SNK tests are
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summarized in Table 26. Total invertebrate numbers fluctuate greatly
from station to station. These fluctuations are primarily due to density
changes in the Chironomidae larvae and Oligochaeta worms. Chironomidae
larvae are the numerical dominant in all Ekman samples (Table 25).
Although the density fluctuaFion is large (Figure 19b), their percent
contribution to total numbers changes relatively little between stations
(maximum 88% at LR4, minimum 68% at LR2). The most noticeable change in
the percent composition is due to fluctuations 1in numbers of
Oligochaeta. Oligochaeta represent less than 1% of the invertebrates at
LR1; 31% at LR2, and an average of 11% at the three stations further
downstream. Although .numbers of Oligochaeta are not significantly
different between stations LRI, LR3, LR4, and LRS (Table 26); there is a
tendency towards an increase in their numbers in a downstream direction.
This tendency is attributable to members of the family Tubificidae (Table
25). Miscellaneous Diptera (i.e. non-chironomid Diptera, primarily
Tipulidae) also account for differences between stations: these larvae
are more numerous at LR1 and LR4 but they are virtually absent from the.
other three statfons (Table 25 and Table 26). Crustacea (i.e. Ostracoda,
Copepoda, and Cladocera), Ephemeroptera, and Plecoptera are significantly
more abundant at LR1 (Tablte 26). However, it should be noted that the
densities of Ephemeroptera ahd Plecoptera are extremely low in Ekman
samples <{(Table 25) and that an ecological tinterpretation of these

differences would have 11m1ted‘valid1ty.

5.3.2 Cluster Analysis

The dendrogram summarizing the results of CA on invertebrate
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TABLE 26 Fall survey (Ekman samples) summary of analysis of variance (ANOVA) and
Student—Newman-Keuls-test (SNK) on major zoobenthic variables (1), 1964.

ANOVA STUDENT-NEWMAN-KEULS (2)
F SIG(3) LR1 LR2 LR3 LR4
Nematoda 10.85 xxx A | | | 1
| | i
0ligochaeta 14.23 ax A | | A
| |
crustacea 9.36 % A ] |
Ephemeroptera  10.57 xax A | | | |
Plecoptera 8.72 xx A | | | 1
Trichoptera 1.00 n.s.
| |
Chironomidae 5.31 s | |
| | |
I ] ]
Misc. Diptera  24.56 L | |
| | |
Remaining Groups 5.46 *x ! | | |
Total Numbers  11.39 xxx | A A | |
| A ]

Total No. Taxa  9.51 *xx | | i

(1) all tests were performed on log(x+1) transformed data.

(2) horizonta} lines group stations which do not differ significantly in their
means (P>0.05)

(3) n.s. - no significant difference *r _ significant difference P<0.01
* - significant difference P<0.05 *** _ significant difference P<0.001
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data from the Ekman samples is presented in Figure 20.

In most cases replicate samples from individual stations cluster
together; this reflects a relatively high level of fntra-station
similarity. Inter-station dissimilarity is also evident. Two clusters
are formed. The first one groups station LR1 samples and all except one
LR4 sample. This cluster also contains one LR2 and one LRS sample. LRI
and ’LR4 form distinct clusters. The second cluster splits in two
sub-clusteré: one sub-cluster isolates LR2 samples, the other groups LR3

and LR5 samples without actually separating the two stations.

5.3.3 Principal Component Analysis

A summary of the results of PCA is given in Table 27. The
results of ANOVA and SNK tests on PC scores are also highlighted in this
table. A two-dimensional projection defined by PCl and PC2 of the
samples and mean station scores is shown in Figure 20b.

The.first three PC's explain 53% of the sample variance. PCI
shows that there are common traits between LR1 and LR4. Both stations

have high numbers of tipulid larvae (i.e. Tipula, Dicranota,

Hexatoma/Limnophila) and Ceratopogonidae larvae. However, these two

stations remain significantly different from each other, primarily
because PR1 has some Ephemeroptera, Plecoptera, Mermithoidea, and fairly
high numbers of Pericoma, which LR4 lacks. Instead, LR4 has Tubificidae

and Stictochironomus. The later two taxa are aiso typical of LR2, LR3,

and LR5. This feature suggests a degree of similarity between LR4 and

these stations.
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Figure 20C. Fall Survey ( Ekman Samples ) .
Schematic presentation of site classification derived from the

resuits of multivariate analyses on benthic invertebrate data
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PC2 singles LR2 out for f{ts greater overall density of

Chironomidae larvae (i.e. genera such as Procladius, Microspectra,

Odontomesa, Heterotrissocladius, Polygedi1um, Prodiamesa,

Thienemannimyia, Monodiamesa, Tanytarsus, and Chironomus) but does not

differentiate other stations from one another.
The third PC singles station LR4 out which is the only station
where moderate numbers of the tipulid Ormosia are found, and which also

carries larger populations of Monodiamesa, Parakiefferiella,

Cladotanytarsus, and naidid oligochaetes.

The factor scores of PC4, PCs, PC7,and PC8 do not account for
inter-station differences. Both CA and PCA identify similarities but

also dissimilarities between LRT and LR4. LR2 is separated from the

" remaining stations.

5.3.4 Mator Site Classification

Figure 20c shows the site classification which is derived from
multivariate analysis on invertebrate data from depositional areas.
Ekman samples fall into two major groups with different Zzoobenthic
assofiations: the control site and the sites located within and below
the mine. The latter group is not homogenous: the invertebrate fauna at
LR4 resembles that of the control site LRI, and the zoobenthos of LR2 is

different from that of all other Lovett River sites.

6.0 DISCUSSION
6.1 WATER QUALITY

The increased sediment Tload to surface waters is one of the
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chief water quality concerns in coal mining areas in the western portion
of North America {e.g. Ward et al. 1978, MacDonald & McDonald 1987).
 Measures 6F sediment 1nputs such as NFR, turbidity and estimates of
suspended solids 1loadings can be wused to quantify the relative
contributions from various sources .and to assess the efficiency of
settling ponds (e.g. McDonald 1982).

Despite the use of polymer flocculants in an extensive suspended
solids control program practiced by Luscar Coal Valley Mine in its
impoundments, levels of suspended solids, NFR, turbidity and sediment
loads were often -elevated in the river below impoundment discharge,
esbecially below CC-IM. However, increases in sediment loads were
sometimes well in excess of loads predicted from background and
impoundment 1nput§ suggesting. that non-point sources of anthropodenic
(e.g. erosion from road crossing, disturbance of overburden) or natural
origin (e.g. riverbank slumping) may contribute to the loads. High
turbidity in the Lovett River and in the impoundments was associated with
heavy rain storms suggesting that runoff and increased river flow are
important vectors of sediment transport.

The differences between instantanebus measurements of turbidity
and NFR at the background site (LRI) and at the downstream site (LRS)
exceeded ASHQO mainly during peak discharge events which followed heavy
rain storms. NFR data from time- integrated composite,samples exceeded
the ASWQO considerably more frequently than NFR from instantaneous
samples. This illustrates the episodic nature of sediment flux in

disturbed, foothills watersheds and emphasizes the importance of a

comprehensive sampling design.
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Suspended sediments at the mouth of the Lovett River contained
considerably more clay than similar foothill streams with undisturbed
watersheds. The high proportion of very fine particles in the Lovett
River could reflect the selective retention of larger size fractions in
the impoundments.

' Mining activity in a watershed alters not only normal patterns
of sediment transport, but can also result in measurable changes in
surface water chemistry. _

According to McWhorter et al. (1975), soluble salts are the most
significant potential pollutant of streams from strip mines. Indeed, the
discharges from the Luscar Coal Valley impoundments to the Lovett River
caused an increase in major ion concentration (particulariy sodium and
-sultphate) which resulted in a shift in ion dominance. The 1increase in
jonic concentration was associated with a significant increase in TDS.
Ward et al. (1978) also observed an increase in TDS in Trout Creek (upper
Colorado River basin) which receives groundwater and surface runoff from
a strip coal mine. They attributed the increase in TDS to the leaching
of soluble salts from surfaces recently exposed by mining. There are no
ASWQO for major ions because their concentration vartes considerably in
surface waters. The changes observed in the Lovett River are within the
range expected for surface waters.

In the western part of North America coal seams contain
primarily coal with a low sulfur content and surface waters generally
have a high buffering capacity. Consequently, acid mine drainage is less
likely to become the problem it represents .in eastern parts of the

continent. Actually, pH increases rather than decreases were recorded in
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the Lovett and Pembina rivers and these were related to the discharge of
alkaline water from the impoundments.

IEC Beak (1985) reported that raw wastewater from western coal
mines are characterized by low concentrations of metals although iron
concentrations are often high in southwestern Alberta mines.

| This was confirmed in this study for the Lovett River area.
Regular exceedances of the ASWQD or CCREM guidelines were recorded at all
sites for Fe and Al, only. Although metal levels were usually moderate,
Al, Mo, Mn, As, Zn, Cr and Se showed significant concentration increases
downstream of impoundments. 7

Di;charges from the impoundments have been shown to increase the
concentration of nitrogen fractions in the Lovett River considerably.
Mine discharges commoniy contain high concentrations of nitrogen which
are a result of disturbance (weathering of fragmented rock and ammonium
nitrate residue from explosives Plass 1975; Jaﬁkson 1983). On a study jn
the Grande Cache region, Hackbarth (1981) found that virtually all tﬁe
nitrate 1in streams affected by mining activity was from blasting
materials. The concentrations in the streams ranged from 10 to 100 mg
N-L" during seven years 6f monitoring.

In 1979-80, the British Columbia Ministry of Environment studied
the effects of using explosives jn the Fording Coal mine (southeast
British Columbia) on .the water quality of the Ffording River. The study
revealed that approximately 95% of th2. nitrogen discharged from the mine
was derived from explosives (Pommen 1983). The author reported that the
nitrogen discharge frbm the mine was mainly nitrate with relatively small

amounts of ammonia and nitrite. The nitrate concentrations in the river
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1ncreasedhfrom less than 0.1 mgeL™' above the minesite to as high as 10
mgeL"' within the minesite during Tow flow. Furthermore, it was found
that nitrogen discharged from the mine in surface water was equivalent to
6% of the nitrogen used in the explosives. The other.94% of the nitrogen
was released to the atmosphere as nitrogenous gases.

As part of the same study, Nagpal (1982) found the spoil piles
were highly permeable. The permeability was conducive to high nitrogen
leaching rates. He estimated that the impact of spoil nitrogen, due to
explosives, on the Fording River water quality would be short-lived
following the cessation of mining.

Nitrogen and phosphorus are plant nutrients which control algal
growth in surface waters. Phosphorus at very low concentrations tends to
limit plant growth even if nitrogen concentrations are high. Howzver, at
higher phosphorus levels, algal growth may become a problem. An
i1lustration of this phenomenon is given by McDonald (1984) for ETk River
(British Columbia). Elk River receives nitrogen-enriched effluent from
surface coal mines and phosphorus-rich wastewater from municipalities.
Downstream of the town of Fernie vhere both nitrogen and phosphorus are
plentiful, algal growth reaches nuisance levels.

McDonald believes that nitrate from surface coal mining
operations produced a much stronger phosphorus timitation downstream and
increased the potential maximum level of algal growth. The algal growth
1h the lower Lovett River did not reach the nuisance levels reported in
‘the British Columbian stream. However, considering that nitrogen

enrichment already occurs in the Lovett River it is probable that any
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further phosphorus enrichment would result in enhanced algal biomass

production.

6.2 ZOOBENTHOS

The environmental effects of coal mining activity on aquatic
biota have long been a serious source of concern in the eastern part of
North America <(e.g. Lackey 1939, Parsons 1968, MWarner .- 1971).
Acidification of stream water due to strip mining activity is the chief
cause of distress to the aquatic biota. Some benthic invertebrate taxa
are very intolerant of acidification, whereas other taxa have a wider
to]erance range. Despite this inter-specific variability, a reduction in
total density and a reduction in species diversity are commonly reported
phenomena at the community level (e.g. Roback and Richardson 1969, Dills
and Rogers 1974, Sculiion and Edwards 1980).

The effects of coal mining activity on aquatic biota have
received less attention in the western part of the continent. Part of
the reason for this 1s that the combination of Tow sulfur content in
western coal seams and higher buffering capacity of receiving waters are
less likely to result in acidification. Ward et al. (1978) concluded
that increases in salinity, sedimentation, and water depletion are the
major problems related to coal mining activity in the West. The authors
observed that invertebrate population density increased below a coal mine
station in Trout Creek, a Colorado stream, although the invertebrate
community structure was not altered notably. They attributed this
invertebrate response to the moderate increase in soluble salts. Coal

mine drainage can also result in the production of ferric hydroxide,
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which can form a yellow-orange precipitate on the stream bed (e.g. MWentz,
1974). Benthic invertebrates are usually greatly reduced in numbers in
areas where this precipitate forms (e.g. Radford and Graveland 1978,
Scullfon and Edwards 1980). Increases in suspended solid loads and in
sedimentation, can definite]x result in the disruption of invertebrate
communities. The principal ways in which the fauna of streams and rivers
may be affected by suspended solids are described in Hynes (19600 and
illustrated in a review paper by Chutter (1969). The reduction of light
penetration may inhibit the growth of primary producers and result in the
decline in invertebrate food resources. The deposition of inert solids
(silt) may smother attached algae, clog interstices between stones, and
cover the substrate of erosional habitats. The result is not only a
reduction in food availability but also the obliteration of habitat for
many aquatic invertebrates. Taxa typical of erosional habitats (such as
Ephemeroptera, Plecoptera, Trichoptera) are most affected and tend to be
replaced by taxa which are more typical of depositional areas (such as
Tubificidae, Chironomidae) (e.g. Nuttall 1972, Cordone and Kelly 1961).
The effect of suspended solids on aquatic biota occasionally
deviates from the expected pattern. Hamilton (1961) found that the high
turbidity produced by finely divided inorganic matter did not adversely
affect the bottom fauna in a éha]low, lotic environment, nor did it seem
to inhibit primary producers as abundant growth of filamentous algae was
observed. Bergstrom and Jablénski (1977} have also reported the growth
of filamentous algae in Luscar Creek, below the settling ponds of the
Cardinal-Luscar mine. Mosses can also be very tolerant of high suspended

solid loads. Lewis (1973 a, b) determined that Eurhynchium riparioides
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is capable of 1living below the discharge of coal washery effluents. This
moss survived in levels of suspended coal dust as high as 5000 mgel~’
even though the percentage germination of the spores was reduced by 42%
at this concentration.

The examples cited above indicate that in some instances the
suspended soltds in the water phase are less detrimental to benthic T1ife
forms than the sediment that settles to the bottom. Bécause
sedimentation is likely to be greater 1in depositional areas than in
erosional areas where it is reduced by swift currents, it is probable
that benthic invertebrates exhibit different responses in each habitat.
Ih an extreme situation, benthic invertebrates could appear to be
unaffected in erosional areas whereas they could be impacted in
depositional areas. In order to obtain an unbiased overa1l assessment of
water quality conditions, as experienced by benthic invertebrates, it is
desirablte to examine the coﬁmunity of botﬁ types of habttats.

Benthic invertebrate communities exhibit some degree of
tolerance to environmental disturbances. However, even relatively miid
environmenta! disturbances may induce measurable changes at one or more
levels. The number of organisms of certain taxa may decrease (sensitive
taxa) or increase (tolerant taxa ); the total invertebrate density or the
number of individual taxa may change; the proportion of numbers between
taxa may be altered.

Cluster analysis consistently separates control stations on the
Lovett. River from stations below the mine, and also consistently
distinguishes LR2 (the first mine station) from the remaining stations at

or below the mine. On the Pembina River, the control station is always
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separated from stations betow the confluence with the Lovett River. This
clustering pattern identifies the existence oF‘ different invertebrate
associations upstream and downstream of the mine.

An apparent devtation from this typical clustering pattern in
the survey on depositional areas (Ekman samples) needs to be clarified.
The clustering of samples from LR4 with LRI is considered to be an
aberrattfon in the data set. The similarity between these two stations is
primarily attributable to the presence of various Tipulidae; these larvae
are absent from all other samples collected in depositional areas. The
distribution of tipulid larvae in these samples is not thought to be

‘related to an improvement of the water quality but rather is an artifact
caused by the specific sampliing location. Ekman samples were collected
in an area where the river has steep, unstable banks. QOrmosia, which
only occurs at station LR4, is one example amoﬁg several of tipulids with
semi-aquatic habitats (e.g. Johannsen 1934, Merritt and Cummins 1978,
McAlpine et al. 1981). The presence of these larvae, which tend to live
in motst soil, could be indicative of the fact that bank erosion had
influenced the fauna at LR4.

_ The 'appraisaf of major =zoobenthic variables show that the
decrease in the proportion and number of Ephemeroptera and Plecoptera in
favour of an increase in the proportion and number of Chironomidae and
Oligochaeta 1s a feature common to both seasonal surveys of erosional
habitats. In depositional areas, an increase in the proportion and
numbers of Chironomidae and Oligochaeta was aiso observed. The decline

of clean water taxa in favour of tolerant taxa is commonly regarded as a
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typical benthic invertebrate- response to the deterioration of
environmental conditions (e.g. Gaufin 1957, Hynes 1960, 1965).

The appraisal of detailed taxonomic data (PCA) confirms the
importance of individual Ephemeroptera, Plecoptera, Chironomidae, and
Oligochaeta taxa in the comparison of control stations and streséed
statibns. In addition, a number of taxa which do not belong to these
major groups, but which exhibit sharp density differences between
stations, are also important.

Longitudinal changes in the benthic invertebrate associations
are 1indicative of a deterioration of environmental conditions in the
lower reaches of the Lovett River. However, the benthic invertebrate
response appears to be complex and suggests the possibility of more than
one cause of environmental stress.

Tubificid worms are of particular significance ian this study.
In fall, Tubificidae are virtually absent from the control stations, byt
they appear suddenly and in considerable numbers at the first miné
station (LR2) in samples taken from riffles (Neill cylinder) and
depositional areas (Ekman samples). They are encountered in nearly every
'§amp]e collected furthef downstream in the Lovett River and also
downstream in the Pembina River. Although this distribution pattern is
onty pronounced in the fall surveys, when tdﬁificid density is high, it
ts also discernable. in the spring survey notwithstanding the low
tubificid population densitie§. Tubificid worms are comﬁon in unpolluted

habitats, but the presence of Tubifex tubifex, which was identified in

Ekman samples, has frequently been associated with organic enrichment
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(e.g. Goodnight and Whitley 1960, Brinkhurst 1965, 1966, 1972, Aston
1973).

Because Tubificidae are detritivorous, bacteria are an important
constituent of their diet (Brinkhurst and Chua 1969, Wavre and Brinkhurst
1971, Brinkhurst et al. 1972). McMurty et al. (1983) determined that the
microbial constituents were more important than either organic contents
or particle size in determining substrate selection by tubificid worms.
Bergstrom and Jablonski (1977) reported extensive algal and bactertal
growths in Luscar Creek below the settling ponds of the Cardinal River
coai miﬁe. Although suéh phenomena were not observed below the
impoundments of the Luscar-Coal Valley mine in the Lovett River, it fis
possible that bacterial growth was enhanced as a result of the increased
nutrient concentration (see section 4.3). The occurrence of tubificid
worms at station LR2 could be related to a mild enrichment of the Lovett
River and could be encouraged by the settling of fine particulate
sediments.

The occurrence of two chironomid genera, Chironomus and

Stictochironomus, suggests a similar explanation. These members of the

tribe Chironomini are generally regarded as tolerant of eutrophication in
lakes {(Brinkhurst 1974, Saether 1975, 1979, 1980). However, enrichment
ts not necessarily the oniy explanation fof the occurrence of these three
taxa below the first mine effluent, a point which will be discussed at
mére length be]bw.

The information provided by other benthic taxa suggests that
enrichment is not the only cause of stress in the Lovett River. 1In a

case of mild enrichment alone, one would not expect a decline of
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Ephemeroptera, and Plecoptera as seen in the spring and fall surveys of
erosional habitats, nor would one expect total invertebrate numbers to
decrease below background Tevels (fall surveys) or to remain virtually
unchanged (spring survey). These observations raise the suspicion of the
lexistence of inhibitory effects in the Lovett River.

An apprafsal of the results of physical and chemical water
quality (Section 4.0) suggests that sedimentation is the most likely
cause of benthic tinvertebrate inhibition in the Lovett River.
Sedimentation of suspended sediment (non-filterable residue) is one of
the main results of coal mining activity in Western North America (Ward

t al. 1978). Coal fines can represent a large fraction of the suspended

sediments transportedrby rivers and the sedimentation of these particles
can cover the bottom with a black layer (e.g. Bergstrom and Jablonski
1977). In the Lovett River, where the presence of coal fines was not
apparent, the suspended sediment load originating from soil perfurbation
due to mining operations increased significantly downstream of the Luscar
Coal Valley mine (see section 4.1.5).

Siltation can be a very dynamic process in mountain or foothill
streams. For example, Bergstrom and Jablonski (1977) described how
extensive deposition beds of coal fines, below the Cardinal River Coal
settling pond, were washed out by sudden increases in river discharge
resulting from storm events. In the Lovett River, benthic invertebrate
samples contained considerable amounts of fine sediment. It was evident
that this fine sediment filled gaps between rocks, but at the time of

sampling, silt deposition on top of the substrate was not excessive.
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The response of benthic invertebrates to high loads of suspended
sediments can vary. Some authors (e.g. Hamilton 1961) are of the opinion
that deposition of a thick layer of fine particulate material fis
necessary to eliminate the normal fauma. In contrast, most studies have
shown a reduction in abundaqce and diversity of zoobenthos under much
less severe conditions. For exampie, Nuttall and Bielby (1973) reported
that even relatively small amounts of sediments can induce changes in the
invertebrate associations when deposition is between stones. The major
effect is to reduce the habitat available to taxa which live under or
between stones. Ephemeroptera, Plecoptera, and Trichoptera are generally
replaced by burrowing forms such as Tubificidae, and Chironomidae. In
erosional habitats of the Lovett and Pembina rivers most Ephemeroptera

(e.g. Epeorus/Heptageniidae, E. (Ephemerella), Baetis/Baetidae, Ameletus?

and most Plecoptera (e.g. Chloroperlidae, Taeniopterigidae) which have
clinging or sprawling habits (Merritt and Cummins 1578) are more nuﬁerous
above the mine effluents. Although the pattern is not nearly as
consistent as that.of Ephemeroptera, other taxa (such as Ceratopogonidae, -
Chelifera and Dicranota, all with sprawling habits - see Merritt and
Cummins, 1978) tend to be better represented at the control stations.
High loads of fine suspended solids can interfere directly with
invertebrates by abrading soff tissues or by clogging filter apparatus.
For example, Simuliidae, filter feeders which cling to clean substrates,
are known to be negatively :tnfluenced by sedimentation and by high
suspended sediment loads (Hamilton 1961, Nuttall and Bielby 1973,
Rosenberg and Wiens 1978). The occurrence of Simuliidae in the Lovett

and Pembina rivers was restricted to sites located upstream of important
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increases in suspended solids.

The tolerance of Chironomidae and Oligoéhaeta to siltation is -
well documented (Hamilton 1961, Nuttall 1972, Nuttall and Bielby 1973,
Scullion and Edwards 1980). In this study, sedimentation could certainly
explain the distribution pattern of certain chironomids, and especially
tubificids. Sedimentation and enrichment tend to favour burrowing
forms. Consequently, it is difficult to determine which effect prevails
in the study area, although it is probable that both sedimentation and
mild enrichment affect the invertebrate associations. In depositional
areas, the distripbution pattern of Odontomesa supports the thesis that
sédimentation is more important below than above the impoundments. This
member of the sub-family Prodiamesinae, which shows a definite preference
for the lightly silted sediments of slow moving waters (Saether 13983),
was absent from the Ekman samples collected at the control station, but

was common at all stations influenced by the Luscar Coal Valley mine

djscharges.

6.2.1 Comparison of Present and Pre-Impact Conditions

In 1974-1975, EPEC Consulting Western Ltd. (1976) conducted an
impact assessment study on the Lovett River, some of its tributaries, and
the Pembina River. The invertebrate data collected in riffles on several
occasions during this study provided a valuable basis for the comparison
of longitudinal and femporal trends in the benthic invertebrate
distribution of the Lovett and the Pembina rivers. Because of
differences in methodology between the studies conducted in 1974-1975 and

1984 (e.g. sampler, sieve mesh size, level of taxonomic identification)
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the comparison of density data for individual taxa may not always be
justified or possible. However, even a rather cursory examination of
bothr data sets is informative. Table 28 compares the percentage
distribution of major taxonomic groups to total numbers for spring and
fall data from both surveys. In 1974-1975 Ephemeroptera were the
dominant fauna element at all stattons in the Lovett River; usually, they
represented more than 30% of the total invertebrate density. Chironomids
were common, but their percentage contribution seldom exceeded 20%.
Oligochaetes were of minor importance (<0.5%).

In 1984 a definite change is apparent. Although the percentage
distribution of numbers between taxa is still comparable to that lin
1974-1975 at the controil statfons, the proportion of Ephemeroptera is
“much Tower k(lSZ) below the mine; Jhironomids are now dominant
(approximately 401); and QOligochaeta have become important (1 to 5%).
Data from the Pembina River fin 1984 also show clearly that the clean
water taxa which dominate undisturbed reaches of the river are much
reduced below the confluence with the Lovett River.

From the examinat1on of 1984 and pre-impact (i.e. pre-Luscar
Coal Valley ane) zoobenthic data, it is apparent that the composition of
the zoobenthic community has deteriorated at sites downstream of the
influence of the mine; The invertebrate associations of the Pembina

River have also changed noticeably below its confluence with the Lovett

River,.
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