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SUMMARY

Of primary importance in this work was the
identification of the 1locations of uranium mill tailings,
or any wastes containing 1long-lived radionuclides around Port
Radium. On the peninsula, depressions were utilized
initially for waste disposal during the uranium mining era,
as for example Radium Lake and Murphy Lake. Radium Lake has
been covered for some time with waste rock and overburden.
Since the closure of the silver mine in May 1982, Echo Bay
Mines Ltd. has undertaken the covering of most of Murphy
Lake with waste rock. The West Adit Tailings Area was the only
area identified on land where wastes from the uranium milling
operation have collected but remain uncovered. Minor amounts
of uranium tailings are found on the rock slope above West
Adit and in the spillway of Murphy Creek. About one million
tons of uranium mill +tailings have been discharged into

Murphy Bay, via Murphy Creek and down the slope of West Adit.

Though the uranium wastes had a weak acid
generation potential, acid generation was evident only in the
wastes which remain deposited on land. The tailings samples
recovered from Murphy Bay were alkaline. Based on the
parameters considered in this study, deep 1lake disposal
appears, in retrospect, to have been an acceptable solution
for uranium tailings disposal at Port Radium. On the other
hand, the small amount of tailings and wastes in the West
Adit Area indicated the problematic nature of terrestrial
disposal. It is concluded that, in the vicinity of Port
Radium, the water quality has not been affected by the uranium
and radium tailings discharged from 1933 to 1960.

The Silver Point Tailings Area was originally a small
bay created by the construction of a causeway to Silver Island.
This bay received the radium tailings which were later dredged
for uranium extraction, then the bay was refilled with
silver tailings between 1964 and 1975. This tailings area and
Garbage Lake, which was used initially as a garbage dump,
then as a tailings disposal site since 1975, are the only
silver tailings sites on land.

The Silver Point tailings, which form beaches
on Cobalt Channel, and Garbage Lake, with silver tailings in a
well confined basin, were not apparent sources of
contamination to Great Bear Lake in their existing
condition. Water overlaying the tailings 1in Garbage Lake
prevents aerial dispersal of tailings, but more importantly,
the thermal stratification of the water inhibits potential
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migration of contaminants into the surface water. The only
apparent effect of the effluent from Garbage Lake was the
algal bloom in Bear Bay. The Silver Point Tailings Area had
mainly coarse tailings on the surface, hence wind
dispersal has been minimized. A waste rock cover over the area
is not recommended, as contamination may result from
increased pressure on the waterlogged area, causing
extrusion of contaminated porewater into Great Bear Lake.

The alkaline silver tailings in LaBine Bay and
Cobalt Channel did not produce acid, nor did they contain
high concentrations of radionuclides and heavy metals. Since the
solubility of most heavy metals and radionuclides in alkaline
systems 1is low, changes in the water quality are wunlikely to
occur. It is concluded that the water quality of Great Bear Lake
has not been affected by discharges of either the uranium or the
silver tailings. Weathering of the waste rock produced localized
increases in metal concentrations in the water, but dilution
had minimized the extent of the area affected.

Two tons of ©pitchblende were shipped to Madame Curie
for her studies on radiation which lead to a Nobel Prize and
later uranium was shipped to the Manhattan project.

In conclusion, the assessment of the environmental
effects of the waste sites on the peninsula and on the

surrounding waters revealled that, although 1.5 million tons of
gsilver and uranium tailings are in close contact with Great Bear

Lake water, environmental problems were not evident.
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1.0 INTRODUCTION

1¢1. Introduction

In the early 1930's, Gilbert LaBine discovered an ore
body on a small peninsula on the eastern shores of Great Bear
Lake. Radium, uranium and silver were the principal ores
mined in Port Radium between 1933 and May 1982 when the last
ton of silver ore was mined by Echo Bay Mines Ltd.
Underground workings were closed, and mine and mill buildings
are being dismantled presently as part of the general
restoration of the site.

The Environmental Protection Service (EPS) carried
out an initial survey of radionuclide and metal
concentrations in sediments around the Port Radium peninsula
in 1978. Monitoring of Great Bear Lake water quality was also
carried out in March of 1982 by Indian and Northern Affairs
Canada. In 1982, EPS contracted with the University of
Toronto to assess the condition of the waste sites at Port
Radium. After an 1initial survey, the locations and physical
and chemical characteristics of +the wastes sites were
described in detail, as well as the occurrences of indigenous
vegetation which had invaded the waste sites.

Water sampling in 1982 identified the potential for
contamination from some waste areas during spring run-
off. During the dry summer months, however, no-
contamination of Great Bear Lake from the tailings areas was
observed. In 1983, the question of contamination from the waste
area during runoff was addressed with a more intensive water

sampling program.

1.2 Objectives of the Study

The objectives of the work at Port Radium were to
determine the distribution of the uranium mill tailings on
the peninsula and in the surrounding waters. The wastes from
the radium and wuranium extraction operations were compared to
the silver tailings and both are described to provide an

agsessnment of:

1) physical and chemical characteristics of the waste sites,
their effluents and the water in +the vicinity of the
Peninsula; and

2) the environmental implications of the mining wastes on the
peninsula and in the surrounding waters.



1.3. Site History And Description
1.3.1 Site History

One of +the first pitchblende ore bodies in the world
was discovered in the early 193%0's by Gilbert La Bine on the
Port Radium peninsula. In 1933, Eldorado Mining and Refining
Ltd. Dbegan a radium extraction operation at a rate of 50 tons a
day, wusing a gravity plant to produce a concentrate from mined
ore. Uranium at that +time was only a byproduct, and was
discarded with the radium tailings into a bay which had been
created by the construction of a causeway to Silver Island (now
called Silver Point)(Map 1).

Leaching techniques for the extraction of wuraniunm
were developed between 1947 and 1949. The first sulfuric
acid leach plant in Canada began uranium extraction at Port
Radium in April 1952. In addition to ore from the milling
operation, the radium tailings previously discarded into the
bay were dredged to be used as feed for the leach plant
(Hoffman, 1957). Between 1952 and 1960, approximately 340,000
tons of tailings had been reclaimed from the bay (DIAND File).
Griffith (1967) reported that the mill was operating at an
increased capacity of 300 tons per day by April 1960. On
September 16, 1960, the operation shut down due to the
depletion of the ore reserve.

From the records of uranium milling, an estimated

1,000,000 tons of tailings were discarded (Wollett, 1972).
Tailings were discharged into Radium Lake and Murphy Lake to

create working space, but a far greater proportion of the
tailings disappeared into the deep waters of Great Bear Lake
near the West Adit (Map 1).

In 1964 ©Echo Bay Mines Ltd. began a silver
extraction operation at Port Radium, re-using some of the
facilities of Eldorado Mining and Refinery Ltd. Milling
started in the same year at the rate of 100 tons per day,
processing ore from the new Edgar shaft (also known as Adit
#3). By 1975, the capacity of the mill had increased to 150
tons per day. About 260,000 tons of ore were processed by
the Echo Bay mill operation from the #3 adit (p.c., G.
Karklin ). The alkaline tailings, and mill process liquors
were discharged into an uncontained area outside the mill,
accunmulating to form the Silver Point Tailings Area or flowing
%nto Cobalt Channel (Map 1). Minewater was discharged to Labine

ay.



Map 1: Overview of the waste areas on the Port Radium peninsula.



In 1972-73, Roy and Vezina (1973) investigated mine
waste management in the Great Bear Lake area.They recommended

the use of a confined basin for future tailings
deposition. After consideration of several options for
tailings disposal, McDonough Lake was approved as the

most suitable tailings disposal site on the peninsula. The
lake had been used already for some years as a garbage disposal
site. It was a confined basin, 1large enough to hold tailings
for an estimated 25 years of mine operation. At present it
is commonly referred to as Garbage Lake, a suitable name
since scrap metal from the Eldorado Mining and Refining Ltd.
operation was deposited there (Chambers, 1973). Garbage Lake
became the only tailings pond and garbage dump of the Port
Radium mining town.

Between 1975 and 1982, 243,000 tons of ore were mined
from the dewatered Eldorado mine (Shaft #1). The tailings and
mine wastewater were treated with barium chloride and ferric
sulfate to precipitate radium and arsenic respectively, then
discharged into Garbage Lake. The last ton of silver ore was
milled in May, 1982. It is estimated that the silver mining
operation produced a total of about a half million tons of
tailings.

1.3.2 Site Description

Port Radium is 1located on a peninsula on the
eastern shores of Great Bear Lake midway along the
McTavish Arm. Bathymetric maps of Great Bear Lake indicate
depths of 300 to 424 m around Port Radium (Johnson, 1975).
A narrow strait, Cobalt Channel, lies between the tip of the
peninsula and Cobalt Island. From +the channel, a steep,
bare rock shoreline continues northward until becoming a
pebbly beach on the Murphy Bay shore line. Bear Bay, the point
at which the discharge from Garbage Lake enters Great Bear ILake,
has a similar shoreline +o Murphy Bay. (Map 1).

LaBine Bay 1is 1located %o the east and north of
Cobalt Channel. The outer part of the bay is bordered by a
waste rock causeway on the north side while the southern shore
of LaBine Bay 1is rocky. The inner part of the bay has
shallow vegetated shores on the southern tip. The northern
tip was used for docking aircraft and pleasure boats and for
mining activities related to the #3 adit.

The four areas containing tailings are referred %o as
Silver Point Tailings Area, Radium and Murphy Lakes, West Adit
T?ilings Area and Garbage Lake (Map 1 and Plates 1-4, Appendix
D).



The Silver Point tailings were deposited during the
silver extraction operation. The area was later used for
storage. The tailings Dbeach along Cobalt Channel 1is
apﬁroximately 100 m in width consisting of compacted tailings
behind an embankment of waste rock. <

During the extraction of uranium some ‘tailings
were discharged into Radium Lake and Murphy Lake. Both areas
have since been covered by waste rock. From Murphy Lake a dry
creek bed descends westward to Murphy 3Bay. During the
uranium milling operation, tailings slurries overflowing
from Murphy ILake coursed through the creek, filling the
depressions with tailings. '

A small depression below Shaft # 1 is referred to as the
West Adit Tailings Area. The steep slope immediately below
Shaft #1 had remnants of fine tailings, and in depressions
such as the West Adit Area, coarse tailings were mixed with

fines, peat and soil.

The fourth area which contains tailings is Garbage
Lake. A small tailings beach 1is located at the southern end of
the lake. The original lake level was considerably lower than
at present. In the past, water or tailings slurry left
Garbage Lake over a weir and entered Garbage Creek and then Bear
Creek . The bed of Garbage Creek was dry in 1982 -and 1983
since an overburden dam was constructed in 1982 to contain all
waters from Garbage Lake. Tailings fines were found at various
locations along Bear Creek.

2.0 METHODS
2.1. Pield Sampling Methods

2.1.1. Water

. The quality of water which was associated with
tailings and sediments was of particular interest in this
sampling program. Therefore, sampling station locations in the
vicinity of Port Radium were determined after an initial
survey was carried out of the types of bottom materials.
Dissolved oxygen, temperature and conductivity profiles
were determined in the water column. When
stratification was evident, : water from the bottom was sampled
. with & Van Dorn bottle, along with surface water from the
top meter. Due to equipment failure in both years, sampling
had to be restricted  to the surface at some locations. Al1l
water sampling locations are given in Map 2.



Map 2:

® SURFACE WATER
v SURFACE WATER, PROFILE
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---ROAD
WATER

o 1.0 km

Water sampling locations in 1982 and 1983;




In 1982 one-litre samples of water for metal analysis
were filtered (0.45 um) within 6 h of collection and acidified
to pH 1 or less with concentrated nitric acid. The
acidification was checked after 48h and additional acid added,
if required. In 1983, 0.5 1 of water was filtered for metal
analysis as before, but additional, unfiltered 0.5 1 samples
were acidified for radionuclide and metal analyses.

In a waterlogged area on the Silver Point Tailings Area
porewater was extracted from the tailings by driving a front-
end loader back and forth in the same location several times.

Primary productivy was determined for Great Bear Lake
at location 5W8 (Map 2) and in Garbage Lake (stations 1W8, 1W9
and 1W10)in June 1983. 100 ml vials were filled with
surface water in several replicate sets and 25 ul (or 10
uCi) of C14 were incubated in situ for 4 h. After
incubation, the water was filtered, and the filter papers
were rinsed with lake water several times and then air dried.
Productivity estimates were derived by subtracting dark vial

counts from light vial counts.
2.1.2 Sediments
Sediments were collected with an ZEkman grab.

Upon retrieval, the grab was placed carefully into a plastic
pail, where pH, oxygen and conductivity were measured

immediately. Where possible, the layers of sediments were
sampled separately. The samples were frozen in plastic bags
before shipment to the University of Toronto.

Conductivity and pH were redetermined in the laboratory
and the samples were kept frozen until further preparation
proceeded. Sampling locations are shown in Map 3.

2.1.3 Tailings and Soils

Grab samples of tailings or soil were collected
during the reconnaissance of the waste locations, and slurried
on site (1:1 v/v) to determine pH and conductivity. These
preliminary field measurements were used to determine
additional sampling locations. Only samples of solids were
analyzed for radionuclides in 1982 as a means of characterizing
the major sources of contamination. This approach facilitated a
focused water sampling program in 1983 after the potential
sources of water contamination had been identified.

. The solids were collected with a hand trowel and stored
in plastic Dbags. Sampling 1locations of tailings and soil
are depicted in Map 3 for the entire area investigated.
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Map 3: Tailings, sediment and soil sampling locations on or
around the Port Radium peninsula. Areas A, B, and C
are shown in more detail in Map 4.



Detailed sampling locations are given for West Adit, Murphy
Lake and Silver Point tailings (Map 4). The sampling consisted
either of single grab samples or, if distinct strata were
present, samples from each gstrata of the profiles.

The pH and conductivity meters were calibrated
daily with buffers and standard solutions, respectively. The
values of pH and conductivity reported are those determined in
the 1laboratory based on a 1:1 (w/v) slurry prepared with
distilled water. Conductivity and pH measurements 1in the
laboratory were in good agreement with the results determined
directly in the field. See Appendix B for details of the pH and

conductivity determinations.
2.1.4 Vegetation

Biota 1living in association with the waste material
were collected and identified to assess the potential
for colonization of waste materials. Aquatic periphytic algae
and terrestrial plants were collected in effluent creeks or on
the waste material. Vascular plants were identified by
C.Manville and are deposited at the Herbarium (Department
of Botany, University of Toronto) . Bryophytes were also
collected and specimens are at the National Museunm in Ottawa.
The major groups of algae were jdentified by J.H. Hellebust
(Department of Botany, University of Toronto), using samples
preserved in Iugol's solution. A description of the sampling
locations 1is presented in Appendix D.

2.2. Laboratory and Statistical Analysis

Detailed methods for the analyses outlined below are
presented in Appendix B.

2.2.1 Water Analysis

A1l 1982 water samples were analyzed unconcentrated by
ICP (Inductively Coupled Plasma Argon Spectrophotometry).
Detection 1limits for ICP analysis of the samples are given in
Apgendix A along with the results. The instrument specifications
and the theoretical detection limits for the analysed elements
are given in Appendix B. Arsenic concentrations of some
samples were determined in addition to the ICP analysis by
the Flow Injection Hydride Generation Method, since this method
results in a detection limit of 0.0005 mg/1l, which is much lower
than the ICP limit of 0.002 mg/1.
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Map 4: Sampling locations on waste areas on the Port Radium
peninsula.
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In 1983, three litres of unfiltered water were
analyzed for Ra-226, Pb-210 and uranium by the Saskatchewan
Research Council (SRC). One half-litre samples of filtered and
unfiltered water were analyzed by atomic absorption
spectrophotometry at the Department of Indian Affairs and
Northern Development (INAC) Laboratory in Yellowknife.

2.2.2. So0lid Samples

The samples of tailings, soil and sediment
collected in 1982 were homogenized, then oven dried and
ground with a hand mortar. The ground samples were brought
to constant weight at 75 C. For analysis by neutron
activation a subsample of 0.5 g was irradiated at the slowpoke
facility at the University of Toronto. An additional gram of
the sample was used for analysis of Ra-226 and Pb-210
performed at the University of Waterloo in the laboratory of Dr.
H. Sharma.

Percent 1loss on ignition (L.0.I) was determined on 3 to
% g of material ignited at 450 C for 4 h at the University of
oronto.

Sediments, tailings and soil samples collected in 1983
were prepared and analyzed for metals in the DIAND
Laboratory. Radionuclides were determined by SRC.

2.2.3 Acid Generation Potential

Tailings and sediment samples were collected for
acid generation potential in 1983 in the same way as
described earlier for metal or radionuclide analysis. The
tests were performed by BC Research.

2.2.4 Data Processing and Statistical Methods

A1l data collected in 1982 were formatted in a manner
compatible with other data on uranium mill tailings (KALIN -
AECB DATABASE). The results of the water analysis in 1983 were
added to the data of the previous year. Calculations were
carried out using the SAS package (SAS version 82.3)
Supported by the University of Toronto Computer Services.
The procedures PROC SORT, PROC TABULATE, PROC MEAN and
PROC CLUSTER were used to generate the relevant statistics for
the report (SAS, 1981).

11



3.0 RESULTS AND DISCUSSION

3.1 Locations and Characteristics of the Waste Material
3.1.1 Location and Physical Characteristics

The location of waste material is important in relation
to potential environmental degradation. For example, Garbage
Lake, Murphy Lake and Radium lake are confined areas,
preventing direct contact of the tailings with Great Bear Lake,
while the Silver Point tailings beach lies at the edge of Cobalt
Channel. Waste water from the confined areas could reach Great
Bear Lake only through subsurface seepage or above-ground
flow. The texture and pHof wastes will indicate the type of
potential problems such as leaching of contaminants.The
Characteristics of the leachate is in turn determined by the

chemical composition of the waste.

Major differences in pH and electrical .conductivity
were noted Dbetween some materials from West Adit and the
tailings from Silver Point, Murphy Lake and Garbage Lake.
These differences are important with respect to the potential
for mobility of metals and radionuclides. In Appendix A, the
values of pH, electrical conductivity, percent moisture
content and organic content (L.0.I.) are summarized for ten
locations. In Table 1, a summary of the ranges of pH and

conductivity is presented for silver tailings from Garbage
Take and Silver Point , for sediments from Cobalt Channel and

LaBine Bay and for the solids from the West Adit Area.

These results suggest, given the pyritic uranium ore and
the carbonaceous silver ore, that the material in West
Adit originated with the uranium mining activities because of
the low pH in some samples. Purthermore, West Adit is located
in the direction in which the uranium tailings have been said
to have been discharged after Radium Lake and Murphy lake were
filled ( p.c. C. Lendrum , E. Joe ). Acidity alone, however,
does not indicate the origin of the waste, particularly as
exposed rock in this area is often "streaked" as a result
of pyrite oxidation. Control material collected had a pH of
3.1 (Appendix A).

The texture and stratification of materials are
important factors affecting the mobility of metals:.and
radionuclides. Fine tailings generally contain higher
concentrations of radionuclides than coarse tailings. Thus
the potential for leaching of contaminants from a layer of
fine tailings on the surface is greater than from a layer of
coarse tailings on the surface. Fines are more easily

12



dispersed by wind and more easily suspended in water when
dry. The profiles of Silver Point, Murphy Lake and West Adit
(Figure 1a, b and c¢) identify the relative location of the
tailings textures in the pits.

TABLE 1: RANGES OF pH AND ELECTRICAL CONDUCTIVITY
IN WASTE MATERIAL

LOCATION pH : CONDUCTIVITY.
umhos/cm
TAILINGS min max n min max n

Silver Point
and Garbage

Lake 7.2 8.6 15 140 850 15
SEDIMENTS

LaBine Bay and

Cobalt Channel 7.4 8.6 15 430 5200 15
TAILINGS

West Adit 3.6 7.6 19 80 220 19

The stratification in the Silver Point tailings (Fig.
1a) was homogeneous. In all profiles examined in the main
tailings area (samples 8T75,6,7), approximately 60 cm of
coarse tailings overlay very thin layers of fine, clay-like
tailings. Two of the profiles were taken from trenches of
about 40 m in length. The thickness of the coarse layer
varied little throughout the trenches. In other locations the
coarse layer was somewhat thinner (8T1 and 8T2).

In the Murphy Lake profiles (Fig. 1b), a different
stratification of +tailings material was evident. A greater
variety of textures and waste materials was observed. Numerous
very thin strata of fine +tailings, a thin layer of coarse
tailings and, in some cases, process slimes deposited on the
surface could be differentiated. Pits were examined only in
areas where waste rock did not cover the surface.
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The stratification of West Adit profiles was the
most varied (Fig. 1c). In some locations, peat or moss
covered coarse tailings ( 9T13 ), while at other locations
coarse tailings were on the surface and strata of organic soil
or fines were underneath.

The stratification of waste material was clearly
different in all three locations. Coarse material was mainly
deposited at Silver Point due to the movement of tailings fines
into Cobalt Channel along with the tailings liquors, leaving
behind only the more rapidly-settling coarse tailings. In
Murphy Lake a more regular pattern of fines and coarse
tailings were noted, indicating that tailings liquors had
ponded providing adequate time for the fines to settle out. On
West Adit, +the layering was varied, indicating that this
area had received wastes in a rather random fashion and was
unlikely part of a regular tailings discharge system.

3.1.2 Chemical Characteristics

3¢1.2.1 Radionuclides

The results of radionuclide analysis of samples
collected on the peninsula are given in Fig. 2.
Radionuclide concentrations in sediments collected from the
surrounding waters are given in Fig. 3.

Clearly, the West Adit area had the highest
concentrations of Ra-226 and Pb-210. Two sediment samples, 5353
(tailings) and 5S4 (natural sediment), also contained elevated
concentrations of radionuclides, with 112 and 325 pCi/g (dry
weight) of Ra-226, and 56 and 93 pCi/g of Pb-210,
respectively. These values fall within the concentration
ranges of samples from the West Adit area. From these data,
it is evident that the Ra-226 and Pb-210 concentrations 1in

West Aditmaterial were high compared to the tailings from
Silver Point and Garbage Lake. The results of radionuclide
analysis of samples collected in these three areas in 1982 and
1983 are presented in Table 2.
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TABLE 2 : RADIONUCLIDES IN TAILINGS FROM SILVER POINT, WEST
ADIT AND GARBAGE LAKE

1982 (Waterloo) ' 1983 (SRC)
Concentration Concentration
Sample Texture Ra-226 Pb-210 Sample Texture Ra-226 Pb-210
Code pCi/g pCi/g pCi/g pCi/g
WEST ADIT
T1 fines 243 187 9T9 coarse 946 946
T2 fines 449 106 9710 coarse 811 811
973 fines 135 278 970 peat 378 324
9T4 fines 223 64 9T11 coarse 676 676
9T5 mixed 109 60 9712 coarse 811 676
977 coarse 521 59 9713 coarse 811 676
9T7 fines 266 34
9T8 slimes 368 189
978 soil 246 32
918 fines 495 T3
SILVER POINT
_ water
8T1 m@xed 20 30 8T4 saturated 67 54
8T3 mixed 3 3 8T5 coarse 19 5
GARBAGE LAKE
17T mixed 7 5 1T5 mixed 54 24
1T2 mixed 14 T
173 mixed 21 7

The concentrations of Ra-226 in the West Adit
material ranged from 109 (composite sample) to 521 pCi/g (coarse
tailings sample). The materials collected in 1983 were mainly
coarse, surface tailings. The sample 9T9 was peat, 9710~
9T12 were coarse tailings and 9T13 contained a thin layer of
moss with coarse tailings (Fig. 1c ). ,

The concentrations determined in 1983 are

generally consistent with those from the previous year, in that
they are higher in West Adit material +than in Silver Point
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tailings. However, 1983 results were higher than those reported
in 1982. As well, the concentrations of the two
radionuclides were unusually similar in 1983 samples. These
similarities were explained as the result of incremental
rounding (p.c. G. Smithson). In general, it can be stated
that West Adit material has 10 to 100 times higher Ra-226 and
Pb-210 concentrations than the tailings at Silver Point and
Garbage Lake .

3¢1.2.2 Metals

The mining history suggested that most of the
uranium tailings presently reside in Great Bear Lake. Several
studies indicated potential, long-term environmental problens
which could ©be associated with these tailings (Moore 1981 and
Falk, Miller and KXostiuk, 1973) . It was therefore
important +to differentiate clearly Dbetween silver tailings
and uranium wastes. This can not be done based on acidity,
radionuclide concentrations and heavy metals alone.

The concentrations of 1% elements (Co, U, Al, Mg, Mn,
Na, Ba, Va, C1, I, Dy, Sr, Br) were determined by neutron
activation analysis of solid samples collected in 1982. Those
results were used to fingerprint the material with a cluster
analysis. This statisical procedure groups samples according
to their elemental similarities. Silver Point tailings were
Placed into a group significantly different from tailings
from West Adit, Murphy Creek and Murphy Bay suggesting
differences in the materials. A detailed description of the
results is given in Appendix C along with the dendrogran.

The characteristics of known waste material on land can
be used to identify the type of tailings in the sediments in
Great Bear Lake, through differentiating the elemental
composition of the silver tailings from uranium tailings. Metal
concentrations in the waste material also suggest differences
between the materials (Table 3).

Arsenic concentrations in West Adit coarse surface
tailings were somewhat higher than those in the Silver Point
tailings, but the concentrations of lead and zinc were lower. A
geat sample from the West Adit Tailings Area (profile 10T10) had

# copper, suggesting that Cu was bound to the organic
material. The number of analyses for both radionuclides and
metals was small, but some metal concentrations were distinctly
different, supporting the conclusion that a difference in
origin of the waste materials existed.
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TABLE 3%: METALS IN TAILINGS AND SEDIMENTS

Sample Sample Ni AS Ch CU FE PB HG ZN Cco
Loca~- Code
tion mg/kg

mean + standard deviation

Silver
Point 8T4 1 2163 1.3 5750 41300 1440 3.5 1450 562

Silver

Point 8T5 3% 2142 0.8 4490 40770 1277 *¥*2.6 833 55
| +102 401 4272 2632 27 +7 +26
Garbage
Lake 174/5 2 1553 0.43 950 65895 1475 1.1 573 226
+130  +0.1 +28 #4292  +140 +.3 +99 4393
West
Adit 9T9 1 3591 0.23 2870 36250 337 1.2 266 55
Top
Coarse 9710/ 3 3253 0.3 3400 34420 359 1.2 390 331
st 12 +471  +0.3  +814 +5240 +81  +0.2 153 +486
es
Adit N 9713 3% 1413 2.8 7343 45933 731 0.8 1883 1800
4550  +.1  +136 +3442  +14  +.3 4223 +338
Sediments
Labine 5812/ 2 572 .35 1765 29055 132 0.3 184 300
Bay 13 +744 +.2 42227 +2905  +132 +.3 +99  +393

*¥ replicate analyses
* % n=1

3.1.3 Acid Generation Potential

Physical and chemical composition, and the
stratification of waste materials are essential characteristics
required to assess their environmental implications.
However, the potential for mobilization of contaminants may also
depend on the potential for generation of acid. If the waste
materials contain sulfur or sulfides, microbial oxidation will
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generate sulfuric acid which will increase the mobility
of metals and radionuclides.

Acid generation tests determine the potential of a
mineral material ( soil, rocks, tailings etc. ) to produce
acid. The tests are performed under optimal conditions in the
laboratory. On the actual waste gite, however, oxygen
saturation and temperature may not be optimal for the
bacteria. In Port Radium the temperatures for most of the year
would be far below +those at which microbial acid generation
could occur. As well, oxygen needed by the bacteria will be
limited or absent in the deeper waters. However, in
shallow parts of the lake acid generation could occur in the
summer months, resulting in slow environmental degradation.

The results of the acid generation tests performed by
BC Research on 4 samples are given in Tables 4a and 4b.

TABLE 4A: INITIAL ACID PRODUCTION TEST

Sample Sample z3 Theoretical Natural pH Acid Poten-
Code Descrip- Sulfuric 10g Sample Consumption tial
tion Acid kg/ +10 ml kg Sulfuric Acid
tonne Water Acid/tonne  Producer

633  Murphy Bay

Sediment 0.80 24.5 9.3%1 16.7 yes
9711 West Adit

Surface

Coarse 1.76 53.9 5.3%8 10.1 yes

185 Garbage

Lake 1.06 32.4 8.82 167.8 no
554 LaBine Bay

Sediment 1.07 32.7 8.01 87.% no
8T5 Silver

Point

Tailings 0.92 28.2 8.64 109.8 no
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TABLE 4B: CONFIRMATION TEST FOR ACID PRODUCTION POTENTIAL

Sample pH before pH after pH after Confirmed
code addition of addition of addition of acid
extra 0.5 x ori- 1 X ori- producer
sample ginal weight ginal weight
633% 2.05 3.04 3.48 yes-weak
9T11 1.78 2.28 2.75 yes-weak

Materials from Garbage Lake, Silver Point Tailings area
and outer LaBine Bay clearly consumed more acid than could
be produced and, therefore, have no potential to produce acid.
In the field, +the tailings slurries from these locations had
pH values ranging from 8.0 to 8.8 (Appendix B). These field
measurements supported the results of the acid generation tests.

If +the material consumes less acid than it produces,
it could be a potential acid generator. If the initial
titration +test indicates that insufficient neutralizing or
acid consuming capacity exists, microbial activity by
Thiobacillus ferrooxidans could produce acid. A second test is

, where the sample is inocculated with the bacteria.
The pH of the material after several 24 h periods determines
the endpoint of the test, ie., the acid generation potential.
West Adit and Murphy Bay samples were weakly acid generating
(Table 4b).

The findings correspond with the acidic pH determined
in thefield in and the laboratory for West Adit material,
but in the Murphy Bay sediment, the pH was alkaline (8.8) in
the field and remained so after 24 h at room temperature
(Appendix B, Section 3.2). In fact, the alkaline pH of Murphy
Bay tailings indicated +that, although an acid generation
potential existed, the sediments were either not infected with
Thiobacillus ferroxidans or the conditions were unfavorable
for the bacteria (foo cold and low in oxygen) to produce acid.

In the waterlogged area of Silver Point, tailings water
was extracted from the tailings by pressure. The concentrations
of radionuclides in filtered and unfiltered samples of this
water gave some indication of the concentrations of soluble
congtituents in the tailings. The acidified unfiltered sample
indicated the concentrations which could solubilize, should
the tailings become acidic. As expected, Ra-226 was higher in
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the acidified unfiltered sample than in the filtered, with 81
versus 11 pCi/l, respectively. The same trend for Pb-210 was
observed, with the unfiltered water containing 51 pCi/1 and the
filtered 4 pCi/l.

%3.1.4 Vegetation on the Waste Material

Vegetation established on waste material is a
potential source of contamination to herbivorous animals,
should radionuclides be transported into the vegetation.
Therefore, one of the environmental aspects which was
investigated was the plant invasion of the waste sites.

The plants <collected on waste areas represented
those species which were most frequently encountered. These
species were considered to be the major components of

the plant communities which were in close association with the
wastes. In Appendix C, detailed listings of the plants are
given. :

The most diverse community of vegetation was found
along Murphy Creek where 15 species from eleven families
were recorded. Only ten species from 6 families were growing
on the West Adit waste site. On waste rock near the mill
building and on sections of Radium Lake, some species from the
Mustard and Pea family were frequent, represented by Rock Cress
and Oxytropis. However, the vegetation cover was never
extensive. Although percentage vegetation cover was not
systematically evaluated, it is generally below 50 4 , with the
exception of areas where terrestrial moss provided 100 % cover.

The waste rock areas close to Shaft #1 were free
of vegetation. In order to make a prediction of the time
required for this material to become colonized, an old waste
rock pile was visited on the northern slope of Cross Fault
Lake (Map 1 ). On this small waste rock pile, at least 40
years old, lichens, mosses and the occasional hummock of
Kentucky bluegrass (Poa pratenses) were noted. One 25 cm tall
Paper Birch (Betula papyrifera) was 25 years old, suggesting
that if colonization of waste rock occurs at all, it will be
extremely slow.

The brief vegetation survey can be summarized with
respect to the waste material. Waste rock will not ©be
colonized extensively, while tailings areas will either remain
free of vegetation or eventually become covered with moss and
horsetails (Equisetum spp.). Since these plants are not major
components of wildlife diet, they are likely not a source of
contamination in the terrestrial pathway, even if they should
accumulate radionuclides.
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3.2. Waste Water
3.2.1 Garbage Lake System and West Adit Melt Water

A thermocline was observed in a Garbage Lake
temperature profile measured in August 1982 (1W7,1W1,1W4 in
Fig. 4). In a small, shallow lake this is unusual, since
wind action alone should mix the entire water column. The
stratified condition may have been maintained by a chemical
gradient.

Stratified temperature profiles were again observed in
1983 (1W10 ,iW8 and 1W9) in Garbage Lake at the same
locations indicating that the thermocline appeared to
be established shortly after snowmelt. Dissolved oxygen
concentrations increased with depth, then decreased between
the depths of 3 to 4 m for all three stations, as was the case
in 1982 in profiles 1W1 and 1W4. '

Oxygen levels at the sediment-water interface could
have an effect on water quality. At the time of sampling,.
this interface was anoxic and the water just above the sediment
had on average less then 3 ppm oxygen, indicating oxygen
depletion of the deeper water Fig 4§.

During the survey in 1982, blooms of algae were found
at the mouth of Bear Creek and on the Silver Point tailings
beach (Appendix C, p25). Biological activity in Garbage Lake
was, therefore, a reasonable possibility and hence was
determined in 1983. Furthermore, an evaluation of primary
productivity comparing Garbage Lake to Great Bear Lake provided
an indication of the potential effects on the rate of primary
productivity in Bear Bay.

The productivity in Garbage Lake was about 40 times
higher than in Great Bear Lake (Appendix C pg. 6). Nutrients
in effluent from the waste sites may have increased the
primary productivity in ultra-oligotrophic Great Bear Lake.

In order to quantify differences 1in the
chemical composition of surface versus bottom water in
Garbage Lake, two sets of samples were collected in 1983. In
Table 5, the elemental compositions of samples for two
stations (1W8 and 1W1l0 map 2 ) are listed. At site 10, the
concentrations of As, Fe, Ni and Co in filtered and unfiltered
water were higher at the bottom of +the lake than on the
surface. At station 8, the reverse was the case. The absolute
differences were only large for iron in sample 10 (unfiltered
bottom, 3.4 mg/l, unfiltered top, 0.04 mg/l). The
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concentrations for all other elements were in the same range.
Clearly, the number of samples available for evaluation of
differences between bottom and surface water were insufficient
but some differences were indicated for site 10.

The water quality of the Garbage Lake systém 1is
given in Table 5. This system consists of the Lake itself and of
Garbage Creek which joins Bear Creek before flowing into Bear
Bay.

In the summer of 1982, the volume of surface seepage
flowing from Garbage Lake into Garbage Creek was small.
Because the quantity and quality of seepage may be different
during snownmelt, and because the freeze-thaw cycle could
liberate significant fractions of tailings fines present in the
creek bed, this site was re-sampled in 1983. The seepage water
quality and flow rate appeared the same as in the previous
summer. In order to assess whether this small volume of
contaminants or newly released fines was having an effect
on the water quality of the 1lower Garbage Lake system, water
was sampled above and below the junction of Garbage Creek
with Bear Creek, as well as in Bear Bay. The analyses of
filtered and unfiltered water samples from below the junction
indicated that the minor amount of seepage was diluted with
Bear Creek water. No decrease in Bear Creek water quality after
mixing with Garbage Creek effluents was observed (Table 5).

In order to compare the melt water quality from the
West Adit area with +that of Garbage Lake water, the
concentrations are also reported in Table 5. It is quite
evident that Ra-226, Pb-210, As, Cu, Zn, and Co were
present in much higher concentrations 1in West Adit water
than at any location in the Garbage Lake system. The high
concentrations of these elements in the waste solids and the
acidity of some of the waste materials contributed to the
contamination of the water. Fortunately, only small quantities
of the water were discharged the West Adit tailings area
during spring melt, while during the remainder of the year
the West Adit tailings area likely contains the contaminated
water.
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3.3. Water Quality Monitoring Data from the Shoreline of the
Peninsula

5.3.1 Historical Monitoring Data

Data collected to monitor the Echo Bay Mine during
operation have been summarized in detail in Appendix C
(pg. 12 - 15). Information was available for LaBine Bay close
to station 5W6, for Cobalt Channel between stations 2W6 and
2W3 (Map 2 ), and for the Garbage Lake system. These data,
dating back to 1969 for some locations, are used to determine:

(a) whether the quality of water in Garbage Lake has changed
since minewater was first disposed there; and

(b) whether the water quality of Cobalt Channel and Labine
Bay, measured during the mine operation, has remained the
Same since the closure of the operation.

Analyses of Garbage Lake water were available for 1974
when treated effluent had not yet been discharged.
The characteristics were similar +to water collected in 1983
and 1984, despite the fact that contaminants such as As, C4,
Cu, Fe, Pb, Ni, Zn and Ra-226 were added to the ILake with
minewater and tailings from 1974 to 1982. Nevertheless,
despite disposal of these contaminants, water in Garbage Lake
in 1983 was very similar to pre-disposal conditions.

The monitoring records for stations in Cobalt Channel
and LaBine Bay exhibited large variations in concentrations of
many parameters, thus comparisons with data fronm 1983 and
1984 are inconclusive. Metal concentrations in samples
collected from the same site were sometimes elevated and at
other times not. Similarly, some samples collected during the
present study contained elevated concentrations. The higher
values were rare and localized to areas immediately exposed to
waste rock and the tailings beach.

In general, the variability in elemental concentration
was large and concentrations were frequently reported at or
below the detection 1limit of the analytical method used.
Nevertheless, when comparing the records of water
quality before and after shutdown of the mine, no +trends of
either increasing or decreasing metal or radionuclide
concentrations were noted in Cobalt Channel and Labine Bay.
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3.3%.2 Water Quality along the Shoreline

During the 1982 survey, higher concentrations of As, Pb
and U were reported in some isolated instances (see dot maps
in Appendix C, pg. 16 to 24). As these concentrations were
not related to continuous discharges of wastewater as
discussed previously, they may have been due to suspended
particulates. During run off, particulates in the meltwater
could be introduced from tailings areas or waste rock. This

uestion was addressed in 1983 shortly after spring runoff.
iltered and unfiltered water quality data are compared for
shoreline and all other locations in Tables 6a-c.

Iron concentrations in unfiltered water were
consistently slightly higher than in the filtered water
suggesting some contribution from particulate matter (Table 7).

The differences in the concentrations of As
between filtered and unfiltered samples (Table 6a) were
variable, an occurrence typical of arsenic throughout the
monitoring records and in earlier work. The filtered and
unfiltered water of Great Bear Lake contained Cu, Co, Ni, and Zn
in the same concentration ranges (Tables 6 a and b). From
these comparisons, the existence of an annual input of
particulates from the waste material on the Port Radium
peninsula to the water of Great Bear Lake was not evident.

Sampling stations on waste rock shores in Labine Bay
and on Silver Point tailings indicated higher
concentrations of dissolved As, Cu ,Pb , Ni, U and Co.
Cobalt, a metal which is rich in the Port Radium ore, was found
in higher concentrations in water along the waste rock on the
shore, around the rock causeway, on Silver Point tailings
beach and in Garbage Lake than in the open water surrounding
the peninsula (see dot maps in Appendix C pg 4). Cobalt was
the the only element in which this trend of increased
concentrations along waste rock or tailings was pronounced
and consistent.

These results suggest that the occasional high
elemental concentrations discussed earlier were likely a
result of weathering of the waste rock along the shores. This
would also apply to the uranium concentrations. However, for
this element, in addition to weathering of waste rock, natural
outcrops likely produce elevated concentrations along the shore,
as for example in West Bear Bay, located along veiln #2. See
Appendix C for a detailed map of concentration ranges along
the shoreline for both years.
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TABLE 7: IRON CONCENTRATIONS IN FILTERED AND
UNFILTERED SHORELINE WATER IN 1983

Location Sample Filtered Unfiltered
code mg/l mg/1
Bear Bay 3W3 24 24
3wW2 48 86
Cobalt
Channel 2w7 61 64
Outer 5W14 29 42
Labine 5W13 60 71
Bay 5W11 64 66
5W12 32 40
Inner 5W9 45 56 .
Labine 5W10 33 46
Bay 5W8 145 70
West oW1 35 107
Adit QW2 53 53

Another feature related to the wastes and their
discharges was the periphytic algal growth on Bear Bay.
Extensive algal mats were observed in 1982 and 1983,
although the amount of surface seepage from Garbage Lake was
very small. Dilution from Bear Creek and Bear Bay water had
left indetectable changes in the water quality of Bear Bay. The
bloom of periphytic algae was the only evidence of discharge,
as no other area investigated on the shoreline along the
Reninsula exhibited a similar periphytic community (see

ppendix C for locations).

The algal mat extended over the entire shoreline ofthe
Bay and may act as an absorbent of metals and radionuclides.
Along the Cobalt Channel beach only small patches of algae
were noted and remnants of the colonies were found on the
bottom of the channel.

Together with +the higher primary productivity in
Garbage Lake, the periphytic algal mat appeared to be the only
other evidence of effects on the aquatic pathway. The algal mat
on the beach contained 11.5 pCi/g (dry) of Ra-226 and 23.3 pCi/g
(dry) of Pb-210. DBased on these concentrations, a maximum
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dose of 3 rad/h from Ra-226 and 8 rad/h from Pb-210 can be
derived. These dosages are about 1000 times below those at
which radiological effects on aquatic life have been reported
(p.c., D. Lush).

3.4. Water Quality in the Vicinity of the Peninsula

Ice was still floating around the peninsula at the time
of sampling in 19853. Temperature, dissolved oxygen and pH
8rofiles were measured and are summarized in detail in Appendix

’ for +the areas around Cobalt Channel, Cobalt Island,
outer LaBine Bay and 1locations to the north of the Port
Radium peninsula. These locations had no thermocline, but the

water in inner LaBine Bay was stratified 1 meter below the
surface.

A total of 70 water samples from Great Bear Lake
were analyzed for metals-and other elements in 1982 and 1983
and 19 samples were analyzed for radionuclides. The results
have been previously discussed in relation to the waste
waters and concentrations along -the shoreline (Table 6a -
c). It is evident that, compared to concentrations of heavy
metals in the water in the vicinity of the peninsula, the
water in direct association with some waste sites had elevated
concentrations of some elements.

To ascertain the environmental implications of these
concentrations, they were compared to water quality objectives.
Environment Canada has produced guidelines for the protection
of aquatic life and drinking water. These guidelines,
published in 1979, have been used in the following evaluation of
the concentrations of Pv, U, Ni, Cu, As, Cd and Zn in samples of
wastewater and Great Bear Lake water in the vicinty of Port
Radium. ,

~ The first striking observation is the frequent
occurrence of concentrations below the detection 1limits of
the analytical methods. The percentage of water samples from
the entire collection of both years for which the
concentrations were above the detection limit, ie. at least
two times above the detection 1limit, are given in Table 8.

Since less than 50% of the concentrations of most
ofthe metals were undetectable, metal concentrations at or
below the detection limits were considered as real values by

setting each value at 0.5 of the detection limit.
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TABLE 8 : PERCENTAGE OF WATER SAMPLES WITH VALUES
ABOVE THE DETECTION LIMIT

Element Ra- Pb- Pb U Cd Zn Co Ni Cu As
226 210

% 89 63 18 38 8 63 31 45 23 68

The guideline concentration for each element was
subtracted from the value obtained. Hence, if the concentration
was above the water quality guideline, a positive value was
produced, while a negative value resulted when a concentration
was below the guideline (Tables 9a-c).

Ra-226 values were compared with the federal guideline
for tailings effluent discharges of 10 pCi/l. In the absence of
guideline for Pb-210, the average concentration of +two samples
of Great Bear Lake water (8.1 pCi/l) was used.

The Ra-226 concentrations ( Table 9a ), with the
exception of the porewater from the Silver Point Tailings,
were all below the federal guideline of 10 pCi/1 and were below
the more stringentguideline of 3.0 pCi/1 of the Province of
Ontario (Table 6c). The filtered pore water was only 0.8 pCi/1

above the federal guideline.

For Pb-210, negative values generally resulted from
the calculations, although the concentrations of unfiltered
porewater from Silver Point tailings and the seepage from the
West Adit tailings area were positive with respect to the
aquatic life guidelines.

The sample size <for the metal concentrations was
much larger than for radionuclides, with a total of 70 samples.
Only one sample from the bottom of Cobalt Channel contained
Pb ( +0.08 mg/1) above the recommended guideline of 0.005 mg/1l
(Table 9b and 9c). The average lead concentration of 10
filtered surface samples in Garbage Lake was 0.02 mg/l above
the standard. However, the variability in these values was
large. For the remaining metals (As, Cd, Zn, U, Ni and Cu),
the calculated values were predominantly negative in all
locations other than Garbage Lake, West Adit and the porewater
extracted from the Silver Point tailings.
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When the same calculations were made with respect t
drinking water objectives, the results did not change
significantly ( Tables 10a, b and c). It may be self-evident
that the water of Garbage Lake along with the melt water from
West Adit and the Silver Point tailings porewater, did not
qualify as drinking water.

4.0 CONCLUSIONS

Perceived and realistic concerns over environmental
problems related to uranium mill tailings dictated the need to
identify the location of uranium mill tailings on and around
the Port Radium peninsula. Milling records indicated that
gpproximately one million tons of uranium tailings exist in the

rea.

It is concluded +that the wastes on land related to
the uranium mining and milling era are located in the West Adit
area and in Murphy and Radium Lakes. Most of the tailings,
were either carried as slurries down steep slopes above the West
Adit tailings area or via Murphy Creek into Great Bear Lake.

Because most of the tailings are submerged in Great
Bear Lake, radon emanationshould be curtailed and acid
generation appeared +to be suppressed. In contrast +to the
weakly acid generating tailings on land in the West Adit
tailings area, the tailings recovered from a depth of 13 m
from Murphy Bay were alkaline. The pH of sediments in this
area likely remain unchanged as microbial acid generation
at the low temperatures and oxygen concentrations recorded
in +the lake is 1likely inhibited.

Johnson (1966 and 1975) suggested, based on extensive
studies of Great Bear Lake, that the water below 100 m does not
mix with the surface water. Therefore, even 1if acid
generation did occur in the sediments deep in Great Bear Lake,
surface water would not be contaminated.

Althoughone million tons of uranium tailings were
discharged on, but primarily around, the Port Radium peninsula,
based on the results of parameters measured in this study,
these tailings have left 1little effect on the surrounding
Great Bear Lake water. In retrospect, Lake disposal appears
to have been an acceptable solution for uranium mill tailings
disposal at Port Radium, since dumping such a large quantity
of tailings on 1land would likely have produced considerably

greater problems.
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The potential for problems with land-based
tailings material is shown in the West Adit Tailings Area.
Fortunately, this area is very small and seepage occurs only
for a short time during the year. Not only are the
concentrations of contaminants in the West Adit melt water high,
but in addition, a survey of the ©Port Radium area carried
out in 1983 by the Mining Inspection Services (S. Wong,
File 204-06, 1983) detected sources of high gamma radiation
in +the vicinity. Some remedial is required at this site.

The tailings in Murphy Creek , Murphy Lake and Radium
Lake are either dry or covered with waste rock and
contained in depressions from which surface seepage was not
apparent. Sincethe covers will reduce oxygen penetration, acid
generation is likely curtailed.

The chemical composition of silver tailings on Silver
Point, and of sediments in Cobalt Channel, LaBine Bay and
Garbage Lake was distinctly different from that of sediments in
Murphy Bay and West Adit tailings. The estimated half-million
tons of silver tailings were alkaline, and did not produce
acid. In the waterlogged area of +the Silver Point
tailings, high concentrations of metals and radionuclides
were detected. These results 1lead to the conclusion that
disturbing or moving these tailings could produce
greater contamination of Great Bear Lake.

The water quality of Great Bear Lake in the vicinity
of Port Radium did not appear to have changed since the mine
shut down in 1982. In LaBine Bay and Cobalt Channel, no
chemocline was found to exist above the sediment. It can be
concluded that the water quality around Port Radium is not
presently affected by the discharges from either uranium or
silver mining.

BEvidence of a localized source of contamination was
found in water in contact with the waste rock causeway, built
with gangue from the Eldorado mine. Weathering of this waste
rock is probably releasing metals, particularly cobalt, as the
ore is rich in this metal. Since the exposed portion of the
waste rock along the causeway 1is very small, the
environmental effects of +this release are likely small, due to
the enormous diluting capacity of Great Bear Lake. The same
argument may be used for the water in contact with the Silver
Point tailings beach, supported by the lack of appreciable
change in the water quality of Cobalt Channel.

In Garbage Lake, the concentrations of most metals
were below the gulidelines for the protection of aquatic 1life.
Since the solubility of most heavy metals in alkaline systems is
low, changes 1in the water quality are unlikely to occur with
these tailings. The high primary productivity in Garbage
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Lake indicated that the water supported phytoplankton. As long
as the present conditions in Garbage Lake remain unchanged
(anoxic sediments and stratified water column), it can be
expected that discharges from Garbage Lake will have no
effectson Great Bear Lake than to promote some algal growth in
Bear Bay. Because Ra-226 and Pb-210 had not accumulated in
this growth, the potential for transfer of these
radionuclides to the aquatic pathway appears low. If the

water level of Garbage Lake drops, exposing the tailings to
dessication, it is likely that the fine surface tailings would
be dispersed by wind.

In conclusion, the assessment of the
environmental implications of all waste sites on the peninsula
and in +the surrounding waters revealed that, although 1.5
million tons of silver and uranium tailings are in close contact
with Great Bear Lake water, environmental problems were not

evident.

5.0 RECOMMENDATIONS

1. The seepage from the West Adit area should be
neutralized and the area covered in order to reduce oxygen
penetration, and thus acid generation.

2. The Silver Point tailings should remain in their present
location, and restoration or stabilization is not warranted
since no deterioration of water quality has been noted.
Alterations of the site may only result in contamination.

3. As the present conditions of Garbage 1lake are

environmentally acceptable, monitoring of the water level
and of the oxygen profile should be performed annually.
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Section A2 Data Dump of Port Radium Waters
Description of Water Data in Dump

Observation (OBS) to Concentration Co (CCO)
Concentration U (CU) to Concentration Fe (CFE)
Concentration Zn (CZN) to Detection Limits Al (DAL)
Detection Limits Mn (DMN) to Detection Limits Si (DSI)
Abbreviations

Control (kO1) and Garbage Lake (RO1)

Control (KO1) and Garbage Lake (RO1)

Barbage Lake (R0O1) and Cobalt Channel (RO2)

Cobalt Channe1 (ROZ2) and Bear Bay (RO3)

Bear Bay (ROZ) and Bear Creek (R0O4) and LaRine Bay (ROS)
LaBine Bay (ROS)

LaBine Bay (RO5) and Murphy Bay (RO6) and
Silver Point Tailings (ROS8)

Silver Foint Tailings (ROB) and West Adit (RO?) and
GCarbage Creek (R173)

Fage
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tretion

' D escription of water data
1982 1983
Variable D escription Urit Lab - Det Limit Leb Det. Limit
oBs Observation na na na na na
SITE Sitez Control na na na na na
(K), Port
Radium (R)
AREA A rea within na na na na na
site
AMEND Type of na na ra na na
amendment
of site
SAMPTYPE General na pa na na na
sample type
SAMPID D epth: na na na na na
D escription
of sample
taken.
RNUM Replicate na na na na na
number
PH \ pH ~log[H*] fled pa ra na
CONDO Conductivity  gmhos/cm fleld na na na
CRA Concentre- pCiA nd rd SRC 1.1
tion of
radium
ERA Error in con- pCiA nd na SRC na
centration
CPB210 Concentre- pCiA nd rd SRC A1
tion of
P6210
EPB210 Error in con- CiA nd rd SRC na
centration of
Pb-210
CPB Pb conoen- mgA IcpPt 05 DIAND .0001
tration
CNI1 Ni concen- me/ ICP 014 DIAND 001
tration
o{ed¥] Cu concen- mgA Icp .002 DIAND 001
tration
cco Co concen- mgA ICP .003 DIAND .001
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D escription of water data.

e

V ariable
CcuU

CBA

CMG

CVA

CAL

CCA

DATE

SUBA REA
TEXTURE

CAS

CCD

CFE

D escription
U ooncentra-
tion, abave
detection
limit
Ba concen-
tralion,
above detec
tion limit
M g concen-
tration,
above detec-
tHon limit
Va concen-
tration,
above detec-
tion limit
Al concen-
tration,
above detec-
tion limit
Mn concen-
tration,
above detec-
tion limit
Ca concen-
tration,
above detec
tion limit
Y ear of sarm-
pling

Subarea

Filter /
Non-filtered
A s concen-
tration
Cd concen-
tration
Fe concen-
tration

Urit Lab

ICP

ICP

ICP

ICP

ICP

ICP

ICP

B
B

ICP

me/ ICP

1982

Det Limit

.10

014

002

018

001

002

rd

.001

1683
Lab

SRC

nd

B

B

DIAND

DIAND

DIAND

Det. Limit

.0005

B

.001

00005

005




Description of water data_

Variable
CZN

CTH

Cct

SUBLOC
DRA

DPB210

DPB

DN1

DCu

DCO

DU

DBA

DMG

DVA

DAL

D escription

Zn concen-
tration

Th concen
tration

Si concentra-
tion
Site /A rea

Instance of
Ra concen-
tration< d.L.

Instance of
Pb-210 con-

Unit

0= incident

0= incident

centration&.DA

Instance of
Pb concen-
tration < DL

Instance of
Ni concen-
tration ¢ p.¢,
Instance of

Ci concen-
tration< .D.L,

Instance of
Co concen-
tration ¢ .4 .

Instance of
U concentra-
tion ¢ ,pL.

Instance of
Ba concen-
tration4 D.L.

Instance of
Mg concen-
tration < D.[.

Instance of

Va concen-
tration < D.L.

Instance of
Al concen-
tration < p.L.

0= incident

0= incident

0= incidert

0= incident

0= incident

0= incident

0= incident

0= incident

0= incident

Lab
ICP

ICP

ICP

& B

ICP

ICP

ICP

ICP

ICP

ICP

ICP

ICP

ICP

1982

Det. Limit

004

011

,002

nd

014

.10

.014

016

e

Lab

DIAND

od

nd

SRC

DIAND

DIAND

DIAND

DIAND

SRC

Det. Limit

.005

nd

11

.0001

.001

.001
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Description of water data.

Variable
DMN

DCA

DAS

DCD

DFE

DZN

DTH

DSI

. Description

Instance of

M n concen-
tration€ 4.
Instance of

Ca concen-
trationéD-L-

Instance of
A s concen-
tration< B.&-

Instance of
Cd concen-
tration € &.k-

Instance of
Fe concen-

tration € Bek+

Instance of
Zn concen-
tration & 0.4

Instance of
Th concen-
tration{ 8.4,

Instance of
Si concentra-
tion € B.¢»

Unit
0= incident

0= incident
0= incident
0= incident

0= incident

Lab
ICP

ICP

ICP

ICP

ICP

ICP

ICP

1882
Det Limit
.0006

001

011

Lab
nd

DIAND
DIAND
DIAND

DIAND

1883
Det. Limit

nd

.001

00005
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D escription of water data.

1882 1883
Variable - D escription Urit Lab Det Limit Leb Det. Limit

DIAND = Department of Indian A flairs and N orthem D evelopment
SRC = Saskatchewan Research Counil

na = not available
nd = not done
ICP = Indudively Coupled Plesma Labaoratery, University of Toronto
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PORT RADIUM DATA DUMP UF 1982 AND 1983 WATER SAMPLE DATA
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SAMPLE DATA

PORT RADIUM DATA DUMP OF 1982 AND 1983 wATER
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