BRIEF PRESENTED
TO
THE BRITISH COLUMBIA
ROYAL COMMISSION OF INQUIRY
HEALTH AND LNVIRONMENTAL PROTECTION
URANIUM MINING

PHASE V

by

Department of Environment
Department of Fisheries and Oceans

Environmental Protection Service
Departinent of Environment
Pacific Region

Report EPS 7-PR-79-3

November, 1979



TABLE OF CONTENTS

URANIUM MINING INDUSTRY - POLLUTION CONTROL RESEARCH

Page

TABLE OF CONTENTS i
LIST OF TABLES i1
LIST OF FIGURES ii1i
1 INTRODUCTION 1
2 PHYSICAL-CHEMICAL REMOVAL OF Ra-226 FROM MILL EFFLUENTS 1

2.1 Bench Scale Proyram 4

2.2 Pilot Scale Proyram 5

2.3 Project Continuation 7
3 LEACHABILITY OF RADIOACTIVE CONSTITUENTS FROM URANIUM 7

MINE TAILINGS

3.1 Bench Scale Tests 10
4 AN OVERVIEW OF OTHER URANIUM INDUSTRY POLLUTION CONTROL

RESEARCH 11

5 REFERENCES 21



Table

- i1i -

LIST OF TABLES

CLARIFICATION PROCESS PERFORMANCE - CONVENTIONAL

CIRCULAR CLARIFIER
TOTAL Ra-226 ACTIVITITY IN THE PROCESS EFFLUENT -

PLATE CLARIFIER WITH SLUDGE RECYCLE

6

6



Figure

- iii -

LIST OF FIGURES

SCHEMATIC OF CLARIFICATION PROCESS

SCHEMATIC OF FILTRATION PROCESS

RADIOACTIVE LEACHABILITY PROJECT - EXPERIMENT
PHASING AND CHRONOLUGY

Page



URANIUM MINING INDUSTRY -~ POLLUTION CONTROL RESEARCH
1 INTRODUCTION

Environment Canada is currently carrying out two major research
projects at its Wastewater Technoloyy Centre (WTC) in Burlington,
Ontario. These projects deal with: 1) the physical- chemical
removal of Ra-226 from mill effluents (Section 2) and; 2) the
leachability of radioactive constituents from uranium mine tailings
(Section 3).

In addition, Section 4, offers brief description of a number of
other research projects beiny carried out in Canada. The listing is
restrictive in the sense that it pertains to research relating to
potential technologies or measures to reduce the release of
contaminants generated during the mining and milling of uranium. It
does not address, for example, the research beinyg undertaken on
environmental impacts of contaminants, environmental pathways, etc.

2 PHYSICAL-CHEMICAL REMOVAL OF RADIUM-226 FROM MILL
EFFLUENTS

The Wastewater Technoloygy Centre initiated a study in 1975 to
develop improved methods of removing radionuclides from effluents
from uranium mines and mills. The study was designed to refine and
upyrade existiny technology rather than to replace current methods
with completely new approaches.

In March 1976, preliminary bench scale experinents were initiated

to better understand and improve the Ra-226 removal process. During
1977, the Atomic Eneryy Control Board, encourayed by the initial
success of the study, assisted in accelerating the program by
providing additional funds.



Based on these preliminary studies, a jointly managed and funded
government/industry project was developed. The project is
financially supported by Rio Algom Ltd., Madawaska Mines Ltd.,
Denison Mines Ltd., Eldorado Nuclear Ltd., AMOK Ltd., the AECB,
Environment Canada and the Federal Department of Energy, Mines and
Resources. Gulf Minerals Canada Ltd. and Key Lake Mining
Corporation are also participants. The specific goals developed for

the program are as follows:

1. To develop at pilot scale, a physical-chemical process to reduce
the Ra-226 content of uranium mining and milling effluents.

2. To demonstrate at pilot scale, a reasonably achievable level of
Ra-226 in the effluent, with target levels of 10pCi/1 total
Ra-226 and 3pCi/1 dissolved Ra-226.

3. To establish a data base for the design of a full scale
treatment system.

4. To evaluate process alternatives for dewatering the sludge
produced in the physical-chemical treatment process.

5. To establish a data base for the design of a full scale sludge

dewatering process.

6. To estimate costs for physical-chemical treatment and sludge
dewatering for a full scale system.

The project included both bench scale and pilot scale experimental
programs. Two treatment process alternatives were examined; the
first consisted of barium-radium coprecipitation followed by
coagulation, flocculation and sedimentation (Figure 1). The second
process consisted of barium-radium coprecipitation followed by
granular media filtration (Figure 2).
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2.1 Bench Scale Program

The bench scale experiments were conducted at the Wastewater
Technology Centre in Burlington, Ontario. The purpose of these
experiments was to identify optimum operatinyg conditions for the
coprecipitation of radium with barium sulphate and for chemical
coagulation and flocculation of the resulting BaRaS04

suspension. Both batch and continuous flow techniques were
employed. Samples of a tailings area decant were obtained from an
acid leach uranium milling operation. Ra-226 activity level
determinations were performed by radon de-emanation.

For the precipitation operation, batch experiments were conducted to
identify the process variables having a significant effect on
soluble radium activity levels in the effluent and to determine
optimum operating conditions. Kinetic experiments were performed to
determine the order and rate of the precipitation reaction. The
information obtained was used to size reactors for continuous flow
experimnents which were conducted to confirm the results of the

batch experiments. The optimum precipitation conditions selected
for further testing at pilot scale consisted of barium chloride
dose of 16 mg/1 (as Ba) and a retention time of 110 to 120 minutes
in three series-connected stirred tank reactors.

Similar experiments were undertaken to develop the coagulation/
flocculation operation. Ferric chloride was chosen as the
coagulant at a dosage of 4 mg/1 (as Fe). There was considerable
flexibility in the rapid mix time; and the optimum contact time, in
two continuous flow series-connected mechanical flocculation units,
was determined to be 80 minutes. Sludge recycle from the clarifier
underflow to the influent of the first flocculator was found to be
beneficial when employed in conjunction with a polymeric
flocculation aid.



2.2 Pilot Scale Program

Pilot scale experiments were undertaken at the Rio Algom Ltd.,
Quirke Mine to investigate both the clarification and filtration
solids separation alternatives. Mobile physical-chemical wastewater
treatment facilities with a nominal capacity of 5 gpm were used.
With respect to the clarification process, the objectives of this
series of experiments were: 1) to verify the results of the bench
scale tests, 2) to identify scale-up relationships and 3) to provide
information on operating conditions not readily available from bench
scale systems. Results of the development phase of the clarifi-
cation process studies are presented in Tables 1 and 2. Development
of the filtration process was undertaken exclusively at pilot

scale.

In Table 1 the data on a "once-through" process involving
precipitation, coayulation and solid/liquid separation using a
conventional circular clarifier (Experiment 1) is presented (1).
Data are also presented on a similar process involving sludge
recycle froin the clarifier to the flocculators and also the addition
of a polymer (1). In Table 2 the results of a process involving
precipitation, coaygulation, polymer addition, and solid/liquid
separation using a "plate" clarifier with sludye recycle from the
clarifier to the flocculators are presented (1). The target
dissolved Ra-226 level of 3 pCi/1 was met when the hydraulic Tloadiny
ranged from 600 to 2000 Igal/ftZ/d and the flocculator suspended
solids (design) concentration was 3000 mg/1.

With regard to the development of the filtration process, several
screening experiments have been conducted using pressure and
gravity operational wodes, single and dual media beds, several
hydraulic loading rates and two chemical filtration aids at several
dosages. At this time, it appears that effluent total Ra-226



TABLE 1 CLARIFICATION PROCESS PERFORMANCE - CONVENTIONAL
CIRCULAR CLARIFIER*

Experiment 1 Experiment 3

Once-Through  Sludge Recycle + Recycle +
Treatment Mode Recycle 0.4 mg/l 1.2 mg/1

(Baseline) Only Polynier Polymer
Influent Total 1080 783 783 999
Ra-226 (pCi/1) (148) (81) (70) (192)
Precipitation 11 6 5 3
Effluent Dissolved (5) (1) (3) (1)
Ra-226 (pCi/1)**
Clarifier Effluent 49 32 22 18
Total Ra-226 (pCi/1) (20) (11) (5) (3)
Clarifier Effluent 6 7 4 3
Dissolved Ra-226 (3) (4) (3) (1)

(pCi/1)*x

*  Results expressed as mean and (standard deviation).
** Dissolved - 0.45 micron filter.

TABLE 2 TOTAL Ra-226 ACTIVITY IN THE PROCESS EFFLUENT -
PLATE CLARIFIER WITH SLUDGE RECYCLE*

Flocculator Hydraulic Load (Igal/ft2/d)
Suspended
Solids 600 900 1200 2000 3500 5000 7500 10000
1500 mg/1*** 14
(5)
3000 mg/1*** g 9 7** 5 8 8 8 7
(3) (2) (1) (2) (3) (1) (2) (2)

*  Data presented as mean and (standard deviation) in pCi/l

**  The suspended solids concentration in the flocculators was

approximately 2000 mg/1 because of operational problens.
*** Approximate concentrations.



activity levels of less than 10 pCi/1 can be achieved using
granular media filtration at hydraulic loads of up to 7
gpm/ft2 (2,3).

2.3 Project Continuation

Development and demonstration of the clarification and filtration
processes were continued until September, 1979. Other process
options, including sludge recycle in the precipitation operation
and the use of floc weighting agents in the flocculation
operations, will be investigated at bench scales and tested at
pilot scale if warranted. Sludge characterization and dewatering
experiments are also planned. Preliminary cost estimates for the
various process options are expected to be completed by October,
1979.

3 LEACHABILITY OF RADIOACTIVE CONSTITUENTS FROM URANIUM MINE
TAILINGS

In response to technology gaps identified during the development of
the Federal Metal Mining Liquid Effluent Regqulations and Guidelines
a project was initiated by the Wastewater Technoloygy Centre to

assess:

1) the extent of the leaching of potentially environmentally
hazardous radionuclides (Ra-226, Pb-210, Th-228, Th-230 and
Th-232) from uraniun mine tailings;

2) techniques for the ultimate disposal of tailings and related
treatment residues such as BaRaSo4 sediments.

The program was initiated in 1974 and has subsequently been refined
and expanded. In Figure 3 an experimental chronology is presented.
During the past year three concurrent phases have been actively

pursued. A discussion of the work carried out follows (4).
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Experiment 1

The Teachinyg of stored tailings and tailings plus BaRaS04
sediments from the treatment of an acidic seepaye has been in
progress for four years. Two flow rates were used to establish the
effect of water flow regime on the rate of release of radioactive
constituents. During the past year Ra-226 levels in leachate
contihued to increase at the high water application rate. This
increase in Ra-226 level was yreater from the tailings plus
BaRaS04 sludge than from tailinys alone. In September, 1977,

the levels averaged 9 and 33 pCi/1 compared to levels in June,
1978, of 7 and 76 pCi/1 from the low and high water application
rates, respectively. Levels of Pb-210 in leachate in September,
1977 averaged 3150 and 940 pCi/1, decreasing by March, 1978, to
2244 and 3852 pCi/1 for the low and high water application rates,
respectively. Levels of thorium in the leachate remain to be
determined, and will be reported at a later date. The experiment
will continue to run through 1979, but sampling will be reduced to
once yearly to establish Tony term stability.

Experiment 2

Simulated settling ponds have been used to determine the effect of
chemical fixation on the release of radionuclides from BaRaS0g
sediments derived from the treatment of an acidic seepage. This
project was initiated in July, 1976. Following 26 months of
monitoring, the levels of Ra-226 in effluent have remained stable at
about 7 pCi/1 for the control cowpared to 3 pCi/1 from the
chemically fixed sediments. Levels of Pb-210 have remained 15
pCi/1 for all treatiments. Bioassay tests conducted on the leachate
from the chewically fixed sediments during September, 1978,
indicated no toxicity compared to tests during 1977 in which the
lTeachate was toxic to rainbow trout. The reason for the change in
the toxicity was not determined.
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Experiment 3

A third study was initiated in 1976 in order to establish the rate
of radiocactive leaching from freshly milled tailings (control) from
the Quirke Mine, Elliot Lake, and to reduce this rate by:

1. chemical fixation; ‘

2. sewage sludge application to obtain 3% organic matter in the
surface 15 cm followed by revegetation;

3. a combination of 1 and 2.

Levels of Ra-226 in leachate durinyg the first harvest period of 1978
averaged 113 and 27 pCi/1 for the non-fixed and chemically fixed
tailings, respectively. This represents a decrease from the levels
measured in November, 1977. Non-vegetated treatments leached 200
and 149 1/1ysimeter compared to 129 and 103 1/lysimeter from
vegetated treatments for non-fixed and chemically fixed tailings,
respectively. Levels of Pb-210 in leachate during the first harvest
in 1978 increased to an average of 384 pCi/1 for the non-fixed
tailings and remained at 15 pCi/1 for the chemically fixed
tailings. Levels of thorium in leachate are not yet determined.
Yields of grass were similar tc¢ low productive soils, producing

2.61 and 3.05 tons/acre from the sludyed tailings and chemically
fixed sludygyed tailings respectively. Although the stand of
vegetation has remained stable, the decrease in yield (approximately
50% of 1977 yield) indicates a lack of proper nutrient supply. No
radiochemical analyses have been performed on the vegetation to
date.

3.1 Bench Scale Tests

During 1978, two bench scale tests were also set up. The primary
objective of the first bench study was to determine if the
solubility of sulfate in tailings directly affects the level of
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Ra-226 in the leachate. Various water flow rates, both intermittent
and continuous, were applied to tailings from Rio Alyom's Quirke
Mine and Madawaska's mine. Analysis of the preliminary data is not
complete and consequently, cause and effect relationships have not
been established. A cursory examination of the data does indicate
some generalized trends. The leachate froim the Rio Algom tailings
dropped from a pH of 8 to less than 4 over a period ranying from 14
to 28 weeks. When the pH dropped below 7, increases of 200 to 300
pCi/1 were observed in the radium levels from most treatments. The
pH of the Madawaska tailings leachate has remained stable, between 7
and 8, and levels of Ra-226 have continued to decrease. The
absolute levels of Ra-226 depend on the water flow rate and the mode
of application. Monitoring of the system and data analysis are

continuing.

The objective of the second bench scale test was to establish the
effect of quiescent and agitated conditions on the solubility rate
of Ra-226 from BaRaS04 sediments. Due to equipment

malfunctions, relocation of tne experiment and high evaporation
rates, trends could not be identified in the data. It is expected
that the experiment will be repeated next year after modifying the
operational procedures.

4 AN OVLRVIEW UOF OTHER URANIUM INDUSTRY POLLUTION CONTROL
RESEARCH

In this section, major industry pollution control research projects
being carried out in Canada are outlined (5). It is not our
intention to describe each project in detail but rather to
identify:

1) the work being carried out; 2) the organization(s) involved in
each project. If additional information on a particular research
project is needed, the organization(s) involved in the study should
be approached.
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