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PREFACE

As with any mining operation, uranium mines can create stresses on

the environment. The wastes associated with milling operations are deposited

as tailings in a containment near the mill site. The tailings contain radio-

active components which, if released in sufficient quantities into the en-

vironment, can increase in concentration to where they become a hazard to the

environment and to man. At present, there are over 100 million tonnes on the

surface in Canada, a figure that could triple by the end of the century.

The subject of this report is the research program required for the

safe management of wastes after' the mine and mill have shut down. Present

lack of knowledge and state-of-the-art does not permit the decommissioning of

uranium tailings facilities after shutdown because the long-term environmental

consequences are not yet fully understood. Further research is needed to

understand the physical processes and mechanisms whereby chemical constituents

find pathways from the tailings through the environment to man. Such a know-

ledge should lead to methods for the safe close-out of tailings so that

ultimately, further management is unnecessary.

The Canada Centre for Mineral and Energy Technology (CANMET) took

the initiative in the fall of 1979 to organize a meeting of all potential

performers of uranium tailings research as a first step toward the establish-

ment of a comprehensive and integrated national program. The meeting took

place in Ottawa on January 14, 1980. Chaired by CANMET, it brought together

those that have been involved in sponsoring or performing research - the

mining companies that produce the tailings, the federal government departments

that set regulations and standards and enforce them, the research groups

including provincial research organizations and universities, and the con-

sultants - all of which will be needed to perform research and studies to

help define the problem and propose solutions for the management of uranium

tailings. Matters of funding and overall program guidance were to be the

subject of a separate meeting with appropriate provincial governments.



The result of the meeting was a decision to form the National Tech-

nical Planning Group on Uranium Tailings Research, to be sponsored by CANMET.

It consisted of 12 members from some of the various groups present at the

meeting, together with representatives from provincial governments with

interests in uranium mining. Subsequently, a federal/provincial steering

committee was formed to ensure that interests of governments at both levels

were fully taken into account. Members of the Planning Group and Steering

Committee are listed in Appendix A.

The group's terms of reference, approved by the steering committee,

focus solely on the long-term close-out options, and were developed under the

assumption that present control orders and environmental standards are achiev-

able, and that operating mines are able to cope. It was agreed that the group

should concentrate on the prediction of chemical constituent levels, but not

on the acceptability of such levels. The determination of permissible levels

of contamination, collective dose commitments and other related matters are

beyond the competence of the group.

The approved terms of reference of the National Technical Planning

Group were:

"The group will be concerned solely with research related to the long-

term abandonment of uranium mine tailings, and will:

1. Review present activities and sources of funding.

2. Propose a research program structure with priorities on defined

objectives.

3. Estimate a program schedule, cost and cash flow.

4. Propose a program management structure".

Field visits were required for some of the group to gain insights

and first-hand knowledge from those who operate the uranium mines and mills

and are charged with the management of uranium tailings. Regulatory agencies

and research performers also were included in the field visits listed in

Appendix A.



The report is organized into five chapters. Chapter 1 contains an

overview of uranium tailings production, physical and chemical properties, and

the pathways by which chemical constituents can reach the environment and man.

Also, the research and development on uranium tailings carried out to date is

reviewed. This chapter is intended only to provide basic background informa-

tion for the uninitiated reader; it does not purport to contain new or orig-

inal material except in its brief description of the proposed research and

development program.

Chapters 2, 3 and 4 of the report deal with the modelling, national

measurement and disposal alternative programs respectively.

Chapter 5 focusses on the National Program as a whole, and in accor-

dance with its terms of reference, sets out a program structure, schedule and

cost summary.



SUMMARY

The National Technical Planning Group on Uranium Tailings Research

was formed in 1980 to review present activities and plan a research program

on the management of wastes after a mine and mill have shut down. Present

knowledge does not permit the decommissioning of a uranium tailings waste

management area after shut-down bocause the long-term environmental conse-

quences and impact on man are not yet fully understood. There is a need to

focus on those measurements that reveal whether or not there is a significant

long-term disposal problem with current practice. The research should lead

to methods for the safe disposal of uranium tailings so that ultimately,

further management is unnecessary*

Sponsored by the Canada. Centre for Mineral and Energy Technology

(CANMET), the group consisted of representatives from the federal and provin-

cial governments of Ontario, Saskatchewan and Newfoundland the uranium pro-

ducers, and performers of research including universities and provincial

research organizations. A federal-provincial steering committee was formed

to guide the work of the group and act on its final report.

At present there are in excess of 100 million tonnes of uranium

tailings on the surface in Canada. Almost all of this is in Ontario in the

Elliot Lake area and in Saskatchewan in the Beaverlodge and Rabbit Lake areas.

Although approximately one third are inactive, that is the mill has shut down,

most of these tailings are under active management to ensure that releases of

contaminants are below regulatory limits. However, several tailings piles

have been abandoned entirely, amounting to approximately 8 million tonnes.

Uranium tailings are discharged from the mill in the form of a slurry

containing 25 to 40) solids. The principal constituents are the rock-forming

minerals or gangue. Minor constituents may include sulphides of heavy metals,

precipitated heavy metal hydroxides and radionuclides such as radium-226,

thorium-230 and lead-210. About 15) of the total radioactivity contained in

the ore is accounted for in the uranium mill product itself, the remaining

85) is discharged with the tailings. One of the radioactive decay products

of radium is radon gas which is emitted into the atmosphere from tailings.
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Radon and radon daughters constitute an important component of the total

radiation from uranium tailings. The tailings also may contain small

proportions of process reagents such as ammonia, nitrates and sulphates.

Chemicals contained within a tailings basin may pass from the waste

management area into the surrounding environment and to man by a number of

different pathways - through the air, through ground or surface water, via

the food chain and via direct radiation from the tailings. Tailings

constituents so reaching the external environment and man constitute

differing hazards. Excessive ingestion of radium can cause bone cancer where-

as inhalation of radon daughter products can increase the incidence of lung

cancer. Heavy metals and process reagents that reach the environment can

have an adverse impact on water and air quality, and aquatic life and man.

For these reasons, regulatory agencies control levels on contaminant concen-

trations which require the mines to control the rate of release from the waste

management area.

Tailings management starts in the mill where the tailings slurry is

neutralized if acidic before being discharged into the basin. The basin is

often located in a natural depression but normally dams are required for con-

tainment because of the large volumes involved. Within the basin, solids are

settled out and retained, although the relatively clean liquid (supernatant)

overflows to an effluent treatment pond. The supernatant still contains

radium which is precipitated using barium chloride. The precipitant requires

a settling time of several days during which it settles as a sludge on the

bottom of the pond. Water flowing from the pond is required to meet federal

and provincial environmental standards.

After the mill shuts down and there is no further mill effluent, the

water table in the tailings basin begins to drop and tailings near the surface

become dry and more susceptible to wind erosion. Also there will be some

continued seepage of groundwater out of the tailings and of surface water

runoff resulting from precipitation and other natural surface flows. The

major concerns arise from potential contamination of ground-and surface water,

redissolution of radium from treatment pond sludges, dam failures, radon gas

emissions from tailings surfaces, and from contamination of adjacent soil,
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vegetation and waters due to windblown radioactive dust particles from the

tailings. Some tailings contain pyrite which may generate acid when oxidized.

The acid can release heavy metals and thorium which normally are precipitated

from solution when the tailings are alkaline.

Although active management schemes are used to maintain the emissions

from inactive tailings within regulatory limits, the steps which may be re-

quired for the safe total abandonment of uranium tailings have as yet not been

demonstrated. The problem is to devise such steps based on a better under-

standing of the mechanisms of chemical constituent transport and dispersion.

There is a lack of adequate data to determine the essential charac-

teristics of ground and surface water pathway regimes at specific sites. Air

and food chain pathways are not yet fully understood. Moreover, there has

not been sufficient effort devoted to the prediction of contaminant movement

along pathways over the very long time spans associated with half-lives of

the radionuclides of concern - thorium-230 has a half-life of 80,000 years.

On the basis of hard data, there is not enough evidence to determine either

the existence or the extent of a long-term problem.

As a result of its investigations, field visits and discussions, the

planning group concluded that:

1. Whereas ongoing research and development work on uranium tailings in

Canada has been inventoried, there has been no formal systematic

attempt to collect and organize the results of measurements already

made on tailings.

2. There is an inadequate understanding of the physical, chemical and

biological processes that take place in the tailings and in the

pathways to the biosphere.

3. There is insufficient evidence so far, based on measurements alone,

as to the existence or extent of the long-term problem in the close-

out of a uranium tailings basin.

4. There is need to establish standardized measurement methodologies to

improve the uniformity and quality of data taken at different sites

across Canada.
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5. Generic research and development on tailings disposal technology

that applies to more than one site should be within the scope of a

national program, whereas site-specific work is the purview of the

mines and regulatory agencies.

6. The uranium producer's contribution to the national tailings program

should be their research and development work on site-specific dis-

posal alternatives.

The first of the above conclusions leads to the proposal to establish

a national uranium tailings R & D program. The second suggests the need for

a modelling program, the third and fourth for a national measurement program.

The remaining conclusions refer to disposal technologies research. The con-

clusions collectively form the basis for a set of recommendations on uranium

tailings research.

The planning group on uranium tailings research recommends that:

1. The federal government and the governments of Ontario and Saskat-

chewan jointly establish a uranium tailings research and development

program with a major review to be conducted at the end of three years

to decide whether to continue, redirect or terminate the program,

and to establish future funding and management patterns.

2. A National Tailings Program Office (NTPO) be established in Ottawa

to manage the program under a program director responsible to a

board of directors made up of representatives from the funding agen-

cies, regulatory bodies and uranium producers.

3. The tailings R & D program should consist of three components:

- Modelling program

- National measurement program

- Disposal technologies program

The modelling program, to assist in the prediction of long-term con-

taminant dispersion and releases, is to include the development and validation

of pathway models and associated codes, the establishmnet of a modelling data

base and the assessment of disposal alternatives.



The measurement program, to verify models and measure contaminant

levels, is to include detailed measurements on three experimental tailings

basins, the establishment of a national uranium waste management data base,

and biological, analytical, mineralogical and other research.

The disposal technologies program, to develop alternative long-term

disposal techniques, is to focus on generic methods and build from current

projects now in place.

4. Program objectives to be accomplished by the end of the third year

are:

1. A preliminary set of models and associated codes completed.

2. A modelling data base in place.

3. The first assessment cycle in the modelling program completed.

4. Three tailings basins fully instrumented, and at least two years

of field data in the data base.

5. A national uranium waste management data base in place.

6. Major steps accomplished toward improvements in the accuracy and

throughput of sample analyses.

7. Uniform standards established for field measurements.

8. A preliminary manual prepared for outlining points to be

considered in close-out actions.

9. Generic research on disposal technologies in place and fully

interacting with modelling and measurement programs.

10. Progress made toward incorporating site-specific disposal R & D

into the national program where appropriate.

5. The national program be funded in the amount of $18.6 million total

over the initial three-year period, such funds to be controlled and

administered by the NTPO which would subcontract to performing organ-

izations chosen on the basis of competence and probability of meeting

program objectives.

Highest priority was placed on the establishment of a coordinated

measurement program to produce relevant hard data, and to provide an informa-

tion base to build pathway models of contarainent movement into the biosphere.
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Such models are needed to predict long-term effects, and to compare the con-

sequences of alternative tailings disposal strategies which should assist in

selecting the best approach.

The proposed research program consists of three interactive parts:

- Modelling program

- National measurement program

- Disposal technologies program

The objective of the modelling program is to provide a forecasting

tool for predicting the long-term behaviour and dispersion of chemical con-

stituents within and beyond the waste management area, and to gain a better

understanding of the behaviour of materials in uranium tailings. Mathematical

models will be developed to identify and compare the long-term benefits and

efficacy of current and proposed disposal alternatives, and to assist in

deriving appropriate standards and criteria for managing uranium wastes. The

modelling program will specify the critical field measurements needed to

develop and verify models. The activities divide roughly into two parts -

those directed at generating the required prediction capability or model

development, and those involved in the assessment of tailings management

options through the application of the prediction capability. Three years

will be required to complete the first iterative cycle wherein initial models

will have been developed and assessments completed on selected disposal

options. Model refinement and further assessments will likely be necessary

beyond the initial three-year period.

The objectives of the national measurement program are to provide

the basic data needed for model building and verification, and to establish a

National Uranium Waste Management Data Base. Measurements entered into the

data base would be required to meet uniform analytical standards. Three

experimental tailings sites will be chosen for detailed measurements and

study. A total of 1000 samples will be analyzed from each site annually; and

measurements will be made on radon, water table, ground- and surface water

flow, biological uptake and other important parameters. In addition, analyt-

ical, mineralogical and other research will be conducted in the laboratory to

support the measurement and modelling programs.
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The objective of the disposal technologies program is to identify

economically feasible methods of closing out tailings areas which will result

in acceptably-low adverse effects on the future environment and man. The

work divides into two types of activities - site-specific R & D that normally

has been supported and performed by the mines themselves, and generic R & D

that applies to more than one site. Until the measurement and modelling

programs have progressed to where the extent of any long-term problem is

better understood, the disposal technologies program will concentrate on

generic activities and be an extension of R 4 D work already in progress.

It is expected that the national uranium tailings R & D program may

require a period of time in excess of a decade because of the slow response

of the overall system to changes in the source characteristics or pathway

parameters, the volume of work to be done and the short annual season avail-

able for field work. However, the proposed program spans an initial period

of three years at the end of which there should be a major review and evalua-

tion as to the advisability of continuing the program, altering its direction

or terminating it. This period allows for the first cycle in the modelling

program and provides a useful baseline of data for the three tailings basins

selected for the measurement program.

A National Tailings Program Office (NTPO) is proposed to manage the

total program and to ensure the necessary interactions that occur between the

modelling, measurement and disposal technologies programs. The NTPO should

not only coordinate the program, but also control program funds. The work

then would be contracted out to performers chosen on the basis of competence

and probability of meeting program objectives. It was concluded that the NTPO

should not be a new, stand-alone agency, but rather be established within an

existing institution located in Ottawa close to other research data, labora-

tory facilities and key agencies in the federal governement. The exact de-

tails 3hould be left to the funding agencies.

It is proposed that the program director be responsible to a board

of directors made up of representatives from the funding organizations, regu-

latory agencies and uranium producers. A Technical Advisory Panel is also

proposed to assist the board and director in evaluating results and progress.
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It should contain three advisory committees, one for each sub-program. The

uranium producers should have strong representation on the disposal technol-

ogies advisory committee.

It was concluded that because the board of directors and the program

director will be held accountable for meeting the objectives of the program,

they be given the authority to select lead agencies from the long list of

potential performers which include EMR's CANMET, Environment Canada, AECL,

AECB, provincial laboratories, industrial laboratories, consulting firms, the

universities and the provincial research organizations.



ix

SOMMAIRE

Le "National Technical Planning Group on Uranium Tailings Research"

(Groupe national technique de planification de la recherche sur les résidus

d'uranium) a été formé en 1980 afin de passer en revue les activités actuelles

et de planifier un programme de recherche sur la gestion des déchets laissés

après la fermeture d'une mine ou d'une usine. A l'heure actuelle, on ne peut

permettre la suppression des milieux de contrôle des résidus d'uranium après

une fermeture puisqu'on ne connaît pas suffisamment les conséquences à long

terme pour l'environnement et l'impact sur l'homme que pourrait avoir une

telle action. On doit se concentrer sur les indicatifs qui laissent découvrir

s'il y a ou non un problème d'évacuation à long terme avec la pratique actu-

elle. La recherche devrait engendrer des méthodes pour l'évacuation en toute

sécurité des résidus d'uranium pour qu'éventuellement la gestion de ces dé-

chets ne soit pas nécessaire.

Ce groupe, parrainé par le Centre canadien de la technologie des

minéraux et de l'énergie (CANMET), était composé de représentants des

gouvernements fédéral et provinciaux (Ontario, Saskatchewan et Terre-Neuve),

des producteurs d'uranium et des chercheurs y compris les universités et les

organismes provinciaux de recherche. Un comité fédéral-provincial a été créé

afin de guider le travail du groupe et de prendre action sur son rapport

définitif.

Pour le moment, il y a plus de 100 millions de tonnes de résidus

d'uranium à la surface du sol au Canada. La plupart de ces résidus se trou-

vent dans la province de l'Ontario (région d'Elliot Lake) et de la Saskatche-

wan (région de Beaverlodge et de Rabbit Lake). Quoiqu'environ le tiers de

ces résidus soient inactifs, c'est-à-dire que l'usine est fermée, la plupart

de ces résidus sont en constante surveillance pour assurer que la libération

des contaminants soit sous les limites permises par les règlements. Cepen-

dant, plusieurs amas de résidus ont été abandonnés entièrement; ils se chif-

frent à environ 8 millions de tonnes.

Les résidus d'uranium sont évacués de l'usine sous forme de boue

contenant de 25 à 40) de matières solides. Les composants principaux sont



des particules de minéraux de gangue. Les composants secondaires peuvent

inclure des sulfures de métaux lourds, des hydroxydes de métaux lourds préci-

pités et des radionucléides tels que le radiura-226, le thorium-230 et le

plomb-210. Environ 15% de la radioactivité totale contenue dans ce minerai

est retrouvé dans le produit d'uranium usiné; le reste, 85%, est déversé avec

les résidus. Un des produits de décroissance radioactive du radium consiste

du gaz de radon qui se dégage des résidus dans l'atmosphère. Le radon et ses

descendants radioactifs sont un élément important du danger total de radiation

provenant des résidus d'uranium. Les résidus peuvent aussi contenir de peti-

tes quantités de réactifs tels que l'ammoniac, les nitrates et les sulfates.

Les produits chimiques contenus dans les bassins de résidus peuvent

s'échapper du milieu de contrôle des déchets dans la nature environnante et à

l'homme par plusieurs voies - dans l'atmosphère, les eaux de surface et sou-

terraines, la chaîne alimentaire ou par rayonnement direct des résidus. Les

composants des résidus qui atteignent le milieu et l'homme ont des niveaux de

danger différents. L'ingestion excessive du radium peut causer le cancer des

os tandis que l'inhalation des descendants du radon peut augmenter les risques

du cancer des poumons. Les métaux lourds et les réactifs qui atteignent l'en-

vironnement peut avoir des effets nocifs sur la qualité de l'eau et de l'air

et sur la vie humaine et aquatique. En conséquence, des agences de régle-

mentation ont établi des niveaux de contrôle pour les concentrations de

matières contaminantes qui obligent les mines à surveiller le taux de rayonne-

ment libéré de ses milieux de contrôle des déchets.

La gestion des résidus débute dans l'usine où la boue de résidus est

neutralisée si elle est acide avant d'être déversée dans le bassin de résidus.

Ce bassin est très souvent situé dans un dénivellement naturel. Normalement,

des digues sont bâties afin d'empêcher les grandes quantités de résidus de

s'échapper. Dans le bassin, les solides se déposent et sont retenus tandis

que le liquide qui est relativement propre (surnageant) déborde dans un réser-

voir de traitement de 1'effluent. Le surnageant contient toujours le radium

qui est ensuite précipité à l'aide du chlorure de barium. Le surnageant

requiert plusieurs jours pour se déposer sous forme de boue au fond du réser-

voir. L'eau qui se déverse de ce réservoir doit rencontrer les normes fédé-

rales et provinciales de l'environnement.
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Lorsque la mine fermera ses portes et qu'il n'y aura plus de dévers-

ement d'effluent, le niveau d'eau dans le bassin de résidus descendra graduel-

lement et les résidus à la surface s'assécheront et seront plus sujets à

l'érosion par le vent. Il y aura aussi une infiltration continue des résidus

dans les eaux souterraines, un écoulement des eaux de surface après la préci-

pitation ou tout autre échappement naturel en surface. Les principales préoc-

cupations sont la contamination virtuelle des eaux de surface ou souterraines,

la redissolution du radium dans les boues du réservoir de traitement, le bris

des digues, les émanations de gaz de radon à la surface des résidus et la

contamination du sol, de la végétation et des eaux environnants par les

particules de poussières radioactives balayées par le vent. Certains résidus

contiennent de la pyrite qui peut produire de l'acide lorsqu'elle est oxydée.

Cet acide peut libérer des métaux lourds et du thorium qui normalement

seraient précipités hors de la solution lorsque les résidus sont alcalins.

Quoique des projets actifs de gestion aient été appliqués pour con-

former les émissions des résidus inactifs à des normes réglementaires, les

mesures nécessaires pour abandonner complètement et en toute sécurité ces

résidus d'uranium n'ont pas encore été démontrées. Le problème se pose ainsi

de concevoir les mesures requises en se basant sur les connaissances des

mécanismes de transport et de dispersion des composants chimiques.

Il existe une sérieuse pénurie de données convenables pour déterminer

les caractéristiques essentielles des réseaux des eaux de surface et souter-

raines à certains emplacements spécifiques. Les réseaux dans l'atmosphère et

dans la chaîne alimentaire ne sont pas encore entièrement compris. De

plus, il n'y a pas eu suffisamment d'efforts déployés dans la prédiction des

mouvements des matières contaminantes dans les réseaux pour la période

radioactive qui nous intéresse - le thorium-230 a une période radioactive de

80 000 ans. Si on se fonde sur les données de base, il n'y a pas suffisamment

d'information pour permettre de déterminer soit l'existence ou l'ampleur du

problème à long terme.

Suivant les résultats de ses études, visites sur le terrain et

discussions entamées, le groupe de planification a conclu que:
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1. Quoique les travaux de recherche et de développement sur les résidus

d'uranium au Canada aient été répertoriés, aucun effort systématique

n'a été déployé pour prélever, organiser et évaluer les résultats des

données déjà mesurées sur les résidus canadiens.

2. Les mécanismes physiques, chimiques et biologiques qui se produisent

dans les résidus et dans l'acheminement entre les résidus et la bio-

sphère ne sont pas suffisamment bien compris.

3. Jusqu'à présent, si on ne tient compte que des mesures effectuées,

il n'y a pas suffisamment de données à l'appui pour démontrer l'exis-

tence ou la portée du problème à long terme que pourrait occasionner

la fermeture d'un bassin de résidus d'uranium.

4. Le besoin se fait sentir d'établir des méthodologies normalisées de

prise de mesure dans le but d'améliorer l'uniformité et la qualité

des données prélevées à différents endroits au Canada.

5. La recherche et le développement génériques sur la technologie d'éva-

cuation des résidus qui s'applique à plus d'un milieu devraient ap-

partenir à un programme national tandis que des études entreprises à

un site en particulier devraient être la compétence des mines et des

agences de réglementation.

6. La contribution des producteurs d'uranium au programme national sur

les résidus devrait être leurs travaux de recherche et de développe-

ment effectués sur les options d'évacuation spécifique à un site.

La première conclusion a mené à la proposition visant à établir un

programme national de R 4 D sur les résidus d'uranium. La deuxième conclusion

fait ressortir le besoin d'un programme de création de modèles, la troisième

et quatrième, d'un programme national de mesure.

Les conclusions suivantes ont trait à la recherche sur les technolo-

gies d'évacuation. Ensemble, ces conclusions sont à l'appui d'une série de

recommandations sur la recherche sur les résidus d'uranium.

Le groupe de planification de la recherche sur les résidus d'uranium

recommande que:

1. Le gouvernement fédéral et les gouvernements provinciaux de l'Ontario
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et de la Saskatchewan mettent conjointement sur pied un programme de

recherche et de développement sur les résidus d*uranium, que ce pro-

gramme soit soumis à une critique à la fin de trois ans pour détermi-

ner si on doit continuer, changer le cours des recherches ou en

mettre fin et déterminer les sources de financement et de gestion

futures.

2. Un Bureau national de programmes sur les résidus (BNPR) soit créé à

Ottawa pour gérer le programme, que le directeur des programmes

réponde à un conseil d'administration composé de représentants des

agences de financement, des organismes de réglementation et des pro-

ducteurs d'uranium.

3. Le programme de R & D sur les résidus soit divisé en trois sous-

programmes :

a) Programme de création de modèles

b) Programme national de mesure

c) Programme de technologie d'évacuation

Le programme de création de modèles, pour servir à la prévision de

la dispersion et des émanations de matières contaminantes à long terme, doit

pouvoir englober la mise au point et la validation des modèles d'acheminement

et les codes connexes, la formation d'une base de données sur les modèles et

l'évaluation des options d'évacuation.

Le programme de mesure, pour vérifier les modèles et mesurer les

niveaux de matières contaminantes, doit inclure des données détaillées sur

trois bassins de résidus représentatifs, la mise sur pied d'une base de don-

nées nationale sur la gestion des déchets d'uranium, et la recherche biologi-

que, analytique, minéralogique et autres.

Le programme sur les technologies d'évacuation, pour mettre au point

d'autres techniques d'évacuation à long terme, doit se concentrer sur les

méthodes génériques et poursuivre les projets déjà en place.

4. Les objectifs du programme qui devraient être réalisés à la fin de

trois ans soient:
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1. Une ensemble de modèles préliminaires et les codes connexes

auront été créés.

2. Une base de données sur les modèles sera en place.

3. Le premier cycle d'évaluation du programme de création de modèles

sera terminé.

4. Des instruments auront été installés dans trois bassins de rési-

dus et les données d'au moins deux ans de prises de lectures

seront dans la base de données.

5. Une base de données nationale sur les déchets d'uranium sera en

place.

6. Des mesures auront été prises pour améliorer la précision et le

nombre des analyses d'échantillons.

7. Des normes uniformes de prise de lecture sur le terain auront été

établies.

8. Un manuel préliminaire aura été préparé pour résumer les points

à considérer pour la fermeture d'un site de contrôle.

9. La recherche générique sur les technologies d'évacuation sera en

place et agira réciproquement sur les programmes de création des

modèles et de mesure.

10. Le travail sera en voie pour incorporer la R & D sur l'évacuation

à un site particulier dans le programme national.

5. Le programme soit financé pour la somme de $18.6 millions pour la

période initiale de trois ans. Ces fonds seront gérés par le BNPR

qui soumettra la recherche à contrat à des exécutants choisis en

fonction de leur compétence et de leur possibilité de rencontrer les

objectifs visés du programme.

La mise sur pied d'un programme systématique de mesure a reçu la plus

grande priorité pour engendrer des données pertinentes et monter une base

d'information nécessaire à l'assemblage de modèles de réseaux du mouvement

des matières contaminantes dans la biosphère. Ces modèles seront employés

pour prédire les effets à long terme et comparer les conséquences de chacune

des stratégies d'évacuation de résidus proposées et évaluer la meilleure voie.

Le programme de recherche proposé est composé de trois parties réci-

proques:
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- Programme de création de modèles

- Programme national de mesure

- Programme des technologies d'évacuation

Le but du programme de création de modèles est de fournir un outil

pour prédire le comportement et la dispersion à long terme des composants

chimiques à l'intérieur et à l'extérieur du milieu de contrôle des déchets et

d'élargir les connaissances du comportement des matériaux dans les résidus

d'uranium. Des modèles mathématiques seront conçus pour identifier et compa-

rer les avantages à long terme et l'efficacité des options d'évacuation actu-

elles et proposées et établir des normes et des critères convenables de

gestion des déchets d'uranium. Le programme de création des modèles détermi-

nera les mesures critiques et nécessaires à prendre sur le terrain pour mettre

au point et vérifier les modèles. Les activités sont divisées en deux

parties - celles qui sont orientées vers le perfectionnement de la capacité

de prédiction (perfectionnement de modèles) et celles qui traitent de l'éva-

luation des options de gestion des résidus en appliquant cette capacité de

prédiction. Il faudra trois années pour achever le premier cycle itératif

dans lequel auront été mis au point les modèles initiaux et seront terminées

les évaluations des diverses options d'évacuation. Ensuite, un perfectionne-

ment des modèles et une évaluation plus poussée seront sûrement nécessaires.

Les objectifs du programme national de mesure sont de fournir des

données de base qui seront nécessaires au montage d'un modèle de vérification

et mettre sur pied une Base de données nationale sur la gestion des déchets

d'uranium. Les renseignements inscrits dans la base de données devront se

conformer à des normes analytiques homogènes. Trois sites de résidus expéri-

mentaux seront choisis pour l'étude et les prises de lecture. A chaque année,

un total de 1000 échantillons provenant de chacun des sites seront analysés.

Des lectures seront prises sur le radon, la nappe d'eau, l'écoulement des eaux

souterraines et de surface, les prélèvements biologiques et autres paramètres

importants. De plus, les recherches analytiques, minéralogiques et autres

seront effectuées en laboratoire pour appuyer les programmes de mesure et de

création des modèles.

L'objectif du programme des technologies d'évacuation est de trouver des

méthodes économiques de fermer les sites de résidus pour que les effets
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nocifs sur l'environnement futur et sur l'homme soient très minimes. Le

travail est divisé en deux types d'activités - les activités de R et de D

appliquées au site particulier qui normalement sont maintenues et effectuées

par les mines mêmes et les activités de R et de D génériques du système qui

s'appliquent à plus d'un site. Jusqu'à ce que les programmes de mesure et de

création de modèles aient atteint un point où le problème à long terme est

mieux compris, le programme sur les technologies d'évacuation se concentrera

sur les activités génériques et sera le prolongement du travail de R et de D

en cours.

On prévoit que le programme de R et de D national sur les résidus

d'uranium prendra plus de dix ans à se réaliser puisque le système sst lent à

s'adapter aux changements des caractéristiques à la source ou des paramètres

de réseaux, à cause de l'énorme quantité de travail à accomplir et puisque la

saison annuelle de travail sur le terrain est très courte. Cependant, le pro-

gramme proposé initial est réparti sur 3 ans. A la fin de ces trois années,

il faudra passer en revue ce programme et évaluer s'il est profitable de con-

tinuer, si l'on doit modifier le cours des recherches ou en mettre fin. Cette

période initiale sera consacrée au premier cycle du programme de création de

modèles et fournira des données de base utiles sur les trois réservoirs choi-

sis pour le programme de mesure.

Il est proposé de former un Bureau national de programme sur les

résidus (BNPR) pour gérer les activités du programme en entier et assurer la

réciprocité requise entre les programmes de création de modèles, de mesure et

de technologies d'évacuation. Le BNPR devrait non seulement coordonner le

programme mais aussi contrôler ses aspects financiers. Le travail pourrait

être soumis à contrat à des exécutants choisis en fonction de leur compétence

et de leur possibilité de rencontrer les objectifs du programme. Il a été

conclu que le BNPR ne devrait pas être une agence nouvelle et isolée mais

plutôt faire partie intégrante d'un organisme existant situé à Ottawa, près

des données de recherche et des laboratoires et agences clés du gouvernement

fédéral. Les détails exacts devraient être remis aux organismes de finance-

ment.

Il est proposé que le directeur du programme se rapporte à un conseil

d'administration composé des organismes de financement, des organismes de
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réglementation et des producteurs d*uranium. Une équipe de conseillers tech-

niques est aussi proposée pour aider au conseil et au directeur en évaluant

les résultats et les progrès. Elle devrait être divisée en trois comités-

conseils, c'est-à-dire un pour chaque sous-programme. Les producteurs d'ura-

nium devraient être bien représentés au comité-conseil sur les technologies

d'évacuation.

Il a été conclu que, comme le conseil d'administration et le direc-

teur du programme seront responsables de la réalisation de ces objectifs, ils

devront choisir les agences qu'ils désirent depuis la liste des exécutants

qui incluent le CANMET (EMR), Environnement Canada, AECL, AECB, les laboratoi-

res provinciaux et les organismes de recherche provinciaux.
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1. INTRODUCTION

Large, indigenous supplies of uranium pennit Canada to rely on

nuclear power as a secure source of energy not subject to the vagaries of

foreign sources. While such self-sufficiency serves Canada's energy needs,

quantities of uranium beyond domestic needs also generate export dollars and

a positive contribution to the balance of payments. Moreover, the uranium

industry provided jobs to over 7000 Canadians in 1973; it continues to hire

an increasing proportion of native people and thus contributes to regional

development.

Although Canadians derive major benefits from uranium, there may be

long-term environmental and health consequences of the associated mining and

milling operations that are not yet fully understood. The safe control and

disposal of radioactive and other chemical constituents has been the subject

of significant investment by the uranium industry, and of extensive

industrial, governmental and university research. The ultimate goal is that

any adverse effects on man and the environment now or in the future as a

result of uranium mining should be acceptably low to the regulatory agencies.

1.1 Quantity and Location of Canadian Uranium Tailings

Uranium mining and milling operations have been conducted in Ontario

and Saskatchewan since the early 1950s; Newfoundland and British Columbia,

and the North West Territories possess deposits that may be developed in

future. Intensive exploration is being carried out across the whole «ountry

except in B.C. The pace of uranium production and the development of new

mines is dependent on world market prices which, for the present, have de-

clined from the peaks achieved in the late 1970s. Canadian inventories are

rising at present, and with increasing competition from abroad, the immediate

future of the Canadian uranium industry is uncertain.

Whether uranium production expands or contracts in future, there

already are over 100 million tonnes of mill tailings on the surface. About a

third of the tonnage is in inactive areas; the remaining tailings are assoc-

iated with operating mills where pollution abatement procedures are being



followed. At current production rates, approximately 20,000 tonnes are being

added daily. Table 1.1 lists the inactive tailings which amount to 41 million

tonnes covering 316 hectares, most of which were associated with mills that

ceased operations in the early 1960s. Table 1.2 lists those that are cur-

rently active and still in operation, totalling about 77 million tonnes,

covering 319 hectares.

The tables show there are 101 million tonnes on the surface in

Ontario, most of which are at Elliot Lake, and 17 million tonnes in Saskat-

chewan, most of which are in the Uranium City area near Lake Athabasca.

New mines are being planned in Ontario and Saskatchewan. Those that

have been approved and are expected to start up within the next two years are

listed in Table 1.3. However, this table does not tell the whole story be-

cause there are a number of properties not listed but which have large poten-

tial, mainly in Saskatchewan.

Figure 1.1 shows the location of Canada's uranium tailings and sig-

nificant uranium deposits. The dominant quantities are presently in Ontario;

however, the relative growth of uranium mining in Saskatchewan over the next

decade should increase significantly.

Although the total quantity of uranium tailings now in existence may

seem quite large at 118 million tonnes, this figure is modest when compared

with the quantities generated by other types of mining operations. For

example, the tailings from only iron mines in the province of Newfoundland is

in the order of 250 million tonnes. In the province of Ontario alone, there

are one thousand million tonnes. It is the higher content of radioactivity

that distinguishes uranium tailings from other mining wastes. Other constitu-

ents in the tailings are common to most base metal mines and can pose a threat

to the environment. The following section examines the characteristics of

uranium tailings.



TABLE 1.1

INACTIVE TAILINGS

Mine Date of

Operation

Tonnage

(tonnes)

Area

(hectares)

Remarks

Eldorado

Port Radium, N.W.T.

1933-1960

Lorado 1957-1960

Uranium City, Sask.

Gunnar 1955-1964

Crackingstone Point

Sask.

910,000

360,000

4,500,000

Xn lake. Abandoned

Acid generating - abandoned

30 Slowing moving into Lake Athabasca

abandoned

Pronto 1955-1966

Blind River, Ontario

2,100,000 47 Vegetated. *Acid generating, 23 hectares

covered by copper ore tailings

Lacnor 1957-1960

Elliot Lake, Ontario

2,700,000 24 Vegetated. "Acid generating

Milliken-Stanleigh 1958-19.64(Milliken) 7,500,000

Elliot Lake, Ontario 1958-196O(Stanleigh)

33 Area being reactivated. *Acid generating

Nordic 1957-1968

Elliot Lake, Ontario

10,900,000 107 Mainly vegetated. «Acid generating - CANMET

experimental site

•Effluents being treated



Table 1.1 (cont'd)

Mine Date of

Operation

Tonnage

(tonnes)

Area

(hectares)

Remarks

Spanish American 1958-1959

Elliot Lake, Ontario

450,000 6 Partially underwater. *Acid generating

Stanrock-CANMET

Elliot Lake, Ontaio

Bicroft

Bancroft, Ontario

1958-1964 7,700,000 52 *Acid generating

1958-1963 2,000,000 Abandoned. Underwater

Faraday

Bancroft, Ontario

Dyno

Bancroft, Ontario

1957-1962 1,800,000 2 Lightly vegetated

1958-1960 360,000 Abandoned

Totals 41,280,000 316

•Effluents being treated



TABLE 1.2

CURRENTLY ACTIVE TAILINGS

Mine Date of

Operation

Tonnage

(tonnes)

Area

(hectares)

Remarks

Eldorado

Beaverlodge, Sask.

1953 9,000,000 106 3,600,000 tonnes used as backfill in mine;

all remaining tailings under water except

for few hectares

Gulf Minerals

Rabbit Lake, Sask.

Rio Algom - Quirke

Elliot Lake, Ontario

1975

1956-61

1968-present

2,500,000

22,700,000

16

80 About 25} of total area now under water in

clarification pond
Ul

Rio Algom - Panel

Elliot Lake, Ontario

1958-1961

1979-present

4,200,000 Large clarification ponds now cover a major

portion of new and old tailings

Denison 1957
Elliot Lake, Ontario

37,300,000 75 Williams Lake and Long Lake

Madawaska

Bancroft, Ontario

1962-present 1,700,000 Revegetated

Totals 77,400,000 319

Total active and inactive 118.680.000 635



TABLE 1.3

PLANNED TAILINGS

Mine Date of

Operation

Tonnage

(tonnes)

Area

(hectares)

Remarks

Stanleigh 1982

Elliot Lake, Ontario

70,000,000 340 Currently 7,500,000 tonnes from previous

operation

Gulf Minerals

Collins Bay, Sask.

1983 3,700,00 16 Some tailings will be stored in Rabbit Lake

tailings area

Key Lake

Key Lake, Sask.
1983 4,500,000 40 High arsenic and heavy metals

Amok

Sask.

1981 1000 vaults at 40

10 tonnes each

4,500,000

Heavy metals

Totals 82,710,000 436

N.B. In addition to planned tailings, an additional 230 million tonnes is expected from currently operating mines
in Canada at a rate of 21,600 tonnes per day and increasing the overall tailings area by 1500 hectares by the
year 2021.



X.

\ ?"

J /

>
•7 K*S\J\1 J

- . 4 /

/ °, "V/ 10 / <-\/ / 7 s -/ '
£ ^

• Existing Tailings Sites
o Potential Tailings Sites
1 Elliot Lake (several)
2 Agnew Lake
3 Bancroft
4 Beaveriodge (several)
5 Cluff Lake
6 Rabbit Lake
7 Port Radium
8 Rexspar
9 Beaverdeli (Blinard)
10 Key Lake
11 Midwest Lake-McClean Lake

ç-^N. 12 Baker Lake
\ \ I3 Michelin

\ ^13 -V

Fig. 1.1 - Uranium Tailings Sites in Canada



1.2 Characteristics of Uranium Tailings

The characteristics of uranium tailings depend not only on the

properties of the ore, but also on the physical and chemical processes used

in mining and milling operations. The following paragraphs deal with the

factors that affect the physical and chemical properties of tailings.

1.2.1 Uranium Ores

The bulk of uranium ores mined to date contain from 0.05 to 0.2 %

uranium (0.5 to 2.0 kg/t), and thus the recovery of one kilogram of uranium

could produce from 0.5 to 2.0 t of tailings. However, some of the deposits

in northern Saskatchewan about to be mined during the next few years contain

1 to 3% uranium, with one known deposit (Amok Ltd., Cluff Lake) containing as

much as 8 it uranium. The radioactivity of the tailings is proportional to

the ore grade, and therefore, special requirements in the handling of wastes

from some of the more concentrated ores will be required.

The mineralogy of ore deposits varies from site to site. The

minerals of the host rock which are often mined with the ore, tend to be

siliceous quartz, feldspar and micas - but may also include carbonate

material. Sulphides, chiefly pyrite, may be present which can oxidize to

generate acid. Differences such as these dictate the eventual mill treatment

process.

In some ores there may be small quantities of nickel, cobalt,

copper, selenium, vanadium, molybdenum, antimony and arsenic minerals, iron

oxides, fluorite, monazite and other rare earth minerals. Alteration

minerals such as sericite and chlorite are often present and may form a

significant part of the host rocks. Such minerals will form part of the mine

and mill waste material* Athough many will not be recovered in the mill,

some of the minerals may have economic significance and could be worth

recovering in future.



1.2.2 Uranium Mining and Milling

Most Canadian uranium mining is carried out in deep underground

mines but there are some open pit operations as at Rabbit Lake,

Saskatchewan. In the mining process, ore is broken out by blasting and then

transported to the mill. Large quantities of air and water are circulated to

the mine. The air is used to ensure proper ventilation of the mine and to

minimize radon gas concentrations released from broken rock. Water

originates from its use in drilling and dust control, as well as from normal

seepage of groundwater into the mine. Open pits also collect water from

rain, snow and surface runoff.

Whatever its origin, all of the water becomes contaminated with

radioactive materials and other minerals, and with ammonia and nitrate from

blasting agents. In those mines where the ore contains sulphide minerals,

the mine water becomes acidic and may leach valuable amounts of uranium.

However, mine water is commonly used in milling operations in which case any

uranium it contains can be recovered. All the mine water must be dealt with

in some manner before its eventual discharge through the waste management

system.

In the process of mining ore, it is unavoidable that some rock of no

commercial value also is removed, and often this material contains low concen-

trations of elements including uranium that must be prevented from being

leached or otherwise transported into the environment. The nature of the

mining operation and the amount of waste rock are determined by a number of

factors such as the depth of the orebody, the grade of the ore, and whether

the ore occurs as a massive body or as scattered small pockets. In some

cases, the volume of waste rock may exceed the volume of actual ore milled,

and result in considerable quantities requiring special management.

In conventional milling processes, the ores are initially crushed

and ground to particles the size of sand and finer to expose mineral surfaces

to the chemicals used to dissolve the uranium values. The uranium is then

leached from the finely-ground ore by either a sulphuric acid or an alkaline

carbonate solution. The leach process depends on the mineralogical charac-
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teristic of the ore. Unless it is rich in minerals that would react with and

thus consume costly acid, acid treatment is applied; most Canadian ores are

handled in this manner. One exception is the Eldorado mill at Beaverlodge

Lake, Saskatchewan which uses the alkaline carbonate process. In all cases,

the final product is a chemical compound called yellowcake. Whichever process

is used, significant quantities of reagents are required. For example, in

the acid process up to 100 kg of sulphuric acid is used per tonne of ore

milled. Most of the chemicals not consumed in the process, and all of the

water not recycled, are discharged to the waste management system in a slurry

that carries the solid residues. Up to two tonnes of liquid may result for

each tonne of ore milled. On discharge from the mill, the acidity of waste

liquids is controlled by the addition of alkali. The liquids are then com-

bined with the tailings and the resulting slurry is pumped to the waste

management area.

1.2.3 The Physical and Chemical Properties of Uranium Tailings

The tailings, which have the appearance of a mixture of coarse and

fine sand, are pumped from the mill and discharged into a tailings basin as a

slurry containing 25 to H0% solids. As the tailings settle in the basin,

there is a partial separation into coarse and fine fractions with the smaller

sizes of less than 75 pm accounting for about one third of the total mass.

Where backfilling of mines is practised, it is the coarse material that is

separated and sent back underground, and the waste discharged into the tail-

ings basin contains a proportionately higher fraction of the fine material.

The fines also contain higher levels of radioaetivity.

Long retention times are normally provided in the tailings basin to

allow the fine particles to settle out. If not enough time is allowed, the

level of suspended solids in the liquid overflow is high, which may adversely

affect subsequent effluent treatment procedures.

As long as the basin continues to be part of an operating facility,

most of the tailings remain in a damp condition. Inactive tailings surfaces

dry out quickly as the water evaporates or drains away. However, the bulk of

the tailings will remain saturated because of surface snow and groundwater
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infiltration. If not stabilized in soms way, inactive tailings are suscep-

tible to erosion and transport by both water and wind.

The composition of tailings as they are discharged from the mill

depends on the minerology of the orebody, the processes and the chemicals

used in milling operations. The solids may consist of particles of the common

rock-forming minerals, sulphides of heavy metals, precipitated heavy metal

hydroxides and radionuclides such as radium-226 ( Ra), thorium-230

(230Th) and lead-210 (210Pb).

The natural radioactive distintegration of uranium and thorium

isotopes in the ore leads to the production of well-understood families of

other radioactive isotopes, called daughters, which are always present in the

undisturbed ores. About 15Ï of the total radioactivity contained in the ore

is accounted for in the uranium mill product itself, the remaining 85% is

discharged with the tailings.

Although the exact proportions vary from one mill to the next, only

one to two per cent of the radioactivity discharged in the tailings is in

solution, the remainder is in the solids. However, in the solid form some

radionuclides have the potential to redissolve under conditions of geochemical

change. Approximately 75% of the radioactivity in the solid phase is assoc-

iated with the fine fraction. Thus the fines must be effectively settled

from the tailings effluents before these waters can be safely discharged to

the external environment.

2?2
One of the radioactive daughter products is a gas, radon-222 ( Rn)

which is a decay product of radium. Radon is present at all times in the

atmosphere in small concentrations. High exposure to radon daughters in the

mining experience has indicated increased lung cancer risk among certain

groups of mine workers. Although there is a slow, continuing emanation of

this gas from uranium tailings into the atmosphere, the rate of release is

lower when the tailings are water covered. A surface covering of soil, or of

soil with vegetation, can also effectively lower radon release. Even though

the total radioactivity of the tailings is decreasing with time, radon will

continue to be generated for a very long time because it is derived from
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Ra which in turn comes from Th which has a very slow rate of decay

with a half-life of 80,000 years.

The most common metals which may be present in low concentrations in

the ore are: nickel, cobalt, copper, iron, lead, molybdenum, antimony and

arsenic. In acid leach mills, the liquid wastes are adjusted to a proper

pH. This is done by adding lime or limestone as the tailings leave the mill,

which, in addition to raising the pH to the 8 to 11 range, results in precip-

itation of the dissolved metals and thorium as hydroxides in the tailings

basin.

If pyrite or pyrrhotite are present in the tailings, acid may be

produced by the chemical and microbial oxidation of these minerals and in the

absence of buffering minerals, will accelerate the decrease in pH and hence

the dissolution of thorium and heavy metal hydroxides. Radium, which exists

in the tailings as a complex precipitate, will dissolve slowly in water.

Mill tailings may also contain variable proportions of process re-

agents such as ammonia, nitrates, carbonates and sulphates. Variable quanti-

ties of ammonia and nitrogen compounds contained in the minewater may also be

included in the mill discharge. Virtually all of the chemicals used in the

milling process are discharged in one form or another to the tailings basin.

1.3 Pathways to the Environment and Man

The chemical constituents contained within u tailings basin may pass

from the waste management area into the surrounding environment and to man

through a number of different pathways. The pathways may be grouped under

five regimes:

1. Air transport

2. Surface water transport

3. Ground water transport

4. Food chain

5. Direct radiation
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The passage of potential contaminants along these pathways will be

site-specific in most cases, so that their effects on the environment and man

will vary accordingly.

1.3.1 Air Transport

Windblown dust from uncovered dry areas can result in the transport

of tailings components over distances that depend on particle size, wind

velocity and the local micrometeorology. Such dust can settle on the sur-

rounding soil, vegetation, lakes, ponds and streams and thus act as a vehicle

for transporting radionuclides such as radium-226 and radon daughters, and

other contaminants.

Exposed tailings continually emit radon gas which can accumulate in

closed or confined spaces inside buildings, and near the surface of tailings

in the absence of wind. The direct inhalation of radon and its daughter

products when in close proximity to tailings materials constitutes an impor-

tant air pathway.

Radon concentration decreases rapidly with distance from the tailings

area due to dispersion and decay. Beyond one kilometre, concentration levels

quickly become indistinguishable from the background.

1.3.2 Surface Water Transport

Some radionuclides leached by rain and groundwater from the tailings

may eventually find their way into the rivers and lakes some distance from

the tailings area. If the water is ingested, some of the radionuclides in-

gested may accumulate in the body.

If sulphides such as pyrite are present in the tailings, the leachate

may become acidic resulting in a lowering of the pH in the receiving waters.



14

1.3.3 Groundwater Transport

Rain, snow and surface runoff that has percolated through the tail-

ings and water from the tailings themselves may result in contaminated ground-

water flows which can travel considerable distances from the tailings area.

Ingestion of such waters is a potential pathway.

1.3.4 The Food Chain

Contaminants can be concentrated and transferred to man via the food

chain. Vegetation on tailings may take up radionuclides and other contamin-

ants which could subsequently be consumed by humans either directly or indi-

rectly through wildlife. Soils some distance from the tailings can receive

tailings particles by air deposition, or through contaminated surface water

used for irrigation. Plants grown in these soils and the meat of animals

feeding off such plants may become further transport vehicles to man. Simi-

larly, aquatic plants and fish living in contaminated waters also may provide

pathways when used as food.

1.3.5 Direct Radiation

The final pathway regime is through direct exposure to radiation

emanating from tailings, or to products made from radioactive materials.

When in close proximity to a tailings pile, or immersed in contaminated air

or water, humans can receive radiation directly from radionuclides contained

in them.

1.4 Ianpact of Tailings Constituents

Tailings constituents reaching man or the environment via the above

types of pathways have differing effects. The following paragraphs describe

the risk to man and the environment from the various types of contaraination.

1.4.1 Radionuclides

The principal radioactive components in uranium tailings are isotopes

of uranium, radium, thorium, polonium and lead. Most of the thorium, polonium



15

and lead is precipitated by the routine neutralization of tailings before

discharge from the mill, and tends to remain inert in the tailings basin.

Although dissolved radium concentration is also reduced on neutralization,

the mill effluent still can contain up to 100 times the allowable concentra-

tion. Historically, radium-226 has been used as the hazard index for total

radioactivity in process wastes.

Radium-226 is a long-lived radioactive element with a half-life of

1622 years that enters the body mainly through water and food ingestion. If

ingested in sufficient quantity, it can cause bone cancer. High radium con-

centrations cannot be used as the sole hazard indicator. Other radioisotopes

might re-enter solution under certain conditions in inactive tailings basins

and make significant contributions to total radioactivity in the liquid

effluent.

Radon is produced from the decay of radium and emanates from any

material containing radium. Radon-222 is a short-lived inert gas with a

half-life of 3.8 days that decays to the radioactive daughters polonium,

bismuth, and lead. Prolonged exposure to high levels of radon daughters

increase the risk of lung cancer in humans.

1.4.2 Non Radioactive Constituents

Non-radioactive contaminants are similar to those from base metal

mines and if uncontrolled can have an impact on water quality, air quality,

aquatic life and man. Oxidation of sulphides in the tailings results in the

generation of acid and a lowering of the pH in rivers and lakes downstream

from the tailings basin to the detriment of fish and aquatic organisms.

Suspended solids can increase turbidity, and generally cause physical damage

to fish habitat and other life forms. The addition of dissolved solids and

chemicals to lakes and rivers can lead to their being degraded to a level

unacceptable for pleasure or industrial use. Iron sulphides give rise to

iron oxide which, because of its colour, may cause aesthetic problems around

the waste management site. Its colour and taste can also lower the acceptab-

ility of water for household and drinking purposes.
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Heavy metals associated with uranium ores can result in toxic and

sublethal effects on aquatic organisms and hence to man. For example, con-

centrations beyond certain levels of copper and lead are lethal to fish.

Various aquatic organisms are known to bio-accumulate certain metals which

can adversely impact local fisheries because of metal levels that exceed food

standards.

Similarly, above certain concentrations, ammonia is toxic to some

species of freshwater aquatic life. The addition of ammonia and nitrates

from mine wastewater contributes to the total nitrogen loading in the receiv-

ing environment, and, in the presence of phosphates, may result in accelerated

eutrophication.

1.5 Tailings Management

1.5.1 Current Practices at Active Mines

Figure 1.2 shows the sequence from mine to the external environment.

Tailings management practice starts in the mill where the tailings slurry is

neutralized with lime to a pH of about 10. The neutralized tailings contain-

ing 25 to 40J solids are pumped to the waste management system which consists

of two separate sections. The first section, by far the largest, is the

tailings impoundment area or basin which serves the purpose of solids separa-

tion. It is followed by the effluent treatment or precipitation pond. Typi-

cally, the tailings basin might occupy 40 hectares and the precipitation pond

less than 10.

Current practice at most Canadian uranium mines, particularly in the

Elliot Lake area, is to maximize "natural" containment of tailings and thereby

minimize the need for man-made containment dams. To this end, where topog-

raphy permits, tailings are generally deposited into natural, rock rimmed

basins or valleys with dams provided only as required to close topographic

lows on the basin perimeter. The largest Canadian uranium tailings dams are

presently about 20 m high but some larger structures may be required in

future. The dams are typically zoned, earthfill structures designed to ensure

both gravitational and hydraulic stability and take into account local geol-

ogy, hydrogeology and seismicity. Both dams and the natural basin perimeters
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are required to have sufficiently low permeability to restrict seepages to

levels acceptable to the various federal and provincial licencing agencies.

Within the tailings impoundment, solids are settled out of the slurry

and retained in the basin, although relatively clean liquid or supernatant

overflows to the effluent treatment pond through a decant system. The alka-

linity of the water in the tailings basin ensures that dissolved heavy metals

Th, Pb - and a large proportion of the 22oRa are precipitated

from solution, settled and retained with the tailings solids.

The supernatant still contains sufficient amounts of dissolved

Ra to require treatment. The radium is removed by a two-step process in

which the dissolved radium is first converted to insoluble particles that are

then settled from solution. As the supernatant enters the effluent treatment

pond, barium chloride is added which results in a barium-radium-sulphate

precipitate. This material is fine, and requires a long settling time for

effective liquid-solid separation. It settles as a sludge on the bottom of

the pond.

The long time required for the settling process necessitates a

precipitation pond of sufficient size to retain the liquid until settling is

complete. Typical retention times vary widely from 2 to 20 days. Flocculants

such as ferric chloride are used in some cases to assist in the settling

process. The accumulated sludge at the bottom of the pond contains radium,

and is retained for later permanent disposal. Alternatively, it is possible

to remove the radium precipitate by filtration through sand beds.

Water flowing from the precipitation pond into the receiving waters

downstream is required to meet federal and provincial environmental standards.

The most critical of these is the concentration of dissolved radium-226, the

federal guidelines being less than 10 pCi/L* for drinking water levels.

Provincial standards vary from one province to the next, but generally have

• 10 pCi/L means 10 picocuries per litre, where a curie (Ci) is 3*7 x 10

radioactive disintegrations per second, essentially the amount of radioactiv-
—12

ity emmitted by one gram of radium-226, and a picocurie is 10 of a curie.
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been more stringent than the federal guideline. Current tailings management

practices are sufficient for most uranium mines to meet federal environmental

standards.

A mining practice which reduces the quantity of surface tailings is

the use of tailings as backfill in the mine. This technique is being used by

Eldorado at Beaverlodge where approximately 30 to 40% of the tailings have

been redeposited in the mine for many years. In general, up to 50) of the

tailings could be placed back into the mine, but the feasibility will vary

from mine to mine.

Waste rock is handled differently from mine to mine. At Denison

it is retained underground, Rio Algom deposits it in the tailings area and

Eldorado has piled its approximately 10 million tonnes on surface. The

environmental impact of waste rock piles from uranium mining is still bein^

studied.

Lime is added to the tailings slurry for control of acid, thorium

and other metals. Steps have been taken to limit the amount of ammonia, and

nitrates being discharged through improved use of blasting agents and changes

in mill chemicals.

1.5.2 After Shutdown - A Statement of the Challenge

When a mine is depleted and the mill eventually shuts down, if no

further action is taken, the tailings are affected immediately. With no

effluent from the mill, the water table in the tailings basin begins to drop,

and tailings near the surface become dry and more readily blown by wind away

from the management area, unless covered and stabilized in some fashion.

There will be some continued seepage of groundwater out of the tailings and

surface water runoff resulting from precipitation and other natural surface

flows.

Some potential environmental concerns associated with shutdown are:
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contamination of surface water or groundwater systems with contamin-

ated seepage or leachate.

redissolution of radium from bariura-radium-sulphate sludges if left

in treatment ponds,

removal of tailings by man.

tailings impoundment dam failures

emissions of radon gas and direct radiation from dried-out tailings

pond surfaces.

the contamination of soil and vegetation from windblown radioactive

dust particles from dried-out tailings impoundments.

Radium, thorium and other metals may be released in solution thereby

contaminating seepages from the tailings basin. The problem may be aggravated

by acid generated from the oxidation of pyrites present in some tailings.

Radium may leach from treatment pond sludges when in contact with water - the

result of precipitation and surface runoff into an inactive pond. Impound-

ment dam failures have occurred in the past, but improved design and con-

struction techniques should lower the probability of future failures signif-

icantly. Revegetation of tailings areas to reduce the effect of wind has

been attempted in some areas with varying degrees of success.

Although current management schemes are used to maintain the emis-

sions from inactive tailings within regulatory limits, the steps which may be

required for the safe total close-out of uranium tailings are not yet known.

The challenge is to devise such steps based on a better understanding of the

mechanisms of contaminant transport and dispersion.

Some difficulties exist as to how the uranium mining industry is to

be regulated after shutdown. This problem is beyond the terms of reference

of the Planning Group; however, the proposed research program is designed to

throw light on how inactive tailings can be treated for the safe close-out

requirements of either or both levels of government.

Uranium tailings remain radiologically active for a long period

because of the long half-lives of some of the radionuclides. The Atomic

Energy Control Board, the federal agency responsible for radiation regulation
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and enforcement, bases its dose limits on those recommended by the Inter-

national Commission on Radiological Protection (1CRP). However, the industry

must not exceed ICRP-derived limits of 500 mrem per year, and in addition the

AECB encourages the practice of reducing the total radioactivity emitted to

the environment to as low a level as reasonably achievable.

1.6 Current Research and Development Related to Tailings Abandonment

As with tailings from other metal mines such as gold, there may

eventually be economic values in the thorium and other metals and there may

even be residual uranium left in the uranium tailings which conceivably could

affect the selected approach to tailings management.

Some close-out options may serve to contain the tailings better than

others. However, for the purpose of this program close-out options are to be

sought which require no operational controls to be in place and which will

not require human intervention.

In the various uranium-producing countries, the basic thrust of pre-

sent research and development effort into close-out options may be categor-

ized into five broad strategies:

1. Surface storage

2. Shallow burial

3. Deep burial

4. Deep lake disposal

5. Removal of contaminants in the mill process

All of these strategies are not equally applicable to all uranium-

producing regions.

1.6.1 Research Common to All Disposal Strategies

Fundamental to the development of any disposal strategy is the need

to understand the physical and chemical processes affecting the movement of

chemical constituents from tailings. Current research includes:
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- measurement and study of the physical and chemical properties of

uranium mill tailings.

- monitoring the content, migration and distribution of radionuclides

and heavy metals in abandoned and active tailings, and in associated

ground and surface water regimes.

- study of the leachability of radioactive components in waste rock and

tailings.

- sorption of radionuclides by natural materials.

- analysis of pathways whereby contaminants reach the environment and

man.

- hydrological studies of tailings management areas.

- chemical and physical stability of barium-radium sludges.

- study of the uptake of radionuclides by vegetation on tailings and in

the vicinity of tailings areas.

- research on the effect of bacteria on release or retardation of radio-

active effluents.

- improvements in sampling and analytical methods.

1.6.2 Surface Storage

To date, surface storage has been employed by all Canadian uranium

mills and whatever methods are eventually selected for any new site, there

will still remain the tailings already on surface - in excess of 100 million

tonnes.The simplest strategy might be to close out the tailings where they

have been deposited. The potential releases would be through groundwater and

air pathways, as well as from easy access by the public. In addition there

is the detrimental cosmetic effect on the landscape.

Current research and development work related to surface close-out

includes, but is not limited to:

- vegetative stabilization to minimize water and wind erosion, reduce

penetration of water and oxygen to the tailings to minimize waterborne

release of radium, and improve the visual impact of tailings



ffi:^^^

23

- physical-chemical stabilization to inhibit acidic and radioactive

seepages, eliminate wind and water erosion, and isolate the tailings

from the environment; methods include chemical fixation, encapsula-

tion by asphalt, concrete, clays, etc., and pelletization using

various binders and glazes

- alternative surface placement techniques to maximize the capacity of

a tailings management area, minimize the size of retaining dams and

optimize the ability to stabilize tailings after shutdown; methods

include thickened discharge and coning, stacking and sub-areal dis-

charge

- improved dam design and basin floor amendment to minimize perme-

ability.

1.6.3 Shallow Burial

The preferred solution for new tailings facilities within the United

States consists of covering the tailings in natural or man-made depressions

or pits with 3 m of earth fill to reduce erosion and the release of radon.

After landscaping to fit local contours, a vegetative cover is applied. The

availability of sufficient quantities of fill in the Canadian Precambrian

Shield is questionable, and little if any research effort is being spent on

shallow burial disposal strategies in Canada.

1.6.4 Deep Burial

The mining practice of using tailings for mine backfill can be an

effective strategy for disposing of up to one half of the tailings. The

method used is hydraulic backfill in which the sand fraction is separated by

a hydrocyclone process and pumped into the mine. The remaining tailings have

a higher fines fraction, increased radioactivity, and will be more difficult

to stabilize on surface. In open pit mining, there is a possibility that some

waste rock and tailings could be placed in the pit after the ore is removed.

Related research and development includes;

- determination of pyrite, uranium, radium and thorium distribution in

the sand and slime fractions of tailings proposed for backfilling



- study of groundwater flows in mine proposed for backfilling

- study of groundwater flows in open pits.

Much of the research associated with surface-deposited tailings

applies also to the remaining tailings in the backfill option, even though

such tailings differ physically and chemically from conventional tailings.

1.6.5 Deep Lake Disposal

This option involves the disposal of tailings in the bottom of a deep

lake where a deep water cover over the tailings can be assured. The purpose

of the water cover is to suppress the oxidation of sulphides and the release

of radon to the atmosphere. Although the biological, chemical and physical

properties of the lake after tailings deposition are not yet understood,

natural sedimentation over tailings further isolate the radioactivity over

the long term.

1.6.6 Removal of Contaminants in the Mill Process

Another option is to remove contaminants within the mill before tailings

deposition. Research and development is being conducted on techniques to

remove pyrite, radium, and thorium and to replace nitrogen compounds within

the mill and prior to discharge. Although technology for some of these sub-

stances may be developed to achieve the objective, the economic consequences

of introducing such process changes form the subject of continuing evaluation.

There also remains the need to develop methods for safe disposal of the con-

centrated constituents.

1.6.7 The Information Matrix

A partial bibliography covering current and completed research and

development work on the long-term disposal of uranium tailings appears at

Appendix B. A guide to the list is provided in the form of an Information

Matrix which identifies work on particular portions of the mining, milling

and tailings management processes and the responsible organization. The list

covers all of the research and development activities referred to above, but
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also includes some projects directed to short-term aspects where the results

are relevant ÙO close-out conditions.

Organizations responsible for the work include federal and provincial

governments, industry, provincial research organization and universities.

Although there has been no central coordination of these projects, there are

a number of groups dedicated to the exchange of technical information. They

include the Joint Panel on Occupational and Environmental Research for Uranium

Production which includes the uranium producers, federal and provincial gov-

ernments, labour, and the Canadian Uranium Producers* Analytical and Metal-

lurgical Committees.

1.7 Proposed Research and Development Program

The lack of central coordination of research on tailings has meant

that each sponsoring organization has understandably focussed on its own

areas of responsibility and interest. Fortunately because of the standing

committees and panel referred to above, duplication of effort has not been

excessive. However, data and results have been generated that cannot be

compared due to the lack of agreed-upon analytical standards across the

country.

1.7.1 Need for the Research and Development Program

There is a need to focus on those measurements that reveal whether or

not there is a significant long-term disposal problem using current practice

for uranium tailings management, and to evaluate other options if required.

Although mining companies and government agencies have carried out

extensive measurements for environmental monitoring of tailings, the planning

group was struck by the lack of sufficient data to determine the essential

characteristics of ground- and surface water pathway at specific sites, with

the exception of the Nordic tailings where research is presently being con-

ducted. Air and food chain pathways are not yet fully understood. Moreover,

there has been insufficient effort devoted to the prediction of contaminant

movement along pathways over the very long time spans associated with half-

lives of the radionuclides of concern.



26

1.7.2 Objectives of the Proposed Research and Development Program

Methodology for arriving at close-out actions is one of the major

objectives of the overall uranium tailings research program. A deeper under-

standing of processes and pathways will facilitate the development of close-

out criteria.

The planning group therefore placed its highest priority on the

establishment of a coordinated measurement program to generate comparative

data, and to provide in systematic fashion an information base upon which to

build models of contaminant movement into the biosphere. Such a measurement

program needs to be national in scope, and meet common standards agreed upon

by the major stakeholders in the results, which include federal and provincial

regulatory agencies, and the uranium producers.

It will be necessary to extrapolate measurements made over the short

term to predict long-term effects. Over the time spans of concern, in the

order of several thousand years, rudimentary extrapolation procedures are

likely to be inadequate. An understanding of the physical, chemical and

biological processes that occur in each pathway will permit the construction

of models which should make possible the forecasting of contaminant behaviour

over extended periods of time. Such models are needed to compare the conse-

quences of alternative tailings disposal strategies and thus point the way to

successful solutions of the long-term disposal options.

The key to successful model building is an adequately deep under-

standing of the underlying processes associated with each pathway, and thus

there is need for continued research on tailings in general, as well as the

site specific work required to identify the appropriate disposal alternative.

The proposed research program thus consists of three separate parts:

1. Modelling program

2. National measurement program

3> Disposal technologies program



27

The objective of the modelling program is to provide a forecasting

tool for predicting the long-term behaviour and dispersion of contaminants

within and beyond the waste management area. The models will be used to

identify and compare the effects and efficacy of current and proposed

disposal alternatives. They also are required as a tool in deriving

appropriate standards for managing uranium wastes. The modelling program

will specify the critical field measurements needed to develop the models and

later to verify them.

The objectives of the national measurement program are to provide

the basic data needed for model building, to verify models that have been

constructed and to establish a National Uranium Waste Management Data Base.

The data base could become the standard reference for regulatory agencies and

uranium producers, and should be developed to uniform national standards

through federal-provincial-industrial agreement.

The objective of the disposal technologies program is to identify

methods of closing out tailings areas which could result in acceptably-low

adverse effects on the future environment and man. Although it is intended

that verified models would be used to compare and select options, it should

be stressed that continued measurements entering the data base can form a

sound basis for any final decision to abandon a tailings management area.

2. THE MODELLING PROGRAM

The problems posed in disposing of uranium mine tailings are similar

to those of other hard rock mine tailings except for an increase in public

anxiety over the risks from radioactive contaminants compared with the risks

from nonradioactive toxic contaminants. However, from research on radioactive

materials of interest mainly in assessing risks from power reactors, a body

of work has been developed on the evaluation of release rates and doses from

high level radioactive materials which may be applicable to the radioactivity

in tailings. The mining companies and government agencies have also commis-

sioned pathway analysis studies to determine the current and short-term

effects of uranium mining and tailings management options on the environment.
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Because of the long time periods which may be involved before most

potential contaminants reach the environment and before the elements become

sufficiently diluted to present no further hazard, observable proof of the

effectiveness of modelling will take many years. However, if a detailed

understanding of the applicable scientific laws of water movement and of

chemical and surface interactions between constituents is obtained from re-

search, the mathematical equations governing their behaviour can be defined.

Such information together with an extensive knowledge of the physical config-

uration and distribution of the tailings and adjacent soils or rocks can be

used to produce a series of mathematical equations, or a mathematical model,

which describes the behaviour of the contaminants of interest within the

tailings. From such a model, release of contaminants to the environment can

be predicted. By comparing the historical behaviour in various sites to the

model's predictions and taking very detailed measurements close to the origin,

the accuracy of the model and its long-term predictive capability can be

determined. Using a model should cut the time to determine concentrations

over the long term from a given disposal method. Development of such models

is one of the major aims of the national uranium tailings R & D program.

2.1 Objectives

In broad terms, the objective is to predict concentrations of mater-

ials dispersed from the waste management area, given the source terms and

characteristics of the pathways. More specifically, the modelling program

will be used:

to assist in acquiring a better understanding of the dispersal pro-

cesses,

to predict environmental distribution and concentrations of tailings

components,

to assist in deriving the appropriate criteria and standards for

long-term waste disposal,

as a component in the assessment of close-out options.

To gain a better understanding of the dispersal processes, the model-

ling group must interact and coordinate with the laboratory and field measure-
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ments. This interdependence of measurement and modelling is the ethos of the

national program, and stresses the need for close cooperation between the

various performers.

Although the choice of measurements needed to understand processes

is a matter of scientific judgement, the quantification of the hazard from

contaminants does not fall within the same framework of logic. For radionu-

clides, the appropriate variables and dosimetric quantities have been defined

and accepted internationally. For chemical pollutants, similar dosimetric

measures of impact for the long term have not been agreed upon, and so appro-

priate variables will have to be assumed early in the program.

Close-out criteria and standards, to be credible, must flow from the

best available facts and understanding derived from the modelling program.

Moreover, if specific criteria on close-out are adopted, models will be needed

to perform the pathway analyses called for in these criteria.

The use of models for assessing close-out alternatives may be the

only method available to estimate the release rates to the environment from

tailings areas. The complexity of the pathways and the uniqueness of the

characteristics for Canadian uranium tailings and their environment means

that the proposed modelling program will be breaking new ground. The itera-

tions of model refinement based on improved information and understanding

will have to be continued until the errors in the long-term projections are

less than the differences of release rates in the disposal alternatives being

considered.

2.2. Pathways and Pathway Models

2.2.1 Types of Pathways

The description of pathways contained in Section 1.3 is a simplifi-

cation of the total network of pathways included in a thorough analysis. A

total of 33 pathways between tailings and humans are portrayed in Fig. C.I of

Appendix C, grouped into four categories:
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release pathways

primary dispersion media

aquatic pathways

terrestrial pathways

Release pathways are the routes by which material can leave tailings

directly. They comprise the passage of chemical constituents into ground- and

surface water, windblown dust, radon gas exhalation and direct radiation.

Movement of ground and surface water and of air are the primary dis-

persion pathways out of the tailings area. Groundwater movement is determined

by the hydrogeology of the tailings region. It can reach wells or surface

water bodies in the area. Windblown particulates, and radon daughters may be

deposited on surface water, on vegetation and on the ground; and radon may

escape from surface waters to the atmosphere.

Aquatic pathways include the accumulation of constituents from water

and sediments by aquatic plants and animals that may subsequently pass up the

food chain and be ingested by humans. Sediments may absorb constituents from

solution, and from deposition. Direct irradiation from water and from shore-

line sediments can occur.

Terrestrial pathways involve principally the food chain via plants

and animals that have eaten plants growing in soils which many contain chem-

ical constituents deposited by air and surface water. Generally, the most

significant exposure pathway is by consuming plants, animals and dairy

produce, but direct irradiation from radionuclides in soil also can occur.

2.2.2 Pathway Models

For each pathway of significant contaminant transport, a model is

required. The model consists of a set of equations the solution to which

provides contaminant concentrations along the pathway resulting from a given

set of source terms - actual contaminant concentrations leaving the tailings.

Models and equations can be made more accurate as the dispersion and transport

processes of the real pathway become better understood. Two types of models
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are needed: overall models and detailed models. The overall pathway model

portrays all the significant processes between contaminant release and human

exposure.

Detailed models are built up from laboratory and field measurements

which are used to construct empirical relationships, or to confirm mathemati-

cal portrayals of the physical, chemical or biological process taking place

in the pathway. However, interaction with the measurement program will take

place at both the detailed and overall levels. Field measurements of con-

taminant concentrations outside the waste management area, coupled with mea-

surements of source terms in the tailings themselves, provide the necessary

data to verify the model. They should show if the overall pathway models have

been correctly assembled from detailed models, and that the models portray the

real pathway with adequate precision over the necessary time period.

Mathematical models are developed by dividing the pathway into

discrete interconnected compartments. A mathematical model is formed by

balancing material and energy flows around or through each compartment. This

process results in a set of interconnected equations that define the overall

pathway or system model.

2.2.3 Computer Codes

Pathway models that reflect the real response to source terms in the

tailings are necessarily complex, require a large amount of data, and are con-

veniently handled by computer. Computer programs or codes have already been

developed for a number of the environmental and pathway models needed for the

national tailings program. However, some of them will have to be modified

and new codes will be needed to cope with the very long time-scales and long-

term changes in the pathway characteristics.

A typical atmospheric dispersion code, known as UDAD, determines

population and individual dosage from uranium mine and mill operations - dust,

radon and daughters - out to about 50 years. New codes will be needed for

determining long-term effects. There are several hydrologie source codes for

determining water and solute distribution flow, but they also have limitations
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in respect to long-term changes in flow and chemical content. Several geo-

chemistry codes have been developed in the U.S. which may be used to determine

the chemical form and quantity of radionuclides released in aqueous effluents.

They apply to equilibrium conditions and may also need further development

for long-term predictions.

Water dispersion codes can be used for predicting the long-term

spatial distribution of radionuclides via surface water. Biological pathways

and exposure codes determine population and individual dose rates, for example

from land-based and aquatic food chains.

Combinations of codes will be needed to provide total dosages from a

number of pathways. New and more sophisticated codes are appearing frequent-

ly. Although much of the computer modelling activity so far has been con-

nected with high-level nuclear waste management, greater attention is now

being paid to low-level nuclear wastes. Also, codes developed for other

purposes might be readily adapted for use in Canadian tailings disposal

assessments.

2.3 Modelling Program Plan

Although it is recognized that the process of modelling and the

refinement of models must continue until solutions are found to the close-out

problem, the proposed plan is for a three-year program at the end of which a

major review is scheduled. During this initial three-year period, the purpose

is to complete the first cycle of the modelling process and put into place

those institutions and facilities that will be needed for subsequent itera-

tions of model development. It has been emphasized repeatedly that all three

parts of the national tailings program - modelling, measurement and disposal

alternatives - are totally interdependent. Thus there are linkages that need

to be addressed for the total program, but these will be dealt with in

Chapter 5.

The principal goal is to arrive at overall models of contaminant

dispersal which will permit an objective assessment of alternative disposal

methods. Within the three-year plan, the proposed modelling program leads to
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the development of an initial assessment capability derived from an assezably

of models and corresponding codes. Program activities fall into four cate-

gories:

model development and validation

data base management

code development

interpretation, assessment and program direction

It is intended that model and code development begin with a detailed

review of relevant work that has been done so far. Enough has already been

done that illustrative assessment models of a typical Canadian site could be

assembled which embody many if not most of the significant contaminant path-

ways. However, the overall models so constructed will be incomplete and

sections will be of unproven quality.

Such models are often accompanied by their own data bases so that

even before laboratory and field measurements begin, it will be necessary to

accumulate and manage a modelling program data base. Initially it will con-

sist of the separate data base comprising the illustrative assessment modes,

but later will include the results of laboratory and field measurements that

form an essential component of the model development and validation process.

Laboratory and field measurements needed to support model development are

specified in the activities of the modelling program as described in Appendix

C. In the context of the national program, the field measurements portion is

integrated with the national measurement program to be described in Chapter 3.

Model development and validation, code development, data base man-

agement and supporting laboratory and field measurements comprise those

activities needed to develop a prediction capability. The other major thrust

of the modelling program is the actual assessment of disposal alternatives

using this prediction capability.

The first assessments will identify the main modelling problems, the

major contaminants and the important release and dispersal processes. The

next steps will entail laboratory and field investigations to improve under-
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standing of these processes, thereby adding to the data base. This work will

lead to new or more detailed models and codes.

Assessment work will continue as additional sites and disposal al-

ternatives are woven into the national program. As model development pro-

gresses, the overall assessment models and their respective code systems will

be refined.

By the end of the third year, this model development and assessment

process should have identified the major contaminants and their associated

impacts at least in the short term, identified the effects of some disposal

alternatives and permitted an appraisal of the validity of using such predic-

tions to rank disposal options. At this point, the first phase would be

complete and an improved understanding of the behaviour of materials in tail-

ings will have been achieved. Following a major assessment of the first phase

results, the modelling program may be continued with further iterations

leading to the improved understanding and forecasts that will permit the

identification of appropriate close-out options.

2.4 Resources, Schedules and Cost

Atomic Energy of Canada Ltd. staff are responsible for the major

part of Appendix C. They drew upon AECL's experience in the high-level waste

disposal program which is much further advanced than the tailings program.

The AECL high-level waste program is faced with similar problems of tracing

the pathways of radioactive contaminants through the geosphere into the bios-

phere. There are some aspects of the two programs that are common - those

involving certain types of pathway models and certain radionuclides, and the

methodology wherein models are used to evaluate the relative detriments and

merits of alternative disposal strategies. AECL can be identified as the

Canadian focus of expertise in pathway modelling and the mobility of radioac-

tive contaminants through the environment. The planning group concluded that

AECL personnel should have a significant role in the modelling program.

The program divides into two groups. The model development group

would be responsible for model development and validation, code development,
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data base management, laboratory and field measurement specifications. The

assessment group would be responsible for overall guidance of the modelling

program, assembly and selection of detailed models for particular assessments,

and the application of assessment models to each site and tailings management

option. For the modelling program as a whole, expertise is required in the

fields of hydrogeology, geochemistry, soil chemistry, civil and mining engin-

eering, environmental biology, meteorology, health physics, chemical toxicol-

ogy and computer applications. As detailed in Appendix C, the full complement

will consist of 20 professionals with related supporting personnel - tech-

nologists, technicians and administrators, and computer and laboratory

facilities.

The intention is to create the assessment group first, consisting of

six professional staff, which would be in place over the first year of the

program. This group would conduct the initial review and perform the prelim-

inary illustrative assessment (Fig. CIO, Appendix C). Also during the first

year, the model development group would be assembled with a staff of 14 pro-

fessionals to begin the model evolutionary process. The second and third

years would be devoted to a completion of the first iterative cycle during

which the full 20-professional modelling team will be in place.

For estimating purposes, it is assumed that the cost of a full-time

professional is $150,000 per year which includes support staff, computer and

necessary laboratory facilities. On the basis of six professionals the first

year and 20 the second and third, the modelling program will cost an estimated

$6.9 million over the first three years.

A preliminary survey was conducted of potential contributors to the

modelling program based on previous experience of modelling radionuclide

release, transport and exposure. Twenty-two organizations were identified

consisting of three federal and five provincial agencies, two provincial

research organization, six university groups and six consulting firms. The

principal experience has been in modelling groundwater flow (17 organiza-

tions), but surface water flow experience exists in these organization and

four of these have experience in more specialized aspects of hydrology.
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Although some portion of the work would be contracted out, the

modelling and assessment groups should be located together for optimal inter-

action. They also should be able to cooperate very closely with members of

the measurement and disposal technologies groups. Because of the extensive

computer use required in the modelling process, there is a strong incentive

to locate both groups close to computing facilities and associated staff.

3. THE NATIONAL MEASUREMENT PROGRAM

Environmental and public health regulatory regimes consist mainly of

quantified standards that require the measurement of a physical or chemical

quantity. The degree of conformity to a regulation or standard forms the

basis of any regulatory process and related decision making. Thus measure-

ments will form a cornerstone in the process of identifying preferred solu-

tions to the long-term disposal of uranium wastes.

3.1 Objectives

Measurements needed for the national tailings program serve several

purposes:

establishment of environmental baseline and background data,

model development and verification,

understanding of natural processes which will lead to the design of

disposal methods that take advantage of natural phenomenon,

aid in development of federal and provincial regulations,

monitoring of key control variables used to prove the validity of

long-term disposal alternatives,

coordinate data gathering activities over time.

The impact on the environment of uranium mining activities including

waste management can be fully quantified only when the condition of the en-

vironment prior to project initiation is known. All too often in the past,

major development projects have commenced without adequate knowledge of the

pre-existing environmental parameters. The national measurement program will

embody those measurements at potential uranium mine sites by the mining
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companies and others that provide the necessary environmental baseline for

future impact assessments as well as those background measurements required

at nearby existing sites which may be necessary to substitute for missing

baseline data not taken prior to startup.

The principal requirements placed on the national measurement program

will arise from model development and verification activities. As modelling

forms the basis for extrapolation in the national tailings program, it will

be one major input for decision making. The modelling program thus is a major

driver of the measurement program.

The success of modelling depends on an adequately deep understanding

of processes in the tailings and pathways to the environment. In turn, exten-

sive measurements are needed to ensure the validity of the modelling projec-

tions. In conducting their enforcement duties, agencies regularly take

measurements in and around tailings areas. Such measurements will be extreme-

ly useful to the national tailings program and should thus be included within

the ambit of the national measurement program.

In assessing the relative merits of disposal alternatives, certain

key variables may need to be measured that do not fit within the needs of

either the modelling program or regulatory agencies. Such measurements almost

certainly will be site specific and relate to special aspects of a tailings

disposal alternative. They also should be included in the national measure-

ment program.

3.2 A National Uranium Waste Management Data Base

Although measurements relating to uranium tailings have been p.t*"ri <d

out for many years by government and industry, they were conducted at differ-

ent times and places, to varying standards and with widely ranging objectives.

An attempt has been made by the planning group to assemble this information

where it has been documented. It appears in the form of the Information

Matrix in Appendix 3.
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The planning group identified a need for uniform standards of

measurement accuracy and measurement techniques across the country. In this

manner, results can be compared and site-specific data taken over extended

periods of time can be expected to be consistent from one measurement to the

next. The group concluded that a National Uranium Waste Management Data Base

should be created, operated by a central agency using carefully controlled

and improved standards of analyses to ensure uniformity in sampling and

measurement which appears, at least for some of the data to be lacking at

present. Data suitably qualified and made available by the participating

mining companies should also be included in the data base.

The data base should be capable of receiving all measurement infor-

mation available to date, including that from the extensive programs performed

by the mines. However, new data entering the base should, to the maximum

extent possible, conform to national reference standards set by federal and

provincial agencies, and be supported by the uranium producers. The setting

of uniform standards for sampling, measurements and laboratory determinations

would be an early priority of the measurement program. It is possible that

an existing group might take on this task as a formal responsibility, or at

least such groups as the Canadian Uranium Producers' technical committees

should be consulted in establishing the standards.

Management of the data base should be undertaken by a permanent

central agency such as EMR's CANMET or Environment Canada. The large volume

of data to be archived dictates the use of a computer which should be planned

from the beginning so that the initial designs of data sets and formats con-

form with computer software constraints. Data will be received from a variety

of sources: baseline and background information on new and existing sites,

data in support of model development and verification, measurements made by

regulatory authorities and monitoring data not included elsewhere from exper-

iments designed to assess disposal alternatives.

The modelling program data base referred to in Section 2.3 should be

a subset of the national data base. As such it would include those laboratory

as well as field measurements that are needed to support model development and

verification. However, although the national data base will be centrally
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managed, it should be directly accessible by the principal users such as the

regulatory agencies and the modelling group. Such a distributed data base

would likely use tape or disc as the storage medium, but updating and main-

tenance could be facilitated through the use of computer-to-computer com-

munication.

3.3 National Measurement Program Plan

The overall form of the program is detailed in Appendix D. The plan

is to conduct detailed measurements on three tailings sites such as:

Rio Algom Nordic - Elliot Lake, Ontario

Gulf Minerals - Rabbit Lake, Sask.

- Lorado Mines - Uranium City, Sask.

The planning group visited each of these sites. Nordic is represent-

ative of tailings in the Elliot Lake area. Three years of intensive measure-

ment work have already been devoted to the Nordic tailings. Rabbit Lake is

an active site in the Athabasca sandstone area of Saskatchewan where tailings

will be produced for some time into the future as ore from nearby deposits at

Collins Bay will be processed by the mill after the current orebody at Rabbit

Lake is depleted. Lorado is a relatively small, abandoned tailings pile near

Uranium City which is quite accessible for measurement purposes.

To arrive at a program cost estimate, certain assumptions were made:

each site will be drilled to provide liquid and solid samples and hydrological

flow patterns; and drilling will cover the entire tailings basin area.

Approximately 72 sampling holes are expected to be drilled in each basin.

Extensive field work is planned which includes measurements on samples of

solutions, solids and vegetation. A total of 1000 samples are estimated per

year per site.* In addition, measurements would be made on dust and radon

emanation from the tailings surfaces, on water table fluctuations, ground-

water and surface water flow to establish a water balance over time in the

basin.

* This figure has been reviewed by the modelling group at AECL and found to be

appropriate for the initial level of measurement effort in support of the

modelling work.



Data from terrestrial and aquatic food radionuclide uptake chains

are an integral part of the pathway analysis and must be collected within the

measurement program.

The work breaks down into four parts:

sample design, installation and implementation

analysis of samples

analytical and mineralogical research under controlled laboratory

conditions

data base management

The sampling program will be designed to yield hydrological, hydro-

geochemical and biological data needed by the modelling program. It will

entail the installation of sampling equipment, the taking and preparation of

samples for analysis and other field measurement. Sample analysis will in-

volve the participation of analytical firms which will conduct determinations

on radionuclides, up to 35 non-radiochemical elements and other characteris-

tics of interest.

The basic deficiency in available techniques for radionuclide analy-

sis is the length of time required for both chemical separations and radiation

measurement. Much of the analytical work is characterized by the time con-

straints and inaccuracies at low levels. The planning group believes that

throughput and accuracy could be improved by some focussed research and de-

velopment on measurement methodologies. The large number - 3000/a, of

samples deemed necessary for the national measurement program will tax exist-

ing facilities. In addition to improving analytical techniques and instrumen-

tation, there is considerable scope for new concepts in field sampling

methods.

In parallel with research on measurement methodologies, the national

program would benefit from mineralogical research on tailings materials. Such
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understanding of the chemical and physical processes in the tailings them-

selves. Field and laboratory work would be directed to surface reactions and

distribution studies on the tailings material to ascertain where the radionu-

clides are located. Also, there appears to be a lack of basic information on

the geochemistry of the radionuclides. Such research would lead to a better

understanding of the transport of radionuclides and thus permit wiser choices

of what parameters to measure and where.

3.4 Resources, Schedules and Cost

Unlike the modelling program, a major portion of the national meas-

urement program will be more routine in nature, involving a relatively large

numoer of field samples and determinations taken at regular intervals. In

addition, there is program design and implementation, and the analytical and

mineralogical research work outlined above.

As detailed in Appendix D, the estimated annual cost over the initial

three-year period is:

$ million

Program design and implementation 0.75

Sample analysis 1.50

Analytical, mineralogical and other research 0.45

Data base management 0.10

Total $2.80 million/year

It is expected that once established, the program will continue beyond

three years. However, after this initial period, it is expected that the

number of samples and determinations made annually would decrease, but it is

too early to say by how much. Similarly, program design and implementation

should decrease significantly in later phases of the program. Conversely,

the research aspects may need to continue at the same level for some time into

the future or at least until there is reasonable indication that satisfactory

disposal methods have been developed and agreed upon. (i.e. when regulatory
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authorities have accepted proposals from some of the mining companies.)

Coordination of the national measurement program should be performed

by a central agency such as EMR's CANMET, but field implementation might best

be carried out by consulting geotechnical firms.

The research portion of the national measurement program could also

be contracted out to industrial and university performers, but coordination

should remain in the central agency.

4. TAILINGS DISPOSAL TECHNOLOGIES

The broad objective of the national tailings program is to identify

feasible methods of closing out uranium tailings areas which are satisfactory

to the regulating agencies. A deeper understanding of the processes and

pathways will facilitate the development of close-out criteria. However,

final close-out actions can not be fully established fully until hard data

becomes available from the national measurement program. For this reason,

resources devoted to research on disposal alternatives should be limited to

circumstances where excessive constituent releases can be predicted with some

degree of certainty. The following paragraphs examine the efficacy of present

tailings containment methods in reducing releases, and ways to improve them.

The proposed disposal technologies program is directed toward generic problems

common to more than one site.

H.I Effectiveness of Past and Present Disposal Methods

Until the early 1970s most uranium tailings areas were developed

from adaptations of the general methods used for the disposal of mill tailings

from metal mines. These methods were generally acceptable to the regulatory

agencies at the time. They included the use of topographic depressions con-

venient to the mill which might have formed part of a small waterway contain-

ing a lake or swamp. Retaining dams were constructed of pervious material

such as sand, gravel or waste mine rock, and tailings were often deposited on
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resulted in the release of contaminants to surface and groundwaters.

In the early and mid 1960s, precipitation with barium chloride came

into use, resulting in improved effluent quality at operating properties.

However, when operations of some mines were closed in the early 1960s, some

uranium tailings were left as they were at the last operating day of the

mill. This resulted in the wind dispersing radioactive tailings dust and

continued water pollution by tailings seepage.

In the late 1970s, regulatory agencies required that the

permeability of basins and dams to retain uranium tailings meet specific

seepage criteria, thereby significantly lowering the flow of contaminated

seepage into surface and groundwater regimes. During that decade, methods

were developed to establish a self-sustaining cover of vegetation directly on

the tailings to lower wind dispersal, reduce surface water recharge and

improve its quality.

Table 4.1 compares contaminant concentrations in seepages from

typical inactive tailings in the Elliot Lake area, with decant from active

tailings (Denison's Long Lake).
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TABLE 4.1 COMPARISON OF CONTAMINANT CONCENTRATIONS IN

SEEPAGES FROM ACTIVE AND INACTIVE TAILINGS

Parameter

Flow

Diss.226Ra(l)

PH

Fe
TDS(2)

SO

N in NH_

N in NO_

Trace metals

(Cu.Zn.Ni.Pb)

Long Lake

Effluent (decant)

(1976)

(Before BaCl

treatment)

230

350-1000

8-9.5

0.5

3000

1500

50

90

0.1

Typical Inactive

Tailings Seepages

(Elliot Lake Area)

L/s

5-42 pCi/L

1.8-3.8

1.8-3760 mg/L

630-21,500 "

360-11,500 "

0.13-36 "

0.13-36 "

.06-11.5 "

(1) Dissolved Radium-226

(2) Total dissolved solids

Source: MacLaren, J.F. Ltd., Environmental Assessment of the Proposed Elliot

Lake Uranium Mines Expansion; April, 1978.

Seepage from inactive tailings in the Elliot Lake area exhibit a

remarkable decrease in pH - by a factor of 2 to 3 - compared with the effluent

most likely due to the oxidation of pyrite in the tailings. The low pH of

seepage flow from inactive tailings where there is pyrite suggests there is a

long-term effect with inactive tailings because of the mobilization of thorium

and heavy metals created by acid generation. Such inactive tailings in per-

vious containments could release some contaminants into the biosphere at

unacceptable rates. Under managed conditions, significant seepages are

presently captured and pumped into the treatment pond.



Not all seepage flows from existing tailings are amenable to regular

monitoring. However, much can be learned from such measurements where they

are possible. It is expected in the course of the national measurement pro-

gram, that seepage analyses will reveal the full extent of the close-out

effects associated with managed tailings using past and current methods.

4.2 Alternative Disposal Techniques

Current management practices involve:

- the use of relatively impermeable deposition basins and retaining dams

- siting of new tailings areas away from any water course, or the diver-

sion of water courses away from tailings areas

- upon shutdown the removal of precipitate from treatment ponds for dis-

posal elsewhere, and the grading of tailings to preclude the ponding

of water

- vegetation at sufficient density to stabilize the surface, increase

evapotranspiration and reduce the amount of oxygen and water reaching

the tailings.

If the modelling and measurement programs demonstrate that current

management practices are not adequate to protect the environranet and man in

the long term, some alternatives must be evaluated. No single method of

tailings management will be applicable to all sites because of the very wide

variation between sites as to physical and chemical characteristics of the

tailings, topography and climatic conditions. Each tailings area has site

specific properties, and the method adopted must be tailored to the particular

needs of the site.

Disposal techniques relevant to current Canadian operations and

existing mill processes fall into three categories - surface, underground and

deep water placement. Surface placement methods include coning, stacking and

subareal discharge.

Coning, using a thickened discharge, is a method for increasing the

capacity of a tailings containment area, and minimizing the sizes of retaining
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seepage. Due to the use of a thickened slurry, there may be a greater ten-

dency for uniform tailings size deposition throughout. Also because of the

continual meandering of the tailings stream over the cone of deposition, the

tailings may dry out less and hence produce less windblown dust. The final

tailings contours should be optimum for stabilization by soil and vegetation.

Stacking is a method of using dykes or retaining walls built of

waste rock, gravel or tailings to build enclosures against a hill forming one

side of an area into which the tailings are discharged. It maximizes the

capacity of the containment area and makes best use of an available natural

feature. Depending on the physical characteristics of the tailings as depos-

ited, the effective final surface slope angle could be greater than that for

coning. The stability of successive dykes built of tailings that may be

saturated or semi-saturated will have to be carefully evaluated to ensure an

adequate safety factor under possible seismic shock.

Subareal discharge is a method that uses a thickened slurry dis-

charge to deposit tailings as an inclined sheet about three inches thick.

When this thickness has been deposited in a given area it is allowed to drain

and consolidate. Most of the water runs to a clarification pond at the toe

of the slope, leaving a cohesive surface that is resistant to wind dusting.

When an area of the tailings is draining, deposition is carried out in an

adjacent area. The advantages of the method are: the lateral permeability

is greater than the vertical so that the amount of leachate reaching the

groundwater will be reduced; high resistance to seismic shock because of the

low level of retained moisture in the tailings; and the estimated one per

cent deposition slope which should facilitate stabilization at shut-down and

ensure no ponding of water. However, the system has yet to be proven under

northern Canadian winter conditions. Also, an under-drain system is required

to handle vertical effluent flow in the early stages of operation.

Underground placement techniques include shallow burial and deep

mine disposal. Shallow burial techniques, described in Section 1.6.3, do not

appear practical in Canadian Precambrian areas. There are two aspects of deep

mine disposal - the first is to dispose of all the tailings in abandoned
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mines, the second is to use the tailings sand fraction for hydraulic backfill

as an integral part of the raining method, leaving the slimes on surface.

To dispose of tailings in an abandoned mine, it must be pumped free

of accumulated water, and equipped with a delivery system for all areas to be

filled. Also, a disposal system must be installed to handle the water drained

from the deposited tailings. An adequate ventilation system is essential.

Because the volume of tailings is about twice that of solid ore, not all

tailings can be replaced in the originating mine. This method is secure only

if there is no spread of radioactive contaminants via groundwater migrating

from the mine area.

The sand fraction at Elliot Lake contains about 25% of the radium in

the original ore. The remaining 75$ stays in the slimes fraction which must

be managed as conventional tailings on the surface. Although this method can

dispose of up to 50% of the total tailings volume, it requires the management

on surface of a slimes fraction with a higher specific radioactivity than that

of the whole tailings. The slimes do not drain readily and so are more dif-

ficult to stabilize Also there are increased costs to clean up fine tailings

that escape from filled areas and for pumping the increased volume of water

from the mirs.

Deep water placement can be used either as storage for future recov-

ery or permanent disposal. Some radionuclides such as thorium may have future

commercial value. It has not been shown that the recovery of tailings from

deep lake storage is infeasible or uneconomical. Considerable research is

still needed to demonstrate the impact of stored tailings on the water cover-

ing. The use of this technique for the permanent disposal of uranium tailings

as described in Section 1.6.5 may require years of research to establish con-

stituent release over the long time spans required.

4.3 Special Engineering Problems

In implementing any particular disposal plan, special engineering

options may also arise and can be important factors in establishing the feas-

ibility of a course of action.
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Such engineering problems have been identified with:

the use of only natural materials to control releases from a

closed-out site

the limitation of surface water recharge to a closed-out tailings

site and the elimination of permanent water pools on the tailings

changes in mill processes

long-term durability and levels of maintenance after close-out

maintenance of control levels for releases after close-out.

The following paragraphs deal with the above special problems in

turn.

The life expectancy of synthetic membranes used as tailings basin

liners or as the cut-off core of a tailings impoundment dam has not yet been

determined. The alternative is to use natural materials such as suitable

clays or possibly glacial till which normally are characterized by low perm-

eability. However, suitable natural materials will in many cases not be

available near proposed future tailings sites, and haul distances could be

excessive. Thus the use of natural materials in any particular application

may be uneconomical or entirely impractical, and alternative engineering

solutions might have to be sought.

Limiting the recharge of surface water to that from direct natural

precipitation places restraints on potential tailings sites because expensive

water diversion schemes may have to be developed if the desired location lies

in a natural watercourse. Such a diversion must be self-sustaining in the

long term with no maintenance required. The elimination of permanent ponded

water on the tailings surface requires a continuous and uninterrupted slope

across the finished surface of the tailings. Many current discharge systems

result in a pond remaining on the surface which could require considerable

regrading before close-out. There is less of a problem with the newer surface

placement methods described in Section 4.2.
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One method of minimizing the infiltration of direct precipitation is

to apply some form of natural cover. This should have a low permeability and

yet be suitable for supporting a thick cover of indigenous vegetation. Where

drought or fire may destroy vegetation, erosion of the cover material might

be minimized by use of a suitable "rip-rap" cover of coarse and weather-resis-

tant rock.

Another option in future waste management is the development of new

mill processes that may remove constituents before discharge to tailings.

This alternative will be dealt with in Section 4.M. Such changes could alter

the physical and chemical properties of the tailings to such an extent that

their retention factilities may require new engineering concepts to ensure

stability and adequate isolation from the biosphere. Each milling and ex-

traction process change may require major new engineering installations that

add considerably to costs after milling. Such a burden could be excessive.

The release of contaminants from uranium tailings areas must be below

reasonable limits for thousands of years. In such a time-span climatic and

geomorphological conditions may change dramatically. Climatic changes could

result in floods, high winds, and glaciation. Suitable siting must therefore

be the first consideration. However, for existing sites the requirement for

long-term durability of engineered structures poses problems of a very special

nature. Engineering for such long terms has not been enshrined in routine

procedures, and new approaches to monitoring and evaluation undoubtedly will

have to evolve. However, considerable progress has already been made on

understanding the stability of tailings dam structures. The actual life of

dam structures is often much longer than the design life.

The maintenance of control levels after shutdown may require further

engineering activity if the measures to reduce water and airborne releases

after close-out prove inadequate. At shutdown, a transition phase will occur

when the release rate of constituents will vary and shift toward steady-state

values. During this period, release rates will need to be monitored very

closely. Remedial action will obviously be necessary where release rates

show they will exceed control levels. The transition period will be completed

when acceptably-steady or continually-decreasing contaminant release rates are

experienced.
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Over the long term, some form of remote monitoring, possibly by sat-

ellite or infrequent in situ monitoring will be necessary to determine if any

appreciable change is taking place in release rates, and to be assured of the

integrity of engineered structures.

4.4 Removal of Radionuclides in the Mill

Another strategy in the management of uranium mining wastes is to

remove radioactive constituents before the tailings are discharged from the

mill. There are essentially two basic approaches to mill circuit changes -

either a process can be added to the existing milling operations, or an

entirely new process can be introduced.

One add-on process involves leaching. After uranium extraction in

the mill, over 98% of the radium-226 and thorium~230 remain in the tailings.

Thorium-230 can be precipitated with natural thorium by simple neutralization

of the tailings solution, or by upgrading by solvent extraction to produce a

low-volume concentrate. However, the radium-226 recovery requires a much

more complex operation. Although nitric acid, hydrochloric acid, and combin-

ations of sodium chloride and calcium chloride will extract radium from tail-

ings, the processes generally require inordinately large amounts of leaching

solutions, thereby requiring high capital and operating expense. Also, re-

covery of radium from these large volumes of solution is most difficult.

Ethylene-diamine-tetracetic acid, natural and synthetic ion exchanges and

direct barium chloride precipitation are all possible radium recovery methods.

A typical flowsheet is shown in Fig. 4.1.

Although some preliminary work on radium removal from tailings has

been completed, more research on process alternatives and optimization is

required to determine the actual efficiency and costs of the radium removal

process. Also, the fixation and safe containment of the radium sludge so

removed must be evaluated.

Another add-on process involves preconcentrstion. It is possible to

preconcentrate by flotation and gravity methods the acid-producing pyrite and

radionuclides from tailings. However, the preconcentrate is a large fraction
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Fig. 4.1 - Typical Flowsheet Showing Ra Removal from Tailings
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of the original tailings at 30 - 505! and must still be treated for radium

recovery.

Research ha3 been directed towards preconcentration of the incoming

ore after grinding, and subsequent leaching by direct chlorination or hydro-

chloric acid to remove and separate uranium, thorium, radium and pyrites.

The tailings may have a much lower radionuclide content. However, the selec-

tion of suitable materials of construction and the economic evaluation of

these processes must be completed before further research is justified.

4.5 Remedial Action for Inactive Tailings

Table 1.1 lists the inactive tailings sites which contain 41.3

million tonnes of tailings, or 35% of all uranium tailings now on the surface

in Canada. New tailings are not being added at these sites. Four sites are

abandoned. The effluents from inactive sites are neutralized and treated

with barium chloride. A number contain pyrite and thus have acid-generating

potential. Although it may be tempting to prescribe close-out actions for

each of these tailings basins based on general knowledge and suppositions,

there is inadequate information at this time to develop specific close-out

strategies.

Two parallel courses of action must be taken at any tailings site.

The first is to install sufficient monitoring facilities to establish the

effect of the tailings area on the environment. The second is to generate a

methodology for developing site-specific close-out actions. In the beginning,

the two are highly interactive; however, monitoring locations would be deter-

mined finally by the methodology.

Methodology for arriving at close-out actions is one of the major

objectives of the overall uranium tailings research program. As a deeper

understanding of processes and pathways develops over the course of the re-

search program, the early criteria may have to be altered - but at least a

set of guidelines would be in place over the intervening period.
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There is a fine line of distinction of this instance between what is

research, and what activities might be labelled "operational". The generation

of methodology for satisfying at close-out criteria is assumed to be part of

the research effort, leaving development of responsive action to the mines

and the regulation monitoring at each site to the regulatory agencies.

4.6 Disposal Alternatives Program

The disposal alternatives research and development program can be

divided into two types of activities - those that are site specific, and

those that apply to more than one site and thus are generic in nature. Site-

specific work on disposal alternatives normally has been supported and per-

formed by the mines themselves. The work generally has fallen under the

categories of surface, underground or underwater placement, but has been

tailored to the particular circumstances of the mine supporting the work.

Insofar as the national tailings program is concerned, site specific

research on alternative disposal methods performs a significant role. How-

ever, until the measurement and modelling programs have progressed to where a

long-term problem has been identified, it is neither possible nor advisable

to propose particular activities. In some instances known best to the mines

and the regulatory agencies, site specific research may be clearly indicated

and be obviously necessary. In such circumstances, it is recommended that

the mines participate in the national program by making the information

available because industrial participation is essential to the success of the

program.

The mines have made important contributions to the knowledge base on

disposal technologies, and have made this information available generally

through publications, and through their participation in the Joint Panel on

Occupational and Environmental Research for Uranium Production. The support

and cooperation of the mines in the proposed national program is critical.

It will be necessary to gain access to the properties selected for the

national measurement program, and permission to take the samples required.

There is a real need for historical and current data that only the mines can

provide. Moreover, the mining companies and their consultants have the tech-

nical expertise and specialists that can assist with all aspects of the



national program, but particularly with disposal technology. Thus although

site-specific work falls within the purview of a single mine, it is important

that those elements of the work that apply to other sites be shared in the

national program in the same way they have been shared through the Joint

Panel. It also is hoped that the mines will continue to participate in the

continuing generic program.

Research and development work that applies to more than one site has

already been the subject of broad support by federal and provincial agencies,

and by the industry. It amounts to approximately 20* of all R & D expendi-

tures on tailings management, and has fallen under the following categories:

Underground placement

- backfilling

- sludge fixation

- underground storage

Open pit placement

- hydrological studies

- covers

- radon emanation studies

Deep lake placement

- limnological studies

- current shift and changes

- biological studies

- effects of lake bottom on radionuclide leaching

Surface placement

- coning

- stacking
- subareal discharge
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Alternative processes

- radionuclide and pyrite removed from tailings.

Such generic work, applying as it does to many of the operating or

planned mines, must have assistance from the mines. Within the national

tailings program structure, it is proposed that a disposal technology advisory

sub-committee be established to identify and suggest generic work on disposal

technologies. The committee would have representatives from the uranium

producers but should include modelling and measurement interests because of

the obvious interaction among the three groups.

The specific generic program must be determined by the program man-

agement, but initially it should be an extension of work already in progress.

This work is listed in Appendix E under Current Projects 1980/81.

4.7 Resources, Schedules and Cost

The nature and extent of R & D work on disposal technologies will

depend in large measure on the availability of qualified manpower. At the

present time, the annual level of effort on generic work is approximately

$275 000, and it is unlikely that this level can be expanded significantly in

the early stages of the national program. Allowing for inflation, the first

year's effort should thus be budgeted at $300 000. This amount is sufficient

to support two senior research scientists or engineers complete with support

staff and equipment without any major capital expenditures.

For planning purposes, it is assumed that manpower will indeed be

available, but also there will be a need for new capital facilities to support

generic work. It is assumed that the total expenditure will double in the

second and again in the third year, so that the funds would flow as follows:

Year 1 $0.3 million

Year 2 $0.6 million

Year 3 $1.2 million
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The level of effort beyond Year 3 should level out as more of the

effort will be diverted to site-specific activities.

The potential performing organizations of generic and site specific

R & D work on disposal technologies cover a wide spectrum. They include the

uranium mining companies, CANMET, DOE's Wastewater Technology Centre, the

AECB, the provincial research organizations, several universities and a number

of consulting firms. As stated above, the greatest unknown is the number of

highly qualified senior researchers among these performers available and

interested in pursuing this work. However, when funds are made available, it

can be anticipated there will be a strong response because of the large number

of potential participating organizations. The question of quality is an en-

tirely different matter which would be judged by the program director with

advice from the advisory committee on the generic program.

5. ORGANIZATION OF THE NATIONAL PROGRAM

Although the initial program covers a three-year period, answers to

long-term mining and milling waste disposal options can be found only through

continual effort over a span of time certainly exceeding one decade. One

reason for such a long time period is the slow progression of contaminants

along the pathways from their source to and through the biosphere. The speed

of response by the overall system to changes in the source characteristics or

pathway parameters is such that the effect of a change many not be measurable

for several years. Thus with very long periods of time required for observa-

tion, progress toward selecting suitable close-out criteria and disposal

technologies from a variety of alternatives undoubtedly will be slow. A

further reason for the long time period is the volume of work to be done and

the Canadian climatic constraints.

The cost of the R & D program itself could be judged on the basis of

the benefits to present and future generations that might be derived and

these costs must be considered against other competing claims from limited

budgets. At this time, such judgements are political and have little scien-

tific basis, but without question there is a limit of expenditure above which

politicians would not want to be committed to find suitable solutions to the
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uranium tailings problem. Additionally, in any research program, it is much

easier to judge progress toward its goal after some work has been done and

the questionable areas have been more clearly delineated.

For the above reasons, it is proposed that the initial R & D program

plan cover a period of three years, at the end of which there should be a

major review and evaluation as to the advisability of continuing, altering

its direction, or terminating it. The three-year time period was chosen be-

cause it is the time required to complete the first cycle of the modelling

program (see Appendix C, Fig. CIO) which will reveal the adequacy of approach

and whether or not the modelling process will converge and be a useful assess-

ment tool. Three years should also provide a useful baseline of data from

the three tailings basins selected for the national measurement program and

for feedback into the modelling program, should it continue.

The following paragraphs summarize the salient features of a national

uranium tailings R & D program, spanning a three-year time period, and based

on the program details described in Chapters 2, 3 and 4.

5.1 Program Elements and Structure

The national program will consist of three sub-programs:

Modelling program

National measurement program

Disposal technologies program

Although it is intended that each sub-program be managed separately,

they are interdependent and require overall coordination. The relationships

can be shown diagrammatically in Fig. 5.1.
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National Measurement
Program

Modelling Disposal Technologies
Program — •"- Program

Fig. 5»1 - The National Uranium Tailings R & D Program

The modelling and disposal technologies programs specify the data

required from the national measurement program which is then provided. Sim-

ilarly, the disposal technologies program imposes scenarios for the modelling

program which impact on the measurement program. There is a clear need for

central coordination t > ensure that each of these interactions occur unim-

peded. Thus it is proposed there be a National Tailings Program Office (NTPO)

to perform this coordinating role and manage the total program.

The program organization would take the form of Fig. 5.2. Because

of the close interaction involved, the project management function of all

three groups should at the least be located together. It was argued in

Chapter 2 that the assessment and model development groups should also be

located together. Beyond these requirements, the balance of the program could

be decentralized. Potential performers in all three sub-programs are spread

across the country, and physical location should not be a constraint.
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Program elements have been described in Chapters 2, 3 and 4, and in

Appendices C and D and so will not be repeated. However, in Fig. 5.2, the

principal elements are listed under each of the sub-program groups.

5.2 Program Management and Objectives

The most critical action that will in large measure determine the

success or failure of the national program, is the selection and appointment

of the program director. As head of the NTPO, his mission is to ensure that

three sub-programs are in place, that detailed program plans and schedules

are drawn up, and that facilities and services are available to the sub-

program groups as they are needed.

There are two basic scenarios as to how the program could be managed.

The first is to provide all program funds to the National Tailings Program

Office which would then enter into contract with each performer or performing

facility for its portion of the work. The contracts would provide the NTPO

with full control over the program including work statements, levels of ef-

fort, milestones, scheduling and any other management tool needed to meet

objectives within a time and cost envelope. The performers would consist of

a mixture of government laboratories and agencies, private sector organiza-

tions and universities, but all would be treated as sub-contractors to the

NTPO.

In the second scenario the NTPO is responsible for and would con-

tract with private sector organizations and universities, but government per-

formers would be funded through normal governmental mechanisms. For the work

of the latter, the NTPO could play little more than a coordinating role.
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Fig. 5 «2 - Program Function and Organization Chart

It should be noted that with both scenarios, a site-specific disposal

technology R & D funded and performed by the mines is useful to the national

program. In either case, provision should be made to allow for the entry of

the mines into the program if and when they see it as in their interests to

do so.

Although the second scenario where the NTPO plays a coordinating

role for government work may seem like the path of least resistance, we would

argue that it is unacceptable because the NTPO cannot control work it has not

contracted for, and thus cannot wield the necessary authority to effect the

close interactions called for and illustrated in Fig. 5.1. Control of funds

is absolute control, and there is no substitute for this form of authority

when specific targets have to be met within severe time and budget contraints.

The coordination approach may not meet financial and scheduled targets because

the NTPO cannot exert the necessary pressure on normally independent agencies
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to direct their efforts towards program objectives. Moreover, the NTPO can-

not be held accountable for the success of a program which it only coord-

inates.

The planning group has concluded that the first scenario in which

the NTPO is provided with all program funds is the route to follow if the

program is to be most successful. Within this scenario there is a question

as to whether the NTPO is an independent office, or whether it is located

within a government laboratory. The answer to this question depends, so some

extent, on the source of funds which will be dealt with in the following

section.

The program director should be responsible to a proposed Board of

Directors made up of representatives from the funding organizations. In

addition, because they are major stakeholders in the results of the work,

regulatory agencies and uranium producers should each have a seat on the

board. The board would have the right to hire and fire the director, but

should not in any way manage the program. That is the job of the director

and his staff in the NTPO.

To assist the board of directors in evaluating result3 and progress,

it is proposed to establish a Technical Advisory Panel. The members might be

chosen by agreement between the board and the director from a list of techni-

cal societies submitted by the major stakeholders as represented in the pres-

ent planning group. Within the Panel there would be three sub-committees

corresponding to the three sub-programs, and as stated in Section 4.6, the

uranium producers should have strong representation on the disposal technol-

ogies advisory sub-committee.

Rather than setting out a schedule for the first three years of the

program, it is perhaps more appropriate to specify what tangible results are

expected at the end of that time, and leave it to the program director to set

up detailed schedules designed to accomplish his mission. Ten objectives to

be accomplished at the end of the third year can be identified:
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1. A preliminary set of models and associated codes completed.

2. A modelling data base in place.

3. The first assessment cycle in the modelling program completed.

4. Three tailings basins fully instrumented, and at least two years of

field data in the data base.

5. A national uranium waste management data base in place.

6. Major steps made toward improvements in the accuracy and throughput of

sample analyses.

7. Uniform standards established for field measurements.

8. A preliminary manual prepared for deriving site-specific close-out

actions, based on optimization of protection guidelines.

9. Generic research on disposal technologies in place and fully inter-

acting with modelling and measurement programs.

10. Progress made toward incorporating site-specific disposal R 4 D into

the national program where appropriate.

Objectives 1 to 3 relate to the modelling program, 4 to 7 refer to

the national measurement program and 8 to 10 to the disposal technologies

program. Most of the objectives are intentionally not quantitative. They

need to be made more crisp by the NTPO and the board after more detailed

planning has been carried out with potential performers. It is suggested that

a preprogram planning and preparation period o':' 3 to 4 months be provided to

the director and his NTPO staff before the rcain program gets under way to

sharpen objectives, develop work statements and line-up contractors.

5.3 Cost Summary

To gain some perspective on the amounts spent in past years and at

present, total expenditures on uranium tailings R & D are presented in

Appendix E. Up to 1980, the total was $7.85 million, k5% by the uranium

producers and the balance by the federal government. In the current fiscal

year, expenditures are $1.4 million, 27SI of which is being spent by the

uranium producers and more than half by CANMET.

Table 5.1 is a summary of the costs by year taken from Chapters 2, 3

and 4. In addition, there is the cost of the NTPO assumed to be $400,000
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annually which includes the director, a staff of three senior managers,

secretarial support and rented facilities. Costs of board and technical

advisory committee meetings are also included.

5.4 Potential Performers

In Chapter 2, 3 and 4, potential performing organizations were

referred to in connection with resources available in Canada to conduct each

sub-program. For the modelling program, there are organizations with pathway

modelling experience that could be a contractor. They include AECL, DOB, E.MR

and some environmental consulting firms. For the national measurement pro-

gram, CANMET was suggested as a possible coordinator because of its major

committment to the subject and its expertise. However, there are other agen-

cies that also could assume this responsibility. The same applies to the

disposal technologies program.

Because the board of directors and the program director will be held

accountable for meeting objectives of the program, it is only reasonable that

they be given the authority to select the contractors. If this were not so,

the constraints imposed by pre-aelecting contractors could reduce attractive-

ness of the challenge to the program director - who will actually be the key

to the success of the entire program.
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TABLE 5.1 COSTS OF THE NATIONAL URANIUM

TAILINGS R & D PROGRAM

ïear 1 2 3_ Totals
($ millions)

Modelling program 0.9 3.0 3.0 6.9

National measurement

program 2.8 2.8 2.8 8.'4

Disposal technologies

program 0.3 0.6 1.2 2.1

National tailings

program office 0.4 0.4 0.4 1.2

Totals 4.4 6.8 7.4 18.6
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

As a result of its investigations, field visits and discussions, the

planning group concluded that:

1. There is a need to coordinate and synthesize the results of measure-

ments already made on Canadian tailings.

2. There is inadequate understanding of the physical, chemical and bio-

logical processes that take place in the tailings and in the pathways

from the tailings to the biosphere.

3. There is insufficient evidence so far, based on measurements alone, as

to the extent of the long-term problem in the close-out of a uranium

tailings basin.

4. There is a need to establish standardized measurement methodologies to

improve the uniformity and quality of data taken at different sites

across Canada.

5. Generic research and development on tailings disposal technology that

applies to more than one site should be within the scope of a national

program, whereas site-specific work is the purview of the mines and

regulatory agencies.

6. The uranium producer's contribution to the national tailings program

should be their R & D work on site-specific disposal alternatives.

The first of the above conclusions leads to the proposal to

establish a national uranium tailings R & D program. The second suggests the

need for a modelling program, and the third and fourth for a national

measurement program. The remaining conlusions refer to disposal technologies

research. The conclusions collectively form the basis for a set of

recommendations on uranium tailings research.

6.2 Recommendations

The planning group on uranium tailings research recommends that:
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1. The federal government and the governments of Ontario and Saskatchewan

should jointly establish a uranium tailings research and development

program with a major review to be made at the end of three years to

decide either to continue, redirect or terminate the program, and to

establish future funding and management patterns.

2. An independent National Tailings Program Office (NTPO) be established

in Ottawa to manage the program under a program director responsible

to a board of directors made up of representatives from the funding

agencies, regulatory bodies and the uranium producers.

3. The tailings R & D program should consist of three sub-programs;

Modelling program

National measurement program

Disposal technologies program

The modelling program, to assist in the long-term prediction of long-

term contaminant dispersion and releases, is to include the development

and validation of pathway models and associated codes, the establish-

ment of a modelling data base and the assessment of disposal alterna-

tives.

The measurement program, to verify models and measure contaminant

levels, is to include detailed measurements on three representative

tailings basins, the establishment of a national uranium waste manage-

ment data base, and analytical, mineralogical and other research.

The disposal technologies program, to develop alternative long-term

disposal techniques, is to focus on generic methods and build from cur-

rent projects now in place.

4. Program objectives to be accomplished by the end of the third year be:

1. a preliminary set of models and associated codes completed

2. a modelling data base in place

3. the first assessment cycle in the modelling program completed

4. three tailings basins fully instrumented, and at least two

years of field data in the data base
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5. a national uranium waste management data base in place

6. major steps accomplished toward improvements in the accuracy

and throughput of sample analyses

7» uniform standards established for field measurements

8. a preliminary manual prepared for deriving site-specific

close-out actions, based on optimization of protection guide-

lines

9. generic research on disposal technologies in place and fully

interacting with modelling and measurement program

10. progress made toward incorporating site-specific disposal

R & D into the national program where appropriate.

5. The national program be funded in the amount of $18.6 million total

over the initial three-year period, such funds to be controlled and

administered by the NTPO which could subcontract to performing organi-

zations chosen on the basis of competence and probability of meeting

program objectives.
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L.S. Beck, Director
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J.R. Hawley, Head

Industrial Inorganic Unit

Ontario Ministry of the Environment
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Field Visits of the National Technical Planning Group on

Uranium Tailings Research

1. Government of Ontario - July 15 and October 15, 1980

Ministry of the Environment

Ministry of Labour

Ministry of Natural Resources

Ministry of Energy

2. Government of Saskatchewan - July 17 & November 19, 1980

Saskatchewan Environment

Saskatchewan Mineral Resources

Saskatchewan Health, Planning and Research

Saskatchewan Intergovernmental Affairs

3. Federal government laboratories

CANMET Ottawa - April 17, 1980

CANMET Elliot Lake - September 10, 1980

4. Ontario uranium mines

Rio Algom Ltd. (site visit, Elliot Lake) September 11/80

Denison Mines Ltd. (site visit, Elliot Lake) September 11/80

Madawaska Mines Ltd. (site visit, Bancroft) October 16/80

5. Saskatchewan uranium mines - September 23-25, 1980

Eldorado Nuclear Ltd. (site visit, Beaverlodge Lake)

Gulf Minerals Canada Ltd. (site visit, Rabbit Lake)

Lorado Mines (site visit, Nero Lake)

Gunnar Mines (flight observation, Lake Athabasca)

Amok Ltd. (flight observation, Cluff Lake)

Key Lake Mining Corp. (flight observation, Key Lake)

Saskatchewan Mining Development Corporation

6. Newfoundland uranium properties - October 14, 1980

Brinex Ltd. (Kitts-Michelin)
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7. Provincial research organizations

Ontario Research Foundation - July 16, 1980

Saskatchewan Research Council - September 22, 1980
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APPENDIX B

CURRENT AND COMPLETED RESEARCH ON

CANADIAN URANIUM MINE/MILL TAILINGS

Research on uranium tailings management has been carried out in the past

mainly to alleviate the effects of tailings effluents on the environment dur-

ing the operating life of the mine. The problem of the long-term effect of

uranium tailings after the mines have ceased operating has not been thoroughly

researched. Energy, Mines and Resources Canada (CANMET) has carried out lim-

ited work on this, mainly in tailings surface amendment by vegetation, hydro-

logical and geohydrological studies of inactive tailings piles and in proces-

sing of tailings for radionuclide removal.

An information matrix has been prepared (Table B.I) from input research

from participating organizations including Energy, Mines and Resources Canada

(EMR), the Atomic Energy Control Board (AECB), Environment Canada (DOE), the

provinces and the uranium mines of Ontario and Saskatchewan, Atomic Energy of

Canada Ltd. (AECL), the provincial research organizations (P.R.O.) and the

universities. Information listed includes completed and current research

projects in the categories of Contaminant Source, Mining, Milling Process,

Tailings Management, Pathway Analysis and Environmental Monitoring.



Table B-1 Information Matrix

CURRENT AND COMPLETED RESEARCH ON THE LONG-TERM DISPOSAL OF URANIUM TAILINGS
INFORMATION MATRIX

Participating
Organization

AECB

AECL

DOE

EMR

ONT. « V .

ONT. MINES

P.R.O.

SASK. GOV.

SASt. MINES

UNIVERSITIES

Contaminant Source

Mineralogy

75,76

1.2,3

81,82,83

Chemistry

4.5.6,7

78.79.80.
82,85

6

8

Mining

Waste
Rock

9

Backfill
Storage

10,12

11

12

Milling Process
226Ra

Distri-
bution

13

14

Modification

16,18,IS,ii«,
21,22,24,23,
25

15.17

20

Tailings Management

Properties

30,72

26.2R

27

28

29

73

Vegetation

3\ i£t 34 30,X
37,38,39,40,
41,42,43,44

38,45,46

44

34

Hydrology

59

57,58,59

52,60,61,62,
63,64,77,91

64

96

96

53,54,55,56,
64.77,90

Storage

9 2 100

65,66,74

81,93

67,68

77

Pathway Analysis

A1r

71

Water

69.70

71

11

DUSt

71

Environmental
Monitoring

88,94,95

83,84,
86,87

89

94,95

to
ooo
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APPENDIX C

THE MODELLING PROGRAM
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C.I. INTRODUCTION

C.I.I Assessment and Modelling

An essential input to any decision on the management of tailings is

an assessment of the consequences of that decision with respect to deleterious

effects on man and the environment. An Assessment in this context is a cal-

culation, or series of calculations, that seeks to answer the question, "Given

tailings at a particular site, managed in a particular way, what are the

effects on an individual (or other organism) anywhere, and at any time in the

future?" The determination of health effects and hazards to man are ouside

the objectives of this program. They are, however, shown in the modelling

program for the sake of completeness. An enormous multiplicity in variables

is involved in such an analysis. Major ones are associated with:

- the chemical and physical characteristics of the tailings material,

- the design of the tailings impoundment,

- the local and regional geology and water flows,

- the local and regional climate,

- the local and regional terrestrial and aquatic environments that

influence dispersal of material from tailings,

- global mixing of the tailings material,

- the distribution of population, locally, regionally and globally,

- the change with time of any of the variables associated with the

above,

- the occurrence of catastrophic environmental changes; e.g., earth"

quakes, glaciation.

No answer to such a general question can be complete. The aim of a

practical assessment must be to provide an answer with a level of certainty

sufficient for the purpose of the assessment. An understanding of the release

and movement of materials through the biosphere is an obvious prerequisite for

any assessment. An integral part of this understanding is the ability to

describe the various processes and to account for them quantitatively. In

some instances the quantitative description may be sufficiently complicated

or involve so many parameters that calculations with the models are only con-
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veniently handled by computers. Describing the processes and quantitatively

accounting for them is modelling in the context of this report.

C.I.2 The Roles of Assessment and Modelling

The kind of description - the forms of the quantitative relations in

the models - will depend on how the results of the models are to be used.

Some variables, dispersal processes and contaminants can be ignored in some

assessments depending perhaps on the time-scale being considered, the dis-

tances and the effects considered important or the target organism. There

are two kinds of assessment.

One kind provides an estimate of the hazard from the tailings at a

particular site. It is part of any overall estimation of the costs and

benefits of the industry; part of the "justification" as defined by the

International Commission on Radiological Protection (ICRP) in the context of

radiation protection. Such an assessment is needed in determining whether

those criteria for acceptability that are concerned with toxicological or

radiological hazards have been met. The models used in this kind of assess-

ment should be capable of describing the behaviour of contaminants over a very

long time. The results from such extrapolations of measured experience may

have large uncertainties but, provided that the bases for the model predic-

tions are recorded in detail, the results can be readily reevaluated as under-

standing of the pertinent factors improves.

A second kind of assessment may be part of an evaluation of the

effectiveness of actions intended to reduce releases from tailings. Such

actions might be changes in mill processes or in ways of storing the tailings.

The effect on releases of these actions has to be understood and modelled.

The effectiveness might be judged on the basis of the reduction in particular

environmental concentrations of contaminants or of reduction in other measures

of hazard compared with various criteria. Modelling will help in identifying

the key characteristics of current or proposed methods of managing the tail-

ings and thus be a guide in developing alternatives. Anecher way of judging

effectiveness is on the basis of reducing the hazards to a level that is as

low as reasonably achievable.
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The models used in this kind of assessment have to be sensitive to

the changes in tailings characteristics and have to be able to describe the

movement of contaminants over the time during which the different management

practices have any distinguishable effect.

The models used in any assessment have to be based on observations.

Refinement of models is futile if not backed by sound experimental data. If,

for example, incorrect values of parameters are used, if sufficient variabil-

ity is not allowed for, or if particular models are just inadequate descrip-

tions of the actual dispersal processes or of the behaviour of engineered

impoundments, then the results of assessments can be misleading. Measurement

and modelling are therefore interdependent. Models can serve to identify the

field measurements needed to characterize the dispersal of contaminants from

tailings sites. Field and laboratory measurements provide the experimental

validation of models. Close cooperation between the modelling and assessment

group and the measurement and engineering groups is clearly essential to the

success of the national program.

Some modelling can play a role in deriving control standards from

basic regulations. The aim is to relate readily measurable quantities to a

common regulatory limit, e.g., concentrations of radionuclides in a particular

water body to an annual radiation dose limit. Standards derived in this

manner will be more self-consistent than those chosen on more arbitrary bases

such as detection limits.

The foregoing has indicated the central role that modelling has in a

national program on managing uranium mill tailings. The role is illustrated

in Fig. C.I. Understanding the dispersal processes, describing them in math-

ematical terms (modelling), and interpreting and guiding field measurements

are interdependent endeavours. The developed modelling capability is useable

as an assessment tool in predicting the environmental concentrations of dis-

persed materials, given particular tailings properties (the source terms); in

assessing the effectiveness of remedial actions; and in relating measurable

environmental quantities to basic regulations.
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Fig. C.I. - Application of Information from Modelling
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This Appendix is concerned with details of the modelling program.

The methods of modelling and their applicability to the dispersal of tailings

is discussed. The areas where most modelling effort is needed are identified,

and the practical problems likely to be encountered are noted. The initial

organization and development of a modelling program are suggested.

C.2. MODELLING METHODS

In this section types of models and methods of testing them are

discussed. The examples that illustrate the discussion are taken from current

work related to the dispersion of material from tailings.

C.2.1 Types of Models

The main distinction to be made between models of contaminant dis-

tributions is whether they are steady-state or dynamic. In the former,

quantities do not vary with time; in the latter they do. Whether a steady-

state model or a dynamic model is needed to describe a process in any partic-

ular analysis will depend on how rapidly quantities are changing over the

time scale of interest.

Modelling of the release of radon from the surface of tailings

provides an example. The migration of radon through tailings can be described

using classical laws of diffusion. Quantities characterizing the effect on

diffusion of the physical properties of the tailings - moisture content,

particle size - can be closely based on direct measurements. They can be

included in the mathematical equations which relate the steady flow of radon

through the tailings surface to the given distribution of its parent radium

in the tailings.

Mathematically, the radon flux can be represented by:

Q . £epa Tann(qt)
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where Q represents the radon gas flux (pCi/(cm *s),

0, the effective diffusion coefficient (cm /s),
•a

p the density of source material (g/em ),

R, the avearage radium concentration in source material (pCi/g),

E, the emanating power,

P, the porosity of the source material,

X, the radon decay constant (s~ ), and
i -1

q, (XP/D) (cm ).

This is an example of a steady-state model based on physical rela-

tions , involving readily measurable quantities.

Estimation of the time-average radon concentration downwind from a

flux of radon from a tailings area provides a further example of a steady-

state model but based on a statistical analysis of the atmospheric dispersion

in which the quantities involved can be only empirically related to local

weather conditions.

The form of the relation is:

C(x,y,z) = - exp -
2itoy(x)oz(x)V (x)2 2 o z(x)

2

o

where C is the time averaged concentration at point (x,y,z) (pCi/enr),

Q, the time averaged radon gas flux (pCi/(cm *s)),

V, the average wind speed (cm/s),

a Ax) and o_(x), empirically chosen horizontal and verti-
y z

cal standard deviations of the plume, (cm)

z, the height above ground of the sampling location (cm), and

h, the effective height of release (cm).



C-103

If the variation with time of the radon concentration in air at some

place away from the tailings is required in a time scale that is short com-

pared with those of the local atmospheric patterns, then a different descrip-

tion of the dispersal has to be used. One approach is to repeatedly trace

the trajectories of a mass of radon in a defined volume of air that is subject

to the simulted fluctuations of wind velocity. A pattern of dispersion and

of variation in time of the concentration at any point can then be built up.

This is a form of dynamic modelling based on simulation in time of the actual

process.

Other dynamic models may represent actual mixing or transport pro-

cesses in an analytical way. A simple model of the movement of a nuclide in

a river provides an example. The variation with time and with distance of

the concentration of the nuclide in water along the river may be described in

terms of quantities related to diffusion in the water, water flow, and sorp-

tion on sediments and aquatic plants.

Mathematically, the rate of change of concentration with time and

distance is given by:

i| . D if| . V J£3t 2
3x

2
3x

o
where C is the contaminant concentration (g/cm ),

o
D, the axial dispersion coefficient (cm /s),

V, the river flowrate (cm/s), and

S., the i sediment-related source/sink (g/s).

A more complex model is that used to describe contaminant movement in

groundwater flow through porous media.

Contaminants released to groundwater are transported by convection,

dispersion and chemical sorption processes. These processes are related by

the flow equation:
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and the dispersion equation:
<CV - ̂  * I, \ • H

where C represents the contaminant concentration (g/cm ),

C , the concentration of the contaminant in the source/sink fluid

(g/cm3),

D 2

ij, an element of the dispersion coefficient matrix (cm /s),

h, hydraulic head (cm),

K.., an element of the hydraulic conductivity matrix (cm/s),

n, the effective porosity,

Ru, the rate of production of dissolved contaminant in reaction

M of M different reactions (gm/(cnr*S)),

S, specific storage, (cm" ),

W, volume flow rate per unit volume (s~ ) positive sign for out-

flow and negative for inflow,

x., a Cartesian coordinate (cm), and

t, time (s).

A key requirement in all these examples is that suitable values must

be assigned to the parameters presenting the various physical quantities.

Most model equations contain terms which represent chemical process,

e.g., ion exchange, sorption on sediments, etc. Reducing these equations to

a solvable form requires that the various chemical processes be related to

contaminant concentrations. When reaction within a given phase are being

considered, the simplest approach is to assume first order reaction kinetics.

In systems where there are several phases, model complexity is reduced if

equilibrium is assumed. In this case concentrations are related by isotherms.

If this isotherm is linear, a distribution coefficient (Kd) is defined. In

flow systems, component distribution coefficients are related to retardation

factors which are defined as the ratio of component velocity to flow velocity.

The examples so far have been descriptive of well-defined local or

regional dispersion or transport processes. The distribution of contaminants

must also be considered from the global viewpoint. For radionuclides that
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are long-lived compared with recognized dispersion processes, or for stable

materials, uniform dispersion in at least part of the environment might be an

appropriate assumption at a long enough time in the future. At its simplest

in this kind of modelling it is assumed that the distribution of the contam-

inant nuclide will follow that of a well-documented analogous nuclide. A

particular example might be that of Ra (from 3 Th in tailings) assumed

to be dispersed in some defined depth of soil over the continent. The total

radiation dose to individuals on the continent from this radium might then be

reduced by analogy with the observed distribution of radium.between soil and

body tissues. This is an example of a specific activity steady-state model.

For times when the distribution of a contaminant of interest cannot

be considered to be dispersed uniformly with respect to an analogous material,

modelling of the biosphere by division into compartments is a useful approach.

Compartments need only be distinguished by some defined sharacteristie that

affects the movement of the particular contaminant through the biosphere.

In a steady-state compartment model the amounts of contaminant in

each compartment can be considered to be constant. The amounts in the com-

partments are related by transfer coefficients (or concentration factors).

If the amounts are not constant in time then the model is a synamic compart-

ment model and the movements of contaminants between compartments are des-

cribed by transfer coefficients (or rate constants).

For example consider the one component, two compartment system de-

picted in Fig. C.2. Derived time-dependent component balances are:

3 t = K21X2 " K12X1 + Z.1
 S j l

ax2

F T = K12X1 " K21X2 + j 2
 Sj2

where

X., and X2 represent component inventories in compartments 1 and

2 respectively, K^2 and Ko., represent the intercompartment transfer co-
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efficients, and S and S. , the source/sink associated with compartments

1 and 2 and used, for example, to model radioactive decay and chemical

reactions.

'Jl
COMPARTMENT 1

with Inventory X,I

1NTER-
COMPARTMENTAL

TRANSFER

COMPARTMENT 2

with Invtntorw > 'J2

Fig. C.2. - A Simple One Component Two Compartment System.

A specific example is that of a lake into which a contaminant is

carried. The variation with time of its concentration in lake water, assuming

it to be well-mixed, may be expressed in terms of the rate of contaminant in-

put, water volume and renewal rate.

The mathematical model is:

V |f = Q - RC

where C represents the contaminant concentration (g/enr),

V, the lake volume (cm )

Q, contamination input rate in (g/s),

R, renewal rate (s~ ).
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This is a dynamic compartment model with transfer coefficients

derived directly from an actual case» Additional processes - sorption on

sediments and radioactive decay may be represented by additional rate

constants.

For the most general compartment model of the movement of tailings

material to man, the initial picture may be like Fig. C.3.

Fig. C.3 - Tailings, Biosphere and Man. The Most General Compartment Model.

This is not a very useful concept for the specific model noted above.

Subdivision into readily identifiable compartments leads to a model such as

shown in Figure C.4. Tailings material is assumed to move between compart-

ments through any. interface. Attention is directed to the major compartments

but further subdivision is needed to obtain a model in which the parameters

can be related to measurable quantities. For example, the movement of tail-

ings material through the terrestrial environment to food may be of interest.

The terrestrial environment is represented in Fig. C.5 as interfacing with

air, surface water, the aquatic environment and man. The usual two-dimen-

sional representation has pathways between the compartments as shown*
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Pig. C.4. - Compartments and Interfaces Linking Tailings and Man

AIR

SURFACE
WATER

AQUATIC
ENVIRONMENT

V

y
TERRESTRIAL
ENVIRONMENT

U A U

Fig. C.5. - The Terrestrial Environment and Interfaces
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The terrestrial food-chain compartment can be subdivided further as

shown in Fig. C.6.

SOIL

PLANTS

L _ \
ANIMALS

TERRESTRIAL ENVIRONMENT

Fig. C.6. - Terrestrial Environment Subdivisions

However, this is still not sufficient to allow the model to be linked

to observations. Such subdivision has to be further subdivided. For example,

the animal compartment can be modelled as shown in Fig. C.7.

The last model is an example of a detailed compartment model that

may be directly related to measurement - it may be validated.

An assessment of the distribution of a contaminant through the ter-

restrial food-chain will involve many such detailed models. If steady-state

conditions cannot be assumed to exist, then the dynamic detailed models have

to be used.

If the rates of movement of the contaminants of interest are fast

compared with the rate of change of contaminant input rate, a steady-state

model may be used with transfer coefficients between compartments. If this

is true for a group of related detailed models then the group might be con-

solidated to a single compartment with effective transfer coefficients, which

is an example of an overall model. The calculations and the data bases needed

by these detailed compartment models are often only conveniently handled by

computer.
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PIGS

CATTLE

SHEEP

POULTRY

WILDLIFE

PORK

BEEF

MILK

LAMB

CHICKEN

EGGS

MEAT

Fig. C.7. - Animal Compartment Subdivisions.

C.2.2 Choosing Appropriate Models

The foregoing has given examples of the types of models used in

support of assessments. Dynamic and steady-state are the main divisions.

The models may be based directly on physical or empirical relations. All

models have to be related to observations and have to be based on an under-

standing of the processes involved. Modelling with compartments is a conven-

ient way of relating overall movement of contaminants to environmental pro-

cesses. Increased complexity of the models by subdivision of compartments or

by the introduction of more inter-compartment pathways can readily be handled

by computer codes. However, there is not necessarily an increase in the

accuracy of the results of applying such complex models. The experimental
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data may be inadequate to support the additional complexity. This is partic-

ularly true when dynamic models are used to predict over time scales that are

long compared with the time over which experimental data are relevant. Unde-

tected slow processes involving sediments, ocean sinks, etc. may have consid-

erable effect.

Simple steady-state models may be equally satisfactory in some

assessments.

The skill of the modelling scientist lies in choosing the appropriate

model for a particular data base to give results for use over the time-scale

of interest. The experimentalist will be using detailed models with the data

as a way of understanding processes and establishing that the models are

valid. The assessor will be trying to consolidate the detailed models,

simplifying where possible, for example where the time-scale permits the use

of an equilbrium model, or selecting only some models where some processes

are demonstrably unimportant to the overall result. Figure C.8 illustrates

this working relationship from measurements through models to assessment.

ASSESSMENT

I
OVERALL MODEL

i
DETAILED MODELS

1
LAB AND FIELD

EXPERIMENTATION

I
UNDERSTANDING

Fig. C.8. - Relation of Models to Measurement and Assessment.
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C.2.3 Uncertainties

Models are based on an understanding of real world processes; they

are developed from experimental observations. The reliability of predictions

from models can be no better than the reliability of the models and the data.

Whether stated or not, uncertainties are inescapable in any result of model-

ling. If management strategies or demonstrations of compliance with standards

are to based partly on the results of modelling of contaminant movements and

the understanding of the underlying processes so obtained, then it is essen-

tial that realistic assessments of the uncertainties inherent in the modelling

be included in the results.

There are two sources of uncertainty: modelling errors, and model

parameter errors. Modelling errors result from the modeller's inability to

describe all the processes occurring within a given system over all time. In

addition, future environmental changes may invalidate a particular model.

For example an earthquake could change the pattern of ground and surface water

flow at a tailing site. The deterioration of engineered improvements over

long times may, perhaps, be described only with "eduoated" engineering

guesses.

Model parameter errors result from uncertainties in and even lack of

experimental data from which model parameters are estimated. Quantities that

control environmental transport may vary in time. Like modelling error, par-

ameter errors can result from future events. Conditions such as climate can

change, resulting in unanticipated changes in physical parameters. For

example, if the porosity of tailings changes, radon release would be affected.

Demographic changes would affect the population exposed to contaminants.

Sometimes direct validation of a model and estimation of uncertain-

ties in its predictions are possible; its predictions may be compared with

new experimental data. Otherwise, indirect methods have to be used to esti-

mate the uncertainties. One way is to use more than one model to describe a

particular process and to compare results. Other techniques are sensitivity

and robustness analyses. In the former, the overall uncertainty in a predic-

tion is estimated for likely ranges of values of the model parameters. These
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ranges are derived from experimental data. In the robustness analysis, the

model parameters that have the greatest effect on the value of the modelling

results are identified.

A slightly different kind of sensitivity analysis considers the

results of modelling various scenarios. This is a way of determining the

sensitivity of predictions of, say, concentrations of contaminants sometime

in the future, to different defined sequences of events. The events might

be, for example, impoundment failure, vegetation establishment, climate

changes, population movements. The importance that would be ascribed to the

variations in results observed rests on the judged likelihoods of the actual

occurrence of the defined scenarios.

The overall effect of the various errors on the certainty of the

results of a model calculation may be difficult to determine. This is because

the likely distribution of values assumed for parameters, the probability of

future changes, and the likelihood that the model is an accurate representa-

tion of the real process are all difficult to define quantitatively. Some

errors or uncertainties may be correlated. Methods for extracting as much

information as possible from models that have defined parameter errors are

now being developed (Dormuth and Quick, 1980).

C.3. MODELLING TAILINGS DISPERSION

C.3.1 Introduction

Material may be transferred from tailings through groundwater, sur-

face water and air to humans directly and indirectly by way of aquatic and

terrestrial pathways involving vegetation and animals. Humans may also be

irradiated by gamma-emitting radionuclides that remain in the tailings or

that are deposited in sediments and soils. Intrusion by humans to management

areas and removal of tailings for unresticted use can also result in contam-

inating humans and exposing them to radiation.
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The interfaces and blocks of Fig. C.4 illustrate the major subdivi-

sions for a compartment analysis of tailings dispersion. A more convenient

structure for this discussion is provided by the pathways model of Fig. C.9.

The major pathways shown are identified in the legend. Many of the indicated

transfers are very site-specific and their relative importance will vary

accordingly. Distance from the management area will obviously be an important

variable, particularly in the short term.

The intent of this section is to examine the modelling of the dis-

persion of tailings materials by these processes in three groups related to

the objectives of the modelling program.

(1) processes that can be affected by waste management (the release

processes)

(2) processes that distribute the contamination but which are not

directly affected by engineering changes in the waste management

(the environmental transport processes)

(3) processes that relate the contaminants to hazard (the exposure

processes).

Available models and computer codes incorporating these models are

noted. Important areas for work both in modelling and measurement are ap-

praised .

C.3.2 Exposure

Humans are exposed to contaminants by inhalation and ingestion and

in the case of radioactive contaminants by external irradiation. Owing to

the emphasis placed on nuclear reactor safety analysis, significant effort

has been devoted to modelling the relation of radiation dose to radionuclide

concentrations in the environment. Detailed models have been established for

describing the movement of radionuclides and daughters through body tissues

and organs. Although there are a few exceptions, e.g., radium in bone, com-

partment models are used (ICRP, 1979)*
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Models based on physical relations between surface and airborne

radionuclides and external irradiation are also well established. Such models

have been incorporated in various computer codes used in reactor1 safety analy-

sis (HERMES - Fletcher et al., 1971) and environmental assessment (UDAD -

Momeni et al., 1979). The latter is noteworthy because it has been used to

estimate exposure from radon gas and particulates released from uranium

tailings.

Historically, radiation protection has been based on the premise

that if man is adequately protected so is the environment. In the case of

nonradioactive contaminants this premise may not be tenable. Other detrimen-

tal effects on the environment may be judged to be more important. Effort

may, therefore, have to be given to identifying and quantifying toxicological

effects specific to particular organisms from particular chemical species

released from the tailings.

Measures of hazard from contaminants are needed for the modelling

program. For radionuclides and radiation the relations between hazard and

radiation dose have been widely discussed. Models are satisfactory for pro-

tection purposes. For chemical pollutants similar measures of impact and

hazard have not been established. Various hazard indices have been discussed

(IAEA, 1980, and Smith et al., 1980) but there are no internationally agreed

quantities. An early task in the modelling program will be to select charac-

teristic quantities which provide a measure of hazard for chemical pollutants.

C.3.3 Environmental Transport

In the compartmental model shown in Fig. C.9, environmental transport

pathways link release from mill tailings to exposure. Contaminants enter the

environment through air, groundwater and surface water resulting in either

direct exposure of humans or indirect exposure through pathways associated

with terrestrial and aquatic food chains.
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Fig. C.9. - Pathways for the Transport of Contaminants from Tailings to Humans
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Legend for Fig. C.9. - Pathways for the Transport of Contaminants from

Tailings to Humans.

Pathway . Description

1 Release of leached material to groundwater including radionuclides,

heavy metals, acid from pyritic oxidation, and process chemicals

2 Run-off and seepage through embankments released directly to surface

water

3 Large particle release to nearby soils by surface creep

4 Release of radon gas and small particles by suspension to air

5 Removal of tailings for use as fill, or as a construction material

irradiation by gamma-emitting nuclides

6 Direct irradiation by gamma-emitting nuclides

7 Human exposure to contaminants in well water

8 Transfer of contaminants from groundwater to surface water

9 Transport of contaminants through the use of well water in irrigation

10 Release of radon and small particles from removed tailings

11 Direct irradiation by gamma-emitting nuclides from removed tailings

12 Deposition of airborne particulates in surface waters and release of

radon gas from these waters

13 Transfer to aquatic animals through interaction with surface water

14 Interchange between sediment and surface water

15 Transfer to aquatic plants through interaction with surface water

16 Human exposure by drinking and swimming in surface waters

17 Transfer to terrestrial animals by contact with surface water

18 Transfer to soil through use of surface water in irrigation

19 Direct deposition of particulates from air on soil

20 Direct deposition of particulates from air on terrestrial plants

21 Human exposure by inhalation and irradiation from airborne particu-

lates

22 Direct irradiation from shoreline sediments

23 Interchange of contaminants by sediments and aquatic animals

24 Interchange of contaminants by sediments and aquatic plants

25 Irradiation of humans by soil containing contaminant radionuclides

26 Recycle of contaminants from terrestrial animals to soil
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27 Interchange of contaminants between soil and terrestrial plants

28 Interchange of contaminants by aquatic plants and animals

29 Human exposure by ingestion of aquatic plants

30 Transfer of contaminants from terrestrial plants to animals

31 Human exposure by ingestion of terrestrial plants

32 Human exposure by ingestion of foods derived from aquatic animals

33 Human exposure to ingestion of goods derived from terrestrial animals

C.3.3.1 Air

The transport of contaminants released to air is controlled by atmos-

pheric mixing processes. Regional effects depend on the local terrain and

micro-meteorology as well as on regional weather characteristics. If the

contaminants are in the form of large particles which fall rapidly under

gravity, then most will settle close to the discharge point; small particles

will move with air masses as will the radon gas released from tailings. The

most important mixing processes are diffusion and advection. Other processes

including wet and dry deposition, resuspension and radioactive decay may also

be significant.

Steady-state models, based on statistical analysis of weather condi-

tions (Gaussian plume model), and dynamic models based on simulation in time

trajectory tracing have been developed, as noted in Section 2. The former

type is used in computer codes like TIRION (Kaiser, 1976) and UDAD (Momeni et

al., 1979). The use of a Gaussian plume model over ranges of tens of kilo-

metres is well established. Extrapolation over ranges of hundred of thousands

of kilometres would require a significant development of models. In addition,

general models would have to be modified to account for local and regional

characteristics, e.g. terrain differences*

C.3.3.2 Groundwater

Transport of contaminant material released to groundwater is con-

trolled by convection, dispersion and sorption. As illustrated in Section 2,

these processes are related through flow and. dispersion equations that involve
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hydraulic conductivities, dispersion coefficients and reaction rates, deter-

mination of which present major challenges. Simplifications are possible.

For example, if ion exchange reactions dominate the sorption processes, the

reaction rates may be fast enough for steady-state models, characterized by

distribution coefficients, usually written K., or retardation factors, to

be used.

Computer codes based on groundwater models of various levels of

complexity have been developed. These include SWIFT (INTERA Environmental

Consultants, 1980) in which finite difference techniques are used; WASTE

(Ross et al., 1979) in which a stream-tube modelling technique is used; and

DPRW (Ahlstrom et al., 1977) in which a discrete-particle random-walk tech-

nique is used. The use of such models and codes in assassraents will only be

possible once experimental evidence supporting their validity is available.

Major efforts will be needed in defining the hydrogeological properties of

any particular site in a way that appropriate models can be defined and useful

values for model parameters can be determined.

C.3.3.3 Surface Water

Transport of contaminant material release to surface water is

controlled by advection and sorption to sediments. Lakes and rivers are

commonly modelled dynamically, water and sediments being treated as separate

compartments. (Simple lake and river model equations are reported in Section

2). Where sorption kinetics are fast enough, concentrations in sediments may

be taken as being in equilibrium with those in the water and distribution

coefficients may be used. Computer codes used to model surface water have

usually been developed to study specific water bodies. Models for particular

tailings sites will need a similar specificity although the general form of

the models previously used may be applicable (Hoffman et al., 1978).

C.3.3.4 Transport through Aquatic and Terrestrial Plants and Animals

Transport through plants and animals has been quantified using com-

partmental models as described in Section 2. Both dynamic (TERMOD - Zach,

1978) steady-state (FOOD - Baker et al., 1976) models have bee» developed and
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converted into computer codes. Model parameters are well founded on experi-

mental work initiated by reactor safety and spent fuel management programs.

These models and their associated computer codes are adaptable for use in

assessments concerning releases from uranium tailings areas. The main effort

will be ensuring that all significant pathways are included.

C.3.3.5 Global Dispersion

The long-lived radionuclides and the stable material released from

tailings may eventually be dispersed globally. Modelling of the distributions

will of necessity be simple since the long-term behaviour of contaminants in

various terrestrial and ocean sinks is unlikely to be establishable in detail.

As was noted in Section 2, simple steady-state compartment models may be most

appropriate. The modelling effort needed should be directed to estimating

the range of uncertainties associated with such models.

C3.4 Release

Over long periods the rate of release of contaminants is likely to

be the controlling factor. The variation of rates of release may depend on

the particular configuration of tailings emplacement (e.g. coning, deep-lake)

and the way of managing containment and isolation (e.g. mine backfill).

Two types of release must be considered; 1) gaseous and particulate

release to the atmosphere and 2) liquid discharges to surface water and

groundwater.

Radon release is determined by radium and moisture contents of

tailings and distributions. As was noted in Section 2 the release can be

modelled using chemical diffusion laws. Analytical solutions for the model-

ling equations are possible. For entrainment of particulates by prevailng

winds which can add significantly to atmospheric releases, suspension models

have been developed.. Further work is necessary on radon emanation factors in

wet, frozen and dry tailings.
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Liquid percolating through the tailings carries contaminants to

groundwater and to surface water as seepage. Modelling liquid discharges and

associated processes is expected to involve the development of equations like

the groundwater equations reported in Section 2. Developing equations which

describe the tailings chemistry is expected to be an important task; for

example the oxidation of pyrite and associated effects of changing pH»

Measurement programs designed to measure liquid flows through tailings, con-

taminant concentrations, ion exchange capacities, and other tailings charac-

teristics will be required to support these modelling efforts.

UNSAT2 (Zahl and Bloomsburg, 1980) and other codes have been devel-

oped for the study of liquid discharges. Recently, computer codes capable of

predicting equilibrium and dynamic chemical state of aqueous systems have

been developed (Nordstrom et al., in press).

Modelling of releases from nonconventional sources such as tailings

emplaced at the bottom of a deep lake is likely to require considerable

effort, including perhaps extensive experimental programs to develop and

validate the models.

C.4. PROPOSED PLAN AND ORGANIZATION OF THE MODELLING PROGRAM

C.4.1 Objectives

The main objectives of the modelling program are:

- assessing the long-term dosage from particular mill tailings, both

those existing and those generated in the future,

- deciding what tailings management strategy is preferred, and

- setting performance standards based on basic environmental criteria.

Achieving this objective will require that other secondary

objectives be fulfilled, namely:
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- to predict the rate of escape of important contaminants from uranium

mill tailings, managed in various ways at each particular site in

Canada

- to understand and describe quantitatively the distributions of these

contaminants, both radioactive and nonradioactive, through the bio-

sphere to roan

- and, to predict from those distributions, the body burdens, radiation

doses of individuals, the population and other organisms in the

environment.

C.4.2 The Strategy for the Program

Two types of action are needed to meet the objectives of the

modelling program:

- those directed at generating the required prediction capability

through improved understanding and modelling of the release and dis-

tribution of tailing materials, and

- those involved in the assessment of tailings management options

through the application of that prediction capability

Both types of action require strong interaction with the other com-

ponents of the overall program, i.e. with the measurement program and the

program for disposal alternatives. As discussed in Section 2 sound experi-

mental observations are needed from the measurement program if the basis of

the modelling is to be validated and then applied to new sites. Conversely,

the efficient use of sampling and analysis resources is more easily assured

if the more important quantities to be measured are identified through model-

ling. The same identification of parameter importance can also serve as a

guide in focusing the development of management alternatives.

The initial part of the model development will be a detailed review

of the data, models, and computer codes that are available, applicable and

needed to understand and describe the release, dispersion and exposure pro-

cesses. Once the review has progressed enough to allow the selection of a

first set of data and models pertinent to one or possibly several typical
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Canadian sites, an illustrative assessment will be produced along with a

preliminary sensitivity analysis to indicate the more important factors* An

appraisal of these initial parts of the program will then:

- identify the major modelling problems,

- identify the major contaminants and the predominant release and

dispersal processes, and

- guide the development of the measurement and disposal alternatives

programs.

The completion of this appraisal will permit an orderly expansion of

the program to begin. The next steps toward model development are likely to

include an expansion and refinement of the data base, and an attempt to

improve the understanding and detailed knowledge of the most important pro-

cesses of contaminant migration. This will involve field and laboratory

investigations. Particular emphasis is expected to be required in character-

izing the progress of long-term changes within the tailings mass and its

immediate environment. This is likely to involve the development and sub-

sequent validation of more detailed models and their corresponding computer

codes.

An expansion in the assessment activities would also occur at this

stage as additional sites and tailings management options were included in

the program. Also, as model development and site measurements progressed,

the new material would be incorporated into the assessment models and codes.

Once the first stage of development had produced a more complete assessment

capability, a new set of assessments would be compiled and the program

appraised. The implications of the results to the other parts of the national

program would be identified, and, conversely, the effects on the assessment

program of revised tailings management concepts, new criteria, and other

developments would be considered. Shortcomings of the models, lack of under-

standing of processes, and uncertainties in the assessments would need to be

reviewed.

At this stage the achievements of the modelling and assessment pro-

gram should be to have:
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- identified the main contaminants and order of magnitude of dosage in

the short term and possibly in the very long term from some typical

tailings,

- identified the order of magnitude of effects that the various manage-

ment options considered have on dosage and have allowed an appraisal

as to whether the predictions are valid enough for ranking the options

on this basis, and

- improved the understanding of the bahaviour of materials in tailings.

This would complete the first phase of the program and should take

about three years. The two types of activity would then continue in an itera-

tive way, models being refined and validated on the basis of measurements and

the additional needs of various assessments. The assessments will be pro-

gressively refined to account for improved modelling and understanding, for

site specifications, for alternative management options and for the evolution

of criteria and standards. The checks at each iteration or phase of the

program would be,

- whether the results of the assessments are sufficiently accurate and

comprehensive to meet the object of the program for the particular

site considered,

- whether the reduction of the uncertainties in the results of the

assessments could affect decisions that might be made as to the

acceptability or choice of a particular tailings disposal method,

- whether the understanding at that time is such that some reduction in

uncertainty can be anticipated from a definable measurement and

modelling project, and

- whether similar assessments at different sites, or for different

tailings management practices, would be useful.

The plan of the program as described above is summarized in Fig.

CIO. The achievements anticipated at the various intermediate stages are

indicated by the numbered hexagons.

Although all of the indicated activities are believed to be important

components of the program, the priorities attached to them and their schedul-

ing will need to be described by those charged with directing the program as
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it develops. The strategy described here is one possibility only, chosen as

a representative basis for estimates of the needed resources.
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Fig. CIO. - The Modelling Program

Legend for Fig. CIO.

1. The review of current knowledge relevant to modelling and assessment of

uranium mill tailings has been completed; models are understood, including

uncertainties and assumptions.

2. Available computer codes have been reviewed; those most suitable for use

in the modelling program have been obtained and verified.

3. The assembly of a preliminary data base has been completed and its manage-

ment outlined to ensure compatibility with data management for the

measurement and disposal alternatives programs. The data include the

characteristics of several typical Canadian tailings sites as available,

thereby defining the source terms for a preliminary assessment.
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4. The preliminary assessment and sensitivity analysis has been completed

for one typical case. Dose rates, dose commitments and environmental

concentrations of contaminants have been estimated over as broad a

dstance and time scale as the current modelling capability allows. Major

contaminants, and release and dispersal processes have been identified.

5. A selection of typical cases, which included a combination of current

tailings disposal alternatives and site characteristics, have been ana-

lyzed to define typical source terms.

6. Following identification of the shortcomings of the available models,

additional and improved models have been prepared and validated. Labora-

tory and field experiments have been initiated in areas where understand-

ing of processes is weak and data are lacking.

7. All models applied in the program - both the detailed models describing

particular processes and contaminants, and assessment models that select

from and combine the detailed models for predictions at given sites -

have been reviewed and their validation and adequacy appraised.

8. Computer codes necessary for the assessments have been developed, assem-

bled and verified. Shortcomings have been identified.

9. The data base for the assessments and modelling has been revised, expan-

ded, and coordinated with the data requirements of the measurement and

alternatives program.

10. Assessments for the chosen disposal methods and sites have been completed

using the best available models and data. The results have been appraised

and the further directions and needs of the program identified.

C.i».3 Effort Needed in the Program

The two types of action discussed in Section 4.2 will be the respon-

sibility of modelling and assessment groups, the work of which comprises the

modelling program.

C.4.3.1 The Modelling Group

The previous Section has indicated the main areas where understanding

and modelling are weakest; in the order of further effort considered neces-

sary, they are:
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(i) After operations cease, the variation in behaviour of tailings

with time, including the behaviour of any engineered impoundment,

movement of tailings and contaminants in groundwater and surface

water.

There are many aspects to consider in characterizing this behaviour; e.g.,

erosion, degree of saturation, acidity, sorption and chemical reactions.

Models will be very site-specific. At the least, expertise in hydrogeology,

geochemistry, soil chemistry, aquatic biology and civil engineering will be

needed. Help in computer code development and verification will be needed

here and in other parts of this group's work.

(ii) Distribution of contaminants globally in the very long term»

Defining what is a long enough time will have to be addressed. For a complete

assessment of all individual exposures the modelling has, in principle, to be

carried through for the time during which the contaminants persist in the

biosphere. For the radioactive nuclides the physical decay may determine the

upper limit to this time. For nonradioactive contaminants there is no such

limit. In practice, the uncertainties in the validities of models at long

times in the future may well mask any useful information. This is likely to

be true for the long-lived radionuclides as well as for the metal contam-

inants. The aim of the modelling should therefore be to make useful predic-

tions for the longer of two times, the time taken to establish a monotonie

decrease in release rate, and the time for which contaminant emission rates

are affected by chemical, physical or engineering actions during operations

or in the post-operational remedial stage. Expertise in global mixing pro-

cesses, including ocean sediments will be needed.

(iii) Distribution of material through the aquatic and terrestrial food

chains.

There is less specificity here as to particular tailings sites but there are

relevant data and models are available for many compartments. The work needed

will be in establishing that the detailed "pathways** approach is sufficiently



C-128

comprehensive for the time scales over which predictions are needed or, pos-

sibly, it may involve setting up steady-state models. Experts within the

general field of biology, e.g., limnology will be needed.

(iv) Releases to the atmosphere.

Although the most extensively modelled release mechanism is to the atmosphere,

the modelling is weak for tailings in the Canadian climate. Some expertise

in meteorology will be needed.

(v) Exposure and hazard estimations.

The main effort will be needed in modelling the effects from non-radioactive

contaminants. For both radioactive and nonradioactive contaminants the actual

modelling will depend on the criteria established as appropriate measures of

uptake.

Other factors may determine the quantities that have to be estimated. It may

be that differences in the effectiveness of alternative remedial actions,

based on one particular measure, are not distinguishable because of uncertain-

ties in the modelling of contaminant movement or of the behaviour of engin-

eered structures or of the values of parameters over the appropriate time-

scale. Such a measure might be the reduction in collective radiation dose

from a radioactive contaminant. Judgement as to the most appropriate remedial

action in a given set of circumstances may therefore involve appraisal of

more than one such measure of impact or effectiveness. For example, appre-

ciable differences may be predicted, for the same set of circumstances, xn

the variations with time, or the probabilities of such variations, of intake

rates, collective dose rates, or individual dose rates. The predicted varia-

tions of such quantities, or others that might be defined by various national

authorities, should therefore be available as output from the models.

Expertise in health physics and, possibly, chemical toxicology will be needed.
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The need in the model development program for expertise in hydro-

geology, geochemistry, soil chemistry, civil engineering, environmental biol-

ogy, meteorology, health physics, chemical toxicology, computer applications,

has been noted above.

C.4.3.2 The Assessment Group

The assessment group would be responsible for the overall guidance

of the modelling program as well as being the group that assembles and selects

the relevant detailed models for particular assessments. It would have a

continuing role through the program applying the assessment models to each

site and tailings management option in turn. Within the group, expertise in

the major disciplines involved in the understanding and modelling part of the

program would be expected. Use of some of the models and data bases will

involve using and developing computer codes. Specialist help in this will be

needed.

Identifiable disciplines that should be represented in the assessment

group are: chemical engineering, health physics, hydrogeology, mining or

civil engineering, computer applications.

C.H.H Implementing the Program

C.4.M.1 Staff

The initial part of Phase I of the program covering perhaps as much

as one year, could be carried out with the nucleus of an assessment group

plus some help from experts in geochemistry and biology. Expansion to include

all disciplines would be needed to complete Phase I.

The staffing required for the latter stage of Phase I would depend

on the extent of the program defined at the first appraisal. If it can be

assumed that an experimental program can be established to address some of

the modelling problems in the major areas defined above, then a program

development along the lines given in Table C.I is expected.
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For subsequent phases the size ctf the experimental modelling group

would depend on the number of sites that could usefully be assessed at any

one time. The assessment group could continue with 5-6 individuals.

The basic groups listed could be supplemented by attached staff and

individuals working under contract. However, a substantial increase in the

program in this way would require an increase in the size of the basic groups

in order to manage the contracts effectively.

Table C.I - Phase I staffing

Effort

Time (professional Cost*

(year) -year) ($1,000,000)

Initial stage 1 6 0.9

Second stage 2 40 6

•Based on $150,000 per professional-year which includes services, supporting

effort and other overheads such as computer charges.

C.4.4,2 Coordination

The coordination of the total modelling program with the other as-

pects of the national program would be through leadership of the assessment

group. This group would also provide the direction for the modelling program.

Close liaison between the model development group and those in the main meas-

urement program would be expected.

C.4.4.3 Location

Direct working contact between the individuals in the modelling and

assessment parts of the program is important in ensuring interactions and,

ultimately, in building an overall confidence in the validity of the assess-

ments. The groups would be most effective if they are based at the same

location.
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Computing and laboratory facilities will be required. Although

distant computer facilities may be used through remote terminals, direct

access to computer service staff can lead to much more effective computation.

This is a strong argument for locating the groups close to the computing

facilities used.

C.5. CANADIAN PROGRAM RELATED TO MODELLING AND ASSESSMENT

Some of the current modelling and assessment effort associated with uranium

tailings is tabulated in this section. Table C.2 indicates some of the

current work and interest on model development. Table C.3 indicates cur-

rent measurement programs related to modelling.

TABLE C.2: Organizations with Current Programs and Interest in Modelling

Organization Group, Location Current program or interest

in modelling related to tailings

Acres Consultants Niagara Falls, Ontario Groundwater flow

Alberta Environment Edmonton, Alberta Groundwater flow

Alberta Research Edmonton, Alberta

Council

Groundwater flow

Atomic Energy of

Canada Limited

Research Company

Chalk River Nuclear

Laboratories

Whiteshell Nuclear

Research Establishment,

Modelling of the release,

transport and dosimetry of

radionuclides

Research directed to

assessment of high level

radioactive wastes

Many areas of overlap with

tailings and assessment
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Table C.2 (continued)

Organization Group, Location Current program or interest

in modelling related to tailings

T.W. Beak Toronto, Ontario Ground- and surface water flow

Consultants to Environment

Canada and Atomic Energy Control

Board

Energy Mines and

Resources Canada

Canada Centre for

Mineral and Energy

Technology, Ottawa

Earth Physics Branch,

Ottawa,

Geological Survey of

Canada, Ottawa

Surface water and sediment

transport

Environment Canada Atmospheric Environment

Servicei

Atmospheric dispersion, including

long range transport of

pollutants

Environmental Manage- Lake hydrology

uient Service, Burlington,

Ontario

Environmental Manage- Stream hydrology

ment Service, Regina, Sask.

National Hydrology

Research Institute

Ground- and surface water

transport of radionuclides

Consultants to Atomic Energy of

Canada Limited on hydrological

and hydrogeological aspects of

geologic disposal of high level

wastes.

Gartner-Lee

Associates

Groundwater flow

Hydrology
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Table C.2 (continued)

Organization Group, Location Current program or interest

in modelling related to tailings

Golder Associates Vancouver, British

Columbia

Groundwater flow

Hydrology

Consultants

Toronto, Ontario Groundwater flow

Interra

Environmental

Consultants

Calgary, Alberta Groundwater flow

Kilborn Engineering Containment effectiveness

Klohn-Leonoff

Consultants

Richmond, British

Columbia

Groundwater flow

Ontario Hydro Toronto, Ontario Site-specific atmospheric and

hydrospheric transport of

radionuclides from nuclear power

stations

Ontario Ministry Water Resources Branch, Groundwater flow

of Environment Toronto, Ontario

J.F. MacLaren Toronto, Ontario Overall assessment

Consultant to many organizations

on various aspects of tailings

Ministère de Quebec

l'Environnement de

Québec

•Groundwater flow

Ministère des

Richesses

naturelles de

Québec

Service de l'hydrologie Hydrology

Québec
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Organization Group» Location Current program or interest

in modelling related to tailings

Nova Scotia

Environment

Water Resources Division Groundwater flow

Halifax, Nova Scotia

Saskatchewan Saskatoon, Saskatchewan Groundwater flow

Research Council

Senes Consultants Willowdale, Ontario

University of

Alberta

Edmonton, Alberta Groundwater flow

University of

British Columbia

Vancouver, British

Columbia

Groundwater flow

University of

Ottawa

Dept. of Civil

Engineering, Ottawa

Surface water flow

University of

Saskatchewan

Division of Hydrology,

Saskatoon, Saskatchewan

Surface water flow

University of

Toronto

Dept. of Chemical

Engineering, Toronto

Ontario

University of

Waterloo

Dept. of Earth Sciences, Ground- and surface water flow

Dept. of Civil including radiochemistry

Engineering

Contract work with Energy, Mines

and Resources, Environment

Canada, Atomic Energy of Canada

Limited and others

Waterloo, Ontario
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TABLE C.3: Organization with Current Measurement Program Related to Modelling

Organization Group, Location Measurement Program

Energy Mines and Canada Centre for

Resources Canada Mineral and Energy

Technology, Ottawa

Lead agency in total measurement

effort, including mining and

milling technology, radio

chemistry and source kinetics

Environment Canada Canada Centre for Inland Radiochemistry, especially

Waters, Burlington, radium-removal technology

Ontario

Environmental Protection Environmental sampling in N.

Service (NW Region), Saskatchewan

Saskatchewan

Uranium mining

companies

Ontario and Saskatchewan Radiochemistry, and all aspects

of mining and milling technology

Ontario Ministry

of Environment

Toronto, Ontario Environmental sampling

Saskatchewan

Research

Saskatoon, Saskatchewan Radiochemical analysis service

University of

Toronto

Institute of

Environmental Studies,

Toronto, Ontario

Environmental sampling and

analysis for radioactive and non-

radioactive pollutants

Current study at Madawaska
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APPENDIX D

NATIONAL MEASUREMENT PROGRAM

The objective of the national measurement program is to obtain suf-

ficient data on radon, radionuclides and other chemicals of environmental

concern from uranium mine tailings so that an estimation of their effects

with time on the surrounding environment can be made through the use of

appropriate pathway models.

Tailings Basin Measurement

Measurement of data from tailings piles must be made with the

requirements of the pathway model used. As uranium mine tailings piles all

differ to some extent in composition, site situation and climatic conditions,

it is probable that each site will present specific pathway models to deter-

mine long-term effects. It is recommended that three tailings basins be

measured thoroughly over a three year period and data collected for the path-

way analysis model. The recommended sites are:

1. Algom Nordic - Elliot Lake, Ontario

2. Gulf Minerals - Rabbit Lake, Saskatchewan

3. Lorado Mines - Uranium City, Saskatchewan

Each site will be drilled to provide liquid and solid samples, field

measurements and hydrological flow patterns, both within the tailings and the

tailings basin area. The sampling program will be designed to suit the math-

ematical models appropriate to the pathways indicated. It is estimated that

the drilling requirements per site will be:

- Sampling wells in pile - 30

- Watershed wells (plume measurement) - 30

- Solid drill coring - 12
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Field Measurements

Measurements made in the field will be dust and radon emanation from

the tailings pile, and pH and conductivities of solution samples. Ground-

water table level fluctuations with precipitation and surface water flow will

be minitored to establish a water balance over time in the basin.

Sampling

Samples per year per site

Solutions

Sampling wells in pile 360

30 wells - 3 levels every 3 months

Watershed wells 120

30 wells every 3 months

Total solutions • 480

Solids

Solid drill cores
12 drill cores each at 20 samples 240

Vegetation

Basin and pile vegetation samples 280

Total 1000
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Program Cost

Sample Design, Installation and Implementation

Discussion with a consulting geoteehnical firm regarding the cost

for sampling design and field work revealed the following breakdown;

(a) design a sampling program to yield significant hydrological and

hydrogeochemical data subject to the requirements of the pathway

model

(b) install sampling equipment in an around the tailings basin

(c) take, prepare and distribute samples

(d) make field measurements

(e) compile and evaluate data

(f) prepare a report.

The annual estimated cost per site - $250,000

Total cost per site assuming a 3-year program - $750,000

Although drilling activity is highest in the first year, the wells

must be cleaned and cored periodically during operation.

Analytical Costs

Analytical costs are based on current quotations from analytical

firms for sample lots greater than fifty. The costliest elements for analyses

were for the radiochemical series. Costs for these elements alone were $375

per sample. Solution samples were $350, reflecting the absence of sample

dissolution costs. Vegetation sample costs were $415 because of sample prep-

aration and biological analyses. For purpose of this exercise, an average

cost of $500 per sample is used.

The annual estimated analytical cost per site - $500,000

Total cost per site assuming a 3-year program - $1,500,000
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Analytical and Mineralogical Research Costs

Much of the analytical work on radionuclides is characterized by low

productivity and inaccurate results due to the long half-lives of the radio-

nuclides of concern. Improvements in productivity and accuracy could probably

be achieved if some funding for analytical research is provided. Also, the

further mineralogical examination of the tailings could aid in the national

program for uranium tailings research as it would provide additional data on

the surface and chemical characteristics of the tailings particles and their

interaction with radionuclides in solutions.

For analytical research, it is proposed that two senior researcher

person-years be allocated for this program and one senior research person-year

be assigned to the problems of mineralogical studies. Total cost for this

element of the program is estimated at $450,000 per annum.

Data Base Management

The management of the national uranium waste management data base

will require painstaking efforts to ensure that only data meeting specific

standards are entered. The data base will accumulate results from the meas-

urement program but early work will involve the setting of standards for

field measurements. Estimated annual costs are $100,000 per annum.

Total National Measurement Program Cost

Assuming that three tailings basins are measured over a three-year

period, the total cost is as follows:

Program design and implementation $750,000

Sample analysis $1,500,000

Analytical and mineralogical research $450,000

Data base management $100,000

Total $2,800,000



"V,
]' D-145

Performers

It is assumed that government agencies would provide the co-ordina-

tion and scientific research back-up for this program. However, the imple-

mentation of the measurement program in the field has become more effective

in the past using consulting geotechnical firms.

Analytical capabilities for radionuclides is well documented by the

Analytical Sub-committee of the Canadian Uranium Producers Metallurgical

Committee as shown in Tables D.I to D.4.



Table D.I - Operation Uranium Companies Radiochemical Capabilities

Organization Contact Address and Telephone No. Routine Analysis

Agnew Lake Mines

AMOK

Eldorado Nuclear

Eldorado Nuclear

Gulf Minerals

Madawaska Mines

Nand Davé

John Rowson

Denison Mines Ltd. D.H. Kim

Box 1970, Espanola, Ontario, POP 3C0

(750) 866-2831

Box 9204, Saskatoon, Saskatchewan

(306) 242—8894

Box B2600, Elliot Lake

Ontario P5A 2K2

(705) 848-9111

John Verlinden Box 7010, Uranium City

Saskatchewan SOJ 0T0

(306) 498-4240

Roy John 215 John St., Port Hope

Ontario LIA 3A1

(416) 885-4511

Ernest Mueller Box 2070, Saskatoon

Saskatchewan, S7K 3S7

Leo McParlane Bancroft, Ontario KOL 1C0

(613) 332-2714

226 Ra by Emanation

226 Ra by Emanation

226,Ra by Emanation

226 Ra by Emanation

226 Ra by Emanation*

226 Ra by Alpha Spectroscopy

226Ra by Emanation

• Recently obtained alpha spectroscopy equipment



Table D.I - cont'd

Organization Contact Address and Telephone No. Routine Analysis

Rio Algom Ted Barnes

Eldorado Nuclear D.J. Francis

Box 1500, Elliot Lake

Ontario P5A 2K1

(705) 848-2234

Ottawa, Ontario

KIP 6A9

(613) 238-5222

226 Ra by Emanation

226

230

226

210

Ra by Alpha Spectroscopy

Th by Alpha Spectroscopy

Ra by Emanation

Pb by Beta or Gamma Counting

Gamma Spectroscopy



Table D.2 - Government Laboratories Radiochemical Capability

Organization Contact Address and Telephone No. Equipment Analysis Routinely

Performed

CANMET Lloyd Dalton

Energy, Mines and

Resources Canada

CCIW Ray Durban

Environment Canada

Radiation Protection

Division, Health &

Welfare, Canada

Radiation Protection John Tai-Pow

Laboratory, Ontario

Ministry of Labour

Saskatchewan

Research Council

Gene Smithson

555 Booth Street

Ottawa, Ontario.

K1A 0G1

(613) 995-4316

Box 5050, Burlington

Ontario L7R 4A6

(416) 637-4289

Brookfield Road

Conf. Heights

Ottawa, Ontario

K1A ICI

(613) 998-8244

81 Resources Road

Rexdale, Ontario

M5W 5K9

(416) 248-7237

30 Campus Drive

Saskatoon, Sask.

S7N 0X1

Alpha Spectrometer

Beta Counter

Alpha Spectrometer

Beta Counter
226

Ra Emanation

Alpha Spectrometer

Beta Counter

Gamma Spectrometer

Ra Emanation

Alpha Spectrometer

Beta Counter

Gamma Spectrometer

Ra Emanation

Alpha Spectrometer

Beta Counter

Gamma Spectrometer
}Ra Emanation

226

210

230,

Ra

Pb

'Th

2 2 6Ra 2 2 8Th
230,

210

226

210

230

210

Th

Pb

Ra

Pb

Th

Po

226

210

230,

210

Ra 228

Pb
Ra

Th

Pb
2 2 6Ra 2 2 8Ra
210 Pb

228
Th

210 Po



Table D.2 - Cont'd

Organization

British Columbia

Research Council

Ontario Research

Council

Contact

Brenda Caughlin

V. Lakshmanan

Address and Telephone No.

3650 Wesbrook Mall

Vancouver, B.C.

V6S 2L2

Sheridan Park Research

Community

Mississauga

L5K 1BJ

Equipment

Alpha Sectrometer

Beta Counter

Alpha Spectrometer

Beta Coûter

Gamma Spectrometer

Analysis Routinely

Performed

2 2 6Ra
2 1 0Pb
230Th
2 2 6Ra
2 1 0Pb
230Th
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Table D.3 - University Laboratories Radiochemical Capability

University
and

Department

Contact Address and Telephone No. Equipment Analysis Routinely

Performed

Calgary Physics John Bland

Carleton Chemistry Don Wiles

2920, 24 Ave. N.W.

Calgary, Alberta

T2N 1N4

(403) 284-6385

Ottawa, Ontario

K1S 5B6

(613) 231-4332

Alpha Spectrometer

Gamma Spectrometer

Alpha Spectrometer

Beta Counter

Gamma Spectrometer

226

230,
Ra

'Th

226

230

210

210

Ra

Th

Pb

Po
U1

o

McMaster Chemical

Eng.

Toronto Chemical

Eng.

Malcohm Baird

C.R. Phillips

Hamilton, Ontario

(416) 525-9140

Ext. 4292

Toronto, Ontario

M5S 1A4

(416) 978-6182

Alpha Spectrometer

Gamma Spectrometer

Alpha Spectrometer

Gamma Spectrometer

Ra Emanation

Slowpoke Reactor

226

230

230,

Ra

Ra

Th

226

230,

210

Ra

Th

Pb



Table D.3 - Cont'd

University

and

Department

Contact Address and Telephone No. Equipment Analysis Routinely

Performed

Waterloo Chemistry Harold Sharma

Ecole Polytechnique L. Zikovsky

Nuclear Engineering

Dept.

Waterloo, Ontario

N2L 3G1

(519) 885-1211

Alpha Spectrometer

Beta Counter

Gamma Spectrometer

Box 6079, Station A Alpha Spectrometer

Montreal, Que. H3C 3A7 Gamma Spectrometer

(514) 344-4706 2 2 6Ra Emanation

226

230,

210

Ra

Th

Pb

226

230,
Ra

'Th I



Table D.4 - Commercial Laboratories Radiochemical Capability

Firm Contact Address and Telephone No. Equipment Analysis Routinely

Performed

Atomic Energy of

Canada Ltd.

Bruce Raby

Powell Analytical

and Consulting

Services

John Dean

Box 6300, Postal

Station K,

Ottawa, Ontario

K2A 3W3

(613) 592-2790

2023-2nd Ave. S.E.

Calgary, Alberta

T2E 6K1

(403) 273-2525

Gamma Spectrometer 226

Alpha Spectrometer

Beta Counter

Ra

226

230

210

210

Ra

Th

228

228,

Pb

Po

Ra

Th

t- 1

IsJ

Cheraex Labs Ltd. 212 Brooksbank Ave.

North Vancouver, B.C.

V7J 2C1

(604) 984-0221

Alpha Spectrometer

Beta Counter

Gamma Spectrometer

226

230

210

Ra

Th

210

228.

228,

Pb

Po

Ra

Th
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APPENDIX E

TOTAL EXPENDITURES ON R & D TAILINGS MANAGEMENT
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APPENDIX E

TOTAL EXPENDITURES ON R & D TAILINGS MANAGEMENT

Organization Expenditures

To 1980

Main Project Interests

Energy Mines and $3,000,000

Resources Canada (CANMET)

1. Long-term effects of abandoned

tailings piles.

2. Hydroiogical and geohydro-

logical studies.

3. Surface treatment - vegetation

*4. Processing of abandoned

tailings.

5. Radionuclides uptake in vegeta-

tion.

•6. Barium-radium sludge treatment.

Atomic Energy Control

Board

$ 300,000 *1. Barium-radium sludge treatment.

2. Radionuclide uptake.

*3. Alternative tailings disposal

options.

Eldorado Nuclear Ltd.

(Sask.)

$ 950,000 1. Tailings vegetation.

*2. Barium-radium sludge treatment.

3. Radionuclides analytical

research.

Rio Algom Ltd. (Ont.) $2,000,000 1. Tailings revegetation.

2. Tailings pit lysimeters.

3. Tailings dam structures

*4. Tailings disposal by stacking.

• Generic R & D
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Appendix E (continued)
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Organization Expenditures

To 1980

Main Project Interests

Denison Mines Ltd. $ 600,000 *1. Tailings revegetation.

»2. Tailings backfill.

*3. Pyrite flotation.

•4. Tailings disposal-coning.

Environment Canada $ 1,000,000 *1. Barium-radium sludge treatment

(Pilot plant).

2. Lysimeter leaching studies on

tailings.

3. Monitoring of tailings

contamination of groundwater at

Beaverlodge, Sask. and

Bancroft, Ont.

Total Expenditures on R h D Tailing Management $7,850,000

•Generic R and D
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CURRENT PROJECTS 1980/81

ENERGY, MINES AND RESOURCES CANADA

•1. Full-Scale Demonstration of Vegetating 40 Acres of Uranium Tailings by

Direct Seeding.

2. Hydrogeochemical Investigation of Nordic West Arm Tailings Pile.

3. Development of Measurement Techniques for Air, Water and Soil Contamina-

tion by Uranium Mine Tailings Areas.

*H. Process Development for Alternative Tailings Management Strategies.

5. Lysimeter Studies on Radionuclide Transport in Tailings.

6. Development of Compost from Waste Materials for Utilization in Tailings

Revegetation.

Total Cost $750.000

ATOMIC ENERGY CONTROL BOARD

1. Geochemical Retardation of Radionuclides in Representative Unconsolidate1

Canadian Geologic Materials.

2. A Study of Groundwater Contamination from a Waste Rock Pile at an

Abandoned Uranium Mine Site (AECB, DOE - $30K each).

3. Synoptic Survey of Abandoned Tailings Sites (DOE, AECB, EUR - $30K each).

Total Coat $104,000

• Generic R & D
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ELDORADO NUCLEAR LTD.

*1. Evaluation of Revegetation as a Technique for Stabilization of Beaver-

lodge Tailings.

2. Method of Analysis for

3. Thorium Isotopic Analysis.

4. Removal of Radium from Mine Effluents.

5. Removal of Arsenic as Ferric Arsenite from Arsenic and Uranium Bearing

Solutions.

6. Development of Alpha Spectroscopic Methods of Analysis.

7. Development of Non-Destructive High Resolution Gamma Speetroscopic

Methods for Radionuclide Analysis.

8. Development and Improvement of Automated Gross Alpha Determination of
2 2 6Ra.

Total Cost $150.000

RIO ALGOM LTD.

1. Surface treatment of Tailing Pit Lysimeter Studies.

•2. Disposal of Uranium Tailings Alternative Strategies.

Total Cost $125.000

* Generic R & D
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DENISON MINES LTD.

•1. Pyrite.-and Radioisotope Distribution in Mine Backfill Products.

•2. Evaluation of Thickened Tailings Discharge.

Total Coat $100,000 (est.)

ENVIRONMENT CANADA

1. Joint Government-Industry Program for the Removal of Radium-226 from

Uranium Mining Effluents.

2. Leachability of Radioactive Constituents from Uranium Mine Tailings.

*3. Radionuclide Adsorbents in Aquifer Sediments.

4. Radionuclide Uptake in Vegetation.

Total Cost $180,000

Total Current Expenditure on R 4 D Tailings Management $1,409,000 .

•Generic R & D


