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MANAGEMENT PERSPECTIVE 

Port Hope harbour has been identified by the lntematiohal Joint Commission as an Area of 

Concem because oi its severely contaminated state as a result ofreceiving, over decades, the waste 

effluents from uranium refining at the CAMECO (formerly El Dorado Nuclear) plant. The Port Hope 
Remedial Action Plan Committee expressed interest in Knowing, priorto the tormulation of their plans, 

the extent of any possible migration from the harbour to the adjacent nearshore zone of Lake Omario. 

With partial RAP funding, the study began in 1988 and was aimed at investigating the incidence and 

distribution of selected contaminants iderttitied in the plant effluent in sediment deposits immediately 

outside the harbour, and thus to assess the general pattems of contaminated sediment transport in the 

area.- A specific study of mass transfers from the harbour involved the incorporation imo the sediments 
at the harbour entrance of a sllt-sized artificial sediment containing the tracer element cesium, whose 

dispersal was monitored over the summer to identify net transport pattems. 

The results indicate that the level oi contamination of the nearshore sand-bodies from the 

harbour sediments is low, at least during the summer months when the study took place. There 

appears to be some enrichment in uranium and thorium (usually_associated with uranium refining
t 

wastes) in the deposit oft Port Granby, several kilometres to the west of Port Hope, where a landfill for 

such wastes is located close to the bluff edge,



PERSPECTIVES ‘DE LA DIRECTION 

La Commission mixte intejrnationjale a classe lie havre de Port Hope parmi les secteurs 
preoccupants, car celui-ci a ete ifortement pollue, au cours des decennies, par Ies effluents de la 
raffinerie d'uranium de la CAMECO (l'ancienne El Dorado Nuclear). Le Comite charge du Plan de 
mesu_res correctives a demandé, avant de proceder a la planification des mesures, qu'on etudie la 
migration des contaminants du havre dans la zone littorale adiacente du lac Ontario. Partiellernent 

subventionnee dans le_ cadre du Plan den mesures correctives, l'etude, amorcee en 1988, visait a 

examiner la frequence et la repartition de certains contaeminants provenant des effluents de l'usine dans 
Ies sediments situés juste a l'exterieur du havre et, par le fait meme, a evaluer Ies co'nfig'uratibns 
générales de la migration des sediments contaminés dans Ia region. Au cours d~’une étude precise 
portant sur les transferts de masse dans le havre, on a introduit des sediments artificiels de type llmon 
contenant le traceur cesium dans Ies sediments situes a l'entree du havre. On a pu ainsi surveiller la 
dispersion des sediments au cours de l'ete afin de determiner Ies configurations de la migration nette 
des contaminants. ' 

D'apres Ies resuitats, Ies depots de sable situes pres du littoral sont faiblement contamines par 
les sediments pollués du havre, du molns pendant Ies mois d'été, au moment on l’etude a éte realisée.

V 

ll semble se produire un certain enrichissement en uranium et en thorium (provenant habituellement des 
déchets de rafflnjage de l'uranium) dans Ies depots sltues au large d_e Port Granby, a plusieurs 
kilometres a l'ouest de Port Hope, om‘: se trouve une décharge servant a l‘elimination de ces déchets 
pres du rebord de la falaise.

e



ABSTRACT 

' 

Bottom sediment samples from the nearshore zone of Lake Ontario (from east of Port Hope 

westward to Port Granby) were analyzed for grain-size and selected trace elements in an attempt to 

determine sources and qualitative transport pathways of contaminants associated with uranium refining 

and waste management. Median diameters and concentrations of uranium, thorium, and cobalt in the 

less-than-80-micrometre traction of the local sand-bodies were compared to each other using a Tukey 

Honestly Significant Difference HSD test, and showed significant differences that were interpreted in 

terms of affinities and probable sources. The sand-body at Port Granby was significantly enriched in 

uranium and thorium, compared to the other two sand-bodies, whereas the median grain-size oi the 

Port Hope deposit significantly higher. This indicates a separate contaminant source at Port Granby, 

and also the importance of coarser sediment supply from the Ganaraska River. The Port Hope area 

was the site of a special field experiment using an artificial sediment containing cesium as a fine 

sedimem tracer. The tracer was injected into the local sediments at the entrance of the harbour jetties 

and its spatial evolution was monitored over a radial pattem centred on the injection site for the period 

July to September. In addition to cesium, the samples (together with all the other samples) were 

analyzed for uranium, thorium, and cobalt. Transport pattems resulting from the tracer study at Port 

Hope were difficult to interpret, and suggested a highly variable transport regime. The strongest trend 

was associated with predominant littoral transport toward the east. However, less strong trends were 

associated with westward and southward (offshore) transport. The main conclusion of the tracer study 

was sediments from Port Hope inner harbour do not appear to be a major source for the contaminants 

analyzed for, at least during the summer months.



RE§UME 

On a examine la granulométrie et certains éléments traces d_ans des échantillons de sédlimentjs 
de fond prélevés dans la zone littorale du lac Ontario (de l"est, depuis Port Hope, vers l'ouest, ]usqu’a 
Port Granby) afln de déterminer les sources et les voies de migration des contaminants dues au 
raffinage de l'uranlu_m et aux méthodes d_e gestion des déchets. On a comparé entire eux les valeurs 
médianes des dlamétres et des concé'nt‘rations d'uranium, de thorium et de cobalt dans la fraction de 
moins de 80 micrometres dans les dépots de sable locaux au moyen de la méthode H_.S._D. de Tukey; 
on a observé des differences significatives en ce qui a trait aux affinités et aux sources probables. Par 

rapport a deux autres depots de sable, celui de Port Granby présentait de fortes concentrations 
d'uranium et de thorium, tandis que la taille médiane des panicules était notablementplus élevée dans 
le dépot de Port Hope. Cela révele qu'il exlste une source de contamination distincte a Port Granby et 
met également en évidence Plmportance de l'apport de sediments a grains plus grossiers due la rlviére 
Ganaraska, Dans la zone de Port Hope, on a procédé a une expériehce spéciale sur le terrain au 
moyen de sédiments artificlels contenant du césium, employé comme traceur des sédiments fins. Le 
traceur a été lnjecté dans les sédiments locaux a l'entrée des letées du port, et on a surveillé son 
évolutlon spatiale selon une trajectoire radiale, dont le centre était le lieu d'in]ection, pendant la période 
s'échelonnant de luillet a septembre. On la analysé les échantillons (alnsl que tous les autres’ 
échantillons prélevés) atin d'y déceler la présence d'ura_niurn, de thorium et de cobalt (outre le césium). 
Les configurations de migration obtenues au cours de l‘ét'ude au traceur a Port Hope ont été difficiles a 

interpréter et, d'aprés les résultats obtenus, le régime de migration serait fonement variable. La plus 
forte tendance observée était une migration littorale prédominante vers Pest. Toutefois, on a également 
obsejrvé une tendance moins marquée de migration vers l'ouest et le sud _(au large). La principale 
conclusion de l'étude réalisée au traceur était que les sédiments du havre intérieur de Port Hope ne 
semblent pas constituer une importante source des contaminants analysés. du moins pendant les mois 
d‘ét_é,

'
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INTRODUCTION. 

Contaminated fine sediments are found at several locations along the shore of Lake Ontario. 

One such site, Port Hope Harbour (Figure 1), has been identified by the Great Lakes Water Quality 

Board as an Area of Concem because of high levels of contami_n_ation by radionuclides. These 

radionuclides have been discharged for a number of years in the industrial effluent of the El Dorado 

Nuclear (now CAMECO, Ltd) uranium processing plant (Durham. 1981; IEC Beak Consultants, 1985;- 
Pollock, 1985). Abutiing the bluff shoreline several kilometres to the west is the Port Granby nuclear 

waste management facility, which receives much of the solid low-level radioactive wastes from the 

plant. This storage site is presently being threatened by ongoing shore erosion and its surface runoff 

and seepage waters have a feady access to the lake (Bobba and Joshi, 1988). The release and 

dispersal of contaminated sedimems from Port Hope Harbour or the Port Granby waste managemem 
site, and the potential impact on the surrounding lake water and clean-water resources such as 

beaches and drinking water intakes are theretore items of real concern for lake managers. 

The present study seeks to address some of these concems, first, by mapping the overall 

distribution of nearshore sedimems in the Port Granby I Port Hope area. The second task is to 

investigate whether alleged point-source contaminants such as uranium, thorium, cobalt. could be used 

as tracers in the interpretation of the rnediu,m- and long-term transport pattems for contaminated ’ 

sedimems originating at the above two sources. This approach has never been tried betore in this 

context. however. as the adsorption/desorption behaviour of these elements on fine sedimems is not 

well known (Langmuir and Herman, 1980). They are believed to tonn strong attachments to clays and 

organic matter (LJ. Evans, University of Guelph, personal communication, 1990), but their stability 

when adsorbed on sand and silt, the apparemly dominant sediment types in the area. is another 

question. The eventual goal of the study is to indicate how sedimems from these sources of

1



comamination are being dispersed in the lake. 

The field data-gathering phase‘ took place in the summers of 1988 and 1989. in 1988, the 

extent of mobile modem sediments, as opposed to the considerable areas of glacial sediments and 

bedrock in the area, were accurately defined and the sediment types recognized using underwater 

videotape, echo-sounder, and side-scan sonar techniques. The underwater video was made using a 

remote.-controlled, manoeuvrable camera (MURV) and the side-scan work made use of a Klein 590 

system. Later, 38 representative samples of the mobile sediment bodies so defined were obtai_ned 

using a Shipek grab sampler (figure 1). Positioning was by Motorola Miniranger, withian estimated 

accuracy of less than 10 m. 

Also in early 1988, an artificial sediment tracer, milled to approximately 62 micrometre (um) 

diameter and containing 25% cesium, was injected at Port Hope Harbour entrance, between the two 

protective jetties (Figure 1). Reasons iorthe selection of cesium are outlined in Coakley and Long 

(1989), but the main ones were the low background levels for Cs" in the area (less than 1 ppm) and the 

high analytical resolution possible using Neutron Activation Analysis, or NAA (Attas, 1987). Details on 

the injection and sa_mpli_ng technique are provided in Coakley and Poulton (1-990, in prep.). During the 

period July to September, three separate bottom sampling surveys were carried out along a close|y- 

spaced radial grid pattem centred on the tracer injection site and extending up to 400 m away, in order 
to monitor the spatial evolution of the artificial sediment distribution with time. A total of 146 samples 

were taken over this radial grid. 2 -

2
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The representative samples from the sand-bodies, totallin 29 in all, were size-analyzed using 

standard SediGraph*/ sieve techniques. Most of the 1 75 samples were analyzed for U, Th, and Co 

using NAA. These elements were chosen because they were identified as major contaminants in the 

harbour sediments, resulting from long-term release oi eitluem from the CAMECO plant processes 
(Durham, 1981; IEC Beak Consultants, Ltd, 1985). Prior to NAA analys_ls, the samples were screened 
through a 3.5 phi t8_8 micrometer) sieve to remove all natural particles coarser than the tracer, thus 

increasing tracer resolution. Appropriate statistical analysis of the data was carried out using programs 

oontained in the SYSTAT1 and LOTUS 1-2-3’ software packages. The mean values for parameters 

from the sand-bodies were compared using Tukey's Honestly Significant Difierence (HSD) test (Dowdy 

and Wearden, 1982). This test is one of the iew that did not require equal numbers oi‘ samples i_n each 

group. Standard regression and correlation testing were also applied to the individual parameters. 

RESULTS 

Sediment distribution 

Figure 2 shows the d_istri_bu_tion of sediment types in the nearshore zone in the vicinity of Port 

Hope I Port Granby-. The mobile sediments were restricted almost entirely to three discrete sand- 

‘Registered trademark of SYSTAT, Inc., Evanston IL, U.S.A. 

‘Registered trademark of ‘Lotus Development; Corp., Cambridge MA, U.S.A.
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bodies of undeterm_ined, but probably minor, thickness. These were located, respectively, at Port Hope 

(A). several kilometres west- of Port Hope (B), and slightly east of Port Granby (C) (Figure 2). The only 

other mobile sediment type found consisted of extensive pavements of coarse material (granule-t0- 

boulder size), presumably residual deposits formed by differential ‘erosion and removal of finer fractions 

from the underlying glacial sedirnents. The immobile "basement" materials consisted of glacial 

sediments (undifferentiated), whose presence was marked primarily by this coarse pavement, and 

bedrock in the form of a very dark shale (most likely‘ the mid-Ordovician Collingwood shale). The latter 

outcropped in the eastem and southjem parts oi the area. The _largest sand-body is located around the 

Port Hope Harbour entrance. Unlike the other sand-bodies, the one at Port Hope shows a 

southeastward extension or tongue extending out into greater water depths than elsewhere. Another _ 

noteworthy feature in this sand-body ls the presence ot- irregular mounds, very visible on the side-scan 

sonar records, which appear to represent du_mp sites of dredged material taken from the harbour 

entranceway. 

The major grain-size statistics are included in Table 1. The samples all consisted of medium- 

sized, well-sorted sand having a median grain-size ranging from 2.75 to 3.14 phi (Figure 3). 

Nevertheless, using the multiple comparison procedure, differences in median size between the sand- 

bodies indicated that sand-body A (Port Hope) was significantly coarser (greater than 95% confidence 

level) than both sand-bodies B and C; there was no significant difference between B and C. 

Visual examin'ation of the contour Pattems in Figure 3 shows that the sediments tend to 

coarsen i_n an offshore direction, a trend opposite to most nearshore sands. This suggests an offshore 

source, most likely the glacial materials occurring below, and offshore from, the sand-bodies. Shore 

erosion and stream inputs appear to be secondary sources. In the Port Hope area, the most likely - 

explanation for the anomalous grain-size character, the relatively large area, and the shore-normal

4



extension of the Port Hope sand-body is the input of coarser sand from the Ganaraska River. The 

other sand-bodies, however, show no clear association with inflowing streams, but appear to be all 

located on the lee (east) side of coastal promontories. This pattem, and the obsenl/ed preferential 

accretion of sand on the west side of the- Port Hope letties, add weight to the conclusions of Flukavina 

(1976) and Brebner and Kennedy (1959) of a net eastward littoral drift in this area. 

Distribution of man’-made tracer elements, Port Hope / Port. Granby 

Concentration values determined for U, Th, and Co over the area between Port Granby and 

Port Hope are presented in Table 1.. Prior to further assessment of their potential as sediment tracers, 

these elements were exa__mined for spatial trends and interrelationships. A number of these 
interrelationships are presented in Appendix 1. The results show a considerable enrichment in all the 

above elements compared with values determined elsewhere in the area (see control sample ‘I7, Fig. 

1, Table 11; Coakiey and Poulton (1990, 11%;». Variability in the data, however, prevented any clear- 
cut definition of sources and transport trends to be made. Whether this is because of the predominance 

of coarse (relatively inert) sediments, or the fact that sources are not as well defined as was initially 

believed. Therefore, statistical inferences were used to improve our resolution of these sources and 

trends. The following conclusions can be drawn: 

1. There is a clear and significant correlation between U and Th throughout the area (Figure 4, 

Table 2). The correlation between U and Th, respectively, against Co was less, but still 

significant (F = 0.54 and 0.48). When only the non-Port Hope area samples are used, the 
correlation is much weaker (F = --). This suggests that the U, Th, and Co come from a similar 

source in the Port Hope area, and U and Th from a similar source elsewhere, while there is

5



apparently’ another unidentified source for the Co in the westem sand-body.
_ 

2. Other correlation testing between the variables showed that the correlations of U and Th 

against median phi size and percent silt (Table 2) were not significant at the 90% confidence 

level (F = 0.11 or less). This indicates that=gra_in-size does not play an important role in the 

above differences, and increases confidence in the presumption that the analysis results as not 

being skewed by grain-size effects. lt also supports the preparation procedure oi sieving out the 

coarser-than-silt-sized fraction of the samples prior to chemical analysis. - 

Theyspatial distribution of two of -the elements analyzed, - U and Co - was examined to identify 

systematic trends that "might aid interpretation of sources and pathways for sediments contaminated by 

these elements. Th was notincluded because the correlation results (Table 2 and Hgure 4) indicated 

that U is a close proxy for Th. The concentration data are plotted -and contoured in Figures 5 and 6. To 

obtain insight into whether there was a single source for the various contaminants, and because the 

concentrations varied considerably over the area (Table 1), it was deciided to group the data according 

to location (sand-body A, B, and C) and the same HSD test as used above for the grain-size data was 

applied. The objective was to test the hypothesis that there was no significant difference in contaminant 

concentration between the three sand-bodies. If this null hypothesis was rejected, then any variation 

noted would thus not be due to chance and could be linked to differences in sources or process. 

The test results (1-able 2) showed that: 

1. U and Th values for sand-body C at Port Granby were both statisticaltly very significantly 

. different from those for A and B near Port Hope (greater than 99% confidence level).

6



2. There was no statistical dliference between A and B. 

3. The ratio Ufl'h showed a similar result, linking A and B, with G distinct from the others. This 

result confirms the suggestion from the correlation analysis results that the source of U and Th 

contamination for the Port Granby sand-body is different from that oi the two deposits nearer 

Port Hope. The close relationship of these latter bodies suggests a similar source. 

PortHope Harbour as a contaminant source. in order to investigate turther whether the Port 

Hope inner harbour was a possible contaminant source for sand-bodies A and B, the nearshore trace 

element data were compared with similar analyses on suspended sedimem samples from inside the 

harbour made available by Rosa and Mudroch (1990, in press), and those on bottom sediments 

published by Hart ct al. (1986). The inner harbour values, included in Table 1, showed U levels up to 

an order of magnitude higher than those elsewhere in the area; however, these values decline sharply 

to ambient lake sediment levels before reaching the lake. Comparable U results were noted In bottom 

sediments in and around Port Hope by Hart et al- (1986). On the other hand, Th values inside the 

harbour were consistently very much lower than those outside. From these data, there is no clear 

indication that contaminants from the harbour are being deposited in sand-bodies A and B. 

Co content in the samples from the three nearshore-sand-bodies between Port Granby and 

Port Hope were also investigated to see whether they also oouldiindicate contaminant sources. The 

HSD multiple comparison test, however, indicated no veryslgniticant ditierence in Co levels between 

any of the sand.-bodies (Table 2). Likewise, comparing Co values in sand-body A and B with those 
inside the harbour was not conclusive in terms of indicating source. Co in the nearshore sediments 

ranged from 7 to 29 ug/g, i.e., much lower than the average of 57 pg/g noted in bottom sediments 

. 
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collected inside the harbour by Hart etal. (1986)., On the other hand, suspended sedi_mems from the 

harbour analyzed by Rosa and Mudroch (ibid.) contained less than 20 pg/g (Table 1), i.e., close to, or 

less than, average nearshore values. This result indicates that although Cc is enriched in the local 

sediments, its source is still unclear. .

I 

Artificial cesium tracer distribution, Port Hope 

The contoured Cs concentration values shown in Figure 7 trace the evolution of the tracer 

plume with time. From the results of the last sampling in September, it was clear that the tracer had 

spread so much as to be undetectable over much of the grid area. 

Using the technique described in Coakley and Poulton (1990, in prep.), the directions of 

sediment transport were inferred andare shown as dashed lines on Figure 7. Initially (July 7) the 

tracer appears to have been transported both directly offshore as well as toward the west. 

Unfortunately, draught limitations for the vessel used in the first survey precluded coverage of_ the area 

to the northeast of the entrance. Later surveys (August and September) supported the above trend, 

with the exception that the strong transport toward the east was confirmed. This eastward trend was 

even stronger in the September survey. These results are in agreement with the accepted pattem of 

littoral drift in this area (Fiukavina, 1976; and Brebner and Kennedy, 1959). The persistent offshore 

highs noted in the offshore region to the southeast of the entrance could be a relict from the beginning 

of the experimem-, and thus couldrefalect low sedimentation (and dilution) rates, rather than a persistent 

transport vector in that direction.

8
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It is unfortunate that sampling of the tracer plume within the harbour entrance could not be 

carried out for a variety of reasons, primarily ship draught limitations. This is especially so as 

suspended samples collected over the period July 20- September 22, 1988 at locations within the 

harbour tuming basin (Fig. 1, Table 1) and analyzed for Cs (Rosa and Mudroch, 1990, in press) show 

surprisingly high Cs levels. The only conclusion that .can be drawn from these results is that some oi 

the tracer was entrained into the harbour over the above time period, either directly through mass 

transport or indirectly via the plant's water intake / discharge system. The intake is located close to the 

position of T6 (Figure 1). 

Man-made tracer elements, Port Hope 

The spatial distribution of concentration values tor the other tracer elements determined along 

with Cs over the same coverage grid are shown contoured in Figures 8 to 10. These elements (U, Th, 

and Co) were, believed to be escaping in considerable quantities from the harbour adsorbed onto 

sediment particles, and thus could be used as incidental sediment tracers. The initial results showed 

that a change had to be made in the interpretation model normally used for artificially injected tracers. 

The usual model for interpreting the trajectories for artificial tracers assumes that concentration is 

related to distance from source, and so the pattems generally show a maximum region aligned along 

the direction oi transport. This approach applies best to one-time slug-type injections such as the 

aniiicial Cs tracer.

1 

However, the characteristic pattem in Figures 8 to 10 showed a central low area corresponding 

to the projection oi the harbour emranceway and the interpreted principal transpiort direction offshore, 

with high areas (less diluted) to either side. One way to explain this consistent pattem is to postulate

9



that the "tracer" discharge is intemlittent over extended periods, and although these elements probably 

move from the major contaminant source (say, the turning basin. of the harbour) to the nearshore lake 

sediments throughout the year, they probably have a peak inflow earlier in the year associated with 

spring ice-break~up and storm agitation. Later on in the year, cleaner, coarser sediments are more 

likely to be transported in and tend to dilute the tracer pattem. progressively along the transport path. 

Using this model is apparently justified. as the results are in good agreement with those of" the artificial 

tracer.»
' 

The various elements. assessed as transport tracers are discussed below: 

giggling. Values in the silt + clay fraction range as high as 20 ppm, i.e. 10% of ~ 

common values in the harbour itself (Rosa and Mudroch, 1990; in press). The transportation direction 

inferred from the pattems is indicated by dashed lines, and may be described as follows. Initially (July), 

the transport is predominantly offshore, with a minor transport component to the northeast. There is 

evidence that the offshore direction eventually tums toward the east. The second survey shows a slight 

difference in that a westward trend is noticeable. Otherwise the dominant offshore and northeastvvard 

trend persists. While overall concentrations are lower in the final survey (September) and the pattems 

are not as clear, the above trends persist with the exception that westward trend is no longer visible. 

Thorium. The thorium concemration distribution follows the general lines» of those of U, 

but show a wider variation over the survey period (Figure 9)., The inferred transport patterns are also 

comparable.-
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Cobalt. Concentrations range as hlgh as 27 ppm, compared with the harbour values which 

averaged 18 ppm (Figure 10). Transport patterns inferred also resemble closely those for U. 

Port Granby "tracer" element trends. The sand-body at Port Granby is characterized by 

relatively high concentrations for U (average 21.8, versus 11.3 ppm for the Port Hope sand-body) and 

Co (18.1 vs. 16.75). The data suggest that, compared to sediments elsewhere in the study area, this 

sand-body is enriched in U. The transport directions of potential contaminants (U) forthis sand-body 

could not be clearly inferred because of a scarcity of samples. However, Figure 5 indicates a plume 

extending from the vicinity oi seepage streams in the bluff below the waste depot in a southeasterly 

(offshore) direction, to high values oflshore. The trend from this point appears to be bidirectional 

alongshore as was noted at Port Hope. 

Synthesis 

In the absence of any process monitoring data in the vicinity of Port Hope Harbour, the 

inte_rences on transport pattems must be based only on thje tracer approach presented here. Although 

the data allow only a qualitative assessment to be made, it. does not appear that large, steady transfers 

of contaminated sediments from Port Hope Harbour are being made to the adjacent nearshore zone of 

Lake Ontario. . 

The synthesis oi the data indicates that sediments exiting the harbour are advected generally to 

the east in response to the predominam littoral current direction. This trend was most evident in the 

1 1 .



artificial Cs tracer data, and couldbe interpreted as the dominant one, especially for material of 

diameters comparable to those of the artificial tracer (62 pm and finer). Lesser trends, however, were 

noted in these results suggesting that at "times the fine sediments are transported to the west, or 

directly offshore (to the southeast). In addition, the presence of relatively high Cs levels in the 

suspended sediment traps from the inner harbour indicates that an unquamified amount of sediment is 

also brought into the harbour area from the open lake, either directly or via the CAMECO plant's intake 
I discharge system. 

The trace metals used as opportunistic tracers at the Port Hope Harbour entrance also showed 

a general consistency in interpreted direction of transport. These tended to indicate predominant 

eastward or offshore transport. Only very minor westward transport was suggested.
t 

The inverse nature of the trace metal distribution with respect to transport pathways (transport 

plumes indicated by a trough in the concentration pattems rather than a high) in the Port Hope Harbour 

area is a further indication that the prime source of at least some of these metals might not be the 

h_arbou,r itself. During the survey, the sediments emanating from the harbour appeared to dilute the 

existing highs (visible on both sides of the entrance flow), rather than contribute to these concentration 

values. The The existence of another source for the Port Hope sand body sediments is susppsorted by 

the grain-size comparison results, as well as‘ the fact that the maximum cobalt concentrations outside 

the harbour are higher than those inside, and by the relatively high levels of“ U and Coin the sand-body 

oft Port Granby, several kilometres to the west of Port Hope. An alternative explanation is that it the 

source is in fact the harbour, then it is intermittent in nature, and no significant contribution occurred 

during the tracer survey.
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CONCLUSIONS 

' 

Based on lmernal comparisons and with reference to earlier studies. it is clear that the trace 

elements determined show a high degree of spatial and temporal variability. Nevertheless, the 

following interpretable trends can be brought to light using appropriate statistical techniques; 

- Although there is no statistically significant difference in median grain-size between sand-bodies 

B and C, there is a highly significant difference in U and Th comem. ~ 

- Also, although A and B showed highly significant differences in grain-size, there was no such 

difference in U or Th. 

Clearly, these differences cannot be explained by grain-size effects. The tentative conclusion can be 

made that although grain-size properties show that sand-body C and B are part of the same littoral drift 
stream, sand-body C is contaminated by a different U and Th source than either sand-body A or B. 
Since carbonate residues from the CAMECO operation was cited as being the main source of the U, 
Co, and, to a lesser extent Th, contamination in the harbour and vicinity (IEC B_E_A_K Consultants, Ltd, 

1985), it is difficult to see how uniform U and Th levels could have extended as far west as sand-body 

B if the only source of contamination were Port Hope Harbour. Furthermore, the lack of a more 

definitive statistical linkage between the nearshore sand-bodies and the harbour raises questions as to 

whether the harbour is presemly the main source of the trace elements observed in the lake sediments. 

There is evidence of comamination of nearshore sand deposits in the Port Granby area. The 

difference in U, Th, and Co relationships from those at Port Hope suggests clearly that there is a local 
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source for these contaminants. Although sediment grain-site affinities indicate predominant transport to 

the east, the lack of similar a_fi_in_ities in the contaminant tracer signature suggests that contaminants 

from the Port Granbyarea have little impact on contaminant concentrations near Port Hope.
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Figure 4 

Figure 5 

TABLES AND FIGURES 

Chemical and physical properties of bottom sediments near Port Hope. 

Summary of statistical testing on sand-bodies and tracer properties-, Port Hope area. 

Location map of shoreline of Lake Ontario between Port Hope and Port Granby‘, 

showing Port Hope Harbour and the CAMECO plant, plus local water intakes and 
beaches. Triangles mark locations of suspended samples of Rosa and Mudroch (1990. 

in press) The control site (17) was located 1 km south of the Port Hope ietties. 

Map showing the distribution of sediment types in the nearshore zone, Port Hope I Port 
Granby area. Location of bottom samples (solid dots) and survey lines are also shown. 

Sand-body designations (A, B, and C) are also shown. 

Distribution of median grain-size (phi units) in\bottom samples from the Port Hope I Port 

Granby area. 4 

Plot of concentrations of thorium and cobalt versus that of uranium. Top: Samples In 

Port Hope area only. Bottom:_All samples Port Hope / _Port Granby areja. 

Contoured plot of uranium concentrations in sand-bodies between Port Granby and 

Port Hope. 
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Figure 6 

Figure 7 

Figure 8 

Figure 9 

Figure 10 

Contoured plot of concemrations tor cobalt in sand-bodies between Port Granby and 

Port Hope. » 

' -
' 

Port Hope. Plot of concentrations of the artificial cesium tracer at various times after 

injection. Solid circles indicate tracer sample locations; solid triangles indicate locations 

ct suspended sediment samples in Rosa and Mudroch (1990, in press). Dashed 

arrows indicate interred transport directions. _ 

Port Hope. Plot of concentrations of uranium in fine traction oi bottom sediments. Lelt 

to right: July, August, and September, 1988. Solid circles indicate tracer sample . 

locations; solid triangles indicate locations of suspended sediment samples in Rosa and 

M_udmch (1990, in press). Dashed arrows indicate interred transport directions. 

Port Hope. Plot of concentrations of thorium in tine traction of bottom sediments. Left 

to right: July,-» August-, and September, 1988, Solid circles indicate tracer sample 

locations; solid triangles indicate locations oi suspended sediment samples in Rosa and 

Mudroch (1990, in press). Dashed arrows indicate inferred transport directions. 

Port Hope. Plot of concentrations oi cobalt in fine fraction of bottom sedimems. Lett to 

right: July, August, and September, 1988. Solid circles indicate tracer sample locations; 

solid triangles indicate locations of suspended sediment samples in Rosa and Mudroch 

(1990, in press). Dashed arrows indicate interred transport directions.

18



SAM@LE I.D. CESIUM URANIUM COBALT THORIUM SCANDIUM MEDIAN STD.DEV SQND S£LT 
SAND-BOD! 1 {@081 BOP!) 

areas 
areas 
areas 
JP¢89 3&8 
JPC39 
areas 
areas 
areas 
areas 
aress 11 
areas 12 
areas 15 
aress 15 
aress 11 
areas 10 
aress 19 
areas 20 
ARITH. 
VARIANCE: 

Homqmuauuw

o

P 

TABLE 1. CHEMICAL AND PHYSICAL PROPERTIES OF SEDIMENTS NEAR PORT HOPE 

MAN: 

0.00 
0.00 
0.00 
0.00 
0.00 
4-00 
0-00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

..5.80 
8.10 

14.60 
17.50 
22.90 
3.70 
9-20 
8.00 

19.00 
7.30 

10.30 
10.40 
14.70 
10.00 
11.50 
1.10 
3.00 

21.20 
12.20 

30.56 

(PPM) 

21.00 
11.00 
22.00 
21.00 
25.00 
7-00 

15.00 
13.00 
19.00 
12.00 
19.00 
16.00 
20.00 
16.00 
26.00 
15.00 
11.00 
22.00 
15.57 

24.93 

SEND-BODY B (IHTERMEPERIIL 
JEC88 21 - 

aresa 22 
aresa 23 
aresa 24 
aress 25 
areas 25 
B3lTB= VARIANCE: 

MAN 

BIND-BODY C ‘PORT GRAN!!! 
arc88 21 
aress 20 
areas 29 
areas 30 
areas 31 
areas 32 
agesa 31 
areas 30 
ARITH. MEAN 
VARIANCE: 

ran: non nnnnoun susrzunnn snnxunnrs (FROM ROSA Ann uunnoen, 1990, 10 praaal 

0-00 
0.00 
0-00 

.0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

15.50 
10.20 
10.10 2540 
22.10 1110 
15.50 

33.34 

21.90 
22.50 
21.90 
20.40 
21.10 
35.10 
19.10 
21.90 
25:53 

27.57 

Z2-00 
15.00 
19.00 
27.00 
29.00 
19.00 
22.00 

24.00 
16.00 
19.00 
25.00 
38.00 
4.00 
9.00 
0-00 

21.00 
1.00 

12.00 
15.00 
15.00 
13-00 
20.00 
11.00 
3.00 

25.00 
14.11 
14.05 

20.00 
9.00 

13.00 
37.00 
35.00 
14.00 
20.00 

21.33 118.22 

25.00 
22.00 
21.00 
20.00 
23.00 
22.00 
13.00 
11.00 
20.30 

41.00 
39-00 
52.00 
30.00 
50.00 
63.00 
33.00 
30.00 
42.25 

12.48 122.94 

33.00 
22.00 
31.00 
21.00 
30.00 
9.00 

20.00 
19.00 
27.00 
23.00 
31.00 
25.00 
34.00 
28.00 
36-00 
25.00 
11.00 
38.00 
26.25 
58.89 

38.00 
21.00 
31.00 
30.00 
43.00 
35.00 
30.00 

26.92 

30.00 
29.00 
25.00 
24.00 
25.00 
22.00 
11.00 
24.00 
24.15 

14.59 

(phi) 

2.63 
2.04 
3.10 
2.33 
3.05 
3.22 
2.20 
3.14 
2.30 
2.00 
2.12 
2.03 
2.99 . 

2.90 
2.14 
3.24 
1.22 
3-10 
2.87 
0.13 

3.21 
3.14 
3-l5 
3.25 
3.14 
3.00 
3.21 

0.00 

3.25 
3.19 
2-98 
3.14 
3.23 
3.09 
2-91 
3.17 
3,12 

0.01 

0.76 
0.62 
0.38 
0.55 
0.66 
0.54 
0.63 
0.52 
0.51 
0.55 
0.50 
0.43 
0.55 
0.59 
0.50 
0.34 
0.09 
0.59 

0.42 
0.50 
0.40 
0.41 
0.50 
0.59 

0.63 
0.54 
0.45 
0.39 
0.51 
0.55 
0.45 
0.41 

99-52 
99.13 
90.05 
99.55 
95.05 1110 
99.55 
05.05 
99.10 
99.14 
99.33 
90.45 
90.94 
90.15 
99.54 
91.15 
90.02 
91.31 

95.15 
90.53 
90.50 
95.49 
95.41 
98.95 

95.44 
92.39 
90.11 
95.40 
95.09 
95.59 
90.41 9055 

ROSA 11-1 
R050 $2-2 
ROSA T1-3 
RQSA 12' ROSA 13 
ROSA T4 
ROSA T5 
ROSA T6 
ROSA T7 

10.00 
12.00 
11.00 
22.00 
10.00 
8.00 

16.00 
26.00 
2.00 

222.00 
214.00 
205.00 
245.00 
209.00 
245.00 
153.00 
30.00 
2.70 

10.00 
19.00 
21.00 
20.00 
14.00 
11.00 
13.00 
1.00 
5.00 

7.00 
8.00 
7.00 
6.00 
7.00 

11.00 
6.00 
5.00 
3.00 
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7.00 
8.00 
8.00 
6.00 
7-00 
7.00 
7.00 
8.00 
5.00 

0.10 
0.21 
1.95 
0.15 
4.10 

25.30 
0.25 

14.95 
0-l5 
0.05 
0.51 
1.54 
1,05 
1.11 
0.36 
2.85 
1.21 
2.63 

3.11 
1-37 
1.50 
4.51 
3.51 
1.05 

4.27 
1.51 
1.09 
4.50 
4.00 
3.12 
l-53 
3.34



TABLE 2. SUMMARY OF STATISTICAL TESTING ON SAND-BODIES AND TRACER PROPERTIES, PORT HOPE 
AREA. ' 

SUMMARY OE CORRELATION COEFFICIENTS (R-SQUARED) FOR ALL 29 SAMPLES 

. 
I URANIUM THORIUM COBALT MEDIAN SILT % 

URANIUM 
THORIUM 1.00 0.48f 0.07 

1.00 0.08 COBALT 
‘MEDIAN 1.00 

SILT i . 

‘ 

‘ 
: Statistically significant (>90% conf.level) 

”: Highly siqnificafit (>99% conf. level)

1 

TUKEYKS BSD TEST SUMMARY FOR PORT HOPE SEDIMENT UNITS 

1.00 0.88” '0.54‘ 0.11 0.02 

0.01 

0.14 

0.17 

1.00 

SAND-BODIES unmuum THORIUM COBALT min. size 0/co T11!/co U/mi 
(Comparison probabilities) 

A VS B 0.321 0.665 0.142 0.044** 0.875 0.993 0.736 . 

A VS C 0.000*** 0.000*** 0.123 0.039** 0.000*** 0.000*** 0.11l* 

B VS C 0-010*** 0.001*** 0-998 0.999 0.000*** 0.000*** 0.070* 

: Not sgabisgically signifiicant
_ **? : Very significan; (>998 probability not due to chance) ** : Signifiéant (>95§) 

* : Margihaliy sigfiificaht (90-950) 

’ 20.



V 

_$___Q_ 

gO___ 

gm 

O5 

_O 

:53 

Ex

_ 
_§8O__ 

$3 

F5 

25 

_g__8 

2; 

$85 

E 
68: 

€O__u___>__U___w 

80¢ 

_O 

$553 

_3gO%_5 

3 

gO__8O_ 

v___N_____ 

$_9__wE_ 

_8__83 

new 

w9_g__ 

fig 

_8O__ 

ga 

_§_a 

oom_>_<O 

2: 

2“ 

509% 

0%: 

gm 

9:305 

_§g 

__On_m 

Ea 

30: 

t_On_ 

__$Eg 

O___g_Q 

£3 

3 

2___2O__2O 

gs 

__O__8O__ 

_ 
O__D9"_ 

‘J 

°__§§_ 

__ 

_

_

l 

____£_°_g_o 

\1

( 

Ca 

% 

’_i§B8___ 

gig 

_ 

Q5: 

_E9_ 

E8; 

E8 

w_§§'5 

§___

Q 
_ 

GEE

‘

J

\ 

\* 

‘ 
_v 

__ 
_\ 

K 

Eon

3 A‘

. 

________m

E 

._____ 

O 

8°:

E
2

1° 
Iv‘ 

____* 8??



____$Ofi 

0% 

OE 

6 
D5 

_m_ 

_$ 

M___O__fi__a_mOU 

>UOn_U_aw 

, 

__§O____w 

83 

QM 

$5 

>g_3 

“EN 

E3 

gay 

gfieg 

Egg 

3 
¢O__NOO1_ 

fig” 

B_a__w 

__On_ 

\g_O___ 

“__On_ 

_Q___ON 

2OF___§O_B 

2: 

E 
gab 

EDE_UQw_O 

__O_5n___% 

OE 

m____$O___W 

%_>_ 

N 
2__u_“_ C 

>355 

:8 

$02 

t/_m__2_n_m_w

0 
‘Wu.

> 

I]

<

- 

WW

I 

| 

mmmwwm‘

_ 

_5__

O 

$__mE_U$_%m_0_H_ 

Una:



$03 

>n_a6 

gm \ 
30: 

___On_ 

O5 

E0: 

$553 

Egg 

___ 

E5 

Ea 

ON_2__ma 

_a_8E 

_O 

CO=3D_:m_QH 

Q 
23¢

I 

Ea 

CEUQEV 

m_N_w 

z_<m_@ 

;_m_2_Om_w 

__m_ 

Na

_ 

“$8 

Q 

_5___~___wt£ 

.11] 

Ev:

O 

‘ 

____ 

fix

O

I 

8“ 

A/'

O

s 

m___o___ 

___"_°n_



Cdbat&Thorlu'n 

ppm 

so

1 

as 

Oabatl-thorluln 

ppm 

Q’ 

Figure 4 Plot of concentrations of thorium and cobalt versus that of uranium. Top: Samples an Port 

s .':;i1l'i'-“-1,',‘ 'n __ |l|<:=1-'1-2:-':_;_ "":.':"—;"" 

.. .~;.=!=' 
'I | 

' 

4;. + '5' 

PORT HOPE: COBALT 8c THORIUM \/S. URANIUM
+ 

38- 

30..
+ 
0 + 25- 

, + U '

+ 
H 

0 D‘D+D 21- 1:: 

ca + Cl

+

u U 
Cl 

9+ D: 

++ 

+5 15- 

:1 
to — o

+ 
, + 

.Cl + 
5-

++ 
: l ‘-1- 

l l 9 u M

r 

0 10 

Uranhln (ppm 
20 30 40 

39.. 
C1 

70- :1

+
+ 53* + 

50— ++ 
*' + 

m.._ + + 
+ +#' + ++ D 4' 33- * 

+ + + +5, *5 +900 + 
I? 

U 0 +< DD +00 D DD U 
"-1 ‘d5 D Bu D D H %+ 

‘Eb 0 |:| 5' 

Eb '3 

2 + 

E1 

nun, 50+ 

1-,+

g
+ !é+

+

+ 

-+=| 

20 30 40
0

0 8 
Uranlun 

D Cobalt + Thorlun 

Hope area only. Bottom: All samples Port Hope / Port Granby area.



_2_OI_ 

gm 
fig 

>n__g_w 

gm 

COOEOD 

__wQ_UOp__u___$ 

E 

w__O__g__Og8 

__________m5 

3 
85 

__2___OEOo 

m 
2__n_“_ 

E3 
_>_3_7_<%

9 

\‘

6 

mg___ 

___Ion_

I 

\_/\___ 

“L fig 

‘L
_ F

. 

B__Sm:__°n_ 

Ev;

O



_30___ 

tOn_ 

28 

>956 

gm 

___Q2z3 

$_uOn§_8 

E 
“E8 

5 

m_____O_6__EQOCOO 

__O 

83 

UOBOEOO 

w 
2_5_“_ 

E59

A 

:<m8 

wmwfi 

S 

Ogé5]



_g_O__O2_U 

__OaQ_g 

g__§___ 

28__U___ 

O;O_=M 

8&8 

A32“ 

E 
dam: 

__8_g$_ 

Em 

30¢ 

E 
gaeg 

EOEEOW 

_U%__0%5 

*0 

W__O__8O_ 

28_U___ 

$_m__m___ 

gs 

"wCO_“80_ 

@358 

502 

28_u___ 

8_2_O

U 

§_m 

gs; 

gO_§>

8 
avg 

EEMQO 

_%_E_m 

O5 

3 
20

_ 

__°m 

___°__8____ 

__m__E8__°° 

3 
_

_ 

ma 

2%

_ 
_n_’ 

8° 

fimw 

I 
tel 

$9 

_gm__< 

530

_ 

82 

22'

D 

_ 

Ens 

.

_ 

D
t

O 

QT“

I

_ 

O 

_

_ 

0

.

m 

_, 

_

I 

Q

_

. 

.

.

7

C

N 

r 
‘

Q 

‘”%fi__a“ 

4‘ 

_' 

'_ 

__f_~_fiWv¢:

w 

'_"“"__\_'

r 

“L 

"Pfl 

>_4___H" 

SQ

_

.

.

. 

n

. 

.

Q 

N. 

.

.

.

0

> 

~Q

_ 

__

. 

.

.

.

.

. 

0 

.

. 

N 

..

0

. 

.
.

. 

. 

_

_ 

__ 

‘

_ 

1/

. 

.

_ 

__ 

/My/. 

____ 

____\“__ 

. 
__ 

__

V

_ 

. 

_‘_ 

Q 

H 

__n________H 

_v 

_U 

.

.

. 

M

‘ 

W

. 

m_ 

M

_ 

9! 

____ 

‘

_ 

__ 

“Mu

.

N 

9

V 

4' 

_ 

_?__'

L 

‘__ 

8 
‘_“( 

_'__$ 

E‘; 

at 

“HF 

_“fl__~H_“_“b_ 

#v__%L 

H” 

__

1

' 

“M 

\

4 

__ 

0

I 

__fi\w' 

_mM_T_ 

U’ 

b__ 

Ix 

__ 

___v__ 

‘

i

b _’ 

_"_ 

nvmmw

0
. 

_l_w'_

‘ 

’_

I J“

_ 

E 

Ag 

______“"W

_ 

___ 

"____m_““__““ 

flip“ 

"___ 

__'“ 

(puny 

9,‘ 

h__“" 

___“"_“_'

_ 

__w 

“um

v 

‘J 

‘"_X‘1 

\\“_“&x“ 

H 

_

_

_ 

#6 

5' 

I‘ 

:_M__'_ 

‘Mm’

_ 

5;‘- 

at

I

_ 

“D 

km” 

:23 

"Mflg 

_ 

V‘ 

_"

J 

_ 

_

_ 

_

K 

‘_J_ 

'fi_____ 

J__\v"m_'_I_v\__

I 

__ 

‘film! 

___

|

> 

ug 

H; 

_m__“M”" 

_h_M__ 

__ 

Hg 

“__"\_“~"“__hw__ 

'7; 

gflflu

_ 

7:; 

v____m_mm‘__

I 

“WW 

_H“"_"‘_‘ 

"ah

»

1 

“um” 

_ 
Q 

”__h_m_"_"W__n?__W_fl_~__“_n 

___"_‘__“_m_U_H_M_H 

Mi’ 

‘__

_ 

£I 

1: 

%? 

HRH“ 

__

’ 

|_“_ 

IE“

I 

_“_“_“ 

_€m"_ 

I;

I 

adv 

l___‘ 

___“__ia_%_fl%M_lw__lK 

,1 

n__u“__

_

K 

4 

‘Wm 

‘WW 

_‘____H___"__'"_"m‘v_h__ 

'____

_ 

‘__“\___M__‘“_fi_

I 

_‘___’O%_§_n~_§__fl 

“h 

‘ 

_‘

’ 

E 

__‘__h__m___‘“v 

1; 

‘___H_H_n_q_U_\_ 

__“mN__‘__ 

"_'"‘_‘ 

\_q_£__v_‘

' 

_ 

__ 

A 

_m_| 

0‘ 

my 

_b____umm_~ 

Hi‘ 

WW

N 
_ 

H2“ 

n‘_‘:"_‘__\_“__fl 

___)W__”_"

| 

1* 

wmg’ 

___V_____4_"_ 

i
_ 

____ 

Wm”, 

Am‘ 

wmmmm 

__ 

_ 

_m”_u_L_ 

4" 

_'_€M\J__%U\ 

mflmwmmu F‘! 

in 

b 

E8“



“iv 

F,’ 

£2 

hmnemamm 

_wCO___O2__U 

tO%__g 

_8____g__ 

28_U___ 

ggm 

353 

éwea 

E 
dam: 

H_H__8§__>_ 

Ea 

30¢ 

898 

E0853 

DQUCQQMDM 

__O 

W___O__aOO_ 

28_U___ 

_$_§E 

£3 

"__w__O_fl80_ 

055$ 

_Q8_: 

28_U____ 

$20 

_u__Om 

_8m__ 

__BE2%w 

EM 

_$__m__< 

_>_2_ 

“fig

2 
as 

_2CQE_°Om 

Egg 

3 
__O_6g 

2: 

E 
EDEN

>

W 

~__ 

$2 

~m_a__< 

____ 

*0 

m__°__m__E8c°£2°__

VQ 
n_ 

6 
OI 

tOn_ 

Q 
O_____9“_ 

-..'$“Iv'l 

__ 

“_‘_____N""_"

‘
fl 

‘ 

_1 

I_ 

MW 

‘ 

_""___H_"““"“mE"____‘ 

_E__ 

_ 

______“”_____n’_£”__p‘_ 

“kl 

“H_u___4_‘_______"w“__hM“_ 

,_ 

N
' 

>nx_“."l“__h_h"fl_h__‘ 

'_"“__>____h.t_\_’“_.""_‘|“

I 

AEg_23_z<%

_ 

.

. 

Vm

.

. 

m__ 

_

R 

__ 

_

A

_ 

8

. 

9
I 

_ 

_

. 

_m_ 

1!

I

’ 

fix 
IF.-

’ 

_ 

_"1_.__“__$H_I 

___ 

__I

I

_ 

X

5 

NJ“

I 

_“_$__‘

I 

‘__~_““" 

_$ 

__ 

_g___ 

MT 

{nag 

___;

I
Y 

$11," 

__ 

_%§\ 

I'_U£m"_"mm_____H_“___I‘

I 

k__w“_fiI_ 

_ 
AM 

_ 

1 
__ 

I“: 

_‘

I

V

_ 

_' 

wt“

‘ 

___: 

“_"_'_.'_K"_ 

Ii_q_¢_‘"

0

_ 

Jwwfihhh 

E“

_ 

“"A“m“""“_ 

in 

__“‘_l_#__‘I“_"“_I 

__>“‘_ 

__III__\_M__ 

‘hr

_

x

V

_

8

K 

H_ 

9/ 

_

‘ 

k\Jl|/.

_ 

__ 

B8_ 

Q 
. 

__

_

. 

.

‘ 

. 

_

_

. 

. 

_’

G 

9.

_ 

cl 

ho“

> 

9 

.

_ 

_ 

_

_

2

. 

. 

. 

‘

.

_

.

0 

. 

.
.

'

' 

9

8

. 

as

I

I /

_ 

.

.

. 

_q_,___§U__m_______

0 
E 

B8 

%’Z

_

, 

_ 

4’ 

mg 

>_D___ 

/ 

A

’ 

mg 

V

_ 

__ 

>

_

. 

a

‘ 
N 

_\ 

4‘

_ 

_IM"m_’_g_wflrI“_\II 

‘_’jh\hF“v¢|r' 

;__£_ 

vL"__§_bI1‘ 

_”"_MI4_“_\_"__Y___

_ 

_ 

_, 

Aanéwflm 

’&§$_L 

N 

_é%€

, 

__ 

l‘

\ 

‘
’ 

H}? 

' 

_

‘ 

'“"_‘""=_ 

n_.”“__fi 

_ 

”§§‘k] 

__ 

A

Y 

_“__‘___HI_~H 

\

_ 

flmuummmnfl 

|7“__ID‘_U_ 

_w..v"‘_““‘“."‘ 

_H__mm"_“m 

Ed

. 

F: 

n_?__n

_ 

__ 

_ 

_' 

__~ 

A_ 

_"_£_I

_ 

R5“ 

”L_LI__ 

_‘“_h5I_'__‘ 

"I

I 

__fi_l__

H 

aflmwna“

_ 

_ 

_;h'_ 

\__‘:‘“_”d\= 

_Y}_‘

_

U 

m_"_’:_l___H__ 

K‘ 

K 

__wu_"w___*h_§w_Nn_

. 

9 

“____“"____ 

"____~ 

__‘_’"m__‘_ 

_‘___ni 

_ 

__ 

9“ 

_ 

‘" 

H’ 

‘N"l_wrmmg\_~qu¢ 

at 

‘"“__>_____ 

‘___“‘_‘“_

_ 

$__z“W“__"'__flfl"_ 

x 

___ 

__ 

_"I"___"__"_"h___~wm_m_»“ 

’ 
_‘ 

E"m”___v__a_M_w 

__n 

_ 

EH 

III.

, 

~_l

Q 

_fim"w 

_h"_____ 

H; 

Pnvfihnwi 

"S: 

-\‘ 

__

_ 

I 

I 

_‘__\ 

than 

*3 

'_‘_}_> 

__r_ 

fin“: 

_m___u' 

4*“

R 

_ 

_&__ 

H 
_____ 

Hqmaw 

_““_W£_ 

Ii” 

_mWw___* 

fi____ 

__ 

SH"

_ 

;_w_,_% 

My 

“fix 

JV? 

_&M___ 

__N“___“‘“_w__“‘ 

%"_____"" 

“CI 

'____ 

"_"’__"q_‘“._____(' 

aw’ 

‘_‘__J____A__’uf 

_‘"_____fi___ 

L_h£“I__“_ 

_‘____4___ 

____“H_m_w

_ 

“In” 

l_"____¢“ 

_"_n_ 

_:_“ 

"““K”u' 

_ 

‘____bI_£I_'§n_“~\ 

4__IIu_H‘uWuww"_1Iq_ 

I 

_"___“"I_qv__v__}

L 

:__“"“m_u__I_" 

3}‘ 

2H_I__“_ 

:5 

m__“_____ 

__ 

__

\ 

I

_

K 

URN‘ 

_‘ 

_‘__v_4_H_fi 

\_ 

E"? 

kw

X 

“I

_ 

I‘ 

‘m“_fi_M_

_ 

__ 

__ 

__ 

‘“g"_“?I_b_____ 

Eon“

O 
‘W 

__‘_‘_‘_mh 

\___u_h' 

__ 

__> 

___q___ 

%"__ 

__§ 

“_"_h3“_ 

m_’_h__ 

_"__ 

I’ 

_

_ 

____"'__ 

S.‘ 

_§_m_W 

_’
I ‘DP 

Ly 

‘Ea 

"___u_“_‘_“_m

_ 

"V__"n_'___"m“I“I‘__Ih" 

__“__$h_II\"_NJ_~ 

_?_“_

I 

fin“ 

I 

_.

_ 

f‘ 

M‘ 

‘ 
_ 

jg 

“Mi 

Hfi_I____ 

F; 

____I_

_ 
____“ 

___\_



\""____nu__‘____

’ 

wlwwfi

_ 

_m=°__o2_u

Q 

>_ 

_ 

>___O 

gg 

U225 

28_g_ 

O>>O____N 

Uggo 

A3 

cOO_U__E 

Em 

30¢ 

E 
$588 

E9863 

“2_O__GOO_ 

GEE 

2___£_°mm_v

_ 

UOUCOQWZW 

_O 

20 

_

I 

GM 

506: 

2&9 

O 

-_

_ 

=82 

28_u___

m 

ts 

m°_O___o 

go 

_

_ 

£3 

wE°E_

4 

32 

_gEg_ww 

m
_

9
9

_

C 

_ 

_w_g_w__;__Ow 

m 
82 

_3E_w

Q 

ta 

Essa 

_O

8 
tom: 

0:: 

E 
:5 

K.‘ 

£2 

§a__< 

_ 
Ow 

2“ 

_§m__< 

_>_:__ 

%__ 

:05 

3 

M___2Hg_EQoCOO 

3 
“OE 

___O 

n_ 

G 
2__°_"_

_ 

AE&V_2D_IOI_P

Q 

8 

_4

9 

. 

.

.

. 

. 

DP

_ 

. 

.

8

. 

_ 

CV 

_ 

___

8 

_ 

_ 

°%_

_ 

6 
u

_

q 

_

_

_

' 

. 

e_

. 

_

0 

I 

._ 

.

. 

“N 

9

. 

.

n 

. 

_‘ 
.

D 

. 

.

'

.

' 

..

'

8 

‘

.

. 

. 

.

| 

.

' 

.

. 

.

0
_ 

9
8 

.
>

0 

.

9 

ON 

_ 

.

0
. 

. 

_.

.

. 

1/ 

_ 

'

_ 

_.__/‘o.

. 
_ 

> 

.

w 

‘V 

I
.

D 

_ 

_n

_ 

_ 

_

_ 

ow 

‘\/__v 

/

_ 

Q
9 

. 

0 

_

a

E 

_
_ 

.

9 

_____flflJ_

I 

‘W

.

M

\ 

ON

_

M 

Q 

Q2 

_L
9 

__ 

___ 

______m_"_ 

° 

I’ 

““_”w“__‘ON“_w_____I_\ 

_ 

_4,_u___J__ 

3 

"'1

I 

_ 

___%_“

_ 

"q__nm“___ 

.

‘ 

H“ 

.:__“_“__* 

_ 

____l_"_m__‘hM“

_ 
_'_ 

I 

I‘ 

_v“_H____“_u"“_h__ 

_"u_m_»w_"lm”_ 

“mi 

_ 

_

1 

Aufi 

__

X 

I,

_ :3 
_ 

___W“__$__H_M_ 

mH_“”&"&_’____ 

__"_h__""___ 

__f'__ 

_____h_x 

__“_

' 

F 
___ 

W 

_'_fl__

_ 

Wmkww 

“WT”, 

___ 

“fi_M~_ 

U.“

“ 

__m"__

\ 

“Hg H 
I 

J‘ 

_”___"__

_ 

“AH 

‘__'"__l 

I__‘

I 

Mn“ 

‘I 

_\ 

I 

‘Q 

5 

\14

V 

_'4_;.‘fl:'_"_l>

‘

_ 

F“

U "_F_‘\W__ __#_I__§ 

__m_E

_ 

“,5 

__"_‘ 

__§__"__ 

___h_“___ 

wmg 

may 

_ 

_ 

__’"Imq""%

_ 

‘ 

_lh_._|'.T_UpI_‘“.‘¢_m'w:" 

'_ 

I.“-.:..“$' 

‘ul_‘_____

I 

rm‘

‘ 

_ 

fin‘ 

I 

'_ 

‘F\\__ 

__ 

_

_ 

‘_ 

av 

hwx‘ 

_' 

‘W 

_“~__‘nWM'_ 

__q_ 

‘I 

4w"___*l‘_M_‘ 

I 

__

_ 

I. 

W“ 

__vrfv|_

J
I

‘ 

$9 

>_:__ 

_ 

“_"_ 

__ 

‘_ 

__

I 

my 

Q: 

‘_ 

__L__ 

_ 

_‘_‘__A‘_ 

_ 

__“_‘" 

_"__‘\_fi_"\\\%_u_">H_mwHw__ 

“hr 

_?"*‘%'“"_n"__‘r“_lVl“_'R“‘fi._\__ 

v_ 

;‘ 

u 
_l 

_~____‘ 

_ 

‘I. 

._“_ 

Ll 
_
‘ 

_H_“ 

__'\_ 

"“_ 

_'“~“_“F'U 

____‘_“_J_l\__ 

u_ 

______"_““ 

__‘u_____“~\ 

‘_m___"_____ 

“_ 

"uh

i

L 

_"'.hl. 

‘v 

___ 

v_h____H

\ 

____v"W___p___p__"__%£_~__ 

_“|___|“ 

__ 

____“_“_"H_ 

_“'"”_ 

__" 

"Q 

__§_vg_ 

4_____:

x 

_ 

‘ 

E8“

O 

___

\ 

__f 

““”_“_J#__ 

__ 

gf

_ 

fiflmw

1 

J"_“___ 

ye, 

_“___ 

2% 3“ 

__>

K 

L{__“___W 

\_ 

Hflwwmu 

H? 

‘Mi 

'..I 

__

_‘ 
m“w_mW__W,

_W ‘ 

'3

W



U 

I_"_:+_“_mmI 

3"?‘ 

l"_h‘__ 

_____u‘_?_H_“ 

E! 

“I__"_~‘"“ 

N‘ 

N

_ 

_4______‘_H__ 

Ru“

_

_ 

$3’ 

H 

__ 

_“____"_'_“P\‘_\‘__U_n_wfi_~“‘

C 

_M__O=O2_U 

tO%__g 

u2__OE_ 

28_g_ 

20% 

ggg 

‘$95 

E 
68: 

___OO___U_J_>_ 

gm 

MODE 

E 
gaeg 

___Q____gw 

__%5%___W 

3 
m__O__8O_ 

2m%___ 

WO_m___QE 

200 

_gO_H8O_ 

0588 

_8g 

28__u___ 

$20 

_O 

_

_

_ 

2 
w 
82 

geggw 

98 

__gm__< 

_>__Jj_%__

2 
=3 

_2___Q______UOQ 

Egg 

*0 

gfig 

2: 

E 
=38 

3 

2O__gC8__8 

*0 

“OE 

_3OI 

gm 

82 

_BE9%w

_ 

2 
2___uE 

A0 

mag 

~m_6__< 

I 
QQOP 

2%

H 

Aegglxmoo 

I

.

9

‘

.

_ 

°_|\\./|\ 

“'1' 

-1

I 

H

0 

_ 

‘

I

_

8 

O

U 

‘ 

OF

I 

I

O

I 
$___“_ 

‘W3

‘ 

vH‘f_"_M_n~_"_m_“_

_ 

~_‘_lI_r_l_"M%‘_“w¥h_W_____

_ 

A 

_HW$ 

__

_

' 

__ 

“"7 

V: 

_"_~"u§_“hI"€____h__mwIMh%' 

‘ 

_u_W& 

__h""_

\ 

"_ 

_ 

‘_“_+____u_mI__ 

__ 

MM_m"WlUI_I__,w"_W_I__I 

I 

l 

_r_” 

hfimfi 

5”?" 

__ 

_

‘ 

N

I

_ 

_ 

____‘fw_ 

_ 

L_

_ 

I

‘ 

4Q":‘___“______'_ 

___‘

W 

_ 

l__A_ 

__"_ 

_n_“_"“'_* 

”“__q_k 

_H___m 

MW? 

__I___ 

. 

__

a 
_‘

h 

v- 

>_ 

_‘ 

‘n_F_“‘_ 

_H__“____ 

m___u"_“m_j!

‘ 
_ 

__ 

_“_‘§"%_#__ 

__ 

> 

_N§_"_

‘ 

Hw“_%"/__f_uh_'W”,“ 

fig 

___‘_m““_»__‘"f__“""l"_“_r_ 

'____"_H‘”‘_w___ 

‘_“""__H____ 

_£__“__>_"|__n“__"

_ 

mil 

_w"Nm"""“lA_"‘hm_"_ 

_d"m._“_§"_ 

_“___U_'“‘ 

_O__w%m__%__'__Nw“|_?___ 

3____________ 

_Hm“_______ 

_Pn_Hfl"“""__.______U_h_ 

“m"m__fl_____I 

by 

|"___“_"_ 

_“_ 

fix“ 

___‘__w_ 

‘_“muW_~fl~w_ 

___“fi 

‘_u__u§_fi_fi"__ 

_‘n?'_ 

_"“"_£__~ 

Wv_

> 

"_‘____# 

_‘__m____ 

__ 

H_H__ 

"U____“_"“"‘.Pr_ 

fi____€ 

"”_‘_““"__"§"_ 

____”v_m_ 

__h“£_5 

WW 

“fifi 

I___ 

___“m"H_I_ 

__~ 

‘_____fl___‘__‘__%I 

_r_‘_P__0‘ 

___"“"_’_"__'~_“"“_, 

_'"__‘_v_m_"m__ 

"EU" 

in 

“mu; 

Mm“ 

_?_M_____M 

hdh_“___‘__Iy_‘

_ 

‘h__"U“_n“4 

__"_"___"_’ 

__ 

__ 

‘I

I 

___"w""_d__ 

\> 

_‘ 

__"_'_h_NH____h_wm“‘ 

_‘_m____"HLmm“h_NM“__MWMhMh“MwI_%_ 

"mm_"“__ 

_ 

‘_‘______|_"“__hhR_._“’&ilu‘__ 

m_‘”_"‘_M 

SW

_ 

“_nmH___W_IH____“____U__R___‘_'"__“_

_ 

"W">_“‘_

_ 

_ 

I“_h_II'_

‘ 

_ 

5
V 

Hm 

5"I"“___‘>f_

I 

dun"

E 
r 
_ 

_“_ 

““v_m”“§_w“__ 

‘_.

M v 
‘M 

_,_"_ 

_H__1

_ 

i 

m"h___ 

r 

_ 

‘__ 

v-‘”"'fi"“‘_ 

_. 

5

. 

I 

‘

_ 

_

I

n 

awn‘ 

__‘"___ 

:\\°_

Q

. 

‘X 

/9’ 

‘

_ 

V.

.

I 

n_______"“ 

_5“_‘”__ 

_hW“"m"_ 

U_'|?\“_ 

l\_ 

_

_

.

_

' 

mp 

_ _ 

@ 
_

. 

. 

.

_ 

__

.

. 

8 

. 

-

' 

_

.

°

_

>

. 

_ 

. 

._ 

v.

_

.

. 

.

. 

'

. 

. 

0 

.

8 

.

°

_ 

I.

|

_ 

.

_ 

.

' 

_

. Z
.

,

. 

.

.

' 

.

. 

'

. 

'

, 

7

Y

Q 

..

. 

... 

90 

_ 

._

_ 

°..?€. 

.8 

_

.

9 

A
_ V 

_

_ 
_ 

_ 

.
_

_

9 

V

.

. 

. 
V

° 

% 

'

.

. 

‘ ‘ Z
. 

_

.

> 

0 

__>.

M 

8 

. 

. 
_“

_ 

. 

>_ 

. 

.

. 

A: 

(_ 

_,__

_

8 

_H

_

_ 

_
_ 

\_

I 

_ 

\

1

_

.

> 

_ 

.

' 

__U_u“

_ 

Q_ 

Ll 

“L

l

_ 

‘OF 

3’ 

aw

Q H
~ 

‘\

| 

‘fin 

P

’ 
I 

_'_ 

‘Qt 

um, 

.

I

. 

' 

‘ 

“I 

“_ 
‘

|

_

. ‘ 
\“_ 

__§"'_

‘ 

My

_ 
_

' 

_“q_w\

W 
am 

_‘ 

“L 

9 

I 

1“ 

1

H 

' 

'__~ 

}_ 

H

‘ 

__"\_': 

_F__‘"L__ 

_ 

__u_m____§__% 

_m"_fl_‘___m"_" 

'“"__a___\_(___H$~m_ 

_Mm_r_“mk 

flaw’ Muwmumw 

nfiflmnhu 

_v___u

_ 

I\_W_m_H_fl_'_" 

m"w|:_

_ 

Lnmlg 

__ 

0_ 

_“"_"_“" 
_“__"mM"'J‘_

" 

‘H 

___“__”$_fl_____ 

_"xMM_’ 

> 

____‘__m"_“"# 

[_‘__‘_‘ 

_w_h___ 

U‘ 

X 

_____““_Hmmm%v__““ 

______

S 

my 

fit‘

\



APPENDIX A



PORT HOPE: URANIUM VS. DISTANCE 
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gure A.1 (Top) Plot of U concentrations in nearshore bottom sediments vs distance from town of Port 
Granby (Figure 1); 150 tracer samples collected ofi Port Hope are not included. Sample 17 
is the offshore reference sample used as background. (Bottom) Plot showing all samples.
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Figure A.2 (Top) Plot of concentrations in nearshore bottom sediments vs distance from town of 
Port Granbyf (Figure 1). 150 tracer samples collected off Port Hope are not included Sample T7 is the offshore reference sample used as background. (Bottom) Plot showing all samples. 
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PORT HOPE: THORIUM VS. DISTANCE
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lure A.3 (Top) Plot of Co concentrations in nearshore bottom sediments vs distance from town of Port Granby (Figure 1). 150 tracer samples collected off Port Hope are not included Sample "I7 is the offshore reference sample used as background. (Bottom) Plot showing all samples. 
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