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Table 2.1:  Summary of Ra-226 Activities in Porewater at the Quirke TMA

Radium-226
(Bq/L)

Minimum 0.22

Maximum 3.3

Mean 1.6

Count 53

Minimum 0.23

Maximum 4.2

Mean 2.9

Count 56

Minimum 3.2

Maximum 14.4

Mean 7.9

Count 32

Minimum 0.99

Maximum 6.6

Mean 4.0

Count 32

Statistic

Cell 15

Cell 16

Cell 17

Cell 18



Table 4.1a: Data Quality Assessment Summary for Selected Constituents in Solids - Duplicate Samples

Radium-226 Barium Calcium Sulphate Total Organic 
Carbon

(Bq/g) (mg/kg) (mg/kg) (%) (%)

0.01 0.05 1 0.1 0.01

≤ 40% ≤ 40% ≤ 40% ≤ 40% ≤ 40%

Sample ID CORE 09-PSB-2 (5-10) 4.5 160 7,600 0.6 9.78

Replicate ID CORE 09-EC-1 (0-5) 4.1 94 4,600 0.3 10.5

9 52 49 0.3 7

Sample ID CORE 09-SR-4 (10-15) 2.1 440 7,300 0.2 16.8

Replicate ID CORE 09-EC-1 (5-10) 1.6 450 7,400 0.1 16.7

27 2 1 0.1 1

18 27 25 0.2 4
3 3 3 3 3

Notes:
RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 40%

AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 
          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit
BD - Sample and/or replicate had analyte concentrations below detection limit
"--" Indicates parameter was not measured
Boldface type and shaded indicates that Data Quality Objective was not achieved

Average RPD or AD

Count

Parameter

Method Detection Limit
RPD Data Quality Objective

RPD (%) or AD

RPD (%) or AD



Table 4.1b: Data Quality Assessment Summary for Selected Constituents in Solids - Replicate Samples

Radium-226 Barium Calcium Sulphate Total Organic 
Carbon

(Bq/g) (mg/kg) (mg/kg) (%) (%)

0.01 0.05 1 0.1 0.01

≤ 40% ≤ 40% ≤ 40% ≤ 40% ≤ 40%

Sample ID CORE 09-QC14-2 (0-2.5) 4.3 150 190 0.1 0.519

Replicate ID CORE 09-EC-2 (0-2.5) 7.0 280 230 0.1 0.617

48 60 19 0 17

Sample ID CORE 09-QC14-2 (2.5-5) 6.5 220 130 0.1 0.289

Replicate ID CORE 09-EC-2 (2.5-5) 8.3 370 110 0.1 0.206

24 51 17 0 34

Sample ID CORE 09-QC14-2 (5-7.5) 9.3 330 79 0.1 0.121

Replicate ID CORE 09-EC-2 (5-7.5) 20.0 310 63 0.1 0.090

73 6 23 0 29

48 39 19 0 27

3 3 3 3 3

Notes:

RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 40%

AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 

          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit

BD - Sample and/or replicate had analyte concentrations below detection limit

"--" Indicates parameter was not measured

Boldface type and shaded indicates that Data Quality Objective was not achieved

Count

RPD (%) or AD

RPD (%) or AD

RPD (%) or AD

Parameter

Method Detection Limit
RPD Data Quality Objective

Average RPD or AD



Table 4.2a: Data Quality Assessment Summary for Selected Constituents in Water - Duplicate Samples

Radium-226 Barium Calcium Sulphate
Organic 
Carbon1

(Bq/L) (mg/L) (mg/L) (mg/L) (mg/L)

0.01 0.00001 0.03 0.2 0.2

≤ 20% ≤ 20% ≤ 20% ≤ 20% ≤ 20%

Sample ID SW09-SR-4B 0.30 0.222 11.2 25 2.0

Duplicate ID PW09-EC-1 (0-5) 0.30 0.221 11.4 -- --

0 0 2 -- --

Sample ID PW09-QC14-3 (0-5) -- 0.333 6.12 54 15.1

Duplicate ID PW09-QC14-4 (0-5) 4.1 -- -- 560 9.3

Duplicate ID PW09-EC-1 (5-10) 4.7 0.335 6.06 -- --

14 1 1 -- --

7 1 1 -- --

2 2 2 -- --

Notes:
RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 20%
AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 
          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit
BD - Sample and/or replicate had analyte concentrations below detection limit
"--" Indicates parameter was not analysed because of insufficient sample volume
Boldface type and shaded indicates that Data Quality Objective was not achieved

Count

Average RPD or AD

Parameter

RPD (%) or AD

RPD (%) or AD

Method Detection Limit
RPD Data Quality Objective



Table 4.2b: Data Quality Assessment Summary for Selected Constituents in Water - Replicate Samples

Radium-226 Barium Calcium Sulphate
Organic 
Carbon1

(Bq/L) (mg/L) (mg/L) (mg/L) (mg/L)

0.01 0.00001 0.03 0.2 0.2

≤ 20% ≤ 20% ≤ 20% ≤ 20% ≤ 20%

Sample ID SW09-QC14-2T 0.82 0.104 5.69 72 72

Replicate ID SW09-EC-2T 0.78 0.108 5.69 85 85

5 4 0 17 17

Sample ID SW09-QC14-2B 0.91 0.108 5.55 32 19.4

Replicate ID SW09-EC-2B 0.85 0.114 5.63 36 11.7

7 5 1 12 50
Sample ID PW09-QC14-2 (0-2.5) 3.6 0.309 8.79 32 28

Replicate ID PW09-EC-2 (0-2.5) 2.9 0.285 7.28 27 19

22 8 19 17 38
Sample ID PW09-QC14-2 (2.5-5) 2.8 0.308 5.68 12 18.3

Replicate ID PW09-EC-2 (2.5-5) 3.3 0.337 5.35 18 14.3

16 9 6 40 25
Sample ID PW09-QC14-2 (5-7.5) 5.9 0.519 6.06 12 17.9

Replicate ID PW09-EC-2 (5-7.5) 5.4 0.487 5.54 -- --

9 6 9 -- --

12 7 7 21 32
5 5 5 4 4

Notes:
1 Organic Carbon RPD calculated from dissolved organic carbon value  from SW09-QC14-2B and total organic carbon value from SW09-EC-2B
RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 20%
AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 
          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit
BD - Sample and/or replicate had analyte concentrations below detection limit
"--" Indicates parameter was not analysed because of insufficient sample volume
Boldface type and shaded indicates that Data Quality Objective was not achieved

Parameter

Method Detection Limit
RPD Data Quality Objective

Average RPD or AD

Count

RPD (%) or AD

RPD (%) or AD

RPD (%) or AD

RPD (%) or AD

RPD (%) or AD



Table 4.3: Data Quality Assessment Summary for Selected Constituents in Blank Sample

Analysis Units Detection 
Limit

Data Quality 
Objective Blank 1

Radium-226 Bq/L 0.01 0.02 <0.01

Barium mg/L 0.00001 0.00002 0.00216
Calcium mg/L 0.03 0.06 0.03

Sulphate mg/L 2 4 <2

Organic Carbon mg/L 1.0 2.0 2.4

Notes:
Boldface type and shaded indicates that Data Quality Objective was not achieved



Table 5.1: Summary of Selected Constituents in Tailings Solids from Cell 14 Sampled in September 2009

Radium-226 Barium Calcium Sulphate Total Organic 
Carbon

(Bq/g) (mg/kg) (mg/kg) (%) (%)

 (0-5) 19 550 2,400 0.6 0.490

(5-10) 13 340 8,900 2.2 0.114

(10-15) 9.7 280 4,900 1.2 0.065

(0-2.5) 4.3 150 190 0.1 0.519

 (2.5-5) 6.5 220 130 0.1 0.289

(5-7.5) 9.3 330 79 0.1 0.121

 (7.5-10) 9.0 320 59 0.1 0.086

 (0-5) 16 540 350 <0.1 0.617

(5-10) 22 640 710 0.2 0.136

(10-15) 24 660 940 0.3 0.112

(15-20) 23 630 1,300 0.3 0.097

 (0-5) 16 570 1,400 0.2 0.683

(5-10) 17 560 9,900 1.9 0.188

(10-15) 22 580 19,000 3.6 0.178

(15-20) 19 470 16,000 3.1 0.109

CORE 09-QC14-4 

Sample ID
Depth 

Interval 
(cm)

CORE 09-QC14-1

CORE 09-QC14-2 

CORE 09-QC14-3 



Table 5.2: Summary of Selected Constituents in Porewater in Cell 14 Sampled in September 2009

Radium-226 Barium Calcium Sulphate Organic Carbon

(Bq/L) (mg/L) (mg/L) (mg/L) (mg/L)

PW09-QC14-1  (0-5) 1.8 0.058 290 726 NA

PW09-QC14-1  (5-10) 1.4 0.028 516 1,188 NA

PW09-QC14-1  (10-15) 0.97 0.021 532 1,500 4.7

PW09-QC14-2  (0-2.5) 3.6 0.309 8.79 32 28

PW09-QC14-2  (2.5-5) 2.8 0.308 5.68 12 18.3

PW09-QC14-2 (5-7.5) 5.9 0.519 6.06 12 17.9

PW09-QC14-2  (7.5-10) 6.9 0.499 6.44 13 NA

PW09-QC14-3  (0-5) 4.1 0.333 6.12 5.6 3.5

PW09-QC14-3  (5-10) 3.4 0.233 8.51 6.8 3.2

PW09-QC14-3  (10-15) 2.6 0.131 15.5 18 2.8

PW09-QC14-3  (15-20) 2.5 0.076 97.4 240 3.8

PW09-QC14-4  (0-5) 4.8 0.231 195 560 9.3

PW09-QC14-4  (5-10) 1.6 0.066 536 1,400 6.6

PW09-QC14-4  (10-15) 2.2 0.033 527 1,400 7.3

PW09-QC14-4  (15-20) 0.42 0.020 519 1,400 4.0

Notes:
PW - Porewater - Depth refers to "below solids-water interface"
NA - Not Analysed
Italicized sulphate concentrations indicates values estimated from the total sulphur concentrations from the ICP-MS scan

Sample ID
Depth 

Interval 
(cm)



Table 5.3: Summary of Selected Constituents in Basin Water in Cell 14 Sampled in September 2009

Depth Below 
Surface Radium-226 Barium Calcium Sulphate Organic Carbon

(m) (Bq/L) (mg/L) (mg/L) (mg/L) (mg/L)

SW09-QC14-1T 0 0.77 0.109 5.72 55 13.3

SW09-QC14-1B 2.5 1.0 0.116 6.24 32 18.5

SW09-QC14-2T 0 0.82 0.104 5.69 72 14.4

SW09-QC14-2B 3.1 0.91 0.108 5.55 32 19.4

SW09-QC14-3T 0 0.71 0.105 5.59 54 15.1

SW09-QC14-3B 3.1 0.95 0.105 5.69 35 16.0

SW09-QC14-4T 0 0.79 0.099 5.63 57 13.4

SW09-QC14-4B 2.5 0.95 0.109 5.67 25 14.2

Notes:
SW - Basin Water - Depth refers to "below surface"

Sample ID



Table 6.1: Water Balance Calculations for the Quirke TMA

(m3/a) 1,053,077

(m3/a) 2,786,883

(m3/a) 1,733,806
(ha) 292

(ha) 86

(m3/a) 510,641

(m3/a) 1,563,718

(ha) 40

(m3/a) 237,508

(m3/a) 1,801,226

(ha) 102

(m3/a) 605,645

(m3/a) 2,406,871

(ha) 19

(m3/a) 112,816

(m3/a) 2,519,687

(ha) 45

(m3/a) 267,196

(m3/a) 2,786,883

Notes:
a Q-29 represents inflow from Gravel Pit Lake (Average from 2006 to 2009)
b Q-05 represents outflow from Cell 18 (Average from 2006 to 2009)
c NNI = Net Natural Input (Precipitation + Runoff - Evaporation)

Surface Area values from CCL (1999)

Watershed Surface Area

Cell Characteristics

Cell 14

Quirke TMA Characteristics
Annual Flow at Q-29a

Annual Flow at Q-05b

TMA Flow Q-05 to Q-29 

Watershed Surface Area 

NNIc

Flow 

NNIc

Flow 

Watershed Surface Area 

NNIc

Flow 

Cell 15

Cell 16

Cell 17
Watershed Surface Area 

NNIc

Watershed Surface Area 

Watershed Surface Area 

NNIc

Flow 

Cell 18

Flow 



Table 6.2:  Average Radium-226 Activities (Bq/L) at the Outflow from Cells at the Quirke TMA

Average Count Average Count Average Count Average Count Average Count
2006 0.35 5 0.25 3 0.65 3 1.23 3 1.02 12
2007 0.35 4 0.38 4 0.69 4 1.12 4 0.97 12
2008 0.34 4 0.26 4 0.65 4 0.84 4 0.86 12
2009 0.52 2 0.38 2 0.55 2 1.05 2 0.87 12

Average for 
2006 through 

2009
0.37 15 0.31 13 0.65 13 1.05 13 0.93 48

Note:
All Ra-226 activities are reported in Bq/L

Year
Cell 18
(Q-05)

Cell 14 Cell 15 Cell 16 Cell 17



Table 6.3: Radium-226 Loads at the Quirke TMA 

Radium-226 
Activities in 

Basin Watersa

Flow Rate 
(m3/a)a,b

Ra-226 Load 
(MBq/a)

Incremental 
Ra-226 Load 

(MBq/a)

Average 0.37 1,563,718 579 579
Count 15 -- -- --

Average 0.31 1,801,226 558 -20
Count 13 -- -- --

Average 0.65 2,406,871 1,564 1,006
Count 13 -- -- --

Average 1.05 2,519,687 2,646 1,081
Count 13 -- -- --

Average 0.93 2,786,883 2,592 -54
Count 48 -- -- --

Notes:
a Average Ra-226 activity for 2006 through 2009 from routine monitoring (Table 6.2)
b Average flow rate for 2006 through 2009 from routine monitoring (Table 6.1)

Cell 17

Cell 18

Cell 14

Cell 15

Cell 16



Table 6.4: Ra-226 Fluxes, Loads and Activities in Cell 14 for Different Interface Thicknesses

0.01 0.03 0.05

1.0

1.8

0.91

3.6

0.95

4.1

0.95

4.8

QC14-1 80 27 16

QC14-2a 269 90 108

QC14-3 315 105 63

QC14-4 385 128 77

Average 262 87 66

QC14-1 9.58E-04 3.19E-04 1.92E-04

QC14-2 3.22E-03 1.07E-03 1.29E-03

QC14-3 3.77E-03 1.26E-03 7.54E-04

QC14-4 4.61E-03 1.54E-03 9.22E-04

Average 3.14E-03 1.05E-03 7.89E-04

Diffusive Load to Basin Water (MBq/a) Average 659 220 166

Calculated Activities in Basin 
Water (Bq/L) Average 0.42 0.14 0.11

Notes:
a Basin water activities are samples from the solids-water interface (Table 5.3)
b Top most sample from 0 to 2.5 cm interval giving an interface thickness of of 0.025 m for the 0.05 m interface thickness assessment

Area of uncovered tailings was 210,000 m2 or 32% of the total area of 630,000 m2 (Golder, 1994)

Average flow value for Cell 14 from Table 6.1

Porewater

Basin Watera

Porewater

QC14-1

QC14-2

QC14-3

QC14-4 

Calculation Units Sample ID
Interface Thickness (m)

Flux (MBq/m2•a)

Concentration Gradient (Bq/L•m)

Basin Watera

Porewater

Basin Watera

Porewater

Basin WateraActivity (Bq/L)



Table 6.5: Predicted Range of Ra-226 Activities in Basin Water Based on Average Porewater Activities and a Range of Flow Rates

2,444,201 881,884

Basin Watera 0.95

Porewaterc 3.6

Concentration Gradient (Bq/L•m) 265 265

Flux (MBq/m2•a) 3.17E-03 3.17E-03

Diffusive Load to Basin Water (MBq/a) 666 666

Calculated Activities in Basin 
Water (Bq/L) 0.27 0.76

Notes:
a Flow values represent the high and low 9-month moving averages from Figure 6.5
b Average basin water activity at the solids-water interface (Table 5.3)
c Average tailings porewater activities (Table 5.2)

Area of uncovered tailings was 210,000 m2 or 32% of the total area of 630,000 m2 (Golder, 1994)

Interface thickness equals 0.01 m

Activity (Bq/L)

Calculation Units Flow (m3/a)a



Table 6.6: Predicted Range of Ra-226 Activities in Basin Water Based on a Porewater Activity of 5 Bq/L

2,444,201 881,884

Basin Watera 0.95

Porewaterc 5

Concentration Gradient (Bq/L•m) 405 405

Flux (MBq/m2•a) 4.85E-03 4.85E-03

Diffusive Load to Basin Water (MBq/a) 1,018 1,018

Calculated Activities in Basin 
Water (Bq/L) 0.42 1.15

Notes:
a Flow values represent the high and low 9-month moving averages from Figure 6.5
b Average basin water activity from the solids-water interface (Table 5.3)
c Average tailings porewater activities (Table 5.2)

Area of uncovered tailings was 210,000 m2 or 32% of the total area of 630,000 m2 (Golder, 1994)

Interface thickness equals 0.01 m

Calculation Units Flow (m3/a)a

Activity (Bq/L)



Table 6.7: Predicted Range of Ra-226 Activities in Basin Water Based on a Porewater Activity of 15 Bq/L

2,444,201 881,884

Basin Watera 0.95

Porewaterc 5

Basin Watera 0.95

Porewaterd 15

Concentration Gradiente (Bq/L•m) 655 655

Flux (MBq/m2•a) 7.84E-03 7.84E-03

Diffusive Load to Basin Water (MBq/a) 1,647 1,647

Calculated Activities in Basin 
Water (Bq/L) 0.67 1.87

Notes:
a Flow values represent the high and low 9-month moving averages from Figure 6.5
b Maximum Predicted Ra-226 Activity in Basin Water Based on a Porewater Activity of 5 Bq/L (Table 6.6)
c Average tailings porewater activities (Table 5.2)
d Ra-226 activity in porewater estimated from the Barium-Ra-226 regression and BaSO4 solubility (Figure 6.3) 
e Weighted average with Ra-226 of 5 and 15 Bq/L representing 75 and 25% 

Area of uncovered tailings was 210,000 m2 or 32% of the total area of 630,000 m2 (Golder, 1994)

Interface thickness equals 0.01 m

Calculation Units Flow (m3/a)a

Activity (Bq/L)
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Figure 5.1

Depth Profiles for Selected Constituents in Tailings Solids
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          See Table 4.2 for actual depth values.
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Water-Solids Partitioning Plots for Ra-226 and Barium 

Figure 6.1
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Correlation Plots for Selected Constituents in Tailings Solids

Figure 6.2
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Correlation Plots for Selected Constituents in Porewater

Figure 6.3
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Scatter Plots for Ra-226 and Barium, Barium and Sulphate,
and Ra-226 and Sulphate in Low Sulphate Tailings Porewater

Figure 6.4
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Time-Trend Plot for Radium-226 Activities in Porewater
in Piezometer DK16-2

Figure 6.5
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Figure 6.6

Monthly Flow Data at the Quirke TMA

0

50

100

150

200

250

300

350

Jan-97 Jan-99 Jan-01 Jan-03 Jan-05 Jan-07 Jan-09

F
lo

w
 (

L
/s

)

Flow at Q-29
Flow at Q-05
9-Month Moving Average for Flow at Q-29
9-Month Moving Average for Flow at Q-05

9-Month Moving Average for Net Natural Input (Q-05 minus Q-29)
EcoMetrix
 I N C O R P O R A T E D

Rio Algom Limited

February 2011



 

 
 
 

 

APPENDIX 1 

Compilation of Routine Monitoring Data at the Quirke TMA 

 



Table A1.1: Flow Data for Cell 14 Inflow from Gravel Pit Lake Quirke TMA (Q-29)

Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow
(L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s)

1-Jan-97 36.0 2-Jan-98 10 4-Jan-99 86 5-Jan-00 15 2-Jan-01 0 1-Jan-02 50 6-Jan-03 60 5-Jan-04 0 4-Jan-05 27 3-Jan-06 25 2-Jan-07 5 2-Jan-08 50 5-Jan-09 0
1-Feb-97 0.0 6-Jan-98 10 5-Jan-99 83 7-Jan-00 20 5-Jan-01 0 4-Jan-02 48 13-Jan-03 60 12-Jan-04 0 10-Jan-05 27 9-Jan-06 25 8-Jan-07 0 7-Jan-08 50 12-Jan-09 0
1-Mar-97 0.0 9-Jan-98 10 8-Jan-99 19 11-Jan-00 20 9-Jan-01 0 8-Jan-02 45 20-Jan-03 57 19-Jan-04 0 17-Jan-05 27 16-Jan-06 25 15-Jan-07 0 14-Jan-08 60 19-Jan-09 0
1-Apr-97 61.5 13-Jan-98 10 12-Jan-99 15.2 14-Jan-00 23 12-Jan-01 0 11-Jan-02 10 27-Jan-03 57 26-Jan-04 0 24-Jan-05 27 23-Jan-06 25 22-Jan-07 0 21-Jan-08 60 26-Jan-09 0
1-May-97 94.0 16-Jan-98 10 15-Jan-99 15.2 18-Jan-00 23 16-Jan-01 0 15-Jan-02 10 3-Feb-03 54 2-Feb-04 300 31-Jan-05 27 30-Jan-06 25 29-Jan-07 0 29-Jan-08 14 2-Feb-09 0
1-Jun-97 167.0 20-Jan-98 10 19-Jan-99 15.2 21-Jan-00 23 19-Jan-01 0 18-Jan-02 18 10-Feb-03 63 9-Feb-04 220 7-Feb-05 27 6-Feb-06 25 5-Feb-07 0 4-Feb-08 14 9-Feb-09 0
1-Jul-97 46.9 23-Jan-98 10 22-Jan-99 15.2 25-Jan-00 21 23-Jan-01 0 22-Jan-02 17 17-Feb-03 60 16-Feb-04 140 14-Feb-05 27 13-Feb-06 25 12-Feb-07 0 11-Feb-08 14 17-Feb-09 0
1-Aug-97 0.0 27-Jan-98 10 26-Jan-99 17.1 28-Jan-00 21 26-Jan-01 0 25-Jan-02 17 24-Feb-03 60 23-Feb-04 90 21-Feb-05 27 20-Feb-06 25 19-Feb-07 0 19-Feb-08 14 23-Feb-09 0
1-Sep-97 0.0 30-Jan-98 10 29-Jan-99 19 1-Feb-00 21.1 30-Jan-01 0 29-Jan-02 17.1 3-Mar-03 60 1-Mar-04 26 28-Feb-05 27 27-Feb-06 25 26-Feb-07 0 25-Feb-08 14 2-Mar-09 0
1-Oct-97 0.0 3-Feb-98 10 2-Feb-99 19 4-Feb-00 21.07 2-Feb-01 0 1-Feb-02 17 10-Mar-03 55 8-Mar-04 70 7-Mar-05 27 6-Mar-06 25 5-Mar-07 0 3-Mar-08 18 9-Mar-09 0
1-Nov-97 76.1 10-Feb-98 10 3-Feb-99 19.1 8-Feb-00 21.07 6-Feb-01 0 5-Feb-02 57 17-Mar-03 48 15-Mar-04 70 14-Mar-05 27 13-Mar-06 25 12-Mar-07 0 10-Mar-08 18 16-Mar-09 50
4-Dec-97 68 13-Feb-98 10 5-Feb-99 19 11-Feb-00 21.07 9-Feb-01 0 8-Feb-02 59 24-Mar-03 45 22-Mar-04 60 21-Mar-05 27 20-Mar-06 25 19-Mar-07 0 17-Mar-08 20 23-Mar-09 100
5-Dec-97 20 17-Feb-98 10 9-Feb-99 19 15-Feb-00 19.03 13-Feb-01 0 12-Feb-02 60 31-Mar-03 75 29-Mar-04 100 28-Mar-05 27 27-Mar-06 150 26-Mar-07 100 24-Mar-08 20 31-Mar-09 100
18-Dec-97 19 25-Feb-98 10 12-Feb-99 19 18-Feb-00 19.03 16-Feb-01 0 15-Feb-02 60 7-Apr-03 90 5-Apr-04 139.8 4-Apr-05 27 3-Apr-06 150 2-Apr-07 100 31-Mar-08 20 6-Apr-09 100
23-Dec-97 19 26-Feb-98 10 16-Feb-99 21.1 22-Feb-00 19.03 20-Feb-01 0 19-Feb-02 63 14-Apr-03 40 12-Apr-04 132 11-Apr-05 27 10-Apr-06 25 9-Apr-07 100 7-Apr-08 20 13-Apr-09 0
30-Dec-97 10 4-Mar-98 9 19-Feb-99 51 25-Feb-00 21.07 23-Feb-01 0 22-Feb-02 21 21-Apr-03 0 19-Apr-04 300 18-Apr-05 150 17-Apr-06 25 16-Apr-07 100 14-Apr-08 20 20-Apr-09 0

6-Mar-98 10 23-Feb-99 51 29-Feb-00 216.97 27-Feb-01 0 26-Feb-02 17 28-Apr-03 0 26-Apr-04 300 25-Apr-05 150 24-Apr-06 150 23-Apr-07 25 21-Apr-08 20 27-Apr-09 0
11-Mar-98 10 26-Feb-99 66 3-Mar-00 216.97 2-Mar-01 0 1-Mar-02 17 5-May-03 0 3-May-04 120 2-May-05 100 1-May-06 25 30-Apr-07 25 28-Apr-08 15 4-May-09 0
18-Mar-98 10 2-Mar-99 66 7-Mar-00 216 6-Mar-01 0 5-Mar-02 19 12-May-03 0 10-May-04 150 9-May-05 100 8-May-06 20 7-May-07 25 5-May-08 15 11-May-09 55
20-Mar-98 10 5-Mar-99 75.9 10-Mar-00 216.97 9-Mar-01 0 8-Mar-02 19 20-May-03 0 17-May-04 0 16-May-05 25 15-May-06 20 10-May-07 0 12-May-08 15 19-May-09 55
25-Mar-98 10 9-Mar-99 66 14-Mar-00 216.97 13-Mar-01 0 12-Mar-02 0 26-May-03 0 25-May-04 100 24-May-05 25 23-May-06 20 14-May-07 25 20-May-08 14 25-May-09 50
1-Apr-98 150 12-Mar-99 66 17-Mar-00 216.97 16-Mar-01 0 15-Mar-02 0 2-Jun-03 0 31-May-04 150 30-May-05 25 29-May-06 80 22-May-07 35 26-May-08 10 1-Jun-09 50
3-Apr-98 340 16-Mar-99 57 21-Mar-00 216.97 20-Mar-01 0 19-Mar-02 0 9-Jun-03 0 7-Jun-04 75 6-Jun-05 25 5-Jun-06 80 28-May-07 32.38 2-Jun-08 10 8-Jun-09 50
8-Apr-98 340 19-Mar-99 57 24-Mar-00 69 23-Mar-01 0 22-Mar-02 0 16-Jun-03 0 14-Jun-04 55 13-Jun-05 25 12-Jun-06 80 4-Jun-07 37 9-Jun-08 10 15-Jun-09 50
10-Apr-98 340 23-Mar-99 54 28-Mar-00 69 27-Mar-01 50 26-Mar-02 0 23-Jun-03 0 21-Jun-04 55 20-Jun-05 100 19-Jun-06 80 11-Jun-07 35 16-Jun-08 25 22-Jun-09 40
16-Apr-98 340 26-Mar-99 51 31-Mar-00 50 30-Mar-01 58 28-Mar-02 0 1-Jul-03 0 28-Jun-04 0 27-Jun-05 25 26-Jun-06 70 18-Jun-07 30 23-Jun-08 25 29-Jun-09 35
17-Apr-98 340 30-Mar-99 54 4-Apr-00 45 3-Apr-01 127.5 2-Apr-02 0 7-Jul-03 0 5-Jul-04 0 4-Jul-05 25 4-Jul-06 50 25-Jun-07 30 2-Jul-08 35 6-Jul-09 40
21-Apr-98 340 1-Apr-99 66.13 7-Apr-00 48 6-Apr-01 300 5-Apr-02 0 14-Jul-03 0 12-Jul-04 0 11-Jul-05 25 10-Jul-06 40 3-Jul-07 30 7-Jul-08 35 13-Jul-09 35
27-Apr-98 170 6-Apr-99 112 11-Apr-00 96.8 10-Apr-01 300 9-Apr-02 0 21-Jul-03 0 19-Jul-04 0 18-Jul-05 25 17-Jul-06 25 9-Jul-07 35 14-Jul-08 40 20-Jul-09 40
1-May-98 0 8-Apr-99 127 14-Apr-00 51 13-Apr-01 300 12-Apr-02 0 28-Jul-03 0 26-Jul-04 0 25-Jul-05 25 24-Jul-06 25 16-Jul-07 35 21-Jul-08 45 27-Jul-09 35
5-May-98 0 9-Apr-99 136 18-Apr-00 0 17-Apr-01 450 16-Apr-02 0 5-Aug-03 0 3-Aug-04 35 2-Aug-05 25 31-Jul-06 22 23-Jul-07 40 28-Jul-08 45 4-Aug-09 35
7-May-98 0 13-Apr-99 144 25-Apr-00 0 20-Apr-01 450 19-Apr-02 50 11-Aug-03 0 9-Aug-04 35 8-Aug-05 25 8-Aug-06 22 30-Jul-07 100 5-Aug-08 40 10-Aug-09 35
8-May-98 0 15-Apr-99 139 28-Apr-00 0 24-Apr-01 450 23-Apr-02 50 18-Aug-03 0 16-Aug-04 35 15-Aug-05 25 14-Aug-06 25 7-Aug-07 40 11-Aug-08 40 17-Aug-09 35
13-May-98 50 19-Apr-99 250 2-May-00 0 27-Apr-01 300 26-Apr-02 95 25-Aug-03 0 23-Aug-04 35 22-Aug-05 25 21-Aug-06 22 13-Aug-07 45 18-Aug-08 40 24-Aug-09 35.0
15-May-98 50 20-Apr-99 148 5-May-00 0 1-May-01 79.23 30-Apr-02 93 2-Sep-03 0 30-Aug-04 35 29-Aug-05 25 28-Aug-06 25 20-Aug-07 45 25-Aug-08 40 31-Aug-09 35.0
19-May-98 50 23-Apr-99 45.4 9-May-00 0 4-May-01 79 3-May-02 170 8-Sep-03 0 7-Sep-04 100 6-Sep-05 30 5-Sep-06 25 27-Aug-07 40 2-Sep-08 40 8-Sep-09 35.0
22-May-98 47 27-Apr-99 0 12-May-00 0 8-May-01 79 7-May-02 170 15-Sep-03 0 13-Sep-04 95 12-Sep-05 25 11-Sep-06 23.19 4-Sep-07 37 8-Sep-08 35 15-Sep-09 35.0
26-May-98 40 30-Apr-99 0 16-May-00 0 11-May-01 0 10-May-02 93 22-Sep-03 0 20-Sep-04 50 19-Sep-05 25 18-Sep-06 0 10-Sep-07 0 15-Sep-08 45 21-Sep-09 30.0
29-May-98 38 3-May-99 0 19-May-00 0 15-May-01 0 17-May-02 100 29-Sep-03 0 27-Sep-04 50 26-Sep-05 25 25-Sep-06 22 17-Sep-07 0 22-Sep-08 40 29-Sep-09 30.0
3-Jun-98 40 4-May-99 0 23-May-00 0 18-May-01 0 21-May-02 100 6-Oct-03 0 4-Oct-04 30 3-Oct-05 25 2-Oct-06 25 24-Sep-07 0 29-Sep-08 35 5-Oct-09 30.0
5-Jun-98 40 7-May-99 0 26-May-00 82 22-May-01 0 24-May-02 100 14-Oct-03 0 12-Oct-04 30 11-Oct-05 17.1 10-Oct-06 25 1-Oct-07 0 6-Oct-08 0 14-Oct-09 30.0
9-Jun-98 40 11-May-99 0 30-May-00 56.9 25-May-01 300 28-May-02 100 20-Oct-03 0 18-Oct-04 28 17-Oct-05 25 16-Oct-06 10 9-Oct-07 0 14-Oct-08 48 19-Oct-09 30.0
12-Jun-98 37 14-May-99 0 2-Jun-00 54 29-May-01 0 31-May-02 90 27-Oct-03 0 25-Oct-04 27 24-Oct-05 25 23-Oct-06 100 15-Oct-07 0 20-Oct-08 48 26-Oct-09 30.0
16-Jun-98 42.6 18-May-99 0 6-Jun-00 51 1-Jun-01 0 4-Jun-02 54 3-Nov-03 0 1-Nov-04 27 31-Oct-05 25 30-Oct-06 100 22-Oct-07 0 27-Oct-08 35 2-Nov-09 35.0
19-Jun-98 42.6 21-May-99 0 9-Jun-00 48 5-Jun-01 110 7-Jun-02 50 10-Nov-03 0 8-Nov-04 27 7-Nov-05 25 6-Nov-06 90 29-Oct-07 0 3-Nov-08 35 9-Nov-09 35.0
23-Jun-98 42.7 26-May-99 0 13-Jun-00 48 8-Jun-01 108 11-Jun-02 51 17-Nov-03 0 15-Nov-04 27 14-Nov-05 25 13-Nov-06 100 5-Nov-07 0 10-Nov-08 35 16-Nov-09 35.0
26-Jun-98 45 28-May-99 0 16-Jun-00 45.4 12-Jun-01 105 14-Jun-02 51 24-Nov-03 0 22-Nov-04 27 21-Nov-05 25 20-Nov-06 100 12-Nov-07 42 17-Nov-08 35 23-Nov-09 35.0
30-Jun-98 45.4 1-Jun-99 0 20-Jun-00 45 15-Jun-01 0 18-Jun-02 107 1-Dec-03 0 29-Nov-04 27 28-Nov-05 25 27-Nov-06 100 19-Nov-07 42 24-Nov-08 35 30-Nov-09 35.0
3-Jul-98 46 4-Jun-99 0 23-Jun-00 40 19-Jun-01 0 21-Jun-02 107 8-Dec-03 0 6-Dec-04 27 5-Dec-05 25 4-Dec-06 100 26-Nov-07 40 1-Dec-08 35 7-Dec-09 35.0
7-Jul-98 42.7 8-Jun-99 0 27-Jun-00 48 22-Jun-01 0 25-Jun-02 100 15-Dec-03 0 13-Dec-04 27 12-Dec-05 25 11-Dec-06 25 3-Dec-07 35 8-Dec-08 35 14-Dec-09 35.0
10-Jul-98 42.7 11-Jun-99 0 30-Jun-00 48 26-Jun-01 0 28-Jun-02 104 22-Dec-03 0 20-Dec-04 27 19-Dec-05 25 18-Dec-06 0 10-Dec-07 30 15-Dec-08 35 21-Dec-09 35.0
14-Jul-98 40 14-Jun-99 0 4-Jul-00 40 29-Jun-01 0 2-Jul-02 0 29-Dec-03 0 26-Dec-05 25 27-Dec-06 0 17-Dec-07 35 22-Dec-08 35 29-Dec-09 30.0
17-Jul-98 37.4 15-Jun-99 0 7-Jul-00 32.38 3-Jul-01 0 5-Jul-02 0 24-Dec-07 50 29-Dec-08 0
21-Jul-98 34.9 18-Jun-99 0 11-Jul-00 27.6 6-Jul-01 0 9-Jul-02 0
24-Jul-98 32 22-Jun-99 0 14-Jul-00 0 10-Jul-01 0 12-Jul-02 0
28-Jul-98 30 30-Jun-99 0 18-Jul-00 30 13-Jul-01 55 16-Jul-02 0
31-Jul-98 27.6 2-Jul-99 0 21-Jul-00 30 17-Jul-01 55 19-Jul-02 0
4-Aug-98 23 6-Jul-99 0 25-Jul-00 30 20-Jul-01 55 23-Jul-02 56.9
7-Aug-98 25 9-Jul-99 75 28-Jul-00 27.6 24-Jul-01 50 26-Jul-02 54
11-Aug-98 23.2 12-Jul-99 72 1-Aug-00 25 27-Jul-01 50 30-Jul-02 54
14-Aug-98 21.1 13-Jul-99 72 4-Aug-00 25 31-Jul-01 55 2-Aug-02 54
19-Aug-98 19 16-Jul-99 70 8-Aug-00 24 3-Aug-01 0 6-Aug-02 51
21-Aug-98 19 20-Jul-99 66 11-Aug-00 23 7-Aug-01 50 9-Aug-02 54
25-Aug-98 19 23-Jul-99 63 15-Aug-00 50 10-Aug-01 50 13-Aug-02 54
28-Aug-98 17 27-Jul-99 60 18-Aug-00 50 14-Aug-01 63 16-Aug-02 51
1-Sep-98 15.2 30-Jul-99 60 23-Aug-00 50 17-Aug-01 50 20-Aug-02 51
4-Sep-98 15.2 3-Aug-99 60 25-Aug-00 50 21-Aug-01 55 23-Aug-02 51
9-Sep-98 14 9-Aug-99 60 29-Aug-00 45 24-Aug-01 60 27-Aug-02 51
11-Sep-98 11 17-Aug-99 54 1-Sep-00 40 28-Aug-01 55 30-Aug-02 51
15-Sep-98 11.7 20-Aug-99 50 5-Sep-00 40 31-Aug-01 55 3-Sep-02 51
18-Sep-98 11.7 24-Aug-99 50 8-Sep-00 0 4-Sep-01 0 6-Sep-02 54
22-Sep-98 10 27-Aug-99 48 12-Sep-00 0 7-Sep-01 0 10-Sep-02 54
25-Sep-98 10 31-Aug-99 43 15-Sep-00 0 11-Sep-01 0 13-Sep-02 54
29-Sep-98 11.7 3-Sep-99 40 19-Sep-00 0 14-Sep-01 0 17-Sep-02 50
2-Oct-98 10 7-Sep-99 37 22-Sep-00 0 18-Sep-01 0 20-Sep-02 50
6-Oct-98 10 10-Sep-99 32 26-Sep-00 0 21-Sep-01 0 24-Sep-02 54
9-Oct-98 17.1 14-Sep-99 31 29-Sep-00 50 25-Sep-01 0 27-Sep-02 50
13-Oct-98 19 17-Sep-99 30 3-Oct-00 0 28-Sep-01 175 1-Oct-02 57
16-Oct-98 19 21-Sep-99 25 6-Oct-00 0 2-Oct-01 0 4-Oct-02 57
20-Oct-98 19 24-Sep-99 0 10-Oct-00 0 5-Oct-01 0 8-Oct-02 69
23-Oct-98 19 28-Sep-99 0 13-Oct-00 0 9-Oct-01 0 11-Oct-02 54
27-Oct-98 19 1-Oct-99 0 17-Oct-00 0 12-Oct-01 0 15-Oct-02 54
30-Oct-98 19 5-Oct-99 0 20-Oct-00 0 16-Oct-01 175 18-Oct-02 51
3-Nov-98 19 8-Oct-99 0 24-Oct-00 0 19-Oct-01 0 22-Oct-02 51
11-Nov-98 21.1 12-Oct-99 0 27-Oct-00 0 23-Oct-01 0 25-Oct-02 51
12-Nov-98 23 15-Oct-99 0 31-Oct-00 0 26-Oct-01 0 29-Oct-02 45
13-Nov-98 25.4 19-Oct-99 0 3-Nov-00 0 30-Oct-01 0 1-Nov-02 10
17-Nov-98 30 22-Oct-99 0 7-Nov-00 0 2-Nov-01 0 5-Nov-02 9
20-Nov-98 30 26-Oct-99 0 10-Nov-00 0 6-Nov-01 0 8-Nov-02 10
24-Nov-98 32.4 29-Oct-99 0 14-Nov-00 0 9-Nov-01 0 12-Nov-02 10
27-Nov-98 32.4 2-Nov-99 0 17-Nov-00 0 13-Nov-01 0 15-Nov-02 10
1-Dec-98 37.4 5-Nov-99 0 21-Nov-00 0 16-Nov-01 0 19-Nov-02 10
4-Dec-98 100 9-Nov-99 0 24-Nov-00 0 20-Nov-01 0 22-Nov-02 10
8-Dec-98 500 12-Nov-99 0 28-Nov-00 0 23-Nov-01 0 26-Nov-02 10
11-Dec-98 500 16-Nov-99 0 1-Dec-00 0 27-Nov-01 0 29-Nov-02 10
15-Dec-98 500 19-Nov-99 0 5-Dec-00 0 30-Nov-01 0 3-Dec-02 10
18-Dec-98 160 23-Nov-99 0 8-Dec-00 0 4-Dec-01 0 6-Dec-02 10
22-Dec-98 135.7 26-Nov-99 0 12-Dec-00 0 7-Dec-01 0 10-Dec-02 10
29-Dec-98 108 30-Nov-99 0 15-Dec-00 0 11-Dec-01 0 13-Dec-02 10
31-Dec-98 97 3-Dec-99 0 19-Dec-00 0 14-Dec-01 0 17-Dec-02 10

7-Dec-99 0 22-Dec-00 0 18-Dec-01 0 20-Dec-02 10
10-Dec-99 0 27-Dec-00 0 21-Dec-01 20 24-Dec-02 56
14-Dec-99 0 29-Dec-00 0 25-Dec-01 20 27-Dec-02 56
17-Dec-99 0 28-Dec-01 20 31-Dec-02 56
21-Dec-99 0
22-Dec-99 0
24-Dec-99 0
28-Dec-99 0
31-Dec-99 0
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Table A1.2: Flow Data for Cell 18 Inflow to the Effluent Treatment Plant (Q-05)

Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow
(L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s)

5-Dec-97 78 2-Jan-98 96 4-Jan-99 65 4-Jan-00 0 2-Jan-01 96 2-Jan-02 159 2-Jan-03 93 2-Jan-04 140 4-Jan-05 138 3-Jan-06 110 2-Jan-07 153 2-Jan-08 102 2-Jan-09 127
8-Dec-97 78 5-Jan-98 96 7-Jan-99 94 6-Jan-00 170 4-Jan-01 91 4-Jan-02 156 3-Jan-03 92 5-Jan-04 140 5-Jan-05 136 4-Jan-06 110 3-Jan-07 155 3-Jan-08 102 5-Jan-09 127
11-Dec-97 78 6-Jan-98 96 11-Jan-99 92 10-Jan-00 166 8-Jan-01 94 8-Jan-02 120 6-Jan-03 92 6-Jan-04 88 6-Jan-05 138 5-Jan-06 110 4-Jan-07 94 4-Jan-08 100 6-Jan-09 129
15-Dec-97 78 8-Jan-98 96 14-Jan-99 90 13-Jan-00 63 11-Jan-01 70 11-Jan-02 112 7-Jan-03 93 7-Jan-04 88 7-Jan-05 138 6-Jan-06 110 5-Jan-07 94 7-Jan-08 102 7-Jan-09 131
18-Dec-97 105 12-Jan-98 96 18-Jan-99 80 17-Jan-00 63 15-Jan-01 74 15-Jan-02 110 8-Jan-03 94 8-Jan-04 88 10-Jan-05 136 9-Jan-06 108 8-Jan-07 94 8-Jan-08 102 8-Jan-09 131
22-Dec-97 105 13-Jan-98 96 21-Jan-99 137 20-Jan-00 63 19-Jan-01 75 18-Jan-02 110 9-Jan-03 94 9-Jan-04 88 11-Jan-05 136 10-Jan-06 108 9-Jan-07 94 9-Jan-08 103 9-Jan-09 131
27-Dec-97 96 15-Jan-98 96 25-Jan-99 137 24-Jan-00 63 22-Jan-01 70 22-Jan-02 108 10-Jan-03 94 12-Jan-04 88 12-Jan-05 136 11-Jan-06 108 10-Jan-07 91 10-Jan-08 103 12-Jan-09 129
29-Dec-97 98 19-Jan-98 84 28-Jan-99 137 27-Jan-00 60 25-Jan-01 61 25-Jan-02 108 13-Jan-03 94 13-Jan-04 88 13-Jan-05 134 12-Jan-06 108 11-Jan-07 91 11-Jan-08 102 13-Jan-09 125

22-Jan-98 86 1-Feb-99 140 31-Jan-00 56 29-Jan-01 79 29-Jan-02 109 14-Jan-03 90 14-Jan-04 88 14-Jan-05 134 13-Jan-06 108 12-Jan-07 91 14-Jan-08 103 14-Jan-09 125
26-Jan-98 86 4-Feb-99 137 3-Feb-00 53 1-Feb-01 62 1-Feb-02 84 15-Jan-03 88 15-Jan-04 90 17-Jan-05 131 16-Jan-06 108 15-Jan-07 91 15-Jan-08 105 15-Jan-09 131
27-Jan-98 87 8-Feb-99 135 7-Feb-00 56 5-Feb-01 64 5-Feb-02 65 16-Jan-03 90 16-Jan-04 90 18-Jan-05 131 17-Jan-06 108 16-Jan-07 94 16-Jan-08 105 16-Jan-09 129
29-Jan-98 87 11-Feb-99 73 10-Feb-00 56 8-Feb-01 75 8-Feb-02 65 17-Jan-03 94 19-Jan-04 86 19-Jan-05 131 18-Jan-06 105 17-Jan-07 91 17-Jan-08 105 19-Jan-09 129
2-Feb-98 87 15-Feb-99 73 14-Feb-00 55 12-Feb-01 67 12-Feb-02 65 20-Jan-03 92 20-Jan-04 88 20-Jan-05 131 19-Jan-06 107 18-Jan-07 91 18-Jan-08 105 20-Jan-09 150
5-Feb-98 87 18-Feb-99 100 17-Feb-00 54 15-Feb-01 56 15-Feb-02 66 21-Jan-03 88 21-Jan-04 88 21-Jan-05 132 20-Jan-06 105 19-Jan-07 94 21-Jan-08 102 21-Jan-09 159
9-Feb-98 62 22-Feb-99 105 21-Feb-00 52 19-Feb-01 72 19-Feb-02 67 22-Jan-03 88 22-Jan-04 90 24-Jan-05 128 23-Jan-06 105 22-Jan-07 91 22-Jan-08 105 22-Jan-09 161

12-Feb-98 38 25-Feb-99 108 24-Feb-00 61 22-Feb-01 62 22-Feb-02 82 23-Jan-03 88 23-Jan-04 88 25-Jan-05 128 24-Jan-06 105 23-Jan-07 94 23-Jan-08 105 23-Jan-09 157
16-Feb-98 29 1-Mar-99 110 28-Feb-00 54 26-Feb-01 50 26-Feb-02 85 24-Jan-03 82 26-Jan-04 88 26-Jan-05 131 25-Jan-06 105 24-Jan-07 91 24-Jan-08 105 26-Jan-09 155
19-Feb-98 25 4-Mar-99 110 2-Mar-00 51 1-Mar-01 70 1-Mar-02 84 27-Jan-03 88 27-Jan-04 84 27-Jan-05 128 26-Jan-06 105 25-Jan-07 91 25-Jan-08 105 27-Jan-09 155
23-Feb-98 25 8-Mar-99 110 6-Mar-00 51 5-Mar-01 74 5-Mar-02 86 28-Jan-03 88 28-Jan-04 86 28-Jan-05 126 27-Jan-06 107 26-Jan-07 91 28-Jan-08 105 28-Jan-09 153
26-Feb-98 25 11-Mar-99 110 9-Mar-00 48 8-Mar-01 99 8-Mar-02 119 29-Jan-03 87 29-Jan-04 84 31-Jan-05 128 30-Jan-06 105 29-Jan-07 89 29-Jan-08 135 29-Jan-09 155
2-Mar-98 25 15-Mar-99 105 13-Mar-00 46 12-Mar-01 100 13-Mar-02 180 30-Jan-03 88 30-Jan-04 84 1-Feb-05 128 31-Jan-06 105 30-Jan-07 94 30-Jan-08 135 30-Jan-09 155
5-Mar-98 25 18-Mar-99 105 16-Mar-00 111 15-Mar-01 106 15-Mar-02 185 31-Jan-03 90 2-Feb-04 86 2-Feb-05 126 1-Feb-06 105 31-Jan-07 91 31-Jan-08 135 2-Feb-09 149
9-Mar-98 25 22-Mar-99 110 20-Mar-00 120 19-Mar-01 111 19-Mar-02 185 3-Feb-03 88 3-Feb-04 86 3-Feb-05 126 2-Feb-06 105 1-Feb-07 91 1-Feb-08 137 3-Feb-09 148
12-Mar-98 25 25-Mar-99 110 23-Mar-00 111 22-Mar-01 99 22-Mar-02 180 4-Feb-03 90 4-Feb-04 85 4-Feb-05 128 3-Feb-06 105 2-Feb-07 91 4-Feb-08 139 4-Feb-09 142
16-Mar-98 25 29-Mar-99 110 27-Mar-00 0 26-Mar-01 90 26-Mar-02 179 5-Feb-03 90 5-Feb-04 85 7-Feb-05 128 6-Feb-06 105 5-Feb-07 86 5-Feb-08 139 5-Feb-09 95
19-Mar-98 25 1-Apr-99 112 31-Mar-00 120 29-Mar-01 113 28-Mar-02 175 6-Feb-03 88 6-Feb-04 85 8-Feb-05 124 7-Feb-06 105 6-Feb-07 86 6-Feb-08 139 6-Feb-09 99
23-Mar-98 25 5-Apr-99 115 3-Apr-00 220 2-Apr-01 114 2-Apr-02 164 7-Feb-03 86 9-Feb-04 85 9-Feb-05 124 8-Feb-06 105 7-Feb-07 86 7-Feb-08 139 9-Feb-09 102
24-Mar-98 20 8-Apr-99 117 6-Apr-00 110 5-Apr-01 116 5-Apr-02 94 10-Feb-03 88 10-Feb-04 85 10-Feb-05 123 9-Feb-06 105 8-Feb-07 91 8-Feb-08 139 10-Feb-09 104
25-Mar-98 20 12-Apr-99 115 10-Apr-00 106 9-Apr-01 114 9-Apr-02 95 11-Feb-03 90 11-Feb-04 86 11-Feb-05 125 10-Feb-06 105 9-Feb-07 89 11-Feb-08 139 11-Feb-09 102
26-Mar-98 20 15-Apr-99 117 13-Apr-00 0 12-Apr-01 114 12-Apr-02 97 12-Feb-03 87 12-Feb-04 86 14-Feb-05 121 13-Feb-06 105 12-Feb-07 86 12-Feb-08 132 12-Feb-09 102
27-Mar-98 0 19-Apr-99 117 17-Apr-00 0 17-Apr-01 118 16-Apr-02 150 13-Feb-03 89 13-Feb-04 86 15-Feb-05 123 14-Feb-06 103 13-Feb-07 89 13-Feb-08 136 13-Feb-09 102
28-Mar-98 23 22-Apr-99 120 20-Apr-00 0 20-Apr-01 161 19-Apr-02 203 14-Feb-03 87 16-Feb-04 85 16-Feb-05 65 15-Feb-06 103 14-Feb-07 86 14-Feb-08 137 17-Feb-09 102
29-Mar-98 25 26-Apr-99 117 24-Apr-00 26 23-Apr-01 166 23-Apr-02 150 17-Feb-03 88 17-Feb-04 85 17-Feb-05 70 16-Feb-06 103 15-Feb-07 86 15-Feb-08 137 18-Feb-09 102
30-Mar-98 25 29-Apr-99 98 27-Apr-00 0 26-Apr-01 80 26-Apr-02 105 18-Feb-03 85 18-Feb-04 85 18-Feb-05 72 17-Feb-06 103 16-Feb-07 89 19-Feb-08 137 19-Feb-09 102
31-Mar-98 25 3-May-99 59 1-May-00 6 1-May-01 50 30-Apr-02 105 19-Feb-03 88 19-Feb-04 85 21-Feb-05 72 20-Feb-06 103 19-Feb-07 91 20-Feb-08 135 20-Feb-09 99
2-Apr-98 61 6-May-99 49 4-May-00 6 4-May-01 60 3-May-02 103 20-Feb-03 88 20-Feb-04 85 22-Feb-05 72 21-Feb-06 103 20-Feb-07 91 21-Feb-08 137 23-Feb-09 97
3-Apr-98 155 10-May-99 51 8-May-00 106 8-May-01 60 7-May-02 104 21-Feb-03 88 23-Feb-04 85 23-Feb-05 72 22-Feb-06 103 21-Feb-07 94 22-Feb-08 134 24-Feb-09 98
6-Apr-98 102 13-May-99 82 11-May-00 106 11-May-01 60 10-May-02 104 24-Feb-03 88 24-Feb-04 85 24-Feb-05 70 23-Feb-06 103 22-Feb-07 94 25-Feb-08 134 25-Feb-09 99
9-Apr-98 95 17-May-99 83 15-May-00 99 15-May-01 65 14-May-02 107 25-Feb-03 86 25-Feb-04 86 25-Feb-05 70 24-Feb-06 103 23-Feb-07 96 26-Feb-08 134 26-Feb-09 100

13-Apr-98 77 20-May-99 102 18-May-00 216 18-May-01 75 17-May-02 106 26-Feb-03 88 26-Feb-04 85 28-Feb-05 72 27-Feb-06 103 26-Feb-07 94 27-Feb-08 134 27-Feb-09 100
16-Apr-98 64 24-May-99 102 23-May-00 215 22-May-01 68 21-May-02 104 27-Feb-03 88 27-Feb-04 85 1-Mar-05 72 28-Feb-06 103 27-Feb-07 94 28-Feb-08 132 2-Mar-09 102
20-Apr-98 89 27-May-99 125 26-May-00 208 25-May-01 99 24-May-02 105 28-Feb-03 88 1-Mar-04 85 2-Mar-05 72 1-Mar-06 103 28-Feb-07 94 29-Feb-08 132 3-Mar-09 100
23-Apr-98 89 31-May-99 200 29-May-00 200 29-May-01 220 28-May-02 104 3-Mar-03 88 2-Mar-04 85 3-Mar-05 72 2-Mar-06 103 1-Mar-07 94 3-Mar-08 132 4-Mar-09 99
27-Apr-98 63 3-Jun-99 223 1-Jun-00 25 1-Jun-01 232 31-May-02 104 4-Mar-03 85 3-Mar-04 85 4-Mar-05 89 3-Mar-06 100 2-Mar-07 93 4-Mar-08 132 5-Mar-09 99
30-Apr-98 34 7-Jun-99 221 5-Jun-00 0 5-Jun-01 202 4-Jun-02 70 5-Mar-03 86 4-Mar-04 85 7-Mar-05 90 6-Mar-06 98 5-Mar-07 91 5-Mar-08 132 6-Mar-09 99
4-May-98 34 10-Jun-99 211 8-Jun-00 0 8-Jun-01 197 7-Jun-02 72 6-Mar-03 86 5-Mar-04 85 8-Mar-05 90 7-Mar-06 98 6-Mar-07 94 6-Mar-08 132 9-Mar-09 97
7-May-98 24 14-Jun-99 206 12-Jun-00 25 12-Jun-01 194 11-Jun-02 75 7-Mar-03 86 8-Mar-04 85 9-Mar-05 90 8-Mar-06 98 7-Mar-07 93 7-Mar-08 132 10-Mar-09 99

11-May-98 70 17-Jun-99 122 15-Jun-00 0 15-Jun-01 113 14-Jun-02 75 10-Mar-03 86 9-Mar-04 85 10-Mar-05 90 9-Mar-06 98 8-Mar-07 93 10-Mar-08 129 11-Mar-09 99
14-May-98 106.5 21-Jun-99 120 20-Jun-00 25 19-Jun-01 102 18-Jun-02 77 11-Mar-03 86 10-Mar-04 130 11-Mar-05 90 10-Mar-06 98 9-Mar-07 93 11-Mar-08 130 12-Mar-09 100
19-May-98 80 24-Jun-99 250 22-Jun-00 0 22-Jun-01 96 21-Jun-02 76 12-Mar-03 86 11-Mar-04 128 14-Mar-05 90 13-Mar-06 98 12-Mar-07 93 12-Mar-08 129 13-Mar-09 100
22-May-98 63.2 28-Jun-99 231 26-Jun-00 0 26-Jun-01 80 25-Jun-02 85 13-Mar-03 88 12-Mar-04 128 15-Mar-05 90 14-Mar-06 98 13-Mar-07 94 13-Mar-08 129 16-Mar-09 100
25-May-98 39 2-Jul-99 44 29-Jun-00 27 29-Jun-01 85 28-Jun-02 109 14-Mar-03 86 15-Mar-04 125 16-Mar-05 90 15-Mar-06 98 14-Mar-07 94 14-Mar-08 130 17-Mar-09 100
28-May-98 38.4 5-Jul-99 42 5-Jul-00 0 3-Jul-01 80 2-Jul-02 110 17-Mar-03 88 16-Mar-04 126 17-Mar-05 88 16-Mar-06 98 15-Mar-07 94 17-Mar-08 129 18-Mar-09 97
1-Jun-98 39 8-Jul-99 46 7-Jul-00 0 6-Jul-01 80 5-Jul-02 108 18-Mar-03 88 17-Mar-04 126 18-Mar-05 89 17-Mar-06 98 16-Mar-07 94 18-Mar-08 127 19-Mar-09 99
4-Jun-98 64 12-Jul-99 73 11-Jul-00 0 10-Jul-01 57 9-Jul-02 107 19-Mar-03 88 18-Mar-04 125 21-Mar-05 90 20-Mar-06 98 19-Mar-07 91 19-Mar-08 127 20-Mar-09 99
8-Jun-98 57 15-Jul-99 73 14-Jul-00 0 13-Jul-01 58 12-Jul-02 108 20-Mar-03 88 19-Mar-04 125 22-Mar-05 89 21-Mar-06 98 20-Mar-07 91 20-Mar-08 125 23-Mar-09 97
11-Jun-98 63 19-Jul-99 71 18-Jul-00 0 17-Jul-01 92 16-Jul-02 107 21-Mar-03 88 22-Mar-04 125 23-Mar-05 90 22-Mar-06 96 21-Mar-07 94 24-Mar-08 123 24-Mar-09 97
15-Jun-98 80 22-Jul-99 73 21-Jul-00 0 20-Jul-01 154 19-Jul-02 107 24-Mar-03 88 23-Mar-04 126 24-Mar-05 88 23-Mar-06 96 22-Mar-07 94 25-Mar-08 125 25-Mar-09 97
18-Jun-98 79 26-Jul-99 75 25-Jul-00 0 24-Jul-01 48 23-Jul-02 60 25-Mar-03 90 24-Mar-04 126 28-Mar-05 90 24-Mar-06 98 23-Mar-07 94 26-Mar-08 125 26-Mar-09 96
22-Jun-98 79 29-Jul-99 75 28-Jul-00 0 27-Jul-01 48 26-Jul-02 62 26-Mar-03 90 25-Mar-04 126 29-Mar-05 90 27-Mar-06 98 26-Mar-07 94 27-Mar-08 125 27-Mar-09 96
25-Jun-98 89 2-Aug-99 0 31-Jul-00 0 31-Jul-01 50 30-Jul-02 60 27-Mar-03 92 26-Mar-04 175 30-Mar-05 90 28-Mar-06 98 27-Mar-07 94 28-Mar-08 125 30-Mar-09 98
29-Jun-98 89 6-Aug-99 0 1-Aug-00 23 3-Aug-01 50 2-Aug-02 67 28-Mar-03 90 29-Mar-04 175 31-Mar-05 90 29-Mar-06 96 28-Mar-07 94 31-Mar-08 122 31-Mar-09 98
2-Jul-98 89 9-Aug-99 0 3-Aug-00 48 7-Aug-01 52 6-Aug-02 65 31-Mar-03 156 30-Mar-04 175 1-Apr-05 90 30-Mar-06 98 29-Mar-07 94 1-Apr-08 125 1-Apr-09 98
6-Jul-98 89 12-Aug-99 0 8-Aug-00 50 10-Aug-01 54 9-Aug-02 67 1-Apr-03 163 31-Mar-04 175 4-Apr-05 90 31-Mar-06 98 30-Mar-07 94 2-Apr-08 125 2-Apr-09 97
9-Jul-98 50.3 16-Aug-99 0 10-Aug-00 58 14-Aug-01 54 13-Aug-02 65 2-Apr-03 163 1-Apr-04 175 5-Apr-05 90 3-Apr-06 98 2-Apr-07 94 3-Apr-08 125 3-Apr-09 99

13-Jul-98 50.3 19-Aug-99 110 14-Aug-00 57 17-Aug-01 54 16-Aug-02 64 3-Apr-03 161 2-Apr-04 175 6-Apr-05 90 4-Apr-06 98 3-Apr-07 94 4-Apr-08 125 6-Apr-09 100
16-Jul-98 50.3 23-Aug-99 26 17-Aug-00 50 21-Aug-01 54 20-Aug-02 65 4-Apr-03 162 5-Apr-04 170 7-Apr-05 90 5-Apr-06 100 4-Apr-07 93 7-Apr-08 122 7-Apr-09 100
20-Jul-98 50.3 26-Aug-99 29 21-Aug-00 48 24-Aug-01 54 23-Aug-02 52 7-Apr-03 161 6-Apr-04 168 8-Apr-05 90 6-Apr-06 100 5-Apr-07 94 8-Apr-08 122 8-Apr-09 100
23-Jul-98 50.3 30-Aug-99 34 24-Aug-00 50 28-Aug-01 57 27-Aug-02 50 8-Apr-03 158 7-Apr-04 126 11-Apr-05 90 7-Apr-06 100 6-Apr-07 93 9-Apr-08 127 9-Apr-09 100
27-Jul-98 45 2-Sep-99 34 28-Aug-00 50 31-Aug-01 55 30-Aug-02 50 9-Apr-03 158 8-Apr-04 126 12-Apr-05 90 10-Apr-06 100 9-Apr-07 91 10-Apr-08 125 13-Apr-09 97
30-Jul-98 45 7-Sep-99 32 31-Aug-00 45 4-Sep-01 55 3-Sep-02 52 10-Apr-03 158 12-Apr-04 124 13-Apr-05 91 11-Apr-06 100 10-Apr-07 91 11-Apr-08 127 14-Apr-09 100
4-Aug-98 25 9-Sep-99 34 5-Sep-00 47 7-Sep-01 55 6-Sep-02 52 11-Apr-03 158 13-Apr-04 100 14-Apr-05 91 12-Apr-06 100 11-Apr-07 91 14-Apr-08 127 15-Apr-09 100
6-Aug-98 25 13-Sep-99 34 7-Sep-00 50 11-Sep-01 58 10-Sep-02 50 14-Apr-03 158 14-Apr-04 98 15-Apr-05 91 13-Apr-06 102 12-Apr-07 91 15-Apr-08 129 16-Apr-09 100
10-Aug-98 30 16-Sep-99 34 11-Sep-00 50 14-Sep-01 70 13-Sep-02 49 15-Apr-03 156 15-Apr-04 99 18-Apr-05 90 17-Apr-06 102 13-Apr-07 96 16-Apr-08 129 17-Apr-09 100
13-Aug-98 25 20-Sep-99 34 14-Sep-00 50 18-Sep-01 73 17-Sep-02 49 16-Apr-03 154 16-Apr-04 98 19-Apr-05 92 18-Apr-06 103 16-Apr-07 96 17-Apr-08 129 20-Apr-09 100
17-Aug-98 25 23-Sep-99 34 18-Sep-00 50 21-Sep-01 100 20-Sep-02 50 17-Apr-03 151 19-Apr-04 98 20-Apr-05 89 19-Apr-06 103 17-Apr-07 96 18-Apr-08 132 21-Apr-09 102
20-Aug-98 42 27-Sep-99 36 21-Sep-00 50 26-Sep-01 136 24-Sep-02 49 21-Apr-03 102 20-Apr-04 98 21-Apr-05 90 20-Apr-06 103 18-Apr-07 94 21-Apr-08 132 22-Apr-09 102
24-Aug-98 97 30-Sep-99 73 25-Sep-00 50 28-Sep-01 176 27-Sep-02 49 22-Apr-03 104 21-Apr-04 103 22-Apr-05 90 21-Apr-06 103 19-Apr-07 96 22-Apr-08 132 23-Apr-09 105
27-Aug-98 101 4-Oct-99 80 28-Sep-00 50 2-Oct-01 139 1-Oct-02 50 23-Apr-03 102 22-Apr-04 100 25-Apr-05 90 24-Apr-06 101 20-Apr-07 94 23-Apr-08 132 24-Apr-09 105
31-Aug-98 42 7-Oct-99 80 2-Oct-00 47 5-Oct-01 140 4-Oct-02 62 24-Apr-03 105 23-Apr-04 100 26-Apr-05 90 25-Apr-06 100 23-Apr-07 96 24-Apr-08 132 27-Apr-09 105
3-Sep-98 60 12-Oct-99 80 5-Oct-00 50 9-Oct-01 140 8-Oct-02 143 25-Apr-03 102 26-Apr-04 100 27-Apr-05 94 26-Apr-06 100 24-Apr-07 96 25-Apr-08 132 28-Apr-09 107
8-Sep-98 78 14-Oct-99 80 10-Oct-00 50 12-Oct-01 138 11-Oct-02 142 28-Apr-03 104 27-Apr-04 100 28-Apr-05 94 27-Apr-06 100 25-Apr-07 96 28-Apr-08 132 29-Apr-09 107
10-Sep-98 60 18-Oct-99 105 12-Oct-00 50 16-Oct-01 215 15-Oct-02 144 29-Apr-03 100 28-Apr-04 100 29-Apr-05 94 28-Apr-06 100 26-Apr-07 92 29-Apr-08 132 30-Apr-09 105
14-Sep-98 63 21-Oct-99 127 16-Oct-00 47 19-Oct-01 200 18-Oct-02 142 30-Apr-03 100 29-Apr-04 75 2-May-05 92 1-May-06 100 27-Apr-07 92 30-Apr-08 132 1-May-09 105
17-Sep-98 65 25-Oct-99 150 19-Oct-00 47 23-Oct-01 185 22-Oct-02 140 1-May-03 100 30-Apr-04 74 3-May-05 122 2-May-06 100 30-Apr-07 92 1-May-08 132 4-May-09 105
21-Sep-98 61 28-Oct-99 147 23-Oct-00 47 26-Oct-01 250 25-Oct-02 138 2-May-03 100 3-May-04 75 4-May-05 118 3-May-06 97 1-May-07 93 2-May-08 132 5-May-09 107
24-Sep-98 61 1-Nov-99 142 26-Oct-00 47 30-Oct-01 250 29-Oct-02 131 5-May-03 100 4-May-04 76 5-May-05 118 4-May-06 97 2-May-07 92 5-May-08 132 6-May-09 105
28-Sep-98 115 4-Nov-99 146 30-Oct-00 47 2-Nov-01 250 1-Nov-02 56 6-May-03 100 5-May-04 75 6-May-05 116 5-May-06 95 3-May-07 92 6-May-08 132 7-May-09 105
1-Oct-98 116 8-Nov-99 140 2-Nov-00 70 6-Nov-01 240 5-Nov-02 56 7-May-03 102 6-May-04 75 9-May-05 114 8-May-06 100 4-May-07 90 7-May-08 132 8-May-09 105
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Table A1.2: Flow Data for Cell 18 Inflow to the Effluent Treatment Plant (Q-05)

Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow
(L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s)

2007 2008 200919991999 2002 2003 20042001200019981997 2005 2006

5-Oct-98 62 11-Nov-99 203 6-Nov-00 64 9-Nov-01 235 8-Nov-02 58 8-May-03 100 7-May-04 75 10-May-05 114 9-May-06 95 7-May-07 88 8-May-08 132 11-May-09 105
8-Oct-98 124 15-Nov-99 190 10-Nov-00 94 13-Nov-01 203 12-Nov-02 57 9-May-03 100 10-May-04 75 11-May-05 117 10-May-06 97 8-May-07 46 9-May-08 132 12-May-09 102
13-Oct-98 115 18-Nov-99 181 13-Nov-00 100 16-Nov-01 150 15-Nov-02 57 12-May-03 100 11-May-04 75 12-May-05 117 11-May-06 95 9-May-07 44 12-May-08 132 13-May-09 102
15-Oct-98 70 22-Nov-99 170 16-Nov-00 112 20-Nov-01 150 19-Nov-02 58 13-May-03 100 12-May-04 75 13-May-05 115 12-May-06 97 10-May-07 44 13-May-08 129 14-May-09 100
19-Oct-98 85 25-Nov-99 167 20-Nov-00 106 23-Nov-01 150 22-Nov-02 58 14-May-03 100 13-May-04 75 16-May-05 110 15-May-06 95 11-May-07 44 14-May-08 132 15-May-09 105
22-Oct-98 85 29-Nov-99 167 23-Nov-00 59 27-Nov-01 150 26-Nov-02 57 15-May-03 100 14-May-04 75 17-May-05 75 16-May-06 100 14-May-07 47 15-May-08 129 19-May-09 102
26-Oct-98 88 2-Dec-99 152 27-Nov-00 55 30-Nov-01 152 29-Nov-02 58 16-May-03 100 17-May-04 75 18-May-05 72 17-May-06 100 15-May-07 44 16-May-08 132 20-May-09 102
29-Oct-98 90 6-Dec-99 159 30-Nov-00 55 4-Dec-01 135 3-Dec-02 58 20-May-03 100 18-May-04 104 19-May-05 72 18-May-06 100 16-May-07 47 20-May-08 129 21-May-09 102
2-Nov-98 88 9-Dec-99 147 4-Dec-00 55 7-Dec-01 136 6-Dec-02 58 21-May-03 100 19-May-04 104 20-May-05 74 19-May-06 100 17-May-07 44 21-May-08 127 22-May-09 105
5-Nov-98 80 13-Dec-99 142 7-Dec-00 53 11-Dec-01 140 10-Dec-02 60 22-May-03 100 20-May-04 107 24-May-05 75 23-May-06 100 18-May-07 44 22-May-08 129 25-May-09 105
9-Nov-98 80 16-Dec-99 142 11-Dec-00 56 14-Dec-01 137 13-Dec-02 63 23-May-03 100 21-May-04 104 25-May-05 75 24-May-06 100 22-May-07 44 23-May-08 129 26-May-09 100

12-Nov-98 105 20-Dec-99 0 12-Dec-00 56 18-Dec-01 135 17-Dec-02 61 26-May-03 100 25-May-04 107 26-May-05 72 25-May-06 102 23-May-07 46 26-May-08 129 27-May-09 102
16-Nov-98 112 22-Dec-99 41 14-Dec-00 62 21-Dec-01 165 20-Dec-02 61 27-May-03 100 26-May-04 126 27-May-05 75 26-May-06 100 24-May-07 47 27-May-08 129 28-May-09 102
19-Nov-98 112 23-Dec-99 58 18-Dec-00 59 25-Dec-01 167 24-Dec-02 92 28-May-03 100 27-May-04 127 30-May-05 76 29-May-06 102 25-May-07 46 28-May-08 127 29-May-09 105
23-Nov-98 110 29-Dec-99 62 21-Dec-00 92 28-Dec-01 164 27-Dec-02 94 29-May-03 98 28-May-04 127 31-May-05 89 30-May-06 100 28-May-07 47 29-May-08 127 1-Jun-09 102
26-Nov-98 112 30-Dec-99 62 27-Dec-00 0 30-Dec-02 94 30-May-03 98 31-May-04 125 1-Jun-05 86 31-May-06 102 29-May-07 46 30-May-08 127 2-Jun-09 102
30-Nov-98 114 28-Dec-00 98 31-Dec-02 92 2-Jun-03 100 1-Jun-04 126 2-Jun-05 86 1-Jun-06 100 30-May-07 46 2-Jun-08 125 3-Jun-09 102
3-Dec-98 160 3-Jun-03 100 2-Jun-04 124 3-Jun-05 86 2-Jun-06 100 31-May-07 44 3-Jun-08 70 4-Jun-09 102
7-Dec-98 160 4-Jun-03 100 3-Jun-04 126 6-Jun-05 86 5-Jun-06 100 1-Jun-07 46 4-Jun-08 71 5-Jun-09 102
10-Dec-98 104 5-Jun-03 100 4-Jun-04 123 7-Jun-05 89 6-Jun-06 100 4-Jun-07 46 5-Jun-08 71 8-Jun-09 100
14-Dec-98 111 6-Jun-03 100 7-Jun-04 126 8-Jun-05 87 7-Jun-06 100 5-Jun-07 42 6-Jun-08 70 9-Jun-09 102
17-Dec-98 110 9-Jun-03 100 8-Jun-04 126 9-Jun-05 87 8-Jun-06 100 6-Jun-07 42 9-Jun-08 71 10-Jun-09 100
21-Dec-98 104 10-Jun-03 100 9-Jun-04 126 10-Jun-05 89 9-Jun-06 99 7-Jun-07 42 10-Jun-08 72 11-Jun-09 100
24-Dec-98 107 11-Jun-03 172 10-Jun-04 126 13-Jun-05 86 12-Jun-06 100 8-Jun-07 42 11-Jun-08 72 12-Jun-09 100
29-Dec-98 107 12-Jun-03 200 11-Jun-04 125 14-Jun-05 87 13-Jun-06 100 11-Jun-07 42 12-Jun-08 72 15-Jun-09 100
31-Dec-98 67 13-Jun-03 200 14-Jun-04 124 15-Jun-05 89 14-Jun-06 100 12-Jun-07 47 13-Jun-08 72 16-Jun-09 100

16-Jun-03 200 15-Jun-04 126 16-Jun-05 89 15-Jun-06 100 13-Jun-07 44 16-Jun-08 71 17-Jun-09 100
17-Jun-03 192 16-Jun-04 124 17-Jun-05 87 16-Jun-06 96 14-Jun-07 44 17-Jun-08 85 18-Jun-09 100
18-Jun-03 150 17-Jun-04 124 20-Jun-05 89 19-Jun-06 97 15-Jun-07 44 18-Jun-08 86 19-Jun-09 100
19-Jun-03 150 18-Jun-04 126 21-Jun-05 89 20-Jun-06 95 18-Jun-07 44 19-Jun-08 86 22-Jun-09 100
20-Jun-03 152 21-Jun-04 126 22-Jun-05 89 21-Jun-06 95 19-Jun-07 44 20-Jun-08 86 23-Jun-09 100
23-Jun-03 122 22-Jun-04 124 23-Jun-05 89 22-Jun-06 95 20-Jun-07 44 23-Jun-08 86 24-Jun-09 50
24-Jun-03 125 23-Jun-04 126 24-Jun-05 89 23-Jun-06 69 21-Jun-07 47 24-Jun-08 86 25-Jun-09 52
25-Jun-03 125 24-Jun-04 122 27-Jun-05 89 26-Jun-06 69 22-Jun-07 47 25-Jun-08 88 26-Jun-09 51
26-Jun-03 125 25-Jun-04 124 28-Jun-05 89 27-Jun-06 70 25-Jun-07 47 26-Jun-08 88 29-Jun-09 52
27-Jun-03 125 28-Jun-04 122 29-Jun-05 89 28-Jun-06 70 26-Jun-07 47 27-Jun-08 88 30-Jun-09 52
1-Jul-03 112 29-Jun-04 78 30-Jun-05 89 29-Jun-06 69 27-Jun-07 47 1-Jul-08 88 2-Jul-09 52
2-Jul-03 112 30-Jun-04 78 4-Jul-05 89 30-Jun-06 69 28-Jun-07 47 2-Jul-08 88 3-Jul-09 52
3-Jul-03 111 1-Jul-04 78 5-Jul-05 85 4-Jul-06 69 29-Jun-07 42 3-Jul-08 88 6-Jul-09 53
4-Jul-03 115 5-Jul-04 78 6-Jul-05 85 5-Jul-06 69 3-Jul-07 42 4-Jul-08 88 7-Jul-09 54
7-Jul-03 112 6-Jul-04 80 7-Jul-05 84 6-Jul-06 69 4-Jul-07 42 7-Jul-08 88 8-Jul-09 54
8-Jul-03 112 7-Jul-04 80 8-Jul-05 84 7-Jul-06 70 5-Jul-07 42 8-Jul-08 88 9-Jul-09 54
9-Jul-03 115 8-Jul-04 80 11-Jul-05 84 10-Jul-06 69 6-Jul-07 44 9-Jul-08 88 10-Jul-09 54

10-Jul-03 111 9-Jul-04 80 12-Jul-05 50 11-Jul-06 69 9-Jul-07 44 10-Jul-08 88 13-Jul-09 54
11-Jul-03 115 12-Jul-04 80 13-Jul-05 50 12-Jul-06 120 10-Jul-07 44 11-Jul-08 88 14-Jul-09 54
14-Jul-03 116 13-Jul-04 85 14-Jul-05 36 13-Jul-06 120 11-Jul-07 42 14-Jul-08 88 15-Jul-09 54
15-Jul-03 116 14-Jul-04 99 15-Jul-05 36 14-Jul-06 120 12-Jul-07 44 15-Jul-08 86 16-Jul-09 53
16-Jul-03 116 15-Jul-04 96 18-Jul-05 36 17-Jul-06 120 13-Jul-07 44 16-Jul-08 86 17-Jul-09 54
17-Jul-03 116 16-Jul-04 97 19-Jul-05 36 18-Jul-06 115 16-Jul-07 44 17-Jul-08 86 20-Jul-09 54
18-Jul-03 115 19-Jul-04 101 20-Jul-05 36 19-Jul-06 115 17-Jul-07 44 18-Jul-08 86 21-Jul-09 56
21-Jul-03 118 20-Jul-04 99 21-Jul-05 36 20-Jul-06 115 18-Jul-07 44 21-Jul-08 86 22-Jul-09 56
22-Jul-03 118 21-Jul-04 100 22-Jul-05 36 21-Jul-06 115 19-Jul-07 44 22-Jul-08 86 23-Jul-09 56
23-Jul-03 122 22-Jul-04 98 25-Jul-05 39 24-Jul-06 110 20-Jul-07 44 23-Jul-08 86 24-Jul-09 56
24-Jul-03 120 23-Jul-04 99 26-Jul-05 38 25-Jul-06 110 23-Jul-07 44 24-Jul-08 86 27-Jul-09 56
25-Jul-03 122 26-Jul-04 99 27-Jul-05 38 26-Jul-06 108 24-Jul-07 44 25-Jul-08 88 28-Jul-09 56
28-Jul-03 167 27-Jul-04 97 28-Jul-05 38 27-Jul-06 110 25-Jul-07 44 28-Jul-08 86 29-Jul-09 54
29-Jul-03 175 28-Jul-04 99 29-Jul-05 37 28-Jul-06 30 26-Jul-07 44 29-Jul-08 88 30-Jul-09 54
30-Jul-03 177 29-Jul-04 99 2-Aug-05 36 31-Jul-06 28 27-Jul-07 43 30-Jul-08 86 31-Jul-09 56
31-Jul-03 179 30-Jul-04 99 3-Aug-05 31 1-Aug-06 27 30-Jul-07 44 31-Jul-08 86 4-Aug-09 56
1-Aug-03 179 3-Aug-04 99 4-Aug-05 31 3-Aug-06 124 31-Jul-07 44 1-Aug-08 86 5-Aug-09 56
5-Aug-03 184 4-Aug-04 97 5-Aug-05 31 4-Aug-06 125 1-Aug-07 44 5-Aug-08 86 6-Aug-09 54
6-Aug-03 180 5-Aug-04 97 8-Aug-05 31 8-Aug-06 120 2-Aug-07 44 6-Aug-08 72 7-Aug-09 54
7-Aug-03 183 6-Aug-04 97 9-Aug-05 31 9-Aug-06 150 3-Aug-07 44 7-Aug-08 90 10-Aug-09 56
8-Aug-03 130 9-Aug-04 95 10-Aug-05 31 10-Aug-06 150 7-Aug-07 44 8-Aug-08 92 11-Aug-09 56
11-Aug-03 130 10-Aug-04 65 11-Aug-05 31 11-Aug-06 143 8-Aug-07 44 11-Aug-08 95 12-Aug-09 75
12-Aug-03 130 11-Aug-04 63 12-Aug-05 31 14-Aug-06 134 9-Aug-07 46 12-Aug-08 95 13-Aug-09 76
13-Aug-03 130 12-Aug-04 62 15-Aug-05 33 15-Aug-06 132 10-Aug-07 46 13-Aug-08 97 14-Aug-09 76
14-Aug-03 132 13-Aug-04 62 16-Aug-05 33 16-Aug-06 147 13-Aug-07 44 14-Aug-08 95 17-Aug-09 75
15-Aug-03 150 16-Aug-04 62 17-Aug-05 31 17-Aug-06 144 14-Aug-07 44 15-Aug-08 95 18-Aug-09 75
18-Aug-03 150 17-Aug-04 62 18-Aug-05 33 18-Aug-06 142 15-Aug-07 46 18-Aug-08 95 19-Aug-09 75
19-Aug-03 90 18-Aug-04 64 19-Aug-05 33 21-Aug-06 130 16-Aug-07 46 19-Aug-08 95 20-Aug-09 75
20-Aug-03 88 19-Aug-04 64 22-Aug-05 38 22-Aug-06 150 17-Aug-07 44 20-Aug-08 92 21-Aug-09 74
21-Aug-03 90 20-Aug-04 64 23-Aug-05 38 23-Aug-06 147 20-Aug-07 44 21-Aug-08 95 24-Aug-09 75
22-Aug-03 89 23-Aug-04 64 24-Aug-05 38 24-Aug-06 140 21-Aug-07 44 22-Aug-08 95 25-Aug-09 75
25-Aug-03 78 24-Aug-04 65 25-Aug-05 38 25-Aug-06 51 22-Aug-07 44 25-Aug-08 92 26-Aug-09 75
26-Aug-03 78 25-Aug-04 66 26-Aug-05 38 28-Aug-06 50 23-Aug-07 44 26-Aug-08 90 27-Aug-09 73
27-Aug-03 80 26-Aug-04 67 29-Aug-05 38 29-Aug-06 35 24-Aug-07 46 27-Aug-08 95 28-Aug-09 73
28-Aug-03 80 27-Aug-04 67 30-Aug-05 38 30-Aug-06 31 27-Aug-07 46 28-Aug-08 92 31-Aug-09 73
29-Aug-03 83 30-Aug-04 62 31-Aug-05 40 31-Aug-06 31 28-Aug-07 46 29-Aug-08 92 1-Sep-09 75
2-Sep-03 80 31-Aug-04 62 1-Sep-05 40 1-Sep-06 45 29-Aug-07 44 2-Sep-08 92 2-Sep-09 75
3-Sep-03 80 1-Sep-04 64 2-Sep-05 40 5-Sep-06 45 30-Aug-07 42 3-Sep-08 95 3-Sep-09 90
4-Sep-03 98 2-Sep-04 64 6-Sep-05 40 6-Sep-06 54 31-Aug-07 42 4-Sep-08 90 4-Sep-09 90
5-Sep-03 100 3-Sep-04 64 7-Sep-05 45 7-Sep-06 54 4-Sep-07 47 5-Sep-08 92 8-Sep-09 90
8-Sep-03 102 7-Sep-04 65 8-Sep-05 45 8-Sep-06 60 5-Sep-07 47 8-Sep-08 92 9-Sep-09 92
9-Sep-03 102 8-Sep-04 65 9-Sep-05 45 11-Sep-06 60 6-Sep-07 47 9-Sep-08 89 10-Sep-09 92
10-Sep-03 102 9-Sep-04 65 12-Sep-05 48 12-Sep-06 58 7-Sep-07 47 10-Sep-08 90 11-Sep-09 92
11-Sep-03 75 10-Sep-04 66 13-Sep-05 45 13-Sep-06 61 10-Sep-07 42 11-Sep-08 90 14-Sep-09 90
12-Sep-03 75 13-Sep-04 65 14-Sep-05 45 14-Sep-06 58 11-Sep-07 47 12-Sep-08 90 15-Sep-09 92
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Table A1.2: Flow Data for Cell 18 Inflow to the Effluent Treatment Plant (Q-05)

Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow Date Flow
(L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s) (L/s)

2007 2008 200919991999 2002 2003 20042001200019981997 2005 2006

15-Sep-03 72 14-Sep-04 65 15-Sep-05 45 15-Sep-06 58 12-Sep-07 47 15-Sep-08 97 16-Sep-09 90
16-Sep-03 76 15-Sep-04 64 16-Sep-05 45 18-Sep-06 40 13-Sep-07 47 16-Sep-08 97 17-Sep-09 92
17-Sep-03 77 16-Sep-04 64 19-Sep-05 45 19-Sep-06 40 14-Sep-07 47 17-Sep-08 94 18-Sep-09 90
18-Sep-03 76 17-Sep-04 62 20-Sep-05 45 20-Sep-06 60 17-Sep-07 47 18-Sep-08 92 21-Sep-09 87
19-Sep-03 75 20-Sep-04 0 21-Sep-05 45 21-Sep-06 60 18-Sep-07 47 19-Sep-08 94 22-Sep-09 89
22-Sep-03 76 21-Sep-04 62 22-Sep-05 45 22-Sep-06 20 19-Sep-07 45 22-Sep-08 92 23-Sep-09 91
23-Sep-03 115 22-Sep-04 62 23-Sep-05 43 25-Sep-06 65 20-Sep-07 45 23-Sep-08 67 24-Sep-09 89
24-Sep-03 116 23-Sep-04 65 26-Sep-05 43 26-Sep-06 26 21-Sep-07 45 24-Sep-08 69 25-Sep-09 88
25-Sep-03 115 24-Sep-04 65 27-Sep-05 45 27-Sep-06 29 24-Sep-07 45 25-Sep-08 65 28-Sep-09 89
26-Sep-03 119 27-Sep-04 65 28-Sep-05 45 28-Sep-06 32 25-Sep-07 47 26-Sep-08 67 29-Sep-09 90
29-Sep-03 115 28-Sep-04 65 29-Sep-05 62 29-Sep-06 31 26-Sep-07 47 29-Sep-08 65 30-Sep-09 85
30-Sep-03 112 29-Sep-04 65 30-Sep-05 60 2-Oct-06 32 27-Sep-07 47 30-Sep-08 65 1-Oct-09 70
1-Oct-03 112 30-Sep-04 65 3-Oct-05 62 3-Oct-06 32 28-Sep-07 47 1-Oct-08 55 2-Oct-09 70
2-Oct-03 110 1-Oct-04 65 4-Oct-05 64 4-Oct-06 32 1-Oct-07 42 2-Oct-08 55 5-Oct-09 73
3-Oct-03 150 4-Oct-04 65 5-Oct-05 64 5-Oct-06 32 2-Oct-07 42 3-Oct-08 53 6-Oct-09 70
6-Oct-03 147 5-Oct-04 65 6-Oct-05 64 6-Oct-06 32 3-Oct-07 42 6-Oct-08 53 7-Oct-09 74
7-Oct-03 145 6-Oct-04 65 7-Oct-05 65 10-Oct-06 36 4-Oct-07 42 7-Oct-08 53 8-Oct-09 73
8-Oct-03 143 7-Oct-04 65 11-Oct-05 62 11-Oct-06 37 5-Oct-07 42 8-Oct-08 55 9-Oct-09 70
9-Oct-03 144 8-Oct-04 65 12-Oct-05 66 12-Oct-06 35 9-Oct-07 45 9-Oct-08 55 14-Oct-09 74
10-Oct-03 144 12-Oct-04 65 13-Oct-05 64 13-Oct-06 38 10-Oct-07 46 10-Oct-08 55 15-Oct-09 73
14-Oct-03 140 13-Oct-04 65 14-Oct-05 64 16-Oct-06 37 11-Oct-07 46 14-Oct-08 54 16-Oct-09 75
15-Oct-03 98 14-Oct-04 65 17-Oct-05 64 17-Oct-06 37 12-Oct-07 46 15-Oct-08 55 19-Oct-09 75
16-Oct-03 98 15-Oct-04 65 18-Oct-05 64 18-Oct-06 40 15-Oct-07 45 16-Oct-08 55 20-Oct-09 75
17-Oct-03 98 18-Oct-04 67 19-Oct-05 62 19-Oct-06 40 16-Oct-07 45 17-Oct-08 55 21-Oct-09 75
20-Oct-03 98 19-Oct-04 65 20-Oct-05 64 20-Oct-06 40 17-Oct-07 47 20-Oct-08 55 22-Oct-09 75
21-Oct-03 98 20-Oct-04 65 21-Oct-05 62 23-Oct-06 40 18-Oct-07 44 21-Oct-08 55 23-Oct-09 73
22-Oct-03 97 21-Oct-04 65 24-Oct-05 64 24-Oct-06 42 22-Oct-07 47 22-Oct-08 55 26-Oct-09 75
23-Oct-03 97 22-Oct-04 68 25-Oct-05 64 25-Oct-06 42 23-Oct-07 66 23-Oct-08 58 27-Oct-09 75
24-Oct-03 100 25-Oct-04 65 26-Oct-05 64 26-Oct-06 42 24-Oct-07 106 24-Oct-08 55 28-Oct-09 75
27-Oct-03 100 26-Oct-04 65 27-Oct-05 64 27-Oct-06 42 25-Oct-07 106 27-Oct-08 55 29-Oct-09 75
28-Oct-03 101 27-Oct-04 65 28-Oct-05 72 30-Oct-06 42 26-Oct-07 110 28-Oct-08 55 30-Oct-09 75
29-Oct-03 101 28-Oct-04 65 31-Oct-05 72 31-Oct-06 42 29-Oct-07 112 29-Oct-08 58 2-Nov-09 77
30-Oct-03 100 29-Oct-04 65 1-Nov-05 72 1-Nov-06 42 30-Oct-07 113 30-Oct-08 58 3-Nov-09 77
31-Oct-03 100 1-Nov-04 65 2-Nov-05 72 2-Nov-06 42 31-Oct-07 108 31-Oct-08 55 4-Nov-09 77
3-Nov-03 100 2-Nov-04 67 3-Nov-05 72 3-Nov-06 44 1-Nov-07 108 3-Nov-08 55 5-Nov-09 80
4-Nov-03 101 3-Nov-04 67 4-Nov-05 72 6-Nov-06 44 2-Nov-07 108 4-Nov-08 58 6-Nov-09 100
5-Nov-03 98 4-Nov-04 67 7-Nov-05 74 7-Nov-06 47 5-Nov-07 105 5-Nov-08 55 9-Nov-09 130
6-Nov-03 101 5-Nov-04 67 8-Nov-05 74 8-Nov-06 44 6-Nov-07 0 6-Nov-08 58 10-Nov-09 130
7-Nov-03 101 8-Nov-04 67 9-Nov-05 72 9-Nov-06 44 7-Nov-07 106 7-Nov-08 58 11-Nov-09 130

10-Nov-03 101 9-Nov-04 85 10-Nov-05 74 10-Nov-06 44 8-Nov-07 108 10-Nov-08 55 12-Nov-09 130
11-Nov-03 101 10-Nov-04 87 11-Nov-05 74 13-Nov-06 44 9-Nov-07 108 11-Nov-08 55 13-Nov-09 135
12-Nov-03 101 11-Nov-04 87 14-Nov-05 74 14-Nov-06 44 12-Nov-07 105 12-Nov-08 55 16-Nov-09 141
13-Nov-03 101 12-Nov-04 85 15-Nov-05 96 15-Nov-06 44 14-Nov-07 0 13-Nov-08 55 17-Nov-09 141
14-Nov-03 101 15-Nov-04 85 16-Nov-05 96 16-Nov-06 44 15-Nov-07 0 14-Nov-08 55 18-Nov-09 143
17-Nov-03 103 16-Nov-04 87 17-Nov-05 96 17-Nov-06 43 16-Nov-07 106 17-Nov-08 58 19-Nov-09 141
18-Nov-03 145 17-Nov-04 87 18-Nov-05 96 20-Nov-06 42 19-Nov-07 0 18-Nov-08 58 20-Nov-09 141
19-Nov-03 200 18-Nov-04 87 21-Nov-05 96 21-Nov-06 42 20-Nov-07 104 19-Nov-08 55 23-Nov-09 140
20-Nov-03 198 19-Nov-04 87 22-Nov-05 95 22-Nov-06 42 21-Nov-07 104 20-Nov-08 58 24-Nov-09 136
21-Nov-03 197 22-Nov-04 87 23-Nov-05 96 23-Nov-06 44 22-Nov-07 104 21-Nov-08 55 25-Nov-09 136
24-Nov-03 200 23-Nov-04 87 24-Nov-05 115 24-Nov-06 42 23-Nov-07 104 24-Nov-08 65 26-Nov-09 139
25-Nov-03 200 24-Nov-04 87 25-Nov-05 115 27-Nov-06 42 26-Nov-07 104 25-Nov-08 64 27-Nov-09 139
26-Nov-03 199 25-Nov-04 87 28-Nov-05 115 28-Nov-06 45 27-Nov-07 104 26-Nov-08 63 30-Nov-09 139
27-Nov-03 198 26-Nov-04 87 29-Nov-05 117 29-Nov-06 65 28-Nov-07 104 27-Nov-08 63 1-Dec-09 139
28-Nov-03 200 29-Nov-04 120 30-Nov-05 115 30-Nov-06 65 29-Nov-07 102 28-Nov-08 63 2-Dec-09 136
1-Dec-03 196 30-Nov-04 120 1-Dec-05 115 1-Dec-06 65 30-Nov-07 100 1-Dec-08 63 3-Dec-09 136
2-Dec-03 194 1-Dec-04 120 2-Dec-05 115 4-Dec-06 64 3-Dec-07 102 2-Dec-08 63 4-Dec-09 136
3-Dec-03 194 2-Dec-04 120 5-Dec-05 115 5-Dec-06 64 4-Dec-07 104 3-Dec-08 63 7-Dec-09 136
4-Dec-03 198 3-Dec-04 120 6-Dec-05 114 6-Dec-06 62 5-Dec-07 104 4-Dec-08 63 8-Dec-09 136
5-Dec-03 194 6-Dec-04 140 7-Dec-05 114 7-Dec-06 64 6-Dec-07 101 5-Dec-08 65 9-Dec-09 136
8-Dec-03 190 7-Dec-04 140 8-Dec-05 114 8-Dec-06 64 7-Dec-07 101 8-Dec-08 65 10-Dec-09 136
9-Dec-03 190 8-Dec-04 140 9-Dec-05 114 11-Dec-06 64 10-Dec-07 96 9-Dec-08 65 11-Dec-09 134
10-Dec-03 100 9-Dec-04 142 12-Dec-05 114 12-Dec-06 64 11-Dec-07 104 10-Dec-08 67 14-Dec-09 131
11-Dec-03 100 10-Dec-04 141 13-Dec-05 114 13-Dec-06 79 12-Dec-07 99 11-Dec-08 66 15-Dec-09 131
12-Dec-03 101 13-Dec-04 141 14-Dec-05 114 14-Dec-06 96 13-Dec-07 101 12-Dec-08 65 16-Dec-09 129
15-Dec-03 101 14-Dec-04 141 15-Dec-05 110 15-Dec-06 160 14-Dec-07 101 15-Dec-08 65 17-Dec-09 129
16-Dec-03 100 15-Dec-04 141 16-Dec-05 112 18-Dec-06 164 17-Dec-07 99 16-Dec-08 65 18-Dec-09 131
17-Dec-03 100 16-Dec-04 141 19-Dec-05 112 19-Dec-06 164 18-Dec-07 99 17-Dec-08 85 21-Dec-09 129
18-Dec-03 103 17-Dec-04 141 20-Dec-05 110 20-Dec-06 165 19-Dec-07 102 18-Dec-08 90 22-Dec-09 129
19-Dec-03 148 20-Dec-04 141 21-Dec-05 110 21-Dec-06 164 20-Dec-07 100 19-Dec-08 85 23-Dec-09 85
22-Dec-03 148 21-Dec-04 145 22-Dec-05 112 22-Dec-06 164 21-Dec-07 100 22-Dec-08 85 24-Dec-09 85
23-Dec-03 147 22-Dec-04 155 23-Dec-05 110 27-Dec-06 158 24-Dec-07 104 23-Dec-08 90 29-Dec-09 87
24-Dec-03 146 23-Dec-04 155 28-Dec-05 110 28-Dec-06 158 27-Dec-07 104 24-Dec-08 87 30-Dec-09 88
29-Dec-03 148 24-Dec-04 155 29-Dec-05 110 29-Dec-06 158 28-Dec-07 104 29-Dec-08 130 31-Dec-09 88
30-Dec-03 145 27-Dec-04 155 30-Dec-05 114 31-Dec-07 102 30-Dec-08 130
31-Dec-03 140 28-Dec-04 140 31-Dec-08 130

29-Dec-04 140
30-Dec-04 140
31-Dec-04 140
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Table A1.3: Surface Water Quality in Cell 14 at the Quirke TMA

Date pH (pH units) Sulphate (mg/L) Radium (Bq/L)

Jun-92 3.4
Sep-92 3.7
Oct-92 3.3 374
Nov-92 4.3 161
Dec-92 7.4 45
Jan-93 6.9 60
Feb-93 7.2 68
Mar-93 6.5 94
Apr-93 5.2 45
May-93 6.7 64
Jun-93 7.1 57
Jul-93 7.2 64
Aug-93 7.2 76
Sep-93 7.2 75
Oct-93 7.0 73
Nov-93 6.8 64
Dec-93 6.8 16
Jan-94 6.5 13
Feb-94 6.8 56
Mar-94 6.8 33
Apr-94 6.7 41
May-94 6.7 33
Jun-94 7.1 36
Jul-94 7.9 40
Aug-94 6.9 44
Sep-94 7.0 47
Oct-94 7.0 51
Nov-94 6.9 33
Dec-94 7.0 41
Jan-95 6.8 48
Feb-95 6.7 53
Mar-95 6.6 44
Apr-95 6.8 9
May-95 6.6 18
Jun-95 6.5 14
Jul-95 7.0 19
Aug-95 7.4 29
Sep-95 6.7 30
Oct-95 6.6 32
Nov-95 6.3 35
Dec-95 7.0 38
Jan-96 6.0 21
Feb-96 5.9 10
Mar-96 6.1 31
Apr-96 6.5 31
May-96 5.0 <5
Jun-96 7.1 19
Jul-96 7.1 19
Aug-96 7.3 25
Sep-96 7.4 25
Oct-96 6.9 40
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Table A1.3: Surface Water Quality in Cell 14 at the Quirke TMA

Date pH (pH units) Sulphate (mg/L) Radium (Bq/L)

Nov-96 6.7 35
Dec-96 7.6 38
Jan-97 6.4 19
Feb-97 6.4 23
Mar-97 7.0 35
Apr-97 6.8 56
May-97 6.8 26
Jun-97 7.0 25.5
Jul-97 7.3 <5
Aug-97 7.0 38
Sep-97 7.7 33
Oct-97 7.0 42
Nov-97 7.5 49
Dec-97 7.8 51
Jan-98 7.1 56
Feb-98 7.0 51 0.509
Mar-98 7.0 44
Apr-98 6.4 <5
May-98 7.1 22.4
Jun-98 7.5 21
Jul-98 7.5 26.4
Aug-98 6.9 31.8
Sep-98 7.8 37
Oct-98 7.6 42.2
Nov-98 7.7 45.5
Dec-98 7.6 43.6
Jan-99 7.5 42.5
Feb-99 7.3 29.9
Mar-99 7.4 39.4
Apr-99 6.6 7.6
May-99 7.6 23.5
Jun-99 7.7 28
Jul-99 7.8 30
Aug-99 8.2 30.1
Sep-99 8.2 33
Oct-99 7.7 35.6
Nov-99 7.7 38.5 1.340
Dec-99 7.8 38.3
Jan-00 7.8 63.8
Feb-00 7.5 53.6 1.560
Mar-00 7.0 22.4
Apr-00 6.2 4.8
May-00 7.7 25.7 0.620
Jun-00 8.6 27.8 0.690
Jul-00 7.7 29.2
Aug-00 7.7 25.1 1.560
Sep-00 8.0 33.9
Oct-00 7.8 34.7
Nov-00 7.8 43.1 2.190
Dec-00 7.7 53
Jan-01 7.1 67.2
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Table A1.3: Surface Water Quality in Cell 14 at the Quirke TMA

Date pH (pH units) Sulphate (mg/L) Radium (Bq/L)

Mar-01 7.0 56.3
Apr-01 7.0 18.2
May-01 7.7 21.4 0.820
Jun-01 7.6 22.4
Jul-01 7.7 25.2
Aug-01 8.0 30 1.900
Sep-01 8.1 28.9
Oct-01 8.1 28.1
Nov-01 7.5 27.3 1.600
Dec-01 7.6 30.1
Jan-02 7.5 34.3
Feb-02 7.3 34.8 1.300
Mar-02 7.5 35.6
Apr-02 7.1 29.7
May-02 7.7 22.5 0.770
Jun-02 7.8 23.1
Jul-02 8.2 20.4
Aug-02 7.5 26.7 2.300
Sep-02 7.8 23
Oct-02 7.6 24.4
Nov-02 7.6 25.7 2.070
Dec-02 7.6 30.3
Apr-03 6.4 0.410
Apr-04 5.9 0.310
Oct-04 6.8 0.690
Apr-05 6.5 0.190
Aug-05 7.1 18.3 0.450
Sep-05 7.0 19.3 0.420
Oct-05 7.4 22 0.310
Nov-05 6.8 20 0.380
Dec-05 7.2 21.9 0.380
May-06 7.0 15 0.220
Jun-06 6.8 21 0.320
Jul-06 7.1 12 0.360
Aug-06 7.8 13 0.340
Oct-06 7.1 13 0.490
Nov-06 6.5 13 0.310
Mar-07 6.2 16 0.380
May-07 6.8 10 0.290
Aug-07 7.0 12 0.320
Nov-07 6.2 16 0.410
Feb-08 6.6 8.6 0.190
May-08 6.9 9.7 0.250
Aug-08 7.1 18 0.360
Nov-08 6.7 15 0.550
May-09 6.5 11 0.350
Nov-09 6.8 15 0.690
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Table A1.4: Surface Water Quality in Cell 15 at the Quirke TMA

Date Sulphate (mg/L) Radium (Bq/L)

mg/L Bq/L
1-Oct-95 0.28
1-May-98 0.70
1-Jun-98 517
1-Apr-03 0.08
1-Oct-03 0.32
1-Apr-04 0.01
1-Oct-04 0.36
1-Apr-05 0.05
1-Aug-05 515 0.40
1-Oct-05 730 0.33
10-May-06 470 0.34
9-Aug-06 490 0.22
8-Nov-06 580 0.20
14-Mar-07 310 0.64
10-May-07 430 0.32
8-Aug-07 640 0.20
14-Nov-07 740 0.35
13-Feb-08 9 0.25
15-May-08 380 0.32
13-Aug-08 480 0.20
12-Nov-08 690 0.26
21-May-09 440 0.40
12-Nov-09 560 0.36
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Table A1.5: Surface Water Quality in Cell 16S at the Quirke TMA

Date Sulphate (mg/L) Radium (Bq/L)

Jan-90 7.136
Feb-90 5.786
Mar-90 9.961
Apr-90 11.428
May-90 6.103
Jun-90 6.336
Jul-90 11.707
Aug-90 13.749
Sep-90 11.431
Oct-90 4.566
Nov-90 4.229
Dec-90 3.195
Feb-91 5.074
Apr-91 1.133
May-91 1.893
Jun-91 1.173
Jul-91 1.067
Aug-91 0.784
Sep-91 0.154
Oct-91 0.214
Nov-91 0.636
Dec-91 0.749
Jan-92 0.261
Feb-92 0.188
Apr-92 0.33
May-92 0.222
Jun-92 <0.037
Jan-93 0.115
Feb-93 0.185
Mar-93 0.2
Apr-93 0.148
May-93 0.178
Jul-93 0.16
Sep-93 0.104
Oct-93 0.124
Nov-93 0.073
Dec-93 0.106
Jan-94 0.106
Feb-94 0.245
Mar-94 0.204
Apr-94 0.063
May-94 0.144
Jun-94 0.186
Jul-94 0.185
Aug-94 0.139
Sep-94 0.124
Oct-95 0.533
Mar-98 0.14
Apr-03 0.17
Oct-03 0.66
Apr-04 0.15
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Table A1.5: Surface Water Quality in Cell 16S at the Quirke TMA

Date Sulphate (mg/L) Radium (Bq/L)

Oct-04 0.47
Apr-05 0.044
Aug-05 1245 0.74
Oct-05 1697 0.61
May-06 1000 0.63
Aug-06 1100 0.71
Nov-06 1100 0.6
Mar-07 1100 0.73
May-07 960 0.65
Aug-07 1200 0.61
Nov-07 1200 0.78
Feb-08 1100 0.81
May-08 990 0.57
Aug-08 910 0.59
Nov-08 1000 0.63
May-09 940 0.61
Nov-09 1000 0.48
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Table A1.6: Surface Water Quality in Cell 17 at the Quirke TMA

Date Sulphate (mg/L) Radium (Bq/L)

1-Oct-95 0.524
1-Mar-98 0.13
1-Apr-03 0.41
1-Oct-03 1.24
1-Apr-04 0.35
1-Oct-04 1.13
1-Apr-05 0.15
1-Aug-05 1422 1.28
1-Oct-05 1768 1.5
10-May-06 1100 1.2
9-Aug-06 1200 1.2
8-Nov-06 1200 1.3
14-Mar-07 1200 0.93
10-May-07 980 1.1
8-Aug-07 1400 1.4
14-Nov-07 1200 1.05
13-Feb-08 1100 0.7
15-May-08 930 0.94
13-Aug-08 980 0.53
12-Nov-08 880 1.2
21-May-09 980 1.4
12-Nov-09 1100 0.69
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Table A1.7: Surface Water Quality in Cell 18 (Q-05) at the Quirke TMA

Date Sulphate (mg/L) Radium (Bq/L)

Jan-87 1836 3.333
Feb-87 1868 2.372
Mar-87 1.046
Apr-87 1464 2.392
May-87 1590 1.923
Jun-87 2.382
Jul-87 1805 3.994
Aug-87 4.819
Sep-87 4.393
Oct-87 1579.5 4.862
Nov-87 1768 3.187
Dec-87 4.975
Jan-88 1642 9.084
Feb-88 1839 6.439
Mar-88 7.687
Apr-88 1381 5.047
May-88 5.138
Jun-88 1738 5.383
Jul-88 1792 4.021
Aug-88 3.169
Sep-88 1636.5 3.484
Oct-88 1624 2.593
Nov-88 1.969
Dec-88 1419 1.161
Jan-89 1560 2.025
Feb-89 1688 4.722
Mar-89 1728 4.473
Apr-89 1320 1.141
May-89 858 0.927
Jun-89 1665 1.307
Jul-89 1837 1.293
Aug-89 1950 1.007
Sep-89 1989 2.284
Oct-89 1825 2.825
Nov-89 1804 1.731
Dec-89 1838 1.476
Jan-90 1683 1.896
Feb-90 1694 1.886
Mar-90 1817 2.846
Apr-90 1617 3.686
May-90 1517 1.309
Jun-90 1878 2.147
Jul-90 1913 2.337
Aug-90 2471.7 3.384
Sep-90 2311 3.577
Oct-90 1996.3 2.114
Nov-90 1053.4 1.907
Dec-90 964.4 2.676
Jan-91 745 3.162
Feb-91 899 3.454
Mar-91 802 2.963
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Table A1.7: Surface Water Quality in Cell 18 (Q-05) at the Quirke TMA

Date Sulphate (mg/L) Radium (Bq/L)

Apr-91 626 1.943
May-91 865 1.066
Jun-91 574 0.756
Jul-91 1874 1.003
Aug-91 1988 0.329
Sep-91 2042 0.177
Oct-91 1814 0.093
Nov-91 1699 0.155
Dec-91 1731 0.143
Jan-92 1962 0.198
Feb-92 2332 0.145
Mar-92 2419.3 0.176
Apr-92 2419.8 0.184
May-92 1447 0.129
Jun-92 1583 0.092
Jul-92 0.326
Aug-92 2162 0.172
Sep-92 2195 0.179
Oct-92 2023 0.151
Nov-92 1920 0.138
Dec-92 1755 0.145
Jan-93 1841 0.105
Feb-93 2002 0.118
Mar-93 2114 0.130
Apr-93 2032 0.108
May-93 1051 0.152
Jun-93 1522 0.091
Jul-93 1693 0.085
Aug-93 0.080
Sep-93 0.137
Oct-93 1843 0.103
Nov-93 1872 0.087
Dec-93 1859 0.101
Jan-94 2171 0.162
Feb-94 1846 0.180
Mar-94 1848 0.197
Apr-94 1799 0.202
May-94 1343 0.165
Jun-94 1685 0.143
Jul-94 1727 0.139
Aug-94 1826 0.212
Sep-94 1862 0.164
Oct-94 0.211
Nov-94 1828 0.197
Apr-95 1907 0.114
May-95 893 0.096
Jun-95 1298 0.334
Jul-95 1778 0.764
Oct-95 1832 0.413
Nov-95 1644 0.429
Dec-95 1620 0.416
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Table A1.7: Surface Water Quality in Cell 18 (Q-05) at the Quirke TMA

Date Sulphate (mg/L) Radium (Bq/L)

Jan-96 1620 0.438
Feb-96 1506 0.345
Mar-96 1394 0.414
Apr-96 1437 0.353
May-96 554 0.258
Jun-96 1297 0.227
Jul-96 0.341
Aug-96 634 0.317
Sep-96 334 0.323
Oct-96 1208 0.351
Nov-96 1358 0.389
Dec-96 1404 0.380
Jan-97 772 2.242
Feb-97 1417 0.383
Mar-97 1269 0.324
Apr-97 869 0.275
May-97 776 0.383
Jun-97 1030 0.490
Jul-97 305 0.517
Aug-97 1318 0.605
Sep-97 683 0.526
Oct-97 952 0.412
Nov-97 1336 0.373
Dec-97 1367 0.450
Jan-98 1414 0.375
Feb-98 1491 0.475
Mar-98 1487.5 0.450
Apr-98 1443 0.444
May-98 572 0.433
Jun-98 1081 0.366
Jul-98 1227 0.263
Aug-98 1309 0.250
Sep-98 1494 0.222
Oct-98 1128 0.250
Nov-98 1265 0.226
Dec-98 1358 0.200
Jan-99 1409 0.265
Feb-99 1491 0.385
Mar-99 1479 0.359
Apr-99 1467 0.377
May-99 963 0.248
Jun-99 1139 0.278
Jul-99 1307 0.432
Aug-99 1409 0.455
Sep-99 1470 0.445
Oct-99 1490 0.415
Nov-99 1441 0.441
Dec-99 1402 0.565
Jan-00 1625 0.560
Feb-00 1568 0.591
Mar-00 1535 0.593
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Table A1.7: Surface Water Quality in Cell 18 (Q-05) at the Quirke TMA

Date Sulphate (mg/L) Radium (Bq/L)

Apr-00 1058 0.515
May-00 1045 0.454
Jun-00 1132 0.495
Jul-00 1201 0.540
Aug-00 1454 0.500
Sep-00 1471 0.580
Oct-00 1337 0.580
Nov-00 1391 0.635
Dec-00 1500 0.622
Jan-01 1600 0.636
Feb-01 1541 0.680
Mar-01 1542 0.705
Apr-01 1541 0.685
May-01 726 0.368
Jun-01 841 0.378
Jul-01 1182 0.538
Aug-01 1312 0.615
Sep-01 1360 0.728
Oct-01 1300 0.762
Nov-01 1182 0.857
Dec-01 1649 0.742
Jan-02 1278 0.640
Feb-02 1252 0.738
Mar-02 1505 0.798
Apr-02 1241 0.708
May-02 883 0.768
Jun-02 1032 0.885
Jul-02 1081 1.260
Aug-02 1190 1.465
Sep-02 1430 1.478
Oct-02 1341 1.298
Nov-02 1322 1.265
Dec-02 1345 1.238
Jan-03 1.100
Feb-03 1444 1.200
Mar-03 1.100
Apr-03 0.720
May-03 805 0.790
Jun-03 0.720
Jul-03 1.120
Aug-03 1167 1.100
Sep-03 0.980
Oct-03 0.850
Nov-03 1329 1.040
Dec-03 0.900
Jan-04 0.820
Feb-04 1123 0.850
Mar-04 0.890
Apr-04 0.650
May-04 678 0.530
Jun-04 0.760
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Table A1.7: Surface Water Quality in Cell 18 (Q-05) at the Quirke TMA

Date Sulphate (mg/L) Radium (Bq/L)

Jul-04 0.800
Aug-04 1128 1.050
Sep-04 0.850
Oct-04 1.070
Nov-04 1273 0.960
Dec-04 0.880
Jan-05 0.840
Feb-05 1235 0.710
Mar-05 0.910
Apr-05 0.860
May-05 794 0.610
Jun-05 0.780
Jul-05 0.980
Aug-05 1283 0.910
Sep-05 0.920
Oct-05 1.170
Nov-05 1360 1.210
Dec-05 1.310
Jan-06 1.000
Feb-06 1200 0.960
Mar-06 0.870
Apr-06 0.920
May-06 610 0.620
Jun-06 0.920
Jul-06 1.000
Aug-06 1100 0.700
Sep-06 1.400
Oct-06 1.500
Nov-06 1100 1.100
Dec-06 1.200
Jan-07 1.100
Feb-07 1100 0.940
Mar-07 1.000
Apr-07 0.810
May-07 830 0.730
Jun-07 0.910
Jul-07 1.100
Aug-07 1200 1.200
Sep-07 1.200
Oct-07 1.100
Nov-07 1200 0.940
Dec-07 0.640
Jan-08 1.000
Feb-08 1300 0.790
Mar-08 0.860
Apr-08 0.790
May-08 740 0.740
Jun-08 0.740
Jul-08 0.880
Aug-08 960 0.850
Sep-08 0.780
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Table A1.7: Surface Water Quality in Cell 18 (Q-05) at the Quirke TMA

Date Sulphate (mg/L) Radium (Bq/L)

Oct-08 0.930
Nov-08 1100 0.910
Dec-08 1.010
Jan-09 0.940
Feb-09 1100 0.780
Mar-09 0.990
Apr-09 0.790
May-09 530 0.500
Jun-09 0.830
Jul-09 0.950
Aug-09 980 1.260
Sep-09 0.850
Oct-09 1.000
Nov-09 960 0.550
Dec-09 0.940
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Table A1.8: Routine Monitoring Data in Piezometers at DK14-5

Radium Radium Radium Radium

(Bq/L) (Bq/L) (Bq/L) (Bq/L)
13-Oct-92 1.5 13-Oct-92 0.9 13-Oct-92 1.5 13-Oct-92 1.0
22-Jun-93 1.2 22-Jun-93 1.0 22-Jun-93 1.5 22-Jun-93 0.5
16-Aug-93 1.9 16-Aug-93 1.0 16-Aug-93 1.7 16-Aug-93 0.9
5-Oct-93 1.8 4-Oct-93 1.3 4-Oct-93 1.1 4-Oct-93 1.3
20-Oct-94 0.9 20-Oct-94 0.7 20-Oct-94 0.7 20-Oct-94 0.2
3-Oct-95 2.6 3-Oct-95 3.1 3-Oct-95 1.7 3-Oct-95 1.3
10-Oct-96 2.5 8-Oct-96 2.1 8-Oct-96 2.0 8-Oct-96 1.4
25-Oct-97 2.7 25-Oct-97 2.3 25-Oct-97 2.2 25-Oct-97 1.5
11-Jun-98 1.9 11-Jun-98 2.0 11-Jun-98 2.0 11-Jun-98 0.8
22-Jun-99 2.6 23-Jun-99 1.8 23-Jun-99 1.5 23-Jun-99 0.6
27-Jun-00 1.8 27-Jun-00 2.2 27-Jun-00 1.5 27-Jun-00 0.7
29-Jun-01 2.8 29-Jun-01 1.9 29-Jun-01 2.0 29-Jun-01 0.9
31-May-02 3.3 22-Jul-02 1.7 22-Jul-02 1.5 22-Jul-02 0.8

6-Aug-10 1.3

DK14-5A (366.2 masl) DK14-5B (369.2 masl) DK14-5C (370.5 masl) DK14-5D (372.0 masl)

Date Date Date Date
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Table A1.9: Routine Monitoring Data in Piezometers at DK15-2

Radium Radium Radium Radium

(Bq/L) (Bq/L) (Bq/L) (Bq/L)
28-Jul-98 3.3 28-Jul-98 5.8 28-Jul-98 5.2 28-Jul-98 1.2
28-Sep-99 5.2 28-Sep-99 5.9 28-Sep-99 9.4 28-Sep-99 1.5
4-Jul-01 5.5 4-Jul-01 5.9 4-Jul-01 6.9 4-Jul-01 1.3
31-Oct-02 2.7 31-Oct-02 5.0 31-Oct-02 5.2 31-Oct-02 1.2
5-Sep-03 4.2 5-Sep-03 5.1 5-Sep-03 6.2 5-Sep-03 1.4
6-Aug-10 3.5 6-Aug-10 4.4 6-Aug-10 2.7 6-Aug-10 0.8

DK15-2A (360.7 masl) DK15-2B (363.6 masl) DK15-2C (365.4 masl) DK15-2D (366.8 masl)

Date Date Date Date
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Table A1.10: Routine Monitoring Data in Piezometers at DK15-4

Radium Radium Radium Radium

(Bq/L) (Bq/L) (Bq/L) (Bq/L)
21-Oct-96 2.9 21-Oct-96 1.1 21-Oct-96 0.8 21-Oct-96 0.8
31-Oct-97 5.4 31-Oct-97 1.9 31-Oct-97 1.1 31-Oct-97 0.9
28-Jul-98 3.4 28-Jul-98 1.4 28-Jul-98 1.3 28-Jul-98 0.9
29-Sep-99 3.9 29-Sep-99 1.6 29-Sep-99 1.7 29-Sep-99 1.7
1-Aug-00 3.5 1-Aug-00 1.4 6-Jul-01 1.5 6-Jul-01 1.6
31-Oct-02 3.8 31-Oct-02 1.3 31-Oct-02 1.3 31-Oct-02 1.1
5-Sep-03 5.6 5-Sep-03 1.5 5-Sep-03 1.5 5-Sep-03 1.4
9-Aug-10 3.7 9-Aug-10 0.2 9-Aug-10 1.0 9-Aug-10 0.2

DK15-4A (360.8 masl) DK15-4B (363.8 masl) DK15-4C (365.3 masl) DK15-4D (366.8 masl)

Date Date Date Date
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Table A1.11: Routine Monitoring Data in Piezometers at DK16-2

Radium Radium Radium Radium

(Bq/L) (Bq/L) (Bq/L) (Bq/L)
8-Oct-96 9.0 8-Oct-96 10.8 8-Oct-96 5.4 8-Oct-96 4.4
23-Oct-97 8.9 23-Oct-97 14.4 23-Oct-97 9.7 23-Oct-97 9.9
22-Jul-98 12.2 22-Jul-98 11.7 22-Jul-98 4.3 22-Jul-98 5.7
16-Sep-99 9.9 16-Sep-99 9.1 16-Sep-99 6.3 16-Sep-99 6.3
3-Aug-00 10.8 3-Aug-00 7.8 3-Aug-00 7.1 3-Aug-00 6.8
6-Jul-01 9.3 6-Jul-01 8.2 6-Jul-01 5.9 6-Jul-01 6.7
25-Jun-02 9.3 25-Jun-02 9.1 25-Jun-02 6.3 25-Jun-02 6.5
10-Aug-10 6.8 10-Aug-10 6.5 10-Aug-10 4.6 10-Aug-10 3.2

DK16-2A (356.8 masl) DK16-2B (359.9 masl) DK16-2C (361.4 masl) DK16-2D (362.9 masl)

Date Date Date Date

DK 16-2 Page 1



Table A1.12: Routine Monitoring Data in Piezometers at DK17-2

Radium Radium Radium Radium

(Bq/L) (Bq/L) (Bq/L) (Bq/L)
26-Sep-96 2.6 26-Sep-96 6.6 26-Sep-96 5.1 26-Sep-96 3.9
20-Oct-97 1.3 20-Oct-97 5.3 20-Oct-97 4.3 20-Oct-97 3.6
14-Jul-98 1.2 14-Jul-98 4.9 14-Jul-98 4.9 14-Jul-98 4.2
14-Sep-99 1.0 14-Sep-99 5.4 14-Sep-99 5.8 14-Sep-99 4.6
19-Jul-00 3.3 19-Jul-00 3.8 19-Jul-00 3.6 19-Jul-00 2.9
9-Jul-01 1.3 9-Jul-01 4.9 9-Jul-01 5.0 9-Jul-01 4.7
31-May-02 2.4 31-May-02 4.9 31-May-02 4.7 31-May-02 5.0
9-Aug-10 2.2 9-Aug-10 4.9 9-Aug-10 3.4 9-Aug-10 5.3

DK17-2A (353.8 masl) DK17-2B (356.9 masl) DK17-2C (358.4 masl) DK17-2D (359.9 masl)

Date Date Date Date
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Table A2.1: Detailed Data Quality Assessment for Constituents in Solids

Sample ID Duplicate ID Sample ID Duplicate ID Sample ID Replicate ID Sample ID Replicate ID Sample ID Replicate ID

CORE 09-PSB-2 
(5-10)

CORE 09-EC-1 
(0-5)

CORE 09-SR-4 
(10-15)

CORE 09-EC-1 
(5-10)

CORE 09-QC14-2 
(0-2.5)

CORE 09-EC-2 
(0-2.5)

CORE 09-QC14-2 
(2.5-5)

CORE 09-EC-2 
(2.5-5)

CORE 09-QC14-
2 (5-7.5)

CORE 09-EC-2 
(5-7.5)

Sulphur (S) % 0.005 ≤ 40% 1.57 1.17 29 1.00 0.762 27 0.633 0.628 1 0.885 1.03 15 0.871 1.18 30
Carbonate (CO3) % 0.005 ≤ 40% 0.097 0.058 50 0.419 0.280 40 <0.005 <0.005 BD <0.005 <0.005 BD <0.005 <0.005 BD
Total Organic Carbon (TOC) % 0.01 ≤ 40% 9.78 10.5 7 16.8 16.7 1 0.519 0.617 17 0.289 0.206 34 0.121 0.090 29
Total Carbon (C) % 0.005 ≤ 40% 9.80 10.5 7 16.9 16.8 1 0.519 0.616 17 0.289 0.207 33 0.121 0.089 30
Sulphide % 0.01 ≤ 40% 0.36 0.47 27 0.65 0.70 7 0.52 0.53 2 0.77 1.04 30 0.84 1.07 24
Sulphate (SO4) % 0.1 ≤ 40% 0.6 0.3 0.3 0.2 0.1 0.1 0.1 0.1 0 0.1 0.1 0 0.1 0.1 0

Radium-226 (Ra-226) Bq/g 0.01 ≤ 40% 4.5 4.1 9 2.1 1.6 27 4.3 7.0 48 6.5 8.3 24 9.3 20.0 73
Silver (Ag) mg/kg 0.7 ≤ 40% <0.7 <0.7 BD <0.7 <0.7 BD 0.8 1.5 1 1.0 1.2 0.2 1.1 1.1 0
Aluminum (Al) mg/kg 1 ≤ 40% 3600 3800 5 5600 5800 4 830 1500 58 690 1200 54 850 890 5
Arsenic (As) mg/kg 1 ≤ 40% 14 14 0 26 26 0 17 22 26 19 24 23 21 24 13
Barium (Ba) mg/kg 0.05 ≤ 40% 160 94 52 440 450 2 150 280 60 220 370 51 330 310 6
Beryllium (Be) mg/kg 0.1 ≤ 40% 0.34 0.35 0.01 0.12 0.13 0.01 0.28 0.51 0.23 0.28 0.41 0.1 0.34 0.34 0
Bismuth (Bi) mg/kg 0.5 ≤ 40% 11 12 9 <0.5 <0.5 BD 7.5 11 38 9.2 8.6 7 8.5 7.8 9
Calcium (Ca) mg/kg 1 ≤ 40% 7600 4600 49 7300 7400 1 190 230 19 130 110 17 79 63 23
Cadmium (Cd) mg/kg 0.05 ≤ 40% 4.5 4.0 12 1.8 1.8 0 0.18 0.25 33 0.22 0.27 20 0.22 0.29 27
Cerium (Ce) mg/kg 0.006 ≤ 40% 220 240 9 840 800 5 300 340 13 290 300 3 280 240 15
Cobalt (Co) mg/kg 0.3 ≤ 40% 15 15 0 16 17 6 15 16 6 18 21 15 17 22 26
Chromium (Cr) mg/kg 0.5 ≤ 40% 6.5 7.8 18 17 17 0 4.7 8.2 54 4.9 6.5 28 5.7 5.8 2
Cesium (Cs) mg/kg 0.01 ≤ 40% 0.97 1.1 13 0.87 0.90 3 0.18 0.32 56 0.22 0.20 10 0.31 0.19 48
Copper (Cu) mg/kg 0.1 ≤ 40% 14 15 7 56 56 0 43 50 15 46 54 16 42 54 25
Iron (Fe) mg/kg 0.5 ≤ 40% 240000 240000 0 12000 16000 29 10000 13000 26 12000 17000 34 13000 19000 38
Gallium (Ga) mg/kg 0.03 ≤ 40% 2.4 2.7 12 6.6 6.5 2 2.1 2.8 29 2.1 2.4 13 2.0 1.9 5
Germanium (Ge) mg/kg 0.3 ≤ 40% 7.2 7.2 0 3.8 4.0 5 1.2 1.4 0.2 1.2 1.4 0.2 1.2 1.2 0
Hafnium (Hf) mg/kg 0.1 ≤ 40% 0.1 0.1 0 0.6 0.9 40 0.3 0.5 0.2 0.6 0.7 15 1.0 0.7 35
Indium (In) mg/kg 0.01 ≤ 40% <0.01 <0.01 BD <0.01 0.01 BD <0.01 0.02 BD <0.01 0.01 BD 0.01 0.01 0
Potassium (K) mg/kg 1 ≤ 40% 190 210 10 270 270 0 210 330 44 230 300 26 250 230 8
Lanthanum (La) mg/kg 0.001 ≤ 40% 110 130 17 430 420 2 170 190 11 170 170 0 160 140 13
Lithium (Li) mg/kg 0.1 ≤ 40% 0.9 0.9 0 1.1 1.3 17 0.2 0.8 120 0.1 0.5 0.4 0.4 0.2 0.2
Lutetium (Lu) mg/kg 0.001 ≤ 40% 0.98 1.1 12 5.3 5.3 0 0.081 0.14 53 0.048 0.060 22 0.031 0.038 20
Magnesium (Mg) mg/kg 1 ≤ 40% 360 240 40 1400 1500 7 88 110 22 46 38 19 25 18 33
Manganese (Mn) mg/kg 0.05 ≤ 40% 89 84 6 180 180 0 13 18 32 8.6 7.6 12 4.7 4.6 2
Molybdenum (Mo) mg/kg 0.5 ≤ 40% 10 10 0 3.6 3.9 8 5.3 6.4 19 5.2 6.1 16 7.9 5.5 36
Sodium (Na) mg/kg 1 ≤ 40% 35 40 13 59 55 7 8 11 32 7 8 13 6 5 1
Niobium (Nb) mg/kg 0.7 ≤ 40% 2.8 2.7 4 0.8 <0.7 BD 7.0 9.7 32 8.2 7.8 5 8.4 7.5 11
Nickel (Ni) mg/kg 1 ≤ 40% 17 19 11 43 43 0 8 9 12 8 10 22 8 11 32
Lead (Pb) mg/kg 0.7 ≤ 40% 270 280 4 640 640 0 180 240 29 260 270 4 270 310 14
Phosphorous (P) mg/kg 5 ≤ 40% 740 810 9 340 360 6 260 400 42 300 360 18 360 330 9
Rubidium (Rb) mg/kg 0.004 ≤ 40% 2.1 2.5 17 4.0 4.0 0 1.9 2.6 31 1.9 2.0 5 1.8 1.4 25
Antimony (Sb) mg/kg 1 ≤ 40% <1 <1 BD <1 <1 BD <1 1 BD <1 <1 BD <1 <1 BD
Scandium (Sc) mg/kg 0.2 ≤ 40% 1.3 1.6 21 2.7 3.0 11 0.5 0.9 57 0.4 0.8 67 0.5 0.6 0.1
Selenium (Se) mg/kg 1 ≤ 40% <1 <2 BD <1 <2 BD <2 <2 BD <2 <2 BD <2 <2 BD
Tin (Sn) mg/kg 6 ≤ 40% <6 <6 BD <6 <6 BD <6 <6 BD <6 <6 BD <6 <6 BD
Strontium (Sr) mg/kg 0.01 ≤ 40% 7.6 7.9 4 14 14 0 3.6 5.1 34 4.1 5.4 27 4.8 4.6 4
Sulphur (S) mg/kg 1 ≤ 40% -- 15000 -- 11000 11000 0 6500 6700 3 8700 11000 23 8600 12000 33
Tantalum (Ta) mg/kg 0.01 ≤ 40% 0.05 0.05 0 0.15 0.23 42 0.04 0.07 55 0.05 0.12 82 0.12 0.28 80
Terbium (Tb) mg/kg 0.01 ≤ 40% 3.9 4.3 10 35 33 6 0.97 1.4 36 0.83 0.90 8 0.68 0.67 1
Tellurium (Te) mg/kg 0.1 ≤ 40% 0.1 0.1 0 <0.1 <0.1 BD 0.1 0.2 0.1 0.2 0.2 0 0.2 0.2 0
Thorium (Th) mg/kg 0.01 ≤ 40% 110 120 9 85 89 5 310 560 57 310 470 41 360 380 5
Titanium (Ti) mg/kg 0.2 ≤ 40% 82 91 10 210 220 5 210 330 44 250 260 4 260 240 8
Thallium (Tl) mg/kg 3 ≤ 40% <3 <3 BD <3 <3 BD <3 <3 BD <3 <3 BD <3 <3 BD
Uranium (U) mg/kg 3 ≤ 40% 210 230 9 110 150 31 17 23 30 17 18 6 13 15 2
Vanadium (V) mg/kg 0.1 ≤ 40% 25 26 4 16 17 6 2.7 4.0 39 2.7 2.7 0 2.7 2.4 12
Tungsten (W) mg/kg 1 ≤ 40% 2 79 190 <1 5 BD 3 5 2 4 5 1 5 6 18
Yttrium (Y) mg/kg 0.1 ≤ 40% 78 84 7 740 750 1 9.1 12 27 6.8 6.7 1 5.5 5.2 6
Ytterbium (Yb) mg/kg 0.1 ≤ 40% 7.4 8.7 16 45 46 2 0.74 1.2 47 0.46 0.57 21 0.33 0.40 0.07
Zinc (Zn) mg/kg 0.1 ≤ 40% 64 65 2 55 58 5 8.8 8.9 1 6.9 8.0 15 4.7 5.8 21
Zirconium (Zr) mg/kg 5 ≤ 40% 6 6 0 6 <5 BD 20 30 40 26 27 4 28 26 7

Notes:
RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 40%
AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 
          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit
BD - Sample and/or replicate had analyte concentrations below detection limit
Boldface type and shaded indicates that Data Quality Objective was not achieved

Metals

Conventional Parameters

Analysis Units
Method 

Detection 
Limit

RPD Data 
Quality 

Objective

RPD (%)       
or               
AD

RPD (%)       
or               
AD

RPD (%)       
or               
AD

RPD (%)       
or               
AD

RPD (%)       
or               
AD



Table A2.2: Detailed Data Quality Assessment for Constituents in Waters

Sample ID Duplicate ID Sample ID Duplicate ID Dupicate ID Sample ID Replicate ID Sample ID Replicate ID Sample ID Replicate ID Sample ID Replicate ID Sample ID Replicate ID

SW09-SR-4B PW09-EC-1 (0-5) PW09-QC14-3 (0-5) PW09-QC14-4 (0-5) PW09-EC-1 (5-10) SW09-QC14-2T SW09-EC-2T SW09-QC14-2B SW09-EC-2B PW09-QC14-2 (0-2.5) PW09-EC-2 (0-2.5) PW09-QC14-2 (2.5-5) PW09-EC-2 (2.5-5) PW09-QC14-2 (5-7.5) PW09-EC-2 (5-7.5)

Acidity (as CaCO3) mg/L 2 ≤ 20% <2.0 -- -- 6 19 -- -- 56 67 18 15 16 6 21 17 21 15 16 6 16 -- --
Dissolved Inorganic Carbon (DIC) mg/L 0.2 ≤ 20% 1.4 -- -- 2.0 <1.0 -- BD <1.0 <1.0 BD <1.0 <1.0 BD <1.0 4.2 BD <1.0 1.1 BD <1.0 -- BD
Dissolved Organic Carbon (DOC) mg/L 0.2 ≤ 20% 2.0 -- -- 3.5 9.3 -- -- 14.4 11.4 23 19.4 11.7 50 28 19 38 18.3 14.3 25 17.9 -- --
Sulphate (SO4) mg/L 0.2 ≤ 20% 25 -- -- 5.6 512 -- -- 72 85 17 32 36 12 32 27 17 12 18 40 12 -- --
Hardness (as CaCO3) mg/L 0.5 ≤ 20% 33.4 33.9 1 18 NC 17.8 1 16.9 17 1 16.6 16.8 1 26.2 21.7 19 16.9 16 5 17.9 16.4 9

Radium-226 (Ra-226) Bq/L 0.01 ≤ 20% 0.30 0.30 0 NC 4.1 4.7 14 0.82 0.78 5 0.91 0.85 7 3.6 2.9 22 2.8 3.3 16 5.9 5.4 9
Aluminum (Al) mg/L 0.01 ≤ 20% <0.01 <0.01 BD <0.01 NC <0.01 BD <0.01 0.03 BD <0.01 <0.01 BD <0.01 <0.01 BD 0.03 <0.01 BD <0.01 <0.01 BD
Arsenic (As) mg/L 0.0002 ≤ 20% 0.0007 0.0006 0.0001 0.0026 NC 0.0024 8 0.0006 0.0007 0.0001 0.0011 0.0007 0.0004 0.0064 0.0058 10 0.0084 0.0046 58 0.0066 0.0065 2
Barium (Ba) mg/L 0.00001 ≤ 20% 0.222 0.221 0 0.333 NC 0.335 1 0.104 0.108 4 0.108 0.114 5 0.309 0.285 8 0.308 0.337 9 0.519 0.487 6
Beryllium (Be) mg/L 0.00002 ≤ 20% <0.00002 <0.00002 BD 0.00013 NC <0.00002 BD <0.00002 0.00003 BD <0.00002 0.00002 BD <0.00002 <0.00002 BD <0.00002 <0.00002 BD <0.00002 <0.00002 BD
Boron (B) mg/L 0.0002 ≤ 20% 0.0089 0.0082 8 0.0026 NC 0.0028 0.0002 0.0045 0.0076 51 0.0056 0.0072 25 0.0054 0.0039 32 0.0047 0.0034 32 0.0051 0.0039 27
Bismuth (Bi) mg/L 0.00001 ≤ 20% 0.00001 <0.00001 BD 0.00012 NC <0.00001 BD <0.00001 0.00002 BD <0.00001 0.00002 BD 0.00003 0.00003 0 0.00024 0.00006 120 0.00006 0.00003 0.00003
Calcium (Ca) mg/L 0.03 ≤ 20% 11.2 11.4 2 6.12 NC 6.06 1 5.69 5.69 0 5.55 5.63 1 8.79 7.28 19 5.68 5.35 6 6.06 5.54 9
Cadmium (Cd) mg/L 0.000003 ≤ 20% 0.000028 0.000012 0.000016 0.000112 NC <0.000003 BD 0.000023 0.000046 67 0.000023 0.000056 84 0.000055 0.000031 56 <0.000003 0.000012 BD 0.000005 0.000009 0.000004
Cobalt (Co) mg/L 0.000002 ≤ 20% 0.00031 0.000321 3 0.00189 NC 0.00192 2 0.00549 0.00655 18 0.00169 0.00196 15 0.00521 0.00289 57 0.000917 0.0012 27 0.000766 0.00183 82
Chromium (Cr) mg/L 0.0005 ≤ 20% <0.0005 <0.0005 BD <0.0005 NC <0.0005 BD <0.0005 <0.0005 BD <0.0005 <0.0005 BD <0.0005 <0.0005 BD <0.0005 <0.0005 BD <0.0005 <0.0005 BD
Copper (Cu) mg/L 0.0005 ≤ 20% 0.0011 0.001 0.0001 <0.0005 NC <0.0005 BD 0.0038 0.0037 3 0.0023 0.0029 23 0.0043 0.0018 0.0025 0.0025 0.0018 0.0007 0.0015 0.0011 31
Iron (Fe) mg/L 0.01 ≤ 20% 0.08 0.07 13 7.18 NC 6.63 8 0.04 0.07 55 0.01 0.04 0.03 0.03 0.44 174 0.52 3.3 146 2.46 5.71 80
Potassium (K) mg/L 0.01 ≤ 20% 0.80 0.80 0 0.37 NC 0.58 44 0.32 0.31 3 0.26 0.32 21 0.34 0.3 13 0.4 0.34 16 0.62 0.48 25
Lithium (Li) mg/L 0.002 ≤ 20% <0.002 <0.002 BD <0.002 NC <0.002 BD <0.002 <0.002 BD <0.002 <0.002 BD <0.002 <0.002 BD <0.002 <0.002 BD <0.002 <0.002 BD
Magnesium (Mg) mg/L 0.003 ≤ 20% 1.29 1.31 2 0.67 NC 0.655 2 0.663 0.67 1 0.657 0.663 1 1.02 0.864 17 0.664 0.634 5 0.675 0.632 7
Manganese (Mn) mg/L 0.00001 ≤ 20% 0.119 0.12 1 0.143 NC 0.142 1 0.0288 0.0315 9 0.0353 0.0319 10 0.282 0.217 26 0.133 0.134 1 0.133 0.132 1
Molybdenum (Mo) mg/L 0.00001 ≤ 20% 0.00032 0.00029 10 0.00045 NC 0.00051 13 <0.00001 0.00018 BD 0.00002 0.00008 120 0.00029 0.00015 64 0.00133 0.00116 14 0.00107 0.00149 33
Sodium (Na) mg/L 0.01 ≤ 20% 2.79 2.75 1 1.3 NC 1.24 5 1.82 1.59 13 1.83 1.58 15 2.35 2.2 7 1.98 1.87 6 1.79 1.5 18
Nickel (Ni) mg/L 0.0001 ≤ 20% 0.0006 0.0008 29 0.001 NC 0.001 0 0.0025 0.0022 13 0.0024 0.0022 9 0.0044 0.0024 59 0.0012 0.0013 8 0.0012 0.0017 34
Lead (Pb) mg/L 0.00002 ≤ 20% 0.00043 0.00023 61 0.00029 NC 0.00016 58 0.00717 0.00699 3 0.00597 0.00391 42 0.0242 0.00216 167 0.00596 0.0009 148 0.00098 0.00049 67
Phosphorous (P) mg/L 0.01 ≤ 20% <0.01 <0.01 BD <0.01 NC <0.01 BD 0.01 <0.01 BD <0.01 <0.01 BD <0.01 0.07 BD 0.01 0.01 0 0.01 <0.01 BD
Antimony (Sb) mg/L 0.0002 ≤ 20% 0.0002 <0.0002 BD <0.0002 NC <0.0002 BD 0.0077 0.0086 11 0.0007 0.0016 78 0.0002 0.0003 0.0001 0.0006 <0.0002 BD 0.0004 <0.0002 BD
Selenium (Se) mg/L 0.001 ≤ 20% <0.001 <0.001 BD <0.001 NC <0.001 BD <0.001 <0.001 BD <0.001 <0.001 BD <0.001 <0.001 BD <0.001 <0.001 BD <0.001 <0.001 BD
Sulphur (S) mg/L 0.01 ≤ 20% 8.58 7.26 17 1.67 NC 1.58 6 4.69 4.64 1 4.74 4.63 2 8.28 6.26 28 3.87 3.35 14 3.61 4.21 15
Silicon (Si) mg/L 0.01 ≤ 20% 0.73 0.72 1 5.18 NC 5.07 2 0.58 0.59 2 0.59 0.6 2 1.23 1.42 14 1.71 1.86 8 2.15 2.71 23
Tin (Sn) mg/L 0.00001 ≤ 20% 0.00016 <0.00001 BD <0.00001 NC 0.00002 BD <0.00001 <0.00001 BD <0.00001 <0.00001 BD 0.00004 0.00017 124 <0.00001 <0.00001 BD <0.00001 0.00001 BD
Strontium (Sr) mg/L 0.0001 ≤ 20% 0.0268 0.0269 0 0.017 NC 0.0168 1 0.0121 0.0122 1 0.012 0.0122 2 0.0205 0.0168 20 0.0154 0.0149 3 0.0204 0.0187 9
Titanium (Ti) mg/L 0.0001 ≤ 20% 0.0001 <0.0001 BD 0.0003 NC 0.0003 0 0.0003 0.0004 0.0001 <0.0001 0.0001 BD 0.0003 0.0007 80 0.0062 0.0004 0.0058 0.0005 0.0002 0.0003
Thallium (Tl) mg/L 0.0002 ≤ 20% <0.0002 <0.0002 BD <0.0002 NC <0.0002 BD <0.0002 <0.0002 BD <0.0002 <0.0002 BD <0.0002 <0.0002 BD <0.0002 <0.0002 BD <0.0002 <0.0002 BD
Uranium (U) mg/L 0.000001 ≤ 20% 0.00122 0.000835 37 0.000744 NC 0.000671 10 0.000535 0.000654 20 0.000338 0.00079 80 0.000946 0.000173 138 0.000524 0.000115 128 0.000143 0.000105 31
Vanadium (V) mg/L 0.00003 ≤ 20% 0.00008 0.00007 0.00001 0.00019 NC 0.00005 0.00014 0.00006 0.00007 0.00001 0.00005 0.00007 0.00002 0.00007 0.00008 0.00001 0.00013 0.00007 0.00006 0.00006 0.00004 0.00002
Zinc (Zn) mg/L 0.001 ≤ 20% 0.004 0.003 0.001 0.002 NC 0.001 0.001 0.002 0.004 0.002 0.005 0.005 0 0.005 0.005 0 0.003 0.004 0.001 0.002 0.003 0.001

Notes:
RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 40%
AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 
          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit
BD - Sample and/or replicate had analyte concentrations below detection limit
"--" Indicates parameter was not analysed
"NC" Indicates that parameter in the sample was not compared to the duplicate/replicate sample in the data quality assessment
Boldface type and shaded indicates that Data Quality Objective was not achieved

Metals

Conventional Parameters
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or               
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RPD (%)       
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RPD (%)       
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RPD (%)       
or               
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RPD Data 
Quality 
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Method 
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Table A2.3: Detailed Data Quality Assessment for Constituents in the Blank Sample

Analysis Units
Detection 

Limit
Data Quality 

Objective Blank

Acidity (as CaCO3) mg/L 2 4 7
Total Inorganic Carbon (DIC) mg/L 1.0 2.0 <1.0
Total Organic Carbon (DOC) mg/L 1.0 2.0 2.4
Sulphate (SO4) mg/L 2 4 <2
Hardness (as CaCO3) mg/L 0.5 1.0 <0.5

Radium-226 (Ra-226) Bq/L 0.01 0.02 <0.01
Aluminum (Al) mg/L 0.01 0.02 <0.01
Arsenic (As) mg/L 0.0002 0.0004 <0.0002
Barium (Ba) mg/L 0.00001 0.00002 0.00216
Beryllium (Be) mg/L 0.00002 0.00004 <0.00002
Boron (B) mg/L 0.0002 0.0004 <0.0002
Bismuth (Bi) mg/L 0.00001 0.00002 <0.00001
Calcium (Ca) mg/L 0.03 0.06 0.03
Cadmium (Cd) mg/L 0.000003 0.000006 <0.000003
Cobalt (Co) mg/L 0.000002 0.000004 0.000003
Chromium (Cr) mg/L 0.0005 0.0010 <0.0005
Copper (Cu) mg/L 0.0005 0.0010 0.0053
Iron (Fe) mg/L 0.01 0.02 <0.01
Potassium (K) mg/L 0.01 0.02 <0.01
Lithium (Li) mg/L 0.002 0.004 <0.002
Magnesium (Mg) mg/L 0.003 0.006 <0.003
Manganese (Mn) mg/L 0.00001 0.00002 0.00034
Molybdenum (Mo) mg/L 0.00001 0.00002 <0.00001
Sodium (Na) mg/L 0.01 0.02 0.15
Nickel (Ni) mg/L 0.0001 0.0002 0.0003
Lead (Pb) mg/L 0.00002 0.00004 <0.00002
Phosphorous (P) mg/L 0.01 0.02 <0.01
Antimony (Sb) mg/L 0.0002 0.0004 <0.0002
Selenium (Se) mg/L 0.001 0.002 <0.001
Sulphur (S) mg/L 0.01 0.02 0.05
Silicon (Si) mg/L 0.01 0.02 <0.01
Tin (Sn) mg/L 0.00001 0.00002 <0.00001
Strontium (Sr) mg/L 0.0001 0.0002 0.0001
Titanium (Ti) mg/L 0.0001 0.0002 <0.0001
Thallium (Tl) mg/L 0.0002 0.0004 <0.0002
Uranium (U) mg/L 0.000001 0.000002 <0.000001
Vanadium (V) mg/L 0.00003 0.00006 <0.00003
Zinc (Zn) mg/L 0.001 0.002 <0.001

Notes:
Boldface type and shaded indicates that Data Quality Objective was not achieved

Convential Parameters

Metals
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 01 October 2009
 LR. Ref. : CA10063-OCT09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 3:

Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-EC-1
(0-5)

6:
CORE

09-EC-1
(5-10)

7:
CORE

09-EC-2
(0-2.5)

8:
CORE

09-EC-2
(2.5-5)

9:
CORE

09-EC-2
(5-7.5)

10:
CORE

09-QC14-1
(0-5)

Sample Date & Time 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09
Ba as BaSO4 Calc. * [µg/g] --- --- 160 770 480 630 530 940
SO4 as BaSO4 Calc. ** [µg/g] --- --- 7280 2430 2430 2430 2430 14600
Total Sulphur [%] 09-Oct-09 10:07 1.17 0.762 0.628 1.03 1.18 1.21
Carbonate (CO3) [%] 08-Oct-09 10:46 0.058 0.280 < 0.005 < 0.005 < 0.005 < 0.005
Total Organic Carbon [%] 09-Oct-09 10:07 10.5 16.7 0.617 0.206 0.090 0.490
Total Carbon [%] 09-Oct-09 10:07 10.5 16.8 0.616 0.207 0.089 0.489
Sulphide [%] 08-Oct-09 11:47 0.47 0.70 0.53 1.04 1.07 0.96
Sulphate [%] 13-Oct-09 16:45 0.3 0.1 0.1 0.1 0.1 0.6
Silver [µg/g] 14-Oct-09 13:32 < 0.7 < 0.7 1.5 1.2 1.1 3.0
Aluminum [µg/g] 14-Oct-09 13:32 3800 5800 1500 1200 890 6700
Arsenic [µg/g] 14-Oct-09 13:32 14 26 22 24 24 37
Barium [µg/g] 14-Oct-09 13:32 94 450 280 370 310 550
Beryllium [µg/g] 14-Oct-09 13:32 0.35 0.13 0.51 0.41 0.34 1.5
Bismuth [µg/g] 14-Oct-09 13:32 12 < 0.5 11 8.6 7.8 15
Calcium [µg/g] 14-Oct-09 13:32 4600 7400 230 110 63 2400
Cadmium [µg/g] 14-Oct-09 13:32 4.0 1.8 0.25 0.27 0.29 0.45
Cerium [µg/g] 14-Oct-09 13:32 240 800 340 300 240 600
Cobalt [µg/g] 14-Oct-09 13:32 15 17 16 21 22 25
Chromium [µg/g] 14-Oct-09 13:32 7.8 17 8.2 6.5 5.8 16
Cesium [µg/g] 14-Oct-09 13:32 1.1 0.90 0.32 0.20 0.19 1.1
Copper [µg/g] 14-Oct-09 13:32 15 56 50 54 54 120
Iron [µg/g] 14-Oct-09 13:32 240000 16000 13000 17000 19000 22000
Gallium [µg/g] 14-Oct-09 13:32 2.7 6.5 2.8 2.4 1.9 5.3
Germanium [µg/g] 14-Oct-09 13:32 7.2 4.0 1.4 1.4 1.2 2.6
Hafnium [µg/g] 14-Oct-09 13:32 0.1 0.9 0.5 0.7 0.7 1.5
Indium [µg/g] 14-Oct-09 13:32 < 0.01 0.01 0.02 0.01 0.01 0.03
Potassium [µg/g] 14-Oct-09 13:32 210 270 330 300 230 570
Lanthanum [µg/g] 14-Oct-09 13:32 130 420 190 170 140 310
Lithium [µg/g] 14-Oct-09 13:32 0.9 1.3 0.8 0.5 0.2 4.7
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Analysis 3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-EC-1
(0-5)

6:
CORE

09-EC-1
(5-10)

7:
CORE

09-EC-2
(0-2.5)

8:
CORE

09-EC-2
(2.5-5)

9:
CORE

09-EC-2
(5-7.5)

10:
CORE

09-QC14-1
(0-5)

Lutetium [µg/g] 14-Oct-09 13:32 1.1 5.3 0.14 0.060 0.038 1.1
Magnesium [µg/g] 14-Oct-09 13:32 240 1500 110 38 18 97
Manganese [µg/g] 14-Oct-09 13:32 84 180 18 7.6 4.6 14
Molybdenum [µg/g] 14-Oct-09 13:32 10 3.9 6.4 6.1 5.5 10
Sodium [µg/g] 14-Oct-09 13:32 40 55 11 8 5 15
Niobuim [µg/g] 14-Oct-09 13:32 2.7 < 0.7 9.7 7.8 7.5 13
Nickel [µg/g] 14-Oct-09 13:32 19 43 9 10 11 20
Lead [µg/g] 14-Oct-09 13:32 280 640 240 270 310 650
Phosphorus [µg/g] 14-Oct-09 13:32 810 360 400 360 330 820
Rubidium [µg/g] 14-Oct-09 13:32 2.5 4.0 2.6 2.0 1.4 4.1
Antimony [µg/g] 14-Oct-09 13:32 < 1 < 1 1 < 1 < 1 2
Scandium [µg/g] 14-Oct-09 13:32 1.6 3.0 0.9 0.8 0.6 2.8
Selenium [µg/g] 14-Oct-09 13:32 < 2 < 2 < 2 < 2 < 2 < 2
Tin [µg/g] 14-Oct-09 13:32 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 14-Oct-09 13:32 7.9 14 5.1 5.4 4.6 11
Sulphur [µg/g] 14-Oct-09 13:32 15000 11000 6700 11000 12000 12000
Tantalum [µg/g] 14-Oct-09 13:32 0.05 0.23 0.07 0.12 0.28 0.30
Terbium [µg/g] 14-Oct-09 13:32 4.3 33 1.4 0.90 0.67 5.6
Tellerium [µg/g] 14-Oct-09 13:32 0.1 < 0.1 0.2 0.2 0.2 0.3
Thorium [µg/g] 14-Oct-09 13:32 120 89 560 470 380 1600
Titanium [µg/g] 14-Oct-09 13:32 91 220 330 260 240 610
Thallium [µg/g] 14-Oct-09 13:32 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 14-Oct-09 13:32 230 150 23 18 15 83
Vanadium [µg/g] 14-Oct-09 13:32 26 17 4.0 2.7 2.4 7.2
Tungsten [µg/g] 14-Oct-09 13:32 79 5 5 5 6 8
Yttrium [µg/g] 14-Oct-09 13:32 84 750 12 6.7 5.2 87
Ytterbium [µg/g] 14-Oct-09 13:31 8.7 46 1.2 0.57 0.40 9.2
Zinc [µg/g] 14-Oct-09 13:32 65 58 8.9 8.0 5.8 23
Zirconium [µg/g] 14-Oct-09 13:32 6 < 5 30 27 26 58

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 01 October 2009
 LR. Ref. : CA10063-OCT09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 11:

CORE
09-QC14-1

(5-10)

12:
CORE

09-QC14-1
(10-15)

13:
CORE

09-QC14-2
(0-2.5)

14:
CORE

09-QC14-2
(2.5-5)

15:
CORE

09-QC14-2
(5-7.5)

16:
CORE

09-QC14-2
(7.5-10)

17:
CORE

09-QC14-3
(0-5)

Sample Date & Time 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09
Ba as BaSO4 Calc. * [µg/g] 580 480 260 370 560 540 920
SO4 as BaSO4 Calc. ** [µg/g] 53400 29100 2430 2430 2430 2430 <2430
Total Sulphur [%] 2.33 2.21 0.633 0.885 0.871 1.29 1.35
Carbonate (CO3) [%] < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.005
Total Organic Carbon [%] 0.114 0.065 0.519 0.289 0.121 0.086 0.617
Total Carbon [%] 0.115 0.064 0.519 0.289 0.121 0.086 0.618
Sulphide [%] 1.56 1.80 0.52 0.77 0.84 1.26 1.37
Sulphate [%] 2.2 1.2 0.1 0.1 0.1 0.1 < 0.1
Silver [µg/g] 1.7 1.3 0.8 1.0 1.1 1.3 3.4
Aluminum [µg/g] 3800 2600 830 690 850 1400 7700
Arsenic [µg/g] 33 26 17 19 21 23 36
Barium [µg/g] 340 280 150 220 330 320 540
Beryllium [µg/g] 0.81 0.61 0.28 0.28 0.34 0.51 1.7
Bismuth [µg/g] 10 8.1 7.5 9.2 8.5 7.6 15
Calcium [µg/g] 8900 4900 190 130 79 59 350
Cadmium [µg/g] 0.42 0.43 0.18 0.22 0.22 0.31 0.55
Cerium [µg/g] 610 430 300 290 280 250 770
Cobalt [µg/g] 35 36 15 18 17 24 38
Chromium [µg/g] 8.2 6.2 4.7 4.9 5.7 6.6 18
Cesium [µg/g] 0.49 0.32 0.18 0.22 0.31 0.20 0.55
Copper [µg/g] 100 88 43 46 42 51 140
Iron [µg/g] 21000 21000 10000 12000 13000 18000 22000
Gallium [µg/g] 4.3 3.0 2.1 2.1 2.0 1.9 6.2
Germanium [µg/g] 2.6 2.1 1.2 1.2 1.2 1.2 3.1
Hafnium [µg/g] 1.2 0.9 0.3 0.6 1.0 0.7 1.5
Indium [µg/g] 0.02 0.02 < 0.01 < 0.01 0.01 0.01 0.04
Potassium [µg/g] 440 290 210 230 250 250 600
Lanthanum [µg/g] 310 220 170 170 160 140 390
Lithium [µg/g] 1.8 1.0 0.2 0.1 0.4 0.7 5.7
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Analysis 11:
CORE

09-QC14-1
(5-10)

12:
CORE

09-QC14-1
(10-15)

13:
CORE

09-QC14-2
(0-2.5)

14:
CORE

09-QC14-2
(2.5-5)

15:
CORE

09-QC14-2
(5-7.5)

16:
CORE

09-QC14-2
(7.5-10)

17:
CORE

09-QC14-3
(0-5)

Lutetium [µg/g] 1.4 1.1 0.081 0.048 0.031 0.036 1.9
Magnesium [µg/g] 76 65 88 46 25 23 120
Manganese [µg/g] 5.3 5.4 13 8.6 4.7 3.9 20
Molybdenum [µg/g] 7.8 7.3 5.3 5.2 7.9 4.8 8.0
Sodium [µg/g] 12 7 8 7 6 6 16
Niobuim [µg/g] 7.2 4.9 7.0 8.2 8.4 7.7 15
Nickel [µg/g] 25 24 8 8 8 12 32
Lead [µg/g] 490 390 180 260 270 230 650
Phosphorus [µg/g] 490 320 260 300 360 350 830
Rubidium [µg/g] 3.2 2.1 1.9 1.9 1.8 1.6 4.3
Antimony [µg/g] < 1 < 1 < 1 < 1 < 1 < 1 2
Scandium [µg/g] 1.5 1.0 0.5 0.4 0.5 0.8 3.0
Selenium [µg/g] < 2 < 2 < 2 < 2 < 2 < 2 < 2
Tin [µg/g] < 6 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 12 8.5 3.6 4.1 4.8 4.6 7.5
Sulphur [µg/g] 22000 20000 6500 8700 8600 12000 13000
Tantalum [µg/g] 0.15 0.09 0.04 0.05 0.12 0.35 0.45
Terbium [µg/g] 7.5 5.5 0.97 0.83 0.68 0.64 9.5
Tellerium [µg/g] 0.2 0.2 0.1 0.2 0.2 0.2 0.3
Thorium [µg/g] 880 630 310 310 360 580 1800
Titanium [µg/g] 370 240 210 250 260 240 630
Thallium [µg/g] < 3 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 71 47 17 17 13 15 120
Vanadium [µg/g] 3.7 2.8 2.7 2.7 2.7 2.6 8.0
Tungsten [µg/g] 7 7 3 4 5 6 8
Yttrium [µg/g] 160 100 9.1 6.8 5.5 5.1 180
Ytterbium [µg/g] 12 9.1 0.74 0.46 0.33 0.36 16
Zinc [µg/g] 28 24 8.8 6.9 4.7 5.4 42
Zirconium [µg/g] 38 27 20 26 28 25 57

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 01 October 2009
 LR. Ref. : CA10063-OCT09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 18:

CORE
09-QC14-3

(5-10)

19:
CORE

09-QC14-3
(10-15)

20:
CORE

09-QC14-3
(15-20)

21:
CORE

09-QC14-4
(0-5)

22:
CORE

09-QC14-4
(5-10)

23:
CORE

09-QC14-4
(10-15)

24:
CORE

09-QC14-4
(15-20)

Sample Date & Time 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09
Ba as BaSO4 Calc. * [µg/g] 1090 1120 1070 970 950 990 800
SO4 as BaSO4 Calc. ** [µg/g] 4850 7280 7280 4850 46100 87400 75200
Total Sulphur [%] 1.48 1.39 1.60 1.48 2.00 2.36 2.58
Carbonate (CO3) [%] < 0.005 < 0.005 < 0.005 0.022 0.100 0.123 0.034
Total Organic Carbon [%] 0.136 0.112 0.097 0.683 0.188 0.178 0.109
Total Carbon [%] 0.136 0.113 0.096 0.688 0.208 0.202 0.116
Sulphide [%] 1.43 1.32 1.48 1.40 1.37 1.08 1.44
Sulphate [%] 0.2 0.3 0.3 0.2 1.9 3.6 3.1
Silver [µg/g] 3.2 3.9 3.7 3.0 2.9 4.0 2.9
Aluminum [µg/g] 7700 11000 9000 6500 6200 10000 7500
Arsenic [µg/g] 45 49 46 40 38 40 38
Barium [µg/g] 640 660 630 570 560 580 470
Beryllium [µg/g] 1.6 2.1 1.9 1.4 1.4 2.0 1.5
Bismuth [µg/g] 15 16 15 15 14 17 14
Calcium [µg/g] 710 940 1300 1400 9900 19000 16000
Cadmium [µg/g] 0.61 0.66 0.58 0.64 0.56 0.64 0.55
Cerium [µg/g] 1100 1200 1000 900 830 1100 890
Cobalt [µg/g] 45 41 38 39 35 38 38
Chromium [µg/g] 17 24 21 16 15 21 16
Cesium [µg/g] 0.77 0.88 0.76 0.54 0.70 0.87 0.81
Copper [µg/g] 140 160 160 130 120 160 130
Iron [µg/g] 24000 25000 24000 23000 22000 24000 23000
Gallium [µg/g] 7.5 8.6 7.5 6.4 6.1 8.0 6.3
Germanium [µg/g] 4.2 4.4 4.1 3.5 3.3 4.0 3.5
Hafnium [µg/g] 2.2 2.4 2.2 1.5 1.8 2.5 2.2
Indium [µg/g] 0.04 0.05 0.06 0.04 0.03 0.05 0.04
Potassium [µg/g] 630 730 690 600 600 760 650
Lanthanum [µg/g] 560 600 520 460 420 540 450
Lithium [µg/g] 5.2 7.7 7.0 4.9 5.7 10 6.2
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Analysis 18:
CORE

09-QC14-3
(5-10)

19:
CORE

09-QC14-3
(10-15)

20:
CORE

09-QC14-3
(15-20)

21:
CORE

09-QC14-4
(0-5)

22:
CORE

09-QC14-4
(5-10)

23:
CORE

09-QC14-4
(10-15)

24:
CORE

09-QC14-4
(15-20)

Lutetium [µg/g] 3.1 3.3 2.8 2.3 2.0 3.5 2.6
Magnesium [µg/g] 300 220 120 770 520 1300 400
Manganese [µg/g] 35 31 18 79 53 130 57
Molybdenum [µg/g] 5.8 8.1 8.9 9.0 9.4 8.0 6.6
Sodium [µg/g] 15 18 15 18 16 21 18
Niobuim [µg/g] 9.5 9.0 8.9 13 11 12 10
Nickel [µg/g] 38 39 34 31 28 37 31
Lead [µg/g] 690 720 680 630 550 800 640
Phosphorus [µg/g] 840 930 860 760 740 950 710
Rubidium [µg/g] 4.8 5.8 5.4 4.3 4.3 5.4 5.0
Antimony [µg/g] < 1 1 1 1 1 1 < 1
Scandium [µg/g] 3.1 4.2 3.6 2.7 2.5 3.8 2.9
Selenium [µg/g] < 2 < 2 < 2 < 2 < 2 < 2 < 2
Tin [µg/g] < 6 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 11 14 15 9.2 16 21 18
Sulphur [µg/g] 14000 14000 15000 14000 19000 22000 25000
Tantalum [µg/g] 0.27 0.27 0.28 0.48 0.57 0.55 0.48
Terbium [µg/g] 17 18 14 12 10 18 13
Tellerium [µg/g] 0.3 0.4 0.4 0.3 0.3 0.4 0.3
Thorium [µg/g] 1900 2400 2200 1600 1600 2400 1800
Titanium [µg/g] 660 680 640 590 550 740 570
Thallium [µg/g] < 3 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 100 110 110 100 100 140 110
Vanadium [µg/g] 7.7 9.3 8.3 7.4 6.4 9.8 6.7
Tungsten [µg/g] 8 9 8 8 8 8 8
Yttrium [µg/g] 370 350 290 240 220 360 260
Ytterbium [µg/g] 26 28 24 19 17 30 22
Zinc [µg/g] 58 59 51 46 42 59 46
Zirconium [µg/g] 64 68 64 56 54 70 58

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 01 October 2009
 LR Report: CA10063-OCT09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report (QC Report)
 
  Analysis 25:

MDL
26:

QC - Blank
27:

QC - STD %
Recovery

28:
QC - DUP %

Recovery

Ba as BaSO4 Calc. * [µg/g] --- --- --- ---

SO4 as BaSO4 Calc. ** [µg/g] --- --- --- ---

Total Sulphur [%] 0.005 < 0.005 100% 98%

Carbonate (CO3) [%] 0.005 < 0.005 101% 100%

Total Organic Carbon [%] 0.01 --- --- ---

Total Carbon [%] 0.005 < 0.005 100% 95%

Sulphide [%] 0.01 < 0.01 103% 100%

Sulphate [%] 0.1 < 0.1 98% 107%

Silver [µg/g] 0.7 < 0.7 98% 93%

Aluminum [µg/g] 1 < 1 99% 114%

Arsenic [µg/g] 1 < 1 98% 96%

Barium [µg/g] 0.05 < 0.05 100% 110%

Beryllium [µg/g] 0.1 < 0.1 100% 111%

Bismuth [µg/g] 0.5 < 0.5 98% 100%

Calcium [µg/g] 1 < 1 99% 103%

Cadmium [µg/g] 0.05 < 0.05 98% 100%

Cerium [µg/g] 0.006 < 0.006 107% 99%

Cobalt [µg/g] 0.3 < 0.3 96% 965

Chromium [µg/g] 0.5 < 0.5 99% 106%

Cesium [µg/g] 0.01 < 0.01 100% 99%

Copper [µg/g] 0.1 < 0.1 101% 110%

Iron [µg/g] 0.5 < 0.5 98% 91%

Gallium [µg/g] 0.03 < 0.03 100% 101%

Germanium [µg/g] 0.3 < 0.3 100% 95%

Hafnium [µg/g] 0.1 < 0.1 100% 120%

Indium [µg/g] 0.01 < 0.01 100% 109%

Potassium [µg/g] 1 < 1 100% 110%

Lanthanum [µg/g] 0.001 < 0.001 101% 99%

Lithium [µg/g] 0.1 < 0.1 99% 100%

Lutetium [µg/g] 0.001 < 0.001 96% 99%

Magnesium [µg/g] 1 < 1 100% 105%

Manganese [µg/g] 0.05 < 0.05 98% 108%

Molybdenum [µg/g] 0.5 < 0.5 101% 74%
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Analysis 25:
MDL

26:
QC - Blank

27:
QC - STD %

Recovery

28:
QC - DUP %

Recovery

Sodium [µg/g] 1 < 1 102% 104%

Niobuim [µg/g] 0.7 < 0.7 100% 99%

Nickel [µg/g] 1 < 1 99% 103%

Lead [µg/g] 0.7 < 0.7 98% 110%

Phosphorus [µg/g] 5 < 5 98% 106%

Rubidium [µg/g] 0.004 < 0.004 100% 100%

Antimony [µg/g] 1 < 1 102% 100%

Scandium [µg/g] 0.2 < 0.2 100% 103%

Selenium [µg/g] 1 < 2 97% 100%

Tin [µg/g] 6 < 6 103% 94%

Strontium [µg/g] 0.01 < 0.01 100% 96%

Sulphur [µg/g] 1 < 1 --- 90%

Tantalum [µg/g] 0.01 < 0.01 100% 101%

Terbium [µg/g] 0.001 < 0.001 94% 100%

Tellerium [µg/g] 0.1 < 0.1 100% 107%

Thorium [µg/g] 0.01 < 0.01 100% 99%

Titanium [µg/g] 0.2 < 0.2 104% 99%

Thallium [µg/g] 3 < 3 97% 100%

Uranium [µg/g] 0.002 < 0.002 --- 97%

Vanadium [µg/g] 0.1 < 0.1 100% 109%

Tungsten [µg/g] 1 < 1 99% 100%

Yttrium [µg/g] 0.1 < 0.1 100% 110%

Ytterbium [µg/g] 0.001 --- 100% 100%

Zinc [µg/g] 0.1 < 0.1 98% 103%

Zirconium [µg/g] 5 < 5 102% 105%

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10066-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis Approval

Date

4:
Analysis Approval

Time

13:
PW09-QC14-1

(0-5)

14:
PW09-QC14-1

(5-10)

15:
PW09-QC14-1

(10-15)

16:
PW09-QC14-2

(0-2.5)

17:
PW09-QC14-2

(2.5-5)

Sample Date & Time 27-Sep-09 27-Sep-09 29-Sep-09 28-Sep-09 28-Sep-09

Sulphate [mg/L] 02-Oct-09 19:39 06-Oct-09 14:20 --- --- 1500 32 12

Tot. Suspended Solids [mg/L] 05-Oct-09 10:24 06-Oct-09 12:15 --- --- --- --- ---

Dissolved Organic Carbon [mg/L] 02-Oct-09 10:00 06-Oct-09 13:53 --- --- 4.7 28.0 18.3

Dissolved Inorganic Carbon [mg/L] 05-Oct-09 14:35 07-Oct-09 12:41 --- --- 1.0 < 1.0 < 1.0

Total Organic Carbon [mg/L] 02-Oct-09 10:00 05-Oct-09 13:40 --- --- --- --- ---

Acidity [mg/L as CaCO3] 02-Oct-09 15:00 08-Oct-09 09:53 --- --- 49 21 15

Hardness [mg/L as CaCO3] 05-Oct-09 09:00 05-Oct-09 13:21 731 1294 1335 26.2 16.9

Aluminum [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.01 < 0.01 < 0.01 < 0.01 0.03

Arsenic [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0082 0.0102 0.0064 0.0064 0.0084

Barium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0577 0.0283 0.0212 0.309 0.308

Beryllium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0048 0.0107 0.0138 0.0054 0.0047

Bismuth [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00001 < 0.00001 0.00008 0.00003 0.00024

Calcium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:21 290 516 532 8.79 5.68

Cadmium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.000012 0.000050 0.000118 0.000055 < 0.000003

Cobalt [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0154 0.0367 0.0438 0.00521 0.000917

Chromium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0005 0.0008 0.0012 0.0043 0.0025

Iron [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 63.9 40.0 24.3 0.03 0.52

Potassium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.21 1.34 1.49 0.34 0.40

Lithium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.002 0.002 < 0.002 < 0.002 < 0.002

Magnesium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.63 1.48 1.37 1.02 0.664
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis Approval

Date

4:
Analysis Approval

Time

13:
PW09-QC14-1

(0-5)

14:
PW09-QC14-1

(5-10)

15:
PW09-QC14-1

(10-15)

16:
PW09-QC14-2

(0-2.5)

17:
PW09-QC14-2

(2.5-5)

Manganese [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.771 0.503 0.346 0.282 0.133

Molybdenum [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00589 0.0119 0.00918 0.00029 0.00133

Sodium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.77 2.04 2.08 2.35 1.98

Nickel [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0050 0.0172 0.0173 0.0044 0.0012

Phosphorus [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.01 < 0.01 < 0.01 < 0.01 0.01

Lead [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00069 0.00078 0.00202 0.0242 0.00596

Sulphur [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 242 396 399 8.28 3.87

Antimony [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0002 < 0.0002 < 0.0002 0.0002 0.0006

Selenium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 8.09 10.3 10.3 1.23 1.71

Tin [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00001 0.00004 0.00008 0.00004 < 0.00001

Strontium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.149 0.260 0.266 0.0205 0.0154

Titanium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0006 0.0007 0.0007 0.0003 0.0062

Thallium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0136 0.0589 0.0445 0.000946 0.000524

Vanadium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00010 0.00011 0.00013 0.00007 0.00013

Zinc [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.011 0.039 0.041 0.005 0.003

 
 

Groundwater samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
 

 
 
 
 Copy to : #1

SGS Lakefield Research Limited
 P.O. Box 4300 - 185 Concession St. LR Report : CA10066-OCT09

 Lakefield - Ontario - KOL 2HO
 Phone: 705-652-2000 FAX: 705-652-6365
 

O
nL

in
e 

LI
M

S

Page 2 of 2
 This document is issued by the Company under its General Conditions of Service accessible at http://www.sgs.com/terms_and_conditions.htm. Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined therein. WARNING: The sample(s) to which the findings
recorded herein (the 'Findings') relate was (were) drawn and / or provided by the Client or by a third party acting at the Client’s direction. The Findings constitute no warranty of the sample’s representativity of the goods and strictly relate to the sample(s). The Company accepts no liability with

regard to the origin or source from which the sample(s) is/are said to be extracted. The Findings report on the samples provided by the client and are not intended for commercial or contractual settlement purposes. Any unauthorized alteration, forgery or falsification of the content or
appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law. Test method information available upon request.



Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10066-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 18:

PW09-QC14-2
(5-7.5)

19:
PW09-QC14-2

(7.5-10)

20:
PW09-QC14-3

(0-5)

21:
PW09-QC14-3

(5-10)

22:
PW09-QC14-3

(10-15)

23:
PW09-QC14-3

(15-20)

24:
PW09-QC14-4

(0-5)

25:
PW09-QC14-4

(5-10)

26:
PW09-QC14-4

(10-15)

27:
PW09-QC14-4

(15-20)

Sample Date & Time 28-Sep-09 28-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09

Sulphate [mg/L] 12 --- 5.6 6.8 18 240 560 1400 1400 1400

Tot. Suspended Solids [mg/L] --- --- --- --- --- --- --- --- --- ---

Dissolved Organic Carbon [mg/L] 17.9 --- 3.5 3.2 2.8 3.8 9.3 6.6 7.3 4.0

Dissolved Inorganic Carbon [mg/L] < 1.0 --- 2.0 3.0 4.7 3.1 < 1.0 4.7 3.1 5.9

Total Organic Carbon [mg/L] --- --- --- --- --- --- --- --- --- ---

Acidity [mg/L as CaCO3] 16 --- 6 < 4 < 4 < 4 19 < 4 --- ---

Hardness [mg/L as CaCO3] 17.9 19.1 18.0 24.5 42.8 250 512 1362 1335 1310

Aluminum [mg/L] < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.04 < 0.01

Arsenic [mg/L] 0.0066 0.0066 0.0026 0.0025 0.0040 0.0042 0.0050 0.0054 0.0026 0.0027

Barium [mg/L] 0.519 0.499 0.333 0.233 0.131 0.0762 0.231 0.0657 0.0328 0.0197

Beryllium [mg/L] < 0.00002 < 0.00002 0.00013 0.00005 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 0.0051 0.0044 0.0026 0.0070 0.0121 0.0162 0.0220 0.0944 0.0802 0.0387

Bismuth [mg/L] 0.00006 < 0.00001 0.00012 0.00004 0.00001 0.00001 0.00005 0.00002 0.00001 0.00003

Calcium [mg/L] 6.06 6.44 6.12 8.51 15.5 97.4 195 536 527 519

Cadmium [mg/L] 0.000005 0.000006 0.000112 0.000043 0.000034 0.000086 0.000029 0.000016 0.000017 0.000015

Cobalt [mg/L] 0.000766 0.000876 0.00189 0.00766 0.00912 0.0123 0.00473 0.00237 0.00186 0.00185

Chromium [mg/L] < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 0.0015 0.0007 < 0.0005 < 0.0005 < 0.0005 < 0.0005 0.0009 0.0007 0.0006 0.0008

Iron [mg/L] 2.46 6.07 7.18 6.88 5.66 7.35 23.5 1.62 0.41 0.26

Potassium [mg/L] 0.62 0.53 0.37 0.50 0.60 0.90 0.65 1.06 0.94 0.92

Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 0.002 0.002 < 0.002 < 0.002

Magnesium [mg/L] 0.675 0.734 0.670 0.801 0.980 1.78 6.05 5.49 4.43 3.52

SGS Lakefield Research Limited
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Analysis 18:
PW09-QC14-2

(5-7.5)

19:
PW09-QC14-2

(7.5-10)

20:
PW09-QC14-3

(0-5)

21:
PW09-QC14-3

(5-10)

22:
PW09-QC14-3

(10-15)

23:
PW09-QC14-3

(15-20)

24:
PW09-QC14-4

(0-5)

25:
PW09-QC14-4

(5-10)

26:
PW09-QC14-4

(10-15)

27:
PW09-QC14-4

(15-20)

Manganese [mg/L] 0.133 0.146 0.143 0.161 0.191 0.249 1.27 0.400 0.352 0.251

Molybdenum [mg/L] 0.00107 0.00241 0.00045 0.00042 0.00155 0.00615 0.00339 0.0289 0.0291 0.0149

Sodium [mg/L] 1.79 1.51 1.30 1.20 1.36 1.63 2.05 2.00 1.94 1.80

Nickel [mg/L] 0.0012 0.0011 0.0010 0.0019 0.0020 0.0039 0.0025 0.0020 0.0018 0.0019

Phosphorus [mg/L] 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.02 < 0.01 0.02 < 0.01

Lead [mg/L] 0.00098 0.00018 0.00029 0.00023 0.00027 0.00042 0.00043 0.00047 0.00044 0.00059

Sulphur [mg/L] 3.61 4.46 1.67 2.21 5.91 69.9 155 391 387 385

Antimony [mg/L] 0.0004 0.0005 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 0.0003 0.0003 < 0.0002

Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 0.002

Silica [mg/L] 2.15 3.04 5.18 7.70 8.81 8.23 4.59 3.66 2.45 3.95

Tin [mg/L] < 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00005 0.00011 0.00004 0.00006 0.00010 0.00022

Strontium [mg/L] 0.0204 0.0211 0.0170 0.0318 0.0499 0.146 0.137 0.277 0.263 0.268

Titanium [mg/L] 0.0005 0.0002 0.0003 0.0005 0.0005 0.0005 0.0004 0.0004 0.0003 0.0003

Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 0.000143 0.000072 0.000744 0.000806 0.000839 0.00957 0.0421 0.275 0.242 0.233

Vanadium [mg/L] 0.00006 0.00006 0.00019 0.00012 0.00014 0.00016 0.00013 0.00022 0.00021 0.00023

Zinc [mg/L] 0.002 0.003 0.002 0.005 0.008 0.015 0.006 0.003 0.003 0.003

 
 

Groundwater samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10066-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 5:

SW09-QC14-1T
6:

SW09-QC14-1B
7:

SW09-QC14-2T
8:

SW09-QC14-2B
9:

SW09-QC14-3T
10:

SW09-QC14-3B
11:

SW09-QC14-4T
12:

SW09-QC14-4B

Sample Date & Time 26-Sep-09 26-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09

Sulphate [mg/L] 55 32 72 32 54 35 57 25

Tot. Suspended Solids [mg/L] --- --- --- 43 --- --- --- 6

Dissolved Organic Carbon [mg/L] 13.3 18.5 14.4 19.4 15.1 16.0 13.4 14.2

Dissolved Inorganic Carbon [mg/L] 2.4 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0

Total Organic Carbon [mg/L] --- --- --- 5.3 --- --- --- 5.2

Acidity [mg/L as CaCO3] 31 20 56 15 29 15 31 20

Hardness [mg/L as CaCO3] 17.1 18.3 16.9 16.6 16.7 16.9 16.8 16.9

Aluminum [mg/L] < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Arsenic [mg/L] 0.0006 0.0008 0.0006 0.0011 0.0007 0.0009 0.0006 0.0012

Barium [mg/L] 0.109 0.116 0.104 0.108 0.105 0.105 0.0989 0.109

Beryllium [mg/L] < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 0.0044 0.0045 0.0045 0.0056 0.0045 0.0047 0.0043 0.0053

Bismuth [mg/L] < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001

Calcium [mg/L] 5.72 6.24 5.69 5.55 5.59 5.69 5.63 5.67

Cadmium [mg/L] 0.000023 0.000029 0.000023 0.000023 0.000021 0.000035 0.000017 0.000052

Cobalt [mg/L] 0.00304 0.00143 0.00549 0.00169 0.00246 0.00165 0.00297 0.00144

Chromium [mg/L] < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 0.0051 0.0045 0.0038 0.0023 0.0040 0.0034 0.0030 0.0025

Iron [mg/L] 0.02 0.36 0.04 0.01 0.02 0.07 0.02 0.01

Potassium [mg/L] 0.32 0.30 0.32 0.26 0.31 0.29 0.30 0.27

Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002

Magnesium [mg/L] 0.679 0.667 0.663 0.657 0.660 0.658 0.664 0.667
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Analysis 5:
SW09-QC14-1T

6:
SW09-QC14-1B

7:
SW09-QC14-2T

8:
SW09-QC14-2B

9:
SW09-QC14-3T

10:
SW09-QC14-3B

11:
SW09-QC14-4T

12:
SW09-QC14-4B

Manganese [mg/L] 0.0328 0.0379 0.0288 0.0353 0.0292 0.0337 0.0272 0.0348

Molybdenum [mg/L] 0.00001 0.00002 < 0.00001 0.00002 < 0.00001 < 0.00001 < 0.00001 0.00003

Sodium [mg/L] 1.84 1.87 1.82 1.83 1.81 1.78 1.88 1.73

Nickel [mg/L] 0.0027 0.0025 0.0025 0.0024 0.0024 0.0024 0.0023 0.0026

Phosphorus [mg/L] 0.01 < 0.01 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Lead [mg/L] 0.00375 0.00604 0.00717 0.00597 0.00374 0.00642 0.00386 0.00361

Sulphur [mg/L] 4.72 5.21 4.69 4.74 4.64 4.78 4.74 4.76

Antimony [mg/L] 0.0034 0.0007 0.0077 0.0007 0.0021 0.0009 0.0027 0.0005

Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 0.59 0.63 0.58 0.59 0.58 0.64 0.58 0.63

Tin [mg/L] 0.00002 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001

Strontium [mg/L] 0.0122 0.0125 0.0121 0.0120 0.0119 0.0122 0.0120 0.0122

Titanium [mg/L] < 0.0001 < 0.0001 0.0003 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 0.00107 0.000679 0.000535 0.000338 0.000489 0.000749 0.000386 0.000459

Vanadium [mg/L] 0.00004 0.00004 0.00006 0.00005 0.00005 0.00004 0.00004 0.00004

Zinc [mg/L] 0.003 0.004 0.002 0.005 0.002 0.004 0.003 0.005

 
 

Ra226 subcontracted to Becquerel Labs.
  

 
 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 01 October 2009
 LR Report: CA10066-OCT09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report (QC Report)
 
  Analysis 28:

MDL
29:

QC - Blank
30:

QC - STD %
Recovery

31:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 100% 110%

Tot. Suspended Solids [mg/L] 2 < 2 96% 83%

Dissolved Organic Carbon [mg/L] 0.2 < 0.2 105% 98%

Dissolved Inorganic Carbon [mg/L] 0.2 0.7 107% 100%

Total Organic Carbon [mg/L] 0.2 < 0.2 105% 98%

Acidity [mg/L as CaCO3] 4 < 4 98% 102%

Hardness [mg/L as CaCO3] 0.5 --- --- ---

Aluminum [mg/L] 0.01 < 0.01 98% ---

Arsenic [mg/L] 0.0002 < 0.0002 106% ---

Barium [mg/L] 0.00001 < 0.00001 122% ---

Beryllium [mg/L] 0.00002 < 0.00002 104% ---

Boron [mg/L] 0.0002 < 0.0002 96% ---

Bismuth [mg/L] 0.00001 < 0.00001 109% ---

Calcium [mg/L] 0.03 < 0.03 101% ---

Cadmium [mg/L] 0.000003 0.000003 99% ---

Cobalt [mg/L] 0.000002 < 0.000002 102% ---

Chromium [mg/L] 0.0005 < 0.0005 102% ---

Copper [mg/L] 0.0005 < 0.0005 102% ---

Iron [mg/L] 0.01 < 0.01 102% ---

Potassium [mg/L] 0.01 < 0.01 98% ---

Lithium [mg/L] 0.002 < 0.002 98% ---

Magnesium [mg/L] 0.003 < 0.003 98% ---

Manganese [mg/L] 0.00001 < 0.00001 107% ---

Molybdenum [mg/L] 0.00001 < 0.00001 99% ---

Sodium [mg/L] 0.01 < 0.01 94% ---

Nickel [mg/L] 0.0001 < 0.0001 100% ---

Phosphorus [mg/L] 0.01 < 0.01 100% ---

Lead [mg/L] 0.00002 < 0.00002 106% ---
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Analysis 28:
MDL

29:
QC - Blank

30:
QC - STD %

Recovery

31:
QC - DUP %

Recovery

Sulphur [mg/L] 0.01 < 0.01 98% ---

Antimony [mg/L] 0.0002 < 0.0002 101% ---

Selenium [mg/L] 0.001 < 0.001 102% ---

Silica [mg/L] 0.01 < 0.01 104% ---

Tin [mg/L] 0.00001 < 0.00001 96% ---

Strontium [mg/L] 0.0001 < 0.0001 100% ---

Titanium [mg/L] 0.0001 < 0.0001 96% ---

Thallium [mg/L] 0.0002 < 0.0002 107% ---

Uranium [mg/L] 0.000001 0.000001 1065 ---

Vanadium [mg/L] 0.00003 < 0.00003 107% ---

Zinc [mg/L] 0.001 < 0.001 104% ---

 
 

 Ra226 subcontracted to Becquerel Labs.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 30 September 2009
 LR. Ref. : CA10524-SEP09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 3:

Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-PSB-1
0-2.5

6:
CORE

09-PSB-1
2.5-5

7:
CORE

09-PSB-1
5-7.5

8:
CORE

09-PSB-1
7.5-10

Sample Date & Time 22-Sep-09 22-Sep-09 22-Sep-09 22-Sep-09
BaSO4 Calc. using Ba* [µg/g] --- --- 2210 870 680 610
BaSO4 Calc. using SO4** [µg/g] --- --- 14600 238000 330000 381000
Total Sulphur [%] 06-Oct-09 14:44 0.698 3.33 4.55 5.14
Carbonate (CO3) [%] 06-Oct-09 14:42 9.43 11.7 6.45 10.7
Total Organic Carbon [%] 06-Oct-09 14:42 2.25 0.940 0.380 0.260
Total Carbon [%] 06-Oct-09 14:45 4.14 3.27 1.67 2.41
Sulphide [%] 07-Oct-09 16:00 0.43 0.18 0.11 < 0.01
Sulphate [%] 23-Oct-09 10:29 0.6 9.8 14 16
Silver [µg/g] 14-Oct-09 14:09 < 0.7 < 0.7 < 0.7 < 0.7
Aluminum [µg/g] 14-Oct-09 14:09 15000 11000 13000 8400
Arsenic [µg/g] 14-Oct-09 14:09 37 24 27 18
Barium [µg/g] 14-Oct-09 14:09 1300 510 400 360
Beryllium [µg/g] 14-Oct-09 14:09 1.1 0.88 1.2 0.82
Bismuth [µg/g] 14-Oct-09 14:09 13 8.9 6.6 5.4
Calcium [µg/g] 14-Oct-09 14:09 67000 140000 140000 180000
Cadmium [µg/g] 14-Oct-09 14:09 3.8 2.5 2.5 2.0
Cerium [µg/g] 13-Oct-09 15:45 690 510 690 440
Cobalt [µg/g] 14-Oct-09 14:09 98 79 100 69
Chromium [µg/g] 14-Oct-09 14:09 16 13 15 10
Cesium [µg/g] 13-Oct-09 15:45 19 0.55 0.24 0.19
Copper [µg/g] 14-Oct-09 14:09 55 33 43 26
Iron [µg/g] 14-Oct-09 14:09 190000 140000 140000 110000
Gallium [µg/g] 13-Oct-09 15:45 7.3 4.5 4.3 2.8
Germanium [µg/g] 13-Oct-09 15:45 6.5 4.9 5.5 4.0
Hafnium [µg/g] 13-Oct-09 15:45 0.5 0.5 0.4 0.3
Indium [µg/g] 13-Oct-09 15:45 0.01 < 0.01 0.01 < 0.01
Potassium [µg/g] 14-Oct-09 14:09 310 220 130 150
Lanthanum [µg/g] 13-Oct-09 15:45 380 280 380 240
Lithium [µg/g] 14-Oct-09 14:09 9.9 7.3 3.6 4.5
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Analysis 3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-PSB-1
0-2.5

6:
CORE

09-PSB-1
2.5-5

7:
CORE

09-PSB-1
5-7.5

8:
CORE

09-PSB-1
7.5-10

Lutetium [µg/g] 13-Oct-09 15:45 3.0 2.6 3.3 2.2
Magnesium [µg/g] 14-Oct-09 14:09 9900 13000 9900 9000
Manganese [µg/g] 14-Oct-09 14:09 1600 750 770 660
Molybdenum [µg/g] 14-Oct-09 14:09 34 11 1.5 0.6
Sodium [µg/g] 14-Oct-09 14:09 62 48 29 40
Niobuim [µg/g] 13-Oct-09 15:45 3.3 2.3 1.7 1.3
Nickel [µg/g] 14-Oct-09 14:09 90 63 64 44
Lead [µg/g] 14-Oct-09 14:09 280 150 96 78
Phosphorus [µg/g] 14-Oct-09 14:09 280 150 110 120
Rubidium [µg/g] 13-Oct-09 15:44 2.5 1.4 0.63 0.58
Antimony [µg/g] 14-Oct-09 14:08 < 1 < 1 < 1 < 1
Scandium [µg/g] 13-Oct-09 15:44 2.1 1.4 1.4 1.0
Selenium [µg/g] 14-Oct-09 14:08 < 1 < 1 < 1 < 1
Tin [µg/g] 14-Oct-09 14:08 < 6 < 6 < 6 < 6
Strontium [µg/g] 14-Oct-09 14:08 30 30 23 35
Tantalum [µg/g] 13-Oct-09 15:44 0.10 0.09 0.07 0.06
Terbium [µg/g] 13-Oct-09 15:44 12 9.8 12 8.2
Tellerium [µg/g] 13-Oct-09 15:44 0.2 0.1 0.1 < 0.1
Thorium [µg/g] 13-Oct-09 15:44 350 300 420 290
Titanium [µg/g] 14-Oct-09 14:08 230 150 100 73
Thallium [µg/g] 14-Oct-09 14:08 < 3 < 3 < 3 < 3
Uranium [µg/g] 13-Oct-09 15:44 370 160 110 75
Vanadium [µg/g] 14-Oct-09 14:08 15 9.2 8.0 5.8
Tungsten [µg/g] 14-Oct-09 14:05 5 2 < 1 < 1
Yttrium [µg/g] 14-Oct-09 14:05 270 220 280 200
Ytterbium [µg/g] 13-Oct-09 15:44 23 20 25 17
Zinc [µg/g] 14-Oct-09 14:05 210 130 110 87
Zirconium [µg/g] 15-Oct-09 10:44 14 10 8 6

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
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 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 9:

CORE
09-PSB-1

10-15

10:
CORE

09-PSB-2 0-5

11:
CORE

09-PSB-2
5-10

12:
CORE

09-PSB-2
10-15

13:
CORE

09-PSB-2
15-20

Sample Date & Time 22-Sep-09 23-Sep-09 23-Sep-09 23-Sep-09 23-Sep-09
BaSO4 Calc. using Ba* [µg/g] 540 580 270 310 320
BaSO4 Calc. using SO4** [µg/g] 418000 19400 14600 12100 14600
Total Sulphur [%] 5.96 1.31 1.57 2.00 2.23
Carbonate (CO3) [%] 9.65 0.170 0.097 0.052 0.071
Total Organic Carbon [%] 0.130 6.97 9.78 15.2 9.61
Total Carbon [%] 2.06 7.00 9.80 15.2 9.63
Sulphide [%] < 0.01 0.18 0.36 0.88 1.82
Sulphate [%] 17 0.8 0.6 0.5 0.6
Silver [µg/g] < 0.7 1.0 < 0.7 < 0.7 1.0
Aluminum [µg/g] 6800 8400 3600 3000 3300
Arsenic [µg/g] 15 30 14 12 19
Barium [µg/g] 320 340 160 180 190
Beryllium [µg/g] 0.66 0.75 0.34 0.37 0.66
Bismuth [µg/g] 4.5 13 11 14 21
Calcium [µg/g] 190000 9600 7600 9400 7600
Cadmium [µg/g] 1.6 5.7 4.5 0.86 0.96
Cerium [µg/g] 360 250 220 230 290
Cobalt [µg/g] 61 20 15 25 46
Chromium [µg/g] 8.6 15 6.5 13 17
Cesium [µg/g] 0.34 0.47 0.97 1.1 0.74
Copper [µg/g] 22 110 14 29 64
Iron [µg/g] 87000 290000 240000 45000 30000
Gallium [µg/g] 2.3 11 2.4 2.1 2.7
Germanium [µg/g] 3.5 8.1 7.2 2.1 1.9
Hafnium [µg/g] 0.3 0.2 0.1 0.1 0.3
Indium [µg/g] < 0.01 0.02 < 0.01 < 0.01 0.01
Potassium [µg/g] 170 230 190 470 610
Lanthanum [µg/g] 200 130 110 110 140
Lithium [µg/g] 4.5 0.9 0.9 < 0.1 1.1
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Analysis 9:
CORE

09-PSB-1
10-15

10:
CORE

09-PSB-2 0-5

11:
CORE

09-PSB-2
5-10

12:
CORE

09-PSB-2
10-15

13:
CORE

09-PSB-2
15-20

Lutetium [µg/g] 1.8 1.2 0.98 0.79 0.81
Magnesium [µg/g] 9900 540 360 510 410
Manganese [µg/g] 610 430 89 75 51
Molybdenum [µg/g] < 0.5 128 10 4.3 3.9
Sodium [µg/g] 47 28 35 80 74
Niobuim [µg/g] 1.0 2.7 2.8 7.8 12
Nickel [µg/g] 39 22 17 22 30
Lead [µg/g] 80 270 270 190 410
Phosphorus [µg/g] 75 590 740 480 510
Rubidium [µg/g] 0.61 2.1 2.1 4.3 4.8
Antimony [µg/g] < 1 < 1 < 1 < 1 < 1
Scandium [µg/g] 0.8 2.2 1.3 2.3 2.2
Selenium [µg/g] < 1 < 1 < 1 < 1 < 1
Tin [µg/g] < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 27 9.0 7.6 12 10
Tantalum [µg/g] 0.05 0.09 0.05 0.08 0.09
Terbium [µg/g] 6.8 5.1 3.9 3.0 3.5
Tellerium [µg/g] < 0.1 0.1 0.1 0.1 0.3
Thorium [µg/g] 220 560 110 250 550
Titanium [µg/g] 60 81 82 140 240
Thallium [µg/g] < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 68 480 210 84 94
Vanadium [µg/g] 4.6 11 25 9.4 11
Tungsten [µg/g] < 1 14 2 < 1 1
Yttrium [µg/g] 170 97 78 51 61
Ytterbium [µg/g] 14 9.3 7.4 6.3 6.7
Zinc [µg/g] 83 170 64 27 76
Zirconium [µg/g] 5 8 6 8 18

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.
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 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10524-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report (QC Report)
 
  Analysis 14:

MDL
15:

QC - Blank
16:

QC - STD %
Recovery

17:
QC - DUP %

Recovery

BaSO4 Calc. using Ba* [µg/g] --- --- --- ---

BaSO4 Calc. using SO4** [µg/g] --- --- --- ---

Total Sulphur [%] 0.005 < 0.005 102% 100%

Carbonate (CO3) [%] 0.005 < 0.005 100% 140%

Total Organic Carbon [%] 0.01 < 0.01 --- 100%

Total Carbon [%] 0.005 < 0.005 100% 100%

Sulphide [%] 0.01 < 0.01 90% 106%

Sulphate [%] 0.1 < 0.1 100% 107%

Silver [µg/g] 0.7 < 0.7 93% 100%

Aluminum [µg/g] 1 < 1 97% 100%

Arsenic [µg/g] 1 < 1 99% 94%

Barium [µg/g] 0.05 < 0.05 96% 100%

Beryllium [µg/g] 0.1 < 0.1 98% 102%

Bismuth [µg/g] 0.5 < 0.5 98% 104%

Calcium [µg/g] 1 < 1 98% 100%

Cadmium [µg/g] 0.05 < 0.05 97% 99%

Cerium [µg/g] 0.006 < 0.006 94% 110%

Cobalt [µg/g] 0.3 < 0.3 97% 100%

Chromium [µg/g] 0.5 < 0.5 98% 103%

Cesium [µg/g] 0.01 < 0.01 100% 107%

Copper [µg/g] 0.1 < 0.1 98% 100%

Iron [µg/g] 0.5 < 0.5 98% 100%

Gallium [µg/g] 0.03 < 0.03 100% 99%

Germanium [µg/g] 0.3 < 0.3 103% 105%

Hafnium [µg/g] 0.1 < 0.1 96% 150%

Indium [µg/g] 0.01 < 0.01 --- 100%

Potassium [µg/g] 1 < 1 100% 100%

Lanthanum [µg/g] 0.001 0.001 94% 110%

Lithium [µg/g] 0.1 < 0.1 97% 107%

Lutetium [µg/g] 0.001 0.001 95% 102%
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Analysis 14:
MDL

15:
QC - Blank

16:
QC - STD %

Recovery

17:
QC - DUP %

Recovery

Magnesium [µg/g] 1 < 1 96% ---

Manganese [µg/g] 0.05 < 0.05 98% 100%

Molybdenum [µg/g] 0.5 < 0.5 100% 154%

Sodium [µg/g] 1 < 1 97% 104%

Niobuim [µg/g] 0.7 < 0.7 99% 118%

Nickel [µg/g] 1 < 1 97% 101%

Lead [µg/g] 0.7 < 0.7 98% 100%

Phosphorus [µg/g] 5 < 5 98% 100%

Rubidium [µg/g] 0.004 < 0.004 --- 105

Antimony [µg/g] 1 < 1 98 100%

Scandium [µg/g] 0.2 < 0.2 100% 99%

Selenium [µg/g] 1 < 1 99% 100%

Tin [µg/g] 6 < 6 100% 123%

Strontium [µg/g] 0.01 < 0.01 97% 103%

Tantalum [µg/g] 0.01 < 0.01 97% 108%

Terbium [µg/g] 0.01 < 0.001 96% 93%

Tellerium [µg/g] 0.1 < 0.1 99% 101%

Thorium [µg/g] 0.01 < 0.01 114% 100%

Titanium [µg/g] 0.2 < 0.2 98% 100%

Thallium [µg/g] 3 < 3 99% 76%

Uranium [µg/g] 3 < 3 --- 100%

Vanadium [µg/g] 0.1 < 0.1 99% 102%

Tungsten [µg/g] 1 < 1 97% 93%

Yttrium [µg/g] 0.1 < 0.1 96% 100%

Ytterbium [µg/g] 0.1 < 0.1 98% 105%

Zinc [µg/g] 0.1 < 0.1 97% 100%

Zirconium [µg/g] 5 < 5 100% 107%

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10523-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis Approval

Time

5:
PW09-PSB-1

0-2.5

6:
PW09-PSB-1

2.5-5

7:
PW09-PSB-1

5-7.5

Sample Date & Time 22-Sep-09 22-Sep-09 22-Sep-09

Temperature Upon Receipt [°C] --- --- --- --- 4.0 4.0 4.0

Sulphate [mg/L] 02-Oct-09 15:00 06-Oct-09 14:01 410 1100 1300

Dissolved Organic Carbon [mg/L] 02-Oct-09 10:00 06-Oct-09 13:52 10.7 9.9 12.2

Dissolved Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:46 1.7 < 1.0 < 1.0

Alkalinity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:11 24 24 33

Acidity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:11 --- --- ---

Hardness [mg/L as CaCO3] 02-Oct-09 09:00 08-Oct-09 16:00 504 934 1270

Aluminum [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 0.03 0.12 0.04

Arsenic [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0018 0.0047 0.0059

Barium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0167 0.00872 0.00558

Beryllium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0287 0.0284 0.0078

Bismuth [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.00001 0.00001 < 0.00001

Calcium [mg/L] 02-Oct-09 09:00 08-Oct-09 16:00 193 373 506

Cadmium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.000014 0.000017 0.000007

Cobalt [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.000458 0.000560 0.000695

Chromium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0005 0.0006 0.0009

Copper [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0014 0.0012 0.0014

Iron [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.01 < 0.01 0.01

Potassium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 10.3 17.3 23.3

Lithium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.002 < 0.002 0.003

Magnesium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 5.17 0.966 0.296
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis Approval

Time

5:
PW09-PSB-1

0-2.5

6:
PW09-PSB-1

2.5-5

7:
PW09-PSB-1

5-7.5

Manganese [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0679 0.00194 0.00031

Molybdenum [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00679 0.0118 0.00655

Sodium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 6.60 10.0 13.0

Nickel [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0043 0.0093 0.0126

Phosphorus [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.01 < 0.01 < 0.01

Lead [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00025 0.00017 0.00008

Sulphur [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 179 331 449

Antimony [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0002 < 0.0002 < 0.0002

Selenium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.001 < 0.001 < 0.001

Silica [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.44 0.22 0.13

Tin [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00018 0.00026 0.00043

Strontium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.115 0.156 0.170

Titanium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0002 0.0002 0.0003

Thallium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0636 0.00363 0.000341

Vanadium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00005 0.00006 0.00019

Zinc [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.002 < 0.001 < 0.001

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10523-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 8:

PW09-PSB-1
7.5-10

9:
PW09-PSB-1

10-15

10:
PW09-PSB-2

0-5

11:
PW09-PSB-2

5-10

12:
PW09-PSB-2

10-15

13:
PW09-PSB-2

15-20

Sample Date & Time 22-Sep-09 22-Sep-09 23-Sep-09 23-Sep-09 23-Sep-09 23-Sep-09

Temperature Upon Receipt [°C] 4.0 4.0 4.0 4.0 4.0 4.0

Sulphate [mg/L] 1600 1800 190 250 --- ---

Dissolved Organic Carbon [mg/L] 14.6 12.0 5.5 21.8 --- ---

Dissolved Inorganic Carbon [mg/L] < 1.0 < 1.0 8.6 14.6 --- ---

Alkalinity [mg/L as CaCO3] 45 36 --- --- --- ---

Acidity [mg/L as CaCO3] --- --- < 2 < 2 --- ---

Hardness [mg/L as CaCO3] 1970 1810 217 312 415 875

Aluminum [mg/L] 0.01 0.04 < 0.01 < 0.01 < 0.01 0.01

Arsenic [mg/L] 0.0069 0.0059 0.0012 0.0015 0.0028 0.0064

Barium [mg/L] 0.00624 0.00582 0.0443 0.0344 0.0266 0.0380

Beryllium [mg/L] < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 0.0023 0.0077 0.0232 0.0422 0.0889 0.118

Bismuth [mg/L] 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00001 < 0.00001

Calcium [mg/L] 787 723 76.4 106 138 297

Cadmium [mg/L] 0.000006 0.000013 0.000011 < 0.000003 0.000012 0.000010

Cobalt [mg/L] 0.000763 0.000834 0.00271 0.000540 0.000530 0.00114

Chromium [mg/L] < 0.0005 0.0011 < 0.0005 < 0.0005 0.0010 0.0009

Copper [mg/L] 0.0021 0.0022 0.0008 0.0012 0.0022 0.0023

Iron [mg/L] < 0.01 0.02 8.19 12.1 6.95 16.1

Potassium [mg/L] 29.7 35.8 7.51 11.8 17.4 29.2

Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 0.007

Magnesium [mg/L] 0.213 0.713 6.39 11.8 17.0 32.7
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Analysis 8:
PW09-PSB-1

7.5-10

9:
PW09-PSB-1

10-15

10:
PW09-PSB-2

0-5

11:
PW09-PSB-2

5-10

12:
PW09-PSB-2

10-15

13:
PW09-PSB-2

15-20

Manganese [mg/L] 0.00012 0.00100 1.85 0.753 0.790 1.67

Molybdenum [mg/L] 0.00633 0.00445 0.00113 0.00071 0.00437 0.00563

Sodium [mg/L] 15.9 17.5 5.62 10.2 16.1 24.2

Nickel [mg/L] 0.0151 0.0132 0.0026 0.0028 0.0035 0.0046

Phosphorus [mg/L] 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.01

Lead [mg/L] 0.00016 0.00018 0.00012 0.00022 0.00025 0.00023

Sulphur [mg/L] 503 560 63.7 87.8 123 311

Antimony [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 0.0004

Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 0.22 0.43 4.34 7.44 11.3 12.0

Tin [mg/L] 0.00055 0.00046 0.00017 0.00031 0.00017 0.00009

Strontium [mg/L] 0.193 0.216 0.0915 0.131 0.177 0.347

Titanium [mg/L] 0.0002 0.0004 0.0003 0.0006 0.0012 0.0012

Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 0.000330 0.000201 0.00706 0.0241 0.0330 0.0214

Vanadium [mg/L] 0.00011 0.00029 < 0.00003 0.00008 0.00041 0.00060

Zinc [mg/L] < 0.001 < 0.001 0.002 0.002 0.002 0.003

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10523-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report - (QC Report)
 
  Analysis 14:

MDL
15:

QC - Blank
16:

QC - STD %
Recovery

17:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 98% 102%

Dissolved Organic Carbon [mg/L] 0.2 < 0.2 105% 98%

Dissolved Inorganic Carbon [mg/L] 0.2 0.2 97% 110%

Alkalinity [mg/L as CaCO3] 2 < 2 101% 98%

Acidity [mg/L as CaCO3] 2 3 98% 102%

Hardness [mg/L as CaCO3] 0.5 --- --- ---

Aluminum [mg/L] 0.01 < 0.01 95% 100%

Arsenic [mg/L] 0.0002 < 0.0002 106% 111%

Barium [mg/L] 0.00001 < 0.00001 105% 100%

Beryllium [mg/L] 0.00002 < 0.00002 103% 94%

Boron [mg/L] 0.0002 < 0.0002 99% 97%

Bismuth [mg/L] 0.00001 0.00001 105% 82%

Calcium [mg/L] 0.03 --- 98% 100%

Cadmium [mg/L] 0.000003 < 0.000003 102% 107%

Cobalt [mg/L] 0.000002 < 0.000002 105% 99%

Chromium [mg/L] 0.0005 < 0.0005 103% 170%

Copper [mg/L] 0.0005 < 0.0005 106% 85%

Iron [mg/L] 0.01 --- 97% 122%

Potassium [mg/L] 0.01 < 0.01 98% 99%

Lithium [mg/L] 0.002 < 0.002 94% 120%

Magnesium [mg/L] 0.003 --- 95% 100%

Manganese [mg/L] 0.00001 < 0.00001 104% 99%

Molybdenum [mg/L] 0.00001 < 0.00001 95% 155%

Sodium [mg/L] 0.01 --- 94.8 99.3

Nickel [mg/L] 0.0001 < 0.0001 105% 87%

Phosphorus [mg/L] 0.01 < 0.01 95% 100%

Lead [mg/L] 0.00002 < 0.00002 102% 30%

Sulphur [mg/L] 0.01 --- 100% 101%

Antimony [mg/L] 0.0002 < 0.0002 94% 124%

Selenium [mg/L] 0.001 < 0.001 108% 100%
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Analysis 14:
MDL

15:
QC - Blank

16:
QC - STD %

Recovery

17:
QC - DUP %

Recovery

Silica [mg/L] 0.01 < 0.01 103% 101%

Tin [mg/L] 0.00001 < 0.00001 96% 140%

Strontium [mg/L] 0.0001 --- 98% 100%

Titanium [mg/L] 0.0001 < 0.0001 95% 130%

Thallium [mg/L] 0.0002 < 0.0002 105% 106%

Uranium [mg/L] 0.000001 < 0.000001 102% 94%

Vanadium [mg/L] 0.00003 < 0.00003 106% 150%

Zinc [mg/L] 0.001 < 0.001 106% 90%

 
 

 Samples are field filtered
Ra226 subcontracted to Becquerel Labs.
Revised to include Ra226 results from Becquerel.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10522-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis

Approval Time

5:
SW09-PSB-1T

6:
SW09-PSB-1B

7:
SW09-PSB-2T

8:
SW09-PSB-2B

Sample Date & Time 22-Sep-09 22-Sep-09 23-Sep-09 23-Sep-09
Temperature Upon Receipt [°C] --- --- --- --- 4.0 4.0 4.0 4.0
Sulphate [mg/L] 02-Oct-09 15:00 06-Oct-09 14:19 180 410 180 180
Total Organic Carbon [mg/L] 02-Oct-09 10:00 05-Oct-09 13:41 2.1 4.6 2.2 4.0
Total Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:45 3.5 < 1.0 2.9 < 1.0
Alkalinity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:10 12 --- --- ---
Acidity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:10 --- 20 < 2 15
Hardness [mg/L as CaCO3] 02-Oct-09 09:00 02-Oct-09 12:08 173 209 179 179
Aluminum [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 < 0.01 0.53 < 0.01 < 0.01
Arsenic [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0005 0.0014 0.0004 0.0005
Barium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0134 0.0196 0.0137 0.0160
Beryllium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00007 0.00009 0.00002 < 0.00002
Boron [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0249 0.0314 0.0252 0.0243
Bismuth [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00007 0.00003 < 0.00001 0.00001
Calcium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 62.2 74.4 64.5 64.1
Cadmium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.000079 0.000082 0.000005 0.000015
Cobalt [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.000281 0.0186 0.000319 0.00120
Chromium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.0005 < 0.0005 < 0.0005 < 0.0005
Copper [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0025 0.0019 0.0015 0.0009
Iron [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 0.03 1.61 < 0.01 0.02
Potassium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 6.11 6.53 6.18 6.14
Lithium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 < 0.002 < 0.002 < 0.002 < 0.002
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis

Approval Time

5:
SW09-PSB-1T

6:
SW09-PSB-1B

7:
SW09-PSB-2T

8:
SW09-PSB-2B

Magnesium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 4.30 5.53 4.45 4.47
Manganese [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00475 0.203 0.00313 0.0273
Molybdenum [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00017 0.00043 0.00008 0.00025
Sodium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 3.99 4.35 4.04 4.14
Nickel [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0017 0.0101 0.0015 0.0025
Phosphorus [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 < 0.01 < 0.01 < 0.01 < 0.01
Lead [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00057 0.00647 0.00013 0.00088
Sulphur [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 57.9 67.4 60.2 60.5
Antimony [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.0002 0.0084 0.0003 0.0015
Selenium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.001 < 0.001 < 0.001 < 0.001
Silica [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 0.99 1.14 1.01 1.12
Tin [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00011 0.00035 0.00017 0.00020
Strontium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 0.0715 0.0765 0.0736 0.0742
Titanium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0003 0.0002 0.0002 0.0002
Thallium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Uranium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00245 0.0557 0.00273 0.00317
Vanadium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00008 0.00004 < 0.00003 0.00007
Zinc [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.009 0.024 < 0.001 0.002

 
 

 Ra226 subcontracted to Becquerel Labs.
  

 
 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10522-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 9:

MDL
10:

QC - Blank
11:

QC - STD %
Recovery

12:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 98% 102%

Total Organic Carbon [mg/L] 0.2 < 0.2 105% 98%

Total Inorganic Carbon [mg/L] 0.2 < 0.2 110% 100%

Alkalinity [mg/L as CaCO3] 2 < 2 101% 98%

Acidity [mg/L as CaCO3] 2 2 98% 102%

Hardness [mg/L as CaCO3] 0.5 --- --- ---

Aluminum [mg/L] 0.01 < 0.01 95% 100%

Arsenic [mg/L] 0.0002 < 0.0002 106% 111%

Barium [mg/L] 0.00001 < 0.00001 105% 100%

Beryllium [mg/L] 0.00002 < 0.00002 103% 94%

Boron [mg/L] 0.0002 < 0.0002 99% 97%

Bismuth [mg/L] 0.00001 0.00001 105% 82%

Calcium [mg/L] 0.03 --- 97% 100%

Cadmium [mg/L] 0.000003 < 0.000003 102% 107%

Cobalt [mg/L] 0.000002 < 0.000002 105% 99%

Chromium [mg/L] 0.00005 < 0.0005 103% 170%

Copper [mg/L] 0.0005 < 0.0005 106% 85%

Iron [mg/L] 0.01 --- 96.8 122

Potassium [mg/L] 0.01 < 0.01 98% 99.1

Lithium [mg/L] 0.002 < 0.002 94.2 120

Magnesium [mg/L] 0.003 --- 94.8 100

Manganese [mg/L] 0.00001 < 0.00001 104% 99%

Molybdenum [mg/L] 0.00001 < 0.00001 95% 155%

Sodium [mg/L] 0.01 --- 94.8 99.3

Nickel [mg/L] 0.0001 < 0.0001 105% 87%

Phosphorus [mg/L] 0.01 < 0.01 95% 100%

Lead [mg/L] 0.00002 < 0.00002 102% 30%

Sulphur [mg/L] 0.01 --- 100% 101
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Analysis 9:
MDL

10:
QC - Blank

11:
QC - STD %

Recovery

12:
QC - DUP %

Recovery

Antimony [mg/L] 0.0002 < 0.0002 94% 124%

Selenium [mg/L] 0.001 < 0.001 108% 100%

Silica [mg/L] 0.01 < 0.01 103% 101%

Tin [mg/L] 0.00001 < 0.00001 96% 140%

Strontium [mg/L] 0.0001 --- 98% 99.7

Titanium [mg/L] 0.0001 < 0.0001 95% 130%

Thallium [mg/L] 0.0002 < 0.0002 105% 106%

Uranium [mg/L] 0.000001 < 0.000001 102% 94%

Vanadium [mg/L] 0.00003 < 0.00003 106% 150%

Zinc [mg/L] 0.001 < 0.001 106% 90%

 
 

 Ra226 subcontracted to Becquerel Labs.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 30 September 2009
 LR. Ref. : CA10521-SEP09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 3:

Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-SR-1
(0-5)

6:
CORE

09-SR-1
(5-10)

7:
CORE

09-SR-1
(10-15)

8:
CORE

09-SR-1
(15-20)

9:
CORE

09-SR-2
(0-5)

10:
CORE

09-SR-2
(5-10)

Sample Date & Time 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09
BaSO4 Calc. using Ba* [µg/g] --- --- 130 110 100 80 10900 4420
BaSO4 Calc. using SO4** [µg/g] --- --- 2430 <2430 2430 2430 12100 4860
Total Sulphur [%] 06-Oct-09 14:45 0.130 0.130 0.184 0.224 0.235 0.114
Carbonate (CO3) [%] 06-Oct-09 14:42 0.105 0.048 0.048 0.033 0.040 0.011
Total Organic Carbon [%] 06-Oct-09 14:45 5.34 4.23 5.87 5.94 2.05 0.820
Total Carbon [%] 06-Oct-09 14:45 5.36 4.24 5.88 5.95 2.05 0.825
Sulphide [%] 07-Oct-09 15:59 < 0.01 < 0.01 0.04 0.05 < 0.01 < 0.01
Sulphate [%] 23-Oct-09 14:22 0.1 < 0.1 0.1 0.1 0.5 0.2
Silver [µg/g] 14-Oct-09 14:05 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7
Aluminum [µg/g] 14-Oct-09 14:05 7600 6700 5300 4100 4400 2600
Arsenic [µg/g] 14-Oct-09 14:05 5 5 4 3 10 4
Barium [µg/g] 14-Oct-09 14:05 75 65 61 47 6400 2600
Beryllium [µg/g] 14-Oct-09 14:05 0.47 0.37 0.32 0.24 0.21 0.12
Bismuth [µg/g] 14-Oct-09 14:05 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
Calcium [µg/g] 14-Oct-09 14:05 1900 1600 1500 1500 1100 720
Cadmium [µg/g] 14-Oct-09 14:05 1.2 0.96 1.2 1.1 0.42 0.18
Cerium [µg/g] 13-Oct-09 15:44 48 41 34 20 62 30
Cobalt [µg/g] 14-Oct-09 14:05 8.5 7.8 6.1 3.7 20 8.2
Chromium [µg/g] 14-Oct-09 14:05 19 18 15 12 9.8 6.8
Cesium [µg/g] 13-Oct-09 15:44 0.63 0.45 0.36 0.30 0.56 0.38
Copper [µg/g] 14-Oct-09 14:05 34 31 23 14 20 8.3
Iron [µg/g] 14-Oct-09 14:05 12000 9800 8100 6800 15000 7300
Gallium [µg/g] 13-Oct-09 15:44 2.9 2.6 2.0 1.6 2.8 1.4
Germanium [µg/g] 13-Oct-09 15:44 0.6 0.5 0.5 0.4 0.8 0.4
Hafnium [µg/g] 13-Oct-09 15:44 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1
Indium [µg/g] 13-Oct-09 15:44 0.05 0.02 0.01 < 0.01 < 0.01 < 0.01
Potassium [µg/g] 14-Oct-09 14:05 270 250 210 180 270 170
Lanthanum [µg/g] 13-Oct-09 15:44 25 21 18 12 33 16
Lithium [µg/g] 14-Oct-09 14:05 2.7 2.4 1.6 1.1 1.4 0.3
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Analysis 3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-SR-1
(0-5)

6:
CORE

09-SR-1
(5-10)

7:
CORE

09-SR-1
(10-15)

8:
CORE

09-SR-1
(15-20)

9:
CORE

09-SR-2
(0-5)

10:
CORE

09-SR-2
(5-10)

Lutetium [µg/g] 13-Oct-09 15:44 0.10 0.081 0.063 0.054 0.49 0.21
Magnesium [µg/g] 14-Oct-09 14:04 2100 1900 1500 1200 840 590
Manganese [µg/g] 14-Oct-09 14:04 250 180 200 230 1600 160
Molybdenum [µg/g] 14-Oct-09 14:04 < 0.5 < 0.5 < 0.5 < 0.5 2.8 1.3
Sodium [µg/g] 14-Oct-09 14:04 52 45 38 32 36 23
Niobuim [µg/g] 13-Oct-09 15:44 0.8 0.8 0.7 < 0.7 < 0.7 < 0.7
Nickel [µg/g] 14-Oct-09 14:04 15 13 11 7 19 8
Lead [µg/g] 14-Oct-09 14:04 61 44 32 19 100 38
Phosphorus [µg/g] 14-Oct-09 14:04 450 350 260 210 270 130
Rubidium [µg/g] 13-Oct-09 15:44 3.6 3.2 2.6 2.3 2.5 1.5
Antimony [µg/g] 14-Oct-09 14:04 < 1 < 1 < 1 < 1 < 1 < 1
Scandium [µg/g] 13-Oct-09 15:44 1.7 1.5 1.1 0.9 1.1 0.6
Selenium [µg/g] 14-Oct-09 14:04 < 1 < 1 < 1 < 1 < 1 < 1
Tin [µg/g] 14-Oct-09 14:04 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 14-Oct-09 14:04 7.6 6.3 6.2 6.5 72 27
Sulphur [µg/g] 14-Oct-09 14:04 1100 1400 2000 2500 2400 1200
Tantalum [µg/g] 13-Oct-09 15:44 0.03 0.03 0.04 0.04 0.01 < 0.01
Terbium [µg/g] 13-Oct-09 15:44 0.47 0.33 0.22 0.16 2.0 0.87
Tellerium [µg/g] 13-Oct-09 15:44 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1
Thorium [µg/g] 13-Oct-09 15:44 9.5 7.7 7.0 3.4 33 12
Titanium [µg/g] 14-Oct-09 14:04 340 350 300 270 190 160
Thallium [µg/g] 14-Oct-09 14:04 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 13-Oct-09 15:43 7.9 5.6 3.1 1.7 84 29
Vanadium [µg/g] 14-Oct-09 14:04 24 21 17 13 12 7.9
Tungsten [µg/g] 14-Oct-09 14:04 < 1 < 1 < 1 < 1 2 < 1
Yttrium [µg/g] 14-Oct-09 14:04 10 7.8 5.9 4.5 43 18
Ytterbium [µg/g] 13-Oct-09 15:43 0.76 0.59 0.46 0.37 4.0 1.6
Zinc [µg/g] 14-Oct-09 14:04 100 83 73 49 74 34
Zirconium [µg/g] 14-Oct-09 14:04 < 5 < 5 < 5 < 5 < 5 < 5

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 30 September 2009
 LR. Ref. : CA10521-SEP09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 11:

CORE
09-SR-2
(10-15)

12:
CORE

09-SR-3
(0-5)

13:
CORE

09-SR-3
(5-10)

14:
CORE

09-SR-3
(10-15)

15:
CORE

09-SR-3
(15-20)

16:
CORE

09-SR-4
(0-5)

17:
CORE

09-SR-4
(5-10)

18:
CORE

09-SR-4
(10-15)

Sample Date & Time 26-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09
BaSO4 Calc. using Ba* [µg/g] 340 3910 5100 6120 6970 1310 990 750
BaSO4 Calc. using SO4** [µg/g] <2430 4860 9720 19400 24300 4860 4860 4860
Total Sulphur [%] 0.015 0.607 0.917 1.15 1.12 1.03 1.06 1.00
Carbonate (CO3) [%] < 0.005 0.090 0.097 0.088 0.229 0.159 0.181 0.419
Total Organic Carbon [%] 0.330 13.9 14.6 13.3 10.7 16.8 17.6 16.8
Total Carbon [%] 0.326 13.9 14.6 13.3 10.7 16.8 17.6 16.9
Sulphide [%] < 0.01 < 0.01 < 0.01 0.10 0.07 0.39 0.65 0.65
Sulphate [%] < 0.1 0.2 0.4 0.8 1.0 0.2 0.2 0.2
Silver [µg/g] < 0.7 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7
Aluminum [µg/g] 2000 8500 8300 9600 13000 7100 6000 5600
Arsenic [µg/g] 1 21 23 28 29 22 24 26
Barium [µg/g] 200 2300 3000 3600 4100 770 580 440
Beryllium [µg/g] 0.12 0.57 0.47 0.42 0.66 0.27 0.18 0.12
Bismuth [µg/g] < 0.5 0.8 < 0.5 < 0.5 0.6 < 0.5 < 0.5 < 0.5
Calcium [µg/g] 420 3800 4600 4300 5100 6200 6700 7300
Cadmium [µg/g] 0.09 1.9 1.6 1.5 1.3 1.7 1.7 1.8
Cerium [µg/g] 15 170 200 240 310 590 680 840
Cobalt [µg/g] 2.6 59 60 64 48 28 21 16
Chromium [µg/g] 5.3 18 16 18 26 20 18 17
Cesium [µg/g] 0.21 0.70 0.81 1.1 1.6 0.86 0.82 0.87
Copper [µg/g] 2.3 57 64 84 98 61 58 56
Iron [µg/g] 5200 39000 34000 35000 50000 21000 16000 12000
Gallium [µg/g] 0.66 5.3 6.0 7.9 9.5 6.9 6.4 6.6
Germanium [µg/g] 0.3 1.7 1.8 2.0 2.6 3.1 3.3 3.8
Hafnium [µg/g] < 0.1 0.2 0.2 0.3 0.3 0.5 0.6 0.6
Indium [µg/g] < 0.01 < 0.01 < 0.01 < 0.01 0.02 0.01 < 0.01 < 0.01
Potassium [µg/g] 130 370 290 320 430 350 280 270
Lanthanum [µg/g] 8.9 87 110 120 140 300 360 430
Lithium [µg/g] < 0.1 2.1 3.0 6.4 10 1.5 1.2 1.1
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Analysis 11:
CORE

09-SR-2
(10-15)

12:
CORE

09-SR-3
(0-5)

13:
CORE

09-SR-3
(5-10)

14:
CORE

09-SR-3
(10-15)

15:
CORE

09-SR-3
(15-20)

16:
CORE

09-SR-4
(0-5)

17:
CORE

09-SR-4
(5-10)

18:
CORE

09-SR-4
(10-15)

Lutetium [µg/g] 0.055 1.3 1.6 2.0 2.9 4.1 4.5 5.3
Magnesium [µg/g] 420 1300 1200 1300 1500 1400 1400 1400
Manganese [µg/g] 75 4200 2900 1100 480 550 280 180
Molybdenum [µg/g] < 0.5 9.0 11 18 18 5.8 4.7 3.6
Sodium [µg/g] 18 53 43 43 54 64 58 59
Niobuim [µg/g] < 0.7 0.9 1.0 1.1 1.4 1.0 0.9 0.8
Nickel [µg/g] 3 38 40 54 52 37 39 43
Lead [µg/g] 5.2 230 220 240 520 540 550 640
Phosphorus [µg/g] 68 650 580 650 660 470 380 340
Rubidium [µg/g] 1.00 3.8 3.3 3.9 5.1 4.1 3.8 4.0
Antimony [µg/g] < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
Scandium [µg/g] 0.5 2.4 2.2 2.3 2.8 2.7 2.7 2.7
Selenium [µg/g] < 1 1 1 < 1 < 1 < 1 < 1 < 1
Tin [µg/g] < 6 < 6 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 3.3 21 37 63 77 15 14 14
Sulphur [µg/g] 170 5500 7300 7900 7000 10000 11000 11000
Tantalum [µg/g] < 0.01 0.04 0.07 0.07 0.09 0.11 0.13 0.15
Terbium [µg/g] 0.21 5.9 7.6 9.1 14 25 28 35
Tellerium [µg/g] < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 < 0.1 < 0.1
Thorium [µg/g] 3.4 85 120 160 490 180 120 85
Titanium [µg/g] 140 210 200 230 280 210 210 210
Thallium [µg/g] < 3 5 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 3.8 270 360 500 270 220 160 110
Vanadium [µg/g] 6.3 20 17 18 21 17 16 16
Tungsten [µg/g] < 1 6 6 8 8 3 2 < 1
Yttrium [µg/g] 6.1 120 160 200 260 500 600 740
Ytterbium [µg/g] 0.41 11 14 16 24 34 38 45
Zinc [µg/g] 18 210 170 160 150 98 72 55
Zirconium [µg/g] < 5 < 5 < 5 < 5 6 < 5 5 6

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
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Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10521-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report (QC Report)
 
  Analysis 19:

MDL
QC - Blank

QC - STD %
Recovery

20:
QC - Blank

21:
QC - STD %

Recovery

22:
QC - DUP %

Recovery

BaSO4 Calc. using Ba* [µg/g] --- --- --- ---

BaSO4 Calc. using SO4** [µg/g] --- --- --- ---

Total Sulphur [%] 0.005 < 0.005 102% ---

Carbonate (CO3) [%] 0.005 < 0.005 100% 140%

Total Organic Carbon [%] 0.01 < 0.01 --- 100%

Total Carbon [%] 0.005 < 0.005 100% ---

Sulphide [%] 0.01 < 0.01 90% ---

Sulphate [%] 0.1 < 0.1 100% 107%

Silver [µg/g] 0.7 < 0.7 93% 100%

Aluminum [µg/g] 1 < 1 97% 100%

Arsenic [µg/g] 1 < 1 99% 94%

Barium [µg/g] 0.05 < 0.05 96% 100%

Beryllium [µg/g] 0.1 < 0.1 98% 102%

Bismuth [µg/g] 0.5 < 0.5 98% 104%

Calcium [µg/g] 1 < 1 98% 100%

Cadmium [µg/g] 0.05 < 0.05 97% 99%

Cerium [µg/g] 0.006 < 0.006 94% 100%

Cobalt [µg/g] 0.3 < 0.3 97% 103%

Chromium [µg/g] 0.5 < 0.5 98% 103%

Cesium [µg/g] 0.01 < 0.01 --- 107%

Copper [µg/g] 0.1 < 0.1 98% 102%

Iron [µg/g] 0.5 < 0.5 98% 100%

Gallium [µg/g] 0.03 < 0.03 --- 99%

Germanium [µg/g] 0.3 < 0.3 103% 105%

Hafnium [µg/g] 0.1 < 0.1 96% 150%

Indium [µg/g] 0.01 < 0.01 100% 100%

Potassium [µg/g] 1 < 1 100% 100%
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Analysis 19:
MDL

QC - Blank
QC - STD %

Recovery

20:
QC - Blank

21:
QC - STD %

Recovery

22:
QC - DUP %

Recovery

Lanthanum [µg/g] 0.001 0.001 94% 110%

Lithium [µg/g] 0.1 < 0.1 97% 107%

Lutetium [µg/g] 0.001 0.001 95% 102%

Magnesium [µg/g] 1 < 1 87% 100%

Manganese [µg/g] 0.05 < 0.05 97% 100%

Molybdenum [µg/g] 0.5 < 0.5 100% 154%

Sodium [µg/g] 1 < 1 97% 104%

Niobuim [µg/g] 0.7 < 0.7 99% 118%

Nickel [µg/g] 1 < 1 97% 101%

Lead [µg/g] 0.7 < 0.7 98% 100%

Phosphorus [µg/g] 5 < 5 98% 100%

Rubidium [µg/g] 0.004 < 0.004 --- 105%

Antimony [µg/g] 1 < 1 98% 100%

Scandium [µg/g] 0.2 < 0.2 100% 99%

Selenium [µg/g] 1 < 1 99% 100%

Tin [µg/g] 6 < 6 100% 1235

Strontium [µg/g] 0.01 < 0.01 97% 103%

Sulphur [µg/g] 1 < 1 100% 100%

Tantalum [µg/g] 0.01 < 0.01 97% 108%

Terbium [µg/g] 0.001 < 0.001 96% 93%

Tellerium [µg/g] 0.1 < 0.1 99% 101%

Thorium [µg/g] 0.01 < 0.01 114% 100%

Titanium [µg/g] 0.2 < 0.2 98% 104%

Thallium [µg/g] 3 < 3 99% 76%

Uranium [µg/g] 0.002 0.006 100% 100%

Vanadium [µg/g] 0.1 < 0.1 99% 102%

Tungsten [µg/g] 1 < 1 97% 93%

Yttrium [µg/g] 0.1 < 0.1 96% 100%

Ytterbium [µg/g] 0.001 0.002 98% 105%

Zinc [µg/g] 0.1 < 0.1 97% 103%

Zirconium [µg/g] 5 < 5 100% 107%
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Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
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 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10526-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis Approval

Date

4:
Analysis Approval

Time

5:
PW09-SR-1

(0-5)

6:
PW09-SR-1

(5-10)

7:
PW09-SR-1

(10-15)

8:
PW09-SR-1

(15-20)

9:
PW09-SR-2

(0-5)

Sample Date & Time 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09

Temperature Upon Receipt [°C] --- --- --- --- 4.0 4.0 4.0 4.0 4.0

Sulphate [mg/L] 02-Oct-09 15:00 07-Oct-09 09:19 2.6 < 2 < 2 < 2 16

Dissolved Organic Carbon [mg/L] 02-Oct-09 10:00 07-Oct-09 09:23 14.5 19.6 20.0 22.9 10.5

Dissolved Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:47 < 1.0 < 1.0 3.1 2.7 2.4

Alkalinity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:10 9 24 8 2 25

Acidity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:10 6 < 2 3 6 < 2

Hardness [mg/L as CaCO3] 05-Oct-09 09:00 05-Oct-09 13:18 11.1 9.5 5.3 5.3 28.8

Aluminum [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.01 0.02 0.02 0.03 0.02

Arsenic [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0014 0.0034 0.0054 0.0050 0.0015

Barium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0271 0.0274 0.0313 0.0172 2.16

Beryllium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0052 0.0036 0.0057 0.0089 0.0046

Bismuth [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001

Calcium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 3.54 3.00 1.68 1.71 9.60

Cadmium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.000017 0.000016 0.000025 0.000056 0.000003

Cobalt [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.000762 0.000476 0.000120 0.000079 0.00216

Chromium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0025 0.0037 0.0023 0.0051 0.0021

Iron [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.29 0.81 0.06 0.08 0.01

Potassium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.24 0.26 0.34 0.38 0.79

Lithium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002

Magnesium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.538 0.492 0.277 0.255 1.16
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis Approval

Date

4:
Analysis Approval

Time

5:
PW09-SR-1

(0-5)

6:
PW09-SR-1

(5-10)

7:
PW09-SR-1

(10-15)

8:
PW09-SR-1

(15-20)

9:
PW09-SR-2

(0-5)

Manganese [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.365 0.305 0.245 0.325 3.91

Molybdenum [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00069 0.00037 0.00024 0.00031 0.00064

Sodium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.85 1.83 1.64 2.17 2.57

Nickel [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0007 0.0009 0.0006 0.0009 0.0011

Phosphorus [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Lead [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00087 0.00213 0.00036 0.00124 0.00037

Sulphur [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.05 0.78 0.46 0.74 4.67

Antimony [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Selenium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.52 1.96 2.35 2.84 1.63

Tin [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00007 0.00022 < 0.00001 < 0.00001 < 0.00001

Strontium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.0121 0.0104 0.0064 0.0068 0.0668

Titanium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0007 0.0011 0.0007 0.0012 0.0001

Thallium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.000186 0.000137 0.000380 0.000250 0.00266

Vanadium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00016 0.00026 0.00014 0.00029 0.00008

Zinc [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.002 0.002 0.002 0.003 0.002

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10526-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 10:

PW09-SR-2
(5-10)

11:
PW09-SR-2

(10-15)

12:
PW09-SR-3

(0-5)

13:
PW09-SR-3

(5-10)

14:
PW09-SR-3

(10-15)

15:
PW09-SR-3

(15-20)

16:
PW09-SR-4

(0-5)

17:
PW09-SR-4

(5-10)

18:
PW09-SR-4

(10-15)

Sample Date & Time 26-Sep-09 26-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09

Temperature Upon Receipt [°C] 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

Sulphate [mg/L] 14 --- 7.9 4.0 < 2 < 2 19 8.1 4.9

Dissolved Organic Carbon [mg/L] 26.5 --- 9.9 18.8 13.2 --- --- --- ---

Dissolved Inorganic Carbon [mg/L] 5.0 --- 14.0 26.5 32.7 --- --- --- ---

Alkalinity [mg/L as CaCO3] 5 --- 69 99 135 177 33 --- 87

Acidity [mg/L as CaCO3] 6 --- --- --- --- --- --- < 2 ---

Hardness [mg/L as CaCO3] 25.6 31.5 42.6 67.1 87.2 130 45.2 63.4 78.8

Aluminum [mg/L] 0.07 0.07 < 0.01 < 0.01 < 0.01 0.02 < 0.01 0.01 0.02

Arsenic [mg/L] 0.0030 0.0027 0.0012 0.0014 0.0039 0.0027 0.0012 0.0022 0.0051

Barium [mg/L] 2.38 1.50 1.91 3.11 3.75 3.24 0.561 0.621 0.602

Beryllium [mg/L] < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 0.0068 0.0090 0.0095 0.0146 0.0356 0.0758 0.0192 0.0424 0.0817

Bismuth [mg/L] 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001

Calcium [mg/L] 8.74 10.5 14.7 23.8 31.6 47.6 15.7 22.3 27.8

Cadmium [mg/L] 0.000010 0.000010 0.000004 0.000005 0.000008 0.000007 0.000008 0.000007 0.000015

Cobalt [mg/L] 0.000948 0.000863 0.00704 0.00374 0.00264 0.00253 0.000880 0.000284 0.000291

Chromium [mg/L] < 0.0005 0.0007 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 0.0046 0.0049 0.0010 0.0010 0.0015 0.0014 0.0015 0.0016 0.0019

Iron [mg/L] 0.08 0.27 3.54 4.19 6.18 0.51 1.05 0.26 0.02

Potassium [mg/L] 0.95 2.11 1.03 1.86 3.28 6.21 0.96 1.57 2.77

Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 0.004 < 0.002 < 0.002 < 0.002

Magnesium [mg/L] 0.926 1.26 1.45 1.84 1.99 2.84 1.46 1.88 2.28
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Analysis 10:
PW09-SR-2

(5-10)

11:
PW09-SR-2

(10-15)

12:
PW09-SR-3

(0-5)

13:
PW09-SR-3

(5-10)

14:
PW09-SR-3

(10-15)

15:
PW09-SR-3

(15-20)

16:
PW09-SR-4

(0-5)

17:
PW09-SR-4

(5-10)

18:
PW09-SR-4

(10-15)

Manganese [mg/L] 1.82 1.34 10.8 8.04 5.58 2.89 1.24 0.613 0.341

Molybdenum [mg/L] 0.00150 0.00282 0.00065 0.00035 0.00369 0.00475 0.00056 0.00238 0.00909

Sodium [mg/L] 2.81 2.81 2.35 2.95 3.63 5.23 3.15 3.27 3.93

Nickel [mg/L] 0.0013 0.0012 0.0016 0.0018 0.0018 0.0019 0.0014 0.0009 0.0009

Phosphorus [mg/L] 0.02 0.02 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.01 < 0.01

Lead [mg/L] 0.00198 0.00084 0.00018 0.00008 0.00023 0.00004 0.00054 0.00091 0.00192

Sulphur [mg/L] 4.45 5.89 2.65 1.74 0.88 1.07 5.53 2.88 2.10

Antimony [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 2.68 4.19 3.02 5.36 6.12 6.22 3.01 6.24 9.87

Tin [mg/L] 0.00004 < 0.00001 0.00003 < 0.00001 0.00007 < 0.00001 0.00002 < 0.00001 < 0.00001

Strontium [mg/L] 0.0685 0.0607 0.0508 0.0866 0.117 0.151 0.0328 0.0425 0.0515

Titanium [mg/L] 0.0012 0.0024 0.0002 0.0003 0.0004 0.0004 0.0002 0.0006 0.0008

Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 0.00258 0.000877 0.0113 0.00514 0.0400 0.0379 0.00413 0.00669 0.0110

Vanadium [mg/L] 0.00022 0.00082 0.00017 0.00033 0.00038 0.00071 0.00014 0.00032 0.00095

Zinc [mg/L] 0.004 0.005 0.002 0.004 0.003 0.003 0.003 0.002 0.002

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law. Test method information available upon request.



Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10526-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report - (QC Report)
 
  Analysis 19:

MDL
20:

QC - Blank
21:

QC - STD %
Recovery

22:
QC - DUP %

Recovery

Temperature Upon Receipt [°C] --- --- --- ---

Sulphate [mg/L] 0.2 < 0.2 105% 100%

Dissolved Organic Carbon [mg/L] 0.2 < 0.2 105% 98%

Dissolved Inorganic Carbon [mg/L] 0.2 0.2 97% 100%

Alkalinity [mg/L as CaCO3] 2 < 2 101% 98%

Acidity [mg/L as CaCO3] 2 3 98% 102%

Hardness [mg/L as CaCO3] 0.5 < 0.5 --- ---

Aluminum [mg/L] 0.01 < 0.01 98% ---

Arsenic [mg/L] 0.0002 < 0.0002 106% ---

Barium [mg/L] 0.00001 < 0.00001 122% ---

Beryllium [mg/L] 0.00002 < 0.00002 104% ---

Boron [mg/L] 0.0002 < 0.0002 96% ---

Bismuth [mg/L] 0.00001 < 0.00001 109% ---

Calcium [mg/L] 0.03 < 0.03 101% ---

Cadmium [mg/L] 0.000003 0.000003 99% ---

Cobalt [mg/L] 0.000002 < 0.000002 102% ---

Chromium [mg/L] 0.0005 < 0.0005 102% ---

Copper [mg/L] 0.0005 < 0.0005 102% ---

Iron [mg/L] 0.01 < 0.01 102% ---

Potassium [mg/L] 0.01 < 0.01 98% ---

Lithium [mg/L] 0.002 < 0.002 98% ---

Magnesium [mg/L] 0.003 < 0.003 99% ---

Manganese [mg/L] 0.00001 < 0.00001 107% ---

Molybdenum [mg/L] 0.00001 < 0.00001 99% ---

Sodium [mg/L] 0.01 < 0.01 94% ---

Nickel [mg/L] 0.0001 < 0.0001 100% ---

Phosphorus [mg/L] 0.01 < 0.01 100% ---

Lead [mg/L] 0.00002 < 0.00002 106% ---

Sulphur [mg/L] 0.01 < 0.01 100% ---

Antimony [mg/L] 0.0002 < 0.0002 101% ---
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 Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval.  Please refer to SGS

General Conditions of Services located at http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
 Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
 



Analysis 19:
MDL

20:
QC - Blank

21:
QC - STD %

Recovery

22:
QC - DUP %

Recovery

Selenium [mg/L] 0.001 < 0.001 102% ---

Silica [mg/L] 0.01 < 0.01 104% ---

Tin [mg/L] 0.00001 < 0.00001 96% ---

Strontium [mg/L] 0.0001 < 0.0001 100% ---

Titanium [mg/L] 0.0001 < 0.0001 96% ---

Thallium [mg/L] 0.0002 < 0.0002 107% ---

Uranium [mg/L] 0.000001 0.000001 106% ---

Vanadium [mg/L] 0.00003 < 0.00003 107% ---

Zinc [mg/L] 0.001 < 0.001 104% ---

 
 

 Samples are field filtered
Ra226 subcontracted to Becquerel Labs.
Revised to include Ra226 results from Becquerel.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10525-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis Approval

Time

5:
SW09-SR-1T

6:
SW09-SR-1B

7:
SW09-SR-2T

Sample Date & Time 24-Sep-09 25-Sep-09 24-Sep-09

Temperature Upon Receipt [°C] --- --- --- --- 4.0 4.0 4.0

Sulphate [mg/L] 02-Oct-09 15:00 05-Oct-09 16:12 8.5 5.6 31

Total Organic Carbon [mg/L] 02-Oct-09 10:00 05-Oct-09 13:41 2.7 5.4 2.3

Total Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:46 < 1.0 < 1.0 < 1.0

Alkalinity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:13 --- --- ---

Acidity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:13 11 9 9

Hardness [mg/L as CaCO3] 02-Oct-09 09:00 02-Oct-09 12:09 10.4 10.2 34.8

Aluminum [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.02 0.02 < 0.01

Arsenic [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0004 0.0003 0.0005

Barium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0144 0.0155 0.120

Beryllium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0059 0.0050 0.0084

Bismuth [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.00001 < 0.00001 < 0.00001

Calcium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 3.26 3.21 11.8

Cadmium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.000013 0.000061 < 0.000003

Cobalt [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00298 0.00250 0.00184

Chromium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0015 0.0016 0.0007

Iron [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.03 0.03 0.02

Potassium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.25 0.24 0.78

Lithium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.002 < 0.002 < 0.002

Magnesium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.542 0.524 1.31
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recorded herein (the 'Findings') relate was (were) drawn and / or provided by the Client or by a third party acting at the Client’s direction. The Findings constitute no warranty of the sample’s representativity of the goods and strictly relate to the sample(s). The Company accepts no liability with

regard to the origin or source from which the sample(s) is/are said to be extracted. The Findings report on the samples provided by the client and are not intended for commercial or contractual settlement purposes. Any unauthorized alteration, forgery or falsification of the content or
appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law. Test method information available upon request.



Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis Approval

Time

5:
SW09-SR-1T

6:
SW09-SR-1B

7:
SW09-SR-2T

Manganese [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0313 0.0284 0.0545

Molybdenum [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00007 0.00008 0.00022

Sodium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 1.83 1.89 2.06

Nickel [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0004 0.0004 0.0005

Phosphorus [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.01 < 0.01 < 0.01

Lead [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00031 0.00056 0.00031

Sulphur [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 1.66 1.67 9.17

Antimony [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0045 0.0037 0.0028

Selenium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.001 < 0.001 < 0.001

Silica [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.63 0.63 0.63

Tin [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00006 0.00019 0.00019

Strontium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.0117 0.0115 0.0270

Titanium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0002 0.0002 0.0001

Thallium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.000257 0.000138 0.00154

Vanadium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00005 0.00012 0.00004

Zinc [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.003 0.003 < 0.001

 
 

Ra226 subcontracted to Becquerel Labs.
  

 
 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10525-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 8:

SW09-SR-2B
9:

SW09-SR-3T
10:

SW09-SR-3B
11:

SW09-SR-4T
12:

SW09-SR-4B
13:

Blank 1

Sample Date & Time 25-Sep-09 25-Sep-09 25-Sep-09 25-Sep-09 25-Sep-09 27-Sep-09

Temperature Upon Receipt [°C] 4.0 4.0 4.0 4.0 4.0 4.0

Sulphate [mg/L] 45 30 26 25 25 < 2

Total Organic Carbon [mg/L] 2.2 4.6 2.2 4.6 2.0 2.4

Total Inorganic Carbon [mg/L] < 1.0 < 1.0 < 1.0 < 1.0 1.4 < 1.0

Alkalinity [mg/L as CaCO3] --- --- 7 --- --- ---

Acidity [mg/L as CaCO3] 7 8 --- --- < 2 7

Hardness [mg/L as CaCO3] 36.5 33.7 32.7 33.0 33.4 < 0.5

Aluminum [mg/L] 0.04 < 0.01 < 0.01 0.01 < 0.01 < 0.01

Arsenic [mg/L] 0.0007 0.0004 0.0008 0.0004 0.0007 < 0.0002

Barium [mg/L] 0.294 0.147 0.334 0.191 0.222 0.00216

Beryllium [mg/L] < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 0.0093 0.0079 0.0090 0.0081 0.0089 < 0.0002

Bismuth [mg/L] < 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00001 < 0.00001

Calcium [mg/L] 12.4 11.4 11.1 11.1 11.2 0.03

Cadmium [mg/L] 0.000045 0.000006 0.000011 0.000009 0.000028 < 0.000003

Cobalt [mg/L] 0.00270 0.00148 0.00178 0.000944 0.000310 0.000003

Chromium [mg/L] 0.0012 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 0.0015 0.0012 0.0017 0.0009 0.0011 0.0053

Iron [mg/L] 0.02 0.02 0.40 0.02 0.08 < 0.01

Potassium [mg/L] 0.86 0.75 0.74 0.72 0.80 < 0.01

Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002

Magnesium [mg/L] 1.36 1.28 1.24 1.28 1.29 < 0.003
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recorded herein (the 'Findings') relate was (were) drawn and / or provided by the Client or by a third party acting at the Client’s direction. The Findings constitute no warranty of the sample’s representativity of the goods and strictly relate to the sample(s). The Company accepts no liability with

regard to the origin or source from which the sample(s) is/are said to be extracted. The Findings report on the samples provided by the client and are not intended for commercial or contractual settlement purposes. Any unauthorized alteration, forgery or falsification of the content or
appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law. Test method information available upon request.



Analysis 8:
SW09-SR-2B

9:
SW09-SR-3T

10:
SW09-SR-3B

11:
SW09-SR-4T

12:
SW09-SR-4B

13:
Blank 1

Manganese [mg/L] 0.253 0.0424 0.752 0.0251 0.119 0.00034

Molybdenum [mg/L] 0.00013 0.00026 0.00036 0.00029 0.00032 < 0.00001

Sodium [mg/L] 2.13 2.16 2.17 2.65 2.79 0.15

Nickel [mg/L] 0.0016 0.0006 0.0010 0.0005 0.0006 0.0003

Phosphorus [mg/L] < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Lead [mg/L] 0.00151 0.00029 0.00031 0.00027 0.00043 < 0.00002

Sulphur [mg/L] 9.22 8.86 8.73 8.40 8.58 0.05

Antimony [mg/L] 0.0041 0.0021 0.0006 0.0013 0.0002 < 0.0002

Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 0.62 0.62 0.77 0.65 0.73 < 0.01

Tin [mg/L] 0.00029 0.00052 0.00009 0.00007 0.00016 < 0.00001

Strontium [mg/L] 0.0302 0.0267 0.0275 0.0266 0.0268 0.0001

Titanium [mg/L] 0.0001 0.0001 0.0002 0.0002 0.0001 < 0.0001

Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 0.00345 0.00131 0.00137 0.00146 0.00122 < 0.000001

Vanadium [mg/L] 0.00003 0.00007 0.00005 0.00005 0.00008 < 0.00003

Zinc [mg/L] 0.009 0.002 0.002 < 0.001 0.004 < 0.001

 
 

Ra226 subcontracted to Becquerel Labs.
  

 
 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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regard to the origin or source from which the sample(s) is/are said to be extracted. The Findings report on the samples provided by the client and are not intended for commercial or contractual settlement purposes. Any unauthorized alteration, forgery or falsification of the content or
appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law. Test method information available upon request.



Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10525-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report - (QC Report)
 
  Analysis 14:

MDL
15:

QC - Blank
16:

QC - STD %
Recovery

17:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 105% 100%

Total Organic Carbon [mg/L] 0.2 < 0.2 105% 98%

Total Inorganic Carbon [mg/L] 0.2 0.2 97% 100%

Alkalinity [mg/L as CaCO3] 2 < 2 101% 98%

Acidity [mg/L as CaCO3] 2 3 98% 102%

Hardness [mg/L as CaCO3] 0.5 --- --- ---

Aluminum [mg/L] 0.01 < 0.01 95% 100%

Arsenic [mg/L] 0.0002 < 0.0002 106% 111%

Barium [mg/L] 0.00001 < 0.00001 105% 100%

Beryllium [mg/L] 0.00002 < 0.00002 103% 94%

Boron [mg/L] 0.0002 < 0.0002 99% 97%

Bismuth [mg/L] 0.00001 0.00001 105% 82%

Calcium [mg/L] 0.03 --- 98% 100%

Cadmium [mg/L] 0.000003 < 0.000003 102% 107%

Cobalt [mg/L] 0.000002 < 0.000002 105% 99%

Chromium [mg/L] 0.0005 < 0.0005 103% 170%

Copper [mg/L] 0.0005 < 0.0005 106% 85%

Iron [mg/L] 0.01 --- 96.8 122

Potassium [mg/L] 0.01 < 0.01 98% 99.1

Lithium [mg/L] 0.002 < 0.002 94.2 120

Magnesium [mg/L] 0.003 --- 95% 100%

Manganese [mg/L] 0.00001 < 0.00001 104% 99%

Molybdenum [mg/L] 0.00001 < 0.00001 95% 155%

Sodium [mg/L] 0.01 --- 95% 99%

Nickel [mg/L] 0.0001 < 0.0001 105% 87%

Phosphorus [mg/L] 0.01 < 0.01 95% 100%

Lead [mg/L] 0.00002 < 0.00002 102% 30%

Sulphur [mg/L] 0.01 --- 100% 101%

Antimony [mg/L] 0.0002 < 0.0002 94% 124%

Selenium [mg/L] 0.001 < 0.001 108% 100%
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Analysis 14:
MDL

15:
QC - Blank

16:
QC - STD %

Recovery

17:
QC - DUP %

Recovery

Silica [mg/L] 0.01 < 0.01 103% 101%

Tin [mg/L] 0.00001 < 0.00001 96% 140%

Strontium [mg/L] 0.0001 --- 98% 100%

Titanium [mg/L] 0.0001 < 0.0001 95% 130%

Thallium [mg/L] 0.0002 < 0.0002 105% 106%

Uranium [mg/L] 0.000001 < 0.000001 102% 94%

Vanadium [mg/L] 0.00003 < 0.00003 106% 150%

Zinc [mg/L] 0.001 < 0.001 106% 90%

 
 

 Ra226 subcontracted to Becquerel Labs.
Revised to include Ra226 results from Becquerel

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10069-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
PW09 EC2

0-2.5

6:
PW09 EC2

2.5-5

7:
PW09 EC2

5-7.5

8:
PW09 EC1

0-5

9:
PW09 EC1

5-10

Sample Date & Time 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09

Temperature Upon Receipt [°C] --- --- --- --- 9.0 9.0 9.0 9.0 9.0

Sulphate [mg/L] 02-Oct-09 19:39 06-Oct-09 12:35 27 18 --- --- ---

Dissolved Organic Carbon [mg/L] 05-Oct-09 09:40 06-Oct-09 13:53 19.0 14.3 --- --- ---

Dissolved Inorganic Carbon [mg/L] 06-Oct-09 08:15 07-Oct-09 12:40 4.2 1.1 --- --- ---

Acidity [mg/L as CaCO3] 02-Oct-09 15:00 06-Oct-09 11:07 17 16 --- --- ---

Hardness [mg/L as CaCO3] 05-Oct-09 09:00 05-Oct-09 13:17 21.7 16.0 16.4 33.9 17.8

Aluminum [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Arsenic [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0058 0.0046 0.0065 0.0006 0.0024

Barium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.285 0.337 0.487 0.221 0.335

Beryllium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0039 0.0034 0.0039 0.0082 0.0028

Bismuth [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00003 0.00006 0.00003 < 0.00001 < 0.00001

Calcium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 7.28 5.35 5.54 11.4 6.06

Cadmium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.000031 0.000012 0.000009 0.000012 < 0.000003

Cobalt [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00289 0.00120 0.00183 0.000321 0.00192

Chromium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0018 0.0018 0.0011 0.0010 < 0.0005

Iron [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.44 3.30 5.71 0.07 6.63

Potassium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.30 0.34 0.48 0.80 0.58

Lithium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002

Magnesium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.864 0.634 0.632 1.31 0.655
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
PW09 EC2

0-2.5

6:
PW09 EC2

2.5-5

7:
PW09 EC2

5-7.5

8:
PW09 EC1

0-5

9:
PW09 EC1

5-10

Manganese [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.217 0.134 0.132 0.120 0.142

Molybdenum [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00015 0.00116 0.00149 0.00029 0.00051

Sodium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 2.20 1.87 1.50 2.75 1.24

Nickel [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0024 0.0013 0.0017 0.0008 0.0010

Phosphorus [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.07 0.01 < 0.01 < 0.01 < 0.01

Lead [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00216 0.00090 0.00049 0.00023 0.00016

Sulphur [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 6.26 3.35 4.21 7.26 1.58

Antimony [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0003 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Selenium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 1.42 1.86 2.71 0.72 5.07

Tin [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00017 < 0.00001 0.00001 < 0.00001 0.00002

Strontium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.0168 0.0149 0.0187 0.0269 0.0168

Titanium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0007 0.0004 0.0002 < 0.0001 0.0003

Thallium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.000173 0.000115 0.000105 0.000835 0.000671

Vanadium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00008 0.00007 0.00004 0.00007 0.00005

Zinc [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.005 0.004 0.003 0.003 0.001

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 01 October 2009
 LR Report: CA10069-OCT09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 10:

MDL
11:

QC - Blank
12:

QC - STD %
Recovery

13:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 100% 110%

Dissolved Organic Carbon [mg/L] 0.2 < 0.2 91% 100%

Dissolved Inorganic Carbon [mg/L] 0.2 0.7 107% 100%

Acidity [mg/L as CaCO3] 2 3 98% 102%

Hardness [mg/L as CaCO3] 0.5 < 0.5 --- ---

Aluminum [mg/L] 0.01 < 0.01 98% ---

Arsenic [mg/L] 0.0002 < 0.0002 106% ---

Barium [mg/L] 0.00001 < 0.00001 122% ---

Beryllium [mg/L] 0.00002 < 0.00002 104% ---

Boron [mg/L] 0.0002 < 0.0002 96% ---

Bismuth [mg/L] 0.00001 < 0.00001 109% ---

Calcium [mg/L] 0.03 < 0.03 101% ---

Cadmium [mg/L] 0.000003 0.000003 99% ---

Cobalt [mg/L] 0.000002 < 0.000002 102% ---

Chromium [mg/L] 0.0005 < 0.0005 102% ---

Copper [mg/L] 0.0005 < 0.0005 102% ---

Iron [mg/L] 0.01 < 0.01 102% ---

Potassium [mg/L] 0.01 < 0.01 98% ---

Lithium [mg/L] 0.002 < 0.002 98% ---

Magnesium [mg/L] 0.003 < 0.003 98% ---

Manganese [mg/L] 0.00001 < 0.00001 107% ---

Molybdenum [mg/L] 0.00001 < 0.00001 99% ---

Sodium [mg/L] 0.01 < 0.01 94% ---

Nickel [mg/L] 0.0001 < 0.0001 100% ---

Phosphorus [mg/L] 0.01 < 0.01 100% ---

Lead [mg/L] 0.00002 < 0.00002 106% ---

Sulphur [mg/L] 0.01 < 0.01 98% ---

Antimony [mg/L] 0.0002 < 0.0002 101% ---
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Analysis 10:
MDL

11:
QC - Blank

12:
QC - STD %

Recovery

13:
QC - DUP %

Recovery

Selenium [mg/L] 0.001 < 0.001 102% ---

Silica [mg/L] 0.01 < 0.01 104% ---

Tin [mg/L] 0.00001 < 0.00001 96% ---

Strontium [mg/L] 0.0001 < 0.0001 100% ---

Titanium [mg/L] 0.0001 < 0.0001 96% ---

Thallium [mg/L] 0.0002 < 0.0002 107% ---

Uranium [mg/L] 0.000001 0.000001 107% ---

Vanadium [mg/L] 0.00003 < 0.00003 107% ---

Zinc [mg/L] 0.001 < 0.001 104% ---

 
 

 Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10064-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
SW09

QC15-1

6:
SW09

QC15-2

7:
SW09

QC15-3

8:
SW09

QC15-4

9:
SW09
EC-2T

10:
SW09
EC-2B

Sample Date & Time 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09

Temperature Upon Receipt [°C] --- --- --- --- 9.0 9.0 9.0 9.0 9.0 9.0

Sulphate [mg/L] 02-Oct-09 19:39 06-Oct-09 14:22 570 570 570 600 85 36

Acidity [mg/L as CaCO3] 02-Oct-09 15:00 05-Oct-09 15:14 22 27 44 50 67 16

Total Organic Carbon [mg/L] 05-Oct-09 09:40 06-Oct-09 13:53 --- --- --- --- 11.4 11.7

Total Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:46 --- --- --- --- < 1.0 < 1.0

Hardness [mg/L as CaCO3] 05-Oct-09 09:00 05-Oct-09 13:19 529 535 532 549 17.0 16.8

Aluminum [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 < 0.01 < 0.01 < 0.01 0.02 0.03 < 0.01

Arsenic [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0010 0.0009 0.0009 0.0011 0.0007 0.0007

Barium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0334 0.0301 0.0300 0.0296 0.108 0.114

Beryllium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00006 < 0.00002 0.00002 < 0.00002 0.00003 0.00002

Boron [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.113 0.113 0.115 0.116 0.0076 0.0072

Bismuth [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00004 0.00002 0.00001 < 0.00001 0.00002 0.00002

Calcium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 202 205 204 210 5.69 5.63

Cadmium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.000074 0.000051 0.000039 0.000031 0.000046 0.000056

Cobalt [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00558 0.00464 0.0106 0.0122 0.00655 0.00196

Chromium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0017 0.0014 0.0013 0.0016 0.0037 0.0029

Iron [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 0.10 0.06 0.16 0.18 0.07 0.04

Potassium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 10.8 11.0 10.9 11.9 0.31 0.32

Lithium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 0.008 0.008 0.008 0.009 < 0.002 < 0.002

Magnesium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 5.69 5.79 5.77 6.19 0.670 0.663
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
SW09

QC15-1

6:
SW09

QC15-2

7:
SW09

QC15-3

8:
SW09

QC15-4

9:
SW09
EC-2T

10:
SW09
EC-2B

Manganese [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.207 0.214 0.214 0.310 0.0315 0.0319

Molybdenum [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00319 0.00409 0.00368 0.00533 0.00018 0.00008

Sodium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 2.38 2.42 2.37 2.59 1.59 1.58

Nickel [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0067 0.0067 0.0067 0.0068 0.0022 0.0022

Phosphorus [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Lead [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00151 0.00098 0.00194 0.00548 0.00699 0.00391

Sulphur [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 157 160 160 166 4.64 4.63

Antimony [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0017 0.0010 0.0093 0.0106 0.0086 0.0016

Selenium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 5.46 5.55 5.54 5.55 0.59 0.60

Tin [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00002 0.00012 0.00002 0.00025 < 0.00001 < 0.00001

Strontium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 0.159 0.161 0.160 0.166 0.0122 0.0122

Titanium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0005 0.0004 0.0005 0.0004 0.0004 0.0001

Thallium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0143 0.0116 0.0144 0.0219 0.000654 0.00079

Vanadium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00009 0.00004 0.00004 < 0.00003 0.00007 0.00007

Zinc [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.005 0.004 0.004 0.004 0.004 0.005

 
 

Ra226 subcontracted to Becquerel Labs.
  

 
 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 01 October 2009
 LR Report: CA10064-OCT09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report (QC Report)
 
  Analysis 11:

MDL
12:

QC - Blank
13:

QC - STD %
Recovery

14:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 98% 102%
Acidity [mg/L as CaCO3] 2 3 98% 102%
Total Organic Carbon [mg/L] 1 < 1 91% 100%
Total Inorganic Carbon [mg/L] 0.2 0.2 97% 100%
Hardness [mg/L as CaCO3] 0.5 < 0.5 --- ---
Aluminum [mg/L] 0.01 < 0.01 99% ---
Arsenic [mg/L] 0.0002 < 0.0002 106% ---
Barium [mg/L] 0.00001 < 0.00001 122% ---
Beryllium [mg/L] 0.00002 < 0.00002 104% ---
Boron [mg/L] 0.0002 < 0.0002 96% ---
Bismuth [mg/L] 0.00001 < 0.00001 109% ---
Calcium [mg/L] 0.03 < 0.03 101% ---
Cadmium [mg/L] 0.000003 0.000003 99% ---
Cobalt [mg/L] 0.000002 < 0.000002 102% ---
Chromium [mg/L] 0.0005 < 0.0005 102% ---
Copper [mg/L] 0.0005 < 0.0005 102% ---
Iron [mg/L] 0.01 < 0.01 102% ---
Potassium [mg/L] 0.01 < 0.01 98% ---
Lithium [mg/L] 0.002 < 0.002 98% ---
Magnesium [mg/L] 0.003 < 0.003 99% ---
Manganese [mg/L] 0.00001 < 0.00001 107% ---
Molybdenum [mg/L] 0.00001 < 0.00001 99% ---
Sodium [mg/L] 0.01 < 0.01 93% ---
Nickel [mg/L] 0.0001 < 0.0001 100% ---
Phosphorus [mg/L] 0.01 < 0.01 100% ---
Lead [mg/L] 0.00002 < 0.00002 106% ---
Sulphur [mg/L] 0.01 < 0.01 98% ---
Antimony [mg/L] 0.0002 < 0.0002 101% ---
Selenium [mg/L] 0.001 < 0.001 102% ---
Silica [mg/L] 0.01 < 0.01 104% ---
Tin [mg/L] 0.00001 < 0.00001 96% ---
Strontium [mg/L] 0.0001 < 0.0001 100% ---
Titanium [mg/L] 0.0001 < 0.0001 96% ---
Thallium [mg/L] 0.0002 < 0.0002 107% ---
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Analysis 11:
MDL

12:
QC - Blank

13:
QC - STD %

Recovery

14:
QC - DUP %

Recovery

Uranium [mg/L] 0.000001 0.000001 1065 ---
Vanadium [mg/L] 0.00003 < 0.00003 107% ---
Zinc [mg/L] 0.001 < 0.001 104% ---

 
 

 Ra226 subcontracted to Becquerel Labs.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
 

Env ICP-MS Metals
 

Project : 09-1663
 SGS Canada Inc.

 P.O. Box 4300 - 185 Concession St. LR Report : CA10064-OCT09
 Lakefield - Ontario - KOL 2HO

 Phone: 705-652-2000 FAX: 705-652-6365
 

O
nL

in
e 

LI
M

S

Page 2 of 2
 Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval.  Please refer to SGS

General Conditions of Services located at http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
 Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
 



 
 
 
 
 
 
 
 
 
 

Radium-226 Release Controls in the Panel TMA 
 

EcoMetrix Incorporated 
 

 
 
 

 
 
 
 
 
 
 
 
 
 

 



 
 
 
CY
RA
CO
 
 
 
 
 
 
 
Rep
 
RIO
Ellio
 
 
 
 
 
 
 
 
Rep
 
ECO
6800
Miss
L5N
 
 
 
 
 
 
Ref.
Feb

 

 

YCLE III S
ADIUM-22
ONTROLS

port prepared

O ALGOM LIM
ot Lake, ON

port prepared

OMETRIX IN
0 Campobel
sissauga, On

N 2L8 

. 09-1662:2
ruary 2011

PECIAL S
6 RELEA

S IN THE 

d for: 

MITED 

d by: 

NCORPORA
llo Road 
ntario    

STUDIES
ASE 
PANEL T

ATED 

 

S – 

TMA 



 
CY
RA
CO
 
 
 
 
 
 
 
 
 
 
 
 
 

Erin
Proj
 
 

 

Ron
Proj
 
 
 
 

 

 

YCLE III S
ADIUM-22
ONTROLS

 Clyde, M.S
ect Manage

nald V. Nicho
ect Principa

PECIAL S
6 RELEA

S IN THE 

c. 
er 

olson, Ph.D.
al 

STUDIES
ASE 
PANEL T

 

 

 

S – 

TMA  

 

 



 

 
 
 
 

 

 

Ref. 0
Febru

The 
appr
Lake

EcoM
focu
basi

The 
and 
basi
basi

As p
mod
pred
the P
mod
the s
gyps
majo
disso
gyps
solut
(Ba,
depr
could

Two
repre
cons
appr
field 
226 

The 
TMA
the b
be re
over

09-1662:2 
uary 2011 

Panel Site (
roximately 1
e.  The Site i

Metrix Incorp
sed on the r
n waters at t

objectives o
basin water
n waters and
n waters in t

part of the En
eling using t

dict future Ra
Panel TMA. 
el.  Radium-
source of Ra
sum (CaSO4

or source of 
olution of gy
sum is deple
tion will be c
RaSO4).  Th
ressed if sulp
d increase w

 stations we
esentative s
stituents that
ropriate, data
campaign w
activities an

investigation
A.  This appr
basin waters
eflected by t
rlying water. 

(the Site) is a
9 km northe
is owned an

porated (Eco
release of Ra
the Panel Ta

of this invest
s to develop
d to provide 
the future. 

nvironmenta
the Uranium
a-226 activit
 The predict
-226 activitie
a-226 is the 

4·2H2O) and 
Ra-226 in th

ypsum that c
eted from the
controlled by
herefore, sol
phate conce

when sulpha

ere sampled 
amples to q
t can potent
a from the S

were include
nd mobility in

n focused on
roach was ta
s would be in
the concentr
  

EXECUT

a decommis
ast of the C
d managed 

oMetrix) was
a-226 from t
ailings Mana

igation were
p an understa

estimates fo

al Impact Sta
m Tailings As

ies and sulp
ted Ra-226 a
es in the Pan
dissolution o
barite (BaS

he porewate
contains co-p
e solids after
y the dissolu
ubility theory

entrations re
te concentra

in the Pane
uantify activ
ially play a r

South Basin, 
d in this rep

n the Panel T

n Ra-226 in 
aken becaus
nitiated in the
rations in the

RADIUM-2

TIVE SU

ssioned uran
ity of Elliot L
by Rio Algo

s retained by
the submerg
agement Are

e to evaluate
anding of th
or Ra-226 ac

atement (EIS
ssessment P
phate concen
activities we
nel are relate
of Ra-226 be
O4).  The EI

er and basin 
precipitated 
r approximat
tion of barite
y suggests t
main high, fo
ations declin

l South Basi
vities/concen
role in Ra-22

Main Basin 
ort to provid

TMA. 

solids, pore
se it was und
e solid phas
e porewaters

226 RELEASE

UMMARY

nium mine pr
Lake and imm
om Limited (R

y RAL to com
ged tailings a
ea (TMA).  

e Ra-226 act
e controls o
ctivities that 

S) for the Pa
Program (UT
ntrations in p
ere explained
ed to sulpha
earing sulph
S stated tha
water will be
Ra-226 (Ca
tely 100 yea
e that contai
that the Ra-2
or example 

ne. 

in in Septem
ntrations of R
26 mobility in
 and Pond C

de a more th

ewater and b
derstood tha
se and that th
s before eve

CYCLE II
E CONTROLS 

Y 

roperty locat
mediately no
RAL).   

mplete a dire
and treatme

tivities in sol
n Ra-226 re
may be obs

anel Mine, pr
TAP.3) was p
porewater an
d by the follo
ate concentr
hate precipita
at in the first 
e controlled 
,RaSO4•2H2

ars, the Ra-2
ns co-precip
226 activities
near gypsum

mber 2009 to
Ra-226 and 
n the basin w
C collected d
orough desc

basin waters 
at any releas
he release f

entual releas

I SPECIAL ST
IN THE PANE

Executive Su

ted 
orth of Quirk

ected study 
nt solids to t

lids, porewa
eleases to th
served in the

redictive 
performed to
nd basin wa
owing conce
ations becau
ates, such a
100 years, t
by the 

2O).  Once 
226 activities
pitated Ra-2
s will be 
m saturation

o obtain 
other 
waters.  Whe
during a 200
cription of Ra

at the Pane
e of Ra-226

from solids w
se to the 

 

TUDIES 
EL TMA  
ummary 

i 

ke 

that 
the 

ter 
e 

e 

o 
ter in 

eptual 
use 
s 
the 

s in 
26 

n, and 

ere 
06 
a-

el 
6 to 
would 



 

 
 
 
 

 

 

Ref. 0
Febru

Two
in th
mec
distr
to th
exam
solu
inde
com
there
pore

Plots
the s
at th

Stro
pore
solid
conc

Inve
pore
and 
equi
there

The 
pore
EIS 
indir
pres
pore
226 
refin

Solu
sulp
conc
rang
at Q
30 m
top p

09-1662:2 
uary 2011 

 mechanism
e porewater
hanism, sor

ributed betwe
e activities i

mple, is distr
bility.  The s
pendent of t
panion ion in
efore, both m

ewater. 

s for Ra-226
sorption equ
e Panel TMA

ng correlatio
ewater samp
ds and sugge
centrations in

rse correlati
ewaters indic
Ra-226 activ
librium with 
efore Ra-226

inverse rela
ewater are no
suggests.  In

rect controls 
sence of gyp
ewater; there
activities.  T
ement for in

ubility theory 
hate concen
centrations in
ge of 4.1 to 5
uirke that sh

mg/L, the Ra
portions of th

ms that could
r, sorption an
ption, can be
een solids a
n the solids.
ributed betw
solubility mod
the content i
n the water 
mechanisms

6 and barium
uilibrium (or K
A.  

ons between
ples supporte
ested that si
n porewater

ons betwee
cated that th
vities in pore
BaSO4 solid
6 activities, 

ationship betw
ot directly co
nstead, the 
by gypsum 
sum.  The s

efore the pre
This does no
nterpretation 

suggests th
ntrations dec
n porewater 

5.5 Bq/L.  Th
howed when
-226 activitie
he tailings so

d potentially c
nd solubility
e represente
nd water so
.  The secon

ween the solid
del infers tha
n the solids,
phase.  The

s may influen

m activities/co
Kd) model d

n Ra-226 and
ed a similar 
milar mecha
. 

n barium an
e solubility o
ewater.  The
ds provided f
in porewater

ween Ra-22
ontrolled by 
inverse corre
related to th

sulphate con
esence of gy
ot contradict 

of the mode

hat barium a
crease.  Res

near 50 mg
hese results 
n sulphate co
es in porewa
olids not exc

RADIUM-2

control Ra-2
controls we

ed by a Kd m
 that the act

nd mechanis
ds and wate
at the conce
, but will dep
se two mode

nce Ra-226 

oncentration
oes not dom

d barium in t
mechanism 
anisms contr

d sulphate a
of a solid pha
e theoretical 
further evide
r are control

26 and calciu
gypsum diss
elation betw

he linkage be
centration c
psum in the 
the concept
el. 

nd Ra-226 c
sults from Po
g/L, exhibited
are consiste

oncentration
ater were be
ceeding 5 Bq

226 RELEASE

226 and bari
re considere

model and a
tivities in the
sm, solubility
er on the bas
entration of a
pend on the 
els may not 
and barium 

ns in solids a
minate the so

the tailings, 
for the form
rol the Ra-22

and between
ase controls
solubility of 

ence that ba
led by sulph

um indicated
solution as t

ween Ra-226
etween high

controls Ra-2
 tailings soli
tual model in

concentratio
ond C (PW06
d Ra-226 ac
ent with resu
ns in porewa
etween 3 and
q/L.   

CYCLE II
E CONTROLS 

um activities
ed in this stu
ssumes that

e water are li
y, assumes t
sis of thermo
a constituent
concentratio
be mutually
activities/co

and porewat
olids-porewa

treatment so
mation of Ra-

26 activities 

n Ra-226 an
s the barium 
barium and

arium concen
hate concent

d that Ra-22
the conceptu
6 and calcium
 calcium and

226 activities
ds indirectly

n the EIS bu

ns/activities 
6) with sulph

ctivities in po
ults from the 
ter were in t
d 7 Bq/L, wit

I SPECIAL ST
IN THE PANE

Executive Su

s/concentrat
udy.  The firs
t Ra-226 is 
inearly corre
that barium, 
odynamic 
t in the wate
on of the 
y exclusive, a
oncentrations

ter showed t
ater interacti

olids and 
-226 and bar
and barium

d sulphate i
concentratio
 sulphate in 
ntrations, an
trations. 

6 activities i
ual model in 
m results fro
d sulphate in
s in the 
y controls the
t provides a 

will increase
hate 
orewaters in 

study in Ce
the range of 
th Ra-226 in

 

TUDIES 
EL TMA  
ummary 

ii 

tions 
st 

elated 
for 

er is 

and 
s in 

that 
ons 

rium 
 

n 
ons 

nd 

n 
the 

om 
n the 

e Ra-

e as 

the 
ell 14 

6 to 
n the 



 

 
 
 
 

 

 

Ref. 0
Febru

Toge
the p
that 

Conc
upwa
the P
prim

A tot
well 
226 
to be
activ
throu
radiu
the p

Pred
with 
of 0.
Ra-2
max
abou

 

 

09-1662:2 
uary 2011 

ether, these 
porewater at
could be ex

centration g
ard diffusion
Panel TMA, 
ary mechan

tal Ra-226 lo
with the Ra-
activities in 

e in the rang
vity of 0.5 Bq
ugh 2009 tim
um activities
porewater in

dicted Ra-22
the observe
65 and 1.79

226 activities
imum activit
ut 50 mg/L a

results indic
t the Panel T
pected in the

radients betw
n and mass t
there are no

nism for Ra-2

oad of 560 M
-226 load of 
the outflow f

ge of 0.25 to 
q/L from rout
me period.  T
s in the overl
n the submer

26 activities t
ed upper limi
9 Bq/L.  Thes
s in basin wa
ties in porew
at the Panel 

cate that the
TMA provide
e submerge

ween Ra-22
transport of 
o external in
226 release 

MBq/a was c
f 547 MBq/a 
from the Pan
0.96 Bq/L.  

tine monitori
The diffusive
ying basin w
rged tailings

that could oc
it of Ra-226 
se calculatio
ater that cou

water associa
TMA.   

RADIUM-2

e maximum R
es a reasona
d solids pore

26 activities i
Ra-226 from
puts of Ra-2
to the basin

calculated fro
estimated fr

nel TMA res
These value
ing at the So

e flux calcula
water are con
.  

ccur in the b
activity of 5

ons provide a
uld be observ
ated with the

226 RELEASE

Ra-226 activ
able upper-b
ewater.   

in porewater
m porewater 
226; therefor
 water.   

om diffusive 
rom routine 

sulting from d
es agree we
outh Basin o
ations provid
ntrolled by d

basin water a
.5 Bq/L in po
an indication
ved if porew
e lowest sulp

CYCLE II
E CONTROLS 

vity of 5.5 Bq
bound for Ra

r and basin w
to the overly

re diffusive t

flux calcula
monitoring d
diffusive flux

ell with the av
outflow (P-13
ded strong ev
diffusive flux 

as a result o
orewater we
n of the pote

water activitie
phate conce

I SPECIAL ST
IN THE PANE

Executive Su

q/L measure
a-226 activiti

water imply 
ying water.  
transport is t

tions and ag
data.  Radiu
x were estim
verage Ra-2
3) for the 200
vidence that
of Ra-226 f

f diffusive flu
ere in the ran
ential range o
es approach
entrations of 

 

TUDIES 
EL TMA  
ummary 

iii 

ed in 
es 

At 
the 

greed 
m-

mated 
226 
06 
t the 
from 

ux 
nge 
of 

h the 



 

 
 
 
 

 

 

Ref. 0
Febru

 
 
 
1.0 

1.1 

 

2.0 

2.1 

2.2 

2.3 

2.4 

 

3.0 

3.1 

3.2 

3.3 

3.4 

 

4.0 

4.1 

4.2 

4.3 

4.4 

 

5.0 

5.1 

5.2 

 

6.0 

6.1 

6.2 

6.3 

6.4 

09-1662:2 
uary 2011 

  

INTRO

Object

BACK

Panel 

Conce

Routin

2.3.1  Ba

Summ

2009 S

Solids

Porew

Basin 

Field O

QUAL

Solids

Water 

Blank 

Labora

FIELD

Solids

Porew

DISCU

Solids

6.1.1  Ev

6.1.2  Ev

Contro

Porew

Water 

 

ODUCTION 

tives and Sc

KGROUND .

TMA Config

eptual Model

ne Monitoring

asin Water ...

mary of Resu

SAMPLE CO

Samples ...

water Sample

Water Samp

Observations

LITY ASSUR

Sample Da

Samples Da

Sample Dat

atory Quality

D AND LABO

Samples ...

water and Ba

USSION .....

and Porewa

vidence of So

vidence of So

ols on Ra-22

water and Ba

Balance an

TABLE 

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

cope of Work

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

guration .......

l for Ra-226 

g Data ........

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

lts from the 

OLLECTION

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

es ................

ples .............

s .................

RANCE/QUA

ta Quality A

ata Quality A

ta Quality As

y Assurance

ORATORY S

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

asin Water S

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

ater Interact

orption Equi

olubility Equ

26 Activities 

asin Water In

d Ra-226 Lo

RADIUM-2

OF CON

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

k .................

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

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

Release ....

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

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

2006 Field S

N AND PRO

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

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

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

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

ALITY CONT

ssessment .

Assessment

ssessment ..

 and Quality

SAMPLING

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

amples ......

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

ions ...........

librium Cont

ilibrium Con

in Porewate

nteractions ..

oads for the 

226 RELEASE

NTENTS

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

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

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

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

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

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

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

Study ..........

OCESSING ..

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

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

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

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

TROL .........

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

t ..................

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

y Control .....

G RESULTS

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

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

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

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

trols ............

ntrols ...........

er .................

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

Panel TMA

CYCLE III
E CONTROLS 

S 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 SPECIAL STU
IN THE PANE

Table of Co

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 

UDIES 
EL TMA 

ontents 

iv 

Page 

... 1.1 

... 1.1 

... 2.1 

... 2.1 

... 2.2 

... 2.2 

... 2.2 

... 2.3 

... 3.1 

... 3.1 

... 3.1 

... 3.2 

... 3.2 

... 4.1 

... 4.2 

... 4.2 

... 4.2 

... 4.3 

... 5.1 

... 5.1 

... 5.1 

... 6.1 

... 6.1 

... 6.2 

... 6.2 

... 6.5 

... 6.6 

... 6.6 



 

 
 
 
 

 

 

Ref. 0
Febru

6.5 

 

7.0 

 

8.0 

 
APP

APP

APP

APP

09-1662:2 
uary 2011 

6.4.1  Wa

6.4.2  Ra

        Ra

6.5.1  Es

SUMM

REFE

PENDIX 1: 

PENDIX 2: 

PENDIX 3: 

PENDIX 4:  

ater Balance

a-226 Loads 

a-226 Flux a

stimated Ran

MARY OF C

ERENCES ...

Compilation

Compilation

Detailed Da

Certificates

e ..................

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

and Loads fro

nges in Ra-2

ONCLUSIO

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

n of Routine 

n of Data fro

ata Quality A

s of Analysis

RADIUM-2

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

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

om the Subm

226 Activities

ONS .............

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

Monitoring 

om the 2006 

Assessment

for the 2009

226 RELEASE

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

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

merged Soli

s .................

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

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

Data at the 

Field Samp

9 Field Data

CYCLE III
E CONTROLS 

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

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

ds ...............

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

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

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

Panel TMA 

pling Program

a 

 SPECIAL STU
IN THE PANE

Table of Co

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

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

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

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

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

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

m  

 

UDIES 
EL TMA 

ontents 

v 

... 6.7 

... 6.7 

... 6.8 

... 6.9 

... 7.1 

... 8.1 



 

 
 
 
 

 

 

Ref. 0
Febru

LIS
 

2.1: 

2.2: 

2.3: 

 

3.1: 

 

4.1a

4.1b

4.2a

4.2b

4.3: 

 

5.1: 

5.2: 

 

6.1: 

6.2: 

6.3: 

6.4: 

6.5: 

 

09-1662:2 
uary 2011 

ST OF TAB

 Summary

 Summary

2006 

 Summary

2006 

Porewate

a:  Data Qua

Samples

b: Data Qua

Samples

a:  Data Qua

Samples

b: Data Qua

Samples

 Data Qua

 Summary

Septemb

 Selected

in Septem

 Average 

Routine M

 Average 

Ra-226 F

Thicknes

Predicted

Activities

Predicted

of 5.5 Bq

BLES 

y of Selecte

y of Selecte

y of Selecte

er pH Values

ality Assess

s 

ality Assess

s 

ality Assess

s 

ality Assess

s 

ality Assess

y of Selecte

ber 2009 

 Constituent

mber 2009 

Ra-226 Act

Monitoring  

Annual Flow

Fluxes, Load

sses 

d Range of R

s and a Rang

d Range of R

q/L 

d Constituen

d Constituen

d Constituen

s Sampled b

ment Summ

ment Summ

ment Summ

ment Summ

ment Summ

d Constituen

ts in Basin W

ivities (Bq/L

w Rates and

ds and Activ

Ra-226 Activ

ge of Flow R

Ra-226 Activ

RADIUM-2

nts in Solids

nts in Porew

nts in Basin 

by EcoMetrix

mary for Sele

mary for Sele

mary for Sele

mary for Sele

mary for Sele

nts in Solids

Water and P

) in the Main

d Radium-22

ities in the P

vities in Bas

Rates 

vities in Bas

226 RELEASE

s from the Pa

water from th

Water from 

x in Septemb

ected Constit

ected Constit

ected Constit

ected Constit

ected Constit

s from Panel 

orewater in 

n Basin and 

26 Loads at t

Panel TMA fo

in Water Ba

in Water Ba

CYCLE III
E CONTROLS 

anel TMA Sa

he Panel TM

the Panel T

ber 2009 

tuents in So

tuents in So

tuents in Wa

tuents in Wa

tuents in Bla

South Basin

Panel South

South Basin

the Panel TM

or different I

ased on Aver

ased on a Po

 SPECIAL STU
IN THE PANE

Table of Co

ampled in 20

A Sampled 

TMA Sample

lids-Duplica

lids – Replic

ater – Duplic

ater – Replic

ank Sample

n Sampled i

h Basin Sam

n Outflows fr

MA 

nterface 

rage Porewa

orewater Act

 

UDIES 
EL TMA 

ontents 

vi 

006 

in 

ed in 

te 

cate 

cate 

cate 

n 

mpled 

rom 

ater 

tivity 



 

 
 
 
 

 

 

Ref. 0
Febru

LIS
 

1.1: 

 

2.1: 

2.2: 

2.3: 

 

3.1: 

 

5.1: 

5.2: 

 

6.1: 

6.2: 

6.3: 

6.4: 

6.5: 

 

09-1662:2 
uary 2011 

ST OF FIG

General 

Configur

Routine M

2006 and

Photogra

Depth Pr

Depth Pr

South Ba

Water-So

Correlati

Correlati

Treatmen

Activities

Water 

Monthly 

GURES 

Site Locatio

ation of the 

Monitoring D

d 2009 Sam

aphs of Sam

rofiles for Se

rofiles for Se

asin 

olids Partitio

on Plots for 

on Plots for 

nt Solids 

s and Conce

Flow Data a

n of the Pan

Panel TMA 

Data for Sele

pling Locatio

mples Core09

elected Cons

elected Cons

oning Plots fo

Selected Co

Selected Co

ntrations for

at the South 

RADIUM-2

nel Mine and

and Routine

ected Consti

ons 

9-PSB-1 and

stituents in S

stituents in P

or Radium-2

onstituents in

onstituents in

r Selected C

Basin Outflo

226 RELEASE

d Tailings Ma

e Monitoring 

ituents from 

d Core09-PS

Solids from t

Porewater an

226 and Bari

n Tailings an

n Porewater

Constituents 

ow (P-13) fro

CYCLE III
E CONTROLS 

anagement A

 Stations 

the Panel T

SB-2 

the South Ba

nd Basin Wa

ium 

nd Treatmen

rs from Tailin

in Porewate

om Routine 

 SPECIAL STU
IN THE PANE

Table of Co

Area 

TMA 

asin 

ater from the

nt Solids 

ngs and 

er and Basin 

Monitoring 

 

UDIES 
EL TMA 

ontents 

vii 

e 

 



 

 
 
 
 

 

 

Ref. 0
Febru

1.0

The 
appr
Lake

EcoM
focu
basi

Rout
The 
wate
envi
Prog
disch
Mon

EcoM
(Eco
reco
unde
activ
rang
repo
pred
reco
unce

1.1 

The 
basi
wate
wate

The 

09-1662:2 
uary 2011 

0 INTR

Panel Site (
roximately 1
e (Figure 1.1

Metrix Incorp
sed on the r
n waters at t

tine monitor
Serpent Riv

ershed monit
ronmental m

gram (SAMP
harge from t
itoring Prog

Metrix comp
oMetrix, 2008
ommended to
erstanding o
vities in the P
ges (0.4 Bq/L
orted in the S
dicted in Env
ommended th
ertainty relat

Objec

objectives o
n waters to d

ers and to pr
ers.   

scope of wo

• r

• r
c

RODUCT

(the Site) is a
9 km northe
1).  The Site

porated (Eco
release of Ra
the Panel Ta

ing at the Pa
ver Watershe
toring progra

monitoring pr
P) was devel
the TMAs to 
ram (TOMP

pleted perfor
8).  As part o
o compleme

of the long-te
Panel basins
L to 1.4 Bq/L
State of Envi
vironmental I
hat a specia
ted to the rel

ctives and

of this study 
develop an u
rovide estima

ork for this in

review of rou

review and c
conducted b

TION 

a decommis
ast of the C

e is owned a

oMetrix) was
a-226 from t
ailings Mana

anel Mine Si
ed Monitorin
am that was
rograms at e
oped to mon
the Serpent

) was design

mance evalu
of the review

ent the monit
erm performa
s remain with
L) and within
ironment Re
Impact State
l study be co
lease of Ra-

d Scope 

were to inve
understandin
ates for Ra-2

nvestigation 

utine monito

compilation o
y DES in 20

RADIUM-2

ssioned uran
ity of Elliot L
nd managed

s retained by
the submerg
agement Are

ite is conduc
ng Program (
s implemente
each mine si
nitor the natu
t River Wate
ned to evalu

uations of th
w, and where
toring progra
ances of the
hin Ra-226 r

n current trea
eport (Minnow
ements (Rio 
onducted at 
-226 to the b

of Work

estigate Ra-2
ng of the con
226 activitie

included the

ring data fro

of data colle
006; 

226 RELEASE

nium mine pr
Lake and imm
d by Rio Alg

y RAL to com
ged tailings a
ea (TMA). 

cted as part 
(SRWMP) is
ed to replace
ite.  The Sou
ure and qua
ershed.  The
uate the perf

he SAMP an
e appropriat
ams as well 
e tailings faci
release mod
atment plant
w, 2008) we
Algom, 199
the Panel T

basin waters

226 activitie
ntrols on Ra

es that may b

e following:

om the Pane

cted from a 

CYCLE III
E CONTROLS 

roperty locat
mediately no
om Limited 

mplete a dire
and treatme

of three dire
s a compreh
e the various
urce Area M
antity of cons
e TMA Opera
formances o

d TOMP res
e, special st
as to refine 
ilities.  While

del sensitivity
t capacity ra
ere above pe
95).  Therefo
TMA to reduc
s.   

s in solids, p
a-226 releas
be observed

el TMA; 

previous fie

 SPECIAL STU
IN THE PANE

Introd

ted 
orth of Quirk
(RAL).   

ected study 
nt solids to t

ected progra
ensive 
s, mine-spec
onitoring 
stituents that
ational 
f the TMAs.

sults to 2008
tudies were 
the 

e Ra-226 
y analysis 
nges, activit
eak activities
re, it was 
ce the 

porewater an
es to the ba

d in the basin

ld study 

 

UDIES 
EL TMA 

duction 

1.1 

ke 

that 
the 

ams.  

cific 

t 

8 

ties 
s as 

nd 
sin 

n 



 

 
 
 
 

 

 

Ref. 0
Febru

 

 

09-1662:2 
uary 2011 

 c
w

 d
m

 a
t
r

 a
w

collection of 
waters from 

data assessm
mobility;  

assessment 
the solids, po
release to th

assessment 
waters assoc

core sample
two location

ment of cons

of Ra-226 a
orewater and
e basin wate

of ranges of
ciated with a

RADIUM-2

es and analy
ns within the 

stituents tha

and other co
d basin wate
ers; and 

f Ra-226 act
a range of R

226 RELEASE

ysis of solids
Panel South

at can potent

nstituent act
er to underst

tivities that c
a-226 activit

CYCLE III
E CONTROLS 

s, porewater
h Basin; 

tially play a r

tivities and c
tand control

could develo
ties in porew

 SPECIAL STU
IN THE PANE

Introd

rs and surfac

role in Ra-22

concentratio
s for Ra-226

op in basin 
water. 

 

UDIES 
EL TMA 

duction 

1.2 

ce 

26 

ns in 
6 



 

 
 
 
 

 

 

Ref. 0
Febru

2.0

The 
the t
trend
resu

2.1 

The 
follow
sulp
diura
gene
of ta
Basi
TMA

Start
were
two-
Sout
2.1).
from
(ETP
were
disch

The 
cont
solid
solid

After
lime 
over
to ne

Betw
This
Roch
tailin
Sout

09-1662:2 
uary 2011 

0 BAC

following se
theoretical c
ds observed
lts from the 

Panel

Panel mine 
wing rehabil
huric acid le
anate (yellow
erated during

ailings and w
n and the P

A (Figure 2.1

ting in 1974 
e mixed in a 
inch line dur
th Basin and
.  In 1978, th

m the Main B
P) was re-loc
e constructe
harge into Q

Main Basin 
ains a small

ds from the o
ds that were 

r closure of t
additions w

rflow from th
eutralize acid

ween 1998 a
 involved the
hester Creek
ngs and treat
th Basin thro

KGROU

ection provid
ontrols on R
 for the rout
2006 field s

l TMA Co

and mill ope
litation and u

each followed
w cake).  Pri
g the milling

waste rock we
anel South B
1).   

and until co
small treatm

ring the frost
d treated effl
he Panel TM
asin was dir
cated to the 
d to receive 

Quirke Lake. 

contains tai
 quantity of 

original ETP
deposited p

the mine in 1
were initiated 

e South Bas
dity and rem

and 1999 the
e constructio
k.  The dam 
tment solids
ough Dam A

UND 

es backgrou
Ra-226 relea

ine monitori
tudy. 

onfigurati

erated from 
upgrading.  T
d by remova
or to discha
 process we
ere deposite
Basin.  Colle

onstruction o
ment plant ad
t-free seaso
uent was dis

MA was upgra
rected to flow
southern en
the treated 
  

lings produc
tailings disp
.  Pond C co

prior to const

1990, the Pa
to neutralize

sin enters th
move Ra-226

e Panel TMA
on of an eng
was constru

s in Pond C.
A and run-off

RADIUM-2

und informat
se to overlyi
ng results at

on 

1958 to 196
The milling p
al of the uran
rge to the TM

ere neutralize
ed in two nat
ectively, thes

of the new pl
djacent to th
n.  Treatmen
scharged to 
aded to the 
w to the Sou
nd of Panel S
water and a

ced in the mi
posed in the 
ontains smal
truction of th

anel TMA wa
e the acidic 
e Panel ETP

6.   

A was extend
gineered eart
ucted to con
 Currently, P

f from its 65-

226 RELEASE

tion on the P
ing waters, a
t the Panel T

61, and again
process con
nium via pre
MAs, the ac
ed with lime
tural basins,
se areas are

ant in 1978,
he mill and p
nt solids set
Rochester C
current TMA

uth Basin.  T
South Basin

allow treatme

illing operati
late 1950s, 
ll volumes of
he new ETP.

as flooded.  
pond water 

P where it is

ded to includ
rth-fill dam at
ntrol water le
Pond C rece
-ha drainage

CYCLE III
E CONTROLS 

Panel TMA, a
a summary o
TMA and a s

n from 1979
sisted of a h
cipitation of 

cidic slurry (i
e.  A total of 
, creating the
e referred to 

 lime and ba
pumped to th
ttled in what 
Creek via Da
A configurati
he effluent t
 (Dam F) an

ent solids to 

ion.  The So
together wit
f fine tailings
.   

From 1992 
(Minnow, 20

s treated with

de Pond C (F
t the outlet o

evels and su
eives seepag
e area (Minn

 SPECIAL STU
IN THE PANE

Back

a discussion
of relevant 
summary of

 to 1990, 
hot dilute 
ammonium 
.e., tailings) 
16 million to
e Panel Mai
as the Pane

arium chlorid
he basins via

is now the 
am A (Figur
on.  The wa
treatment pla
nd settling po

settle prior t

outh Basin 
th treatment 
s and treatm

to 1999, in-s
008).  The 
h lime and B

Figure 2.1).
of Pond C to
bmerge the 
ge from the 
now, 2008).

 

UDIES 
EL TMA 
kground 

2.1 

n of 

onnes 
n 
el 

de 
a a 

re 
ater 
ant 
onds 
to 

ment 

situ 

BaCl2 

  
o 
fine 



 

 
 
 
 

 

 

Ref. 0
Febru

2.2 

As p
simu
pred
wate
pore
Ra-2
resp
and 
conc
conc
after
year
pore

The 
follow
conc
prec
majo
the d
gyps
solut
prec
the R
near

2.3 

This
locat
sets 

2.3.

Rad
time
qual

Histo
21 B
flush
activ

09-1662:2 
uary 2011 

Conc

part of the En
ulations usin
dict future Ra
er in the Pan
ewater after a
226 activities
pectively.  Mo

1.4 Bq/L in t
centrations t
centrations in
r closure and
rs, sulphate 
ewaters and 

Ra-226 acti
wing concep
centrations b
cipitates, suc
or source of 
dissolution o
sum is deple
tion were ex

cipitated Ra-
Ra-226 activ
r gypsum sa

Routi

 section disc
tions of the r
are provide

1 Basin W

ium-226 act
-trend plots 
ity in the out

orically, the 
Bq/L (data no
hing of Ra-22
vities have re

eptual Mo

nvironmenta
g the Uraniu

a-226 activit
nel TMA.  Th
approximate
s in the basi
odel sensitiv
the basin wa
hat remaine
n the basin w
d to steadily 
concentratio
basin water

vities predic
ptual model. 
because the 
ch as gypsum
Ra-226 in th

of gypsum th
eted from the
xpected to be
226 (Ba,RaS
vities will be 
turation, and

ne Monit

cusses the r
routine mon
d in Append

Water 

ivities togeth
in Figure 2.
tflows from P

Ra-226 activ
ot shown on 
26 from the 
emained rela

odel for R

al Impact Sta
um Tailings A
ies and sulp

he model pre
ely 50 and 10
n water were
vity analysis 
ater at the P

ed at 1,600 in
waters were
decrease to

ons were pre
s, respective

cted in porew
 Ra-226 act
source of R

m (CaSO4·2
he porewate
hat contains 
e solids after
e controlled 
SO4) (SENE
depressed i
d could incre

toring Da

outine monit
itoring statio
dix 1. 

her with bari
.2 for station
Panel Main B

vities in the o
graph), how
porewater d
atively const

RADIUM-2

Ra-226 R

atement (EIS
Assessment

phate concen
edicted Ra-2
00 years pos
e 0.2 and 0.4
predicted a 
anel TMA.  T
n the porewa

e predicted to
o approximat
edicted to de
ely (Rio Algo

water and ba
tivities in the

Ra-226 is the
H2O) and ba

er and basin 
co-precipitat
r approximat
by the disso

ES,1992).  Th
f sulphate c

ease when s

ta 

toring of the
ons are illust

um and sulp
ns P-21, P-13
Basin, Pane

outflow from
wever, these
during floodin
tant and belo

226 RELEASE

elease 

S) for the Pa
t Program (U
ntrations in t
226 activities
st-flooding, r
4 Bq/L after 
range in Ra
The model p
ater for the f
o peak at 10
tely 40 mg/L

ecline to 250
om, 1995). 

asin water w
e Panel TMA
e dissolution 
arite (BaSO4

water were 
ted Ra-226 
tely 100 yea
olution of ba
herefore, so
oncentration

sulphate con

e basin water
trated in Fig

phate conce
3 and P-03 t

el South Bas

m the Main B
e elevated va
ng in 1990.  
ow 0.5 Bq/L

CYCLE III
E CONTROLS 

anel Mine, pr
UTAP.3) wer
the porewate
s of 0.5 and 
respectively

r 50 and 100
a-226 activiti
predicted su
first 100 yea
00 mg/L in th
L at 100 yea
0 and 15 mg/

were explaine
A are related
 of Ra-226 b

4).  In the firs
expected to
(Ca,RaSO4·

ars, the Ra-2
rite that con
lubility theor
ns remain hi
ncentrations 

r at the Pane
ure 2.1.  Th

ntrations are
that represe

sin and Pond

Basin, P-21, w
alues likely r
Since 1998
.  Barium co

 SPECIAL STU
IN THE PANE

Back

redictive mod
re performed
er and basin
1.1 Bq/L in t

y.  The predic
0 years, 
es between 
lphate 
rs.  Sulphate

he first 10 ye
rs.  By 200 
/L in the 

ed by the 
d to sulphate
bearing sulp
st 100 years
o be controlle
·2H2O).  Onc
226 activities
tains co-
ry suggests 
gh, for exam
decline.   

el TMA.  The
e complete 

e presented 
ent the water
d C, respecti

were as high
resulted from
, Ra-226 

oncentrations

 

UDIES 
EL TMA 
kground 

2.2 

del 
d to 

n 
the 
cted 

0.4 

e 
ears 

e 
hate 
, the 
ed by 
ce 
s in 

that 
mple 

e 
data 

as 
r 
ively.   

h as 
m the 

s in 



 

 
 
 
 

 

 

Ref. 0
Febru

the M
sulp
conc
decr

Histo
11 B
flush
Ra-2
2007
conc
past
conc

Betw
rang
cons
resu
varia
0.05
0.02
and 
and 

2.4 

The 
discu
and 
Sam
cons
sele
The 
pres

The 
pres
devic
inter
were
rang
06-3

09-1662:2 
uary 2011 

Main Basin h
hate concen
centrations h
reasing trend

orically, the 
Bq/L (data no
hing of Ra-22
226 activities
7, Ra-226 ac
centrations in
, sulphate co

centrations h

ween 1990 a
ging from 0.0
stant, rangin
lted from the

able between
5 mg/L.  Sinc
2 to 0.04 mg/

ranged from
in the range

Sum

results from
ussion of the
water samp

mples were s
stituents that
cted results 
locations of 

sented in Fig

activities/co
sented in Tab
ces.  The br
rval that the 
e variable an
ged from 39 t
3 (12.5-15), t

have remain
ntrations wer
have genera
d with time.  

Ra-226 activ
ot shown on 
26 from the 
s remained b
ctivities have
n the South 
oncentration
have remain

and 2002, Ra
05 to 3.7 Bq/
g from 0.2 to
e flooding of
n 1997 and 

ce 2006, bar
/L.  Prior to f

m 10 to 421 m
e of 4 to 23 m

mmary of 

m the 2006 fie
e current inv
les were col
ubmitted to 
t are known 
in solids, po

f the sample 
gure 2.3.  Th

oncentrations
ble 2.1.  Sol
racketed num
sample was

nd ranged fro
to 190 mg/k
that had con

ned constant
re as high as
lly been in th
 

vities in the o
graph), how
porewater d
below 1 Bq/L
e remained f
Basin have

ns were as h
ed close to 2

a-226 activit
/L.  Since 20
o 0.9 Bq/L. 
f Pond C in 1
2006 rangin
ium concent
flooding Pon
mg/L.  Since
mg/L in the o

Results 

eld study at 
vestigation a
llected by De
SGS Lakefie
or suspecte

orewaters an
stations at t

he complete 

s for Ra-226
ids samples

mbers in the
s collected in
om 0.61 Bq/
g, with the e

ncentrations 

RADIUM-2

t ranging from
s 1,200 mg/L
he range of 

outflow from
wever, these
during floodin
L with an ov
fairly consta
generally ra

high as 600 m
200 mg/L an

ies in the ou
002, the Ra-2
The decreas
1999.  Bariu

ng from less 
trations have

nd C in 1999
e 2001, sulph
out flow from

from the

the Panel T
nd therefore
enison Envir
eld for chem

ed to play a r
nd basin wat
the Panel TM
data sets ar

6, barium, ca
s were collec
 sample ID f

n centimetres
/g to 19 Bq/g
exception of 
of 600 and 3

226 RELEASE

m 0.01 to 0.
L.  However
230 to 400 m

m the South B
e elevated va
ng in 1990.  
erall decrea
nt at values 

anged from 0
mg/L.  Howe
nd show a de

utflow from P
226 activitie
se in Ra-226
m concentra
than the det
e remained f

9, sulphate c
hate concen

m Pond C. 

2006 Fie

MA were inc
e are summa
ronmental S

mical analysis
role in Ra-22
ters are prov
MA from the
re provided 

alcium and s
cted using co
for core sam
s.  Radium-2
g.  Barium co
two sample
390 mg/kg.  

CYCLE III
E CONTROLS 

02 mg/L.  In
r, since 2006
mg/L and ex

Basin, P-13,
alues likely r
Between 20

asing trend w
close to 0.5

0.01 to 0.04 
ever, since 2
ecreasing tr

Pond C, P-03
es have rema
6 activities in
ations in Pon
tection limit 
fairly consta

concentration
ntrations hav

eld Study

corporated in
arized in this

Services in O
s that includ
26 mobility.  
vided in Tab

e 2006 field c
in Appendix

sulphate in s
oring and po

mples repres
226 activitie
oncentration
s, PSB-06-2
The concen

 SPECIAL STU
IN THE PANE

Back

n the past, 
6, sulphate 
xhibit a 

, were as hig
resulted from
001 and 200
with time.  Si
5 Bq/L.  Bariu

mg/L.  In the
2006, sulpha
end with tim

3, were varia
ained fairly 
n 2002 likely
nd C were 
of 0.005 mg

ant ranging f
ns were vari
ve remained 

y 

nto the 
s section.  So

October 2006
ded a suite o

Summaries
bles 2.1 to 2
campaign ar
x 2. 

olids are 
onar samplin
ent the dept
s in the solid

ns generally 
2 (0-4) and P
ntrations of 

 

UDIES 
EL TMA 
kground 

2.3 

gh as 
m the 
07, 
nce 
um 
e 

ate 
me.   

able 

y 

g/L to 
rom 
able 
low 

olids 
6.  
of 
s of 
.3.  

re 

ng 
th 
ds 

PSB-



 

 
 
 
 

 

 

Ref. 0
Febru

calci
gene

Pore
calci
2.2. 
calci
resp

The 
the b
0.82
15 to

 

09-1662:2 
uary 2011 

ium were va
erally ranged

ewater was e
ium and sulp
 Radium-22
ium concent

pectively.  Su

results for R
basin waters

2 Bq/L.  Bariu
o 159 mg/L, 

ariable and ra
d from less t

extracted fro
phate activit
6 activities i
trations were
ulphate conc

Ra-226, bariu
s are presen
um and calc
respectively

anged from 
than the dete

om ponar so
ies/concentr
n porewater
e in the rang
centrations ra

um, calcium
ted in Table
ium concent

y.  Sulphate 

RADIUM-2

1,300 to 160
ection limit o

lids samples
rations in the
r were in the
ges of 0.04 to
anged from 

 and sulphat
e 2.3.  Radiu
trations were
concentratio

226 RELEASE

0,000 mg/kg
of 0.4% to 12

s.  The resul
e solids pore

e range of 0.9
o 0.21 mg/L 
54 to 1,500 

te activities/
um-226 activ
e in the rang
ons ranged f

CYCLE III
E CONTROLS 

g.  Sulphate 
2%. 

lts for Ra-22
ewater are p
9 to 5.5 Bq/L
 and 53 to 5
mg/L. 

/concentratio
vities ranged
ges of 0.01 t
from 6 to 44

 SPECIAL STU
IN THE PANE

Back

concentratio

26, barium, 
provided in T
L.  Barium a

519 mg/L, 

ons measure
d from 0.14 to
to 0.05 mg/L
0 mg/L.   

 

UDIES 
EL TMA 
kground 

2.4 

ons 

Table 
and 

ed in 
o 

L and 



 

 
 
 
 

 

 

Ref. 0
Febru

3.0

Two
quan
could
in ar
activ
in Fi

3.1 

Solid
inch 
PSB
the s

The 
corre
place
extra

After
place
subm
as w

3.2 

Pore
withi
into 
for 4
a 0.4
reco
Lake
acid

Pore
majo
Becq

09-1662:2 
uary 2011 

0 2009

 stations we
ntify the activ
d play a role
reas similar t
vities in solid
gure 2.3. 

Solids

ds samples w
K-B coring 

B-2, respectiv
solids. 

cores were 
esponding in
ed into dedic
acted. 

r the porewa
ed into dedic
mitted to SG

well as, sulph

Porew

ewater samp
in 24 hours o
750 mL cen

45 to 50 minu
45 µm nylon

orded.  The s
efield and sa
.  All sample

ewater samp
or ions, sulph
querel Labor

 SAMPL

ere sampled 
vities/conce

e in Ra-226 m
to those sam

ds and porew

s Sample

were collect
device at PS
vely, to achie

sectioned a
ntervals from
cated Ziploc

ater was extr
cated Ziploc

GS Lakefield 
hur and carb

water Sam

ples were ex
of collection
trifuge bottle
utes.  After c
 filter.  The p

samples wer
amples to be
es were store

ples were se
hate and ac
ratories (Bec

LE COLL

in the Pane
ntrations of 
mobility in th

mpled by DE
water.  A site

es 

ed using a 2
SB-2.  A tota
eve sufficien

t 2.5 to 5 cm
m the core se
c bags and s

racted (desc
c bags and s
for chemica

bon. 

mples 

xtracted from
.  Each com
es.  The sam
centrifugatio
pH of the filt
re then trans
e analysed fo
ed at 4°C un

nt to SGS L
idity or alkal
cquerel) und

RADIUM-2

LECTION

l South Basi
Ra-226 and 

he basin wat
ES in 2006 to
e map illustra

2-inch K-B co
al of 12 and 4
nt sample vo

m intervals to
ets at each s
stored at 4°C

cribed in Sec
stored at 4°C
al analysis th

m the core sa
posite of 2.5

mples were c
n, the porew
ered porewa

sferred into s
or metals an
ntil analysis.

akefield for 
inity.  The R

der subcontr

226 RELEASE
20

N AND P

in to obtain r
 other const
ters.  The sa
o provide be
ating the sam

oring device
4 cores were

olumes of po

o depths of 1
sampling sta
C until the po

ction 3.2.2) 
C until analys
hat included 

amples in a f
5 to 5 cm co
centrifuged a
water was de
ater samples
sample bottl
nd Ra-226 w

chemical an
Ra-226 analy
ract to SGS 

CYCLE III
E CONTROLS 
09 Sample Coll

PROCES

representativ
tituents that 
ample station
etter resolutio
mpling locat

e at station P
e collected a

orewater afte

15 or 20 cm.
ation were co
orewater sam

the solids sa
sis.  Solids s
Ra-226, me

field-based l
ore intervals 
at approxima
ecanted and
s was measu
es supplied 

were preserve

nalysis of Ra
yses were co
Lakefield.   

 SPECIAL STU
IN THE PANE
ection and Proc

SSING 

ve samples 
theoretically
ns were loca
on of Ra-226
tions is provi

PSB-1 and a
at PSB-1 an
er extraction

  The 
omposited a
mples were 

amples were
samples wer
etals, major i

laboratory fa
was transfe
ately 3,500 r

d filtered thro
ured and 
by SGS 
ed with nitric

a-226, metals
ompleted by

 

UDIES 
EL TMA 
cessing 

3.1 

to 
y 
ated 
6 
ided 

a 4-
d 
 from 

and 

e 
re 
ons, 

acility 
rred 
rpm 
ough 

c 

s, 
y 



 

 
 
 
 

 

 

Ref. 0
Febru

3.3 

Basi
wate
of th
sipho

All w
value
bottl
pres

Basi
majo
Becq

3.4 

At th
PSB
more
were
was 
Phot
illust

After
(Tab
10.7
in th
6.8 t
solid

The 
conf
Basi
PSB
the t

The 
Sout
origi
this 

09-1662:2 
uary 2011 

Basin

n water sam
er interface a
e water colu
oning the wa

water sample
es were mea
es supplied 

served with n

n water sam
or ions, sulph
querel Labor

Field 

he time of sa
B-1 were con
e consistent 
e black, whit
coarser (silt

tographs of 
trative purpo

r the porewa
ble 3.1).  The
7 and were c
e solids pore
to 7.1.  The p
ds, treatment

presence of
figuration.  B
n and overly

B-1 was locat
treated efflue

presence of
th Basin in th
nal ETP, the
location. 

n Water S

mples were c
at the two sta
umn.  The so
ater above t

es were field
asured and 
by SGS Lak

nitric acid.  A

mples were s
hate and ac
ratories (Bec

Observa

ample collect
nsistent with 

with tailings
te, orange, re
t to sand) an
one core co

oses. 

ater extractio
e pH values 

consistent wi
ewater at PS
pH measure
t solids and 

f treatment s
Between 197
ying water d
ted upstream
ent from the 

f tailings soli
he late 1950
erefore little 

Samples

collected from
ations.  Bas
olids-water in
he solids in 

d filtered thro
recorded.  W
kefield and s
All samples w

sent to SGS 
idity or alkal
cquerel) und

tions 

tion observa
treatment so

s.  The textu
ed and grey

nd the solids
llected from 

on step, the 
in the solids
th expected

SB-2 were lo
ements provi
tailings solid

solids in the 
74 and 1978,
ischarged to
m of Dam A 
original ETP

ids at PSB-2
0’s.  Samplin
to no influen

RADIUM-2

m the top of 
in water was
nterface sam
the core tub

ough a 0.45 
Water sampl
samples to b
were stored 

Lakefield fo
inity.  The R

der subcontr

ations sugge
olids, while s
re of the sol
 in colour, w

s were brown
each station

pH of the po
s porewater 
 pH values f

ower than th
ide support t
ds were colle

South Basin
, treatment s
o Rochester 
and along w
P. 

2 is consiste
ng station PS
nces from se

226 RELEASE
20

the water co
s collected a
mples were c
bes. 

µm disposa
es were the

be analysed 
at 4°C until 

or chemical a
Ra-226 analy
ract to SGS 

ested that so
solids from s
ids at PSB-1

while the text
n, black and
n are provid

orewater wa
at PSB-1 we

for lime treat
ose at PSB-
the visual ob
ected in the 

n is consiste
solids settled
Creek via D

what would h

nt with the d
SB-2 was loc
ettled treatm

CYCLE III
E CONTROLS 
09 Sample Coll

olumn and a
as grab sam
collected an

ble nylon filt
n transferred
for metals a
analysis. 

analysis of R
yses were co
Lakefield. 

olids from sa
sampling sta
1 was fine a
ture of the so
 grey in colo
ed in Figure

s measured
ere in the ra
tment solids
-1 and were 
bservations 
Panel South

ent with the o
d in what is n

Dam A.  Sam
have been th

disposal of ta
cated upstre

ment solids a

 SPECIAL STU
IN THE PANE
ection and Proc

at the solids-
ples from th
d composite

ter and the p
d into sampl

and Ra-226 w

Ra-226, meta
ompleted by

mpling statio
ation PSB-2 
nd the solids
olids at PSB

our.  
e 3.1 for 

 and recorde
ange of 7.5 to
s.  The pH va

in the range
that two type
h Basin. 

original TMA
now the Sou

mpling station
he flow path 

ailings to the
eam of the 
re expected

 

UDIES 
EL TMA 
cessing 

3.2 

-
e top 

ed by 

pH 
le 
were 

als, 
y 

on 
were 
s 

B-2 

ed 
o 
alues 
e of 
es of 

A 
uth 
n 
for 

e 

 at 



 

 
 
 
 

 

 

Ref. 0
Febru

4.0

The 
inclu
Quir
gain
TOM

A de
the d
meth
asse
cam
are d
sum
and 

The 
relat

whe

 

The 
value

For d
limit,
that 

Blind
sam
labe
split 
sam
QC1
were
basi
pres

09-1662:2 
uary 2011 

0 QUA

field campa
uded the coll
rke and Deni
 a further un

MP performa

etailed qualit
data collecte
hods and pro
essment inco
paign.  This 
discussed in
marized in T
for duplicate

precision of
tive percent 

re: C1 =

C2 =

Data Quality
e of 40%.  T

duplicate/rep
, the DQO w
should not h

d duplicates 
ple (de-ioniz
led as EC-1
samples of 
pling station
4-2 and wer

e collected fr
n water sam

sented in Tab

ALITY AS

ign that was
lection of sa
ison) in the E

nderstanding
ance evaluat

ty assessme
ed during Cy
ocedures we
orporated all
section prov

n this report. 
Tables 4.1 to
es and replic

f the duplicat
difference (R

 samp

 replica

y Objectives
The DQO for

plicate samp
was the abso
have been g

and replicat
zed water), w
 and replica
solids, porew

n.  The solids
re sectioned
rom porewat

mpling.  The c
bles 4.1 to 4

SSURAN

s conducted 
mples from 
Elliot Lake a
g of the know
ion.  

ent (DQA) wa
ycle III Speci
ere used at e
l of the QA/Q
vides a sum
 Data qualit

o 4.3.  Data 
cates from a

te and replic
RPD) as follo

RPD

le concentra

ate (or dupli

s (DQO) for s
r water samp

ples having c
olute differen
reater than t

tes of solids 
were submitt
te samples w
water or bas
s replicate sa
d in accordan
ter generate
calculated R
4.2.   

RADIUM-2

NCE/QUA

by EcoMetr
three differe

area.  The fie
wledge gaps

as complete
al Studies F
each mine s
QC data coll
mary of the 
ty results for
quality resu
ll studies are

cate samples
ows: 

2

21

21 





CC

CC

ation; and 

cate) conce

solids samp
ples were les

concentratio
nce (AD) bet
the detection

and water s
ted to SGS L
were labeled
sin water col
amples are 
nce with stud

ed from replic
RPD or AD v

226 RELEASE

ALITY C

rix personne
ent decommi
eld campaign
s identified in

ed by EcoMe
Field Campa
site therefore
ected during
QA/QC for s

r the selecte
ults for all of 
e provided A

s were evalu

%100  

ntration. 

les were les
ss than or eq

ons less than
tween the sa
n limit value

samples, as 
Lakefield.  D
d as EC-2.  T
llected from 
replicate cor
dy protocols
cate core se

values for se

CYCLE III
E CONTROLS 

Quality Assu

CONTRO

l in Septemb
issioned min
n was carrie
n the Cycle I

etrix to evalu
aign.  Similar
e the data qu
g the field sa
selected con
d constituen
the constitu

Appendix 3.

uated by cal

ss than or eq
qual to a RP

n five times t
ample and d
e. 

well as labo
Duplicate sam
The duplicat
a selected c
re sets from
s.  Replicate 
ections or fro
elected const

 SPECIAL STU
IN THE PANE
urance/Quality 

OL  

ber 2009 
ne sites (Pan
ed out to help
III SAMP and

uate the qual
r sampling 
uality 
ampling 
nstituents th
nts are 
ents analyse
. 

culating the 

qual to a RP
PD value of 2

the detection
uplicate/rep

oratory blank
mples were 
te samples a
core section
 sampling st
water samp

om replicate 
tituents are 

 

UDIES 
EL TMA 

Control 

4.1 

nel, 
p 
d 

lity of 

at 

ed 

D 
20%. 

n 
licate 

k 

are 
 or 
tation 
ples 



 

 
 
 
 

 

 

Ref. 0
Febru

4.1 

The 
are s
cons
obse
55%
abov

The 
2.5),
achie
For R
bariu
indiv
impa

4.2 

Two
and 
cons

As s
226,
pore
PW0
calci
PW0
volu

As s
aver
RPD
is ma
repli

4.3 

One
cent
sam
Ra-2
2 mg

09-1662:2 
uary 2011 

Solids

DQA for sel
summarized
stituents (Ra
erved in the 

% and sulpha
ve the data q

DQA for sel
, (2.5-5) and
eved for all s
Ra-226 the D
um the DQO
vidual values
acts on the in

Water

 duplicate an
replicate RP

stituents in th

shown on Ta
 barium and

ewater extrac
09-EC-1 (5-1
ium duplicat
09-QC14-3 (
me. 

shown on Ta
rage for Ra-2
D value of 22
arginally abo
cate porewa

Blank

 blank samp
rifugation fo
ples.  The re

226 activities
g/L, respecti

s Sample

lected const
d in Table 4.
a-226, barium
Core09-PSB

ate had an A
quality objec

lected const
d (5-7.5) are 
selected con
DQO of 40%

O was excee
s were only m
nterpretation

r Sample

nd 5 replicat
PD values w
he water sam

able 4.2a, the
d calcium.  D
cted from se
10) and corre
te sample ide
(0-5).  Sulph

able 4.2b, th
226, barium 
2% in a replic
ove the DQO
ater sample. 

k Sample 

ple was subje
llowed by fil
esults for se
s and sulpha
vely.  The ca

e Data Qu

ituents in fie
1a.  On aver
m, calcium, s
B-2 duplicate
D value of 0

ctives, there 

ituents in re
summarized

nstituents, ex
% was excee
ded twice w
marginally a
n of the resu

s Data Q

te water sam
ere compare
mples are pr

e DQO of 20
Duplicate wat
ectioned core
esponds to s
entification P
ate duplicate

e DQO of 20
and calcium
cate porewa
O.  One DQO

  

Data Qua

ected to the 
tration to de
lected const

ate concentr
alcium conc

RADIUM-2

uality Ass

eld duplicate
rage, the DQ
sulphate), w
e.  Calcium a

0.3.  As these
are no impa

plicate core 
d in Table 4.
xcept for Ra

eded twice w
ith RPD valu

above the da
ults. 

uality As

mples were c
ed to a DQO
resented in T

0% in duplic
ter samples 
es.  The Ra-
sample PW0
PW09-EC-1 
es were not 

0% in replica
m, with one D
ater sample. 
O exceedan

ality Ass

porewater e
etermine pote
tituents in th
rations were 
entration in 

226 RELEASE

sessment

s from Core
QO of 40% w

with the exce
and barium 
e individual 

acts on the in

section inte
.1b.  On ave

a-226 where 
with RPD val
ues of 51% a
ata quality ob

ssessmen

collected and
O of ≤20%.  T
Tables 4.2a

ate water sa
are sample 

-266 duplica
09-QC14-4 (
(5-10) and c
analysed be

ate water sa
DQO exceed
 The averag
ce for sulph

essment

extraction pr
ential for cro
e blank are 
below detec
the blank sa

CYCLE III
E CONTROLS 

Quality Assu

t 

es 09-PSB-2 
was achieve
ption of thre
had RPD va
values were
nterpretation

ervals of Core
erage, the D
 the average
ues of 73% 
and 60%.  A
bjectives, the

nt 

d analysed. 
The DQA fo

a and b.   

amples was 
 splits of bas

ate sample id
(0-5).  The b
corresponds
ecause of in

amples was a
dance for Ra
ge RPD of 2
ate had an R

rocess that i
oss-contamin
provided Ta
ction limits o
ample was 0

 SPECIAL STU
IN THE PANE
urance/Quality 

and 09-SR-
d for all sele

ee exceedan
alues less th
e only margin
n of the resu

e09-QC14-2
QO of 40% 
e RPD was 4
and 48%.  F

As these 
ere are no 

 The duplica
r selected 

achieved fo
sin water or 
dentification 
barium and 
s to sample 
nsufficient sa

achieved on
a-226 with a
21% for sulph
RPD 40% in

ncluded 
nation betwe
able 4.3.  Th
of 0.01 Bq/L 
0.03 mg/L an

 

UDIES 
EL TMA 

Control 

4.2 

-4 
ected 
ces 
an 
nally 

ults. 

2 (0-
was 
48%.  
For 

ate 

r Ra-

is 

ample 

n 
n 
hate 

n a 

een 
he 

and 
nd 



 

 
 
 
 

 

 

Ref. 0
Febru

met 
mg/L
of th
than
that 

4.4 

Labo
blan
inter
have

 

09-1662:2 
uary 2011 

the DQO of 
L and excee
e water sam
 the barium 
may be attri

Labor

oratory Qual
ks and labor

rnal laborato
e acceptable

0.06 mg/L.  
ded the DQO

mples for the
concentratio
ibuted to cro

ratory Qu

ity Assuranc
ratory duplic

ory QA/QC re
e accuracy a

The dissolv
O of 0.00002
 DQA (Table
on measured
oss-contamin

uality Ass

ce/Quality C
cate sample 
esults, are p
and precision

RADIUM-2

ved barium c
2 mg/L.  Bar
e 4.3) are at
d in the blan
nation was n

surance a

Control (QA/Q
analyses.  T

provided in A
n. 

226 RELEASE

concentration
rium concen
t least two o
nk.  Therefor
negligible.  

and Qual

QC) included
The Certifica
Appendix 4 

CYCLE III
E CONTROLS 

Quality Assu

n in the blan
ntrations mea
orders of mag
re, the barium

ity Contr

d analysis of
ates of Analy
and indicate

 SPECIAL STU
IN THE PANE
urance/Quality 

nk was 0.002
asured in mo
gnitude grea
m concentra

rol 

f laboratory 
ysis, includin
e that the da

 

UDIES 
EL TMA 

Control 

4.3 

216 
ost 
ater 
ation 

ng 
ta 



 

 
 
 
 

 

 

Ref. 0
Febru

5.0

Sele
5.1 t
cons
the a
pore
The 
scale
anal
prog

5.1 

The 
and 

Rad
conc
PSB
Bariu
mg/k
Max
both

High
com
incre
conc
resp
orde
conc
resp

High
thos
Core
oper

5.2 

The 
in Ta

09-1662:2 
uary 2011 

0 FIEL

ected results
to 5.2 and a
stituents in s
activities/con
ewater samp

depths of th
e.  The actu
ytical data fo

gram are pro

Solids

results for s
are presente

ium-226 act
centrations in

B-1 (0-2.5) an
um concentr
kg compared
imum barium
 locations (C

her calcium a
pared to Co
easing calciu
centrations in
pectively.  In 
er of magnitu
centrations a
pectively.  

her calcium a
e from Core

e09-PSB-1 a
rational. 

Porew

results for s
able 5.2 and

D AND L

 from the Se
re summariz

solids are pre
ncentrations 
ples with dep
he basin wat
al depths fo
or all of the c

ovided as Ce

s Sample

selected con
ed as depth 

ivities in the 
n the range 
nd Core09-P
rations in the
d to the rang
m concentra
Core09-PSB

and sulphate
re-09-PSB-2
um and sulp
ncreased wi
contrast, ca

ude lower an
at PSB-2 we

and sulphate
e09-PSB-2 a
are treatmen

water and

selected con
d are presen

LABORA

eptember 20
zed in Table
esented in F
in the basin

pths that corr
er samples 
r these sam
constituents

ertificates of 

es 

stituents fro
profiles in F

solids gene
of 12 to 16 B

PSB-2 (0-5))
e solids were
ge in concen
tions were m

B-1 (0-2.5) an

e concentrat
2.  Results fr
hate concen
th depth from

alcium and s
nd remained 
re in the ran

e concentrat
re consisten

nt solids that

d Basin W

stituents in p
ted as depth

RADIUM-2

ATORY 

009 field sam
es 5.1 to 5.2
Figure 5.1 as
n water samp
respond to t
plotted abov
ples below s
 analysed in
Analysis in A

m the solids
Figure 5.1. 

erally ranged
Bq/g in the u
) and the bot
e higher in C

ntrations of 1
measured in 
nd Core09-P

tions were a
rom Core09
ntrations with
m 67,000 to 
ulphate conc
constant at 

nges of 7,600

tions in the s
nt with the fie
 were depos

Water Sam

porewater an
h profiles in 

226 RELEASE
Fi

SAMPL

mpling progra
2.  Concentra
s depth prof
ples from ea
the depths o
ve the solids
surface are p
n all of the sa
Appendix 4

s analyses a

d from 2.0 to
upper sectio
ttom section
Core09-PSB
90 to 340 m
 the topmos

PSB-2 (0-5))

lso measure
-PSB-1 show
h depth.  Ca
 190,000 mg
centrations i
depth.  Calc
0 to 9,600 m

solids at Cor
eld observat
sited at the t

mples 

nd basin wa
Figure 5.2.

CYCLE III
E CONTROLS 
ield and Labora

ING RES

am are pres
ations of sele
files.  Figure
ach station a
of the core sa
s-water interf
provided in T
amples from
4. 

re presented

o 6 Bq/g with
ns of both c

n Core09-PS
B-1 ranging f
mg/kg at Cor
st portions of
).   

ed in Core09
wed a consi

alcium and s
g/kg and from
in Core09-P
cium and su

mg/kg and 0.

re09-PSB-1 
tions that so
time the orig

ater samples
  

 SPECIAL STU
IN THE PANE

atory Sampling R

SULTS 

sented in Fig
ected 

e 5.2 presen
as well as in 
ample interv
face are not
Table 5.2.  T

m the 2009 fie

d in Table 5

h peak 
ores (Core0

SB-2 (15-20)
from 320 to 1
e09-PSB-2. 
f the solids a

9-PSB-1 
stent trend o
ulphate 
m 0.6 to 17%

PSB-2 were a
ulphate 
.5 to 0.8%, 

compared to
olids from 
ginal ETP wa

s are present

 

UDIES 
EL TMA 

Results 

5.1 

gures 

ts 
the 

vals.  
t to 
The 
eld 

.1 

09-
.  
1300 
 

at 

of 

%, 
an 

o 

as 

ted 



 

 
 
 
 

 

 

Ref. 0
Febru

The 
the d
mea
value
activ
depo

Bariu
conc
activ
mg/L

Calc
bariu
conc
resp
and 
top-m

Rad
betw
mg/L
Simi
that 
betw

Dept
pres

The 
high
Ra-2

Dept
conc
at de
and 

Rad
were
conc
thos
PSB
and 

09-1662:2 
uary 2011 

lowest Ra-2
detection lim

asured at PS
es ranging f
vities measu
osited at the

um concentr
centrations t
vities in pore
L. 

cium and sul
um.  The sam
centrations t
pectively.  Lo

190 to 933 m
most interva

ium-226 act
ween sample
L, respective
lar trends in
were in the 

ween stations

th profiles fo
sented in Fig

depth profile
est activities

226 activities

th profiles fo
centrations m
epth.  The tr
barium.   

ium-226 and
e consistentl
centrations in
e measured

B-1 that exhib
lower values

226 activities
mit of 0.01 Bq
SB-2, with a m
from 1.1 to 1
red at PSB-
 time that th

rations exhib
hat ranged 0

ewater were 

phate conce
mples from P
hat were in t

ower calcium
mg/L were m

al. 

ivities and b
e stations an
ely, with sligh
n the basin w
ranges of 62
s and higher

or Ra-226, b
gure 5.2.   

es for Ra-22
s/concentrat
s and barium

or calcium an
measured in 
ends for calc

d barium act
ly higher tha
n porewater 

d in the overl
bited higher 
s in the over

s were meas
q/L to 0.76 B
maximum va
.4 Bq/L at d
1 are likely a
e original ET

bited similar 
0.01 to 0.02 
measured a

entrations ex
PSB-1 exhib
the ranges o

m and sulpha
measured at 

barium conce
nd were in th
htly higher v

water were o
2 to 74 mg/L
r values mea

arium, calciu

26 activities a
ions measur

m concentrat

nd sulphate 
the topmos

cium and su

tivities/conce
an those in th

from the top
ying water.  
sulphate va

rlying basin w

RADIUM-2

sured at PSB
Bq/L.  Higher
alue of 3.2 B
epths betwe
a reflection o
TP was oper

trends to th
mg/L were m

at PSB-2, wit

xhibited inve
bited the high
of 193 to 723
ate concentra

PSB-2, with

entrations in 
e ranges of 

values meas
bserved for 

L and 180 to 
asured at the

um and sulp

and barium 
red in the po
tions were m

in porewate
t samples an

ulphate are th

entrations in 
he basin wat
pmost solids
One except

alues in pore
water. 

226 RELEASE
Fi

B-1 with valu
r Ra-226 act

Bq/L measur
een 5 and 20
of the treatm
rational.   

ose for Ra-2
measured a
th values ran

erse trends to
hest calcium
3 mg/L and 4
ations in the
h the minimu

 the basin w
0.31 to 0.65
ured at the s
calcium and
 410 mg/L, w
e solids-wat

phate in pore

concentratio
orewater in t
measured at 

er exhibited s
nd the highe
he inverse o

 porewater f
ters.  Calciu
s samples re
tion was the

ewater from t

CYCLE III
E CONTROLS 
ield and Labora

ues ranging 
tivities in po
red in the top
0 cm.  The lo

ment solids th

226.  The low
at PSB-1.  Hi
nging from 0

o those for R
m and sulpha
410 to 1,800

e ranges of 7
um value me

water were g
5 Bq/L and 0
solids-water
d sulphate co
with similar v
ter interface.

ewater and b

ons exhibited
the topmost 
depth in the

similar trend
est concentr
of those obse

from the top
m and sulph

emained fair
e depth profil
the topmost 

 SPECIAL STU
IN THE PANE

atory Sampling R

from less th
rewater wer
p 5 cm and 
ow Ra-226 
hat were 

west barium
igher barium
0.03 to 0.04

Ra-226 and 
ate 
0 mg/L, 
76 to 297 mg
easured in th

enerally sim
0.01 to 0.02 
r interfaces. 
oncentration
values meas
.   

basin water a

d trends of 
samples.  L

e porewater. 

s with the lo
ations meas
erved for Ra

most sample
hate 
ly constant w
le for sulpha
tailings sam

 

UDIES 
EL TMA 

Results 

5.2 

an 
re 

 
m 

g/L 
he 

milar 

 
ns 
sured 

are 

ower 
   

owest 
sured 
a-226 

es 

with 
ate at 
mple 



 

 
 
 
 

 

 

Ref. 0
Febru

6.0

This
unce
focu
appr
wate
refle
over
colle
thoro

6.1 

Rad
(Tab
2.2 a
betw

Two
the p
exclu

The 
and 
be d
the r
assu
equi
activ
activ

The 
and 
cont
the b
pore
main
conc
in th
of an

09-1662:2 
uary 2011 

0 DISC

 phase of th
ertainties rel
sed on Ra-2
roach was ta
ers would be
ected by activ
rlying water. 
ected during 
ough descrip

Solids

ium-226 act
bles 2.1 and
and 5.1), res

ween the soli

 mechanism
porewater in
usive. 

first mechan
can be repre
efined as th

respective a
umes that Ra
librium sorpt

vities/concen
vities/concen

second mec
can be quan
rols assume
basis of solu
ewater are co
ntain equilibr
ceptual mod
e water is in
nother const

CUSSION

e Cycle III S
ated to the c

226 activities
aken becaus
e initiated in 
vities/conce
 Where app
the 2006 fie

ption of Ra-2

s and Po

ivities in the 
 5.1) and fro

spectively.  T
ids contents

ms that can p
nclude sorpti

nism, sorptio
esented by a
e activities/c
ctivities/conc
a-226, for ex
tion reaction
ntrations in t
ntrations in t

chanism, sol
ntified by the
e that barium
ubility theory
ontrolled by 
rium for cons
el.  The solu

ndependent o
tituent in the

N 

Special Stud
control of Ra
s in solids, p
se it was und
the solid pha
ntrations in t

propriate, da
eld campaign
226 activities

rewater I

solids and p
om less than
This range p
s and concen

potentially co
on and solu

on, is commo
a distribution
concentratio
centrations i
xample, is di
ns.  This infe
he solid pha
he porewate

lubility, can c
ermodynami

m, for examp
.  This appro
the dissolut
stituents in t
ubility model
of the conte

e water phas

RADIUM-2

ies was com
a-226 activiti
porewater an
derstood tha
ase and that
the porewate
ta from the S
n were inclu
s and mobilit

nteractio

porewater sa
n the detectio
provides a st
ntrations in t

ontrol Ra-22
bility.  These

only been us
n coefficient 
ns in the sol
in porewater
istributed be

ers that, for a
ase will be re
er.   

control conc
c equilibrium

ple, is distribu
oach infers t
ion of a solid
the porewate
 infers that t
nt in the soli
e that is also

226 RELEASE

mpleted to fill
ies in basin w

nd basin wat
at any releas
t the release
ers before e
South Basin
ded in this r
ty at the Pan

ons  

amples rang
on limit of 0.
trong basis t
the porewate

6 and barium
e two mecha

sed to quant
(or Kd with 
lids phase (B
r (Bq/L or m

etween solid 
any Kd value
eflected by h

centrations o
m reactions. 
uted betwee
that activities
d phase, for 
er and is con
the activity/c
ids, but will d
o present in 

CYCLE III
E CONTROLS 

l knowledge
waters. The
ters in the Pa
se of Ra-226
e from solids
eventual rele
n, Main Basin
report to prov
nel TMA.   

ged from 0.6
01 Bq/L to 5
o interpret re
ers. 

m activities/c
anisms may 

tify solids-wa
units of L/kg
Bq/kg or mg
g/L).  The K
 and water o
e, higher 
higher 

or activities i
 Solubility e

en the solids
s/concentrat
example Ba

nsistent with
concentration
depend on t
the solid ph

 SPECIAL STU
IN THE PANE

Disc

 gaps and b
 investigatio
anel TMA.  T

6 to the basin
s would be 
ease to the 
n and Pond 
vide a more 

61 to 19 Bq/g
5.5 Bq/L (Ta
elationships

concentratio
not be mutu

ater interact
g).  The Kd c
g/kg) divided
Kd model 
on the basis 

n the porew
equilibrium 
 and water o
tions in the 
aSO4, to 
h the EIS 
n of a consti
he concentr

hase.   

 

UDIES 
EL TMA 
cussion 

6.1 

bound 
on 
This 
n 

C 

g 
bles 
 

ons in 
ually 

tions 
can 
 by 

of 

water 

on 

ituent 
ration 



 

 
 
 
 

 

 

Ref. 0
Febru

The 
envi
Ra-2

6.1.

Plots
226 
inclu

The 
(R2=
with 

The 
exhi
not c

The 
activ
Altho
TMA
exist
(Eco
from

6.1.2

6.1.2

Sele
are p
mea

Whe
anot
Figu
exce
(R2=
mod

Visu
Sout
Sout

09-1662:2 
uary 2011 

sorption, or 
ronments, th
226 release 

1 Evidenc

s of Ra-226 
activities/co

udes solids a

water-solids
=0.21) and in

higher Ra-2

water-solids
bited a nega
correlate wit

water-solids
vities/concen
ough the Kd

A, sorption e
t for other ge

oMetrix, 201
m the interpre

2 Evidenc

2.1 Correla

ected relation
presented in

asured in 200

en all of the d
ther constitu
ure 6.2a, b, c
eption.  The 
=0.84) and re
erately solu

al inspection
th Basin.  Hi
th Basin (Co

Kd, model a
herefore, it is
in submerge

ce of Sorpt

and barium 
ncentrations

and porewat

s partitioning
ndicated that
226 activities

s partitioning
ative slope in
h higher con

s partitioning
ntrations in p
 model does
quilibrium co
eologic mate
1a).  Therefo
etation of Ra

ce of Solub

ations in So

nships betwe
n Figure 6.2
06 and 2009

data from th
ent in solids
c, d, e, f.  Th
plot for calc

eflects that th
ble mineral g

n of the core
istoric opera
ore09-PSB-1

and the solu
s important t
ed tailings. 

tion Equili

activities/co
s in porewate
er activities/

g plot for Ra-
t higher Ra-2
s in porewate

g plot for bar
ndicating tha
ncentrations 

g plots for Ra
porewater we
s not appear
ontrols on R
erials, as sho
ore, the Kd r

a-226 contro

bility Equil

olids 

een constitu
.  The data i

9 samples.   

e 2006 and 
s were plotte
he relationsh
ium and sulp
he source of
gypsum (Ca

e samples id
ations sugge
1) represent 

RADIUM-2

bility model 
to consider b

brium Con

oncentrations
er are show
/concentratio

-226 (Figure
226 activities
er.     

rium is provid
at higher con

in the porew

a-226 and b
ere not cons
r to control th
a-226 and b
own in the in
relationships
ls. 

ibrium Co

ents, for exa
n Figure 6.2
 

2009 sampl
ed, weak or n
hip between
phate in Fig
f these cons

aSO4·2H2O).

entified two
st that the m
treatment so

226 RELEASE

may not be 
both approa

ntrols 

s in solids ve
wn in Figure 
ons measure

e 6.1a) show
s in the solid

ded in Figur
ncentrations
water.   

arium showe
sistent with e
he solids-po

barium activi
nvestigation 
s should not 

ntrols 

ample Ra-22
2 include so

es for one c
no correlatio
 calcium and
ure 6.2b ex

stituents in th
.   

very differe
material in th
olids that we

CYCLE III
E CONTROLS 

mutually ex
ches when u

ersus their r
6.1.  The da
ed in 2006 a

wed a weak 
ds did not co

re 6.1b.  The
 of barium in

ed that 
equilibrium s
orewater sys
ties/concent
on Serpent 
 be complet

26 and bariu
lids activities

constituent in
ons were evi
d sulphate w
hibited a str
he tailings so

nt types of s
e northwest

ere formed w

 SPECIAL STU
IN THE PANE

Disc

xclusive in so
understandin

espective R
ata in Figure
and 2009.   

correlation 
orrelate stron

e regression
n the solids d

sorption cont
tem in the P
trations may
River sedim
ely dismisse

um, in the so
s/concentrat

n solids vers
dent as show

was an 
ong correlat
olids is the 

solids in the 
t area of the 
when acidic 

 

UDIES 
EL TMA 
cussion 

6.2 

ome 
ng 

a-
e 6.1 

ngly 

n line 
did 

trols.  
Panel 
y 
ments 
ed 

olids 
tions 

sus 
wn in 

tion 



 

 
 
 
 

 

 

Ref. 0
Febru

wate
sam
tailin
com
corre
tailin
The 
from
two s
anom
with 

Rad
value
beca
226 
origi
settle
betw
cons

Corr
and 
both
was 
whe

No c
6.2i)
sulp
solid
betw
solid
of gy

An in
solid
prec
sulp
the i
and 
resu

09-1662:2 
uary 2011 

ers were trea
ples from th

ngs deposite
posed of tai
elations betw
ngs are repre
treatment so

m the 2006 da
samples we
malously hig
the PSB-1 v

ium-226 and
es of 0.51 a
ause, chemic
and barium 
nal ETP by t
ed out in Pa

ween barium
stituents.  

relations betw
treatment so
 types of so
added to ne
n lime was a

correlation b
).  The poor 
hate is in the

ds, compared
ween barium
ds is lost in th
ypsum in the

nverse corre
ds (Figure 6
cipitated.  Th
hate precipit
nverse relat
sulphate co
lt, more gyp

ated with lim
e west centr

ed there duri
lings were p
ween constit
esented by t
olids are rep
ata that cont
re considere

gh barium co
values for so

d barium in t
nd 0.83, res
cally, Ra-22
for the treat
the addition 

anel South B
 and other c

ween calciu
olids, respec
lids (Figure 

eutralize the 
added to the

etween bariu
correlation b
e form of gyp
d to the perc
 and sulpha
he strong co
e solids. 

elation for ba
.2i) suggest

his relationsh
tated, more 
tionship likel
ncentrations

psum was for

me and barium
ral area of th
ng the opera

plotted separ
tuents becam
the samples 
presented by
tained bariu
ed to represe
oncentrations
olids.   

the tailings a
spectively (F
6 behaves s
tment solids 
of lime for p
asin.  Becau

constituents 

m and sulph
ctively, likely
6.2h).  Gyp
effluent prio

e acidic efflue

um and sulp
between bar
psum resulti
centage qua
te that theor

orrelation be

arium and su
ing that whe

hip was not e
barium wou
y reflects tre

s required m
rmed.   

RADIUM-2

m chloride a
he basin (Co
ation of the m
rately from th
me evident a
collected in

y the sample
m concentra
ent treatmen
s with low R

and treatmen
igure 6.2g).

similarly to b
is consisten

pH control an
use Ra-226 
were similar

hate with R2

y reflect the p
sum precipit

or to release
ent in the ET

phate was ob
rium and sul
ing in only tr

antities of gyp
retically exis
tween calciu

ulphate (R2=
en more sulp
expected.  In
ld also preci

eatment at th
ore lime (Ca

226 RELEASE

and discharg
ore09-PSB-2
mill.  When t
hose that re
as shown in 

n 2006 and th
es from Core
ations greate
nt solids bec

Ra-226 activi

nt solids exh
.  These corr

barium.  The 
nt with treatm
nd BaCl2 to 
behaves sim
r to those for

values of 0.
presence of
tated in the t

e to the basin
TP.   

bserved in th
phate exists
race quantiti
psum that a

sts because 
um and sulp

0.65) was o
phate solids 
nstead, it wa
ipitate in the
he original E
a(OH)2) to ne

CYCLE III
E CONTROLS 

ged in the ba
2) are consid
the data from
present trea
Figure 6.2g

hose from C
e09-PSB-1 a
er than 300 m
cause they e
ties that wer

hibited correl
relations are
relationship

ment of Ra-2
form BaSO4

milarly to bar
r Ra-226 an

68 and 0.87
gypsum (Ca
tailings in th
n.  Gypsum 

he tailings so
s because m
es of BaSO4

re present.  
of the prese

phate due to 

observed in t
formed, less

as expected 
e form of BaS
ETP, whereb
eutralize the

 SPECIAL STU
IN THE PANE

Disc

asin.  The 
dered to be 
m solids 
atment solids
g, h and i.  T

Core09-PSB-
and two sam
mg/kg.  The

exhibited 
re consisten

lations with 
e expected 
p between R
226 in the 

4 solids that 
rium, correla
d the same 

7 for the tailin
aSO4·2H2O)

he mill when 
also formed

olids (Figure
most of the 

4 in the tailin
Any correla

ence BaSO4

the dominan

the treatmen
s barium 
that when m

SO4.  Howev
by, higher ac
e acidity.  As

 

UDIES 
EL TMA 
cussion 

6.3 

s, 
The 
-2.  

mples 
se 

nt 

R2 

a-

ations 

ngs 
) in 
lime 
 

e 

ngs 
tion 

nce 

nt 

more 
ver, 

cidity 
s a 



 

 
 
 
 

 

 

Ref. 0
Febru

The 
wou
form
bariu
corre
trans
acid
impo
and 
grea

6.1.2

Sele
in Fi
and 

Whe
betw
corre
plott
beha
obse

The 
with 
solid
equi
equi
prod
(Gus
corre
of ba
cons
the m
solu

Whe
the t
in Fi
BaS

The 
simil

09-1662:2 
uary 2011 

higher conc
ld have resu

mation of sulp
um in the pre
elated with s
slates to an 
ity in the Pa
ortant and le
lime use wo

ater proportio

2.2 Correla

ected relation
gure 6.3.  F
2009 sampl

en all of the d
ween Ra-226
elations wer
ed separate
aves similarl
erved for bot

plots of bari
a solubility c

d curves in F
librium with 
librium cond

duct that is a
stafsson, 20
esponding to
arium and su
stituent incre
measured da
bility control

en data from
treatment so
gure 6.3g.  
O4 but with 

correlation p
lar to the cor

centrations o
ulted in a com
phate solids 
ecipitated so
sulphate, the
inverse corr
nel TMA dec

ess lime wou
ould have res
ons of precip

ations in Po

nships betwe
Figure 6.3 in
es.   

data from th
6 and barium
e observed w

ely (Figure 6
y to barium 
th  barium an

ium and sulp
control by a 

Figure 6.3b r
BaSO4 solid

ditions mathe
 constant.  T
10) for solut
o the range o
ulphate are i
eases, the co
ata and the t
s on barium

 the tailings 
olids exhibit a

The tailings
more scatte

plots for Ra-
rrelation plot

of calcium tha
mpetition be
and therefo

olids would b
e inverse cor
relation betw
creased, Ba

uld have bee
sulted in larg
pitated BaSO

orewater 

een concent
ncludes pore

e 2006 and 
m in the pore
when the da

6.3f).  The co
in porewate
nd Ra-226 w

phate in pore
solid phase
represent th
ds and show
ematically as
The solubility
tions contain
of values ob
inversely co
oncentration
theoretical s
 in porewate

and treatme
a very close

s values exhi
r. 

-226 and sul
t for barium 

RADIUM-2

at were add
etween the tw
re an invers
be anticipate
rrelation betw

ween barium 
Cl2 treatmen

en added dur
ger barium to
O4 in the trea

trations of co
ewater activit

2009 field p
ewater had a
ata for tailing
orrelations in
er. This is su
with other me

ewater show
 for barium i
e theoretica

w excellent fit
s: Ksp=[Ba2+]
y relationshi
ning high and
bserved in po
rrelated so t

n of the other
solubility curv
er. 

ent solids are
 agreement 
ibit good agr

phate (Figu
and sulphat

226 RELEASE

ed during pe
wo cations, C
se correlation
ed.  Because
ween barium
 and sulpha
nt for Ra-226
ring treatme
o calcium ra
atment solid

onstituents i
ties/concent

programs are
an R2=0.76 (
gs and treatm
ndicate that 
pported by 
easured con

w inverse cor
in the porew

al solubility o
ts to the data
][SO4

2-] in w
p was solve
d low calcium
orewater sam
that as the c
r decreases
ve provides 

e considered
with the the
reement with

ure 6.3c) sho
te (Figure 6.

CYCLE III
E CONTROLS 

eriods of pH
Ca2+ and Ba
n between c
e calcium is 
m and calciu
te (Figure 6
6 removal be

ent.  The dec
atios resultin
s.  

n porewater
trations mea

e plotted, the
(Figure 6.3a
ment solids c
Ra-226 in th
similar corre

nstituents (F

rrelations th
water.  The re
of barium and
a.  These cu
hich the Ksp 

ed using MIN
m concentra
mples.  The 

concentration
.  The agree
strong evide

d separately
eoretical solu
h the theore

ow inverse tr
.3b).  This fu

 SPECIAL STU
IN THE PANE

Disc

 adjustment
a2+, for the 
calcium and 

strongly 
um (Figure 6
6.2i).  As the
ecame more

crease in aci
g in relative

r are present
asured in 200

e correlation
a).  Similar 
cores were 
he porewate
elations 
igure 6.3).

at are consis
ed and gree
d sulphate in
urves repres
is the solub

NTEQ 
ations 

concentratio
n of one 
ement betwe
ence for 

y, it appears 
ubility as sho
tical solubilit

rends that a
urther suppo

 

UDIES 
EL TMA 
cussion 

6.4 

t 

6.2k) 
e 
e 
dity 
ly 

ted 
06 

n 

r 

stent 
n 
n 
sent 
bility 

ons 

een 

that 
own 
ty of 

re 
orts 



 

 
 
 
 

 

 

Ref. 0
Febru

the c
well 
2x10
pore
mag
bariu
prac

The 
simil
corre
gyps
betw
high
lowe
activ
conc
mod

6.2 

Simi
parti
supp
conc

Inve
cont
phas
bariu
disso

Beca
sulp
bariu
resu
(Ba,
the p

If Ra
sugg
conc
conc
over

09-1662:2 
uary 2011 

claim that so
as Ra-226, 

07 indicating 
ewater. By in
nitude lower
um, it is inco
ctically affect

correlation p
lar to the cor
elations betw
sum is prese
ween Ra-226
 sulphate in 

er concentrat
vities in pore
centrations o
el in the EIS

Contr

lar relations
tioning, or K

port that solu
centrations in

rse correlati
rols on Ra-2
se controls b
um and sulp
olution of Ba

ause Ra-226
hate, the res
um concentr
lts suggest t
Ra)SO4 solid
porewaters a

a-226 activiti
gests that ba
centrations d
centrations in
rlying water o

olubility of a 
in the porew
that only tra

nference, the
r than those 

orporated int
t the solubilit

plots of Ra-2
rrelation plot
ween Ra-226
ent, calcium 
6 and calcium
the presenc
tions.  The c

ewater is gyp
of sulphate a
S but provide

rols on R

hips betwee
Kd, plots and
ubility equilib
n porewater

ons betwee
226 in porew
barium conce
hate in equi

aSO4 control

6 and barium
sults indicate
rations also c
that sulphate
ds and there
associated w

ies in porew
arium and Ra
decrease.  R
n porewater 
of about 10 

solid sulpha
water.  The m
ace concentr
e Ra-226 con

of barium.  
o a solid pha
ty of the BaS

226 and calc
ts for Ra-226
6 and calciu
and sulphat
m are theref
ce of gypsum
conceptual m
psum dissolu
and calcium.
es a refinem

a-226 Ac

en Ra-226 an
d the solubilit
brium contro
.   

n barium an
water and ind
entrations in
librium with 
ls barium co

m behave sim
ed that the s
controls Ra-
e concentrat
efore control
with (Ba,Ra)S

ater are con
a-226 conce

Results from
were near 5

mg/L.  The R

RADIUM-2

ate phase co
molar ratio o
rations of Ra
ntents in the
Because Ra
ase only by 
SO4 solid ph

cium (Figure
6 and sulpha
m result from
e concentra

fore related t
m, and it is th
model in the 
ution when g
  These resu
ent of the in

tivities in

nd barium w
ty correlation

ols are acting

d sulphate p
dicated that 
n porewater. 
BaSO4 prov

oncentrations

milarly and R
solubility of th
-226 activitie
tions in pore
l the barium 
SO4 solids. 

ntrolled by so
entrations/ac
Pond C (PW

50 mg/L, cor
Ra-226 activ

226 RELEASE

ontrols the co
of barium to R
a-226 exist c
e sulphate so
a-226 is a tra
ionic substit

hase. 

e 6.3e) show
ate (Figure 
m indirect co

ations are hig
to the linkag
he high sulp
EIS sugges

gypsum solu
ults do not c
terpretation 

n Porewa

were observe
n plots.  The
g to control R

provided stro
the solubility
  The theore

vided strong 
s in porewat

Ra-226 is als
he same sul

es in porewa
ewater contro

and Ra-226
 

olubility equi
ctivities will i
W06) showed
rresponding 
vities in pore

CYCLE III
E CONTROLS 

oncentration
Ra-226 is ap
compared to
olids should 
ace constitu
tution and th

w inverse tre
6.3c).  The 
ontrols by gy
gh.  The inve
ge between h
phate that co
sted the sour
ubility contro
contradict the

of the mode

ater 

ed for both th
ese relations
Ra-226 activ

ong support 
y of a sulpha
etical solubili
evidence th

ter.   

so inversely 
lphate phase

ater.  Collect
ol the solubi
6 concentrat

ilibrium, solu
ncrease as 
d the lowest
to concentr

ewaters asso

 SPECIAL STU
IN THE PANE

Disc

ns of barium,
pproximately
o barium in th

be 7 orders
ent compare

herefore doe

ends that are
negative 
ypsum.  Whe
erse correlat
high calcium
ontrols Ra-22
rce of Ra-22
ls the 
e conceptua
el. 

he water-sol
ships provide
vities and ba

for solubility
ate bearing s
ity curves fo

hat the 

correlated w
e that contro
tively, these
ility of 
ions/activitie

ubility theory
sulphate 
t sulphate 
ations in the
ociated with 

 

UDIES 
EL TMA 
cussion 

6.5 

, as 
y 
he 

s of 
ed to 

es not 

e 

en 
tions 

m and 
26 to 
26 

al 

lids 
e 

arium 

y 
solid 

or 

with 
ols 

es in 

y 

e 
the 



 

 
 
 
 

 

 

Ref. 0
Febru

lowe
activ
from
were
Bq/L
2011
sulp

Toge
the p
that 

6.3 

The 
wate
prim
relea
diffu
alwa
basi

The 
diffu
than
top p
in th
Bq/L
Thes
diffu

The 
also 
trend
pore
that 
pore

6.4 

A wa
obse
226 

09-1662:2 
uary 2011 

est sulphate 
vities in the o

m the study in
e in the rang
L, with Ra-22
1b).  The res
hate concen

ether, these 
porewater at
could be ex

Porew

Ra-226 acti
er.  At the Pa
ary mechan
ase of solub
sion is contr

ays be less t
n.   

release of R
sion is supp
 those in the

portions of th
e basin wate

L.  Radium-2
se results in
sion and ma

concentratio
provided in 

ds to those o
ewater comp
the release 

ewater to the

Water

ater balance
erved Ra-22
loads estima

concentratio
overlying wa
n Cell 14 at Q
ge of 6 to 30 
26 in the top
sults from Qu
ntrations def

results indic
t the Panel T
pected in the

water and

vities in pore
anel TMA, th
nism that can
le constituen
rolled by con
han those in

Ra-226 from 
ported by the
e overlying b
he solids we
ers immedia

226 activities
dicate that c

ass transpor

ons of barium
Figure 6.4. 

observed for
pared to thos

of constitue
e water colum

r Balance

e was comple
6 loads in th
ated from th

ons were in t
ater of about 
Quirke that s
mg/L, the R
 portions of 
uirke also sh
ined upper-b

cate that the
TMA provide
e submerge

d Basin W

ewater provi
here are no e
n release Ra
nts from pore
ncentration g
n the porewa

porewater i
e data that sh
basin waters
ere in the ran
ately above t
s at the top o
concentration
rt of Ra-226 

m, calcium a
 The conce

r Ra-226, wh
se in the bas
nts in the Pa
mn.  

e and Ra-

eted to estim
he South Bas
e diffusive fl

RADIUM-2

the range of
0.5 Bq/L.  T

showed whe
Ra-226 activi

the tailings s
howed that R
bounds for R

e maximum R
es a reasona
d solids pore

Water Inte

ide insight in
external inpu
a-226 into th
ewater to th
gradients, th
aters even w

n the subme
how Ra-226

s as shown in
nge of 0.76 t
he solids-wa

of the water 
n gradients h
from the por

and sulphate
ntrations of 
hereby highe
sin waters.  T
anel TMA is 

-226 Load

mate Ra-226
sin outflow w
lux from the 

226 RELEASE

f 4.1 to 5.5 B
These results
en sulphate c
ties in porew
solids not ex
Ra-226 activ
Ra-226 activ

Ra-226 activ
able upper-b
ewater for e

eractions

nto the poten
uts of Ra-22
e basin wate
e basin wate

he activities i
when there is

erged solids
6 activities in
n Figure 6.4
to 5.5 Bq/L a
ater interface
column rang
had develop
rewater to th

e in porewate
these const
er concentra
These result
controlled b

ds for the

6 loads from 
were calcula
porewater (

CYCLE III
E CONTROLS 

Bq/L, corresp
s are consis
concentratio
water were b
xceeding 5 B
vities associa
vities in porew

vity of 5.5 Bq
bound for Ra
existing cond

s 

ntial for relea
26 and theref
er.  This me
ers by diffus
n the basin 

s little or no f

to the basin
n the porewa
4.  Porewate
and the activ
e ranged fro
ged from 0.1
ped and imp
he overlying 

ers and bas
tituents show
ations were m
ts provide fu
by diffusion f

e Panel T

the monitor
ated for com
(Section 6.6

 SPECIAL STU
IN THE PANE

Disc

ponding to 
stent with res
ons in porew
between 3 a
Bq/L (EcoMe
ated with low
water.   

q/L measure
a-226 activiti
ditions.   

ase to the ba
fore there is
chanism is t

sion.  Becaus
waters will 
flow through

n water by 
ater were gre
er activities in
vities measu
om 0.17 to 0
14 to 0.41 Bq
ly upward 
basin water

in waters are
wed similar 
measured in

urther eviden
from the 

TMA 

ring data.  Th
parison with

6) to verify 

 

UDIES 
EL TMA 
cussion 

6.6 

sults 
water 

nd 7 
etrix, 
w 

ed in 
es 

asin 
s one 
the 
se 

h the 

eater 
n the 
red 
.82 
q/L.  

r.   

e 

n the 
nce 

he 
h Ra-



 

 
 
 
 

 

 

Ref. 0
Febru

whet
solid

Annu
TMA
routi
mea
Tabl

6.4.

As p
was 
the P
runo
the N
calcu
basi
the M
the S
rates

6.4.2

Rad
flow 
(Tab

Whe

 

 

The 
resp
betw

The 
incre
The 

09-1662:2 
uary 2011 

ther the obs
ds and subse

ual flow rate
A.  The loads
ne monitorin

asured from r
le 6.1.  The 

1 Water B

part of the ro
assumed to

Panel TMA i
off minus eva
NNI for the e
ulated as the
n represents
Main and So
South Basin 
s for the Mai

2 Ra-226 

ium-226 loa
rates togeth

ble 6.2).  Ra

ere: L 

Q 

CBW  

cumulative 
pective increm
ween the Ra-

average Ra
emental Ra-
incremental

erved Ra-22
equent diffus

es were estim
s were calcu
ng data for t
routine mon
flow rates a

Balance 

utine monito
o represent t
s dependen

aporation.  F
entire TMA.  
e fraction of 
s.  Average a
outh Basins, 

outflow (P-1
in and South

Loads 

ds from the 
her with aver
dium-226 lo

= Load (Bq/

= Flow (m3/

= Ra-226 a

Ra-226 load
mental loads
-226 exiting 

a-226 load fro
226 loads ex
l loads indica

26 loads cou
sion from po

mated to dev
ulated from a
he period of
itoring for th
nd estimated

oring, outflow
he total flow
t on net natu

Flow from the
Therefore, t
the total flow
annual flow 
respectively

13) for the 2
h Basins are

Main and So
rage Ra-226
ads for each

QL 

/a); 

/a); and 

activity in the

ds for each b
s.  The incre
and/or ente

om the Main
xiting the So
ate that the 

RADIUM-2

uld be explai
orewater to th

velop a mass
average flow
f 2006 throug
e 2006 throu
d loads are p

w from the S
w through the
ural input (N
e South Bas
the flow rate
w based on 
rates of app

y, were estim
006 through

e presented i

outh Basins
6 activities fr
h area were 

BW
C

e basin wate

basin are pre
emental load
ring each ba

n Basin was 
outh Basin w
majority of th

226 RELEASE

ined by the d
he basin wa

s balance fo
ws and Ra-22
gh 2009.  Th
ugh 2009 tim
presented in

South Basin 
e Panel TMA

NNI) that repr
sin was assu
es for the Ma
the percenta

proximately 6
mated using 
h 2009 time p
in Table 6.2

were calcul
rom monitori
calculated a

r (Bq/L). 

esented in T
ds of Ra-226
asin. 

approximate
were 547and
he Ra-226 lo

CYCLE III
E CONTROLS 

dissolution o
ater. 

or Ra-226 loa
26 activities 
he Ra-226 a
me period ar
n Table 6.2. 

is measured
A.  The annu
resents prec

umed to be r
ain and Sout
age of the w
660,000 and
measured f

period.  The
2. 

ated using t
ing data at th
as follows: 

Table 6.2 tog
6 represent t

ely 85 MBq/
d 462 MBq/a
oad from the

 SPECIAL STU
IN THE PANE

Disc

of (Ba,Ra)SO

ads in the P
measured f

activities 
re summariz

d at the ETP
ual flow rate 
cipitation and
representativ
th Basins we

watershed ea
d 1,100,000 
flow data fro
e average flo

the estimate
he outflow 

gether with t
the differenc

/a.  The total
, respective
e Panel TMA

 

UDIES 
EL TMA 
cussion 

6.7 

O4 

anel 
rom 

zed in 

P and 
for 
d 
ve of 
ere 
ach 
for 
m 

ow 

d 

Eq.1 

heir 
ces 

l and 
ly.  
A 



 

 
 
 
 

 

 

Ref. 0
Febru

origi
appr

The 
high
Basi

6.5 

The 
were
could
pres

Rad

Whe

 

 

The 

Whe

 

 

 

Typi
negl
aver
inves
than
the p
diffu

09-1662:2 
uary 2011 

nates in the 
roximately 1

average Ra
er than thos
n is consiste

Ra-22

loads from t
e calculated 
d be explain

sented in Tab

ium-226 loa

ere: L 

F 

A 

mass flux w

ere: F 

De 

C 

z 

cal values fo
ecting poros

rage value o
stigation.  In
 that in pure

pore spaces
sion coeffici

South Basin
6% and 84%

a-226 activitie
se measured
ent with high

26 Flux an

the South Ba
to verify wh

ned diffusion
ble 6.3. 

ds based on

= Load (Bq

= Mass Flu

= Surface a

was calculate

= Mass Flu

= effective 

= Ra-226 a

= interface 

or diffusion c
sity, were ob
f 8.43x10-10 

n porous med
e aqueous so
 and do not 
ent, De, sho

n.  The Ra-2
% of the tota

es measured
d in the Main
her Ra-226 a

nd Loads

asin related 
ether the loa
 to the basin

n the diffusiv

FL 

q/a); 

ux (Bq/m2●a)

area over wh

ed as follows

DF 

ux (Bq/m2●a)

diffusion co

activity in po

thickness (m

coefficients (
btained from 
m2/s (2.66x
dia, such as
olution beca
migrate thro
uld be used 

RADIUM-2

226 loads fro
l load, respe

d in the Sou
n Basin.  The
activities in t

s from the

to the diffus
ads calculate
n water.  The

ve flux were 

A

); 

hich the diffu

s: 

z

C
De 


  

); 

efficient in th

rewater or in

m). 

(D) in aqueo
the literatur

10-2 m2/a ) w
s tailings, the
use ions foll

ough the soli
for tailings a

226 RELEASE

om the Main
ectively.   

uth Basin out
erefore, the h
the basin wa

e Submer

sive flux of R
ed for the So
e results from

calculated a

usion is takin

he solids po

n the water c

ous solutions
re (Spitz and
was conside
e effective di
low a longer
id particles. 
and can be 

CYCLE III
E CONTROLS 

 and South 

tflow are abo
higher load f

ater. 

rged Soli

Ra-226 from 
outh Basin in
m the calcul

as follows: 

ng place (m2

orewater (m2/

column (Bq/

s in a porous
d Moreno, 19
red reasona
iffusion coef
r path of diffu
 Therefore, 
represented

 SPECIAL STU
IN THE PANE

Disc

Basins repre

out 4 times 
from the So

ids 

the porewat
n Section 6
ations are 

2). 

/a); 

/L); and 

s medium, 
996).  An 
able for this 
fficient is sm
usion throug
an effective

d by: 

 

UDIES 
EL TMA 
cussion 

6.8 

esent 

uth 

ter 
.4.2 

Eq.2 

Eq.3 

aller 
gh 
 



 

 
 
 
 

 

 

Ref. 0
Febru

Whe

The 
14, t
0.45

The 
estim
pore
imm
uppe
Thes
inter
thick

The 
inter
Sout
thick
the M

Rad
Sout
the a
used
agre
Sout
resu
cons
solid

6.5.

The 
the p
the P
that 
the b
requ
wate
in th
basi

09-1662:2 
uary 2011 

ere: η 

physical pro
therefore a p

5, the value o

change in R
mated from t
ewater from t
ediately abo
ermost tailin
se depths w
rface thickne
kness of 0.01

incremental
rface thickne
th Basin ran
knesses.  To
Main Basin i

ium-226 act
th Basin.  Th
assumed int
d to calculate
ees well with
th Basin outf
lts indicate t

sistent with R
ds porewater

1 Estimat

diffusive flux
primary mec
Panel TMA w
may be anti

basins.  The
uire approxim
er to be subs
e basin or lo
n volumes re

= porosity 

operties of th
porosity 0.45
of De becom

Ra-226 activ
the 2006 and
the top 2.5 o
ove the solid
gs samples 
ere 0.025 m

ess was teste
1 m was con

l load for Ra
esses betwe
ged from 1,0

otal loads for
n Table 6.2 

ivities in the 
he estimated
erface thickn
e the diffusiv
 the average
flow (P-13) f
that the Ra-2
Ra-226 load
rs to the bas

ted Ranges

x calculation
chanism for R
was also tes
cipated in th
 residence t

mately three 
stantially shi
oading of Ra
epresent a t

he tailings w
5 for the tailin
es 3.79x10-1

ity across th
d 2009 samp
or 5 cm of th
s.  Interface
were collect

m for PSB-1 a
ed using con
nsidered to r

-226 for the 
en 0.01 and
034 to 276 M
r the South B
plus the cal

basin water
d Ra-226 act
nesses (Tab
ve flux, the R
e Ra-226 ac
for the 2006
226 activities
s resulting fr

sin water. 

s in Ra-226

ns provided s
Ra-226 relea
sted to provid
he basin wat
ime in the S
basin volum
fted from cu

a-226 from th
otal time of a

RADIUM-2

 DDe

ere conside
ngs of was u
10 m2/s (1.20

e interface,
pling data an
e tailings, m

e thickness v
ted were con
and 0.05 m f
nservative v
represent a c

South Basin
 0.05 metres

MBq/a for the
Basin were c
culated load

r were estim
tivities were 

ble 6.3).  Wh
Ra-226 activ
ctivity of 0.5 B
 through 200
s measured 
rom a diffusi

6 Activities

strong evide
ase to the ba
de an estima
ters as a res

South Basin i
mes of flow fo

rrent values
he porewate
about three 

226 RELEASE

  

red to be sim
used (SENE
0x10-2 m2/a).

or concentra
nd represen

minus the con
values equal
nsidered for 
for all other 
alues of 0.0
conservative

n ranged fro
s (Table 6.3
e assumed r
calculated fr
d for the Sou

mated using t
 in the range

hen an interf
vity calculate
Bq/L from ro
09 time perio
 in the outflo
ive flux in th

s 

ence that upw
asin water. 
ate for the ra
sult of natura
is about 1 ye
or the Ra-22
s either by ch
er in the subm
years with a

CYCLE III
E CONTROLS 

milar to thos
ES, 2003).  W
.   

ation gradie
ts the conce
ncentration i
 to the depth

r the calculat
stations.  Se
1 and 0.02 m
e upper valu

om 949 to 19
3).  Total loa
range of inte

rom the obse
uth Basin in 

the total load
e of 0.25 and
face thicknes
ed was 0.51 
outine monit
od (Table 6.
ow from the 
e tailings an

ward diffusio
Sensitivity o

anges in Ra-
al variations 
ear.  It is exp
26 activities 
hanges in th
merged tailin
a residence t

 SPECIAL STU
IN THE PANE

Disc

e in Quirke C
With a poros

nt, was 
entration in 
in water 
hs at which t
tion of gradie
ensitivity on 
m.  The inter

ue for gradie

91 MBq/a for
ds from the 
erface 
erved load fr
Table 6.3.  

ds from the 
d 0.94 Bq/L 
ss of 0.02 m
Bq/L.  This v
oring at the 
.1).  These 
Panel TMA 

nd treatment

on of Ra-226
on flow throu
-226 activitie
in flow rates

pected that i
in the basin 

he water bala
ngs.  Three 
time of one 

 

UDIES 
EL TMA 
cussion 

6.9 

Cell 
ity of 

the 
ents.  
the 
rface 
nts. 

r 

rom 

for 
m was 

value 

are 
t 

6 is 
ugh 
es 
s in 
it will 

ance 

year.  



 

 
 
 
 

 

 

Ref. 0
Febru

Ther
varia
the S
the p
aver
max
for th
1.58
for th

The 
estim
were
of an

Thes
the P
pore
flow 

Simi
Bq/L
the e
1.79
activ
tailin

09-1662:2 
uary 2011 

refore, an av
ations in flow
South Basin
period of 199
rage for the f
imum flow ra
he 3-year m

8 and 0.57 M
he high and 

loads and a
mated Ra-22
e 0.35 and 0
nnual averag

se results pr
Panel TMA a
ewater to the

within the b

lar calculatio
L in the porew
expected Ra

9 Bq/L as sho
vities that co
ngs approach

veraging per
w to the basi
.  The month
91 (after floo
flow data tha
ates for the 
oving averag

Mm3/a, respe
low flow con

activities wer
26 activities f
0.96 Bq/L, re
ge values fro

rovide furthe
are consiste
e basin wate
asins.   

ons were pe
water of the 

a-226 activiti
own in Table
uld be obse
h the maxim

riod of three
n.  Flow from
hly flow data
oding) throug
at was used 
Panel TMA
ge were 50 a
ctively.  The
nditions. 

re calculated
for the 3-yea

espectively (T
om the routin

er support tha
nt with Ra-2
r with variati

erformed for 
submerged
es resulting 
e 6.5.  These
rved if porew

mum values t

RADIUM-2

years in the
m the Panel 
a are presen
gh 2009.  Fi
to determin
for that perio
and 18 L/s, 

e Ra-226 act

d using an in
ar average h
Table 6.4).  
ne monitorin

at Ra-226 a
226 loads res
ions that are

an estimate
 solids.  Wit
from diffusiv

e calculation
water activiti
that were ob

226 RELEASE

e South Basi
TMA is mea
ted in Figur
gure 6.5 als
e representa
od.  The obs
correspondi
tivities in the

nterface thick
high and low
These value

ng data pres

ctivities mea
sulting from 
e consistent 

ed upper-bou
h an activity
ve flux could
ns provide a
ies in the top

bserved at th

CYCLE III
E CONTROLS 

in can be co
asured at the
re 6.5 as a ti
so shows the
ative minimu
served high 
ng to annua

e basin wate

kness of 0.0
w flows in the
es were sim
ented in Tab

asured in the
diffusive flux
with natural

und Ra-226 
y of 5.5 Bq/L
d be in the ra

an indication 
p few centim
he Panel TM

 SPECIAL STU
IN THE PANE

Disc

onsidered for
e outflow fro
ime-trend plo
e 3-year mov
um and 
and low valu

al flow rates 
er were predi

2 m.  The 
e South Bas
ilar to the ra
ble 6.1.   

e outflow fro
x in the 
 variations in

activity of 5.
 in porewate
ange of 0.65
of Ra-226 

metres of the
MA.   

 

UDIES 
EL TMA 
cussion 

6.10 

r 
om 
ot for 
ving 

ues 
of 
icted 

in 
ange 

om 

n the 

.5 
er, 
5 to 

e 



 

 
 
 
 

 

 

Ref. 0
Febru

7.0

The 
and 
basi
basi

Two
repre
play 
Basi
repo
TMA

Plots
the s
inter

Stro
pore
solid
conc

Inve
pore
and 
equi
there

The 
pore
EIS 
indir
pres
pore
226 
refin

Solu
sulp
pore
Bq/L
show

09-1662:2 
uary 2011 

0 SUM

objectives o
basin water
n waters and
n waters. 

 stations we
esentative s
a role in Ra
n, Main Bas

ort to provide
A. 

s for Ra-226
sorption equ
ractions at th

ng correlatio
ewater samp
ds and sugge
centrations in

rse correlati
ewaters indic
Ra-226 activ
librium with 
efore Ra-226

inverse rela
ewater are no
suggests.  In

rect controls 
sence of gyp
ewater; there
activities.  T
ement for in

ubility theory 
hate concen

ewater near 5
L.  These res
wed when su

MARY O

of this invest
s to develop
d to provide 

ere sampled 
amples of R

a-226 mobilit
sin and Pond
e a more tho

6 and barium
uilibrium (or K
he Panel TM

ons between
ples supporte
ested that si
n porewater

ons betwee
cated that th
vities in pore
BaSO4 solid
6 activities, 

ationship betw
ot directly co
nstead, the 
by gypsum 
sum.  The s

efore the pre
This does no
nterpretation 

suggests th
ntrations dec
50 mg/L, wit
sults are con
ulphate conc

OF CON

igation were
p an understa

upper-boun

in the Pane
Ra-226 and o
ty in the bas
d C collected
orough descr

m activities/co
Kd) model d

MA.  

n Ra-226 and
ed a similar 
milar mecha
. 

n barium an
e solubility o
ewater.  The
ds provided f
in porewater

ween Ra-22
ontrolled by 
inverse corre
related to th

sulphate con
esence of gy
ot contradict 

of the mode

hat barium a
crease.  Res
th Ra-226 ac
nsistent with 
centrations i

RADIUM-2

CLUSIO

e to investiga
anding of th

nds for Ra-22

l South Basi
other constit
in waters.  W
d during a 20
ription of Ra

oncentration
oes not app

d barium in t
mechanism 
anisms contr

d sulphate a
of a solid pha
e theoretical 
further evide
r are control

26 and calciu
gypsum diss
elation betw

he linkage be
centration c
psum in the 
the concept
el. 

nd Ra-226 c
sults from Po
ctivities in po
results from
n porewater

226 RELEASE

ONS 

ate Ra-226 a
e controls o
26 activities 

in in Septem
tuents that th
Where appro
006 field cam
-226 activitie

ns in solids a
pear to contro

the tailings, 
for the form
rol the Ra-22

and between
ase controls
solubility of 

ence that ba
led by sulph

um indicated
solution as t

ween Ra-226
etween high

controls Ra-2
 tailings soli
tual model in

concentratio
ond C (PW06
orewaters in

m the study in
r were in the

CYCLE III
E CONTROLS 

Sum

activities in s
n Ra-226 re
that may be

mber 2009 to
heoretically c
opriate, data
mpaign were
es and mobi

and porewat
ol the solids

treatment so
mation of Ra-

26 activities 

n Ra-226 an
s the barium 
barium and

arium concen
hate concent

d that Ra-22
the conceptu
6 and calcium
 calcium and

226 activities
ds indirectly

n the EIS bu

ns/activities 
6) sulphate 

n the range o
n Cell 14 at 

e range of 6 t

 SPECIAL STU
IN THE PANE
mmary of Conc

solids, porew
eleases to th
e observed i

o obtain 
can potentia

a from the So
e included in
ility in the Pa

ter showed t
-porewater 

olids and 
-226 and bar
and barium

d sulphate i
concentratio
 sulphate in 
ntrations, an
trations. 

6 activities i
ual model in 
m results fro
d sulphate in
s in the 
y controls the
t provides a 

will increase
concentratio

of 4.1 to 5.5 
Quirke that 
to 30 mg/L, 

 

UDIES 
EL TMA 
clusions 

7.1 

water 
e 
n the 

ally 
outh 
n this 
anel 

that 

rium 
 

n 
ons 

nd 

n 
the 

om 
n the 

e Ra-

e as 
ons in 

the 



 

 
 
 
 

 

 

Ref. 0
Febru

Ra-2
of th

Toge
the p
that 

Conc
upwa
the P
prim

The 
with 
prov
wate

Pred
in po
indic
appr
sulp

 

09-1662:2 
uary 2011 

226 activities
e tailings so

ether, these 
porewater at
could be ex

centration g
ard diffusion
Panel TMA, 
ary mechan

Ra-226 load
the observe

vided strong 
er are contro

dicted Ra-22
orewater we
cation of Ra-
roach the ma
hate concen

s in porewat
olids not exce

results indic
t the Panel T
pected in the

radients betw
n and mass t
there are no

nism for Ra-2

ds and activ
ed Ra-226 lo
evidence th

olled by diffu

26 activities i
re in the ran
-226 activitie
aximum acti
ntrations of a

er were betw
eeding 5 Bq

cate that the
TMA provide
e submerge

ween Ra-22
transport of 
o external in
226 release 

ities estimat
oads and act
at releases o
sive flux.  

in the basin 
nge of 0.65 a
es in basin w
vities in pore

about 50 mg

RADIUM-2

ween 3 and 
/L (EcoMetr

e maximum R
es a reasona
d solids pore

26 activities i
Ra-226 from
puts of Ra-2
to the basin

ed from the 
tivities from 
of Ra-226 fr

water assoc
and 1.79 Bq/
water that co
ewater that w
/L at the Pan

226 RELEASE

7 Bq/L, with
rix, 2011b).  

Ra-226 activ
able upper-b
ewater unde

in porewater
m porewater 
226; therefor
 water.   

diffusive flux
routine mon
rom the pore

ciated with a
/L.  These ca

ould be obse
were associ
nel TMA.   

CYCLE III
E CONTROLS 

Sum

h Ra-226 in t
 

vity of 5.5 Bq
bound for Ra
er existing co

r and basin w
to the overly

re diffusive t

x calculation
nitoring data.
ewater to the

a Ra-226 act
alculations p

erved if porew
ated with the

 SPECIAL STU
IN THE PANE
mmary of Conc

the top portio

q/L measure
a-226 activiti
onditions.  

water imply 
ying water.  
transport is t

ns agreed w
.  These res
e overlying b

tivity of 5.5 B
provide an 
water activit
e lowest 

 

UDIES 
EL TMA 
clusions 

7.2 

ons 

ed in 
es 

At 
the 

ell 
ults 

basin 

Bq/L 

ies 



 

 
 
 
 

 

 

Ref. 0
Febru

8.0

CCL

EcoM

EcoM

EcoM

Gust

Minn

Rio A

SEN

SEN

Spitz

 

 

09-1662:2 
uary 2011 

0 REFE

L (Cumming 
Mine Wa

Metrix (EcoM
Serpent 

Metrix (EcoM
Release 

Metrix (EcoM
and TOM
Rio Algo

tafsson, J.P
www.lwr.

now (Minnow
Environm
2008. 

Algom Limite
Quirke 

NES (SENES
Prepared

NES (SENES
Pathwa
Prepar

z, K. and J. M
Modeling

ERENCE

Cockburn L
aste Manage

Metrix Incorp
River Sedim

Metrix Incorp
Controls in 

Metrix Incorp
MP for the De
m Limited an

. (2010).  Vis
.kth.se/Engli

w Environme
ment.  Prepa

ed (1995).  E
and Panel W

S Constultan
d for: Rio Alg

S Consultant
ay Analysis f
red for Rio A

Moreno (199
g. 

ES 

imited) (199
ement Area. 

porated) (20
ments.  Prepa

porated) (20
Cell 14 at Q

porated) (200
ecommissio
nd Denison 

sual MINTEQ
ish/OurSoftw

ental Inc.) (2
ared for: Rio 

Environment
Waste Mana

nts Limited) (
gom Limited

ts Limited) (
for the Quirk

Algom Limite

96).  A Pract

RADIUM-2

92).  Water B
 Prepared fo

11a).  Cycle
ared for: Den

11b).  Cycle
Quirke.  Prep

08).  Perform
ned Tailings
Mines Inc., 

Q v.3 Datab
ware/vminte

2008).  Serpe
Algom Limit

tal Impact S
agement Are

(2003).  Quir
, February 2

1992).  Supp
ke and Pane
d, Decembe

tical Guide t

226 RELEASE

Budget and F
or: Rio Algom

e III Special S
nison Mines

e III Special S
ared for: Rio

mance Evalu
s at Elliot La
December 2

base.  Availa
eq/.   

ent River Wa
ted and Den

Statement De
eas.  Februa

rke TMA Dif
2003. 

porting Docu
el Decommis
er 1992. 

o Groundwa

CYCLE III
E CONTROLS 

Flood Condit
m Limited. 

Studies – Ra
s Inc. 

Studies – Ra
o Algom Lim

uation – Rev
ke, Ontario. 

2008.  

able Online: 

atershed Sta
nison Mines 

ecommission
ary, 1995. 

ffusion Barrie

ument II.  En
ssioning Pro

ater and Solu

 SPECIAL STU
IN THE PANE

Refe

tions for Pan

adium-226 in

adium-226 
mited 

view of SAM
 Prepared f

ate of the 
Inc., Februa

ning of the 

er Investigat

nvironmenta
posals.  

ute Transpo

 

UDIES 
EL TMA 
erences 

8.1 

nel 

n 

MP 
for: 

ary 

tion.  

al 

ort 



 

 
 
 

 

TABLES 

 



Table 2.1: Summary of Selected Constituents in Solids from the Panel TMA Sampled in 2006

Radium-226 Barium Calcium Sulphate

(Bq/g) (mg/kg) (mg/kg) (%)

0-5 4.9 80 31,000 0.8
12.5-17.5 3.8 39 8,400 2.1

0-5 3.4 100 59,000 8.1
15-20 12 170 42,000 9.9

0-4 1.2 61 2,000 1.2
17.5-20 7.6 150 10,000 3.0

0-4 1.2 600 2,000 1.0
10-12.5 7.8 130 28,000 7.3

0-4 1.7 87 37,000 3.4
12.5-15 0.61 390 160,000 12

0-5 1.0 98 4,700 0.7
10-15 7.8 160 2,800 0.5
0-10 1.2 77 5,600 0.6

15-20 4.6 48 4,100 1.1
0-10 1.9 110 1,800 0.4

15-20 9.6 130 280 <0.4

PMB-06-1 -- 2.6 56 24,000 3.1
PMB-06-2 -- 11 128 29,000 5.4

PSB-06-3 -- 19 142 1,300 1.2

PW-06-1 -- 3.7 43 3,500 2.3
PW-06-3 -- 12 189 3,600 4.3

Notes:
"--" Depths not recorded for Ponar Samples

Pond C

South Basin

Pond C

PW-06-2

PW-06-3

Core Sample Results

Ponar Sample Results
Main Basin

Sample ID
Depth 

Interval 
(cm)

PW-06-1

PSB-06-3

PSB-06-1

PSB-06-2

PMB-06-2

PMB-06-1

Main Basin

South Basin



Table 2.2: Summary of Selected Constituents in Porewater from the Panel TMA Sampled in 2006

Radium-226 Barium Calcium Sulphate
(Bq/L) (mg/L) (mg/L) (mg/L)

PMB-06-1 0.88 0.065 241 564
PMB-06-2 2.6 0.042 519 1,503

PSB-06-3 2.0 0.038 191 897

PW-06-1 4.1 0.092 56.4 53.7
PW-06-3 5.5 0.211 53.4 75.3

Notes:
Porewater extracted from ponar solids samples
Italicized sulphate concentrations indicate values estimated from total sulphur 
concentrations from ICP-MS scan.

Main Basin

South Basin

Pond C

Sample ID



Table 2.3: Summary of Selected Constituents in Basin Water from the Panel TMA Sampled in 2006

Radium-226 Barium Calcium Sulphate

(Bq/L) (mg/L) (mg/L) (mg/L)

PMB-06-1SW NS NS NS NS
PMB-06-1SI 0.17 0.014 112 310
PMB-06-2SW 0.14 0.013 117 310
PMB-06-2SI 0.69 0.021 159 440

PSB-06-1SW NS NS NS NS
PSB-06-1SI 0.50 0.019 82.6 230
PSB-06-2SW 0.62 0.018 84.2 220
PSB-06-2SI 0.50 0.018 83.1 230
PSB-06-3SW NS NS NS NS
PSB-06-3SI 0.56 0.018 83.8 220

PW-06-1SW 0.41 0.026 17.7 5.8
PW-06-1SI 0.46 0.028 14.5 6.0
PW-06-2SW NS NS NS NS
PW-06-2SI 0.42 0.032 18.1 6.9
PW-06-3SW NS NS NS NS
PW-06-3SI 0.82 0.048 25.5 27

NS = not sampled because lack of water depth
SW = top of water column
SI = bottom of water column at solids-water interface

Pond C

Sample ID

South Basin

Main Basin



Table 3.1: Porewater pH Values Sampled by EcoMetrix in September 2009

Depth pH

(cm) (pH units)

PW09-PSB-1 (0-2.5) 7.5

PW09-PSB-1 (2.5-5.0) 9.5

PW09-PSB-1 (5.0-7.5) 10.5

PW09-PSB-1 (7.5-10) 10.7

PW09-PSB-1 (10-15) 10.5

PW09-PSB-2 (0-5) 6.7

PW09-PSB-2 (5-10) 6.8

PW09-PSB-2 (10-15) 7.1

PW09-PSB-2 (15-20) 6.7

Notes:
PW - Porewater - Depth refers to "below solids-water interface"

Sample ID



Table 4.1a: Data Quality Assessment Summary for Selected Constituents in Solids - Duplicate Samples

Radium-226 Barium Calcium Sulphate

(Bq/g) (mg/kg) (mg/kg) (%)

0.01 0.05 1 0.1

≤ 40% ≤ 40% ≤ 40% ≤ 40%

Sample ID Core09-PSB-2 (5-10) 4.5 160 7,600 0.6
Replicate ID CORE 09-EC-1 (0-5) 4.1 94 4,600 0.3

9 52 49 0.3

Sample ID Core09-SR-4 (10-15) 2.1 440 7,300 0.2
Replicate ID CORE 09-EC-1 (5-10) 1.6 450 7,400 0.1

27 2 1 0.1

18 27 25 0.2

3 3 3 3

Notes:

RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 40%

AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 

          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit

BD - Sample and/or replicate had analyte concentrations below detection limit

"--" Indicates parameter was not measured
Boldface type and shaded indicates that Data Quality Objective was not achieved

Average RPD or AD

Count

Parameter

Method Detection Limit

RPD Data Quality Objective

RPD (%) or AD

RPD (%) or AD



Table 4.1b: Data Quality Assessment Summary for Selected Constituents in Solids - Replicate Samples

Radium-226 Barium Calcium Sulphate

(Bq/g) (mg/kg) (mg/kg) (%)

0.01 0.05 1 0.1

≤ 40% ≤ 40% ≤ 40% ≤ 40%

Sample ID CORE 09-QC14-2 (0-2.5) 4.3 150 190 0.1
Replicate ID CORE 09-EC-2 (0-2.5) 7.0 280 230 0.1

48 60 19 0

Sample ID CORE 09-QC14-2 (2.5-5) 6.5 220 130 0.1
Replicate ID CORE 09-EC-2 (2.5-5) 8.3 370 110 0.1

24 51 17 0

Sample ID CORE 09-QC14-2 (5-7.5) 9.3 330 79 0.1
Replicate ID CORE 09-EC-2 (5-7.5) 20.0 310 63 0.1

73 6 23 0

48 39 19 0

3 3 3 3

Notes:

RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 40%

AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 

          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit

BD - Sample and/or replicate had analyte concentrations below detection limit

"--" Indicates parameter was not measured
Boldface type and shaded indicates that Data Quality Objective was not achieved

Count

RPD (%) or AD

RPD (%) or AD

RPD (%) or AD

Parameter

Method Detection Limit

RPD Data Quality Objective

Average RPD or AD



Table 4.2a: Data Quality Assessment Summary for Selected Constituents in Water - Duplicate Samples

Radium-226 Barium Calcium Sulphate

(Bq/L) (mg/L) (mg/L) (mg/L)

0.01 0.00001 0.03 0.2

≤ 20% ≤ 20% ≤ 20% ≤ 20%

Sample ID SW09-SR-4B 0.30 0.222 11.2 25

Duplicate ID PW09-EC-1 (0-5) 0.30 0.221 11.4 --

0 0 2 --

Sample ID PW09-QC14-3 (0-5) -- 0.333 6.12 54

Duplicate ID PW09-QC14-4 (0-5) 4.1 -- -- 560

Duplicate ID PW09-EC-1 (5-10) 4.7 0.335 6.06 --

14 1 1 --

7 1 1 --

2 2 2 --

Notes:
RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 20%
AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 
          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit
BD - Sample and/or replicate had analyte concentrations below detection limit
"--" Indicates parameter was not analysed because of insufficient sample volume
Boldface type and shaded indicates that Data Quality Objective was not achieved

Count

Average RPD or AD

Parameter

RPD (%) or AD

RPD (%) or AD

Method Detection Limit

RPD Data Quality Objective



Table 4.2b: Data Quality Assessment Summary for Selected Constituents in Water - Replicate Samples

Radium-226 Barium Calcium Sulphate

(Bq/L) (mg/L) (mg/L) (mg/L)

0.01 0.00001 0.03 0.2

≤ 20% ≤ 20% ≤ 20% ≤ 20%

Sample ID SW09-QC14-2T 0.82 0.104 5.69 72

Replicate ID SW09-EC-2T 0.78 0.108 5.69 85

5 4 0 17

Sample ID SW09-QC14-2B 0.91 0.108 5.55 32

Replicate ID SW09-EC-2B 0.85 0.114 5.63 36

7 5 1 12

Sample ID PW09-QC14-2 (0-2.5) 3.6 0.309 8.79 32

Replicate ID PW09-EC-2 (0-2.5) 2.9 0.285 7.28 27

22 8 19 17

Sample ID PW09-QC14-2 (2.5-5) 2.8 0.308 5.68 12

Replicate ID PW09-EC-2 (2.5-5) 3.3 0.337 5.35 18

16 9 6 40

Sample ID PW09-QC14-2 (5-7.5) 5.9 0.519 6.06 12

Replicate ID PW09-EC-2 (5-7.5) 5.4 0.487 5.54 --

9 6 9 --

12 7 7 21
5 5 5 4

Notes:
RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 20%
AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 
          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit
BD - Sample and/or replicate had analyte concentrations below detection limit
"--" Indicates parameter was not analysed because of insufficient sample volume
Boldface type and shaded indicates that Data Quality Objective was not achieved

Parameter

Method Detection Limit

RPD Data Quality Objective

Average RPD or AD

Count

RPD (%) or AD

RPD (%) or AD

RPD (%) or AD

RPD (%) or AD

RPD (%) or AD



Table 4.3: Data Quality Assessment Summary for Selected Constituents in Blank Sample

Analysis Units
Detection 

Limit
Data Quality 

Objective
Blank 1

Radium-226 Bq/L 0.01 0.02 <0.01

Barium mg/L 0.00001 0.00002 0.00216

Calcium mg/L 0.03 0.06 0.03

Sulphate mg/L 2 4 <2

Notes:
Boldface type and shaded indicates that Data Quality Objective was not achieved



Table 5.1: Summary of Selected Constituents in Solids from Panel South Basin Sampled in September 2009

Depth 
Interval

Radium-226 Barium Calcium Sulphate

(cm) (Bq/g) (mg/kg) (mg/kg) (%)

CORE 09-PSB-1 (0-2.5) 12 1,300 67,000 0.6

CORE 09-PSB-1 (2.5-5) 4.9 510 140,000 9.8

CORE 09-PSB-1 (5-7.5) 1.6 400 140,000 14

CORE 09-PSB-1 (7.5-10) 2.8 360 180,000 16

CORE 09-PSB-1 (10-15) 2.2 320 190,000 17

CORE 09-PSB-2 (0-5) 16 340 9,600 0.8

CORE 09-PSB-2 (5-10) 4.5 160 7,600 0.6

CORE 09-PSB-2 (10-15) 5.6 180 9,400 0.5

CORE 09-PSB-2 (15-20) 14 190 7,600 0.6

Sample ID



Table 5.2: Selected Constituents in Basin Water and Porewater in Panel South Basin Sampled in September 2009

Depth 
Interval

Radium-226 Barium Calcium Sulphate 

(cm) (Bq/L) (mg/L) (mg/L) (mg/L)

SW09-PSB-1T 0 0.34 0.013 62.2 180

SW09-PSB-1B 800 0.65 0.020 74.4 410

PW09-PSB-1 (0-2.5) 0.76 0.017 193 410

PW09-PSB-1 (2.5-5) 0.01 0.009 373 1,100

PW09-PSB-1 (5-7.5) 0.02 0.006 506 1,300

PW09-PSB-1 (7.5-10) <0.01 0.006 787 1,600

PW09-PSB-1 (10-15) <0.01 0.006 723 1,800

SW09-PSB-2T 0 0.31 0.014 64.5 180

SW09-PSB-2B 400 0.39 0.016 64.1 180

PW09-PSB-2 (0-5) 3.20 0.044 76.4 190

PW09-PSB-2 (5-10) 1.18 0.034 106 250

PW09-PSB-2 (10-15) 1.10 0.027 138 369

PW09-PSB-2 (15-20) 1.40 0.038 297 933

Notes:
SW - Basin Water - Depth refers to "below surface"
PW - Porewater - Depth refers to "below solids-water interface"
Italicized sulphate concentrations indicate values estimated from total sulphur concentrations from ICP-MS scan

Sample ID



Table 6.1: Average Ra-226 Activities (Bq/L) in the Main Basin and South Basin Outflows from Routine Monitoring

Average Count Average Count
2006 0.12 2 0.57 6

2007 0.13 12 0.57 13

2008 0.13 3 0.41 11

2009 0.12 2 0.44 8

Average for 2006 through 
2009 0.13 19 0.50 38

Note:
All Ra-226 activities are reported in Bq/L

(P-21)

Panel Main Basin Panel South Basin 

(P-13)
Year



Table 6.2: Average Annual Flow Rates and Radium-226 Loads at the Panel TMA

Radium-226 
Activities in 

Basin Watersa

Average 
Annual Flow 

Rate (m3/a)a,b,c

Ra-226 Load 
(MBq/a)

Incremental Ra-
226 Load 
(MBq/a)

cAverage 0.13 656,582 85 85
Count 20 -- -- --

cAverage 0.50 1,094,303 547 462
Count 38 -- -- --

Notes:
a From routine monitoring data
b Panel Main Basin flow represents 60% of the total flow through the Panel TMA (CCL, 1992)
c Average for 2006 to 2009 period 

Panel Main Basin

Panel South Basin



Table 6.3: Ra-226 Fluxes, Loads and Activities in the Panel TMA for different Interface Thicknesses

0.01 0.02 0.05

0.65

0.76

0.39

3.2

PSB-09-1b 11 6 4

PSB-09-2 281 141 56

Average c 254 127 51

PSB-09-1b 1.32E-04 6.58E-05 5.27E-05

PSB-09-2 3.36E-03 1.68E-03 6.73E-04

Average 3.04E-03 1.52E-03 6.11E-04

Diffusive Load to the South 
Basin

(MBq/a) Average 949 474 191

Total Load to Basin Waterd (MBq/a) Average 1,034 560 276

Calculated Activities in 
Basin Water

(Bq/L) Average 0.94 0.51 0.25

Notes:
a Basin water activities taken from samples at solids-water interface
b Top most sample from 0 to 2.5 cm interval giving an interface thickness of of 0.025 m
c Weighted Average assuming the treatment solids from PSB-09-1 represent 10% of the solids in the South Basin 
d Total Load to Basin Water equals the calculated load from the South Basin plus the measured load

   from the Main Baisin presented in Table 6.2
Average flow values from Table 6.2 were used to calculate Ra-226 activities in basin water 
Solids surface area assumed to be 80% of the basin water surface area reported by CCL (1992)

Basin Watera

Porewater

Basin Watera

Porewater

(MBq/m2•a)

Panel South Basin

Flux 

Calculation Units Sample ID

PSB-09-1

PMB-09-1

Activity (Bq/L)

Activity Gradient

Interface Thickness (m)

(Bq/L•m)



Table 6.4: Predicted Range of Ra-226 Activities in Basin Water Based on Average Porewater Activities and a Range of Flow Rates

1,577,880 568,037

Basin Waterb 0.50

Porewaterc 3.0

Activity Gradient (Bq/L•m) 123 123

Flux (MBq/m2•a) 1.47E-03 1.47E-03

Load from South Basin (MBq/a) 459 459

Total Load to Basin Waterd (MBq/a) 545 545

Calculated Activities in Basin 
Water

(Bq/L) 0.35 0.96

Notes:
a Flow values represent high and low 3-year moving averages from Figure 6.5
b Average Ra-226 Activity in South Basin Water from Routine Monitoring Data for the 

   2006 through 2009 time period (Table 6.1)
c Weighted Average assuming the treatment solids from PSB-09-1 represent 10% of the solids in the South Basin 

` d Total Load to Basin Water equals the calculated load from the South Basin plus the measured load

   from the Main Baisin presented in Table 6.2
Interface thickness equals 0.02 m
Solids surface area assumed to be 80% of the basin water surface area reported by CCL (1992)

Calculation Units
Flow (m3/a)a

Panel South Basin

Activity (Bq/L)



Table 6.5: Predicted Range of Ra-226 Activities in Basin Water Based on a Porewater Activity of 5.5 Bq/L

1,577,880 568,037

Basin Waterb,c 0.50

Porewater 5.5

Activity Gradient (Bq/L•m) 250 250

Flux (MBq/m2•a) 2.99E-03 2.99E-03

Load from South Basin (MBq/a) 934 934

Total Load to Basin Waterd (MBq/a) 1,019 1,019
Calculated Activities in Basin 
Water

(Bq/L) 0.65 1.79

Notes:
a Flow values represent high and low 3-year moving averages from Figure 6.5
b Average Ra-226 Activity in South Basin Water from Routine Monitoring Data for the 
   2006 through 2009 time period (Table 6.1)
c Weighted Average assuming the treatment solids from PSB-09-1 represent 10% of the solids in the South Basin 
d Total Load to Basin Water equals the calculated load from the South Basin plus the measured load
   from the Main Baisin presented in Table 6.2
Interface Thickness equals 0.02 m
Solids surface area assumed to be 80% of the basin water surface area reported by CCL (1992)

Calculation Units
Flow (m3/a)a

Panel South Basin

Activity (Bq/L)
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Note: Some data prior to 1992 are not shown
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Depth Profiles for Selected Constituents in Porewater and 
Basin Water from the South Basin

February 2011 Figure 5.2
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Figure 6.5

Monthly Flow Data at the South Basin Outflow (P-13) 
from Routine Monitoring
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Compilation of Routine Monitoring Data at the Panel TMA 

 



Table A1.1: Routine Monitoring Data in the Main Basin (P-21) at the Panel TMA

pH Acidity Sulphate Radium-226 Barium
(pH units) (mg/L as CaCO3) (mg/L) (Bq/L) (mg/L)

8-Jan-90 6.4 33 14.882
15-Jan-90 6.6 32
22-Jan-90 6.7 14
29-Jan-90 6.8 16
5-Feb-90 6.7 30
13-Feb-90 4.0 48 14.670
19-Feb-90 5.0 84
27-Feb-90 5.9 60
7-Mar-90 7.0 38 14.641
12-Mar-90 6.9 32 9.462
19-Mar-90 6.2 18
27-Mar-90 4.6 33
2-Apr-90 5.9 182
9-Apr-90 4.8 82 3.706
16-Apr-90 4.8 21
23-Apr-90 4.8 18
30-Apr-90 4.0 58
14-May-90 3.7 130
22-May-90 3.7 110
28-May-90 4.1 250
29-May-90 3.6 89 8.182
4-Jun-90 3.6 134
11-Jun-90 3.4 126 6.301
19-Jun-90 3.5 405
25-Jun-90 3.3 144
3-Jul-90 3.2 364
9-Jul-90 3.1 172 5.649
16-Jul-90 3.2 178
23-Jul-90 3.1 167
30-Jul-90 3.2 264
7-Aug-90 3.1 270
13-Aug-90 3.1 224 8.589
20-Aug-90 3.1 224
28-Aug-90 3.3 796
4-Sep-90 3.0 650
10-Sep-90 3.1 500 21.507
17-Sep-90 3.0 484
25-Sep-90 3.4 540
1-Oct-90 3.6 300
9-Oct-90 3.7 298 8.517
16-Oct-90 3.6 252
22-Oct-90 3.8 275
29-Oct-90 3.7 198
5-Nov-90 3.4 225
14-Nov-90 3.5 250 8.204
19-Nov-90 3.7 181
26-Nov-90 4.2 150
3-Dec-90 4.1 163
10-Dec-90 3.9 185 6.477
17-Dec-90 3.8 180
24-Dec-90 3.2 270
8-Jan-91 3.3 220 6.370
15-Jan-91 3.5 230
23-Jan-91 3.2 240
29-Jan-91 3.2 270
5-Feb-91 3.1 230
12-Feb-91 3.0 232 3.523
18-Feb-91 3.6 180
25-Feb-91 3.5 215
4-Mar-91 3.5 210
11-Mar-91 3.5 240 4.888
18-Mar-91 3.5 165
25-Mar-91 3.4 260
1-Apr-91 3.0 275
8-Apr-91 3.8 60 2.268
15-Apr-91 4.1 35
12-Sep-91 4.0 40 4.871
16-Sep-91 4.0 31
23-Sep-91 3.5 90
30-Sep-91 3.8 50
7-Oct-91 3.8 97 2.692
15-Oct-91 3.4 130
21-Oct-91 3.8 98
28-Oct-91 3.6 90
4-Nov-91 3.5 154
12-Nov-91 3.7 57 2.702
18-Nov-91 3.5 140
25-Nov-91 3.6 140
2-Dec-91 3.6 168
9-Dec-91 3.6 140 1.724

Date

P-21 Page 1



Table A1.1: Routine Monitoring Data in the Main Basin (P-21) at the Panel TMA

pH Acidity Sulphate Radium-226 Barium
(pH units) (mg/L as CaCO3) (mg/L) (Bq/L) (mg/L)

Date

16-Dec-91 3.6 142
23-Dec-91 3.5 336
30-Dec-91 3.5 180
6-Jan-92 3.5 240
13-Jan-92 3.5 170 2.092
20-Jan-92 3.4 180
27-Jan-92 3.4 150
26-Feb-92 3.4 210
3-Mar-92 3.4 170
12-Mar-92 3.4 200 2.224
16-Mar-92 3.4 215
23-Mar-92 3.3 215
30-Mar-92 3.3 150
7-Apr-92 3.4 140
13-Apr-92 3.2 220 0.756
21-Apr-92 3.5 170
27-Apr-92 3.7 100
4-May-92 3.5 110
11-May-92 3.3 160 1.190
19-May-92 3.2 145
25-May-92 3.3 72
2-Jun-92 3.0 175
8-Jun-92 3.0 195 0.362
15-Jun-92 3.1 230
22-Jun-92 3.1 266
13-Jul-92 3.0 210 0.559
4-Jan-93 3.0 380
11-Jan-93 3.1 350 994 0.862
9-Feb-93 3.0 340 1192 0.550
22-Feb-93 3.0 402
8-Mar-93 3.0 420 1182 0.610
7-Apr-93 4.2 30
12-Apr-93 4.4 20 21 0.152
10-May-93 3.2 160 368 0.232
7-Jun-93 3.2 310 644 0.351
12-Jul-93 3.0 260 693 0.449
4-Aug-93 3.0 260
9-Aug-93 2.9 255 749 0.308
13-Sep-93 3.3 325 825 0.437
12-Oct-93 2.8 310 848 0.505
8-Nov-93 2.7 315 868 0.212
9-Dec-93 3.0 325 706 0.234
11-Jan-94 2.9 275 694 0.245
24-Feb-94 3.1 315 650 0.329
10-Mar-94 2.9 300 867 0.312
11-Apr-94 3.1 255 702 0.271
9-May-94 3.4 180 664 0.259
13-Jun-94 6.4 5 0.202
15-Jun-94 6.7 6 711 0.185
11-Jul-94 6.6 6 744 0.266
8-Aug-94 5.8 6 764 0.291
12-Sep-94 6.0 8 801 0.417
11-Oct-94 8.3 <1 833 0.245
7-Nov-94 8.3 <1 822 0.222
12-Dec-94 6.6 6 828 0.288
9-Jan-95 6.9 7 823 0.247
22-Feb-95 6.9 6 806 0.240
31-Mar-95 4.7 28 108 0.085
10-Apr-95 5.5 17 219 0.048
5-May-95 6.7 4
8-May-95 6.9 2 336 0.069
12-Jun-95 6.7 5 557 <0.037
10-Jul-95 6.5 5 580 0.354
8-Aug-95 6.6 4 576 0.247
11-Sep-95 6.2 6 613 0.315
10-Oct-95 6.7 4 624 0.374
14-Nov-95 6.6 4 657 0.472
6-Dec-95 6.4 5 673 0.428
8-Jan-96 6.8 3 693 0.612
8-Feb-96 6.7 4 629 0.503
11-Mar-96 6.9 5 578 0.493
9-Apr-96 6.4 8 588 0.366
13-May-96 6.2 5 165 0.338
10-Jun-96 7.0 4 524 0.269
8-Jul-96 6.7 2 484 0.435
12-Aug-96 6.7 5 535 0.558
9-Sep-96 6.8 2 552 0.386
9-Oct-96 6.8 1 579 0.450
12-Nov-96 6.8 3 584 0.428
4-Dec-96 6.3 3 555 0.444
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Table A1.1: Routine Monitoring Data in the Main Basin (P-21) at the Panel TMA

pH Acidity Sulphate Radium-226 Barium
(pH units) (mg/L as CaCO3) (mg/L) (Bq/L) (mg/L)

Date

16-Jan-97 6.6 3 217 0.480
11-Feb-97 6.8 4 596 0.580
4-Mar-97 6.6 3 586 0.440
9-Apr-97 6.9 3 530 0.490
12-May-97 6.9 2 493 0.360
9-Jun-97 6.7 12 507 0.420
14-Jul-97 7.0 3 511 0.290
20-Aug-97 6.9 3 511 0.300
9-Sep-97 7.0 2 514 0.220
14-Oct-97 6.7 4 505 0.280
18-Nov-97 7.3 3 557 0.330
12-Dec-97 7.2 3 445 0.340
12-Jan-98 7.0 5 554 0.299
9-Feb-98 7.1 4 525 0.340
17-Mar-98 6.6 3 568 0.320
13-Apr-98 6.5 4 153 0.120
11-May-98 7.2 2 517 0.320
9-Jun-98 7.0 2 538 0.240
14-Jul-98 7.5 3 504 0.260
11-Aug-98 7.0 5 504 0.290
8-Sep-98 7.3 5 491 0.220
13-Oct-98 7.1 3 489 0.297
10-Nov-98 6.9 5 518 0.320
16-Dec-98 7.2 3 513 0.290
12-Jan-99 7.1 5 534 0.340
7-Feb-99 7.1 3 526 0.310
7-Mar-99 7.0 3 560 0.302
12-Apr-99 5.6 5 88 0.190
17-May-99 7.4 3 497 0.250
14-Jun-99 7.3 2 506 0.170
12-Jul-99 6.6 3 473 0.280
17-Aug-99 7.3 2 504 0.250
7-Sep-99 6.8 2 523 0.290
12-Oct-99 6.5 3 535 0.240
13-Oct-99 6.9
3-Nov-99 6.8 3 514 0.260 0.014
13-Dec-99 7.1 4 525 0.330
5-Jan-00 6.1 4 516 0.280
7-Feb-00 7.0 3 530 0.370 0.017
14-Mar-00 6.5 4 442 0.210
3-Apr-00 5.9 3 51 0.045
25-May-00 7.0 5 497 0.300 0.016
5-Jun-00 7.0 3 490 0.340
18-Jul-00 7.1 3 482 0.270
16-Aug-00 7.2 3 533 0.260 0.015
25-Sep-00 7.0 3 466 0.240
16-Oct-00 7.0 4 485 0.250
16-Nov-00 6.7 5 512 0.230 0.019
14-Dec-00 6.6 6 500 0.270
18-Jan-01 7.0 4 550 0.280
20-Feb-01 6.9 3 566 0.350 0.018
21-Mar-01 6.9 3 536 0.260
4-Apr-01 6.8 3 512 0.240
17-May-01 6.7 3 425 0.220 0.015
14-Jun-01 7.2 2 434 0.200
12-Jul-01 7.2 2 460 0.250
16-Aug-01 6.9 3 458 0.220 0.016
12-Sep-01 6.2 5 421 0.240
12-Oct-01 7.0 3 479 0.220
2-Nov-01 7.1 2 457 0.270 0.015
14-Dec-01 7.0 2 446 0.300
17-Jan-02 7.0 2 468 0.240
14-Feb-02 6.9 2 444 0.270 0.015
14-Mar-02 6.9 2 463 0.250
20-Jun-02 7.3 1 470 0.240 0.013
12-Sep-02 7.2 4 551 0.180
21-Oct-02 7.0 2 407 0.200
14-Nov-02 7.0 3 406 0.240 0.017
12-Dec-02 7.1 2 425 0.350
17-Apr-03 6.1 5 0.069
16-Oct-03 7.0 5 0.220
15-Apr-04 6.6 7 0.083
2-Dec-04 7.5 4 0.180
18-Apr-05 6.0 5 0.015
1-Dec-05 7.4 3 0.150
25-Apr-06 7.0 <1 0.130
18-Dec-06 7.0 <1 0.110
4-Jan-07 7.1 <1 300 0.140 0.015
1-Feb-07 7.2 <1 310 0.140 0.015
1-Mar-07 7.2 <1 320 0.120 0.014
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Table A1.1: Routine Monitoring Data in the Main Basin (P-21) at the Panel TMA

pH Acidity Sulphate Radium-226 Barium
(pH units) (mg/L as CaCO3) (mg/L) (Bq/L) (mg/L)

Date

19-Apr-07 6.1 1 36 0.024 <0.005
3-May-07 7.2 <1 280 0.150 0.013
7-Jun-07 6.9 <1 290 0.140 0.013
5-Jul-07 7.6 <1 300 0.150 0.014
2-Aug-07 7.7 <1 280 0.110 0.013
6-Sep-07 7.6 <1 320 0.140 0.013
4-Oct-07 7.0 <1 310 0.150 0.014
1-Nov-07 7.0 <1 300 0.140 0.014
6-Dec-07 7.2 <1 300 0.130 0.014
3-Jan-08 6.9 <1 400 0.130 0.014
3-Apr-08 6.9 <1 0.130
6-Nov-08 6.9 <1 0.120
15-Apr-09 6.9 <1 240 0.120
23-Nov-09 6.8 <1 250 0.120
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Table A1.2: Routine Monitoring Data in the South Basin (P-13) at the Panel TMA

pH Acidity Sulphate Radium-226 Barium
(pH units) (mg/L as CaCO3) (mg/L) (Bq/L) (mg/L)

2-Jan-90 3.7 102 5.090
8-Jan-90 4.1 75 6.412
15-Jan-90 4.7 35 6.616
22-Jan-90 4.7 37 9.768
29-Jan-90 4.4 36 9.321
5-Feb-90 4.2 56 8.642
13-Feb-90 4.0 47 7.050
19-Feb-90 4.1 45 7.747
26-Feb-90 4.0 50 7.812
12-Mar-90 4.3 55 9.157
19-Mar-90 4.2 41 9.094
2-Apr-90 4.0 51 8.954
9-Apr-90 4.2 102 9.774
10-Apr-90 4.1 94 9.904
16-Apr-90 4.1 137 10.622
23-Apr-90 4.2 142 9.970
30-Apr-90 3.9 101 9.115
7-May-90 5.0 110 4.165
14-May-90 3.8 72 7.110
22-May-90 3.8 108 7.949
28-May-90 3.7 95 6.898
29-May-90 3.6 94
4-Jun-90 3.6 27 6.270
11-Jun-90 3.5 149 5.679
19-Jun-90 3.4 142 6.521
25-Jun-90 3.4 125 5.200
3-Jul-90 3.1 184 7.962
9-Jul-90 3.1 158 4.071
16-Jul-90 3.2 162 5.507
23-Jul-90 3.2 158 6.066
30-Jul-90 3.2 224 6.186
7-Aug-90 3.1 260 8.855
13-Aug-90 3.1 232 8.059
20-Aug-90 3.1 244 7.104
28-Aug-90 3.0 364 8.974
4-Sep-90 3.2 272 8.276
10-Sep-90 3.3 252 9.339
17-Sep-90 3.1 256 10.771
25-Sep-90 3.3 210 10.145
1-Oct-90 3.1 246 7.682
9-Oct-90 3.3 260 6.866
16-Oct-90 3.1 215 7.813
22-Oct-90 3.2 268 6.717
29-Oct-90 3.3 193 6.383
5-Nov-90 2.7 210 5.913
14-Nov-90 2.9 264 6.758
19-Nov-90 2.9 232 6.755
26-Nov-90 3.1 190 6.252
3-Dec-90 3.1 191 5.704
10-Dec-90 3.2 190 5.383
17-Dec-90 4.2 250 5.002
24-Dec-90 3.8 230 5.477
8-Jan-91 2.9 250 5.960
15-Jan-91 2.9 195 5.508
23-Jan-91 2.8 250 5.875
29-Jan-91 2.7 290 3.390
5-Feb-91 2.9 230 4.652
18-Feb-91 3.1 195 4.770
25-Feb-91 3.1 230 3.691
4-Mar-91 3.0 195 4.654
11-Mar-91 3.2 245 4.300
18-Mar-91 3.1 180 4.259
25-Mar-91 3.0 240 5.538
1-Apr-91 3.0 242 6.524
8-Apr-91 3.1 245 5.594
15-Apr-91 2.9 230 4.269
22-Apr-91 3.2 198 4.391
29-Apr-91 3.1 218 3.386
6-May-91 3.5 196 2.321
13-May-91 2.3 180 3.276
21-May-91 3.4 102 1.941
27-May-91 3.5 153 1.588
3-Jun-91 2.9 175 1.458
28-Oct-91 4.3 200 3.041
4-Nov-91 4.6 234 2.549
12-Nov-91 4.1 161 2.129
18-Nov-91 3.5 172 2.476
25-Nov-91 3.5 176 2.435
2-Dec-91 3.5 180 1.383
9-Dec-91 3.4 160 1.157

Date
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Table A1.2: Routine Monitoring Data in the South Basin (P-13) at the Panel TMA

pH Acidity Sulphate Radium-226 Barium
(pH units) (mg/L as CaCO3) (mg/L) (Bq/L) (mg/L)

Date

16-Dec-91 3.5 140 1.814
23-Dec-91 3.4 330 1.452
30-Dec-91 4.7 150 1.622
6-Jan-92 4.1 212 1.993
13-Jan-92 3.9 190 1.893
20-Jan-92 4.4 160 0.929
27-Jan-92 4.6 146 1.225
26-Feb-92 4.8 160 1.870
3-Mar-92 3.3 167 1.013
10-Mar-92 4.4 140 1.650
16-Mar-92 4.6 215 1.656
23-Mar-92 4.8 150 1.576
30-Mar-92 4.1 135 1.241
6-Apr-92 4.7 180 1.082
13-Apr-92 4.4 199 1.370
21-Apr-92 4.3 220 1.296
27-Apr-92 4.3 230 1.563
4-May-92 3.8 202 1.314
11-May-92 4.0 170 1.172
19-May-92 3.6 100 0.705
29-May-92 3.8 107 0.224
2-Jun-92 3.5 140 0.273
10-Jun-92 3.3 165 0.324
16-Jun-92 3.1 130 0.948
26-Jun-92 2.8 165 0.983
29-Jun-92 2.4 190 0.980
28-Oct-92 4.0 140 0.752
23-Nov-92 3.2 155 0.878
30-Nov-92 4.6 215 0.825
7-Dec-92 3.4 190
10-May-93 3.3 180 0.187
17-May-93 3.3 125 0.162
29-Nov-93 3.0 120 1.049
6-Dec-93 4.0 105 1.013
13-Dec-93 3.5 190 578 0.671
20-Dec-93 3.1 183 0.801
3-Jun-94 3.3 93
14-Jun-94 3.1 100 511 0.344
28-Jun-94 3.3 115 0.532
27-Sep-94 3.0 105 0.826
4-Oct-94 3.4 100 0.798
9-Nov-94 4.1 63 458 0.629
15-Nov-94 3.4 80 0.749
22-Nov-94 4.2 65 0.608
6-Dec-94 4.7 42 0.058
9-Dec-94 4.7 48
13-Dec-94 4.6 43 525 0.230
24-May-95 4.1 45 <0.037
6-Jun-95 4.8 18 0.190
13-Jun-95 5.5 9 0.430
20-Jun-95 7.0 7 1.020
27-Jun-95 5.4 10 1.610
14-Nov-95 5.8 7 1.331
20-Nov-95 1.164
21-Nov-95 3.5 16
22-Nov-95 6.0 7
23-Nov-95 1.277
27-Nov-95 6.2 6 1.364
30-Nov-95 1.022
4-Dec-95 1.229
5-Dec-95 2.8 70 1.161
6-Dec-95 5.6 7
7-Dec-95 1.166
11-Dec-95 6.0 4 0.985
14-Dec-95 1.081
18-Dec-95 6.2 6 0.885
6-Feb-96 5.4 10 1.207
8-Feb-96 1.262
13-Feb-96 5.8 5 1.262
15-Feb-96 1.186
20-Feb-96 1.064
22-Feb-96 0.777
26-Feb-96 1.363
27-Feb-96 6.0 7 0.942
4-Mar-96 5.6 8 1.132
7-Mar-96 0.815
11-Mar-96 1.529
12-Mar-96 6.0 15 1.372
14-Mar-96 1.290
18-Mar-96 5.8 5 1.172
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Table A1.2: Routine Monitoring Data in the South Basin (P-13) at the Panel TMA

pH Acidity Sulphate Radium-226 Barium
(pH units) (mg/L as CaCO3) (mg/L) (Bq/L) (mg/L)

Date

28-Mar-96 5.9 8 1.267
1-Apr-96 1.177
2-Apr-96 5.8 16 1.170
4-Apr-96 1.058
8-Apr-96 6.0 7 1.202
9-Apr-96 1.052
11-Apr-96 1.023
15-Apr-96 5.4 20 1.213
18-Apr-96 1.173
22-Apr-96 5.9 12 1.051
25-Apr-96 0.966
29-Apr-96 0.887
30-Apr-96 6.2 5 0.765
2-May-96 0.706
7-May-96 5.0 15 0.589
17-May-96 0.833
21-May-96 5.9 7 0.725
27-May-96 6.0 6 0.719
29-May-96 0.665
3-Jun-96 0.513
4-Jun-96 9.5 <1 1.075
6-Jun-96 5.3 6 0.664
11-Jun-96 5.5 6 290 1.817
13-Jun-96 0.824
17-Jun-96 0.658
18-Jun-96 4.9 4 0.676
20-Jun-96 0.812
24-Jun-96 0.592
25-Jun-96 5.9 5 3.276
2-Aug-96 6.2 5 1.392
6-Aug-96 6.5 5 1.556
13-Sep-96 8.0 2 383 0.669
15-Oct-96 7.2 3 1.329
22-Oct-96 7.0 4 1.624
29-Oct-96 7.3 3 1.655
5-Nov-96 6.9 2 1.146
14-Nov-96 6.7 4 384 1.159
19-Nov-96 8.9 2 1.304
26-Nov-96 7.1 3 0.975
3-Dec-96 6.6 4 1.677
10-Dec-96 6.8 3 381 0.977
17-Dec-96 6.6 3 1.194
24-Dec-96 6.5 3 1.117
31-Dec-96 7.0 3 0.447
7-Jan-97 6.8 2 1.130
14-Jan-97 6.8 2 353 1.140
21-Jan-97 7.3 7 1.100
18-Mar-97 6.4 5 453 1.200
25-Mar-97 6.6 8 453 1.100
1-Apr-97 6.2 17 1.670
8-Apr-97 6.4 10 429 1.240
14-Apr-97 6.3 7 1.075
22-Apr-97 6.5 9 0.970
29-Apr-97 6.4 8 0.830
6-May-97 6.2 7 0.410
13-May-97 6.1 6 314 0.940 0.02
13-May-97
20-May-97 6.2 6 1.030
27-May-97 6.0 5 1.001
3-Jun-97 6.0 2 1.070
31-Mar-98 6.9 5 316 1.020
7-Apr-98 6.8 3 0.950
13-Apr-98 6.6 9 373 0.990
20-Apr-98 6.7 4 0.780
27-Apr-98 6.9 3 0.650
25-Jun-98 7.1 3 0.720
29-Jun-98 6.8 1 340 0.870
12-Nov-98 7.4 2 343 0.930 0.13
16-Nov-98 7.0 4 0.910
23-Nov-98 7.0 2 1.050
4-Jan-99 6.8 2 0.910
11-Jan-99 6.8 4 353 0.760
17-Jan-99 6.9 4 0.840
25-Jan-99 7.0 4 0.690
31-Jan-99 6.8 4 0.896
7-Feb-99 6.7 4 368 0.910
15-Feb-99 6.7 3 0.860
22-Feb-99 6.6 4 0.610
8-Apr-99 6.4 4 0.800
12-Apr-99 6.4 6 412 1.000
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Table A1.2: Routine Monitoring Data in the South Basin (P-13) at the Panel TMA

pH Acidity Sulphate Radium-226 Barium
(pH units) (mg/L as CaCO3) (mg/L) (Bq/L) (mg/L)

Date

13-May-99 0.022
8-Jun-99 7.4 2 0.615
14-Jun-99 7.1 2 330 0.540
14-Jul-99 7.0 3 346 0.720
19-Jul-99 7.3 2 0.740
8-Dec-99 7.4 2 357 0.820 0.018
13-Dec-99 7.0 13 1.070
20-Dec-99 7.1 4 1.095
23-Dec-99 6.3
7-Mar-00 6.6 4 374 0.920
14-Mar-00 6.7 5 1.220
19-Mar-00 6.5 4 1.050
28-Mar-00 6.4 4 1.230 0.033
3-Apr-00 5.9 5 120 0.520
28-Sep-00 7.0 6 305 0.860
12-Feb-01 6.7 4 363 1.000
19-Feb-01 6.9 4 1.180
9-Mar-01 6.5 6 0.700
12-Mar-01 6.4 6 346 1.100 0.029
19-Mar-01 6.5 6 1.100
26-Mar-01 6.4 7 1.130
18-Apr-01 5.9 4 24 0.170 0.010
29-May-01 6.7 3 0.790
5-Jun-01 6.7 3 0.860
20-Sep-01 7.0 2 0.770
24-Sep-01 7.2 2 292 0.760
1-Oct-01 6.9 3 0.900
9-Oct-01 6.9 1 309 0.890 0.022
15-Oct-01 6.9 2 0.840
22-Oct-01 6.8 3 0.930
29-Oct-01 6.9 3 0.830
5-Nov-01 6.8 5 0.670
12-Nov-01 7.1 7 318 0.770
19-Nov-01 6.2 4 0.660
26-Nov-01 6.8 5 0.600
6-Dec-01 6.7 3 0.660
10-Dec-01 6.8 3 317 0.700
17-Dec-01 6.9 4 0.740
3-Jan-02 6.7 5 0.450
7-Jan-02 6.6 4 0.650
14-Jan-02 6.7 2 324 0.650
21-Jan-02 6.6 3 0.640
11-Mar-02 6.4 4 0.770
18-Mar-02 6.5 4 352 0.610 0.020
25-Mar-02 6.5 4 0.700
1-Apr-02 6.8 6 0.720
8-Apr-02 6.4 3 357 0.660 0.020
17-Jun-02 6.9 3 0.580
24-Jun-02 6.7 2 0.600
8-Oct-02 7.2 3 0.660
18-Oct-02 7.2 2 290 0.670
21-Oct-02 7.4 2 0.760
28-Oct-02 7.1 2 0.650
14-Jan-03 6.6 5 295 0.590 0.022
27-Mar-03 6.6 7 337 0.730 0.022
10-Apr-03 6.6 7 336 0.610 0.024
8-May-03 0.540 0.022
4-Sep-03
18-Sep-03 7.1 4 270 0.670
23-Oct-03 6.8 3 265 0.660 0.020
6-Nov-03 0.520
4-Dec-03 0.610
18-Mar-04 0.600
8-Apr-04 6.1 8 313 0.500 0.019
6-May-04 0.560
10-Jun-04 0.580
30-Jul-04
7-Oct-04 6.8 2 271 0.630 0.016
13-Jan-05 0.570
10-Feb-05 6.8 3 279 0.650 0.019
5-May-05 6.6 3 243 0.430 0.031
8-Sep-05
27-Oct-05 7.2 2 300 0.520 0.016
10-Nov-05 0.690
23-Mar-06 6.6 <1 250 0.640 0.024
13-Apr-06 0.690
4-May-06 6.9 <1 180 0.530 0.022
8-Jun-06 0.480
10-Aug-06
26-Oct-06 7.1 <1 220 0.490 0.022
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Table A1.2: Routine Monitoring Data in the South Basin (P-13) at the Panel TMA

pH Acidity Sulphate Radium-226 Barium
(pH units) (mg/L as CaCO3) (mg/L) (Bq/L) (mg/L)

Date

9-Nov-06 0.560
4-Jan-07 6.7 <1 220 0.550 0.059
1-Feb-07 6.7 <1 220 0.550 0.024
1-Mar-07 6.7 <1 230 0.580 0.044
19-Apr-07 6.7 <1 230 0.790 0.043
10-May-07 6.9 <1 200 0.520 0.034
7-Jun-07 7.0 <1 220 0.600 0.021
5-Jul-07 6.9 <1 220 1.000 0.025
2-Aug-07 6.4 <1 210 0.430 0.017
6-Sep-07 7.4 <1 230 0.490 0.019
4-Oct-07 7.1 <1 220 0.540 0.022
1-Nov-07 7.2 <1 220 0.500 0.022
22-Nov-07 7.0 <1 210 0.470 0.031
6-Dec-07 7.0 <1 220 0.440 0.034
3-Jan-08 6.9 <1 230 0.500 0.024
21-Feb-08 6.9 <1 210 0.440 0.064
6-Mar-08 6.9 <1 230 0.400 0.026
3-Apr-08 6.9 <1 220 0.430 0.067
1-May-08 6.9 <1 180 0.420 0.019
22-May-08 6.9 <1 180 0.480 0.018
3-Jul-08 7.2 <1 180 0.350 0.017
7-Aug-08 7.2 <1 180 0.280 0.013
9-Oct-08 7.2 <1 190 0.400 0.016
16-Oct-08 7.1 <1 190 0.420 0.02
13-Nov-08 7.2 <1 180 0.440 0.019
12-Feb-09 7.0 <1 190 0.480 0.033
26-Mar-09 0.510
8-Apr-09 6.7 <1 200 0.530 0.024
7-May-09 0.520
4-Jun-09 0.390
16-Sep-09 7.2 <1 180 0.380 0.014
5-Nov-09 7.2 <1 190 0.420 0.017
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Table A1.3: Routine Monitoring Data in Pond C (P-03) at the Panel TMA

pH Acidity Sulphate Radium-226 Barium

(pH units) (mg/L as CaCO3) (mg/L) (Bq/L) (mg/L)

13-Jan-90 6.8 37 2.324
15-Feb-90 7.2 49 2.443
14-Mar-90 6.6 22 0.695
30-Apr-90 6.2 5 0.978
29-May-90 7 5 54 0.785
13-Jul-90 7.4 4 1.053
20-Aug-90 7.3 5 0.297
26-Sep-90 7.2 3 0.660
24-Oct-90 7.5 3 0.522
30-Nov-90 6.3 16 10 0.214
15-Jan-91 7 30 1.295
14-Feb-91 7.1 21 1.813
22-Mar-91 6.6 40 1.080
5-Apr-91 6.7 35 0.631
27-May-91 7.3 10 10 0.483
24-Jun-91 7.1 12 44 0.575
8-Jul-91 6.6 10 45 0.582
27-Aug-91 7.7 2 45 0.367
30-Oct-91 7 5 62 0.450
22-Nov-91 6.3 13 75 0.431
11-Dec-91 6.4 25 34 0.543
15-Jan-92 6.4 45 139 1.205
13-Feb-92 6.8 59 208 1.313
11-Mar-92 6.8 68 239 3.167
15-Apr-92 5.7 19 100 0.508
11-May-92 6.9 5 58 0.176
24-Jun-92 6.9 4 94 0.457
24-Jul-92 8.6 <1 40 0.475
27-Aug-92 7.6 3 70 0.172
25-Sep-92 7.1 3 95 0.207
30-Oct-92 7.3 3 121 0.124
27-Nov-92 6 21 25 0.094
4-Dec-92 5.8 16 15 0.066
15-Jan-93 6.8 15 130 0.675
10-Feb-93 6.8 42 229 2.019
11-Mar-93 6.7 120 331 1.830
30-Apr-93 6.7 4 60 0.440
12-May-93 6.8 7 61 <0.037
23-Jun-93 8.9 <1 103 0.043
15-Jul-93 9.5 <1 99 0.046
31-Aug-93 8.4 <1 94 0.053
16-Sep-93 7 8 113 0.402
14-Oct-93 7 7 75 0.334
29-Nov-93 6.2 14 105 0.194
11-Jan-94 7.2 60 199 0.688
9-Feb-94 6.7 61 181 1.513
10-Mar-94 6.8 75 276 2.045
12-Apr-94 6.7 15 76 1.691
12-May-94 7.3 7 175 0.388
15-Jun-94 7.1 5 241 0.140
20-Jul-94 7.5 3 311 0.263
31-Aug-94 7.1 8 373 0.346
29-Sep-94 7.3 4 360 0.510
31-Oct-94 7.3 3 285 0.333
25-Nov-94 7.1 2 180 0.361
15-Dec-94 6.4 40 267 0.341
23-Jan-95 7 12 307 0.634
16-Feb-95 6.9 147 420 1.878
17-Mar-95 6.4 10 91 0.214
28-Apr-95 6.5 8 70 0.219
24-May-95 6.3 6 95 0.200
28-Jun-95 7.4 6 92 0.589
21-Jul-95 7 3 93 0.630
10-Aug-95 7.3 3 90 0.278
14-Sep-95 6.6 3 84 0.309
5-Oct-95 6.7 4 87 0.515
28-Nov-95 6.1 8 88 0.500
15-Dec-95 6.5 25 111 0.928
10-Jan-96 6.4 45 228 1.573
6-Feb-96 6.2 15 158 0.935
15-Mar-96 6.6 16 266 1.551
23-Apr-96 6.2 36 189 0.915
23-May-96 6.8 4 49 0.644
14-Jun-96 7 4 59 0.182
5-Jul-96 7.5 3 68 0.392
2-Aug-96 8.5 2 95 0.401
5-Sep-96 7.4 2 77 1.031
10-Oct-96 7.6 2 111 1.036
27-Nov-96 6.5 7 73 0.649

Date
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Table A1.3: Routine Monitoring Data in Pond C (P-03) at the Panel TMA

pH Acidity Sulphate Radium-226 Barium

(pH units) (mg/L as CaCO3) (mg/L) (Bq/L) (mg/L)
Date

5-Dec-96 6.1 14 70 0.467
17-Jan-97 7.3 42 217 2.760
4-Feb-97 6.7 5 230 1.580
4-Mar-97 6.3 6 215 1.880
7-Apr-97 6.2 13 24 0.350
16-May-97 0.012
22-May-97 7.2 2 59 0.380
3-Jun-97 7.2 3 74 0.380
25-Jul-97 9.1 <1 123 1.270
28-Aug-97 8 1 106 0.970
13-Sep-97 7.1 5 263 1.920
8-Oct-97 7.4 4 304 1.640
21-Nov-97 7.1 1 127 1.000 0.031
16-Dec-97 7 18 286 1.510
14-Jan-98 6.9 35 322 2.940
5-Feb-98 7 27 415 3.650
17-Mar-98 6.7 68 421 3.070
29-Apr-98 6.9 4 176 0.802
11-May-98 0.020
21-May-98 7.4 3 175 0.650
9-Jun-98 6.8 3 197 0.730
23-Jul-98 8.2 1 180 0.640
24-Aug-98 7.9 3 157 1.010
18-Sep-98 8.2 2 150 0.900
22-Oct-98 7.5 3 123 0.930 0.025
12-Nov-98 6.5 8 195 0.650
11-Dec-98 6.5 8 113 0.530
8-Jan-99 6.4 12 148 0.920
16-Feb-99 6.4 3 170 0.980
5-Mar-99 6.6 15 194 1.660
22-Apr-99 6.4 4 56 0.570
18-May-99 6.7 3 72 0.230 <0.005
10-Jun-99 6.5 3 87 0.380
14-Jul-99 8.3 0 86 0.590
16-Aug-99 7.4 2 66 0.460
2-Sep-99 7.7 2 70 0.390
13-Oct-99 7.6 2 69 0.650
10-Nov-99 7.8 3 73 0.610 0.016
2-Dec-99 7.4 3 73 0.600
12-Jan-00 6.9 15 80 0.690
16-Feb-00 6.9 11 92 1.090 0.020
9-Mar-00 6.1 15 18 0.230
7-Apr-00 6.4 10 46 0.680
24-May-00 7.3 4 52 0.360 0.012
8-Jun-00 7.3 8 50 0.320
18-Jul-00 7 11 32 0.250
16-Aug-00 7.5 3 28 0.180 0.006
25-Sep-00 7.7 3 21 0.240
16-Oct-00 7.9 3 23 0.310
16-Nov-00 7.8 4 27 0.320 0.011
14-Dec-00 7.4 7 26 0.450
18-Jan-01 7.2 12 23 0.630
20-Feb-01 7.1 14 23 1.110 0.026
21-Mar-01 7 32 16 1.470
4-Apr-01 6.8 27 10 1.680
17-May-01 7.1 7 16 0.390 0.018
14-Jun-01 7.5 2 17 0.290
12-Jul-01 7.7 4 12 0.370
16-Aug-01 7.6 3 8 0.280 0.010
12-Sep-01 7.5 3 7 0.320
12-Oct-01 7.3 3 9 0.400
2-Nov-01 7.2 3 15 0.280 0.015
14-Dec-01 7 5 17 0.300
17-Jan-02 6.7 10 16 0.250
14-Feb-02 6.7 9 15 0.580 0.024
14-Mar-02 6.5 12 15 0.720
11-Apr-02 6.3 26 13 0.490
16-May-02 7.4 3 14 0.310 0.020
13-Jun-02 7.7 1 15 0.180
11-Jul-02 7.5 4 7 0.400
15-Aug-02 7.3 4 4 0.370 0.020
12-Sep-02 7.3 5 5 0.330
17-Oct-02 7.5 4 11 0.260
14-Nov-02 7.4 2 11 0.290 0.014
12-Dec-02 7.3 6 13 0.240
27-Jan-03 6.8 16 0.540 0.037
28-Apr-03 6.8 7 0.520 0.029
28-Jul-03 7.4 7 0.400 0.017
27-Oct-03 7.4 12 0.330 0.020
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Table A1.3: Routine Monitoring Data in Pond C (P-03) at the Panel TMA

pH Acidity Sulphate Radium-226 Barium

(pH units) (mg/L as CaCO3) (mg/L) (Bq/L) (mg/L)
Date

26-Jan-04 6.7 17 0.590 0.048
26-Apr-04 6.7 8 0.560 0.038
26-Jul-04 7.6 7 0.300 0.019
25-Oct-04 7.2 7 0.290 0.016
24-Jan-05 6.3 10 0.630 0.054
25-Apr-05 6.6 7 0.910 0.042
25-Jul-05 7.2 5 0.480 0.024
24-Oct-05 7.1 6 0.380 0.019
23-Jan-06 6.6 10 0.640 0.046
25-Apr-06 6.9 7 0.760 0.040
25-Jul-06 7.3 5 0.460 0.026
24-Oct-06 7.3 6 0.470 0.025
22-Jan-07 6.5 8 0.354 0.029
23-Apr-07 6.9 6 0.740 0.039
23-Jul-07 7 5 0.400 0.025
22-Oct-07 6.6 6 0.540 0.035
24-Jan-08 6.4 9 0.610 0.036
8-May-08 6.8 10 0.470 0.026
15-Jul-08 7.5 6 0.369 0.023
15-Aug-08 7.3
27-Apr-09 6.2 16 0.290 0.018
27-Jul-09 6.9 18 0.490 0.029
26-Oct-09 6.8 13 0.430 0.030
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Table A1.4:  Flow Data for the Panel TMA at the South Basin Outflow (P-13)

FLOW
(L/s)

Jan-87 115.6
Feb-87 119.3
Mar-87 122.5
Apr-87 140.8
May-87 134.6
Jun-87 114.0
Jul-87 101.1
Aug-87 82.0
Sep-87 24.6
Oct-87 79.1
Nov-87 115.5
Dec-87 127.6
Jan-88 121.9
Feb-88 117.0
Mar-88 119.9
Apr-88 170.1
May-88 155.2
Jun-88 146.7
Jul-88 103.2
Aug-88 103.8
Sep-88 96.4
Oct-88 115.5
Nov-88 170.5
Dec-88 190.8
Jan-89 176.9
Feb-89 159.2
Mar-89 151.7
Apr-89 169.6
May-89 172.4
Jun-89 158.5
Jul-89 128.1
Aug-89 69.2
Sep-89 83.6
Oct-89 75.5
Nov-89 114.4
Dec-89 119.2
Jan-90 115.2
Feb-90 125.1
Mar-90 144.4
Apr-90 137.5
May-90 120.2
Jun-90 116.6
Jul-90 143.6
Aug-90 115.2
Sep-90 101.6
Oct-90 58.9
Nov-90 59.9
Dec-90 64.4
Jan-91 66.8
Feb-91 54.4
Mar-91 62.3
Apr-91 140.8
May-91 112.4
Jun-91 20.3
Jul-91 40.2
Aug-91 0.0
Sep-91 0.0
Oct-91 48.6
Nov-91 74.8
Dec-91 110.2
Jan-92 77.8
Feb-92 38.3
Mar-92 60.1
Apr-92 69.5
May-92 124.8
Jun-92 64.0
Jul-92 0.0
Aug-92 0.0
Sep-92 27.2
Oct-92 69.5
Nov-92 78.9
Dec-92 57.4
Jan-93 0.0
Feb-93 0.0
Mar-93 0.0
Apr-93 0.0
May-93 96.5
Jun-93 22.8
Jul-93 46.8

Month

P-13 Flow Data Page 1



Table A1.4:  Flow Data for the Panel TMA at the South Basin Outflow (P-13)

FLOW
(L/s)

Month

Aug-93 0.0
Sep-93 0.0
Oct-93 6.3
Nov-93 88.5
Dec-93 103.4
Jan-94 0.0
Feb-94 0.0
Mar-94 0.0
Apr-94 0.0
May-94 0.0
Jun-94 112.9
Jul-94 34.5
Aug-94 0.0
Sep-94 52.0
Oct-94 47.4
Nov-94 46.7
Dec-94 36.0
Jan-95 0.0
Feb-95 0.0
Mar-95 0.0
Apr-95 0.0
May-95 28.8
Jun-95 106.8
Jul-95 0.0
Aug-95 0.0
Sep-95 0.0
Oct-95 0.0
Nov-95 65.5
Dec-95 89.9
Jan-96 23.7
Feb-96 116.5
Mar-96 96.9
Apr-96 94.8
May-96 66.6
Jun-96 36.4
Jul-96 9.0
Aug-96 29.4
Sep-96 23.5
Oct-96 68.3
Nov-96 106.0
Dec-96 121.2
Jan-97 66.9
Feb-97 0.0
Mar-97 84.8
Apr-97 112.2
May-97 108.4
Jun-97 10.9
Jul-97 0.0
Aug-97 0.0
Sep-97 0.0
Oct-97 0.0
Nov-97 0.0
Dec-97 0.0
Jan-98 0.0
Feb-98 0.0
Mar-98 4.3
Apr-98 127.8
May-98 6.0
Jun-98 18.7
Jul-98 0.0
Aug-98 0.0
Sep-98 0.0
Oct-98 0.0
Nov-98 53.9
Dec-98 0.0
Jan-99 69.5
Feb-99 101.4
Mar-99 0.0
Apr-99 48.6
May-99 0.0
Jun-99 28.4
Jul-99 50.0
Aug-99 0.0
Sep-99 0.0
Oct-99 0.0
Nov-99 0.0
Dec-99 70.3
Jan-00 0.0
Feb-00 0.0
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Table A1.4:  Flow Data for the Panel TMA at the South Basin Outflow (P-13)

FLOW
(L/s)

Month

Mar-00 38.9
Apr-00 0.0
May-00 0.0
Jun-00 0.0
Jul-00 0.0
Aug-00 0.0
Sep-00 9.2
Oct-00 0.0
Nov-00 0.0
Dec-00 0.0
Jan-01 0.0
Feb-01 48.7
Mar-01 89.0
Apr-01 20.0
May-01 19.7
Jun-01 24.5
Jul-01 0.0
Aug-01 0.0
Sep-01 67.3
Oct-01 158.2
Nov-01 156.9
Dec-01 86.6
Jan-02 88.9
Feb-02 0.0
Mar-02 102.5
Apr-02 56.9
May-02 0.0
Jun-02 44.3
Jul-02 0.0
Aug-02 0.0
Sep-02 0.0
Oct-02 122.4
Nov-02 13.8
Dec-02 0.0
Jan-03 84.8
Feb-03 0.0
Mar-03 14.3
Apr-03 100.9
May-03 85.0
Jun-03 0.0
Jul-03 0.0
Aug-03 33.4
Sep-03 46.5
Oct-03 62.4
Nov-03 120.7
Dec-03 97.4
Jan-04 0.0
Feb-04 0.0
Mar-04 60.9
Apr-04 99.1
May-04 100.0
Jun-04 40.6
Jul-04 0.0
Aug-04 0.0
Sep-04 0.0
Oct-04 88.7
Nov-04 9.2
Dec-04 0.0
Jan-05 92.8
Feb-05 80.8
Mar-05 0.0
Apr-05 0.0
May-05 72.1
Jun-05 0.0
Jul-05 0.0
Aug-05 0.0
Sep-05 0.0
Oct-05 56.8
Nov-05 75.9
Dec-05 0.0
Jan-06 0.0
Feb-06 0.0
Mar-06 18.0
Apr-06 98.5
May-06 64.2
Jun-06 30.9
Jul-06 0.0
Aug-06 0.0
Sep-06 0.0
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Table A1.4:  Flow Data for the Panel TMA at the South Basin Outflow (P-13)

FLOW
(L/s)

Month

Oct-06 52.6
Nov-06 90.1
Dec-06 0.0
Jan-07 0.0
Feb-07 0.0
Mar-07 56.5
Apr-07 64.4
May-07 35.4
Jun-07 0.0
Jul-07 0.0
Aug-07 0.0
Sep-07 0.0
Oct-07 0.0
Nov-07 74.9
Dec-07 30.8
Jan-08 0.0
Feb-08 55.2
Mar-08 94.3
Apr-08 88.6
May-08 85.3
Jun-08 25.4
Jul-08 41.3
Aug-08 63.3
Sep-08 0.0
Oct-08 77.5
Nov-08 8.5
Dec-08 0.0
Jan-09 0.0
Feb-09 81.7
Mar-09 23.9
Apr-09 95.5
May-09 101.0
Jun-09 35.2
Jul-09 0.0
Aug-09 0.0
Sep-09 0.0
Oct-09 0.0
Nov-09 116.6
Dec-09 58.1
Jan-10 0.0
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Compilation of Data from the 2006 Field Sampling Program 

 



Table A2.1: Solids Data from the 2006 Field Sampling Program - Core Samples

PMB-06-1 0-5 PMB-06-1 12.5-17.5 PMB-06-2 0-5 PMB-06-2 15-20 PSB-06-1 0-4 PSB-06-1 17.5-20 PSB-06-2 0-4 PSB-06-2 10-12.5 PSB-06-3 0-4
10-Oct-06 10-Oct-06 10-Oct-06 10-Oct-06 04-Oct-06 04-Oct-06 05-Oct-06 05-Oct-06 05-Oct-06

Analysis Units
BaSO4

a mg/kg 140 67 170 290 100 250 1020 220 150

BaSO4
b mg/kg 73 1090 <50.0 < 50 510 < 50 870 1090 < 50

Ra-226 Bq/g 4.9 3.8 3.4 12 1.2 7.6 1.2 7.8 1.7
Acid Volatile Sulphide mg/L < 1 < 0.2 < 0.2 < 0.2 < 0.1 < 0.2 < 0.1 < 0.2 < 0.1
COD mg/kg 3480 1150 1330 2510 10900 1170 508 908 1040
Sulphur % 0.782 1.58 2.55 5.18 0.940 2.02 1.10 4.74 1.99
Carbonate % 2.92 <0.005 3.35 0.009 0.030 <0.005 0.048 0.031 4.72
Total Organic Carbon % 0.865 0.035 2.05 0.190 4.09 1.31 4.54 1.49 6.70
Total Carbon % 1.45 0.035 2.72 0.191 4.10 1.31 4.55 1.49 7.65
Sulphide Sulphur % 0.37 0.73 0.43 1.43 0.38 0.78 0.27 1.83 0.25
Sulphate % 0.8 2.1 8.1 9.9 1.2 3.0 1.0 7.3 3.4
Silver mg/kg < 2 < 2 2.7 4.2 < 2 < 2 < 2 3.6 < 2
Aluminum mg/kg 1100 160 15000 2800 8600 9800 14000 12000 35000
Barium mg/kg 80 39 100 170 61 150 600 130 87
Calcium mg/kg 31000 8400 59000 42000 2000 10000 2000 28000 37000
Cobalt mg/kg 16 10 230 30 10 26 26 130 330
Iron mg/kg 11000 7500 240000 40000 380000 160000 470000 46000 240000
Potassium mg/kg 320 140 1200 1100 370 950 210 950 440
Magnesium mg/kg 1800 23 3100 120 510 1900 340 95 27000
Manganese mg/kg 530 3.4 3600 27 230 120 210 14 6500
Sodium mg/kg 35 8 500 55 38 34 28 45 110
Lead mg/kg 290 200 480 680 330 420 230 1100 530
Selenium mg/kg < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
Uranium mg/kg 29 3.6 1500 99 170 160 340 130 1200

Notes:
a Calculated from barium concentration
b Calculated from sulphur concentration

Sample Date
Sample ID
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Table A2.1: Solids Data from the 2006 Field Sampling Program - Core Samples

Analysis Units
BaSO4

a mg/kg

BaSO4
b mg/kg

Ra-226 Bq/g
Acid Volatile Sulphide mg/L
COD mg/kg
Sulphur %
Carbonate %
Total Organic Carbon %
Total Carbon %
Sulphide Sulphur %
Sulphate %
Silver mg/kg
Aluminum mg/kg
Barium mg/kg
Calcium mg/kg
Cobalt mg/kg
Iron mg/kg
Potassium mg/kg
Magnesium mg/kg
Manganese mg/kg
Sodium mg/kg
Lead mg/kg
Selenium mg/kg
Uranium mg/kg

Notes:
a Calculated from barium concentration
b Calculated from sulphur concentration

Sample Date
Sample ID PSB-06-3 12.5-15 PW-06-1 0-5 PW-06-1 10-15 PW-06-2 0-10 PW-06-2 15-20 PW-06-3 0-10 PW-06-3 15-20

05-Oct-06 23-Oct-06 23-Oct-06 24-Oct-06 24-Oct-06 24-Oct-06 24-Oct-06

660 170 270 130 82 190 220

360 950 220 1460 440 800 73

0.61 1.0 7.8 1.2 4.6 1.9 9.6
< 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.2
2110 13600 6560 16800 9650 8680 7910
4.36 5.13 2.99 3.39 3.08 0.945 2.25
11.0 0.058 0.023 0.014 0.018 0.015 0.007
1.27 9.37 6.66 8.15 0.753 3.62 0.280
3.48 9.38 6.67 8.15 0.757 3.62 0.282
0.10 1.81 2.26 2.34 2.83 0.27 1.68
12 0.7 0.5 0.6 1.1 0.4 < 0.4
< 2 < 2 4.5 < 2 < 2 < 2 < 2

12000 2200 2500 1800 1500 670 620
390 98 160 77 48 110 130

160000 4700 2800 5600 4100 1800 280
90 36 65 34 34 6.7 27

220000 270000 110000 150000 110000 88000 47000
240 430 690 360 250 290 230

17000 320 91 160 37 85 18
850 82 24 49 11 17 7.3
62 26 16 41 10 18 8

120 200 1500 170 320 560 570
< 1 < 1 < 1 < 1 < 1 2 2
120 50 220 47 46 9.4 24
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Table A2.2: Solids Data from the 2006 Field Sampling Program - Ponar Samples

PMB-1 PMB-2 PSB-3 PW-1 PW-3
Radium-226 Analysis (Ra-226) Bq/g 2.6 10.8 18.6 3.7 11.8
Aluminum (Al) mg/kg 1,696 14,529 15,346 4,002 5,510
Antimony (Sb) mg/kg 1.4 1.2 1.1 1.1 1.7
Arsenic (As) mg/kg 9.1 20.0 47.6 25.3 36.1
Barium (Ba) mg/kg 56.2 128.5 141.9 42.5 189.4
Beryllium (Be) mg/kg 0.2 1.3 0.8 0.4 0.2
Bismuth (Bi) mg/kg 3.4 26.3 17.2 33.9 23.4
Boron (B) mg/kg 4.6 15.3 3.3 6.1 6.2
Cadmium (Cd) mg/kg 0.1 8.6 3.4 7.9 0.4
Calcium (Ca) mg/kg 24,046 29,430 1,304 3,509 3,637
Chromium (Cr) mg/kg 2.0 12.3 23.0 20.6 11.8
Cobalt (Co) mg/kg 12.8 444.1 13.9 18.9 17.2
Copper (Cu) mg/kg 30.8 65.7 97.1 103.1 88.3
Iron (Fe) mg/kg 11,289 398,275 244,874 563,766 105,947
Lead (Pb) mg/kg 84.6 315.8 388.1 210.2 803.8
Lithium (Li) mg/kg 2.2 2.4 2.3 2.5 2.7
Magnesium (Mg) mg/kg 70,945 144,359 140,537 186,219 308,055
Manganese (Mn) mg/kg 112 2,357 128 74 23
Molybdenum (Mo) mg/kg 2.1 2.4 180.4 1.4 8.6
Nickel (Ni) mg/kg 14.4 361.2 21.6 25.8 32.2
Phosphorus (P) mg/kg 102.1 423.4 425.7 489.4 893.4
Potassium (K) mg/kg 125.2 490.2 705.1 333.8 529.0
Selenium (Se) mg/kg 3.0 6.9 3.6 3.8 6.5
Silicon (Si) mg/kg 756.7 5,246.0 3,149.2 3,781.4 1,060.0
Silver (Ag) mg/kg 3.1 3.2 3.4 3.1 3.5
Sodium (Na) mg/kg 178,114 430,499 354,096 500,160 786,660
Strontium (Sr) mg/kg 9.8 16.8 5.4 4.5 8.8
Sulfur (S) mg/kg 10,122 15,969 3,479 6,273 13,978
Thallium (Tl) mg/kg 3.1 3.4 3.1 3.1 3.5
Tin (Sn) mg/kg 6.5 9.6 9.3 7.3 20.8
Titanium (Ti) mg/kg 33.3 241.9 223.4 318.5 233.5
Uranium (U) mg/kg 13 1,977 232 33 19
Vanadium (V) mg/kg 1.4 10.7 17.3 29.5 15.7
Zinc (Zn) mg/kg 16 1,477 98 95 38
Sulphate mg/kg 30,837 54,147 12,177 23,348 43,394

Analysis Units
Sample ID
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Table A2.3: Porewater Data from the 2006 Field Sampling Program

PMB-1 PMB-2 PSB-3 PW-1 PW-3 

(Bq/L or mg/L) (Bq/L or mg/L) (Bq/L or mg/L) (Bq/L or mg/L) (Bq/L or mg/L)

0.88 2.6 2 4.1 5.5
0.126 0.0055 0.0048 0.0090 0.0067

0.00138 0.00003 0.00008 0.00003 0.00010
0.0079 0.0019 0.0206 0.0019 0.0042
0.0653 0.0420 0.0379 0.0916 0.211

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001
0.00003 <0.00001 <0.00001 0.00003 0.00007
0.053 0.177 0.076 0.027 0.022

0.000116 0.000010 0.000034 0.000009 0.000019
241 519 191 56.4 53.4

<0.0005 <0.0005 <0.0005 <0.0005 <0.0005
0.0167 0.130 0.0178 0.000740 0.00399
0.0167 0.0021 0.0008 0.0011 0.0051
<0.01 12.4 185 6.20 2.00

0.00141 0.00022 0.00024 0.00075 0.00250
<0.002 <0.002 0.003 <0.002 <0.002

5.90 38.6 15.1 2.93 4.96
0.0318 7.13 5.73 0.163 0.0764
0.0127 0.00045 0.00042 0.00015 0.00063
0.698 0.115 0.0105 0.0024 0.0049
0.03 0.06 0.08 0.07 0.14
22.6 20.0 13.7 33.6 7.03
0.005 0.004 0.002 <0.001 <0.001
1.74 2.44 7.15 5.13 2.53

0.00006 <0.00001 <0.00001 <0.00001 <0.00001
10.9 31.0 7.34 6.28 3.58
0.341 0.388 0.217 0.0559 0.0827
188 501 299 17.9 25.1

0.000032 <0.000002 <0.000002 <0.000002 0.000005
0.00005 <0.00001 <0.00001 <0.00001 <0.00001
0.0004 0.0007 0.0003 0.0006 0.0010
0.00514 0.887 0.0111 0.00414 0.00475
0.00079 0.00005 <0.00003 0.00013 0.00022
<0.01 <0.01 0.02 <0.01 <0.01
564 1503 897 54 75

Sample ID

Radium-226
Aluminum
Antimony
Arsenic
Barium
Beryllium
Bismuth
Boron
Cadmium
Calcium
Chromium 
Cobalt
Copper
Iron
Lead
Lithium
Magnesium
Manganese
Molybdenum
Nickel
Phosphorous
Potassium

Vanadium
Zinc

Selenium
Silicon
Silver
Sodium
Strontium
Sulphur

Sulphate

Analysis
Units

Thallium
Tin
Titanium
Uranium
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Table A2.4: Basin Water Data from the 2006 Field Sampling Program

PMB-06-1 SI PMB-06-2 SW PMB-06-2 SI PSB-06-1 SI PSB-06-2 SW PSB-06-2 SI PSB-06-3 SI PW-06-1 SW PW-06-1 SI

10-Oct-06 10-Oct-06 10-Oct-06 04-Oct-06 05-Oct-06 05-Oct-06 05-Oct-06 23-Oct-06 23-Oct-06

Analysis Units
Alkalinity mg/L as CaCO3 12 12 46 11 11 11 11 41 44

SO4 mg/L 310 310 440 230 220 230 220 5.8 6.0

H2S mg/L < 0.02 --- < 0.02 < 0.02 --- < 0.02 < 0.02 --- < 0.02

Ag mg/L 0.0036 0.0034 < 0.0001 < 0.00003 < 0.00003 < 0.00003 < 0.00003 0.0126 0.0037

Al mg/L < 0.00003 < 0.00003 < 0.00003 < 0.01 0.02 0.02 0.01 < 0.00003 0.00005

Ba mg/L 0.0136 0.0131 0.0214 0.0189 0.0176 0.0176 0.0176 0.0262 0.0279

Ca mg/L 112 117 159 82.6 84.2 83.1 83.8 17.7 14.5

Co mg/L 0.000087 0.000134 0.00973 0.000079 0.000018 0.001869 0.003382 0.00009 0.00008

Fe mg/L < 0.01 0.04 0.53 0.05 0.13 0.02 0.02 0.32 0.16

K mg/L 10.2 10.3 13.4 7.58 7.34 7.49 7.56 0.39 0.43

Mg mg/L 7.29 7.56 12.7 5.78 5.57 5.60 5.65 0.928 0.883

Na mg/L 0.00116 0.0126 1.97 5.33 5.13 5.23 5.26 0.0043 0.0036

Mn mg/L 7.89 8.04 10.3 0.00618 0.0171 0.00736 0.00561 0.71 0.67

Pb mg/L < 0.00002 < 0.00002 < 0.00002 < 0.00002 0.00038 < 0.00002 < 0.00002 0.00003 < 0.00002

S mg/L < 0.003 < 0.003 < 0.003 70.9 71.9 71.0 71.0 < 0.003 < 0.003

Se mg/L 95.1 98.2 134 < 0.003 < 0.003 < 0.003 < 0.003 2.21 2.26

U mg/L 0.00715 0.00767 0.0576 0.00259 0.00290 0.00268 0.00255 0.0001 0.0002

Notes:
SW - Basin Water sample - collected from top of water column
SI - Solids-Water Interface sample

Sample ID

Sample Date
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Detailed Data Quality Assessment 

 



Table A3.1: Detailed Data Quality Assessment for Constituents in Solids

Sample ID Duplicate ID Sample ID Duplicate ID Sample ID Replicate ID Sample ID Replicate ID Sample ID Replicate ID

CORE 09-PSB-2 
(5-10)

CORE 09-EC-1 
(0-5)

CORE 09-SR-4 
(10-15)

CORE 09-EC-1 
(5-10)

CORE 09-QC14-2 
(0-2.5)

CORE 09-EC-2 
(0-2.5)

CORE 09-QC14-2 
(2.5-5)

CORE 09-EC-2 
(2.5-5)

CORE 09-QC14-2 
(5-7.5)

CORE 09-EC-2 
(5-7.5)

Sulphur (S) % 0.005 ≤ 40% 1.57 1.17 29 1.00 0.762 27 0.633 0.628 1 0.885 1.03 15 0.871 1.18 30
Carbonate (CO3) % 0.005 ≤ 40% 0.097 0.058 50 0.419 0.280 40 <0.005 <0.005 BD <0.005 <0.005 BD <0.005 <0.005 BD
Total Organic Carbon (TOC) % 0.01 ≤ 40% 9.78 10.5 7 16.8 16.7 1 0.519 0.617 17 0.289 0.206 34 0.121 0.090 29
Total Carbon (C) % 0.005 ≤ 40% 9.80 10.5 7 16.9 16.8 1 0.519 0.616 17 0.289 0.207 33 0.121 0.089 30
Sulphide % 0.01 ≤ 40% 0.36 0.47 27 0.65 0.70 7 0.52 0.53 2 0.77 1.04 30 0.84 1.07 24
Sulphate (SO4) % 0.1 ≤ 40% 0.6 0.3 0.3 0.2 0.1 0.1 0.1 0.1 0 0.1 0.1 0 0.1 0.1 0

Radium-226 (Ra-226) Bq/g 0.01 ≤ 40% 4.5 4.1 9 2.1 1.6 27 4.3 7.0 48 6.5 8.3 24 9.3 20.0 73
Silver (Ag) mg/kg 0.7 ≤ 40% <0.7 <0.7 BD <0.7 <0.7 BD 0.8 1.5 1 1.0 1.2 0.2 1.1 1.1 0
Aluminum (Al) mg/kg 1 ≤ 40% 3600 3800 5 5600 5800 4 830 1500 58 690 1200 54 850 890 5
Arsenic (As) mg/kg 1 ≤ 40% 14 14 0 26 26 0 17 22 26 19 24 23 21 24 13
Barium (Ba) mg/kg 0.05 ≤ 40% 160 94 52 440 450 2 150 280 60 220 370 51 330 310 6
Beryllium (Be) mg/kg 0.1 ≤ 40% 0.34 0.35 0.01 0.12 0.13 0.01 0.28 0.51 0.23 0.28 0.41 0.1 0.34 0.34 0
Bismuth (Bi) mg/kg 0.5 ≤ 40% 11 12 9 <0.5 <0.5 BD 7.5 11 38 9.2 8.6 7 8.5 7.8 9
Calcium (Ca) mg/kg 1 ≤ 40% 7600 4600 49 7300 7400 1 190 230 19 130 110 17 79 63 23
Cadmium (Cd) mg/kg 0.05 ≤ 40% 4.5 4.0 12 1.8 1.8 0 0.18 0.25 33 0.22 0.27 20 0.22 0.29 27
Cerium (Ce) mg/kg 0.006 ≤ 40% 220 240 9 840 800 5 300 340 13 290 300 3 280 240 15
Cobalt (Co) mg/kg 0.3 ≤ 40% 15 15 0 16 17 6 15 16 6 18 21 15 17 22 26
Chromium (Cr) mg/kg 0.5 ≤ 40% 6.5 7.8 18 17 17 0 4.7 8.2 54 4.9 6.5 28 5.7 5.8 2
Cesium (Cs) mg/kg 0.01 ≤ 40% 0.97 1.1 13 0.87 0.90 3 0.18 0.32 56 0.22 0.20 10 0.31 0.19 48
Copper (Cu) mg/kg 0.1 ≤ 40% 14 15 7 56 56 0 43 50 15 46 54 16 42 54 25
Iron (Fe) mg/kg 0.5 ≤ 40% 240000 240000 0 12000 16000 29 10000 13000 26 12000 17000 34 13000 19000 38
Gallium (Ga) mg/kg 0.03 ≤ 40% 2.4 2.7 12 6.6 6.5 2 2.1 2.8 29 2.1 2.4 13 2.0 1.9 5
Germanium (Ge) mg/kg 0.3 ≤ 40% 7.2 7.2 0 3.8 4.0 5 1.2 1.4 0.2 1.2 1.4 0.2 1.2 1.2 0
Hafnium (Hf) mg/kg 0.1 ≤ 40% 0.1 0.1 0 0.6 0.9 40 0.3 0.5 0.2 0.6 0.7 15 1.0 0.7 35
Indium (In) mg/kg 0.01 ≤ 40% <0.01 <0.01 BD <0.01 0.01 BD <0.01 0.02 BD <0.01 0.01 BD 0.01 0.01 0
Potassium (K) mg/kg 1 ≤ 40% 190 210 10 270 270 0 210 330 44 230 300 26 250 230 8
Lanthanum (La) mg/kg 0.001 ≤ 40% 110 130 17 430 420 2 170 190 11 170 170 0 160 140 13
Lithium (Li) mg/kg 0.1 ≤ 40% 0.9 0.9 0 1.1 1.3 17 0.2 0.8 120 0.1 0.5 0.4 0.4 0.2 0.2
Lutetium (Lu) mg/kg 0.001 ≤ 40% 0.98 1.1 12 5.3 5.3 0 0.081 0.14 53 0.048 0.060 22 0.031 0.038 20
Magnesium (Mg) mg/kg 1 ≤ 40% 360 240 40 1400 1500 7 88 110 22 46 38 19 25 18 33
Manganese (Mn) mg/kg 0.05 ≤ 40% 89 84 6 180 180 0 13 18 32 8.6 7.6 12 4.7 4.6 2
Molybdenum (Mo) mg/kg 0.5 ≤ 40% 10 10 0 3.6 3.9 8 5.3 6.4 19 5.2 6.1 16 7.9 5.5 36
Sodium (Na) mg/kg 1 ≤ 40% 35 40 13 59 55 7 8 11 32 7 8 13 6 5 1
Niobium (Nb) mg/kg 0.7 ≤ 40% 2.8 2.7 4 0.8 <0.7 BD 7.0 9.7 32 8.2 7.8 5 8.4 7.5 11
Nickel (Ni) mg/kg 1 ≤ 40% 17 19 11 43 43 0 8 9 12 8 10 22 8 11 32
Lead (Pb) mg/kg 0.7 ≤ 40% 270 280 4 640 640 0 180 240 29 260 270 4 270 310 14
Phosphorous (P) mg/kg 5 ≤ 40% 740 810 9 340 360 6 260 400 42 300 360 18 360 330 9
Rubidium (Rb) mg/kg 0.004 ≤ 40% 2.1 2.5 17 4.0 4.0 0 1.9 2.6 31 1.9 2.0 5 1.8 1.4 25
Antimony (Sb) mg/kg 1 ≤ 40% <1 <1 BD <1 <1 BD <1 1 BD <1 <1 BD <1 <1 BD
Scandium (Sc) mg/kg 0.2 ≤ 40% 1.3 1.6 21 2.7 3.0 11 0.5 0.9 57 0.4 0.8 67 0.5 0.6 0.1
Selenium (Se) mg/kg 1 ≤ 40% <1 <2 BD <1 <2 BD <2 <2 BD <2 <2 BD <2 <2 BD
Tin (Sn) mg/kg 6 ≤ 40% <6 <6 BD <6 <6 BD <6 <6 BD <6 <6 BD <6 <6 BD
Strontium (Sr) mg/kg 0.01 ≤ 40% 7.6 7.9 4 14 14 0 3.6 5.1 34 4.1 5.4 27 4.8 4.6 4
Sulphur (S) mg/kg 1 ≤ 40% -- 15000 -- 11000 11000 0 6500 6700 3 8700 11000 23 8600 12000 33
Tantalum (Ta) mg/kg 0.01 ≤ 40% 0.05 0.05 0 0.15 0.23 42 0.04 0.07 55 0.05 0.12 82 0.12 0.28 80
Terbium (Tb) mg/kg 0.01 ≤ 40% 3.9 4.3 10 35 33 6 0.97 1.4 36 0.83 0.90 8 0.68 0.67 1
Tellurium (Te) mg/kg 0.1 ≤ 40% 0.1 0.1 0 <0.1 <0.1 BD 0.1 0.2 0.1 0.2 0.2 0 0.2 0.2 0
Thorium (Th) mg/kg 0.01 ≤ 40% 110 120 9 85 89 5 310 560 57 310 470 41 360 380 5
Titanium (Ti) mg/kg 0.2 ≤ 40% 82 91 10 210 220 5 210 330 44 250 260 4 260 240 8
Thallium (Tl) mg/kg 3 ≤ 40% <3 <3 BD <3 <3 BD <3 <3 BD <3 <3 BD <3 <3 BD
Uranium (U) mg/kg 3 ≤ 40% 210 230 9 110 150 31 17 23 30 17 18 6 13 15 2
Vanadium (V) mg/kg 0.1 ≤ 40% 25 26 4 16 17 6 2.7 4.0 39 2.7 2.7 0 2.7 2.4 12
Tungsten (W) mg/kg 1 ≤ 40% 2 79 190 <1 5 BD 3 5 2 4 5 1 5 6 18
Yttrium (Y) mg/kg 0.1 ≤ 40% 78 84 7 740 750 1 9.1 12 27 6.8 6.7 1 5.5 5.2 6
Ytterbium (Yb) mg/kg 0.1 ≤ 40% 7.4 8.7 16 45 46 2 0.74 1.2 47 0.46 0.57 21 0.33 0.40 0.07
Zinc (Zn) mg/kg 0.1 ≤ 40% 64 65 2 55 58 5 8.8 8.9 1 6.9 8.0 15 4.7 5.8 21
Zirconium (Zr) mg/kg 5 ≤ 40% 6 6 0 6 <5 BD 20 30 40 26 27 4 28 26 7

Notes:
RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 40%

AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 
          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit
BD - Sample and/or replicate had analyte concentrations below detection limit
Boldface type and shaded indicates that Data Quality Objective was not achieved
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Table A3.2: Detailed Data Quality Assessment for Constituents in Waters

Sample ID Duplicate ID Sample ID Duplicate ID Dupicate ID Sample ID Replicate ID Sample ID Replicate ID Sample ID Replicate ID Sample ID Replicate ID Sample ID Replicate ID

SW09-SR-4B
PW09-EC-1 

(0-5)
PW09-QC14-3 

(0-5)
PW09-QC14-4 

(0-5)
PW09-EC-1 

(5-10) SW09-QC14-2T SW09-EC-2T SW09-QC14-2B SW09-EC-2B
PW09-QC14-2 

(0-2.5)
PW09-EC-2 

(0-2.5)
PW09-QC14-

2 (2.5-5)
PW09 EC2 

2.5-5
PW09-QC14-

2 (5-7.5)
PW09 EC2 5-

7.5

Acidity (as CaCO3) mg/L 2 ≤ 20% <2.0 -- -- 6 19 -- -- 56 67 18 15 16 6 21 17 21 15 16 6 16 -- --

Dissolved Inorganic Carbon (DIC) mg/L 0.2 ≤ 20% 1.4 -- -- 2.0 <1.0 -- BD <1.0 <1.0 BD <1.0 <1.0 BD <1.0 4.2 BD <1.0 1.1 BD <1.0 -- BD
Dissolved Organic Carbon (DOC) mg/L 0.2 ≤ 20% 2.0 -- -- 3.5 9.3 -- -- 14.4 11.4 23 19.4 11.7 50 28 19 38 18.3 14.3 25 17.9 -- --
Sulphate (SO4) mg/L 0.2 ≤ 20% 25 -- -- 5.6 512 -- -- 72 85 17 32 36 12 32 27 17 12 18 40 12 -- --
Hardness (as CaCO3) mg/L 0.5 ≤ 20% 33.4 33.9 1 18 NC 17.8 1 16.9 17 1 16.6 16.8 1 26.2 21.7 19 16.9 16 5 17.9 16.4 9

Radium-226 (Ra-226) Bq/L 0.01 ≤ 20% 0.30 0.30 0 NC 4.1 4.7 14 0.82 0.78 5 0.91 0.85 7 3.6 2.9 22 2.8 3.3 16 5.9 5.4 9
Aluminum (Al) mg/L 0.01 ≤ 20% <0.01 <0.01 BD <0.01 NC <0.01 BD <0.01 0.03 BD <0.01 <0.01 BD <0.01 <0.01 BD 0.03 <0.01 BD <0.01 <0.01 BD
Arsenic (As) mg/L 0.0002 ≤ 20% 0.0007 0.0006 0.0001 0.0026 NC 0.0024 8 0.0006 0.0007 0.0001 0.0011 0.0007 0.0004 0.0064 0.0058 10 0.0084 0.0046 58 0.0066 0.0065 2
Barium (Ba) mg/L 0.00001 ≤ 20% 0.222 0.221 0 0.333 NC 0.335 1 0.104 0.108 4 0.108 0.114 5 0.309 0.285 8 0.308 0.337 9 0.519 0.487 6
Beryllium (Be) mg/L 0.00002 ≤ 20% <0.00002 <0.00002 BD 0.00013 NC <0.00002 BD <0.00002 0.00003 BD <0.00002 0.00002 BD <0.00002 <0.00002 BD <0.00002 <0.00002 BD <0.00002 <0.00002 BD
Boron (B) mg/L 0.0002 ≤ 20% 0.0089 0.0082 8 0.0026 NC 0.0028 0.0002 0.0045 0.0076 51 0.0056 0.0072 25 0.0054 0.0039 32 0.0047 0.0034 32 0.0051 0.0039 27
Bismuth (Bi) mg/L 0.00001 ≤ 20% 0.00001 <0.00001 BD 0.00012 NC <0.00001 BD <0.00001 0.00002 BD <0.00001 0.00002 BD 0.00003 0.00003 0 0.00024 0.00006 120 0.00006 0.00003 0.00003
Calcium (Ca) mg/L 0.03 ≤ 20% 11.2 11.4 2 6.12 NC 6.06 1 5.69 5.69 0 5.55 5.63 1 8.79 7.28 19 5.68 5.35 6 6.06 5.54 9
Cadmium (Cd) mg/L 0.000003 ≤ 20% 0.000028 0.000012 0.000016 0.000112 NC <0.000003 BD 0.000023 0.000046 67 0.000023 0.000056 84 0.000055 0.000031 56 <0.000003 0.000012 BD 0.000005 0.000009 0.000004
Cobalt (Co) mg/L 0.000002 ≤ 20% 0.00031 0.000321 3 0.00189 NC 0.00192 2 0.00549 0.00655 18 0.00169 0.00196 15 0.00521 0.00289 57 0.000917 0.0012 27 0.000766 0.00183 82
Chromium (Cr) mg/L 0.0005 ≤ 20% <0.0005 <0.0005 BD <0.0005 NC <0.0005 BD <0.0005 <0.0005 BD <0.0005 <0.0005 BD <0.0005 <0.0005 BD <0.0005 <0.0005 BD <0.0005 <0.0005 BD
Copper (Cu) mg/L 0.0005 ≤ 20% 0.0011 0.001 0.0001 <0.0005 NC <0.0005 BD 0.0038 0.0037 3 0.0023 0.0029 23 0.0043 0.0018 0.0025 0.0025 0.0018 0.0007 0.0015 0.0011 31
Iron (Fe) mg/L 0.01 ≤ 20% 0.08 0.07 13 7.18 NC 6.63 8 0.04 0.07 55 0.01 0.04 0.03 0.03 0.44 174 0.52 3.3 146 2.46 5.71 80
Potassium (K) mg/L 0.01 ≤ 20% 0.80 0.80 0 0.37 NC 0.58 44 0.32 0.31 3 0.26 0.32 21 0.34 0.3 13 0.4 0.34 16 0.62 0.48 25
Lithium (Li) mg/L 0.002 ≤ 20% <0.002 <0.002 BD <0.002 NC <0.002 BD <0.002 <0.002 BD <0.002 <0.002 BD <0.002 <0.002 BD <0.002 <0.002 BD <0.002 <0.002 BD
Magnesium (Mg) mg/L 0.003 ≤ 20% 1.29 1.31 2 0.67 NC 0.655 2 0.663 0.67 1 0.657 0.663 1 1.02 0.864 17 0.664 0.634 5 0.675 0.632 7
Manganese (Mn) mg/L 0.00001 ≤ 20% 0.119 0.12 1 0.143 NC 0.142 1 0.0288 0.0315 9 0.0353 0.0319 10 0.282 0.217 26 0.133 0.134 1 0.133 0.132 1
Molybdenum (Mo) mg/L 0.00001 ≤ 20% 0.00032 0.00029 10 0.00045 NC 0.00051 13 <0.00001 0.00018 BD 0.00002 0.00008 120 0.00029 0.00015 64 0.00133 0.00116 14 0.00107 0.00149 33
Sodium (Na) mg/L 0.01 ≤ 20% 2.79 2.75 1 1.3 NC 1.24 5 1.82 1.59 13 1.83 1.58 15 2.35 2.2 7 1.98 1.87 6 1.79 1.5 18
Nickel (Ni) mg/L 0.0001 ≤ 20% 0.0006 0.0008 29 0.001 NC 0.001 0 0.0025 0.0022 13 0.0024 0.0022 9 0.0044 0.0024 59 0.0012 0.0013 8 0.0012 0.0017 34
Lead (Pb) mg/L 0.00002 ≤ 20% 0.00043 0.00023 61 0.00029 NC 0.00016 58 0.00717 0.00699 3 0.00597 0.00391 42 0.0242 0.00216 167 0.00596 0.0009 148 0.00098 0.00049 67
Phosphorous (P) mg/L 0.01 ≤ 20% <0.01 <0.01 BD <0.01 NC <0.01 BD 0.01 <0.01 BD <0.01 <0.01 BD <0.01 0.07 BD 0.01 0.01 0 0.01 <0.01 BD
Antimony (Sb) mg/L 0.0002 ≤ 20% 0.0002 <0.0002 BD <0.0002 NC <0.0002 BD 0.0077 0.0086 11 0.0007 0.0016 78 0.0002 0.0003 0.0001 0.0006 <0.0002 BD 0.0004 <0.0002 BD
Selenium (Se) mg/L 0.001 ≤ 20% <0.001 <0.001 BD <0.001 NC <0.001 BD <0.001 <0.001 BD <0.001 <0.001 BD <0.001 <0.001 BD <0.001 <0.001 BD <0.001 <0.001 BD
Sulphur (S) mg/L 0.01 ≤ 20% 8.58 7.26 17 1.67 NC 1.58 6 4.69 4.64 1 4.74 4.63 2 8.28 6.26 28 3.87 3.35 14 3.61 4.21 15
Silicon (Si) mg/L 0.01 ≤ 20% 0.73 0.72 1 5.18 NC 5.07 2 0.58 0.59 2 0.59 0.6 2 1.23 1.42 14 1.71 1.86 8 2.15 2.71 23
Tin (Sn) mg/L 0.00001 ≤ 20% 0.00016 <0.00001 BD <0.00001 NC 0.00002 BD <0.00001 <0.00001 BD <0.00001 <0.00001 BD 0.00004 0.00017 124 <0.00001 <0.00001 BD <0.00001 0.00001 BD
Strontium (Sr) mg/L 0.0001 ≤ 20% 0.0268 0.0269 0 0.017 NC 0.0168 1 0.0121 0.0122 1 0.012 0.0122 2 0.0205 0.0168 20 0.0154 0.0149 3 0.0204 0.0187 9
Titanium (Ti) mg/L 0.0001 ≤ 20% 0.0001 <0.0001 BD 0.0003 NC 0.0003 0 0.0003 0.0004 0.0001 <0.0001 0.0001 BD 0.0003 0.0007 80 0.0062 0.0004 0.0058 0.0005 0.0002 0.0003
Thallium (Tl) mg/L 0.0002 ≤ 20% <0.0002 <0.0002 BD <0.0002 NC <0.0002 BD <0.0002 <0.0002 BD <0.0002 <0.0002 BD <0.0002 <0.0002 BD <0.0002 <0.0002 BD <0.0002 <0.0002 BD
Uranium (U) mg/L 0.000001 ≤ 20% 0.00122 0.000835 37 0.000744 NC 0.000671 10 0.000535 0.000654 20 0.000338 0.00079 80 0.000946 0.000173 138 0.000524 0.000115 128 0.000143 0.000105 31
Vanadium (V) mg/L 0.00003 ≤ 20% 0.00008 0.00007 0.00001 0.00019 NC 0.00005 0.00014 0.00006 0.00007 0.00001 0.00005 0.00007 0.00002 0.00007 0.00008 0.00001 0.00013 0.00007 0.00006 0.00006 0.00004 0.00002
Zinc (Zn) mg/L 0.001 ≤ 20% 0.004 0.003 0.001 0.002 NC 0.001 0.001 0.002 0.004 0.002 0.005 0.005 0 0.005 0.005 0 0.003 0.004 0.001 0.002 0.003 0.001

Notes:

RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 40%

AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 

          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit

BD - Sample and/or replicate had analyte concentrations below detection limit

"--" Indicates parameter was not analysed

"NC" Indicates that parameter in the sample was not compared to the duplicate/replicate sample in the data quality assessment
Boldface type and shaded indicates that Data Quality Objective was not achieved
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Table A3.3: Detailed Data Quality Assessment for Constituents in the Blank Sample

Analysis Units
Detection 

Limit
Data Quality 

Objective
Blank

Acidity (as CaCO3) mg/L 2 4 7
Total Inorganic Carbon (DIC) mg/L 1.0 2.0 <1.0
Total Organic Carbon (DOC) mg/L 1.0 2.0 2.4
Sulphate (SO4) mg/L 2 4 <2
Hardness (as CaCO3) mg/L 0.5 1.0 <0.5

Radium-226 (Ra-226) Bq/L 0.01 0.02 <0.01
Aluminum (Al) mg/L 0.01 0.02 <0.01
Arsenic (As) mg/L 0.0002 0.0004 <0.0002
Barium (Ba) mg/L 0.00001 0.00002 0.00216
Beryllium (Be) mg/L 0.00002 0.00004 <0.00002
Boron (B) mg/L 0.0002 0.0004 <0.0002
Bismuth (Bi) mg/L 0.00001 0.00002 <0.00001
Calcium (Ca) mg/L 0.03 0.06 0.03
Cadmium (Cd) mg/L 0.000003 0.000006 <0.000003
Cobalt (Co) mg/L 0.000002 0.000004 0.000003
Chromium (Cr) mg/L 0.0005 0.0010 <0.0005
Copper (Cu) mg/L 0.0005 0.0010 0.0053
Iron (Fe) mg/L 0.01 0.02 <0.01
Potassium (K) mg/L 0.01 0.02 <0.01
Lithium (Li) mg/L 0.002 0.004 <0.002
Magnesium (Mg) mg/L 0.003 0.006 <0.003
Manganese (Mn) mg/L 0.00001 0.00002 0.00034
Molybdenum (Mo) mg/L 0.00001 0.00002 <0.00001
Sodium (Na) mg/L 0.01 0.02 0.15
Nickel (Ni) mg/L 0.0001 0.0002 0.0003
Lead (Pb) mg/L 0.00002 0.00004 <0.00002
Phosphorous (P) mg/L 0.01 0.02 <0.01
Antimony (Sb) mg/L 0.0002 0.0004 <0.0002
Selenium (Se) mg/L 0.001 0.002 <0.001
Sulphur (S) mg/L 0.01 0.02 0.05
Silicon (Si) mg/L 0.01 0.02 <0.01
Tin (Sn) mg/L 0.00001 0.00002 <0.00001
Strontium (Sr) mg/L 0.0001 0.0002 0.0001
Titanium (Ti) mg/L 0.0001 0.0002 <0.0001
Thallium (Tl) mg/L 0.0002 0.0004 <0.0002
Uranium (U) mg/L 0.000001 0.000002 <0.000001
Vanadium (V) mg/L 0.00003 0.00006 <0.00003
Zinc (Zn) mg/L 0.001 0.002 <0.001

Notes:
Boldface type and shaded indicates that Data Quality Objective was not achieved

Convential Parameters
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Table A3.4: Data Quality Analysis of Basin Water pH and Acidity Values Sampled in September 2009

Depth Below 
Surface

pH Acidity 

(m) (pH units) (mg/L as CaCO3)

Average Value at P-21 7.1 <1.0

Average Value at P-13 7.0 <1.0

SW09-PSB-1Ta 0 7.1 --

SW09-PSB-1B 8 6.2 20

SW09-PSB-2T 0 6.9 <2

SW09-PSB-2B 4 4.2 15

Notes:
Average pH and acidity values were calcuated from the routine monitoring data from 2006 through 2009 
T - indicates sample from the top of water column
B - indicates sample from the sediment-water interface
a SW09-PSB-1T was not analysed for acidity because pH value was greater than 7.0
Basin Water pH data collected in 2009 was rejected because of anomalous pH and acidity values

Sample ID
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 30 September 2009
 LR. Ref. : CA10524-SEP09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 3:

Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-PSB-1
0-2.5

6:
CORE

09-PSB-1
2.5-5

7:
CORE

09-PSB-1
5-7.5

8:
CORE

09-PSB-1
7.5-10

Sample Date & Time 22-Sep-09 22-Sep-09 22-Sep-09 22-Sep-09
BaSO4 Calc. using Ba* [µg/g] --- --- 2210 870 680 610
BaSO4 Calc. using SO4** [µg/g] --- --- 14600 238000 330000 381000
Total Sulphur [%] 06-Oct-09 14:44 0.698 3.33 4.55 5.14
Carbonate (CO3) [%] 06-Oct-09 14:42 9.43 11.7 6.45 10.7
Total Organic Carbon [%] 06-Oct-09 14:42 2.25 0.940 0.380 0.260
Total Carbon [%] 06-Oct-09 14:45 4.14 3.27 1.67 2.41
Sulphide [%] 07-Oct-09 16:00 0.43 0.18 0.11 < 0.01
Sulphate [%] 23-Oct-09 10:29 0.6 9.8 14 16
Silver [µg/g] 14-Oct-09 14:09 < 0.7 < 0.7 < 0.7 < 0.7
Aluminum [µg/g] 14-Oct-09 14:09 15000 11000 13000 8400
Arsenic [µg/g] 14-Oct-09 14:09 37 24 27 18
Barium [µg/g] 14-Oct-09 14:09 1300 510 400 360
Beryllium [µg/g] 14-Oct-09 14:09 1.1 0.88 1.2 0.82
Bismuth [µg/g] 14-Oct-09 14:09 13 8.9 6.6 5.4
Calcium [µg/g] 14-Oct-09 14:09 67000 140000 140000 180000
Cadmium [µg/g] 14-Oct-09 14:09 3.8 2.5 2.5 2.0
Cerium [µg/g] 13-Oct-09 15:45 690 510 690 440
Cobalt [µg/g] 14-Oct-09 14:09 98 79 100 69
Chromium [µg/g] 14-Oct-09 14:09 16 13 15 10
Cesium [µg/g] 13-Oct-09 15:45 19 0.55 0.24 0.19
Copper [µg/g] 14-Oct-09 14:09 55 33 43 26
Iron [µg/g] 14-Oct-09 14:09 190000 140000 140000 110000
Gallium [µg/g] 13-Oct-09 15:45 7.3 4.5 4.3 2.8
Germanium [µg/g] 13-Oct-09 15:45 6.5 4.9 5.5 4.0
Hafnium [µg/g] 13-Oct-09 15:45 0.5 0.5 0.4 0.3
Indium [µg/g] 13-Oct-09 15:45 0.01 < 0.01 0.01 < 0.01
Potassium [µg/g] 14-Oct-09 14:09 310 220 130 150
Lanthanum [µg/g] 13-Oct-09 15:45 380 280 380 240
Lithium [µg/g] 14-Oct-09 14:09 9.9 7.3 3.6 4.5
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Analysis 3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-PSB-1
0-2.5

6:
CORE

09-PSB-1
2.5-5

7:
CORE

09-PSB-1
5-7.5

8:
CORE

09-PSB-1
7.5-10

Lutetium [µg/g] 13-Oct-09 15:45 3.0 2.6 3.3 2.2
Magnesium [µg/g] 14-Oct-09 14:09 9900 13000 9900 9000
Manganese [µg/g] 14-Oct-09 14:09 1600 750 770 660
Molybdenum [µg/g] 14-Oct-09 14:09 34 11 1.5 0.6
Sodium [µg/g] 14-Oct-09 14:09 62 48 29 40
Niobuim [µg/g] 13-Oct-09 15:45 3.3 2.3 1.7 1.3
Nickel [µg/g] 14-Oct-09 14:09 90 63 64 44
Lead [µg/g] 14-Oct-09 14:09 280 150 96 78
Phosphorus [µg/g] 14-Oct-09 14:09 280 150 110 120
Rubidium [µg/g] 13-Oct-09 15:44 2.5 1.4 0.63 0.58
Antimony [µg/g] 14-Oct-09 14:08 < 1 < 1 < 1 < 1
Scandium [µg/g] 13-Oct-09 15:44 2.1 1.4 1.4 1.0
Selenium [µg/g] 14-Oct-09 14:08 < 1 < 1 < 1 < 1
Tin [µg/g] 14-Oct-09 14:08 < 6 < 6 < 6 < 6
Strontium [µg/g] 14-Oct-09 14:08 30 30 23 35
Tantalum [µg/g] 13-Oct-09 15:44 0.10 0.09 0.07 0.06
Terbium [µg/g] 13-Oct-09 15:44 12 9.8 12 8.2
Tellerium [µg/g] 13-Oct-09 15:44 0.2 0.1 0.1 < 0.1
Thorium [µg/g] 13-Oct-09 15:44 350 300 420 290
Titanium [µg/g] 14-Oct-09 14:08 230 150 100 73
Thallium [µg/g] 14-Oct-09 14:08 < 3 < 3 < 3 < 3
Uranium [µg/g] 13-Oct-09 15:44 370 160 110 75
Vanadium [µg/g] 14-Oct-09 14:08 15 9.2 8.0 5.8
Tungsten [µg/g] 14-Oct-09 14:05 5 2 < 1 < 1
Yttrium [µg/g] 14-Oct-09 14:05 270 220 280 200
Ytterbium [µg/g] 13-Oct-09 15:44 23 20 25 17
Zinc [µg/g] 14-Oct-09 14:05 210 130 110 87
Zirconium [µg/g] 15-Oct-09 10:44 14 10 8 6

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 30 September 2009
 LR. Ref. : CA10524-SEP09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 9:

CORE
09-PSB-1

10-15

10:
CORE

09-PSB-2 0-5

11:
CORE

09-PSB-2
5-10

12:
CORE

09-PSB-2
10-15

13:
CORE

09-PSB-2
15-20

Sample Date & Time 22-Sep-09 23-Sep-09 23-Sep-09 23-Sep-09 23-Sep-09
BaSO4 Calc. using Ba* [µg/g] 540 580 270 310 320
BaSO4 Calc. using SO4** [µg/g] 418000 19400 14600 12100 14600
Total Sulphur [%] 5.96 1.31 1.57 2.00 2.23
Carbonate (CO3) [%] 9.65 0.170 0.097 0.052 0.071
Total Organic Carbon [%] 0.130 6.97 9.78 15.2 9.61
Total Carbon [%] 2.06 7.00 9.80 15.2 9.63
Sulphide [%] < 0.01 0.18 0.36 0.88 1.82
Sulphate [%] 17 0.8 0.6 0.5 0.6
Silver [µg/g] < 0.7 1.0 < 0.7 < 0.7 1.0
Aluminum [µg/g] 6800 8400 3600 3000 3300
Arsenic [µg/g] 15 30 14 12 19
Barium [µg/g] 320 340 160 180 190
Beryllium [µg/g] 0.66 0.75 0.34 0.37 0.66
Bismuth [µg/g] 4.5 13 11 14 21
Calcium [µg/g] 190000 9600 7600 9400 7600
Cadmium [µg/g] 1.6 5.7 4.5 0.86 0.96
Cerium [µg/g] 360 250 220 230 290
Cobalt [µg/g] 61 20 15 25 46
Chromium [µg/g] 8.6 15 6.5 13 17
Cesium [µg/g] 0.34 0.47 0.97 1.1 0.74
Copper [µg/g] 22 110 14 29 64
Iron [µg/g] 87000 290000 240000 45000 30000
Gallium [µg/g] 2.3 11 2.4 2.1 2.7
Germanium [µg/g] 3.5 8.1 7.2 2.1 1.9
Hafnium [µg/g] 0.3 0.2 0.1 0.1 0.3
Indium [µg/g] < 0.01 0.02 < 0.01 < 0.01 0.01
Potassium [µg/g] 170 230 190 470 610
Lanthanum [µg/g] 200 130 110 110 140
Lithium [µg/g] 4.5 0.9 0.9 < 0.1 1.1
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Analysis 9:
CORE

09-PSB-1
10-15

10:
CORE

09-PSB-2 0-5

11:
CORE

09-PSB-2
5-10

12:
CORE

09-PSB-2
10-15

13:
CORE

09-PSB-2
15-20

Lutetium [µg/g] 1.8 1.2 0.98 0.79 0.81
Magnesium [µg/g] 9900 540 360 510 410
Manganese [µg/g] 610 430 89 75 51
Molybdenum [µg/g] < 0.5 128 10 4.3 3.9
Sodium [µg/g] 47 28 35 80 74
Niobuim [µg/g] 1.0 2.7 2.8 7.8 12
Nickel [µg/g] 39 22 17 22 30
Lead [µg/g] 80 270 270 190 410
Phosphorus [µg/g] 75 590 740 480 510
Rubidium [µg/g] 0.61 2.1 2.1 4.3 4.8
Antimony [µg/g] < 1 < 1 < 1 < 1 < 1
Scandium [µg/g] 0.8 2.2 1.3 2.3 2.2
Selenium [µg/g] < 1 < 1 < 1 < 1 < 1
Tin [µg/g] < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 27 9.0 7.6 12 10
Tantalum [µg/g] 0.05 0.09 0.05 0.08 0.09
Terbium [µg/g] 6.8 5.1 3.9 3.0 3.5
Tellerium [µg/g] < 0.1 0.1 0.1 0.1 0.3
Thorium [µg/g] 220 560 110 250 550
Titanium [µg/g] 60 81 82 140 240
Thallium [µg/g] < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 68 480 210 84 94
Vanadium [µg/g] 4.6 11 25 9.4 11
Tungsten [µg/g] < 1 14 2 < 1 1
Yttrium [µg/g] 170 97 78 51 61
Ytterbium [µg/g] 14 9.3 7.4 6.3 6.7
Zinc [µg/g] 83 170 64 27 76
Zirconium [µg/g] 5 8 6 8 18

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10524-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report (QC Report)
 
  Analysis 14:

MDL
15:

QC - Blank
16:

QC - STD %
Recovery

17:
QC - DUP %

Recovery

BaSO4 Calc. using Ba* [µg/g] --- --- --- ---

BaSO4 Calc. using SO4** [µg/g] --- --- --- ---

Total Sulphur [%] 0.005 < 0.005 102% 100%

Carbonate (CO3) [%] 0.005 < 0.005 100% 140%

Total Organic Carbon [%] 0.01 < 0.01 --- 100%

Total Carbon [%] 0.005 < 0.005 100% 100%

Sulphide [%] 0.01 < 0.01 90% 106%

Sulphate [%] 0.1 < 0.1 100% 107%

Silver [µg/g] 0.7 < 0.7 93% 100%

Aluminum [µg/g] 1 < 1 97% 100%

Arsenic [µg/g] 1 < 1 99% 94%

Barium [µg/g] 0.05 < 0.05 96% 100%

Beryllium [µg/g] 0.1 < 0.1 98% 102%

Bismuth [µg/g] 0.5 < 0.5 98% 104%

Calcium [µg/g] 1 < 1 98% 100%

Cadmium [µg/g] 0.05 < 0.05 97% 99%

Cerium [µg/g] 0.006 < 0.006 94% 110%

Cobalt [µg/g] 0.3 < 0.3 97% 100%

Chromium [µg/g] 0.5 < 0.5 98% 103%

Cesium [µg/g] 0.01 < 0.01 100% 107%

Copper [µg/g] 0.1 < 0.1 98% 100%

Iron [µg/g] 0.5 < 0.5 98% 100%

Gallium [µg/g] 0.03 < 0.03 100% 99%

Germanium [µg/g] 0.3 < 0.3 103% 105%

Hafnium [µg/g] 0.1 < 0.1 96% 150%

Indium [µg/g] 0.01 < 0.01 --- 100%

Potassium [µg/g] 1 < 1 100% 100%

Lanthanum [µg/g] 0.001 0.001 94% 110%

Lithium [µg/g] 0.1 < 0.1 97% 107%

Lutetium [µg/g] 0.001 0.001 95% 102%
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Analysis 14:
MDL

15:
QC - Blank

16:
QC - STD %

Recovery

17:
QC - DUP %

Recovery

Magnesium [µg/g] 1 < 1 96% ---

Manganese [µg/g] 0.05 < 0.05 98% 100%

Molybdenum [µg/g] 0.5 < 0.5 100% 154%

Sodium [µg/g] 1 < 1 97% 104%

Niobuim [µg/g] 0.7 < 0.7 99% 118%

Nickel [µg/g] 1 < 1 97% 101%

Lead [µg/g] 0.7 < 0.7 98% 100%

Phosphorus [µg/g] 5 < 5 98% 100%

Rubidium [µg/g] 0.004 < 0.004 --- 105

Antimony [µg/g] 1 < 1 98 100%

Scandium [µg/g] 0.2 < 0.2 100% 99%

Selenium [µg/g] 1 < 1 99% 100%

Tin [µg/g] 6 < 6 100% 123%

Strontium [µg/g] 0.01 < 0.01 97% 103%

Tantalum [µg/g] 0.01 < 0.01 97% 108%

Terbium [µg/g] 0.01 < 0.001 96% 93%

Tellerium [µg/g] 0.1 < 0.1 99% 101%

Thorium [µg/g] 0.01 < 0.01 114% 100%

Titanium [µg/g] 0.2 < 0.2 98% 100%

Thallium [µg/g] 3 < 3 99% 76%

Uranium [µg/g] 3 < 3 --- 100%

Vanadium [µg/g] 0.1 < 0.1 99% 102%

Tungsten [µg/g] 1 < 1 97% 93%

Yttrium [µg/g] 0.1 < 0.1 96% 100%

Ytterbium [µg/g] 0.1 < 0.1 98% 105%

Zinc [µg/g] 0.1 < 0.1 97% 100%

Zirconium [µg/g] 5 < 5 100% 107%

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10523-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis Approval

Time

5:
PW09-PSB-1

0-2.5

6:
PW09-PSB-1

2.5-5

7:
PW09-PSB-1

5-7.5

Sample Date & Time 22-Sep-09 22-Sep-09 22-Sep-09

Temperature Upon Receipt [°C] --- --- --- --- 4.0 4.0 4.0

Sulphate [mg/L] 02-Oct-09 15:00 06-Oct-09 14:01 410 1100 1300

Dissolved Organic Carbon [mg/L] 02-Oct-09 10:00 06-Oct-09 13:52 10.7 9.9 12.2

Dissolved Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:46 1.7 < 1.0 < 1.0

Alkalinity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:11 24 24 33

Acidity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:11 --- --- ---

Hardness [mg/L as CaCO3] 02-Oct-09 09:00 08-Oct-09 16:00 504 934 1270

Aluminum [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 0.03 0.12 0.04

Arsenic [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0018 0.0047 0.0059

Barium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0167 0.00872 0.00558

Beryllium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0287 0.0284 0.0078

Bismuth [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.00001 0.00001 < 0.00001

Calcium [mg/L] 02-Oct-09 09:00 08-Oct-09 16:00 193 373 506

Cadmium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.000014 0.000017 0.000007

Cobalt [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.000458 0.000560 0.000695

Chromium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0005 0.0006 0.0009

Copper [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0014 0.0012 0.0014

Iron [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.01 < 0.01 0.01

Potassium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 10.3 17.3 23.3

Lithium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.002 < 0.002 0.003

Magnesium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 5.17 0.966 0.296
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis Approval

Time

5:
PW09-PSB-1

0-2.5

6:
PW09-PSB-1

2.5-5

7:
PW09-PSB-1

5-7.5

Manganese [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0679 0.00194 0.00031

Molybdenum [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00679 0.0118 0.00655

Sodium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 6.60 10.0 13.0

Nickel [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0043 0.0093 0.0126

Phosphorus [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.01 < 0.01 < 0.01

Lead [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00025 0.00017 0.00008

Sulphur [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 179 331 449

Antimony [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0002 < 0.0002 < 0.0002

Selenium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.001 < 0.001 < 0.001

Silica [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.44 0.22 0.13

Tin [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00018 0.00026 0.00043

Strontium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.115 0.156 0.170

Titanium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0002 0.0002 0.0003

Thallium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0636 0.00363 0.000341

Vanadium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00005 0.00006 0.00019

Zinc [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.002 < 0.001 < 0.001

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10523-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 8:

PW09-PSB-1
7.5-10

9:
PW09-PSB-1

10-15

10:
PW09-PSB-2

0-5

11:
PW09-PSB-2

5-10

12:
PW09-PSB-2

10-15

13:
PW09-PSB-2

15-20

Sample Date & Time 22-Sep-09 22-Sep-09 23-Sep-09 23-Sep-09 23-Sep-09 23-Sep-09

Temperature Upon Receipt [°C] 4.0 4.0 4.0 4.0 4.0 4.0

Sulphate [mg/L] 1600 1800 190 250 --- ---

Dissolved Organic Carbon [mg/L] 14.6 12.0 5.5 21.8 --- ---

Dissolved Inorganic Carbon [mg/L] < 1.0 < 1.0 8.6 14.6 --- ---

Alkalinity [mg/L as CaCO3] 45 36 --- --- --- ---

Acidity [mg/L as CaCO3] --- --- < 2 < 2 --- ---

Hardness [mg/L as CaCO3] 1970 1810 217 312 415 875

Aluminum [mg/L] 0.01 0.04 < 0.01 < 0.01 < 0.01 0.01

Arsenic [mg/L] 0.0069 0.0059 0.0012 0.0015 0.0028 0.0064

Barium [mg/L] 0.00624 0.00582 0.0443 0.0344 0.0266 0.0380

Beryllium [mg/L] < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 0.0023 0.0077 0.0232 0.0422 0.0889 0.118

Bismuth [mg/L] 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00001 < 0.00001

Calcium [mg/L] 787 723 76.4 106 138 297

Cadmium [mg/L] 0.000006 0.000013 0.000011 < 0.000003 0.000012 0.000010

Cobalt [mg/L] 0.000763 0.000834 0.00271 0.000540 0.000530 0.00114

Chromium [mg/L] < 0.0005 0.0011 < 0.0005 < 0.0005 0.0010 0.0009

Copper [mg/L] 0.0021 0.0022 0.0008 0.0012 0.0022 0.0023

Iron [mg/L] < 0.01 0.02 8.19 12.1 6.95 16.1

Potassium [mg/L] 29.7 35.8 7.51 11.8 17.4 29.2

Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 0.007

Magnesium [mg/L] 0.213 0.713 6.39 11.8 17.0 32.7
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Analysis 8:
PW09-PSB-1

7.5-10

9:
PW09-PSB-1

10-15

10:
PW09-PSB-2

0-5

11:
PW09-PSB-2

5-10

12:
PW09-PSB-2

10-15

13:
PW09-PSB-2

15-20

Manganese [mg/L] 0.00012 0.00100 1.85 0.753 0.790 1.67

Molybdenum [mg/L] 0.00633 0.00445 0.00113 0.00071 0.00437 0.00563

Sodium [mg/L] 15.9 17.5 5.62 10.2 16.1 24.2

Nickel [mg/L] 0.0151 0.0132 0.0026 0.0028 0.0035 0.0046

Phosphorus [mg/L] 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.01

Lead [mg/L] 0.00016 0.00018 0.00012 0.00022 0.00025 0.00023

Sulphur [mg/L] 503 560 63.7 87.8 123 311

Antimony [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 0.0004

Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 0.22 0.43 4.34 7.44 11.3 12.0

Tin [mg/L] 0.00055 0.00046 0.00017 0.00031 0.00017 0.00009

Strontium [mg/L] 0.193 0.216 0.0915 0.131 0.177 0.347

Titanium [mg/L] 0.0002 0.0004 0.0003 0.0006 0.0012 0.0012

Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 0.000330 0.000201 0.00706 0.0241 0.0330 0.0214

Vanadium [mg/L] 0.00011 0.00029 < 0.00003 0.00008 0.00041 0.00060

Zinc [mg/L] < 0.001 < 0.001 0.002 0.002 0.002 0.003

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10523-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report - (QC Report)
 
  Analysis 14:

MDL
15:

QC - Blank
16:

QC - STD %
Recovery

17:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 98% 102%

Dissolved Organic Carbon [mg/L] 0.2 < 0.2 105% 98%

Dissolved Inorganic Carbon [mg/L] 0.2 0.2 97% 110%

Alkalinity [mg/L as CaCO3] 2 < 2 101% 98%

Acidity [mg/L as CaCO3] 2 3 98% 102%

Hardness [mg/L as CaCO3] 0.5 --- --- ---

Aluminum [mg/L] 0.01 < 0.01 95% 100%

Arsenic [mg/L] 0.0002 < 0.0002 106% 111%

Barium [mg/L] 0.00001 < 0.00001 105% 100%

Beryllium [mg/L] 0.00002 < 0.00002 103% 94%

Boron [mg/L] 0.0002 < 0.0002 99% 97%

Bismuth [mg/L] 0.00001 0.00001 105% 82%

Calcium [mg/L] 0.03 --- 98% 100%

Cadmium [mg/L] 0.000003 < 0.000003 102% 107%

Cobalt [mg/L] 0.000002 < 0.000002 105% 99%

Chromium [mg/L] 0.0005 < 0.0005 103% 170%

Copper [mg/L] 0.0005 < 0.0005 106% 85%

Iron [mg/L] 0.01 --- 97% 122%

Potassium [mg/L] 0.01 < 0.01 98% 99%

Lithium [mg/L] 0.002 < 0.002 94% 120%

Magnesium [mg/L] 0.003 --- 95% 100%

Manganese [mg/L] 0.00001 < 0.00001 104% 99%

Molybdenum [mg/L] 0.00001 < 0.00001 95% 155%

Sodium [mg/L] 0.01 --- 94.8 99.3

Nickel [mg/L] 0.0001 < 0.0001 105% 87%

Phosphorus [mg/L] 0.01 < 0.01 95% 100%

Lead [mg/L] 0.00002 < 0.00002 102% 30%

Sulphur [mg/L] 0.01 --- 100% 101%

Antimony [mg/L] 0.0002 < 0.0002 94% 124%

Selenium [mg/L] 0.001 < 0.001 108% 100%
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Analysis 14:
MDL

15:
QC - Blank

16:
QC - STD %

Recovery

17:
QC - DUP %

Recovery

Silica [mg/L] 0.01 < 0.01 103% 101%

Tin [mg/L] 0.00001 < 0.00001 96% 140%

Strontium [mg/L] 0.0001 --- 98% 100%

Titanium [mg/L] 0.0001 < 0.0001 95% 130%

Thallium [mg/L] 0.0002 < 0.0002 105% 106%

Uranium [mg/L] 0.000001 < 0.000001 102% 94%

Vanadium [mg/L] 0.00003 < 0.00003 106% 150%

Zinc [mg/L] 0.001 < 0.001 106% 90%

 
 

 Samples are field filtered
Ra226 subcontracted to Becquerel Labs.
Revised to include Ra226 results from Becquerel.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10522-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis

Approval Time

5:
SW09-PSB-1T

6:
SW09-PSB-1B

7:
SW09-PSB-2T

8:
SW09-PSB-2B

Sample Date & Time 22-Sep-09 22-Sep-09 23-Sep-09 23-Sep-09
Temperature Upon Receipt [°C] --- --- --- --- 4.0 4.0 4.0 4.0
Sulphate [mg/L] 02-Oct-09 15:00 06-Oct-09 14:19 180 410 180 180
Total Organic Carbon [mg/L] 02-Oct-09 10:00 05-Oct-09 13:41 2.1 4.6 2.2 4.0
Total Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:45 3.5 < 1.0 2.9 < 1.0
Alkalinity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:10 12 --- --- ---
Acidity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:10 --- 20 < 2 15
Hardness [mg/L as CaCO3] 02-Oct-09 09:00 02-Oct-09 12:08 173 209 179 179
Aluminum [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 < 0.01 0.53 < 0.01 < 0.01
Arsenic [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0005 0.0014 0.0004 0.0005
Barium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0134 0.0196 0.0137 0.0160
Beryllium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00007 0.00009 0.00002 < 0.00002
Boron [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0249 0.0314 0.0252 0.0243
Bismuth [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00007 0.00003 < 0.00001 0.00001
Calcium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 62.2 74.4 64.5 64.1
Cadmium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.000079 0.000082 0.000005 0.000015
Cobalt [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.000281 0.0186 0.000319 0.00120
Chromium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.0005 < 0.0005 < 0.0005 < 0.0005
Copper [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0025 0.0019 0.0015 0.0009
Iron [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 0.03 1.61 < 0.01 0.02
Potassium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 6.11 6.53 6.18 6.14
Lithium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 < 0.002 < 0.002 < 0.002 < 0.002
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis

Approval Time

5:
SW09-PSB-1T

6:
SW09-PSB-1B

7:
SW09-PSB-2T

8:
SW09-PSB-2B

Magnesium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 4.30 5.53 4.45 4.47
Manganese [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00475 0.203 0.00313 0.0273
Molybdenum [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00017 0.00043 0.00008 0.00025
Sodium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 3.99 4.35 4.04 4.14
Nickel [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0017 0.0101 0.0015 0.0025
Phosphorus [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 < 0.01 < 0.01 < 0.01 < 0.01
Lead [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00057 0.00647 0.00013 0.00088
Sulphur [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 57.9 67.4 60.2 60.5
Antimony [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.0002 0.0084 0.0003 0.0015
Selenium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.001 < 0.001 < 0.001 < 0.001
Silica [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 0.99 1.14 1.01 1.12
Tin [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00011 0.00035 0.00017 0.00020
Strontium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 0.0715 0.0765 0.0736 0.0742
Titanium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0003 0.0002 0.0002 0.0002
Thallium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Uranium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00245 0.0557 0.00273 0.00317
Vanadium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00008 0.00004 < 0.00003 0.00007
Zinc [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.009 0.024 < 0.001 0.002

 
 

 Ra226 subcontracted to Becquerel Labs.
  

 
 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10522-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 9:

MDL
10:

QC - Blank
11:

QC - STD %
Recovery

12:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 98% 102%

Total Organic Carbon [mg/L] 0.2 < 0.2 105% 98%

Total Inorganic Carbon [mg/L] 0.2 < 0.2 110% 100%

Alkalinity [mg/L as CaCO3] 2 < 2 101% 98%

Acidity [mg/L as CaCO3] 2 2 98% 102%

Hardness [mg/L as CaCO3] 0.5 --- --- ---

Aluminum [mg/L] 0.01 < 0.01 95% 100%

Arsenic [mg/L] 0.0002 < 0.0002 106% 111%

Barium [mg/L] 0.00001 < 0.00001 105% 100%

Beryllium [mg/L] 0.00002 < 0.00002 103% 94%

Boron [mg/L] 0.0002 < 0.0002 99% 97%

Bismuth [mg/L] 0.00001 0.00001 105% 82%

Calcium [mg/L] 0.03 --- 97% 100%

Cadmium [mg/L] 0.000003 < 0.000003 102% 107%

Cobalt [mg/L] 0.000002 < 0.000002 105% 99%

Chromium [mg/L] 0.00005 < 0.0005 103% 170%

Copper [mg/L] 0.0005 < 0.0005 106% 85%

Iron [mg/L] 0.01 --- 96.8 122

Potassium [mg/L] 0.01 < 0.01 98% 99.1

Lithium [mg/L] 0.002 < 0.002 94.2 120

Magnesium [mg/L] 0.003 --- 94.8 100

Manganese [mg/L] 0.00001 < 0.00001 104% 99%

Molybdenum [mg/L] 0.00001 < 0.00001 95% 155%

Sodium [mg/L] 0.01 --- 94.8 99.3

Nickel [mg/L] 0.0001 < 0.0001 105% 87%

Phosphorus [mg/L] 0.01 < 0.01 95% 100%

Lead [mg/L] 0.00002 < 0.00002 102% 30%

Sulphur [mg/L] 0.01 --- 100% 101

 

Env ICP-MS Metals
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Analysis 9:
MDL

10:
QC - Blank

11:
QC - STD %

Recovery

12:
QC - DUP %

Recovery

Antimony [mg/L] 0.0002 < 0.0002 94% 124%

Selenium [mg/L] 0.001 < 0.001 108% 100%

Silica [mg/L] 0.01 < 0.01 103% 101%

Tin [mg/L] 0.00001 < 0.00001 96% 140%

Strontium [mg/L] 0.0001 --- 98% 99.7

Titanium [mg/L] 0.0001 < 0.0001 95% 130%

Thallium [mg/L] 0.0002 < 0.0002 105% 106%

Uranium [mg/L] 0.000001 < 0.000001 102% 94%

Vanadium [mg/L] 0.00003 < 0.00003 106% 150%

Zinc [mg/L] 0.001 < 0.001 106% 90%

 
 

 Ra226 subcontracted to Becquerel Labs.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 30 September 2009
 LR. Ref. : CA10521-SEP09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 3:

Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-SR-1
(0-5)

6:
CORE

09-SR-1
(5-10)

7:
CORE

09-SR-1
(10-15)

8:
CORE

09-SR-1
(15-20)

9:
CORE

09-SR-2
(0-5)

10:
CORE

09-SR-2
(5-10)

Sample Date & Time 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09
BaSO4 Calc. using Ba* [µg/g] --- --- 130 110 100 80 10900 4420
BaSO4 Calc. using SO4** [µg/g] --- --- 2430 <2430 2430 2430 12100 4860
Total Sulphur [%] 06-Oct-09 14:45 0.130 0.130 0.184 0.224 0.235 0.114
Carbonate (CO3) [%] 06-Oct-09 14:42 0.105 0.048 0.048 0.033 0.040 0.011
Total Organic Carbon [%] 06-Oct-09 14:45 5.34 4.23 5.87 5.94 2.05 0.820
Total Carbon [%] 06-Oct-09 14:45 5.36 4.24 5.88 5.95 2.05 0.825
Sulphide [%] 07-Oct-09 15:59 < 0.01 < 0.01 0.04 0.05 < 0.01 < 0.01
Sulphate [%] 23-Oct-09 14:22 0.1 < 0.1 0.1 0.1 0.5 0.2
Silver [µg/g] 14-Oct-09 14:05 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7
Aluminum [µg/g] 14-Oct-09 14:05 7600 6700 5300 4100 4400 2600
Arsenic [µg/g] 14-Oct-09 14:05 5 5 4 3 10 4
Barium [µg/g] 14-Oct-09 14:05 75 65 61 47 6400 2600
Beryllium [µg/g] 14-Oct-09 14:05 0.47 0.37 0.32 0.24 0.21 0.12
Bismuth [µg/g] 14-Oct-09 14:05 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
Calcium [µg/g] 14-Oct-09 14:05 1900 1600 1500 1500 1100 720
Cadmium [µg/g] 14-Oct-09 14:05 1.2 0.96 1.2 1.1 0.42 0.18
Cerium [µg/g] 13-Oct-09 15:44 48 41 34 20 62 30
Cobalt [µg/g] 14-Oct-09 14:05 8.5 7.8 6.1 3.7 20 8.2
Chromium [µg/g] 14-Oct-09 14:05 19 18 15 12 9.8 6.8
Cesium [µg/g] 13-Oct-09 15:44 0.63 0.45 0.36 0.30 0.56 0.38
Copper [µg/g] 14-Oct-09 14:05 34 31 23 14 20 8.3
Iron [µg/g] 14-Oct-09 14:05 12000 9800 8100 6800 15000 7300
Gallium [µg/g] 13-Oct-09 15:44 2.9 2.6 2.0 1.6 2.8 1.4
Germanium [µg/g] 13-Oct-09 15:44 0.6 0.5 0.5 0.4 0.8 0.4
Hafnium [µg/g] 13-Oct-09 15:44 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1
Indium [µg/g] 13-Oct-09 15:44 0.05 0.02 0.01 < 0.01 < 0.01 < 0.01
Potassium [µg/g] 14-Oct-09 14:05 270 250 210 180 270 170
Lanthanum [µg/g] 13-Oct-09 15:44 25 21 18 12 33 16
Lithium [µg/g] 14-Oct-09 14:05 2.7 2.4 1.6 1.1 1.4 0.3
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Analysis 3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-SR-1
(0-5)

6:
CORE

09-SR-1
(5-10)

7:
CORE

09-SR-1
(10-15)

8:
CORE

09-SR-1
(15-20)

9:
CORE

09-SR-2
(0-5)

10:
CORE

09-SR-2
(5-10)

Lutetium [µg/g] 13-Oct-09 15:44 0.10 0.081 0.063 0.054 0.49 0.21
Magnesium [µg/g] 14-Oct-09 14:04 2100 1900 1500 1200 840 590
Manganese [µg/g] 14-Oct-09 14:04 250 180 200 230 1600 160
Molybdenum [µg/g] 14-Oct-09 14:04 < 0.5 < 0.5 < 0.5 < 0.5 2.8 1.3
Sodium [µg/g] 14-Oct-09 14:04 52 45 38 32 36 23
Niobuim [µg/g] 13-Oct-09 15:44 0.8 0.8 0.7 < 0.7 < 0.7 < 0.7
Nickel [µg/g] 14-Oct-09 14:04 15 13 11 7 19 8
Lead [µg/g] 14-Oct-09 14:04 61 44 32 19 100 38
Phosphorus [µg/g] 14-Oct-09 14:04 450 350 260 210 270 130
Rubidium [µg/g] 13-Oct-09 15:44 3.6 3.2 2.6 2.3 2.5 1.5
Antimony [µg/g] 14-Oct-09 14:04 < 1 < 1 < 1 < 1 < 1 < 1
Scandium [µg/g] 13-Oct-09 15:44 1.7 1.5 1.1 0.9 1.1 0.6
Selenium [µg/g] 14-Oct-09 14:04 < 1 < 1 < 1 < 1 < 1 < 1
Tin [µg/g] 14-Oct-09 14:04 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 14-Oct-09 14:04 7.6 6.3 6.2 6.5 72 27
Sulphur [µg/g] 14-Oct-09 14:04 1100 1400 2000 2500 2400 1200
Tantalum [µg/g] 13-Oct-09 15:44 0.03 0.03 0.04 0.04 0.01 < 0.01
Terbium [µg/g] 13-Oct-09 15:44 0.47 0.33 0.22 0.16 2.0 0.87
Tellerium [µg/g] 13-Oct-09 15:44 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1
Thorium [µg/g] 13-Oct-09 15:44 9.5 7.7 7.0 3.4 33 12
Titanium [µg/g] 14-Oct-09 14:04 340 350 300 270 190 160
Thallium [µg/g] 14-Oct-09 14:04 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 13-Oct-09 15:43 7.9 5.6 3.1 1.7 84 29
Vanadium [µg/g] 14-Oct-09 14:04 24 21 17 13 12 7.9
Tungsten [µg/g] 14-Oct-09 14:04 < 1 < 1 < 1 < 1 2 < 1
Yttrium [µg/g] 14-Oct-09 14:04 10 7.8 5.9 4.5 43 18
Ytterbium [µg/g] 13-Oct-09 15:43 0.76 0.59 0.46 0.37 4.0 1.6
Zinc [µg/g] 14-Oct-09 14:04 100 83 73 49 74 34
Zirconium [µg/g] 14-Oct-09 14:04 < 5 < 5 < 5 < 5 < 5 < 5

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 30 September 2009
 LR. Ref. : CA10521-SEP09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 11:

CORE
09-SR-2
(10-15)

12:
CORE

09-SR-3
(0-5)

13:
CORE

09-SR-3
(5-10)

14:
CORE

09-SR-3
(10-15)

15:
CORE

09-SR-3
(15-20)

16:
CORE

09-SR-4
(0-5)

17:
CORE

09-SR-4
(5-10)

18:
CORE

09-SR-4
(10-15)

Sample Date & Time 26-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09
BaSO4 Calc. using Ba* [µg/g] 340 3910 5100 6120 6970 1310 990 750
BaSO4 Calc. using SO4** [µg/g] <2430 4860 9720 19400 24300 4860 4860 4860
Total Sulphur [%] 0.015 0.607 0.917 1.15 1.12 1.03 1.06 1.00
Carbonate (CO3) [%] < 0.005 0.090 0.097 0.088 0.229 0.159 0.181 0.419
Total Organic Carbon [%] 0.330 13.9 14.6 13.3 10.7 16.8 17.6 16.8
Total Carbon [%] 0.326 13.9 14.6 13.3 10.7 16.8 17.6 16.9
Sulphide [%] < 0.01 < 0.01 < 0.01 0.10 0.07 0.39 0.65 0.65
Sulphate [%] < 0.1 0.2 0.4 0.8 1.0 0.2 0.2 0.2
Silver [µg/g] < 0.7 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7
Aluminum [µg/g] 2000 8500 8300 9600 13000 7100 6000 5600
Arsenic [µg/g] 1 21 23 28 29 22 24 26
Barium [µg/g] 200 2300 3000 3600 4100 770 580 440
Beryllium [µg/g] 0.12 0.57 0.47 0.42 0.66 0.27 0.18 0.12
Bismuth [µg/g] < 0.5 0.8 < 0.5 < 0.5 0.6 < 0.5 < 0.5 < 0.5
Calcium [µg/g] 420 3800 4600 4300 5100 6200 6700 7300
Cadmium [µg/g] 0.09 1.9 1.6 1.5 1.3 1.7 1.7 1.8
Cerium [µg/g] 15 170 200 240 310 590 680 840
Cobalt [µg/g] 2.6 59 60 64 48 28 21 16
Chromium [µg/g] 5.3 18 16 18 26 20 18 17
Cesium [µg/g] 0.21 0.70 0.81 1.1 1.6 0.86 0.82 0.87
Copper [µg/g] 2.3 57 64 84 98 61 58 56
Iron [µg/g] 5200 39000 34000 35000 50000 21000 16000 12000
Gallium [µg/g] 0.66 5.3 6.0 7.9 9.5 6.9 6.4 6.6
Germanium [µg/g] 0.3 1.7 1.8 2.0 2.6 3.1 3.3 3.8
Hafnium [µg/g] < 0.1 0.2 0.2 0.3 0.3 0.5 0.6 0.6
Indium [µg/g] < 0.01 < 0.01 < 0.01 < 0.01 0.02 0.01 < 0.01 < 0.01
Potassium [µg/g] 130 370 290 320 430 350 280 270
Lanthanum [µg/g] 8.9 87 110 120 140 300 360 430
Lithium [µg/g] < 0.1 2.1 3.0 6.4 10 1.5 1.2 1.1

 

SGS Lakefield Research Limited
 P.O. Box 4300 - 185 Concession St.
 Lakefield - Ontario - KOL 2HO
 Phone: 705-652-2000 FAX: 705-652-6365
 

O
nL

in
e 

LI
M

S

Page 1 of 2
 Data reported represents the sample submitted to SGS Lakefield Research. Reproduction of this analytical report in full or in part is prohibited without prior written approval.
 



Analysis 11:
CORE

09-SR-2
(10-15)

12:
CORE

09-SR-3
(0-5)

13:
CORE

09-SR-3
(5-10)

14:
CORE

09-SR-3
(10-15)

15:
CORE

09-SR-3
(15-20)

16:
CORE

09-SR-4
(0-5)

17:
CORE

09-SR-4
(5-10)

18:
CORE

09-SR-4
(10-15)

Lutetium [µg/g] 0.055 1.3 1.6 2.0 2.9 4.1 4.5 5.3
Magnesium [µg/g] 420 1300 1200 1300 1500 1400 1400 1400
Manganese [µg/g] 75 4200 2900 1100 480 550 280 180
Molybdenum [µg/g] < 0.5 9.0 11 18 18 5.8 4.7 3.6
Sodium [µg/g] 18 53 43 43 54 64 58 59
Niobuim [µg/g] < 0.7 0.9 1.0 1.1 1.4 1.0 0.9 0.8
Nickel [µg/g] 3 38 40 54 52 37 39 43
Lead [µg/g] 5.2 230 220 240 520 540 550 640
Phosphorus [µg/g] 68 650 580 650 660 470 380 340
Rubidium [µg/g] 1.00 3.8 3.3 3.9 5.1 4.1 3.8 4.0
Antimony [µg/g] < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
Scandium [µg/g] 0.5 2.4 2.2 2.3 2.8 2.7 2.7 2.7
Selenium [µg/g] < 1 1 1 < 1 < 1 < 1 < 1 < 1
Tin [µg/g] < 6 < 6 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 3.3 21 37 63 77 15 14 14
Sulphur [µg/g] 170 5500 7300 7900 7000 10000 11000 11000
Tantalum [µg/g] < 0.01 0.04 0.07 0.07 0.09 0.11 0.13 0.15
Terbium [µg/g] 0.21 5.9 7.6 9.1 14 25 28 35
Tellerium [µg/g] < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 < 0.1 < 0.1
Thorium [µg/g] 3.4 85 120 160 490 180 120 85
Titanium [µg/g] 140 210 200 230 280 210 210 210
Thallium [µg/g] < 3 5 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 3.8 270 360 500 270 220 160 110
Vanadium [µg/g] 6.3 20 17 18 21 17 16 16
Tungsten [µg/g] < 1 6 6 8 8 3 2 < 1
Yttrium [µg/g] 6.1 120 160 200 260 500 600 740
Ytterbium [µg/g] 0.41 11 14 16 24 34 38 45
Zinc [µg/g] 18 210 170 160 150 98 72 55
Zirconium [µg/g] < 5 < 5 < 5 < 5 6 < 5 5 6

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10521-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report (QC Report)
 
  Analysis 19:

MDL
QC - Blank

QC - STD %
Recovery

20:
QC - Blank

21:
QC - STD %

Recovery

22:
QC - DUP %

Recovery

BaSO4 Calc. using Ba* [µg/g] --- --- --- ---

BaSO4 Calc. using SO4** [µg/g] --- --- --- ---

Total Sulphur [%] 0.005 < 0.005 102% ---

Carbonate (CO3) [%] 0.005 < 0.005 100% 140%

Total Organic Carbon [%] 0.01 < 0.01 --- 100%

Total Carbon [%] 0.005 < 0.005 100% ---

Sulphide [%] 0.01 < 0.01 90% ---

Sulphate [%] 0.1 < 0.1 100% 107%

Silver [µg/g] 0.7 < 0.7 93% 100%

Aluminum [µg/g] 1 < 1 97% 100%

Arsenic [µg/g] 1 < 1 99% 94%

Barium [µg/g] 0.05 < 0.05 96% 100%

Beryllium [µg/g] 0.1 < 0.1 98% 102%

Bismuth [µg/g] 0.5 < 0.5 98% 104%

Calcium [µg/g] 1 < 1 98% 100%

Cadmium [µg/g] 0.05 < 0.05 97% 99%

Cerium [µg/g] 0.006 < 0.006 94% 100%

Cobalt [µg/g] 0.3 < 0.3 97% 103%

Chromium [µg/g] 0.5 < 0.5 98% 103%

Cesium [µg/g] 0.01 < 0.01 --- 107%

Copper [µg/g] 0.1 < 0.1 98% 102%

Iron [µg/g] 0.5 < 0.5 98% 100%

Gallium [µg/g] 0.03 < 0.03 --- 99%

Germanium [µg/g] 0.3 < 0.3 103% 105%

Hafnium [µg/g] 0.1 < 0.1 96% 150%

Indium [µg/g] 0.01 < 0.01 100% 100%

Potassium [µg/g] 1 < 1 100% 100%

 

Project : 09-1663
 SGS Canada Inc.

 P.O. Box 4300 - 185 Concession St.
 Lakefield - Ontario - KOL 2HO
 Phone: 705-652-2000 FAX: 705-652-6365
 

O
nL

in
e 

LI
M

S

Page 1 of 3
 Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval.  Please refer to SGS

General Conditions of Services located at http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
 Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
 



Analysis 19:
MDL

QC - Blank
QC - STD %

Recovery

20:
QC - Blank

21:
QC - STD %

Recovery

22:
QC - DUP %

Recovery

Lanthanum [µg/g] 0.001 0.001 94% 110%

Lithium [µg/g] 0.1 < 0.1 97% 107%

Lutetium [µg/g] 0.001 0.001 95% 102%

Magnesium [µg/g] 1 < 1 87% 100%

Manganese [µg/g] 0.05 < 0.05 97% 100%

Molybdenum [µg/g] 0.5 < 0.5 100% 154%

Sodium [µg/g] 1 < 1 97% 104%

Niobuim [µg/g] 0.7 < 0.7 99% 118%

Nickel [µg/g] 1 < 1 97% 101%

Lead [µg/g] 0.7 < 0.7 98% 100%

Phosphorus [µg/g] 5 < 5 98% 100%

Rubidium [µg/g] 0.004 < 0.004 --- 105%

Antimony [µg/g] 1 < 1 98% 100%

Scandium [µg/g] 0.2 < 0.2 100% 99%

Selenium [µg/g] 1 < 1 99% 100%

Tin [µg/g] 6 < 6 100% 1235

Strontium [µg/g] 0.01 < 0.01 97% 103%

Sulphur [µg/g] 1 < 1 100% 100%

Tantalum [µg/g] 0.01 < 0.01 97% 108%

Terbium [µg/g] 0.001 < 0.001 96% 93%

Tellerium [µg/g] 0.1 < 0.1 99% 101%

Thorium [µg/g] 0.01 < 0.01 114% 100%

Titanium [µg/g] 0.2 < 0.2 98% 104%

Thallium [µg/g] 3 < 3 99% 76%

Uranium [µg/g] 0.002 0.006 100% 100%

Vanadium [µg/g] 0.1 < 0.1 99% 102%

Tungsten [µg/g] 1 < 1 97% 93%

Yttrium [µg/g] 0.1 < 0.1 96% 100%

Ytterbium [µg/g] 0.001 0.002 98% 105%

Zinc [µg/g] 0.1 < 0.1 97% 103%

Zirconium [µg/g] 5 < 5 100% 107%
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Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
 

Project : 09-1663
 SGS Canada Inc.

 P.O. Box 4300 - 185 Concession St. LR Report : CA10521-SEP09
 Lakefield - Ontario - KOL 2HO

 Phone: 705-652-2000 FAX: 705-652-6365
 

O
nL

in
e 

LI
M

S

Page 3 of 3
 Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval.  Please refer to SGS

General Conditions of Services located at http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
 Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
 





Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10526-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis Approval

Date

4:
Analysis Approval

Time

5:
PW09-SR-1

(0-5)

6:
PW09-SR-1

(5-10)

7:
PW09-SR-1

(10-15)

8:
PW09-SR-1

(15-20)

9:
PW09-SR-2

(0-5)

Sample Date & Time 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09

Temperature Upon Receipt [°C] --- --- --- --- 4.0 4.0 4.0 4.0 4.0

Sulphate [mg/L] 02-Oct-09 15:00 07-Oct-09 09:19 2.6 < 2 < 2 < 2 16

Dissolved Organic Carbon [mg/L] 02-Oct-09 10:00 07-Oct-09 09:23 14.5 19.6 20.0 22.9 10.5

Dissolved Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:47 < 1.0 < 1.0 3.1 2.7 2.4

Alkalinity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:10 9 24 8 2 25

Acidity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:10 6 < 2 3 6 < 2

Hardness [mg/L as CaCO3] 05-Oct-09 09:00 05-Oct-09 13:18 11.1 9.5 5.3 5.3 28.8

Aluminum [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.01 0.02 0.02 0.03 0.02

Arsenic [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0014 0.0034 0.0054 0.0050 0.0015

Barium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0271 0.0274 0.0313 0.0172 2.16

Beryllium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0052 0.0036 0.0057 0.0089 0.0046

Bismuth [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001

Calcium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 3.54 3.00 1.68 1.71 9.60

Cadmium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.000017 0.000016 0.000025 0.000056 0.000003

Cobalt [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.000762 0.000476 0.000120 0.000079 0.00216

Chromium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0025 0.0037 0.0023 0.0051 0.0021

Iron [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.29 0.81 0.06 0.08 0.01

Potassium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.24 0.26 0.34 0.38 0.79

Lithium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002

Magnesium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.538 0.492 0.277 0.255 1.16
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis Approval

Date

4:
Analysis Approval

Time

5:
PW09-SR-1

(0-5)

6:
PW09-SR-1

(5-10)

7:
PW09-SR-1

(10-15)

8:
PW09-SR-1

(15-20)

9:
PW09-SR-2

(0-5)

Manganese [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.365 0.305 0.245 0.325 3.91

Molybdenum [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00069 0.00037 0.00024 0.00031 0.00064

Sodium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.85 1.83 1.64 2.17 2.57

Nickel [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0007 0.0009 0.0006 0.0009 0.0011

Phosphorus [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Lead [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00087 0.00213 0.00036 0.00124 0.00037

Sulphur [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.05 0.78 0.46 0.74 4.67

Antimony [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Selenium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.52 1.96 2.35 2.84 1.63

Tin [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00007 0.00022 < 0.00001 < 0.00001 < 0.00001

Strontium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.0121 0.0104 0.0064 0.0068 0.0668

Titanium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0007 0.0011 0.0007 0.0012 0.0001

Thallium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.000186 0.000137 0.000380 0.000250 0.00266

Vanadium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00016 0.00026 0.00014 0.00029 0.00008

Zinc [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.002 0.002 0.002 0.003 0.002

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10526-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 10:

PW09-SR-2
(5-10)

11:
PW09-SR-2

(10-15)

12:
PW09-SR-3

(0-5)

13:
PW09-SR-3

(5-10)

14:
PW09-SR-3

(10-15)

15:
PW09-SR-3

(15-20)

16:
PW09-SR-4

(0-5)

17:
PW09-SR-4

(5-10)

18:
PW09-SR-4

(10-15)

Sample Date & Time 26-Sep-09 26-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09

Temperature Upon Receipt [°C] 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

Sulphate [mg/L] 14 --- 7.9 4.0 < 2 < 2 19 8.1 4.9

Dissolved Organic Carbon [mg/L] 26.5 --- 9.9 18.8 13.2 --- --- --- ---

Dissolved Inorganic Carbon [mg/L] 5.0 --- 14.0 26.5 32.7 --- --- --- ---

Alkalinity [mg/L as CaCO3] 5 --- 69 99 135 177 33 --- 87

Acidity [mg/L as CaCO3] 6 --- --- --- --- --- --- < 2 ---

Hardness [mg/L as CaCO3] 25.6 31.5 42.6 67.1 87.2 130 45.2 63.4 78.8

Aluminum [mg/L] 0.07 0.07 < 0.01 < 0.01 < 0.01 0.02 < 0.01 0.01 0.02

Arsenic [mg/L] 0.0030 0.0027 0.0012 0.0014 0.0039 0.0027 0.0012 0.0022 0.0051

Barium [mg/L] 2.38 1.50 1.91 3.11 3.75 3.24 0.561 0.621 0.602

Beryllium [mg/L] < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 0.0068 0.0090 0.0095 0.0146 0.0356 0.0758 0.0192 0.0424 0.0817

Bismuth [mg/L] 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001

Calcium [mg/L] 8.74 10.5 14.7 23.8 31.6 47.6 15.7 22.3 27.8

Cadmium [mg/L] 0.000010 0.000010 0.000004 0.000005 0.000008 0.000007 0.000008 0.000007 0.000015

Cobalt [mg/L] 0.000948 0.000863 0.00704 0.00374 0.00264 0.00253 0.000880 0.000284 0.000291

Chromium [mg/L] < 0.0005 0.0007 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 0.0046 0.0049 0.0010 0.0010 0.0015 0.0014 0.0015 0.0016 0.0019

Iron [mg/L] 0.08 0.27 3.54 4.19 6.18 0.51 1.05 0.26 0.02

Potassium [mg/L] 0.95 2.11 1.03 1.86 3.28 6.21 0.96 1.57 2.77

Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 0.004 < 0.002 < 0.002 < 0.002

Magnesium [mg/L] 0.926 1.26 1.45 1.84 1.99 2.84 1.46 1.88 2.28
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Analysis 10:
PW09-SR-2

(5-10)

11:
PW09-SR-2

(10-15)

12:
PW09-SR-3

(0-5)

13:
PW09-SR-3

(5-10)

14:
PW09-SR-3

(10-15)

15:
PW09-SR-3

(15-20)

16:
PW09-SR-4

(0-5)

17:
PW09-SR-4

(5-10)

18:
PW09-SR-4

(10-15)

Manganese [mg/L] 1.82 1.34 10.8 8.04 5.58 2.89 1.24 0.613 0.341

Molybdenum [mg/L] 0.00150 0.00282 0.00065 0.00035 0.00369 0.00475 0.00056 0.00238 0.00909

Sodium [mg/L] 2.81 2.81 2.35 2.95 3.63 5.23 3.15 3.27 3.93

Nickel [mg/L] 0.0013 0.0012 0.0016 0.0018 0.0018 0.0019 0.0014 0.0009 0.0009

Phosphorus [mg/L] 0.02 0.02 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.01 < 0.01

Lead [mg/L] 0.00198 0.00084 0.00018 0.00008 0.00023 0.00004 0.00054 0.00091 0.00192

Sulphur [mg/L] 4.45 5.89 2.65 1.74 0.88 1.07 5.53 2.88 2.10

Antimony [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 2.68 4.19 3.02 5.36 6.12 6.22 3.01 6.24 9.87

Tin [mg/L] 0.00004 < 0.00001 0.00003 < 0.00001 0.00007 < 0.00001 0.00002 < 0.00001 < 0.00001

Strontium [mg/L] 0.0685 0.0607 0.0508 0.0866 0.117 0.151 0.0328 0.0425 0.0515

Titanium [mg/L] 0.0012 0.0024 0.0002 0.0003 0.0004 0.0004 0.0002 0.0006 0.0008

Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 0.00258 0.000877 0.0113 0.00514 0.0400 0.0379 0.00413 0.00669 0.0110

Vanadium [mg/L] 0.00022 0.00082 0.00017 0.00033 0.00038 0.00071 0.00014 0.00032 0.00095

Zinc [mg/L] 0.004 0.005 0.002 0.004 0.003 0.003 0.003 0.002 0.002

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
 

 
 
 
 Copy to : #1

SGS Lakefield Research Limited
 P.O. Box 4300 - 185 Concession St. LR Report : CA10526-SEP09

 Lakefield - Ontario - KOL 2HO
 Phone: 705-652-2000 FAX: 705-652-6365
 

O
nL

in
e 

LI
M

S

Page 2 of 2
 This document is issued by the Company under its General Conditions of Service accessible at http://www.sgs.com/terms_and_conditions.htm. Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined therein. WARNING: The sample(s) to which the findings
recorded herein (the 'Findings') relate was (were) drawn and / or provided by the Client or by a third party acting at the Client’s direction. The Findings constitute no warranty of the sample’s representativity of the goods and strictly relate to the sample(s). The Company accepts no liability with

regard to the origin or source from which the sample(s) is/are said to be extracted. The Findings report on the samples provided by the client and are not intended for commercial or contractual settlement purposes. Any unauthorized alteration, forgery or falsification of the content or
appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law. Test method information available upon request.



Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10526-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report - (QC Report)
 
  Analysis 19:

MDL
20:

QC - Blank
21:

QC - STD %
Recovery

22:
QC - DUP %

Recovery

Temperature Upon Receipt [°C] --- --- --- ---

Sulphate [mg/L] 0.2 < 0.2 105% 100%

Dissolved Organic Carbon [mg/L] 0.2 < 0.2 105% 98%

Dissolved Inorganic Carbon [mg/L] 0.2 0.2 97% 100%

Alkalinity [mg/L as CaCO3] 2 < 2 101% 98%

Acidity [mg/L as CaCO3] 2 3 98% 102%

Hardness [mg/L as CaCO3] 0.5 < 0.5 --- ---

Aluminum [mg/L] 0.01 < 0.01 98% ---

Arsenic [mg/L] 0.0002 < 0.0002 106% ---

Barium [mg/L] 0.00001 < 0.00001 122% ---

Beryllium [mg/L] 0.00002 < 0.00002 104% ---

Boron [mg/L] 0.0002 < 0.0002 96% ---

Bismuth [mg/L] 0.00001 < 0.00001 109% ---

Calcium [mg/L] 0.03 < 0.03 101% ---

Cadmium [mg/L] 0.000003 0.000003 99% ---

Cobalt [mg/L] 0.000002 < 0.000002 102% ---

Chromium [mg/L] 0.0005 < 0.0005 102% ---

Copper [mg/L] 0.0005 < 0.0005 102% ---

Iron [mg/L] 0.01 < 0.01 102% ---

Potassium [mg/L] 0.01 < 0.01 98% ---

Lithium [mg/L] 0.002 < 0.002 98% ---

Magnesium [mg/L] 0.003 < 0.003 99% ---

Manganese [mg/L] 0.00001 < 0.00001 107% ---

Molybdenum [mg/L] 0.00001 < 0.00001 99% ---

Sodium [mg/L] 0.01 < 0.01 94% ---

Nickel [mg/L] 0.0001 < 0.0001 100% ---

Phosphorus [mg/L] 0.01 < 0.01 100% ---

Lead [mg/L] 0.00002 < 0.00002 106% ---

Sulphur [mg/L] 0.01 < 0.01 100% ---

Antimony [mg/L] 0.0002 < 0.0002 101% ---
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Analysis 19:
MDL

20:
QC - Blank

21:
QC - STD %

Recovery

22:
QC - DUP %

Recovery

Selenium [mg/L] 0.001 < 0.001 102% ---

Silica [mg/L] 0.01 < 0.01 104% ---

Tin [mg/L] 0.00001 < 0.00001 96% ---

Strontium [mg/L] 0.0001 < 0.0001 100% ---

Titanium [mg/L] 0.0001 < 0.0001 96% ---

Thallium [mg/L] 0.0002 < 0.0002 107% ---

Uranium [mg/L] 0.000001 0.000001 106% ---

Vanadium [mg/L] 0.00003 < 0.00003 107% ---

Zinc [mg/L] 0.001 < 0.001 104% ---

 
 

 Samples are field filtered
Ra226 subcontracted to Becquerel Labs.
Revised to include Ra226 results from Becquerel.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10525-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis Approval

Time

5:
SW09-SR-1T

6:
SW09-SR-1B

7:
SW09-SR-2T

Sample Date & Time 24-Sep-09 25-Sep-09 24-Sep-09

Temperature Upon Receipt [°C] --- --- --- --- 4.0 4.0 4.0

Sulphate [mg/L] 02-Oct-09 15:00 05-Oct-09 16:12 8.5 5.6 31

Total Organic Carbon [mg/L] 02-Oct-09 10:00 05-Oct-09 13:41 2.7 5.4 2.3

Total Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:46 < 1.0 < 1.0 < 1.0

Alkalinity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:13 --- --- ---

Acidity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:13 11 9 9

Hardness [mg/L as CaCO3] 02-Oct-09 09:00 02-Oct-09 12:09 10.4 10.2 34.8

Aluminum [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.02 0.02 < 0.01

Arsenic [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0004 0.0003 0.0005

Barium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0144 0.0155 0.120

Beryllium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0059 0.0050 0.0084

Bismuth [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.00001 < 0.00001 < 0.00001

Calcium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 3.26 3.21 11.8

Cadmium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.000013 0.000061 < 0.000003

Cobalt [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00298 0.00250 0.00184

Chromium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0015 0.0016 0.0007

Iron [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.03 0.03 0.02

Potassium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.25 0.24 0.78

Lithium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.002 < 0.002 < 0.002

Magnesium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.542 0.524 1.31
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis Approval

Time

5:
SW09-SR-1T

6:
SW09-SR-1B

7:
SW09-SR-2T

Manganese [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0313 0.0284 0.0545

Molybdenum [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00007 0.00008 0.00022

Sodium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 1.83 1.89 2.06

Nickel [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0004 0.0004 0.0005

Phosphorus [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.01 < 0.01 < 0.01

Lead [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00031 0.00056 0.00031

Sulphur [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 1.66 1.67 9.17

Antimony [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0045 0.0037 0.0028

Selenium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.001 < 0.001 < 0.001

Silica [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.63 0.63 0.63

Tin [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00006 0.00019 0.00019

Strontium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.0117 0.0115 0.0270

Titanium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0002 0.0002 0.0001

Thallium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.000257 0.000138 0.00154

Vanadium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00005 0.00012 0.00004

Zinc [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.003 0.003 < 0.001

 
 

Ra226 subcontracted to Becquerel Labs.
  

 
 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10525-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 8:

SW09-SR-2B
9:

SW09-SR-3T
10:

SW09-SR-3B
11:

SW09-SR-4T
12:

SW09-SR-4B
13:

Blank 1

Sample Date & Time 25-Sep-09 25-Sep-09 25-Sep-09 25-Sep-09 25-Sep-09 27-Sep-09

Temperature Upon Receipt [°C] 4.0 4.0 4.0 4.0 4.0 4.0

Sulphate [mg/L] 45 30 26 25 25 < 2

Total Organic Carbon [mg/L] 2.2 4.6 2.2 4.6 2.0 2.4

Total Inorganic Carbon [mg/L] < 1.0 < 1.0 < 1.0 < 1.0 1.4 < 1.0

Alkalinity [mg/L as CaCO3] --- --- 7 --- --- ---

Acidity [mg/L as CaCO3] 7 8 --- --- < 2 7

Hardness [mg/L as CaCO3] 36.5 33.7 32.7 33.0 33.4 < 0.5

Aluminum [mg/L] 0.04 < 0.01 < 0.01 0.01 < 0.01 < 0.01

Arsenic [mg/L] 0.0007 0.0004 0.0008 0.0004 0.0007 < 0.0002

Barium [mg/L] 0.294 0.147 0.334 0.191 0.222 0.00216

Beryllium [mg/L] < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 0.0093 0.0079 0.0090 0.0081 0.0089 < 0.0002

Bismuth [mg/L] < 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00001 < 0.00001

Calcium [mg/L] 12.4 11.4 11.1 11.1 11.2 0.03

Cadmium [mg/L] 0.000045 0.000006 0.000011 0.000009 0.000028 < 0.000003

Cobalt [mg/L] 0.00270 0.00148 0.00178 0.000944 0.000310 0.000003

Chromium [mg/L] 0.0012 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 0.0015 0.0012 0.0017 0.0009 0.0011 0.0053

Iron [mg/L] 0.02 0.02 0.40 0.02 0.08 < 0.01

Potassium [mg/L] 0.86 0.75 0.74 0.72 0.80 < 0.01

Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002

Magnesium [mg/L] 1.36 1.28 1.24 1.28 1.29 < 0.003
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Analysis 8:
SW09-SR-2B

9:
SW09-SR-3T

10:
SW09-SR-3B

11:
SW09-SR-4T

12:
SW09-SR-4B

13:
Blank 1

Manganese [mg/L] 0.253 0.0424 0.752 0.0251 0.119 0.00034

Molybdenum [mg/L] 0.00013 0.00026 0.00036 0.00029 0.00032 < 0.00001

Sodium [mg/L] 2.13 2.16 2.17 2.65 2.79 0.15

Nickel [mg/L] 0.0016 0.0006 0.0010 0.0005 0.0006 0.0003

Phosphorus [mg/L] < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Lead [mg/L] 0.00151 0.00029 0.00031 0.00027 0.00043 < 0.00002

Sulphur [mg/L] 9.22 8.86 8.73 8.40 8.58 0.05

Antimony [mg/L] 0.0041 0.0021 0.0006 0.0013 0.0002 < 0.0002

Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 0.62 0.62 0.77 0.65 0.73 < 0.01

Tin [mg/L] 0.00029 0.00052 0.00009 0.00007 0.00016 < 0.00001

Strontium [mg/L] 0.0302 0.0267 0.0275 0.0266 0.0268 0.0001

Titanium [mg/L] 0.0001 0.0001 0.0002 0.0002 0.0001 < 0.0001

Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 0.00345 0.00131 0.00137 0.00146 0.00122 < 0.000001

Vanadium [mg/L] 0.00003 0.00007 0.00005 0.00005 0.00008 < 0.00003

Zinc [mg/L] 0.009 0.002 0.002 < 0.001 0.004 < 0.001

 
 

Ra226 subcontracted to Becquerel Labs.
  

 
 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10525-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report - (QC Report)
 
  Analysis 14:

MDL
15:

QC - Blank
16:

QC - STD %
Recovery

17:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 105% 100%

Total Organic Carbon [mg/L] 0.2 < 0.2 105% 98%

Total Inorganic Carbon [mg/L] 0.2 0.2 97% 100%

Alkalinity [mg/L as CaCO3] 2 < 2 101% 98%

Acidity [mg/L as CaCO3] 2 3 98% 102%

Hardness [mg/L as CaCO3] 0.5 --- --- ---

Aluminum [mg/L] 0.01 < 0.01 95% 100%

Arsenic [mg/L] 0.0002 < 0.0002 106% 111%

Barium [mg/L] 0.00001 < 0.00001 105% 100%

Beryllium [mg/L] 0.00002 < 0.00002 103% 94%

Boron [mg/L] 0.0002 < 0.0002 99% 97%

Bismuth [mg/L] 0.00001 0.00001 105% 82%

Calcium [mg/L] 0.03 --- 98% 100%

Cadmium [mg/L] 0.000003 < 0.000003 102% 107%

Cobalt [mg/L] 0.000002 < 0.000002 105% 99%

Chromium [mg/L] 0.0005 < 0.0005 103% 170%

Copper [mg/L] 0.0005 < 0.0005 106% 85%

Iron [mg/L] 0.01 --- 96.8 122

Potassium [mg/L] 0.01 < 0.01 98% 99.1

Lithium [mg/L] 0.002 < 0.002 94.2 120

Magnesium [mg/L] 0.003 --- 95% 100%

Manganese [mg/L] 0.00001 < 0.00001 104% 99%

Molybdenum [mg/L] 0.00001 < 0.00001 95% 155%

Sodium [mg/L] 0.01 --- 95% 99%

Nickel [mg/L] 0.0001 < 0.0001 105% 87%

Phosphorus [mg/L] 0.01 < 0.01 95% 100%

Lead [mg/L] 0.00002 < 0.00002 102% 30%

Sulphur [mg/L] 0.01 --- 100% 101%

Antimony [mg/L] 0.0002 < 0.0002 94% 124%

Selenium [mg/L] 0.001 < 0.001 108% 100%
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Analysis 14:
MDL

15:
QC - Blank

16:
QC - STD %

Recovery

17:
QC - DUP %

Recovery

Silica [mg/L] 0.01 < 0.01 103% 101%

Tin [mg/L] 0.00001 < 0.00001 96% 140%

Strontium [mg/L] 0.0001 --- 98% 100%

Titanium [mg/L] 0.0001 < 0.0001 95% 130%

Thallium [mg/L] 0.0002 < 0.0002 105% 106%

Uranium [mg/L] 0.000001 < 0.000001 102% 94%

Vanadium [mg/L] 0.00003 < 0.00003 106% 150%

Zinc [mg/L] 0.001 < 0.001 106% 90%

 
 

 Ra226 subcontracted to Becquerel Labs.
Revised to include Ra226 results from Becquerel

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 01 October 2009
 LR. Ref. : CA10063-OCT09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 3:

Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-EC-1
(0-5)

6:
CORE

09-EC-1
(5-10)

7:
CORE

09-EC-2
(0-2.5)

8:
CORE

09-EC-2
(2.5-5)

9:
CORE

09-EC-2
(5-7.5)

10:
CORE

09-QC14-1
(0-5)

Sample Date & Time 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09
Ba as BaSO4 Calc. * [µg/g] --- --- 160 770 480 630 530 940
SO4 as BaSO4 Calc. ** [µg/g] --- --- 7280 2430 2430 2430 2430 14600
Total Sulphur [%] 09-Oct-09 10:07 1.17 0.762 0.628 1.03 1.18 1.21
Carbonate (CO3) [%] 08-Oct-09 10:46 0.058 0.280 < 0.005 < 0.005 < 0.005 < 0.005
Total Organic Carbon [%] 09-Oct-09 10:07 10.5 16.7 0.617 0.206 0.090 0.490
Total Carbon [%] 09-Oct-09 10:07 10.5 16.8 0.616 0.207 0.089 0.489
Sulphide [%] 08-Oct-09 11:47 0.47 0.70 0.53 1.04 1.07 0.96
Sulphate [%] 13-Oct-09 16:45 0.3 0.1 0.1 0.1 0.1 0.6
Silver [µg/g] 14-Oct-09 13:32 < 0.7 < 0.7 1.5 1.2 1.1 3.0
Aluminum [µg/g] 14-Oct-09 13:32 3800 5800 1500 1200 890 6700
Arsenic [µg/g] 14-Oct-09 13:32 14 26 22 24 24 37
Barium [µg/g] 14-Oct-09 13:32 94 450 280 370 310 550
Beryllium [µg/g] 14-Oct-09 13:32 0.35 0.13 0.51 0.41 0.34 1.5
Bismuth [µg/g] 14-Oct-09 13:32 12 < 0.5 11 8.6 7.8 15
Calcium [µg/g] 14-Oct-09 13:32 4600 7400 230 110 63 2400
Cadmium [µg/g] 14-Oct-09 13:32 4.0 1.8 0.25 0.27 0.29 0.45
Cerium [µg/g] 14-Oct-09 13:32 240 800 340 300 240 600
Cobalt [µg/g] 14-Oct-09 13:32 15 17 16 21 22 25
Chromium [µg/g] 14-Oct-09 13:32 7.8 17 8.2 6.5 5.8 16
Cesium [µg/g] 14-Oct-09 13:32 1.1 0.90 0.32 0.20 0.19 1.1
Copper [µg/g] 14-Oct-09 13:32 15 56 50 54 54 120
Iron [µg/g] 14-Oct-09 13:32 240000 16000 13000 17000 19000 22000
Gallium [µg/g] 14-Oct-09 13:32 2.7 6.5 2.8 2.4 1.9 5.3
Germanium [µg/g] 14-Oct-09 13:32 7.2 4.0 1.4 1.4 1.2 2.6
Hafnium [µg/g] 14-Oct-09 13:32 0.1 0.9 0.5 0.7 0.7 1.5
Indium [µg/g] 14-Oct-09 13:32 < 0.01 0.01 0.02 0.01 0.01 0.03
Potassium [µg/g] 14-Oct-09 13:32 210 270 330 300 230 570
Lanthanum [µg/g] 14-Oct-09 13:32 130 420 190 170 140 310
Lithium [µg/g] 14-Oct-09 13:32 0.9 1.3 0.8 0.5 0.2 4.7
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Analysis 3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-EC-1
(0-5)

6:
CORE

09-EC-1
(5-10)

7:
CORE

09-EC-2
(0-2.5)

8:
CORE

09-EC-2
(2.5-5)

9:
CORE

09-EC-2
(5-7.5)

10:
CORE

09-QC14-1
(0-5)

Lutetium [µg/g] 14-Oct-09 13:32 1.1 5.3 0.14 0.060 0.038 1.1
Magnesium [µg/g] 14-Oct-09 13:32 240 1500 110 38 18 97
Manganese [µg/g] 14-Oct-09 13:32 84 180 18 7.6 4.6 14
Molybdenum [µg/g] 14-Oct-09 13:32 10 3.9 6.4 6.1 5.5 10
Sodium [µg/g] 14-Oct-09 13:32 40 55 11 8 5 15
Niobuim [µg/g] 14-Oct-09 13:32 2.7 < 0.7 9.7 7.8 7.5 13
Nickel [µg/g] 14-Oct-09 13:32 19 43 9 10 11 20
Lead [µg/g] 14-Oct-09 13:32 280 640 240 270 310 650
Phosphorus [µg/g] 14-Oct-09 13:32 810 360 400 360 330 820
Rubidium [µg/g] 14-Oct-09 13:32 2.5 4.0 2.6 2.0 1.4 4.1
Antimony [µg/g] 14-Oct-09 13:32 < 1 < 1 1 < 1 < 1 2
Scandium [µg/g] 14-Oct-09 13:32 1.6 3.0 0.9 0.8 0.6 2.8
Selenium [µg/g] 14-Oct-09 13:32 < 2 < 2 < 2 < 2 < 2 < 2
Tin [µg/g] 14-Oct-09 13:32 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 14-Oct-09 13:32 7.9 14 5.1 5.4 4.6 11
Sulphur [µg/g] 14-Oct-09 13:32 15000 11000 6700 11000 12000 12000
Tantalum [µg/g] 14-Oct-09 13:32 0.05 0.23 0.07 0.12 0.28 0.30
Terbium [µg/g] 14-Oct-09 13:32 4.3 33 1.4 0.90 0.67 5.6
Tellerium [µg/g] 14-Oct-09 13:32 0.1 < 0.1 0.2 0.2 0.2 0.3
Thorium [µg/g] 14-Oct-09 13:32 120 89 560 470 380 1600
Titanium [µg/g] 14-Oct-09 13:32 91 220 330 260 240 610
Thallium [µg/g] 14-Oct-09 13:32 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 14-Oct-09 13:32 230 150 23 18 15 83
Vanadium [µg/g] 14-Oct-09 13:32 26 17 4.0 2.7 2.4 7.2
Tungsten [µg/g] 14-Oct-09 13:32 79 5 5 5 6 8
Yttrium [µg/g] 14-Oct-09 13:32 84 750 12 6.7 5.2 87
Ytterbium [µg/g] 14-Oct-09 13:31 8.7 46 1.2 0.57 0.40 9.2
Zinc [µg/g] 14-Oct-09 13:32 65 58 8.9 8.0 5.8 23
Zirconium [µg/g] 14-Oct-09 13:32 6 < 5 30 27 26 58

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 01 October 2009
 LR. Ref. : CA10063-OCT09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 11:

CORE
09-QC14-1

(5-10)

12:
CORE

09-QC14-1
(10-15)

13:
CORE

09-QC14-2
(0-2.5)

14:
CORE

09-QC14-2
(2.5-5)

15:
CORE

09-QC14-2
(5-7.5)

16:
CORE

09-QC14-2
(7.5-10)

17:
CORE

09-QC14-3
(0-5)

Sample Date & Time 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09
Ba as BaSO4 Calc. * [µg/g] 580 480 260 370 560 540 920
SO4 as BaSO4 Calc. ** [µg/g] 53400 29100 2430 2430 2430 2430 <2430
Total Sulphur [%] 2.33 2.21 0.633 0.885 0.871 1.29 1.35
Carbonate (CO3) [%] < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.005
Total Organic Carbon [%] 0.114 0.065 0.519 0.289 0.121 0.086 0.617
Total Carbon [%] 0.115 0.064 0.519 0.289 0.121 0.086 0.618
Sulphide [%] 1.56 1.80 0.52 0.77 0.84 1.26 1.37
Sulphate [%] 2.2 1.2 0.1 0.1 0.1 0.1 < 0.1
Silver [µg/g] 1.7 1.3 0.8 1.0 1.1 1.3 3.4
Aluminum [µg/g] 3800 2600 830 690 850 1400 7700
Arsenic [µg/g] 33 26 17 19 21 23 36
Barium [µg/g] 340 280 150 220 330 320 540
Beryllium [µg/g] 0.81 0.61 0.28 0.28 0.34 0.51 1.7
Bismuth [µg/g] 10 8.1 7.5 9.2 8.5 7.6 15
Calcium [µg/g] 8900 4900 190 130 79 59 350
Cadmium [µg/g] 0.42 0.43 0.18 0.22 0.22 0.31 0.55
Cerium [µg/g] 610 430 300 290 280 250 770
Cobalt [µg/g] 35 36 15 18 17 24 38
Chromium [µg/g] 8.2 6.2 4.7 4.9 5.7 6.6 18
Cesium [µg/g] 0.49 0.32 0.18 0.22 0.31 0.20 0.55
Copper [µg/g] 100 88 43 46 42 51 140
Iron [µg/g] 21000 21000 10000 12000 13000 18000 22000
Gallium [µg/g] 4.3 3.0 2.1 2.1 2.0 1.9 6.2
Germanium [µg/g] 2.6 2.1 1.2 1.2 1.2 1.2 3.1
Hafnium [µg/g] 1.2 0.9 0.3 0.6 1.0 0.7 1.5
Indium [µg/g] 0.02 0.02 < 0.01 < 0.01 0.01 0.01 0.04
Potassium [µg/g] 440 290 210 230 250 250 600
Lanthanum [µg/g] 310 220 170 170 160 140 390
Lithium [µg/g] 1.8 1.0 0.2 0.1 0.4 0.7 5.7
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Analysis 11:
CORE

09-QC14-1
(5-10)

12:
CORE

09-QC14-1
(10-15)

13:
CORE

09-QC14-2
(0-2.5)

14:
CORE

09-QC14-2
(2.5-5)

15:
CORE

09-QC14-2
(5-7.5)

16:
CORE

09-QC14-2
(7.5-10)

17:
CORE

09-QC14-3
(0-5)

Lutetium [µg/g] 1.4 1.1 0.081 0.048 0.031 0.036 1.9
Magnesium [µg/g] 76 65 88 46 25 23 120
Manganese [µg/g] 5.3 5.4 13 8.6 4.7 3.9 20
Molybdenum [µg/g] 7.8 7.3 5.3 5.2 7.9 4.8 8.0
Sodium [µg/g] 12 7 8 7 6 6 16
Niobuim [µg/g] 7.2 4.9 7.0 8.2 8.4 7.7 15
Nickel [µg/g] 25 24 8 8 8 12 32
Lead [µg/g] 490 390 180 260 270 230 650
Phosphorus [µg/g] 490 320 260 300 360 350 830
Rubidium [µg/g] 3.2 2.1 1.9 1.9 1.8 1.6 4.3
Antimony [µg/g] < 1 < 1 < 1 < 1 < 1 < 1 2
Scandium [µg/g] 1.5 1.0 0.5 0.4 0.5 0.8 3.0
Selenium [µg/g] < 2 < 2 < 2 < 2 < 2 < 2 < 2
Tin [µg/g] < 6 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 12 8.5 3.6 4.1 4.8 4.6 7.5
Sulphur [µg/g] 22000 20000 6500 8700 8600 12000 13000
Tantalum [µg/g] 0.15 0.09 0.04 0.05 0.12 0.35 0.45
Terbium [µg/g] 7.5 5.5 0.97 0.83 0.68 0.64 9.5
Tellerium [µg/g] 0.2 0.2 0.1 0.2 0.2 0.2 0.3
Thorium [µg/g] 880 630 310 310 360 580 1800
Titanium [µg/g] 370 240 210 250 260 240 630
Thallium [µg/g] < 3 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 71 47 17 17 13 15 120
Vanadium [µg/g] 3.7 2.8 2.7 2.7 2.7 2.6 8.0
Tungsten [µg/g] 7 7 3 4 5 6 8
Yttrium [µg/g] 160 100 9.1 6.8 5.5 5.1 180
Ytterbium [µg/g] 12 9.1 0.74 0.46 0.33 0.36 16
Zinc [µg/g] 28 24 8.8 6.9 4.7 5.4 42
Zirconium [µg/g] 38 27 20 26 28 25 57

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.
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 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 01 October 2009
 LR. Ref. : CA10063-OCT09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 18:

CORE
09-QC14-3

(5-10)

19:
CORE

09-QC14-3
(10-15)

20:
CORE

09-QC14-3
(15-20)

21:
CORE

09-QC14-4
(0-5)

22:
CORE

09-QC14-4
(5-10)

23:
CORE

09-QC14-4
(10-15)

24:
CORE

09-QC14-4
(15-20)

Sample Date & Time 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09
Ba as BaSO4 Calc. * [µg/g] 1090 1120 1070 970 950 990 800
SO4 as BaSO4 Calc. ** [µg/g] 4850 7280 7280 4850 46100 87400 75200
Total Sulphur [%] 1.48 1.39 1.60 1.48 2.00 2.36 2.58
Carbonate (CO3) [%] < 0.005 < 0.005 < 0.005 0.022 0.100 0.123 0.034
Total Organic Carbon [%] 0.136 0.112 0.097 0.683 0.188 0.178 0.109
Total Carbon [%] 0.136 0.113 0.096 0.688 0.208 0.202 0.116
Sulphide [%] 1.43 1.32 1.48 1.40 1.37 1.08 1.44
Sulphate [%] 0.2 0.3 0.3 0.2 1.9 3.6 3.1
Silver [µg/g] 3.2 3.9 3.7 3.0 2.9 4.0 2.9
Aluminum [µg/g] 7700 11000 9000 6500 6200 10000 7500
Arsenic [µg/g] 45 49 46 40 38 40 38
Barium [µg/g] 640 660 630 570 560 580 470
Beryllium [µg/g] 1.6 2.1 1.9 1.4 1.4 2.0 1.5
Bismuth [µg/g] 15 16 15 15 14 17 14
Calcium [µg/g] 710 940 1300 1400 9900 19000 16000
Cadmium [µg/g] 0.61 0.66 0.58 0.64 0.56 0.64 0.55
Cerium [µg/g] 1100 1200 1000 900 830 1100 890
Cobalt [µg/g] 45 41 38 39 35 38 38
Chromium [µg/g] 17 24 21 16 15 21 16
Cesium [µg/g] 0.77 0.88 0.76 0.54 0.70 0.87 0.81
Copper [µg/g] 140 160 160 130 120 160 130
Iron [µg/g] 24000 25000 24000 23000 22000 24000 23000
Gallium [µg/g] 7.5 8.6 7.5 6.4 6.1 8.0 6.3
Germanium [µg/g] 4.2 4.4 4.1 3.5 3.3 4.0 3.5
Hafnium [µg/g] 2.2 2.4 2.2 1.5 1.8 2.5 2.2
Indium [µg/g] 0.04 0.05 0.06 0.04 0.03 0.05 0.04
Potassium [µg/g] 630 730 690 600 600 760 650
Lanthanum [µg/g] 560 600 520 460 420 540 450
Lithium [µg/g] 5.2 7.7 7.0 4.9 5.7 10 6.2

 

SGS Lakefield Research Limited
 P.O. Box 4300 - 185 Concession St.
 Lakefield - Ontario - KOL 2HO
 Phone: 705-652-2000 FAX: 705-652-6365
 

O
nL

in
e 

LI
M

S

Page 1 of 2
 Data reported represents the sample submitted to SGS Lakefield Research. Reproduction of this analytical report in full or in part is prohibited without prior written approval.
 



Analysis 18:
CORE

09-QC14-3
(5-10)

19:
CORE

09-QC14-3
(10-15)

20:
CORE

09-QC14-3
(15-20)

21:
CORE

09-QC14-4
(0-5)

22:
CORE

09-QC14-4
(5-10)

23:
CORE

09-QC14-4
(10-15)

24:
CORE

09-QC14-4
(15-20)

Lutetium [µg/g] 3.1 3.3 2.8 2.3 2.0 3.5 2.6
Magnesium [µg/g] 300 220 120 770 520 1300 400
Manganese [µg/g] 35 31 18 79 53 130 57
Molybdenum [µg/g] 5.8 8.1 8.9 9.0 9.4 8.0 6.6
Sodium [µg/g] 15 18 15 18 16 21 18
Niobuim [µg/g] 9.5 9.0 8.9 13 11 12 10
Nickel [µg/g] 38 39 34 31 28 37 31
Lead [µg/g] 690 720 680 630 550 800 640
Phosphorus [µg/g] 840 930 860 760 740 950 710
Rubidium [µg/g] 4.8 5.8 5.4 4.3 4.3 5.4 5.0
Antimony [µg/g] < 1 1 1 1 1 1 < 1
Scandium [µg/g] 3.1 4.2 3.6 2.7 2.5 3.8 2.9
Selenium [µg/g] < 2 < 2 < 2 < 2 < 2 < 2 < 2
Tin [µg/g] < 6 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 11 14 15 9.2 16 21 18
Sulphur [µg/g] 14000 14000 15000 14000 19000 22000 25000
Tantalum [µg/g] 0.27 0.27 0.28 0.48 0.57 0.55 0.48
Terbium [µg/g] 17 18 14 12 10 18 13
Tellerium [µg/g] 0.3 0.4 0.4 0.3 0.3 0.4 0.3
Thorium [µg/g] 1900 2400 2200 1600 1600 2400 1800
Titanium [µg/g] 660 680 640 590 550 740 570
Thallium [µg/g] < 3 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 100 110 110 100 100 140 110
Vanadium [µg/g] 7.7 9.3 8.3 7.4 6.4 9.8 6.7
Tungsten [µg/g] 8 9 8 8 8 8 8
Yttrium [µg/g] 370 350 290 240 220 360 260
Ytterbium [µg/g] 26 28 24 19 17 30 22
Zinc [µg/g] 58 59 51 46 42 59 46
Zirconium [µg/g] 64 68 64 56 54 70 58

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.
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 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 01 October 2009
 LR Report: CA10063-OCT09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report (QC Report)
 
  Analysis 25:

MDL
26:

QC - Blank
27:

QC - STD %
Recovery

28:
QC - DUP %

Recovery

Ba as BaSO4 Calc. * [µg/g] --- --- --- ---

SO4 as BaSO4 Calc. ** [µg/g] --- --- --- ---

Total Sulphur [%] 0.005 < 0.005 100% 98%

Carbonate (CO3) [%] 0.005 < 0.005 101% 100%

Total Organic Carbon [%] 0.01 --- --- ---

Total Carbon [%] 0.005 < 0.005 100% 95%

Sulphide [%] 0.01 < 0.01 103% 100%

Sulphate [%] 0.1 < 0.1 98% 107%

Silver [µg/g] 0.7 < 0.7 98% 93%

Aluminum [µg/g] 1 < 1 99% 114%

Arsenic [µg/g] 1 < 1 98% 96%

Barium [µg/g] 0.05 < 0.05 100% 110%

Beryllium [µg/g] 0.1 < 0.1 100% 111%

Bismuth [µg/g] 0.5 < 0.5 98% 100%

Calcium [µg/g] 1 < 1 99% 103%

Cadmium [µg/g] 0.05 < 0.05 98% 100%

Cerium [µg/g] 0.006 < 0.006 107% 99%

Cobalt [µg/g] 0.3 < 0.3 96% 965

Chromium [µg/g] 0.5 < 0.5 99% 106%

Cesium [µg/g] 0.01 < 0.01 100% 99%

Copper [µg/g] 0.1 < 0.1 101% 110%

Iron [µg/g] 0.5 < 0.5 98% 91%

Gallium [µg/g] 0.03 < 0.03 100% 101%

Germanium [µg/g] 0.3 < 0.3 100% 95%

Hafnium [µg/g] 0.1 < 0.1 100% 120%

Indium [µg/g] 0.01 < 0.01 100% 109%

Potassium [µg/g] 1 < 1 100% 110%

Lanthanum [µg/g] 0.001 < 0.001 101% 99%

Lithium [µg/g] 0.1 < 0.1 99% 100%

Lutetium [µg/g] 0.001 < 0.001 96% 99%

Magnesium [µg/g] 1 < 1 100% 105%

Manganese [µg/g] 0.05 < 0.05 98% 108%

Molybdenum [µg/g] 0.5 < 0.5 101% 74%
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Analysis 25:
MDL

26:
QC - Blank

27:
QC - STD %

Recovery

28:
QC - DUP %

Recovery

Sodium [µg/g] 1 < 1 102% 104%

Niobuim [µg/g] 0.7 < 0.7 100% 99%

Nickel [µg/g] 1 < 1 99% 103%

Lead [µg/g] 0.7 < 0.7 98% 110%

Phosphorus [µg/g] 5 < 5 98% 106%

Rubidium [µg/g] 0.004 < 0.004 100% 100%

Antimony [µg/g] 1 < 1 102% 100%

Scandium [µg/g] 0.2 < 0.2 100% 103%

Selenium [µg/g] 1 < 2 97% 100%

Tin [µg/g] 6 < 6 103% 94%

Strontium [µg/g] 0.01 < 0.01 100% 96%

Sulphur [µg/g] 1 < 1 --- 90%

Tantalum [µg/g] 0.01 < 0.01 100% 101%

Terbium [µg/g] 0.001 < 0.001 94% 100%

Tellerium [µg/g] 0.1 < 0.1 100% 107%

Thorium [µg/g] 0.01 < 0.01 100% 99%

Titanium [µg/g] 0.2 < 0.2 104% 99%

Thallium [µg/g] 3 < 3 97% 100%

Uranium [µg/g] 0.002 < 0.002 --- 97%

Vanadium [µg/g] 0.1 < 0.1 100% 109%

Tungsten [µg/g] 1 < 1 99% 100%

Yttrium [µg/g] 0.1 < 0.1 100% 110%

Ytterbium [µg/g] 0.001 --- 100% 100%

Zinc [µg/g] 0.1 < 0.1 98% 103%

Zirconium [µg/g] 5 < 5 102% 105%

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10066-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis Approval

Date

4:
Analysis Approval

Time

13:
PW09-QC14-1

(0-5)

14:
PW09-QC14-1

(5-10)

15:
PW09-QC14-1

(10-15)

16:
PW09-QC14-2

(0-2.5)

17:
PW09-QC14-2

(2.5-5)

Sample Date & Time 27-Sep-09 27-Sep-09 29-Sep-09 28-Sep-09 28-Sep-09

Sulphate [mg/L] 02-Oct-09 19:39 06-Oct-09 14:20 --- --- 1500 32 12

Tot. Suspended Solids [mg/L] 05-Oct-09 10:24 06-Oct-09 12:15 --- --- --- --- ---

Dissolved Organic Carbon [mg/L] 02-Oct-09 10:00 06-Oct-09 13:53 --- --- 4.7 28.0 18.3

Dissolved Inorganic Carbon [mg/L] 05-Oct-09 14:35 07-Oct-09 12:41 --- --- 1.0 < 1.0 < 1.0

Total Organic Carbon [mg/L] 02-Oct-09 10:00 05-Oct-09 13:40 --- --- --- --- ---

Acidity [mg/L as CaCO3] 02-Oct-09 15:00 08-Oct-09 09:53 --- --- 49 21 15

Hardness [mg/L as CaCO3] 05-Oct-09 09:00 05-Oct-09 13:21 731 1294 1335 26.2 16.9

Aluminum [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.01 < 0.01 < 0.01 < 0.01 0.03

Arsenic [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0082 0.0102 0.0064 0.0064 0.0084

Barium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0577 0.0283 0.0212 0.309 0.308

Beryllium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0048 0.0107 0.0138 0.0054 0.0047

Bismuth [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00001 < 0.00001 0.00008 0.00003 0.00024

Calcium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:21 290 516 532 8.79 5.68

Cadmium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.000012 0.000050 0.000118 0.000055 < 0.000003

Cobalt [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0154 0.0367 0.0438 0.00521 0.000917

Chromium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0005 0.0008 0.0012 0.0043 0.0025

Iron [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 63.9 40.0 24.3 0.03 0.52

Potassium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.21 1.34 1.49 0.34 0.40

Lithium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.002 0.002 < 0.002 < 0.002 < 0.002

Magnesium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.63 1.48 1.37 1.02 0.664

 

SGS Lakefield Research Limited
 P.O. Box 4300 - 185 Concession St.
 Lakefield - Ontario - KOL 2HO
 Phone: 705-652-2000 FAX: 705-652-6365
 

O
nL

in
e 

LI
M

S

Page 1 of 2
 This document is issued by the Company under its General Conditions of Service accessible at http://www.sgs.com/terms_and_conditions.htm. Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined therein. WARNING: The sample(s) to which the findings
recorded herein (the 'Findings') relate was (were) drawn and / or provided by the Client or by a third party acting at the Client’s direction. The Findings constitute no warranty of the sample’s representativity of the goods and strictly relate to the sample(s). The Company accepts no liability with

regard to the origin or source from which the sample(s) is/are said to be extracted. The Findings report on the samples provided by the client and are not intended for commercial or contractual settlement purposes. Any unauthorized alteration, forgery or falsification of the content or
appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law. Test method information available upon request.



Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis Approval

Date

4:
Analysis Approval

Time

13:
PW09-QC14-1

(0-5)

14:
PW09-QC14-1

(5-10)

15:
PW09-QC14-1

(10-15)

16:
PW09-QC14-2

(0-2.5)

17:
PW09-QC14-2

(2.5-5)

Manganese [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.771 0.503 0.346 0.282 0.133

Molybdenum [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00589 0.0119 0.00918 0.00029 0.00133

Sodium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.77 2.04 2.08 2.35 1.98

Nickel [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0050 0.0172 0.0173 0.0044 0.0012

Phosphorus [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.01 < 0.01 < 0.01 < 0.01 0.01

Lead [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00069 0.00078 0.00202 0.0242 0.00596

Sulphur [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 242 396 399 8.28 3.87

Antimony [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0002 < 0.0002 < 0.0002 0.0002 0.0006

Selenium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 8.09 10.3 10.3 1.23 1.71

Tin [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00001 0.00004 0.00008 0.00004 < 0.00001

Strontium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.149 0.260 0.266 0.0205 0.0154

Titanium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0006 0.0007 0.0007 0.0003 0.0062

Thallium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0136 0.0589 0.0445 0.000946 0.000524

Vanadium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00010 0.00011 0.00013 0.00007 0.00013

Zinc [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.011 0.039 0.041 0.005 0.003

 
 

Groundwater samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10066-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 18:

PW09-QC14-2
(5-7.5)

19:
PW09-QC14-2

(7.5-10)

20:
PW09-QC14-3

(0-5)

21:
PW09-QC14-3

(5-10)

22:
PW09-QC14-3

(10-15)

23:
PW09-QC14-3

(15-20)

24:
PW09-QC14-4

(0-5)

25:
PW09-QC14-4

(5-10)

26:
PW09-QC14-4

(10-15)

27:
PW09-QC14-4

(15-20)

Sample Date & Time 28-Sep-09 28-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09

Sulphate [mg/L] 12 --- 5.6 6.8 18 240 560 1400 1400 1400

Tot. Suspended Solids [mg/L] --- --- --- --- --- --- --- --- --- ---

Dissolved Organic Carbon [mg/L] 17.9 --- 3.5 3.2 2.8 3.8 9.3 6.6 7.3 4.0

Dissolved Inorganic Carbon [mg/L] < 1.0 --- 2.0 3.0 4.7 3.1 < 1.0 4.7 3.1 5.9

Total Organic Carbon [mg/L] --- --- --- --- --- --- --- --- --- ---

Acidity [mg/L as CaCO3] 16 --- 6 < 4 < 4 < 4 19 < 4 --- ---

Hardness [mg/L as CaCO3] 17.9 19.1 18.0 24.5 42.8 250 512 1362 1335 1310

Aluminum [mg/L] < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.04 < 0.01

Arsenic [mg/L] 0.0066 0.0066 0.0026 0.0025 0.0040 0.0042 0.0050 0.0054 0.0026 0.0027

Barium [mg/L] 0.519 0.499 0.333 0.233 0.131 0.0762 0.231 0.0657 0.0328 0.0197

Beryllium [mg/L] < 0.00002 < 0.00002 0.00013 0.00005 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 0.0051 0.0044 0.0026 0.0070 0.0121 0.0162 0.0220 0.0944 0.0802 0.0387

Bismuth [mg/L] 0.00006 < 0.00001 0.00012 0.00004 0.00001 0.00001 0.00005 0.00002 0.00001 0.00003

Calcium [mg/L] 6.06 6.44 6.12 8.51 15.5 97.4 195 536 527 519

Cadmium [mg/L] 0.000005 0.000006 0.000112 0.000043 0.000034 0.000086 0.000029 0.000016 0.000017 0.000015

Cobalt [mg/L] 0.000766 0.000876 0.00189 0.00766 0.00912 0.0123 0.00473 0.00237 0.00186 0.00185

Chromium [mg/L] < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 0.0015 0.0007 < 0.0005 < 0.0005 < 0.0005 < 0.0005 0.0009 0.0007 0.0006 0.0008

Iron [mg/L] 2.46 6.07 7.18 6.88 5.66 7.35 23.5 1.62 0.41 0.26

Potassium [mg/L] 0.62 0.53 0.37 0.50 0.60 0.90 0.65 1.06 0.94 0.92

Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 0.002 0.002 < 0.002 < 0.002

Magnesium [mg/L] 0.675 0.734 0.670 0.801 0.980 1.78 6.05 5.49 4.43 3.52
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Analysis 18:
PW09-QC14-2

(5-7.5)

19:
PW09-QC14-2

(7.5-10)

20:
PW09-QC14-3

(0-5)

21:
PW09-QC14-3

(5-10)

22:
PW09-QC14-3

(10-15)

23:
PW09-QC14-3

(15-20)

24:
PW09-QC14-4

(0-5)

25:
PW09-QC14-4

(5-10)

26:
PW09-QC14-4

(10-15)

27:
PW09-QC14-4

(15-20)

Manganese [mg/L] 0.133 0.146 0.143 0.161 0.191 0.249 1.27 0.400 0.352 0.251

Molybdenum [mg/L] 0.00107 0.00241 0.00045 0.00042 0.00155 0.00615 0.00339 0.0289 0.0291 0.0149

Sodium [mg/L] 1.79 1.51 1.30 1.20 1.36 1.63 2.05 2.00 1.94 1.80

Nickel [mg/L] 0.0012 0.0011 0.0010 0.0019 0.0020 0.0039 0.0025 0.0020 0.0018 0.0019

Phosphorus [mg/L] 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.02 < 0.01 0.02 < 0.01

Lead [mg/L] 0.00098 0.00018 0.00029 0.00023 0.00027 0.00042 0.00043 0.00047 0.00044 0.00059

Sulphur [mg/L] 3.61 4.46 1.67 2.21 5.91 69.9 155 391 387 385

Antimony [mg/L] 0.0004 0.0005 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 0.0003 0.0003 < 0.0002

Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 0.002

Silica [mg/L] 2.15 3.04 5.18 7.70 8.81 8.23 4.59 3.66 2.45 3.95

Tin [mg/L] < 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00005 0.00011 0.00004 0.00006 0.00010 0.00022

Strontium [mg/L] 0.0204 0.0211 0.0170 0.0318 0.0499 0.146 0.137 0.277 0.263 0.268

Titanium [mg/L] 0.0005 0.0002 0.0003 0.0005 0.0005 0.0005 0.0004 0.0004 0.0003 0.0003

Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 0.000143 0.000072 0.000744 0.000806 0.000839 0.00957 0.0421 0.275 0.242 0.233

Vanadium [mg/L] 0.00006 0.00006 0.00019 0.00012 0.00014 0.00016 0.00013 0.00022 0.00021 0.00023

Zinc [mg/L] 0.002 0.003 0.002 0.005 0.008 0.015 0.006 0.003 0.003 0.003

 
 

Groundwater samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10066-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 5:

SW09-QC14-1T
6:

SW09-QC14-1B
7:

SW09-QC14-2T
8:

SW09-QC14-2B
9:

SW09-QC14-3T
10:

SW09-QC14-3B
11:

SW09-QC14-4T
12:

SW09-QC14-4B

Sample Date & Time 26-Sep-09 26-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09

Sulphate [mg/L] 55 32 72 32 54 35 57 25

Tot. Suspended Solids [mg/L] --- --- --- 43 --- --- --- 6

Dissolved Organic Carbon [mg/L] 13.3 18.5 14.4 19.4 15.1 16.0 13.4 14.2

Dissolved Inorganic Carbon [mg/L] 2.4 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0

Total Organic Carbon [mg/L] --- --- --- 5.3 --- --- --- 5.2

Acidity [mg/L as CaCO3] 31 20 56 15 29 15 31 20

Hardness [mg/L as CaCO3] 17.1 18.3 16.9 16.6 16.7 16.9 16.8 16.9

Aluminum [mg/L] < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Arsenic [mg/L] 0.0006 0.0008 0.0006 0.0011 0.0007 0.0009 0.0006 0.0012

Barium [mg/L] 0.109 0.116 0.104 0.108 0.105 0.105 0.0989 0.109

Beryllium [mg/L] < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 0.0044 0.0045 0.0045 0.0056 0.0045 0.0047 0.0043 0.0053

Bismuth [mg/L] < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001

Calcium [mg/L] 5.72 6.24 5.69 5.55 5.59 5.69 5.63 5.67

Cadmium [mg/L] 0.000023 0.000029 0.000023 0.000023 0.000021 0.000035 0.000017 0.000052

Cobalt [mg/L] 0.00304 0.00143 0.00549 0.00169 0.00246 0.00165 0.00297 0.00144

Chromium [mg/L] < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 0.0051 0.0045 0.0038 0.0023 0.0040 0.0034 0.0030 0.0025

Iron [mg/L] 0.02 0.36 0.04 0.01 0.02 0.07 0.02 0.01

Potassium [mg/L] 0.32 0.30 0.32 0.26 0.31 0.29 0.30 0.27

Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002

Magnesium [mg/L] 0.679 0.667 0.663 0.657 0.660 0.658 0.664 0.667
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Analysis 5:
SW09-QC14-1T

6:
SW09-QC14-1B

7:
SW09-QC14-2T

8:
SW09-QC14-2B

9:
SW09-QC14-3T

10:
SW09-QC14-3B

11:
SW09-QC14-4T

12:
SW09-QC14-4B

Manganese [mg/L] 0.0328 0.0379 0.0288 0.0353 0.0292 0.0337 0.0272 0.0348

Molybdenum [mg/L] 0.00001 0.00002 < 0.00001 0.00002 < 0.00001 < 0.00001 < 0.00001 0.00003

Sodium [mg/L] 1.84 1.87 1.82 1.83 1.81 1.78 1.88 1.73

Nickel [mg/L] 0.0027 0.0025 0.0025 0.0024 0.0024 0.0024 0.0023 0.0026

Phosphorus [mg/L] 0.01 < 0.01 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Lead [mg/L] 0.00375 0.00604 0.00717 0.00597 0.00374 0.00642 0.00386 0.00361

Sulphur [mg/L] 4.72 5.21 4.69 4.74 4.64 4.78 4.74 4.76

Antimony [mg/L] 0.0034 0.0007 0.0077 0.0007 0.0021 0.0009 0.0027 0.0005

Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 0.59 0.63 0.58 0.59 0.58 0.64 0.58 0.63

Tin [mg/L] 0.00002 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001

Strontium [mg/L] 0.0122 0.0125 0.0121 0.0120 0.0119 0.0122 0.0120 0.0122

Titanium [mg/L] < 0.0001 < 0.0001 0.0003 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 0.00107 0.000679 0.000535 0.000338 0.000489 0.000749 0.000386 0.000459

Vanadium [mg/L] 0.00004 0.00004 0.00006 0.00005 0.00005 0.00004 0.00004 0.00004

Zinc [mg/L] 0.003 0.004 0.002 0.005 0.002 0.004 0.003 0.005

 
 

Ra226 subcontracted to Becquerel Labs.
  

 
 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 01 October 2009
 LR Report: CA10066-OCT09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report (QC Report)
 
  Analysis 28:

MDL
29:

QC - Blank
30:

QC - STD %
Recovery

31:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 100% 110%

Tot. Suspended Solids [mg/L] 2 < 2 96% 83%

Dissolved Organic Carbon [mg/L] 0.2 < 0.2 105% 98%

Dissolved Inorganic Carbon [mg/L] 0.2 0.7 107% 100%

Total Organic Carbon [mg/L] 0.2 < 0.2 105% 98%

Acidity [mg/L as CaCO3] 4 < 4 98% 102%

Hardness [mg/L as CaCO3] 0.5 --- --- ---

Aluminum [mg/L] 0.01 < 0.01 98% ---

Arsenic [mg/L] 0.0002 < 0.0002 106% ---

Barium [mg/L] 0.00001 < 0.00001 122% ---

Beryllium [mg/L] 0.00002 < 0.00002 104% ---

Boron [mg/L] 0.0002 < 0.0002 96% ---

Bismuth [mg/L] 0.00001 < 0.00001 109% ---

Calcium [mg/L] 0.03 < 0.03 101% ---

Cadmium [mg/L] 0.000003 0.000003 99% ---

Cobalt [mg/L] 0.000002 < 0.000002 102% ---

Chromium [mg/L] 0.0005 < 0.0005 102% ---

Copper [mg/L] 0.0005 < 0.0005 102% ---

Iron [mg/L] 0.01 < 0.01 102% ---

Potassium [mg/L] 0.01 < 0.01 98% ---

Lithium [mg/L] 0.002 < 0.002 98% ---

Magnesium [mg/L] 0.003 < 0.003 98% ---

Manganese [mg/L] 0.00001 < 0.00001 107% ---

Molybdenum [mg/L] 0.00001 < 0.00001 99% ---

Sodium [mg/L] 0.01 < 0.01 94% ---

Nickel [mg/L] 0.0001 < 0.0001 100% ---

Phosphorus [mg/L] 0.01 < 0.01 100% ---

Lead [mg/L] 0.00002 < 0.00002 106% ---
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Analysis 28:
MDL

29:
QC - Blank

30:
QC - STD %

Recovery

31:
QC - DUP %

Recovery

Sulphur [mg/L] 0.01 < 0.01 98% ---

Antimony [mg/L] 0.0002 < 0.0002 101% ---

Selenium [mg/L] 0.001 < 0.001 102% ---

Silica [mg/L] 0.01 < 0.01 104% ---

Tin [mg/L] 0.00001 < 0.00001 96% ---

Strontium [mg/L] 0.0001 < 0.0001 100% ---

Titanium [mg/L] 0.0001 < 0.0001 96% ---

Thallium [mg/L] 0.0002 < 0.0002 107% ---

Uranium [mg/L] 0.000001 0.000001 1065 ---

Vanadium [mg/L] 0.00003 < 0.00003 107% ---

Zinc [mg/L] 0.001 < 0.001 104% ---

 
 

 Ra226 subcontracted to Becquerel Labs.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10069-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
PW09 EC2

0-2.5

6:
PW09 EC2

2.5-5

7:
PW09 EC2

5-7.5

8:
PW09 EC1

0-5

9:
PW09 EC1

5-10

Sample Date & Time 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09

Temperature Upon Receipt [°C] --- --- --- --- 9.0 9.0 9.0 9.0 9.0

Sulphate [mg/L] 02-Oct-09 19:39 06-Oct-09 12:35 27 18 --- --- ---

Dissolved Organic Carbon [mg/L] 05-Oct-09 09:40 06-Oct-09 13:53 19.0 14.3 --- --- ---

Dissolved Inorganic Carbon [mg/L] 06-Oct-09 08:15 07-Oct-09 12:40 4.2 1.1 --- --- ---

Acidity [mg/L as CaCO3] 02-Oct-09 15:00 06-Oct-09 11:07 17 16 --- --- ---

Hardness [mg/L as CaCO3] 05-Oct-09 09:00 05-Oct-09 13:17 21.7 16.0 16.4 33.9 17.8

Aluminum [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Arsenic [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0058 0.0046 0.0065 0.0006 0.0024

Barium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.285 0.337 0.487 0.221 0.335

Beryllium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002

Boron [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0039 0.0034 0.0039 0.0082 0.0028

Bismuth [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00003 0.00006 0.00003 < 0.00001 < 0.00001

Calcium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 7.28 5.35 5.54 11.4 6.06

Cadmium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.000031 0.000012 0.000009 0.000012 < 0.000003

Cobalt [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00289 0.00120 0.00183 0.000321 0.00192

Chromium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005

Copper [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0018 0.0018 0.0011 0.0010 < 0.0005

Iron [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.44 3.30 5.71 0.07 6.63

Potassium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.30 0.34 0.48 0.80 0.58

Lithium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002

Magnesium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.864 0.634 0.632 1.31 0.655
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
PW09 EC2

0-2.5

6:
PW09 EC2

2.5-5

7:
PW09 EC2

5-7.5

8:
PW09 EC1

0-5

9:
PW09 EC1

5-10

Manganese [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.217 0.134 0.132 0.120 0.142

Molybdenum [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00015 0.00116 0.00149 0.00029 0.00051

Sodium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 2.20 1.87 1.50 2.75 1.24

Nickel [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0024 0.0013 0.0017 0.0008 0.0010

Phosphorus [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.07 0.01 < 0.01 < 0.01 < 0.01

Lead [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00216 0.00090 0.00049 0.00023 0.00016

Sulphur [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 6.26 3.35 4.21 7.26 1.58

Antimony [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0003 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Selenium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 1.42 1.86 2.71 0.72 5.07

Tin [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00017 < 0.00001 0.00001 < 0.00001 0.00002

Strontium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.0168 0.0149 0.0187 0.0269 0.0168

Titanium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0007 0.0004 0.0002 < 0.0001 0.0003

Thallium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Uranium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.000173 0.000115 0.000105 0.000835 0.000671

Vanadium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00008 0.00007 0.00004 0.00007 0.00005

Zinc [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.005 0.004 0.003 0.003 0.001

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 01 October 2009
 LR Report: CA10069-OCT09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 10:

MDL
11:

QC - Blank
12:

QC - STD %
Recovery

13:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 100% 110%

Dissolved Organic Carbon [mg/L] 0.2 < 0.2 91% 100%

Dissolved Inorganic Carbon [mg/L] 0.2 0.7 107% 100%

Acidity [mg/L as CaCO3] 2 3 98% 102%

Hardness [mg/L as CaCO3] 0.5 < 0.5 --- ---

Aluminum [mg/L] 0.01 < 0.01 98% ---

Arsenic [mg/L] 0.0002 < 0.0002 106% ---

Barium [mg/L] 0.00001 < 0.00001 122% ---

Beryllium [mg/L] 0.00002 < 0.00002 104% ---

Boron [mg/L] 0.0002 < 0.0002 96% ---

Bismuth [mg/L] 0.00001 < 0.00001 109% ---

Calcium [mg/L] 0.03 < 0.03 101% ---

Cadmium [mg/L] 0.000003 0.000003 99% ---

Cobalt [mg/L] 0.000002 < 0.000002 102% ---

Chromium [mg/L] 0.0005 < 0.0005 102% ---

Copper [mg/L] 0.0005 < 0.0005 102% ---

Iron [mg/L] 0.01 < 0.01 102% ---

Potassium [mg/L] 0.01 < 0.01 98% ---

Lithium [mg/L] 0.002 < 0.002 98% ---

Magnesium [mg/L] 0.003 < 0.003 98% ---

Manganese [mg/L] 0.00001 < 0.00001 107% ---

Molybdenum [mg/L] 0.00001 < 0.00001 99% ---

Sodium [mg/L] 0.01 < 0.01 94% ---

Nickel [mg/L] 0.0001 < 0.0001 100% ---

Phosphorus [mg/L] 0.01 < 0.01 100% ---

Lead [mg/L] 0.00002 < 0.00002 106% ---

Sulphur [mg/L] 0.01 < 0.01 98% ---

Antimony [mg/L] 0.0002 < 0.0002 101% ---
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Analysis 10:
MDL

11:
QC - Blank

12:
QC - STD %

Recovery

13:
QC - DUP %

Recovery

Selenium [mg/L] 0.001 < 0.001 102% ---

Silica [mg/L] 0.01 < 0.01 104% ---

Tin [mg/L] 0.00001 < 0.00001 96% ---

Strontium [mg/L] 0.0001 < 0.0001 100% ---

Titanium [mg/L] 0.0001 < 0.0001 96% ---

Thallium [mg/L] 0.0002 < 0.0002 107% ---

Uranium [mg/L] 0.000001 0.000001 107% ---

Vanadium [mg/L] 0.00003 < 0.00003 107% ---

Zinc [mg/L] 0.001 < 0.001 104% ---

 
 

 Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10064-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
SW09

QC15-1

6:
SW09

QC15-2

7:
SW09

QC15-3

8:
SW09

QC15-4

9:
SW09
EC-2T

10:
SW09
EC-2B

Sample Date & Time 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09

Temperature Upon Receipt [°C] --- --- --- --- 9.0 9.0 9.0 9.0 9.0 9.0

Sulphate [mg/L] 02-Oct-09 19:39 06-Oct-09 14:22 570 570 570 600 85 36

Acidity [mg/L as CaCO3] 02-Oct-09 15:00 05-Oct-09 15:14 22 27 44 50 67 16

Total Organic Carbon [mg/L] 05-Oct-09 09:40 06-Oct-09 13:53 --- --- --- --- 11.4 11.7

Total Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:46 --- --- --- --- < 1.0 < 1.0

Hardness [mg/L as CaCO3] 05-Oct-09 09:00 05-Oct-09 13:19 529 535 532 549 17.0 16.8

Aluminum [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 < 0.01 < 0.01 < 0.01 0.02 0.03 < 0.01

Arsenic [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0010 0.0009 0.0009 0.0011 0.0007 0.0007

Barium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0334 0.0301 0.0300 0.0296 0.108 0.114

Beryllium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00006 < 0.00002 0.00002 < 0.00002 0.00003 0.00002

Boron [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.113 0.113 0.115 0.116 0.0076 0.0072

Bismuth [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00004 0.00002 0.00001 < 0.00001 0.00002 0.00002

Calcium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 202 205 204 210 5.69 5.63

Cadmium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.000074 0.000051 0.000039 0.000031 0.000046 0.000056

Cobalt [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00558 0.00464 0.0106 0.0122 0.00655 0.00196

Chromium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005
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Potassium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 10.8 11.0 10.9 11.9 0.31 0.32

Lithium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 0.008 0.008 0.008 0.009 < 0.002 < 0.002

Magnesium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 5.69 5.79 5.77 6.19 0.670 0.663
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Manganese [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.207 0.214 0.214 0.310 0.0315 0.0319

Molybdenum [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00319 0.00409 0.00368 0.00533 0.00018 0.00008

Sodium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 2.38 2.42 2.37 2.59 1.59 1.58

Nickel [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0067 0.0067 0.0067 0.0068 0.0022 0.0022

Phosphorus [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Lead [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00151 0.00098 0.00194 0.00548 0.00699 0.00391

Sulphur [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 157 160 160 166 4.64 4.63

Antimony [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0017 0.0010 0.0093 0.0106 0.0086 0.0016

Selenium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Silica [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 5.46 5.55 5.54 5.55 0.59 0.60

Tin [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00002 0.00012 0.00002 0.00025 < 0.00001 < 0.00001

Strontium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 0.159 0.161 0.160 0.166 0.0122 0.0122
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Uranium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0143 0.0116 0.0144 0.0219 0.000654 0.00079

Vanadium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00009 0.00004 0.00004 < 0.00003 0.00007 0.00007

Zinc [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.005 0.004 0.004 0.004 0.004 0.005
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EXECUTIVE SUMMARY 

The Denison Site (the Site) is a decommissioned uranium mine property located 
approximately 12 km north of the City of Elliot Lake and immediately west of Quirke Lake 
and east of the Serpent River.  The Site is owned by Denison Mines Inc. (DMI) and care 
and maintenance for the Site is provided by Denison Environmental Services (DES), a 
division of DMI. 

EcoMetrix Incorporated (EcoMetrix) was retained by DMI to complete a directed study that 
focused on the hypothesis that historic accumulation of Ra-226 in the Serpent River 
sediments and the subsequent release of Ra-226 from the sediment to the surface water 
have resulted in majority of the observed load at D-5 that were reported in the 2008 State of 
the Environment report. 

The main objective of this study was to evaluate Ra-226 activities in sediments, porewater 
and surface water from the Serpent River to develop and understanding of the source of the 
Ra-226 load differences between monitoring stations D-4 and D-5.  The second objective 
was to evaluate future load trends in the Serpent River. 

Load differences in the Serpent River between D-4 and D-5 cannot be explained by or 
attributed to the Ra-226 activities and loads that have discharged from the Denison TMA 
since 1990. It was hypothesized that the source of the Ra-226 loads in the Serpent River 
are related to high Ra-226 activities in the sediments that would have accumulated as a 
result of historic loads from the TMAs.  The treated waters that currently discharge from the 
Denison TMAs have low Ra-226 activities. High concentrations in the sediment have 
initiated recovery of the sediment via release of Ra-226 into the water column.  

Four stations were sampled along the main flow path of the Serpent River in the quiescent 
bays to quantify the changes in Ra-226 activities in the sediments between D-4 and D-5.  
Chemical characterization of the sediments showed that Ra-226 activities were elevated in 
downstream samples compared to those located upstream of the Denison Mine Site.  
These results indicated that in the past Ra-226 had accumulated in the sediments. 

Chemical characterization of the sediment porewater and the overlying surface water 
showed that Ra-226 activities in the porewater were higher than those measured in the 
surface water.  These results indicate that a concentration gradient has developed and 
imply that upward diffusion from the porewater to the surface water is occurring. 

The high Ra-226 activities in the sediments and porewater, together with low Ra-226 
activities in the discharge from the Denison TMAs, have likely initiated recovery of the 
sediment and release of Ra-226 to the surface water as a result of desorption from the 
solids into sediment porewater and diffusive transport from porewater to the water column. 
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A sediment model that includes diffusive processes as the primary mechanism for sediment 
recovery was applied to the field data to estimate Ra-226 loads from sediment to surface 
water and to evaluate the recovery of the sediments.  The purpose of the modeling exercise 
was to verify whether the loads calculated at D-5 in the 2008 State of the Environment 
report could be the result of Ra-226 recovery via diffusive processes from the sediments.  
The model was not used to definitively predict Ra-226 activities or loads in the future, but 
rather was used as a tool to test the reasonableness of the observed loads and to illustrate 
potential future trends for Ra-226 loads. 

The sediment model predicted a cumulative load of 3,420 MBq/a in 2009 that was expected 
to decrease with time.  Accounting for the decrease in loads with time, the results from the 
model agreed well with the average load at D-5 of 5,300 MBq/a for the 2003 through 2006 
time period calculated in the 2008 State of the Environment report.  This result indicates 
that the Ra-226 load at D-5 can be explained by the recovery of historically accumulated 
Ra-226 in the sediments and its diffusive transport of Ra-226 from the porewater to the 
surface water. 

The sediment model was used to illustrate potential future trends for Ra-226 loads for the 
2009 through 2012 time period.  The model indicated that over time the recovery of Ra-226 
from the sediment will result in decreased loads at D-5. 
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1.0 INTRODUCTION 

The Denison Site (the Site) is a decommissioned uranium mine property located 
approximately 12 km north of Elliot Lake and immediately west of Quirke Lake and east of 
the Serpent River (Figure 1.1).  The Site is owned by Denison Mines Inc. (DMI) and care 
and maintenance for the Site is provided by Denison Environmental Services (DES), a 
division of DMI. 

EcoMetrix Incorporated (EcoMetrix) was retained by DMI to complete a directed study that 
focused on the hypothesis that historic accumulation of Ra-226 in the Serpent River 
sediments and the subsequent release of Ra-226 from the sediment to the surface water 
have resulted in the majority of the observed load at D-5 that were reported in the State of 
the Environment (SOE) report (Minnow, 2008). 

Routine monitoring at the Denison Mine Site is conducted as three directed studies.  The 
Serpent River Watershed Monitoring Program (SRWMP) is a comprehensive watershed 
monitoring program that was implemented to replace the various, mine-specific 
environmental monitoring programs at each mine site.  The Source Area Monitoring 
Program (SAMP) was developed to monitor the nature and quantity of constituents that 
discharge from the Tailings Management Areas (TMAs) to the Serpent River Watershed.  
The TMA Operational Monitoring Program (TOMP) was designed to evaluate the 
performance of the TMAs. 

EcoMetrix completed a performance evaluation of the SAMP and TOMP results to 2006 
(EcoMetrix, 2008).  As part of the review, and where appropriate, special studies were 
recommended to complement the monitoring programs as well as to refine our 
understanding of the long-term performances of the tailings facilities.  Specifically, it was 
recommended that a special study be conducted in the Serpent River to verify the 
hypothesis that the historic accumulation of Ra-226 in the sediment and its subsequent 
release could be responsible for the observed increase in loads at D-5 downstream of the 
Denison Site.  

1.1 Objectives and Scope of Work 

The main objective of this study was to evaluate Ra-226 activities in sediments, porewater 
and surface water from the Serpent River to develop an understanding of the source of Ra-
226 load differences between monitoring stations D-4 and D-5.  The second objective was 
to evaluate future load trends in the Serpent River. 

The scope of work for the Serpent River Study included the following: 

 collection and analysis of sediment cores, porewater and surface water from four 
locations between monitoring stations D-4 and D-5; 
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 data assessment to determine potential reasons for the loading differences between 
D-4 and D-5; and 

 modeling of the key constituents to investigate trends of future loadings and 
recovery. 
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2.0 BACKGROUND 

The Denison Mine and Mill operated from 1957 to 1992, producing about 63 million tonnes 
of tailings.  Approximately 60 million tonnes of tailings were deposited in TMA-1, formerly 
Bear Cub Lake and Long Lake, and 3 million tonnes of tailings deposited in TMA-2, 
formerly Upper Williams Lake (Figure 2.1).  Following closure, decommissioning of the 
Denison TMAs included flooding the tailings (Minnow, 2008).   

Overlying water from TMA-2 flows into TMA-1 via a constructed spillway.  Effluent from 
TMA-1 is treated at the Denison Effluent Treatment Plant (ETP).  Treatment at the Denison 
ETP consists of barium chloride addition for removal of Ra-226 and sodium hydroxide 
addition for pH adjustment.  Treated water is released into the Stollery Settling Pond where 
treatment solids settle out prior to discharge into the Serpent River (Figure 2.1).  The 
outflow from the Stollery Settling Pond is continuously monitored by DES at station D-2. 

Seepage from TMA-2 is treated at the Lower Williams Lake Treatment Plant.  Treatment 
includes the addition of barium chloride for removal of Ra-226 (Minnow, 2008).  Effluent 
from the treatment plant is directed to the Lower Williams Settling Pond, where treatment 
solids settle out.  The overflow from the pond discharges into the Serpent River as shown in 
Figure 2.1 (Minnow, 2008).  The outflow from the Lower Williams Settling Pond is 
monitored by DES at Station D-3. 

Two monitoring stations, D-4 and D-5 are located in the Serpent River upstream and 
downstream of the Denison TMAs, respectively (Figure 2.1).  These stations are sampled 
as part of the SRWMP in order to monitor the influences on the receiving environment from 
the discharge waters from the Denison TMA. 

The monitoring data, to date, have demonstrated excellent performance and recovery of the 
Denison TMA.  However, it was noted that loadings of Ra-226 in excess of the Ra-226 
loads exiting the Denison TMAs have been observed in the Serpent River, adjacent to the 
Denison facilities (Minnow, 2008).  The calculated Ra-226 loadings were estimated in 2008 
to be approximately 300 MBq/a upstream of Denison at D-4 and approximately 5,300 
MBq/a downstream from the TMAs at D-5 (Figure 2.2).  It was hypothesized that Ra-226 
present in the sediments as a result of historic loadings, prior to effective water treatment 
facilities, may be responsible for the observed loadings difference between stations.  If 
historic loadings of Ra-226 were high, substantial accumulation of Ra-226 in the sediments 
might have occurred as a result of Ra-226 adsorption to, and deposition of, sediment 
materials.  The treated waters that currently discharge from the Denison TMAs have low 
Ra-226 activities (Figure 2.3) and account for a Ra-226 load of approximately 200 MBq/a 
(Figure 2.2).  The decrease in Ra-226 activities in the present discharge, with high 
concentrations in the sediment due to historic accumulation, could have initiated recovery of 
the sediment via release of Ra-226 into the water column.  This behaviour is typical for 
sediment-water interactions.  As recovery of the sediment occurs, the Ra-226 activity in the 
water will increase above the values entering the river from upstream.  In this case, the Ra-
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226 activities increased from values of less than 0.02 Bq/L at station D-4 to values close to 
0.15 Bq/L at station D-5 (Figure 2.3) to account for a loadings difference of about 5,000 
MBq/a between stations.   

A compilation of the routine monitoring data for Ra-226 activities at sampling stations D-2, 
D-3, D-4, D-5 and D-6 is provided in Appendix 1. 
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3.0 SAMPLE COLLECTION AND PROCESSING 

Sampling was conducted along the main flow path of the Serpent River near quiescent 
bays between stations D-4 and D-5 (Figure 2.1).  Four stations were established to obtain 
representative samples to quantify the changes in Ra-226 activities in the sediments 
between D-4 and D-5.  The first station (SR-1) was located upstream of the Stollery Settling 
Pond outflow confluence with the Serpent River.  The second (SR-2) and third (SR-3) 
stations represented locations downstream of D-2, the discharge area from the Stollery 
Settling Pond.  The fourth station (SR-4) was located downstream of the outflow from the 
Williams Settling Pond (D-3) and close to station D-5.  A map illustrating the sampling 
locations is provided in Figure 2.1.  A photographic log of the sampling stations and core 
samples collected at SR-3 and SR-4 are provided in Appendix 2.   

3.1 Sediment Samples 

Sediment samples were collected using a 4-inch diameter K-B coring device.  At each 
location a total of four cores were collected to achieve sufficient sample volume for 
porewater extraction from the sediments. 

The cores were sectioned at 5 cm intervals to depths of 15 or 20 cm.  The corresponding 
intervals from the core sets at each sampling station were composited and placed into 
dedicated Ziploc bags and stored at 4°C until the porewater samples were extracted.  Sub-
samples of the sediments, pre-porewater extraction, were collected and transported to the 
EcoMetrix Laboratory for moisture content testing. 

After the porewater was extracted (described in Section 3.2) the sediment samples were 
placed into dedicated Ziploc bags and stored at 4°C until analysed.  Sediment samples 
were sent to SGS Lakefield Laboratories for chemical analysis that included Ra-226, 
metals, major ions, sulphate, sulphur and carbon.  The Ra-226 analyses were completed by 
Becquerel Laboratories under subcontract to SGS Lakefield. 

3.2 Porewater Samples 

Porewater samples were extracted from the core samples in a field-based laboratory facility 
within 24 hours of collection.  Each 5 cm interval from the composited core sets collected at 
each sampling station was transferred into 750 mL centrifuge bottles.  The samples were 
centrifuged at approximately 3,500 rpm for 45 to 50 minutes.  After centrifugation, the 
porewater was decanted and filtered through a 0.45µm nylon filter.  The pH values of the 
filtered porewater samples were measured and recorded.  The samples were then 
transferred into sample bottles supplied by SGS Lakefield and samples to be analysed for 
metals and Ra-226 were preserved with nitric acid.  All samples were stored at 4°C until 
analysis.   
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Porewater samples were sent to SGS Lakefield Laboratories for chemical analysis that 
included Ra-226, metals, major ions, sulphate, dissolved organic carbon (DOC), and acidity 
or alkalinity.  One sample, PW09-SR-2 (10-15), had insufficient volume and therefore was 
only submitted for Ra-226, metals and major ions analysis.  The Ra-226 analyses were 
completed by Becquerel Laboratories under subcontract to SGS Lakefield. 

3.3 Surface Water Samples 

Surface water samples were collected at each of the four stations from the top of the water 
column and at the sediment/water interface.  Surface water samples were collected as grab 
samples from the top of the water column.  The sediment/water interface samples were 
collected and composited by siphoning the water above the sediments in the core tubes.   

All water samples were field filtered through a 0.45µm disposable nylon filter and the pH 
values were measured and recorded.  Water samples were then transferred into sample 
bottles supplied by SGS Lakefield and samples to be analysed for metals and Ra-226 were 
preserved with nitric acid.  All samples were stored at 4°C until analysis.   

Surface water samples were sent to SGS Lakefield Laboratories for chemical analysis, 
which included Ra-226, metals, major ions, sulphate, DOC and alkalinity.  The Ra-226 
analyses were completed by Becquerel Laboratories under subcontract to SGS Lakefield. 
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4.0 QUALITY ASSURANCE/QUALITY CONTROL 

The field campaign that was conducted by EcoMetrix personnel in September 2009 
included the collection of samples from three different decommissioned mine sites (Panel, 
Quirke and Denison) in the Elliot Lake area.  The field campaign was carried out to help 
gain a further understanding of the knowledge gaps identified in the Cycle III SAMP and 
TOMP performance evaluation.  

A detailed data quality assessment (DQA) was completed by EcoMetrix to evaluate the 
quality of the data collected during Cycle III Special Studies Field Campaign.  Similar 
sampling methods and procedures were used at each mine site therefore the data quality 
assessment incorporated all of the QA/QC data collected during the field sampling 
campaign.  This section provides a summary of the QA/QC for selected constituents that 
are discussed in this report.  Data quality results for the selected constituents are 
summarized in Tables 4.1 to 4.3.  Data quality results for all of the constituents analysed 
and for duplicates and replicates from all studies are provided Appendix 3. 

The precision of the duplicate and replicate samples were evaluated by calculating the 
relative percent difference (RPD) as follows: 

%100
2

21

21 





CC

CC
RPD  

where: C1 = sample concentration; and 

 C2 = replicate (or duplicate) concentration. 

The Data Quality Objectives (DQO) for solids samples were less than or equal to a RPD 
value of 40%.  The DQO for water samples were less than or equal to a RPD value of 20%. 

For duplicate/replicate samples having concentrations less than five times the detection 
limit, the DQO was the absolute difference (AD) between the sample and duplicate/replicate 
that should not have been greater than the detection limit value. 

Blind duplicates and replicates of solids and water samples, as well as laboratory blank 
sample (de-ionized water), were submitted to SGS Lakefield.  Duplicate samples were 
labeled as EC-1 and replicate samples were labeled as EC-2.  The duplicate samples are 
split samples of solids, porewater or basin water collected from a selected core section or 
sampling station.  The solids replicate samples are replicate core sets from sampling station 
QC14-2 and were sectioned in accordance with study protocols.  Replicate water samples 
were collected from porewater generated from replicate core sections or from replicate 
basin water sampling.  The calculated RPD or AD values for selected constituents are 
presented in Tables 4.1 to 4.2.   
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4.1 Solids Sample Data Quality Assessment 

The DQA for selected constituents in field duplicates from Cores 09-PSB-2 and 09-SR-4 
are summarized in Table 4.1a.  On average, the DQO of 40% was achieved for all selected 
constituents (Ra-226, barium, sulphate), with the exception of two exceedances observed 
in the Core09-PSB-2 duplicate.  Barium that had RPD value of 52% and sulphate had an 
AD value of 0.3.  As these individual values were only marginally above the data quality 
objectives, there are no impacts on the interpretation of the results. 

The DQA for selected constituents in replicate core section intervals of Core09-QC14-2 (0-
2.5), (2.5-5) and (5-7.5) are summarized in Table 4.1b.  On average, the DQO of 40% was 
achieved for all selected constituents, except for Ra-226 where the average RPD was 48%.  
For Ra-226 the DQO of 40% was exceeded twice with RPD values of 73% and 48%.  For 
barium the DQO was exceeded twice with RPD values of 51% and 60%.  As these 
individual values were only marginally above the data quality objectives, there are no 
impacts on the interpretation of the results. 

4.2 Water Sample Data Quality Assessment 

Two duplicate and 5 replicate water samples were collected and analysed.  The duplicate 
and replicate RPD values were compared to a DQO of ≤20%.  The DQA for selected 
constituents in the water samples are presented in Tables 4.2 a and b.   

As shown on Table 4.2a, the DQO of 20% in duplicate water samples was achieved for Ra-
226 and barium.  Duplicate water samples are sample splits of basin water or porewater 
extracted from sectioned cores.  The Ra-266 duplicate sample identification is PW09-EC-1 
(5-10) and corresponds to sample PW09-QC14-4 (0-5).  The barium duplicate sample 
identification PW09-EC-1 (5-10) and corresponds to sample PW09-QC14-3 (0-5).  Sulphate 
duplicates were not analysed because of insufficient sample volume. 

As shown on Table 4.2b, the DQO of 20% in replicate water samples was achieved on 
average for Ra-226 and barium, with one DQO exceedance for Ra-226 with an RPD value 
of 22% in a replicate porewater sample.  The average RPD of 21% for sulphate is 
marginally above the DQO.  One DQO exceedance for sulphate had an RPD 40% in a 
replicate porewater sample.   

4.3 Blank Sample Data Quality Assessment 

One blank sample was subjected to the porewater extraction process that included 
centrifugation followed by filtration to determine potential for cross-contamination between 
samples.  The results for selected constituents in the blank are provided Table 4.3.  The 
Ra-226 activities and sulphate concentrations were below detection limits of 0.01 Bq/L and 
2 mg/L, respectively.  The dissolved barium concentration in the blank was 0.00216 mg/L 
and exceeded the DQO of 0.00002 mg/L.  Barium concentrations measured in most of the 
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water samples for the DQA (Table 4.3) are at least two orders of magnitude greater than 
the barium concentration measured in the blank.  Therefore, the barium concentration that 
may be attributed to cross-contamination was negligible.   

4.4 Anomalous pH Values in Surface Water Samples 

The pH values measured in the surface water samples collected in the Serpent River by 
EcoMetrix in September 2009 are summarized in Table 4.4.  Upon review of the pH data, 
DES personnel were concerned that the results were anomalous compared to all other pH 
measurements at D-4 and D-5 recorded in the past as part the routine monitoring.  The 
results show that the pH is anomalously low with an average of 5.4 compared to the routine 
monitoring data at D-4 and D-5 that exhibited average pH values of 6.8 and 6.9 from 2003 
through 2006.  In response to the anomalous pH values, DES personnel measured pH at 
the top and bottom of the water column at each station in the Serpent River that were 
sampled by EcoMetrix.  The pH values measured were by DES in June 2010 and are also 
summarized in Table 4.4.  The results provided further indication that the pH values 
measured by EcoMetrix personnel (average pH 5.4) in September 2009 were anomalously 
low compared to an average of 6.8 measured by DES in June 2010 at the same sample 
stations. 

Upon further investigation, the source of the anomalous pH values was found.  The surface 
water samples were collected in sample bottles that were previously acidified with nitric acid 
in preparation for storage of samples for metals analysis.  The bottles were rinsed three 
times in the field before collection of the samples for pH.  However this rinsing was 
insufficient to remove all traces of acid.  The pH values do not affect the interpretation of 
Ra-226 mobility in this investigation and therefore measured pH values were not used or 
discussed in this report.   

4.5 Laboratory Quality Assurance and Quality Control 

Laboratory Quality Assurance/Quality Control (QA/QC) included analysis of laboratory 
blanks and laboratory duplicate sample analyses.  The Certificates of Analysis, including 
internal laboratory QA/QC results, are provided in Appendix 4 and indicate that the data 
have acceptable accuracy and precision. 
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5.0 FIELD SAMPLE RESULTS 

Selected results from the September 2009 field sampling program are presented in Figures 
5.1 and 5.2 and are summarized in Tables 5.1 and 5.2.  Activities/concentrations of 
selected constituents in the sediments are provided in Figure 5.1 as depth profiles.  Figure 
5.2 presents the activities/concentrations in the surface water from each sampling station, 
as well as the porewater samples with depths that correspond to the depth of the core 
sample intervals.  The surface water samples plotted above the sediment-water interface 
are not to scale.  The actual depths below surface for these samples are provided in Table 
5.2. The analytical data for all of the constituents analysed are provided as Certificates of 
Analysis in Appendix 4.   

5.1 Sediment Samples 

The results for selected constituents in the sediments are presented in Table 5.1.  Results 
show that elevated Ra-226 activities are present in the sediments of the Serpent River.  
Depth profiles for Ra-226, barium and sulphate are presented in Figure 5.1 and show 
similar trends.   

Sample SR-1 was collected upstream of the Denison Mine Site at a location that was 
expected to have little to no influence from historical TMA operations.  This station exhibited 
low Ra-226 activities that were in the range of 0.02 to 0.16 Bq/g and remained generally 
constant throughout the depth profile.  The same trend was observed for barium and 
sulphate, with values in the ranges of 47 to 75 mg/kg and less than the detection limit of 
0.1% to 0.1%, respectively. 

Sample Station SR-2 was located downstream of D-2 and Dyke 8 at a location that may 
have been influenced by historical TMA operations.  Dyke 8 separates the Stollery Settling 
Pond from the Serpent River.  The highest Ra-226 activity of 14 Bq/g was measured in the 
shallowest sample (0 to 5 cm), with activities decreasing to 0.06 Bq/g at depth.  Similar 
trends were observed for barium and sulphate, concentrations decreasing at depth from 
6,400 to 200 mg/kg and 0.5 to <0.1%, respectively.   

Sample SR-3 was collected further downstream from D-2 at a location upstream of D-3.  
The Ra-226 activities in the sediments at this Station increased from 8.2 to 20 Bq/g over the 
depth profile.  Similar increases in concentrations were observed for barium and sulphate 
with concentrations increasing with depth from 2,300 to 4,100 mg/kg and 0.2 to 1.0%, 
respectively. 

Sample Station SR-4 was located downstream from D-3, immediately upstream from D-5.  
Radium-226 activities at SR-4 were generally low and marginally higher in the top 
sediments compared to the lower sediments.  Radium -226 activities in the 0 to 5 and 5 to 
10 cm layers were 2.6 and 2.7 Bq/g, respectively.  The Ra-226 activity in the 10 to15 cm 
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section was 2.1 Bq/g.  Barium concentrations exhibited a decreasing trend with depth from 
770 to 440 mg/kg.  Sulphate concentrations were constant at 0.2% over the depth profile. 

In summary, the spatial trends for Ra-226, barium and sulphate showed higher 
acitivities/concentrations in sediments at SR-3 and SR-2, with lower values measured at 
SR-1 and SR-4.  Radium-226 and barium activites/concentrations at SR-2 showed 
dramatically different trends compared to those for the same constituents at SR-3.  Ra-226, 
barium and sulphate activities/concentrations at SR-2 decreased with depth, while the 
same constituents at SR-3 increased with depth.   

5.2 Porewater and Surface Water Samples 

The results for selected constituents in porewater and surface water are summarized in 
Table 5.2 and are presented as depth profiles in Figure 5.2.  Results show that Ra-226 
activities in the porewater and surface water were higher at the sampling stations that 
exhibited higher concentrations in the sediments.  The trends observed for Ra-226 in 
Figure 5.2 are also observed for barium, while inverse trends were observed for sulphate 
concentrations in the sediment porewater.   

The Ra-226 and barium concentrations in the porewater and surface water at SR-1 were 
low and generally constant over the depth profile.  Radium-226 activities and barium 
concentrations ranged from less than 0.01 to 0.02 Bq/L and from 0.01 to 0.03 mg/L, 
respectively.  The highest sulphate concentration of 8.5 mg/L was measured at the top of 
water column, with the concentration decreasing to 5.6 mg/L at the sediment water 
interface.  Sulphate concentrations in the porewater were 2.6 in the topmost sample and 
decreased to less the detection limit of 2 mg/L at depth. 

The trend for Ra-226 activities at Stations SR-2 and SR-3 exhibited the lowest activities in 
the surface waters, with higher Ra-226 activities in the porewaters.  Radium-226 activities 
at the top of the water column were 0.11 and 0.15 Bq/L at SR-2 and SR-3, respectively.  
Radium-226 activities at the sediment-water interface were 0.28 and 0.80 Bq/L at SR-2 and 
SR-3, respectively.  Porewater samples collected at SR-2 and SR-3 exhibited peak 
activities in the top 10 cm, with Ra-226 activities decreasing with depth.  The highest Ra-
226 activities in the porewaters were 2.4 and 6.0 Bq/L that were measured from samples 
SR-2 (0-5) and SR-3 (5-10), respectively.  Radium-226 activities in the porewaters 
decreased with depth to values of 0.87 and 4.5 Bq/L at SR-2 and SR-3, respectively.   

Barium concentrations exhibited similar trends to those noted for Ra-226 at Stations SR-2 
and SR-3, with lower concentrations measured in the surface waters compared to those 
measured in the porewaters.  Barium concentrations in the surface waters ranged from 0.12 
to 0.29 mg/L and from 0.15 to 0.33 mg/L at SR-2 and SR-3, respectively.  Peak barium 
concentrations in the porewaters were measured in the middle of the depth profiles at SR-2 
and SR-3, with values decreasing above and below.  The highest barium concentration was 
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measured in the top 10 cm at SR-2, with a maximum concentration of 2.4 mg/L.  The 
highest barium concentration at SR-3 was 3.75 mg/L from the 10 to 15 cm depth interval.   

The depth-trends for sulphate concentrations at SR-2 and SR-3 were generally inverse to 
those observed for Ra-226 and barium.  The highest concentrations of sulphate were 
observed in the surface waters, with lower sulphate concentrations measured in the 
porewaters.   The highest sulphate concentration at SR-2 was from the sediment-water 
interface with a value of 45 mg/L.  The highest concentration at SR-3 was from the top of 
the water column with a value of 30 mg/L.  Porewater concentrations decreased with depth 
from 16 to 14 mg/L at SR-2 and from 7.9 to less than 2 mg/L at SR-3. 

The Ra-226 and barium concentrations in the porewater and surface waters at SR-4 were 
lower than those observed at SR-2 and SR-3, but exhibited similar trends, with the lowest 
values measured in the surface water and higher values measured in the porewater.  
Radium-226 activities and barium concentrations in the surface water ranged from 0.19 to 
0.30 Bq/L and 0.19 to 0.22 mg/L, respectively.  Higher Ra-226 that ranged from 0.87 to 1.4 
Bq/L were measured in the porewater, with values increasing slightly with depth.  Barium 
concentrations in porewater were generally constant with depth and ranged from 0.56 mg/L 
to 0.62 mg/L.  Sulphate trends were inverse to those observed for Ra-226 and barium, with 
a maximum concentration of 25 mg/L measured in the surface water and a minimum 
concentration of 4.9 mg/L measured at depth in the sediment porewater.   

In summary, the depth profile trends showed the highest Ra-226 and barium 
activities/concentrations in the porewater, with the lower values measured in the surface 
waters, while the depth profiles for sulphate showed inverse trends to those for barium and 
Ra-226.  The spatial trends for Ra-226 and barium showed the highest 
acitivities/concentrations in porewater at SR-3 and SR-2, with lower values at SR-1 and SR-
4.  These spatial trends are consistent with the spatial trends observed for Ra-226 and 
barium for sediment samples.  
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6.0 SEDIMENT MODELING OF RADIUM-226 RELEASE 
FROM THE SERPENT RIVER  

6.1 Introduction 

Recovery of metals from sediments involves the processes of metals partitioning from the 
solid phase to the dissolved phase, and subsequent diffusion through the porewater to the 
surface water.  Diffusive processes and mass transport are well understood and can be 
modeled mathematically.  A sediment model that includes diffusive processes as the 
primary mechanism for sediment recovery was applied to the field data to estimate Ra-226 
loads from sediment to surface water and to evaluate the recovery of the sediments.  The 
purpose of the modeling exercise was to verify whether the loadings calculated at D-5 by 
Minnow (2008) could be the result of Ra-226 recovery via diffusive processes from the 
sediments of the Serpent River.  The model was not used to definitively predict Ra-226 
activities or loads in the future, but rather was used as a tool to test the reasonableness of 
the observed loads and to illustrate potential future trends for Ra-226 loads.  

6.1.1 Conceptual Model 

The conceptual model for sediment-solute interaction in lakes is well known and is shown 
schematically in Figure 6.1.  Although the water bodies being investigated are in the 
Serpent River, the slow flow and the deposition and accumulation of sediment in these 
wider reaches of the river behave as lakes. 

Metals in the water column partition in equilibrium with suspended particulates, via sorption 
reactions.  In this manner, the concentration in the water column controls the concentration 
of metals in the particulate matter.  Sorption of constituents onto suspended particulates 
occurs and sedimentation results in the accumulation of metals in the sediment profile over 
time.   

Chemical partitioning also occurs between the deposited sediments and the porewater in 
the sediment.  The dissolved metals in porewater can exchange with the water column 
above the sediment.  This exchange is controlled by the diffusion coefficient of the 
sediment-porewater system and the concentration gradient or difference between the 
porewater and the water column above the sediment.  The metals can then be redistributed 
in the profile as a result of diffusion over time.  Accumulation of constituents occurs when 
concentrations in the water column are greater than in the sediment porewater.   

Sediment recovery occurs when concentrations in the water column decline, as a result of 
decreased loadings from upstream sources, for example.  The higher concentrations in the 
porewater than in the water column results in a reversal of chemical gradients, and diffusive 
releases of constituents from the porewater to the water column.  As constituents are 
released to the water column, concentrations in the porewater are replenished by the 
release of constituents from the sediments via de-sorption reactions, and the sediment 



 

 
 
 CYCLE III SPECIAL STUDES – RADIUM-226 IN SERPENT RIVER SEDIMENTS 
 Sediment Modeling of Radium-226 Release from the Serpent River 
 

 

09-1663 
February 2011 6.2 

recovery over time.  As sediments recover, concentrations in the porewater slowly 
decrease, resulting in smaller concentration gradients between porewater and overlying 
water.  Over time, the loads the porewater to overlying water decrease.  Overall, these 
reactions result in a contribution of loadings from the sediment to the water column during 
recovery.     

The conceptual model is presented mathematically in Appendix 5.  

6.2 Model Parameterization  

The key variables in the sediment accumulation model are: 

 sediment accumulation rate (mm/a) – this variable is usually in the range of 1 to 
5 mm/a, but can be constrained by the concentrations of total suspended solids 
in the water column; 

 sediment-water partition coefficient or Kd (L/kg) – this variable describes a 
reversible sorption of a constituents onto the solids or particles that accumulate 
on the bottom of the river;  

 effective diffusion coefficient (m2/s) – this variable has a relatively narrow range 
and describes the diffusion of a dissolved constituent in the sediment porewater; 

 total suspended solids or TSS (mg/L) – the total concentration of organic and 
inorganic substances suspended in a volume.  The particle size is operationally 
defined to be greater than 0.2 µm ; 

 activity in the water column (Bq/L) – obtained from the field data collected in 
2009 (Table 5.2); and 

 activity in the sediment (Bq/g) – obtained the field data collected in 2009 and 
represent historical concentrations that are present in deeper core sections 
(Table 5.1). 

The physical properties of the material including moisture content and bulk density can be 
estimated for sediment and were based on laboratory data.  Values for partitioning 
coefficients were also estimated using field and laboratory data from the current study.  

Typical values for diffusion coefficients (D) in aqueous solutions in a porous medium 
neglecting porosity were obtained from the literature (Spitz and Moreno, 1996) and an 
average value of 8.43x10-10 m2/s for silty clay were considered reasonable for this 
investigation.  In porous media, such as sediment, the effective diffusion coefficient is 
smaller than that in aqueous solution because ions follow a longer path of diffusion through 
the pore spaces and do not migrate through the solid particles.  Therefore, the effective 
diffusion coefficient, De, should be used for sediment and can be represented by: 

 DDe  
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Where: De = effective diffusion coefficient in the sediment porewater (m2/s); 

 D = diffusion coefficient in an aqueous solution (m2/s) 

  η = porosity 

Porosity values in sands typically range from 0.26 to 0.53 (Spitz and Moreno, 1996).  
Porosity values in organic rich sediments may be expected to be as high as 0.9.  A porosity 
of 0.5 was considered a reasonable average value for the Serpent River sediments that 
consisted of mixtures of organic matter and sandy materials.  The value for De was then 
calculated to be 4.22x10-10 m2/s.   

The model was constrained with the following limits: 

 initial water concentrations – were assumed to be equal to the data (Table 5.2) 
from the top of the water column measured at the upstream sampling stations 
(SR-2 equals 0.01 Bq/L, SR-3 equals 0.11 Bq/L; SR-4 equals 0.15 Bq/L); 

 inflow water concentrations – were assumed to be equal to the data (Table 5.2) 
from the top the of the water column measured at the upstream sampling 
stations (SR-2 equals 0.01 Bq/L; SR-3 equals 0.11 Bq/L; SR-4 equals 0.15 
Bq/L);   

 concentrations in sediment – were assumed to be equal to the measured data 
from the core sections (Table 5.1);  

 effective diffusion coefficient – this variable calculated using values in the 
literature and a value of 4.22x10-10 m2/s was considered to be reasonable; 

 volume of water in the reaches of the Serpent River – the values for each station 
were estimated from Google Earth satellite images and were approximately 
210,000 m3 at SR-2, 104,000 m3 at SR-3 and 104,000 m3 at SR-4; and  

 flow in the Serpent River – was estimated from Archived Hydrometric Data for 
the Serpent River Above Quirke Lake (Environment Canada, 2010).  The flow 
values at SR-2 and SR-3 were 1,642 L/s and represent approximately 69% of 
the average flow (2,380 L/s) measured in 2009. The flow value at SR-4 was 
1,785 L/s and represents approximately 75% of the average flow (2,380 L/s) 
measured in 2009. 

The model is sensitive to two other critical variables that include the sediment deposition 
rate and the water-solid partitioning coefficient (Kd).  The deposition rate is commonly on 
the order of 1 to 5 mm/a.  In this case, it was assumed that the deposition rate was 2 mm/a 
a typical value in small lakes.  The value of Kd was estimated from a plot of the Ra-226 
activities in sediment versus those in porewater.  Figure 6.2 illustrates the linear correlation 
between the Ra-226 activities in the sediment solids versus those in the porewater in 



 

 
 
 CYCLE III SPECIAL STUDES – RADIUM-226 IN SERPENT RIVER SEDIMENTS 
 Sediment Modeling of Radium-226 Release from the Serpent River 
 

 

09-1663 
February 2011 6.4 

Serpent River samples collected in this investigation.  The slope of the line is equal to the 
Kd with a value of 2,600 L/kg.  The dashed lines in Figure 6.2 show the lower and upper 
95% confidence intervals for the slope of the regression line and indicate a range in Kd 
values of 1,369 to 3,627 L/kg. 

6.3 Load Calculations 

Radium-226 loads were calculated using the results from the sediment diffusion model.  
The loads were calculated in terms of the diffusive flux for a unit area at sample stations 
SR-2, SR-3 and SR-4 and were calculated as follows: 

AFL   

Where:  L = Load (MBq/a); 

 F = Mass Flux (MBq/m2•a); 

 A = Surface area over which the diffusion is taking place (m2). 

The mass flux was calculated as follows: 

z

C
DF e 


  

Where:  F = Mass Flux (MBq/m2•a); 

 De = effective diffusion coefficient in sediment porewater (m2/a); 

 C  = concentration (Bq/L); and 

 z  = interface thickness (m). 

6.4 Model Calibration 

Model calibration involves the adjustment of model parameters within acceptable ranges 
until the model predictions match measured data.  For this case, the measured data were 
obtained from routine monitoring of Ra-226 activities in water at station D-5.  The 
monitoring data together with Archived Hydrometric Data for the Serpent River 
(Environment Canada, 2010) were used to calculate annual Ra-226 load values at D-5.  
These data are plotted in Figure 6.3 for the years 2002 to 2009 and are shown as solid 
symbols.  These data points represent annual loads that were calculated using the average 
annual concentrations measured at D-5 times the estimated annual flow rate (75x106 m3/a) 
for the Serpent River at D-5.  
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The solid curves in Figure 6.3 represent the estimated cumulative loads from SR-2, SR-3 
and SR-4 for 2009 to 2012 at Kd values of 1,300, 1,700 and 2,600L/kg.  The Kd value of 
2,600 L/kg represents the best-fit slope of the regression line in Figure 6.2, while a Kd of 
1,300 represents a value close to the lower 95% confidence interval of the slope of 1,369 
L/kg.  A Kd value of 1,700 L/kg was chosen to test the sensitivity of the model to Kd values 
between 1,300 L/kg and 2,600 L/kg.   

The condition that provides the best visual fit for the annual loads was a Kd value of 1,300 
L/kg.  This value was consistent with the lower 95% confidence interval.  A Kd value for Ra-
226 of about 1,500 L/kg was reported by EcoMetrix (2009) for lake bottom sediments.  
Therefore, a Kd value of 1,300 L/kg was considered acceptable and used for subsequent 
the model simulations. 

6.5 Model Results 

The cumulative Ra-226 load from the sediment to the surface water at D-5 was 
approximately 3,420 MBq/a in 2009 as presented in Figure 6.3 for a Kd of 1,300 L/kg.  This 
result agrees well with the calculated annual load of 3,884 MBq/a for 2009 shown on the 
same plot.  The model predicts that the observed annual load at D-5 will continue to 
decrease over time. 

The model was also used to estimate individual loads of Ra-226 released from the 
sediments in the areas surrounding stations SR-2, SR-3 and SR-4 and the results are 
presented as time-trend plots in Figure 6.4.  The results showed that from 2009 to 2012 the 
loads at stations SR-2, SR-3 and SR-4 should decrease with time.  The downward trend 
was also observed for the calculated loads from 2002 through 2009 in Figure 6.3.  The 
results also show that the majority of the cumulative Ra-226 load is from SR-2, while the 
Ra-226 loads at SR-4 represent much smaller contributions to the cumulative load.   

The decreasing trend in Ra-226 loads can be explained by the spatial trends observed in 
the sediments.  Figure 6.5 illustrates the predicted changes in Ra-226 activities in sediment 
solids profiles with time.  The symbols represent the concentrations measured in the 
sediment in 2009 and the solids curves represent the estimated concentrations in 2012.  
The predictions indicate that the Ra-226 activities in the top portions of the sediment will 
decline with time as sediments recover and release Ra-226 to the water column in the 
Serpent River.   

Figures 6.4 and 6.5 illustrate a more rapid release of Ra-226 at SR-2 than SR-3, even 
though highest Ra-226 activities were measured at SR-3.  This occurs because diffusion is 
controlled by concentration gradients that can be defined as the change in concentration 
over distance. Therefore, concentration gradients are inversely proportional to distance.  
Because the highest Ra-226 activity in the porewater at SR-3 was measured at depth, the 
concentration gradient would be small; this relationship results in a slower release of Ra-
226 to the surface water.  The highest Ra-226 activities at SR-2 were measured in the 
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porewater from the topmost sediments and near the sediment-water interface.  This 
condition results in a large concentration gradient and is responsible for the more rapid 
release of Ra-226 to the surface water at SR-2 than at SR-3.   
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7.0 DISCUSSION 

Results from the chemical characterization of sediments from the Serpent River showed 
that Ra-226 had accumulated in the sediments in the vicinities of sampling stations SR-2, 
SR-3 and SR-4 (Figure 5.1).  Porewater samples generally exhibited trends of higher Ra-
226 activities in the 5 to 10 cm sections that decreased with depth (Figure 5.2).  Together, 
the results for solids and porewater are consistent with the historic accumulation of Ra-226 
in the sediment that likely resulted from elevated Ra-226 activities discharging from the 
Denison TMA in the past before the water was treated to remove Ra-226.   

Radium-226 activities measured upstream of the Denison TMAs at SR-1 were at or below 
the detection limit of 0.01 Bq/L.  These values are consistent with the routine monitoring 
data that show Ra-226 in the range of 0.01 to 0.02 Bq/L at D-4 that is also located 
upstream of the Denison TMAs (Figure 2.3).  Figure 2.3 also shows moving averages of 
Ra-226 activities at monitoring stations D-2, D-3 and D-6 that represent outflows from the 
Stollery and the Williams Settling Ponds, and potential seepage from TMA-1, respectively.  
The Ra-226 activities at these stations have remained between approximately 0.01 and 
0.20 Bq/L since 1993.  Because flows from the TMAs are small compared to flow in the 
Serpent River, Ra-226 activities were expected to decrease in the Serpent River 
downstream from D-2 and D-3.  However, this was not supported by the data from the field 
study or by the data from the routine monitoring data at D-5.  The data from the 2009 field 
study showed average Ra-226 activities of 0.20, 0.15 and 0.25 Bq/L in the Serpent River 
downstream of TMAs at SR-2, SR-3 and SR-4.  Routine monitoring data at D-5 show 
average Ra-226 activities have remained between 0.10 and 0.20 Bq/L since 1992.   

Average Ra-226 loads exiting the Denison TMAs at D-2, D-3 and D-6 calculated by Minnow 
(2008) for the 2003 to 2006 time period had values of 175, 31 and 11 MBq/a, while an 
average Ra-226 load of 5,300 MBq/a was calculated at D-5 (Figure 2.2).  These average 
loads from D-2 and D-3 represent only small contributions of Ra-226 to the Serpent River 
and cannot explain the 5,300 MBq/a calculated at D-5, downstream from the TMAs.  The 
load calculations from Minnow (2008), together with the Ra-226 activities measured in the 
2009 field study between D-4 and D-5, indicate that there is a source load of Ra-226 in the 
Serpent River that has not been accounted for previously. 

It was hypothesized that the recovery of Ra-226 in the sediment and its diffusion to the 
surface water has likely resulted in the observed Ra-226 loads at D-5.  The low Ra-226 
activities in the present discharge, together with high activities in the sediment from historic 
accumulation, have likely initiated recovery of the sediment via release of Ra-226 into the 
water column.  This behaviour is typical for sediment-water interactions.   

The Ra-226 activities shown in Figure 5.2 exhibited trends with higher activities in the 
porewater compared to those measured in the surface water at stations SR-2, SR-3 and 
SR-4.  These results indicate that a concentration gradient has developed and diffusion of 
Ra-226 from the porewater to the surface water was occurring at the time of sampling.   
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A sediment model was used to test the theory that the observed loads at D-5 are the result 
of Ra-226 recovery from sediments in the Serpent River.  The model estimated a 
cumulative load of 3,420 MBq/a in 2009 that was based on a well-supported Ra-226 Kd 
value in the sediment.  These results indicate that the Ra-226 load at D-5 can be explained 
by the recovery of historically accumulated Ra-226 in the sediments controlled by diffusive 
transport of Ra-226 from the porewater to the surface water.  The model results also 
indicated that over time the recovery of Ra-226 from the sediment will result in decreasing 
loads at D-5 into the future.   
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8.0 SUMMARY OF CONCLUSIONS 

The objectives of this study were to evaluate Ra-226 in the solids, porewater and overlying 
surface water from the Serpent River to determine the source of the load differences 
between monitoring stations D-4 and D-5 and to evaluate future loading trends in the 
Serpent River.   

The key conclusions from this investigation are as follows: 

 Load differences in the Serpent River between D-4 and D-5 cannot be explained by 
or attributed to the Ra-226 activities and loads that have discharged from the 
Denison TMA since 1990.  

 It was hypothesized that the source of the Ra-226 loads in the Serpent River are 
related to low Ra-226 activities in the treated waters that discharge from the 
Denison TMAs, together with high Ra-226 activities in the sediment from historic 
accumulation that have initiated recovery of the sediment via release of Ra-226 into 
the water column.  

 The results from the chemical characterization of the sediment and porewater were 
consistent with historic accumulation of Ra-226 in the sediment that likely resulted 
from elevated Ra-226 activities discharging from the Denison TMA in the past 
before the water was treated to remove Ra-226.   

 The elevated Ra-226 activities in the sediments surrounding stations SR-2 and SR-
3 represent the majority of the source load for Ra-226 in the Serpent River. 

 The high activities in the sediment from historic accumulation, together with low Ra-
226 activities in the present discharge from the Denison TMAs, have likely initiated 
recovery of the sediment via release of Ra-226 to the water column. 

 Chemical characterization of sediment porewater and surface water in the Serpent 
River showed higher Ra-226 activities in the porewater compared to surface water 
indicating that concentration gradients have developed.   

 Concentration gradients between Ra-226 activities in porewater and surface water 
imply upward diffusion and mass transport of Ra-226 from the porewater to the 
overlying water.   

 The sediment model predictions verified that the calculated loads at D-5 can be 
explained by the recovery of historically accumulated Ra-226 in the sediments and 
its diffusion to the water column. 

 The model predictions also showed that the Ra-226 loads at D-5 will continue to 
decrease as the sediments in the Serpent River recover over time.  
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Table 4.1a: Data Quality Assessment Summary for Selected Constituents in Solids - Duplicate Samples

Radium-226 Barium Sulphate

(Bq/g) (mg/kg) (%)
0.01 0.05 0.1

≤ 40% ≤ 40% ≤ 40%
Sample ID Core09-PSB-2 (5-10) 4.5 160 0.6
Replicate ID CORE 09-EC-1 (0-5) 4.1 94 0.3

9 52 0.3

Sample ID Core09-SR-4 (10-15) 2.1 440 0.2
Replicate ID CORE 09-EC-1 (5-10) 1.6 450 0.1

27 2 0.1
18 27 0.2
3 3 3

Notes:
RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 40%
AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 
          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit
BD - Sample and/or replicate had analyte concentrations below detection limit
Boldface type and shaded indicates that Data Quality Objective was not achieved

Average RPD or AD

Count

Parameter

Method Detection Limit

RPD Data Quality Objective

RPD (%) or AD

RPD (%) or AD



Table 4.1b: Data Quality Assessment Summary for Selected Constituents in Solids - Replicate Samples

Radium-226 Barium Sulphate

(Bq/g) (mg/kg) (%)
0.01 0.05 0.1

≤ 40% ≤ 40% ≤ 40%
Sample ID CORE 09-QC14-2 (0-2.5) 4.3 150 0.1
Replicate ID CORE 09-EC-2 (0-2.5) 7.0 280 0.1

48 60 0
Sample ID CORE 09-QC14-2 (2.5-5) 6.5 220 0.1
Replicate ID CORE 09-EC-2 (2.5-5) 8.3 370 0.1

24 51 0
Sample ID CORE 09-QC14-2 (5-7.5) 9.3 330 0.1
Replicate ID CORE 09-EC-2 (5-7.5) 20.0 310 0.1

73 6 0
48 39 0
3 3 3

Notes:
RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 40%
AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 
          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit
BD - Sample and/or replicate had analyte concentrations below detection limit
Boldface type and shaded indicates that Data Quality Objective was not achieved

Count

RPD (%) or AD

RPD (%) or AD

RPD (%) or AD

Parameter

Method Detection Limit

RPD Data Quality Objective

Average RPD or AD



Table 4.2a: Data Quality Assessment Summary for Selected Constituents in Water - Duplicate Samples

Radium-226 Barium Sulphate

(Bq/L) (mg/L) (mg/L)
0.01 0.00001 0.2

≤ 20% ≤ 20% ≤ 20%
Sample ID SW09-SR-4B 0.30 0.222 25
Duplicate ID PW09-EC-1 (0-5) 0.30 0.221 --

0 0 --
Sample ID PW09-QC14-3 (0-5) -- 0.333 54
Duplicate ID PW09-QC14-4 (0-5) 4.1 -- 560
Duplicate ID PW09-EC-1 (5-10) 4.7 0.335 --

14 1 --
7 1 --

2 2 --

Notes:
RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 20%
AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 
          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit
BD - Sample and/or replicate had analyte concentrations below detection limit
Boldface type and shaded indicates that Data Quality Objective was not achieved

Count

Average RPD or AD

Parameter

RPD (%) or AD

RPD (%) or AD

Method Detection Limit

RPD Data Quality Objective



Table 4.2b: Data Quality Assessment Summary for Selected Constituents in Water - Replicate Samples

Radium-226 Barium Sulphate

(Bq/L) (mg/L) (mg/L)
0.01 0.00001 0.2

≤ 20% ≤ 20% ≤ 20%
Sample ID SW09-QC14-2T 0.82 0.104 72
Replicate ID SW09-EC-2T 0.78 0.108 85

5 4 17
Sample ID SW09-QC14-2B 0.91 0.108 32
Replicate ID SW09-EC-2B 0.85 0.114 36

7 5 12
Sample ID PW09-QC14-2 (0-2.5) 3.6 0.309 32
Replicate ID PW09-EC-2 (0-2.5) 2.9 0.285 27

22 8 17
Sample ID PW09-QC14-2 (2.5-5) 2.8 0.308 12
Replicate ID PW09-EC-2 (2.5-5) 3.3 0.337 18

16 9 40

Sample ID PW09-QC14-2 (5-7.5) 5.9 0.519 12
Replicate ID PW09-EC-2 (5-7.5) 5.4 0.487 --

9 6 --
12 7 21
5 5 4

Notes:
RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 20%
AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 
          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit
BD - Sample and/or replicate had analyte concentrations below detection limit
Boldface type and shaded indicates that Data Quality Objective was not achieved

Parameter

Method Detection Limit

RPD Data Quality Objective

Average RPD or AD

Count

RPD (%) or AD

RPD (%) or AD

RPD (%) or AD

RPD (%) or AD

RPD (%) or AD



Table 4.3: Data Quality Assessment Summary for Selected Constituents in Blank Sample

Analysis Units
Detection 

Limit
Data Quality 

Objective
Blank 1

Radium-226 Bq/L 0.01 0.02 <0.01
Barium mg/L 0.00001 0.00002 0.00216

Sulphate mg/L 2 4 <2

Notes:
Boldface type and shaded indicates that Data Quality Objective was not achieved



Table 4.4: Surface Water pH Values Measured in the Serpent River by EcoMetrix in September 2009 and by DES in June 2010

Depth Below 
Surface

pH Measured by 
EcoMetrix in 

September 2009

pH Measured by 
DES in June 2010

(m) Northing Easting (pH units) (pH units)

SW09-SR-1T 0 3.9 6.5

SW09-SR-1B 1.4 5.2 --

SW09-SR-2T 0 4.2 6.8

SW09-SR-2B 1.1 3.5 6.8

SW09-SR-3T 0 5.6 6.8

SW09-SR-3B 1.3 7.3 6.9

SW09-SR-4T 0 6.5 7.1

SW09-SR-4B 0.6 6.7 6.9

5.4 6.8

D-4 6.8

D-5 6.9

Notes:
"--" pH could not be measured because water level was too low
Average pH Values Measured in the SRWMP were calculated from routine monitoring data from 2003 through 2006 in Minnow (2008)

374131

Average pH Values Measured in the SRWMP

Average pH Value

5151193

Sample ID
GPS Coordinates

5149088

5149667

5150279

373857

374281

374301



Table 5.1: Summary of Selected Constituents in Serpent River Sediments Sampled in 2009

Radium-226 Barium Sulphate

(Bq/g) (mg/kg) (%)
CORE 09-SR-1 (0-5) 0.16 75 0.1
CORE 09-SR-1 (5-10) 0.08 65 <0.1
CORE 09-SR-1 (10-15) 0.02 61 0.1
CORE 09-SR-1 (15-20) 0.04 47 0.1
CORE 09-SR-2 (0-5) 14 6,400 0.5
CORE 09-SR-2 (5-10) 4.6 2,600 0.2
CORE 09-SR-2 (10-15) 0.06 200 <0.1
CORE 09-SR-3 (0-5) 8.2 2,300 0.2
CORE 09-SR-3 (5-10) 9.7 3,000 0.4
CORE 09-SR-3 (10-15) 16 3,600 0.8
CORE 09-SR-3 (15-20) 20 4,100 1.0
CORE 09-SR-4 (0-5) 2.6 770 0.2
CORE 09-SR-4 (5-10) 2.7 580 0.2
CORE 09-SR-4 (10-15) 2.1 440 0.2

Sample ID



Table 5.2: Summary of Selected Constituents in Serpent River Surface Water Sampled in 2009

Depth Radium-226 Barium Sulphate

(cm) (Bq/L) (mg/L) (mg/L)
SW09-SR-1T 0 <0.01 0.01 8.5
SW09-SR-1B 140 <0.01 0.02 5.6
PW09-SR-1 (0-5) 0-5 0.02 0.03 2.6
PW09-SR-1 (5-10) 5-10 <0.02 0.03 <2
PW09-SR-1 (10-15) 10-15 <0.01 0.03 <2
PW09-SR-1 (15-20) 15-20 <0.01 0.02 <2
SW09-SR-2T 0 0.11 0.12 31
SW09-SR-2B 110 0.28 0.294 45
PW09-SR-2 (0-5) 0-5 2.4 2.16 16
PW09-SR-2 (5-10) 5-10 2.3 2.38 14
PW09-SR-2 (10-15) 10-15 0.87 1.5 --
SW09-SR-3T 0 0.15 0.147 30
SW09-SR-3B 130 0.80 0.334 26
PW09-SR-3 (0-5) 0-5 5.1 1.91 7.9
PW09-SR-3 (5-10) 5-10 6.0 3.11 4
PW09-SR-3 (10-15) 10-15 5.4 3.75 <2
PW09-SR-3 (15-20) 15-20 4.5 3.24 <2
SW09-SR-4T 0 0.19 0.191 25
SW09-SR-4B 60 0.30 0.222 25
PW09-SR-4 (0-5) 0-5 0.87 0.561 19
PW09-SR-4 (5-10) 5-10 1.2 0.621 8.1
PW09-SR-4 (10-15) 10-15 1.4 0.602 4.9

Notes:
SW - Surface Water - Depth refers to "below surface"
PW - Porewater - Depth refers to "below sediment-water interface"
T - top of water column
B - bottom of water column

Sample ID
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Conceptual Model for Accumulation and Recovery for
Ra-226 in Sediments

Figure 6.1

Adapted from Luoma and Rainbow, 2008
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Kd Plot for Radium-226 in Serpent River Sediment Samples
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Calculated Annual Loads and Modeled Cumulative Loads
at D-5 in the Serpent River

Figure 6.3
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Predicted Loads at SR-2, SR-3 and SR-4

Figure 6.4
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SR-2

Figure 6.5

Depth Profiles for Ra-226 Recovery
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Denison TMA 

 



Table A1.1: Routine Monitoring Data for Radium-226 Activities at the Denison TMA

Sample 
Date Radium-226 

Activity (Bq/L)

Sample 
Date

Radium-226 
Activity (Bq/L)

Sample 
Date

Radium-226 
Activity (Bq/L)

Sample 
Date

Radium-226 
Activity (Bq/L)

Sample 
Date

Radium-226 
Activity (Bq/L)

Jan-90 0.268 Jan-90 0.17 Jan-90 <0.02 Jan-90 0.03 Mar-90 0.05
Feb-90 0.407 Feb-90 0.13 Feb-90 <0.02 Feb-90 0.28 Apr-90 <0.02
Mar-90 1.58 Mar-90 0.13 Mar-90 <0.02 Mar-90 0.11 May-90 0.03
Apr-90 0.985 Apr-90 0.07 Apr-90 0.02 Apr-90 0.3 Jun-90 <0.02
May-90 1.26 May-90 0.11 May-90 0.04 May-90 0.11 Jul-90 0.02
Jun-90 1.013 Jun-90 0.17 Jun-90 <0.02 Jun-90 Aug-90 0.03
Jul-90 0.646 Jul-90 0.12 Jul-90 <0.02 Jul-90 0.27 Sep-90
Aug-90 0.433 Aug-90 0.16 Aug-90 <0.02 Aug-90 0.07 Oct-90 <0.02
Sep-90 0.285 Sep-90 0.18 Sep-90 <0.02 Sep-90 0.07 Nov-90 <0.02
Oct-90 0.536 Oct-90 0.06 Oct-90 <0.02 Oct-90 0.26 Dec-90 0.02
Nov-90 0.72 Nov-90 0.06 Nov-90 <0.02 Nov-90 0.13 Jan-91 0.03
Dec-90 0.3 Dec-90 0.04 Dec-90 <0.02 Dec-90 0.045 Feb-91 <0.02
Jan-91 0.608 Jan-91 0.08 Jan-91 <0.02 Jan-91 0.03 Mar-91 0.1
Feb-91 0.297 Feb-91 0.15 Feb-91 0.02 Feb-91 0.02 Apr-91 <0.02
Mar-91 0.558 Mar-91 0.23 Mar-91 0.02 Mar-91 0.14 May-91 <0.02
Apr-91 0.356 Apr-91 0.05 Apr-91 <0.02 Apr-91 0.06 Jun-91 0.02
May-91 0.22 May-91 0.08 May-91 0.02 May-91 0.04 Jul-91 0.02
Jun-91 0.37 Jun-91 0.07 Jun-91 <0.02 Jun-91 <0.02 Aug-91
Jul-91 0.452 Jul-91 Jul-91 <0.02 Jul-91 0.04 Sep-91
Aug-91 0.215 Aug-91 Aug-91 <0.02 Aug-91 0.03 Oct-91 <0.02
Sep-91 0.378 Sep-91 0.14 Sep-91 <0.02 Sep-91 0.17 Nov-91 <0.02
Oct-91 0.724 Oct-91 0.09 Oct-91 0.02 Oct-91 0.06 Dec-91 0.04
Nov-91 0.71 Nov-91 0.07 Nov-91 Nov-91 0.22 Jan-92 0.04
Dec-91 0.55 Dec-91 0.03 Dec-91 Dec-91 0.22 Feb-92 0.02
Jan-92 0.462 Jan-92 0.1 Jan-92 Jan-92 0.05 Mar-92 <0.02
Feb-92 0.292 Feb-92 0.08 Feb-92 Feb-92 0.09 Apr-92 0.05
Mar-92 0.886 Mar-92 0.07 Mar-92 Mar-92 0.14 May-92 0.06
Apr-92 0.258 Apr-92 0.06 Apr-92 0.04 Apr-92 0.09 Jun-92 0.08
May-92 0.13 May-92 0.08 May-92 May-92 0.07 Jul-92 <0.02
Jun-92 0.074 Jun-92 0.16 Jun-92 Jun-92 0.08 Aug-92 0.02
Jul-92 0.062 Jul-92 <0.02 Jul-92 0.03 Jul-92 0.06 Sep-92 <0.02
Aug-92 0.052 Aug-92 0.14 Aug-92 Aug-92 0.33 Oct-92 <0.02
Sep-92 0.088 Sep-92 0.06 Sep-92 Sep-92 Nov-92 <0.02
Oct-92 0.068 Oct-92 0.28 Oct-92 <0.02 Oct-92 0.08 Dec-92 <0.02
Nov-92 0.025 Nov-92 0.03 Nov-92 Nov-92 0.02 Jan-93 <0.02
Dec-92 0.034 Dec-92 0.09 Dec-92 Dec-92 0.02 Mar-93 0.02
Jan-93 0.023 Jan-93 0.08 Jan-93 Jan-93 0.03 Apr-93 0.02
Feb-93 0.023 Feb-93 0.05 Feb-93 Feb-93 0.03 May-93 0.02
Mar-93 0.04 Mar-93 0.04 Mar-93 Mar-93 0.03 Jun-93 0.1
Apr-93 0.077 Apr-93 0.04 Apr-93 <0.02 Apr-93 0.06 Jul-93 <0.02
May-93 0.06 May-93 0.17 May-93 May-93 0.05 Aug-93 0.02
Jun-93 0.052 Jun-93 0.08 Jun-93 Jun-93 0.14 Sep-93 <0.02
Jul-93 0.055 Jul-93 Jul-93 <0.02 Jul-93 0.21 Nov-93 0.02
Aug-93 0.046 Aug-93 0.07 Aug-93 Aug-93 0.22 Dec-93 <0.02
Sep-93 0.065 Sep-93 0.13 Sep-93 Sep-93 0.1 Jan-94 <0.02
Oct-93 0.033 Oct-93 0.04 Oct-93 0.02 Oct-93 0.04 Feb-94 <0.02
Nov-93 0.024 Nov-93 0.02 Apr-94 <0.02 Nov-93 0.04 Mar-94 <0.02
Dec-93 0.02 Dec-93 0.02 Jul-94 <0.02 Dec-93 <0.02 Apr-94 <0.02
Jan-94 0.02 Jan-94 0.05 Sep-94 Jan-94 <0.02 May-94 0.04
Feb-94 0.028 Feb-94 0.08 Oct-94 <0.02 Feb-94 <0.02 Jun-94 <0.02
Mar-94 0.034 Mar-94 0.04 Apr-95 0.007 Mar-94 <0.02 Jul-94 <0.02
Apr-94 0.04 Apr-94 0.07 Jul-95 <0.005 Apr-94 <0.02 Aug-94 0.03
May-94 0.03 May-94 0.05 Oct-95 <0.005 May-94 0.09 Sep-94 <0.02
Jun-94 0.025 Jun-94 0.04 Jan-96 Jun-94 0.26 Oct-94 <0.02
Jul-94 0.028 Jul-94 0.05 Apr-96 <0.005 Jul-94 0.2 Nov-94 <0.02
Aug-94 0.03 Aug-94 0.1 Jul-96 <0.005 Aug-94 0.17 Dec-94 0.02
Sep-94 0.028 Sep-94 0.08 Oct-96 <0.005 Sep-94 0.15 Jan-95 <0.02
Oct-94 0.028 Oct-94 0.04 Apr-97 0.006 Oct-94 0.15 Feb-95 <0.02
Nov-94 0.032 Nov-94 0.03 Jul-97 <0.005 Nov-94 0.14 Mar-95 <0.02
Dec-94 0.023 Dec-94 0.02 Oct-97 <0.005 Dec-94 0.05 Apr-95 0.01
Jan-95 0.026 Jan-95 0.04 Apr-98 <0.005 Jan-95 0.02 May-95
Feb-95 0.05 Feb-95 0.07 Jul-98 <0.005 Feb-95 0.06 Jun-95 0.01
Mar-95 0.073 Mar-95 0.09 Oct-98 0.006 Mar-95 0.08 Jul-95 0.011
Apr-95 0.07 Apr-95 0.14 Apr-99 <0.005 Apr-95 0.041 Aug-95 0.009
May-95 0.027 May-95 0.078 Jul-99 0.013 May-95 0.054 Oct-95 0.013
Jun-95 0.04 Jun-95 0.063 Sep-99 <0.005 Jun-95 0.024 Nov-95 0.007
Jul-95 0.035 Jul-95 0.091 Oct-99 0.017 Jul-95 0.203 Jan-96 <0.005
Aug-95 0.048 Aug-95 0.101 Nov-99 <0.005 Aug-95 0.245 Feb-96 <0.005
Sep-95 0.035 Sep-95 0.042 Jan-00 <0.005 Sep-95 0.133 Mar-96 <0.005
Oct-95 0.05 Oct-95 0.044 Jun-00 0.018 Oct-95 0.063 Apr-96 <0.005
Nov-95 0.014 Nov-95 0.026 Jul-00 <0.005 Nov-95 0.06 May-96 <0.005
Dec-95 0.009 Dec-95 0.025 Oct-00 <0.005 Dec-95 0.032 Jun-96 0.016
Jan-96 0.024 Jan-96 0.076 Dec-00 <0.005 Jan-96 0.029 Jul-96 0.006
Feb-96 0.039 Feb-96 0.16 Mar-01 <0.005 Feb-96 0.019 Aug-96 0.041
Mar-96 0.166 Mar-96 0.077 Apr-01 0.017 Mar-96 0.026 Sep-96 0.023
Apr-96 0.23 Apr-96 0.064 Jun-01 0.007 Apr-96 0.034 Oct-96 0.007
May-96 0.008 May-96 0.031 Jul-01 <0.005 May-96 0.098 Nov-96 0.014
Jun-96 0.022 Jun-96 Sep-01 0.008 Jun-96 0.17 Dec-96 <0.005
Jul-96 0.034 Jul-96 0.072 Oct-01 <0.005 Jul-96 0.161 Jan-97 0.006
Aug-96 0.042 Aug-96 0.091 Dec-01 <0.005 Aug-96 0.221 Feb-97 0.011
Sep-96 0.035 Sep-96 0.1 Apr-02 <0.005 Sep-96 0.39 Mar-97 0.009
Oct-96 0.041 Oct-96 0.061 Jun-02 0.007 Oct-96 0.14 Apr-97 <0.005

D6D2 D3 D4 D5

Table A1.1 Page 1



Table A1.1: Routine Monitoring Data for Radium-226 Activities at the Denison TMA

Sample 
Date Radium-226 

Activity (Bq/L)

Sample 
Date

Radium-226 
Activity (Bq/L)

Sample 
Date

Radium-226 
Activity (Bq/L)

Sample 
Date

Radium-226 
Activity (Bq/L)

Sample 
Date

Radium-226 
Activity (Bq/L)

D6D2 D3 D4 D5

Nov-96 0.04 Nov-96 0.06 Jul-02 0.007 Nov-96 0.043 May-97 0.008
Dec-96 0.032 Dec-96 0.022 Oct-02 <0.005 Dec-96 0.03 Jun-97 <0.005
Jan-97 0.02 Jan-97 0.091 Dec-02 <0.005 Jan-97 0.02 Jul-97
Feb-97 0.022 Feb-97 0.14 Apr-03 <0.005 Feb-97 0.034 Aug-97 0.008
Mar-97 0.013 Mar-97 0.047 Oct-03 <0.005 Mar-97 0.045 Sep-97 0.015
Apr-97 0.097 Apr-97 0.15 Apr-04 0.009 Apr-97 0.032 Oct-97 0.014
May-97 0.047 May-97 0.14 Sep-04 0.01 May-97 0.057 Nov-97 0.025
Jun-97 0.07 Jun-97 0.09 Apr-05 <0.005 Jun-97 0.28 Dec-97 0.014
Jul-97 0.066 Jul-97 0.14 Oct-05 <0.005 Jul-97 0.41 Jan-98 0.011
Aug-97 Aug-97 Apr-06 <0.005 Aug-97 0.12 Feb-98 0.01
Sep-97 0.033 Sep-97 0.16 Oct-06 <0.005 Sep-97 0.36 Mar-98 0.006
Oct-97 0.032 Oct-97 0.16 Apr-07 <0.005 Oct-97 0.18 Apr-98 0.016
Nov-97 0.033 Nov-97 0.097 Oct-07 <0.005 Nov-97 0.054 May-98 0.011
Dec-97 0.022 Dec-97 0.087 Apr-08 Dec-97 0.055 Jun-98 0.006
Jan-98 0.025 Jan-98 0.099 Oct-08 <0.005 Jan-98 0.023 Jul-98 <0.005
Feb-98 0.021 Feb-98 0.105 Apr-09 <0.005 Feb-98 0.03 Aug-98 0.008
Mar-98 0.021 Mar-98 0.11 Oct-09 <0.005 Mar-98 0.047 Sep-98 0.011
Apr-98 0.023 Apr-98 0.2 Apr-98 0.086 Oct-98 0.015
May-98 0.029 May-98 0.17 May-98 0.201 Nov-98 0.01
Jun-98 0.071 Jun-98 0.11 Jun-98 0.15 Dec-98 0.01
Jul-98 0.023 Jul-98 0.16 Jul-98 0.34 Jan-99 <0.005
Aug-98 0.026 Aug-98 Aug-98 0.3 Feb-99 0.006
Sep-98 0.024 Sep-98 Sep-98 0.35 Mar-99 0.005
Oct-98 0.03 Oct-98 0.15 Oct-98 0.101 Apr-99 <0.005
Nov-98 0.027 Nov-98 0.11 Nov-98 0.068 May-99 <0.005
Dec-98 0.023 Dec-98 0.075 Dec-98 0.033 Jun-99 <0.005
Jan-99 0.02 Jan-99 0.068 Jan-99 0.014 Jul-99 0.008
Feb-99 0.028 Feb-99 0.082 Feb-99 0.021 Aug-99 0.01
Mar-99 0.043 Mar-99 0.051 Mar-99 0.028 Sep-99 0.017
Apr-99 0.021 Apr-99 0.067 Apr-99 0.048 Oct-99 0.012
May-99 0.021 May-99 0.1 May-99 0.1 Nov-99 0.008
Jun-99 0.022 Jun-99 0.13 Jun-99 0.21 Dec-99 <0.005
Jul-99 0.022 Jul-99 0.22 Jul-99 0.19 Jan-00 0.007
Aug-99 0.039 Aug-99 0.14 Aug-99 0.22 Feb-00 0.005
Sep-99 0.025 Sep-99 Sep-99 0.26 Mar-00 <0.005
Oct-99 0.029 Oct-99 0.085 Oct-99 0.14 Apr-00 0.014
Nov-99 0.021 Nov-99 0.082 Nov-99 0.063 May-00 0.013
Dec-99 0.012 Dec-99 0.06 Dec-99 0.041 Jun-00 0.015
Jan-00 0.017 Jan-00 0.061 Jan-00 0.03 Jul-00
Feb-00 0.012 Feb-00 0.097 Feb-00 0.024 Aug-00
Mar-00 0.025 Mar-00 0.098 Mar-00 0.022 Sep-00
Apr-00 0.043 Apr-00 0.096 Apr-00 0.019 Oct-00
May-00 0.049 May-00 0.15 May-00 0.11 Nov-00
Jun-00 0.054 Jun-00 0.13 Jun-00 0.18 Dec-00 0.015
Jul-00 0.028 Jul-00 0.14 Jul-00 0.2 Jan-01 0.015
Aug-00 0.022 Aug-00 Aug-00 0.401 Feb-01 0.006
Sep-00 0.034 Sep-00 Sep-00 0.461 Mar-01 0.009
Oct-00 0.031 Oct-00 Oct-00 0.261 Apr-01 0.007
Nov-00 0.041 Nov-00 0.103 Nov-00 0.13 May-01 0.007
Dec-00 0.015 Dec-00 0.089 Dec-00 0.074 Jun-01 <0.005
Jan-01 0.017 Jan-01 0.092 Jan-01 0.035 Jul-01
Feb-01 0.02 Feb-01 0.094 Feb-01 0.084 Aug-01
Mar-01 0.016 Mar-01 0.073 Mar-01 0.032 Sep-01
Apr-01 0.03 Apr-01 0.099 Apr-01 0.028 Oct-01 <0.005
May-01 0.062 May-01 0.14 May-01 0.06 Nov-01 0.008
Jun-01 0.045 Jun-01 0.11 Jun-01 0.081 Dec-01 <0.005
Jul-01 0.052 Jul-01 Jul-01 0.29 Jan-02 <0.005
Aug-01 0.045 Aug-01 Aug-01 0.79 Feb-02 <0.005
Sep-01 0.052 Sep-01 0.093 Sep-01 0.515 Mar-02 <0.005
Oct-01 0.058 Oct-01 0.09 Oct-01 0.1 Apr-02 <0.005
Nov-01 0.053 Nov-01 0.098 Nov-01 0.035 May-02 0.007
Dec-01 0.059 Dec-01 0.11 Dec-01 0.029 Jun-02 0.007
Jan-02 0.031 Jan-02 0.09 Jan-02 0.009 Jul-02 <0.005
Feb-02 0.026 Feb-02 0.088 Feb-02 0.032 Aug-02 0.008
Mar-02 0.06 Mar-02 0.096 Mar-02 0.042 Sep-02
Apr-02 0.058 Apr-02 0.09 Apr-02 0.024 Oct-02 0.011
May-02 0.09 May-02 0.071 May-02 0.026 Nov-02 0.006
Jun-02 0.115 Jun-02 0.13 Jun-02 0.1 Dec-02 0.011
Jul-02 0.098 Jul-02 Jul-02 0.22 Jan-03 <0.005
Aug-02 0.119 Aug-02 Aug-02 0.39 Feb-03 <0.005
Sep-02 0.122 Sep-02 Sep-02 0.49 Mar-03 <0.005
Oct-02 0.178 Oct-02 0.122 Oct-02 0.15 Apr-03 0.006
Nov-02 0.082 Nov-02 0.12 Nov-02 0.084 May-03 0.021
Dec-02 0.03 Dec-02 0.095 Dec-02 0.056 Jun-03 <0.005
Jan-03 0.027 Jan-03 0.109 Jan-03 0.042 Jul-03 0.019
Feb-03 0.033 Feb-03 0.105 Feb-03 0.052 Aug-03 0.007
Mar-03 0.068 Mar-03 0.116 Mar-03 0.027 Sep-03 0.009
Apr-03 0.127 Apr-03 0.086 Apr-03 0.025 Oct-03 0.005
May-03 0.345 May-03 0.131 May-03 0.039 Nov-03 0.008
Jun-03 0.145 Jun-03 0.118 Jun-03 0.12 Dec-03 0.009
Jul-03 0.262 Jul-03 0.137 Jul-03 0.21 Jan-04 0.011
Aug-03 0.155 Aug-03 0.185 Aug-03 0.22 Feb-04 0.009
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Table A1.1: Routine Monitoring Data for Radium-226 Activities at the Denison TMA

Sample 
Date Radium-226 

Activity (Bq/L)

Sample 
Date

Radium-226 
Activity (Bq/L)

Sample 
Date

Radium-226 
Activity (Bq/L)

Sample 
Date

Radium-226 
Activity (Bq/L)

Sample 
Date

Radium-226 
Activity (Bq/L)

D6D2 D3 D4 D5

Sep-03 0.228 Sep-03 0.16 Sep-03 0.076 Mar-04 <0.005
Oct-03 0.232 Oct-03 0.134 Oct-03 0.072 Apr-04 0.021
Nov-03 0.282 Nov-03 0.114 Nov-03 0.063 May-04 0.005
Dec-03 0.127 Dec-03 0.092 Dec-03 0.032 Jun-04 <0.005
Jan-04 0.071 Jan-04 0.106 Jan-04 0.044 Jul-04 0.01
Feb-04 0.059 Feb-04 0.111 Feb-04 0.028 Aug-04 0.014
Mar-04 0.137 Mar-04 0.111 Mar-04 0.037 Sep-04 <0.005
Apr-04 0.146 Apr-04 0.077 Apr-04 0.024 Oct-04 0.01
May-04 0.25 May-04 0.111 May-04 0.021 Nov-04 0.007
Jun-04 0.334 Jun-04 0.116 Jun-04 0.074 Dec-04 0.008
Jul-04 0.193 Jul-04 0.142 Jul-04 0.18 Jan-05 0.008
Aug-04 0.242 Aug-04 0.25 Aug-04 0.19 Feb-05 <0.005
Sep-04 0.148 Sep-04 0.19 Sep-04 0.225 Mar-05 0.015
Oct-04 0.168 Oct-04 0.109 Oct-04 0.26 Apr-05 0.015
Nov-04 0.144 Nov-04 0.11 Nov-04 0.098 May-05 0.006
Dec-04 0.092 Dec-04 0.116 Dec-04 0.028 Jun-05 <0.005
Jan-05 0.087 Jan-05 0.091 Jan-05 0.029 Jul-05 0.011
Feb-05 0.08 Feb-05 0.124 Feb-05 0.023 Aug-05 0.011
Mar-05 0.039 Mar-05 0.136 Mar-05 0.035 Sep-05 0.011
Apr-05 0.109 Apr-05 0.098 Apr-05 0.029 Oct-05 0.012
May-05 0.186 May-05 0.144 May-05 0.055 Nov-05 0.007
Jun-05 0.1 Jun-05 0.19 Jun-05 0.099 Dec-05 <0.005
Jul-05 0.067 Jul-05 Jul-05 0.14 Jan-06 <0.005
Aug-05 0.095 Aug-05 Aug-05 0.24 Feb-06 <0.005
Sep-05 0.096 Sep-05 Sep-05 0.26 Mar-06 <0.005
Oct-05 0.115 Oct-05 0.15 Oct-05 0.28 Apr-06 0.005
Nov-05 0.176 Nov-05 0.112 Nov-05 0.15 May-06 0.005
Dec-05 0.046 Dec-05 0.068 Dec-05 0.02 Jun-06 0.005
Jan-06 0.022 Jan-06 0.099 Jan-06 0.017 Jul-06 <0.005
Feb-06 0.025 Feb-06 0.101 Feb-06 0.012 Aug-06 0.011
Mar-06 0.034 Mar-06 0.094 Mar-06 0.009 Sep-06 0.013
Apr-06 0.128 Apr-06 0.102 Apr-06 0.018 Oct-06 0.008
May-06 0.097 May-06 0.126 May-06 0.03 Nov-06 <0.005
Jun-06 0.086 Jun-06 0.14 Jun-06 0.095 Dec-06 <0.005
Jul-06 0.082 Jul-06 0.185 Jul-06 0.16 Jan-07 <0.005
Aug-06 0.053 Aug-06 0.203 Aug-06 0.14 Feb-07 0.005
Sep-06 0.072 Sep-06 0.149 Sep-06 0.33 Mar-07 <0.005
Oct-06 0.079 Oct-06 0.13 Oct-06 0.31 Apr-07 0.007
Nov-06 0.092 Nov-06 0.11 Nov-06 0.041 May-07 0.007
Dec-06 0.082 Dec-06 0.097 Dec-06 0.024 Jun-07 0.007
Jan-07 0.103 Jan-07 0.099 Jan-07 0.015 Jul-07
Feb-07 0.071 Feb-07 0.112 Feb-07 0.019 Aug-07
Mar-07 0.049 Mar-07 0.099 Mar-07 0.013 Sep-07
Apr-07 0.092 Apr-07 0.086 Apr-07 0.027 Oct-07 0.013
May-07 0.156 May-07 0.15 May-07 0.048 Nov-07 0.007
Jun-07 0.079 Jun-07 0.173 Jun-07 0.1 Dec-07 <0.005
Jul-07 0.128 Jul-07 0.21 Jul-07 0.17 Jan-08 0.007
Aug-07 0.136 Aug-07 Aug-07 0.26 Feb-08 <0.005
Sep-07 0.088 Sep-07 Sep-07 0.23 Mar-08 <0.005
Oct-07 0.134 Oct-07 0.143 Oct-07 0.23 Apr-08 <0.005
Nov-07 0.118 Nov-07 0.096 Nov-07 0.071 May-08 <0.005
Dec-07 0.038 Dec-07 0.083 Dec-07 0.02 Jun-08 <0.005
Jan-08 0.031 Jan-08 0.088 Jan-08 0.009 Jul-08 <0.005
Feb-08 0.097 Feb-08 0.082 Feb-08 0.015 Aug-08 0.005
Mar-08 0.185 Mar-08 0.089 Mar-08 0.015 Sep-08 <0.005
Apr-08 0.202 Apr-08 0.085 Apr-08 0.035 Oct-08 0.007
May-08 0.215 May-08 0.087 May-08 0.027 Nov-08 <0.005
Jun-08 0.112 Jun-08 0.131 Jun-08 0.074 Dec-08 <0.005
Jul-08 0.146 Jul-08 0.168 Jul-08 0.1 Jan-09 <0.005
Aug-08 0.117 Aug-08 0.16 Aug-08 0.1 Feb-09 0.005
Sep-08 0.089 Sep-08 0.18 Sep-08 0.14 Mar-09 <0.005
Oct-08 0.099 Oct-08 0.153 Oct-08 0.15 Apr-09 <0.005
Nov-08 0.12 Nov-08 0.135 Nov-08 0.089 May-09 <0.005
Dec-08 0.117 Dec-08 0.122 Dec-08 0.029 Jun-09 0.007
Jan-09 0.23 Jan-09 0.117 Jan-09 0.038 Jul-09 0.013
Feb-09 0.165 Feb-09 0.115 Feb-09 0.022 Aug-09 <0.005
Mar-09 0.258 Mar-09 0.113 Mar-09 0.023 Sep-09 0.009
Apr-09 0.258 Apr-09 0.101 Apr-09 0.052 Oct-09 0.012

May-09 0.12 May-09 0.037 Nov-09 <0.005
Jun-09 0.154 Jun-09 0.051 Dec-09 <0.005
Jul-09 0.188 Jul-09 0.14
Aug-09 0.21 Aug-09 0.12
Sep-09 0.3 Sep-09 0.12
Oct-09 0.153 Oct-09 0.22
Nov-09 0.128 Nov-09 0.035
Dec-09 0.132 Dec-09 0.025

Table A1.1 Page 3



 

 
 
 

 

APPENDIX 2 

Photographic Log of Field Sampling in 2009 

 



Core Sample: Core09-SR-4

Core Sample: Core09-SR-3

Figure A2.1EcoMetrix
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February 2011
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Figure A2.3
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Serpent River Sampling Location SR-3
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APPENDIX 3 

Detailed Data Quality Assessment 

 



Table A3.1: Detailed Data Quality Assessment for Constituents in Solids

Sample ID Duplicate ID Sample ID Duplicate ID Sample ID Replicate ID Sample ID Replicate ID Sample ID Replicate ID

CORE 09-PSB-2 
(5-10)

CORE 09-EC-1 
(0-5)

CORE 09-SR-4 
(10-15)

CORE 09-EC-1 
(5-10)

CORE 09-QC14-2 
(0-2.5)

CORE 09-EC-2 
(0-2.5)

CORE 09-QC14-2 
(2.5-5)

CORE 09-EC-2 
(2.5-5)

CORE 09-QC14-2 
(5-7.5)

CORE 09-EC-2 
(5-7.5)

Sulphur (S) % 0.005 ≤ 40% 1.57 1.17 29 1.00 0.762 27 0.633 0.628 1 0.885 1.03 15 0.871 1.18 30
Carbonate (CO3) % 0.005 ≤ 40% 0.097 0.058 50 0.419 0.280 40 <0.005 <0.005 BD <0.005 <0.005 BD <0.005 <0.005 BD
Total Organic Carbon (TOC) % 0.01 ≤ 40% 9.78 10.5 7 16.8 16.7 1 0.519 0.617 17 0.289 0.206 34 0.121 0.090 29
Total Carbon (C) % 0.005 ≤ 40% 9.80 10.5 7 16.9 16.8 1 0.519 0.616 17 0.289 0.207 33 0.121 0.089 30
Sulphide % 0.01 ≤ 40% 0.36 0.47 27 0.65 0.70 7 0.52 0.53 2 0.77 1.04 30 0.84 1.07 24
Sulphate (SO4) % 0.1 ≤ 40% 0.6 0.3 0.3 0.2 0.1 0.1 0.1 0.1 0 0.1 0.1 0 0.1 0.1 0

Radium-226 (Ra-226) Bq/g 0.01 ≤ 40% 4.5 4.1 9 2.1 1.6 27 4.3 7.0 48 6.5 8.3 24 9.3 20.0 73
Silver (Ag) mg/kg 0.7 ≤ 40% <0.7 <0.7 BD <0.7 <0.7 BD 0.8 1.5 1 1.0 1.2 0.2 1.1 1.1 0
Aluminum (Al) mg/kg 1 ≤ 40% 3600 3800 5 5600 5800 4 830 1500 58 690 1200 54 850 890 5
Arsenic (As) mg/kg 1 ≤ 40% 14 14 0 26 26 0 17 22 26 19 24 23 21 24 13
Barium (Ba) mg/kg 0.05 ≤ 40% 160 94 52 440 450 2 150 280 60 220 370 51 330 310 6
Beryllium (Be) mg/kg 0.1 ≤ 40% 0.34 0.35 0.01 0.12 0.13 0.01 0.28 0.51 0.23 0.28 0.41 0.1 0.34 0.34 0
Bismuth (Bi) mg/kg 0.5 ≤ 40% 11 12 9 <0.5 <0.5 BD 7.5 11 38 9.2 8.6 7 8.5 7.8 9
Calcium (Ca) mg/kg 1 ≤ 40% 7600 4600 49 7300 7400 1 190 230 19 130 110 17 79 63 23
Cadmium (Cd) mg/kg 0.05 ≤ 40% 4.5 4.0 12 1.8 1.8 0 0.18 0.25 33 0.22 0.27 20 0.22 0.29 27
Cerium (Ce) mg/kg 0.006 ≤ 40% 220 240 9 840 800 5 300 340 13 290 300 3 280 240 15
Cobalt (Co) mg/kg 0.3 ≤ 40% 15 15 0 16 17 6 15 16 6 18 21 15 17 22 26
Chromium (Cr) mg/kg 0.5 ≤ 40% 6.5 7.8 18 17 17 0 4.7 8.2 54 4.9 6.5 28 5.7 5.8 2
Cesium (Cs) mg/kg 0.01 ≤ 40% 0.97 1.1 13 0.87 0.90 3 0.18 0.32 56 0.22 0.20 10 0.31 0.19 48
Copper (Cu) mg/kg 0.1 ≤ 40% 14 15 7 56 56 0 43 50 15 46 54 16 42 54 25
Iron (Fe) mg/kg 0.5 ≤ 40% 240000 240000 0 12000 16000 29 10000 13000 26 12000 17000 34 13000 19000 38
Gallium (Ga) mg/kg 0.03 ≤ 40% 2.4 2.7 12 6.6 6.5 2 2.1 2.8 29 2.1 2.4 13 2.0 1.9 5
Germanium (Ge) mg/kg 0.3 ≤ 40% 7.2 7.2 0 3.8 4.0 5 1.2 1.4 0.2 1.2 1.4 0.2 1.2 1.2 0
Hafnium (Hf) mg/kg 0.1 ≤ 40% 0.1 0.1 0 0.6 0.9 40 0.3 0.5 0.2 0.6 0.7 15 1.0 0.7 35
Indium (In) mg/kg 0.01 ≤ 40% <0.01 <0.01 BD <0.01 0.01 BD <0.01 0.02 BD <0.01 0.01 BD 0.01 0.01 0
Potassium (K) mg/kg 1 ≤ 40% 190 210 10 270 270 0 210 330 44 230 300 26 250 230 8
Lanthanum (La) mg/kg 0.001 ≤ 40% 110 130 17 430 420 2 170 190 11 170 170 0 160 140 13
Lithium (Li) mg/kg 0.1 ≤ 40% 0.9 0.9 0 1.1 1.3 17 0.2 0.8 120 0.1 0.5 0.4 0.4 0.2 0.2
Lutetium (Lu) mg/kg 0.001 ≤ 40% 0.98 1.1 12 5.3 5.3 0 0.081 0.14 53 0.048 0.060 22 0.031 0.038 20
Magnesium (Mg) mg/kg 1 ≤ 40% 360 240 40 1400 1500 7 88 110 22 46 38 19 25 18 33
Manganese (Mn) mg/kg 0.05 ≤ 40% 89 84 6 180 180 0 13 18 32 8.6 7.6 12 4.7 4.6 2
Molybdenum (Mo) mg/kg 0.5 ≤ 40% 10 10 0 3.6 3.9 8 5.3 6.4 19 5.2 6.1 16 7.9 5.5 36
Sodium (Na) mg/kg 1 ≤ 40% 35 40 13 59 55 7 8 11 32 7 8 13 6 5 1
Niobium (Nb) mg/kg 0.7 ≤ 40% 2.8 2.7 4 0.8 <0.7 BD 7.0 9.7 32 8.2 7.8 5 8.4 7.5 11
Nickel (Ni) mg/kg 1 ≤ 40% 17 19 11 43 43 0 8 9 12 8 10 22 8 11 32
Lead (Pb) mg/kg 0.7 ≤ 40% 270 280 4 640 640 0 180 240 29 260 270 4 270 310 14
Phosphorous (P) mg/kg 5 ≤ 40% 740 810 9 340 360 6 260 400 42 300 360 18 360 330 9
Rubidium (Rb) mg/kg 0.004 ≤ 40% 2.1 2.5 17 4.0 4.0 0 1.9 2.6 31 1.9 2.0 5 1.8 1.4 25
Antimony (Sb) mg/kg 1 ≤ 40% <1 <1 BD <1 <1 BD <1 1 BD <1 <1 BD <1 <1 BD
Scandium (Sc) mg/kg 0.2 ≤ 40% 1.3 1.6 21 2.7 3.0 11 0.5 0.9 57 0.4 0.8 67 0.5 0.6 0.1
Selenium (Se) mg/kg 1 ≤ 40% <1 <2 BD <1 <2 BD <2 <2 BD <2 <2 BD <2 <2 BD
Tin (Sn) mg/kg 6 ≤ 40% <6 <6 BD <6 <6 BD <6 <6 BD <6 <6 BD <6 <6 BD
Strontium (Sr) mg/kg 0.01 ≤ 40% 7.6 7.9 4 14 14 0 3.6 5.1 34 4.1 5.4 27 4.8 4.6 4
Sulphur (S) mg/kg 1 ≤ 40% -- 15000 -- 11000 11000 0 6500 6700 3 8700 11000 23 8600 12000 33
Tantalum (Ta) mg/kg 0.01 ≤ 40% 0.05 0.05 0 0.15 0.23 42 0.04 0.07 55 0.05 0.12 82 0.12 0.28 80
Terbium (Tb) mg/kg 0.01 ≤ 40% 3.9 4.3 10 35 33 6 0.97 1.4 36 0.83 0.90 8 0.68 0.67 1
Tellurium (Te) mg/kg 0.1 ≤ 40% 0.1 0.1 0 <0.1 <0.1 BD 0.1 0.2 0.1 0.2 0.2 0 0.2 0.2 0
Thorium (Th) mg/kg 0.01 ≤ 40% 110 120 9 85 89 5 310 560 57 310 470 41 360 380 5
Titanium (Ti) mg/kg 0.2 ≤ 40% 82 91 10 210 220 5 210 330 44 250 260 4 260 240 8
Thallium (Tl) mg/kg 3 ≤ 40% <3 <3 BD <3 <3 BD <3 <3 BD <3 <3 BD <3 <3 BD
Uranium (U) mg/kg 3 ≤ 40% 210 230 9 110 150 31 17 23 30 17 18 6 13 15 2
Vanadium (V) mg/kg 0.1 ≤ 40% 25 26 4 16 17 6 2.7 4.0 39 2.7 2.7 0 2.7 2.4 12
Tungsten (W) mg/kg 1 ≤ 40% 2 79 190 <1 5 BD 3 5 2 4 5 1 5 6 18
Yttrium (Y) mg/kg 0.1 ≤ 40% 78 84 7 740 750 1 9.1 12 27 6.8 6.7 1 5.5 5.2 6
Ytterbium (Yb) mg/kg 0.1 ≤ 40% 7.4 8.7 16 45 46 2 0.74 1.2 47 0.46 0.57 21 0.33 0.40 0.07
Zinc (Zn) mg/kg 0.1 ≤ 40% 64 65 2 55 58 5 8.8 8.9 1 6.9 8.0 15 4.7 5.8 21
Zirconium (Zr) mg/kg 5 ≤ 40% 6 6 0 6 <5 BD 20 30 40 26 27 4 28 26 7

Notes:
RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 40%
AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 
          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit
BD - Sample and/or replicate had analyte concentrations below detection limit
Boldface type and shaded indicates that Data Quality Objective was not achieved
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Table A3.2: Detailed Data Quality Assessment for Constituents in Waters

Sample ID Duplicate ID Sample ID Duplicate ID Dupicate ID Sample ID Replicate ID Sample ID Replicate ID Sample ID Replicate ID Sample ID Replicate ID Sample ID Replicate ID

SW09-SR-4B PW09-EC-1 (0-5) PW09-QC14-3 (0-5) PW09-QC14-4 (0-5) PW09-EC-1 (5-10) SW09-QC14-2T SW09-EC-2T SW09-QC14-2B SW09-EC-2B PW09-QC14-2 (0-2.5) PW09-EC-2 (0-2.5) PW09-QC14-2 (2.5-5) PW09-EC-2 (2.5-5) PW09-QC14-2 (5-7.5) PW09-EC-2 (5-7.5)

Acidity (as CaCO3) mg/L 2 ≤ 20% <2.0 -- -- 6 19 -- -- 56 67 18 15 16 6 21 17 21 15 16 6 16 -- --
Dissolved Inorganic Carbon (DIC) mg/L 0.2 ≤ 20% 1.4 -- -- 2.0 <1.0 -- BD <1.0 <1.0 BD <1.0 <1.0 BD <1.0 4.2 BD <1.0 1.1 BD <1.0 -- BD
Dissolved Organic Carbon (DOC) mg/L 0.2 ≤ 20% 2.0 -- -- 3.5 9.3 -- -- 14.4 11.4 23 19.4 11.7 50 28 19 38 18.3 14.3 25 17.9 -- --
Sulphate (SO4) mg/L 0.2 ≤ 20% 25 -- -- 5.6 512 -- -- 72 85 17 32 36 12 32 27 17 12 18 40 12 -- --
Hardness (as CaCO3) mg/L 0.5 ≤ 20% 33.4 33.9 1 18 NC 17.8 1 16.9 17 1 16.6 16.8 1 26.2 21.7 19 16.9 16 5 17.9 16.4 9

Radium-226 (Ra-226) Bq/L 0.01 ≤ 20% 0.30 0.30 0 NC 4.1 4.7 14 0.82 0.78 5 0.91 0.85 7 3.6 2.9 22 2.8 3.3 16 5.9 5.4 9
Aluminum (Al) mg/L 0.01 ≤ 20% <0.01 <0.01 BD <0.01 NC <0.01 BD <0.01 0.03 BD <0.01 <0.01 BD <0.01 <0.01 BD 0.03 <0.01 BD <0.01 <0.01 BD
Arsenic (As) mg/L 0.0002 ≤ 20% 0.0007 0.0006 0.0001 0.0026 NC 0.0024 8 0.0006 0.0007 0.0001 0.0011 0.0007 0.0004 0.0064 0.0058 10 0.0084 0.0046 58 0.0066 0.0065 2
Barium (Ba) mg/L 0.00001 ≤ 20% 0.222 0.221 0 0.333 NC 0.335 1 0.104 0.108 4 0.108 0.114 5 0.309 0.285 8 0.308 0.337 9 0.519 0.487 6
Beryllium (Be) mg/L 0.00002 ≤ 20% <0.00002 <0.00002 BD 0.00013 NC <0.00002 BD <0.00002 0.00003 BD <0.00002 0.00002 BD <0.00002 <0.00002 BD <0.00002 <0.00002 BD <0.00002 <0.00002 BD
Boron (B) mg/L 0.0002 ≤ 20% 0.0089 0.0082 8 0.0026 NC 0.0028 0.0002 0.0045 0.0076 51 0.0056 0.0072 25 0.0054 0.0039 32 0.0047 0.0034 32 0.0051 0.0039 27
Bismuth (Bi) mg/L 0.00001 ≤ 20% 0.00001 <0.00001 BD 0.00012 NC <0.00001 BD <0.00001 0.00002 BD <0.00001 0.00002 BD 0.00003 0.00003 0 0.00024 0.00006 120 0.00006 0.00003 0.00003
Calcium (Ca) mg/L 0.03 ≤ 20% 11.2 11.4 2 6.12 NC 6.06 1 5.69 5.69 0 5.55 5.63 1 8.79 7.28 19 5.68 5.35 6 6.06 5.54 9
Cadmium (Cd) mg/L 0.000003 ≤ 20% 0.000028 0.000012 0.000016 0.000112 NC <0.000003 BD 0.000023 0.000046 67 0.000023 0.000056 84 0.000055 0.000031 56 <0.000003 0.000012 BD 0.000005 0.000009 0.000004
Cobalt (Co) mg/L 0.000002 ≤ 20% 0.00031 0.000321 3 0.00189 NC 0.00192 2 0.00549 0.00655 18 0.00169 0.00196 15 0.00521 0.00289 57 0.000917 0.0012 27 0.000766 0.00183 82
Chromium (Cr) mg/L 0.0005 ≤ 20% <0.0005 <0.0005 BD <0.0005 NC <0.0005 BD <0.0005 <0.0005 BD <0.0005 <0.0005 BD <0.0005 <0.0005 BD <0.0005 <0.0005 BD <0.0005 <0.0005 BD
Copper (Cu) mg/L 0.0005 ≤ 20% 0.0011 0.001 0.0001 <0.0005 NC <0.0005 BD 0.0038 0.0037 3 0.0023 0.0029 23 0.0043 0.0018 0.0025 0.0025 0.0018 0.0007 0.0015 0.0011 31
Iron (Fe) mg/L 0.01 ≤ 20% 0.08 0.07 13 7.18 NC 6.63 8 0.04 0.07 55 0.01 0.04 0.03 0.03 0.44 174 0.52 3.3 146 2.46 5.71 80
Potassium (K) mg/L 0.01 ≤ 20% 0.80 0.80 0 0.37 NC 0.58 44 0.32 0.31 3 0.26 0.32 21 0.34 0.3 13 0.4 0.34 16 0.62 0.48 25
Lithium (Li) mg/L 0.002 ≤ 20% <0.002 <0.002 BD <0.002 NC <0.002 BD <0.002 <0.002 BD <0.002 <0.002 BD <0.002 <0.002 BD <0.002 <0.002 BD <0.002 <0.002 BD
Magnesium (Mg) mg/L 0.003 ≤ 20% 1.29 1.31 2 0.67 NC 0.655 2 0.663 0.67 1 0.657 0.663 1 1.02 0.864 17 0.664 0.634 5 0.675 0.632 7
Manganese (Mn) mg/L 0.00001 ≤ 20% 0.119 0.12 1 0.143 NC 0.142 1 0.0288 0.0315 9 0.0353 0.0319 10 0.282 0.217 26 0.133 0.134 1 0.133 0.132 1
Molybdenum (Mo) mg/L 0.00001 ≤ 20% 0.00032 0.00029 10 0.00045 NC 0.00051 13 <0.00001 0.00018 BD 0.00002 0.00008 120 0.00029 0.00015 64 0.00133 0.00116 14 0.00107 0.00149 33
Sodium (Na) mg/L 0.01 ≤ 20% 2.79 2.75 1 1.3 NC 1.24 5 1.82 1.59 13 1.83 1.58 15 2.35 2.2 7 1.98 1.87 6 1.79 1.5 18
Nickel (Ni) mg/L 0.0001 ≤ 20% 0.0006 0.0008 29 0.001 NC 0.001 0 0.0025 0.0022 13 0.0024 0.0022 9 0.0044 0.0024 59 0.0012 0.0013 8 0.0012 0.0017 34
Lead (Pb) mg/L 0.00002 ≤ 20% 0.00043 0.00023 61 0.00029 NC 0.00016 58 0.00717 0.00699 3 0.00597 0.00391 42 0.0242 0.00216 167 0.00596 0.0009 148 0.00098 0.00049 67
Phosphorous (P) mg/L 0.01 ≤ 20% <0.01 <0.01 BD <0.01 NC <0.01 BD 0.01 <0.01 BD <0.01 <0.01 BD <0.01 0.07 BD 0.01 0.01 0 0.01 <0.01 BD
Antimony (Sb) mg/L 0.0002 ≤ 20% 0.0002 <0.0002 BD <0.0002 NC <0.0002 BD 0.0077 0.0086 11 0.0007 0.0016 78 0.0002 0.0003 0.0001 0.0006 <0.0002 BD 0.0004 <0.0002 BD
Selenium (Se) mg/L 0.001 ≤ 20% <0.001 <0.001 BD <0.001 NC <0.001 BD <0.001 <0.001 BD <0.001 <0.001 BD <0.001 <0.001 BD <0.001 <0.001 BD <0.001 <0.001 BD
Sulphur (S) mg/L 0.01 ≤ 20% 8.58 7.26 17 1.67 NC 1.58 6 4.69 4.64 1 4.74 4.63 2 8.28 6.26 28 3.87 3.35 14 3.61 4.21 15
Silicon (Si) mg/L 0.01 ≤ 20% 0.73 0.72 1 5.18 NC 5.07 2 0.58 0.59 2 0.59 0.6 2 1.23 1.42 14 1.71 1.86 8 2.15 2.71 23
Tin (Sn) mg/L 0.00001 ≤ 20% 0.00016 <0.00001 BD <0.00001 NC 0.00002 BD <0.00001 <0.00001 BD <0.00001 <0.00001 BD 0.00004 0.00017 124 <0.00001 <0.00001 BD <0.00001 0.00001 BD
Strontium (Sr) mg/L 0.0001 ≤ 20% 0.0268 0.0269 0 0.017 NC 0.0168 1 0.0121 0.0122 1 0.012 0.0122 2 0.0205 0.0168 20 0.0154 0.0149 3 0.0204 0.0187 9
Titanium (Ti) mg/L 0.0001 ≤ 20% 0.0001 <0.0001 BD 0.0003 NC 0.0003 0 0.0003 0.0004 0.0001 <0.0001 0.0001 BD 0.0003 0.0007 80 0.0062 0.0004 0.0058 0.0005 0.0002 0.0003
Thallium (Tl) mg/L 0.0002 ≤ 20% <0.0002 <0.0002 BD <0.0002 NC <0.0002 BD <0.0002 <0.0002 BD <0.0002 <0.0002 BD <0.0002 <0.0002 BD <0.0002 <0.0002 BD <0.0002 <0.0002 BD
Uranium (U) mg/L 0.000001 ≤ 20% 0.00122 0.000835 37 0.000744 NC 0.000671 10 0.000535 0.000654 20 0.000338 0.00079 80 0.000946 0.000173 138 0.000524 0.000115 128 0.000143 0.000105 31
Vanadium (V) mg/L 0.00003 ≤ 20% 0.00008 0.00007 0.00001 0.00019 NC 0.00005 0.00014 0.00006 0.00007 0.00001 0.00005 0.00007 0.00002 0.00007 0.00008 0.00001 0.00013 0.00007 0.00006 0.00006 0.00004 0.00002
Zinc (Zn) mg/L 0.001 ≤ 20% 0.004 0.003 0.001 0.002 NC 0.001 0.001 0.002 0.004 0.002 0.005 0.005 0 0.005 0.005 0 0.003 0.004 0.001 0.002 0.003 0.001

Notes:
RPD - relative percent difference; is calculated for analytes with concentrations greater than or equal to five times the detection limit and should be less than or equal to 40%
AD - absolute difference; for samples having concentrations less than five times the detection limit, the difference between the sample and duplicate, or difference between 
          the sample or duplicate and the detection limit if either the sample or duplicate analyte concentration is below detection limit; should not be greater then the detection limit
BD - Sample and/or replicate had analyte concentrations below detection limit
"--" Indicates parameter was not analysed
"NC" Indicates that parameter in the sample was not compared to the duplicate/replicate sample in the data quality assessment
Boldface type and shaded indicates that Data Quality Objective was not achieved
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Table A3.3: Detailed Data Quality Assessment for Constituents in the Blank Sample

Analysis Units
Detection 

Limit
Data Quality 

Objective
Blank

Acidity (as CaCO3) mg/L 2 4 7
Total Inorganic Carbon (DIC) mg/L 1.0 2.0 <1.0
Total Organic Carbon (DOC) mg/L 1.0 2.0 2.4
Sulphate (SO4) mg/L 2 4 <2
Hardness (as CaCO3) mg/L 0.5 1.0 <0.5

Radium-226 (Ra-226) Bq/L 0.01 0.02 <0.01
Aluminum (Al) mg/L 0.01 0.02 <0.01
Arsenic (As) mg/L 0.0002 0.0004 <0.0002
Barium (Ba) mg/L 0.00001 0.00002 0.00216
Beryllium (Be) mg/L 0.00002 0.00004 <0.00002
Boron (B) mg/L 0.0002 0.0004 <0.0002
Bismuth (Bi) mg/L 0.00001 0.00002 <0.00001
Calcium (Ca) mg/L 0.03 0.06 0.03
Cadmium (Cd) mg/L 0.000003 0.000006 <0.000003
Cobalt (Co) mg/L 0.000002 0.000004 0.000003
Chromium (Cr) mg/L 0.0005 0.0010 <0.0005
Copper (Cu) mg/L 0.0005 0.0010 0.0053
Iron (Fe) mg/L 0.01 0.02 <0.01
Potassium (K) mg/L 0.01 0.02 <0.01
Lithium (Li) mg/L 0.002 0.004 <0.002
Magnesium (Mg) mg/L 0.003 0.006 <0.003
Manganese (Mn) mg/L 0.00001 0.00002 0.00034
Molybdenum (Mo) mg/L 0.00001 0.00002 <0.00001
Sodium (Na) mg/L 0.01 0.02 0.15
Nickel (Ni) mg/L 0.0001 0.0002 0.0003
Lead (Pb) mg/L 0.00002 0.00004 <0.00002
Phosphorous (P) mg/L 0.01 0.02 <0.01
Antimony (Sb) mg/L 0.0002 0.0004 <0.0002
Selenium (Se) mg/L 0.001 0.002 <0.001
Sulphur (S) mg/L 0.01 0.02 0.05
Silicon (Si) mg/L 0.01 0.02 <0.01
Tin (Sn) mg/L 0.00001 0.00002 <0.00001
Strontium (Sr) mg/L 0.0001 0.0002 0.0001
Titanium (Ti) mg/L 0.0001 0.0002 <0.0001
Thallium (Tl) mg/L 0.0002 0.0004 <0.0002
Uranium (U) mg/L 0.000001 0.000002 <0.000001
Vanadium (V) mg/L 0.00003 0.00006 <0.00003
Zinc (Zn) mg/L 0.001 0.002 <0.001

Notes:
Boldface type and shaded indicates that Data Quality Objective was not achieved

Convential Parameters

Metals



 

 
 
 

 

APPENDIX 4 

Certificates of Analysis for the 2009 Field Data 

 





Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 30 September 2009
 LR. Ref. : CA10521-SEP09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 3:

Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-SR-1
(0-5)

6:
CORE

09-SR-1
(5-10)

7:
CORE

09-SR-1
(10-15)

8:
CORE

09-SR-1
(15-20)

9:
CORE

09-SR-2
(0-5)

10:
CORE

09-SR-2
(5-10)

Sample Date & Time 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09
BaSO4 Calc. using Ba* [µg/g] --- --- 130 110 100 80 10900 4420
BaSO4 Calc. using SO4** [µg/g] --- --- 2430 <2430 2430 2430 12100 4860
Total Sulphur [%] 06-Oct-09 14:45 0.130 0.130 0.184 0.224 0.235 0.114
Carbonate (CO3) [%] 06-Oct-09 14:42 0.105 0.048 0.048 0.033 0.040 0.011
Total Organic Carbon [%] 06-Oct-09 14:45 5.34 4.23 5.87 5.94 2.05 0.820
Total Carbon [%] 06-Oct-09 14:45 5.36 4.24 5.88 5.95 2.05 0.825
Sulphide [%] 07-Oct-09 15:59 < 0.01 < 0.01 0.04 0.05 < 0.01 < 0.01
Sulphate [%] 23-Oct-09 14:22 0.1 < 0.1 0.1 0.1 0.5 0.2
Silver [µg/g] 14-Oct-09 14:05 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7
Aluminum [µg/g] 14-Oct-09 14:05 7600 6700 5300 4100 4400 2600
Arsenic [µg/g] 14-Oct-09 14:05 5 5 4 3 10 4
Barium [µg/g] 14-Oct-09 14:05 75 65 61 47 6400 2600
Beryllium [µg/g] 14-Oct-09 14:05 0.47 0.37 0.32 0.24 0.21 0.12
Bismuth [µg/g] 14-Oct-09 14:05 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
Calcium [µg/g] 14-Oct-09 14:05 1900 1600 1500 1500 1100 720
Cadmium [µg/g] 14-Oct-09 14:05 1.2 0.96 1.2 1.1 0.42 0.18
Cerium [µg/g] 13-Oct-09 15:44 48 41 34 20 62 30
Cobalt [µg/g] 14-Oct-09 14:05 8.5 7.8 6.1 3.7 20 8.2
Chromium [µg/g] 14-Oct-09 14:05 19 18 15 12 9.8 6.8
Cesium [µg/g] 13-Oct-09 15:44 0.63 0.45 0.36 0.30 0.56 0.38
Copper [µg/g] 14-Oct-09 14:05 34 31 23 14 20 8.3
Iron [µg/g] 14-Oct-09 14:05 12000 9800 8100 6800 15000 7300
Gallium [µg/g] 13-Oct-09 15:44 2.9 2.6 2.0 1.6 2.8 1.4
Germanium [µg/g] 13-Oct-09 15:44 0.6 0.5 0.5 0.4 0.8 0.4
Hafnium [µg/g] 13-Oct-09 15:44 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1
Indium [µg/g] 13-Oct-09 15:44 0.05 0.02 0.01 < 0.01 < 0.01 < 0.01
Potassium [µg/g] 14-Oct-09 14:05 270 250 210 180 270 170
Lanthanum [µg/g] 13-Oct-09 15:44 25 21 18 12 33 16
Lithium [µg/g] 14-Oct-09 14:05 2.7 2.4 1.6 1.1 1.4 0.3
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Analysis 3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-SR-1
(0-5)

6:
CORE

09-SR-1
(5-10)

7:
CORE

09-SR-1
(10-15)

8:
CORE

09-SR-1
(15-20)

9:
CORE

09-SR-2
(0-5)

10:
CORE

09-SR-2
(5-10)

Lutetium [µg/g] 13-Oct-09 15:44 0.10 0.081 0.063 0.054 0.49 0.21
Magnesium [µg/g] 14-Oct-09 14:04 2100 1900 1500 1200 840 590
Manganese [µg/g] 14-Oct-09 14:04 250 180 200 230 1600 160
Molybdenum [µg/g] 14-Oct-09 14:04 < 0.5 < 0.5 < 0.5 < 0.5 2.8 1.3
Sodium [µg/g] 14-Oct-09 14:04 52 45 38 32 36 23
Niobuim [µg/g] 13-Oct-09 15:44 0.8 0.8 0.7 < 0.7 < 0.7 < 0.7
Nickel [µg/g] 14-Oct-09 14:04 15 13 11 7 19 8
Lead [µg/g] 14-Oct-09 14:04 61 44 32 19 100 38
Phosphorus [µg/g] 14-Oct-09 14:04 450 350 260 210 270 130
Rubidium [µg/g] 13-Oct-09 15:44 3.6 3.2 2.6 2.3 2.5 1.5
Antimony [µg/g] 14-Oct-09 14:04 < 1 < 1 < 1 < 1 < 1 < 1
Scandium [µg/g] 13-Oct-09 15:44 1.7 1.5 1.1 0.9 1.1 0.6
Selenium [µg/g] 14-Oct-09 14:04 < 1 < 1 < 1 < 1 < 1 < 1
Tin [µg/g] 14-Oct-09 14:04 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 14-Oct-09 14:04 7.6 6.3 6.2 6.5 72 27
Sulphur [µg/g] 14-Oct-09 14:04 1100 1400 2000 2500 2400 1200
Tantalum [µg/g] 13-Oct-09 15:44 0.03 0.03 0.04 0.04 0.01 < 0.01
Terbium [µg/g] 13-Oct-09 15:44 0.47 0.33 0.22 0.16 2.0 0.87
Tellerium [µg/g] 13-Oct-09 15:44 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1
Thorium [µg/g] 13-Oct-09 15:44 9.5 7.7 7.0 3.4 33 12
Titanium [µg/g] 14-Oct-09 14:04 340 350 300 270 190 160
Thallium [µg/g] 14-Oct-09 14:04 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 13-Oct-09 15:43 7.9 5.6 3.1 1.7 84 29
Vanadium [µg/g] 14-Oct-09 14:04 24 21 17 13 12 7.9
Tungsten [µg/g] 14-Oct-09 14:04 < 1 < 1 < 1 < 1 2 < 1
Yttrium [µg/g] 14-Oct-09 14:04 10 7.8 5.9 4.5 43 18
Ytterbium [µg/g] 13-Oct-09 15:43 0.76 0.59 0.46 0.37 4.0 1.6
Zinc [µg/g] 14-Oct-09 14:04 100 83 73 49 74 34
Zirconium [µg/g] 14-Oct-09 14:04 < 5 < 5 < 5 < 5 < 5 < 5

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 30 September 2009
 LR. Ref. : CA10521-SEP09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 11:

CORE
09-SR-2
(10-15)

12:
CORE

09-SR-3
(0-5)

13:
CORE

09-SR-3
(5-10)

14:
CORE

09-SR-3
(10-15)

15:
CORE

09-SR-3
(15-20)

16:
CORE

09-SR-4
(0-5)

17:
CORE

09-SR-4
(5-10)

18:
CORE

09-SR-4
(10-15)

Sample Date & Time 26-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09
BaSO4 Calc. using Ba* [µg/g] 340 3910 5100 6120 6970 1310 990 750
BaSO4 Calc. using SO4** [µg/g] <2430 4860 9720 19400 24300 4860 4860 4860
Total Sulphur [%] 0.015 0.607 0.917 1.15 1.12 1.03 1.06 1.00
Carbonate (CO3) [%] < 0.005 0.090 0.097 0.088 0.229 0.159 0.181 0.419
Total Organic Carbon [%] 0.330 13.9 14.6 13.3 10.7 16.8 17.6 16.8
Total Carbon [%] 0.326 13.9 14.6 13.3 10.7 16.8 17.6 16.9
Sulphide [%] < 0.01 < 0.01 < 0.01 0.10 0.07 0.39 0.65 0.65
Sulphate [%] < 0.1 0.2 0.4 0.8 1.0 0.2 0.2 0.2
Silver [µg/g] < 0.7 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7 < 0.7
Aluminum [µg/g] 2000 8500 8300 9600 13000 7100 6000 5600
Arsenic [µg/g] 1 21 23 28 29 22 24 26
Barium [µg/g] 200 2300 3000 3600 4100 770 580 440
Beryllium [µg/g] 0.12 0.57 0.47 0.42 0.66 0.27 0.18 0.12
Bismuth [µg/g] < 0.5 0.8 < 0.5 < 0.5 0.6 < 0.5 < 0.5 < 0.5
Calcium [µg/g] 420 3800 4600 4300 5100 6200 6700 7300
Cadmium [µg/g] 0.09 1.9 1.6 1.5 1.3 1.7 1.7 1.8
Cerium [µg/g] 15 170 200 240 310 590 680 840
Cobalt [µg/g] 2.6 59 60 64 48 28 21 16
Chromium [µg/g] 5.3 18 16 18 26 20 18 17
Cesium [µg/g] 0.21 0.70 0.81 1.1 1.6 0.86 0.82 0.87
Copper [µg/g] 2.3 57 64 84 98 61 58 56
Iron [µg/g] 5200 39000 34000 35000 50000 21000 16000 12000
Gallium [µg/g] 0.66 5.3 6.0 7.9 9.5 6.9 6.4 6.6
Germanium [µg/g] 0.3 1.7 1.8 2.0 2.6 3.1 3.3 3.8
Hafnium [µg/g] < 0.1 0.2 0.2 0.3 0.3 0.5 0.6 0.6
Indium [µg/g] < 0.01 < 0.01 < 0.01 < 0.01 0.02 0.01 < 0.01 < 0.01
Potassium [µg/g] 130 370 290 320 430 350 280 270
Lanthanum [µg/g] 8.9 87 110 120 140 300 360 430
Lithium [µg/g] < 0.1 2.1 3.0 6.4 10 1.5 1.2 1.1
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Analysis 11:
CORE

09-SR-2
(10-15)

12:
CORE

09-SR-3
(0-5)

13:
CORE

09-SR-3
(5-10)

14:
CORE

09-SR-3
(10-15)

15:
CORE

09-SR-3
(15-20)

16:
CORE

09-SR-4
(0-5)

17:
CORE

09-SR-4
(5-10)

18:
CORE

09-SR-4
(10-15)

Lutetium [µg/g] 0.055 1.3 1.6 2.0 2.9 4.1 4.5 5.3
Magnesium [µg/g] 420 1300 1200 1300 1500 1400 1400 1400
Manganese [µg/g] 75 4200 2900 1100 480 550 280 180
Molybdenum [µg/g] < 0.5 9.0 11 18 18 5.8 4.7 3.6
Sodium [µg/g] 18 53 43 43 54 64 58 59
Niobuim [µg/g] < 0.7 0.9 1.0 1.1 1.4 1.0 0.9 0.8
Nickel [µg/g] 3 38 40 54 52 37 39 43
Lead [µg/g] 5.2 230 220 240 520 540 550 640
Phosphorus [µg/g] 68 650 580 650 660 470 380 340
Rubidium [µg/g] 1.00 3.8 3.3 3.9 5.1 4.1 3.8 4.0
Antimony [µg/g] < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1
Scandium [µg/g] 0.5 2.4 2.2 2.3 2.8 2.7 2.7 2.7
Selenium [µg/g] < 1 1 1 < 1 < 1 < 1 < 1 < 1
Tin [µg/g] < 6 < 6 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 3.3 21 37 63 77 15 14 14
Sulphur [µg/g] 170 5500 7300 7900 7000 10000 11000 11000
Tantalum [µg/g] < 0.01 0.04 0.07 0.07 0.09 0.11 0.13 0.15
Terbium [µg/g] 0.21 5.9 7.6 9.1 14 25 28 35
Tellerium [µg/g] < 0.1 < 0.1 < 0.1 < 0.1 0.1 < 0.1 < 0.1 < 0.1
Thorium [µg/g] 3.4 85 120 160 490 180 120 85
Titanium [µg/g] 140 210 200 230 280 210 210 210
Thallium [µg/g] < 3 5 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 3.8 270 360 500 270 220 160 110
Vanadium [µg/g] 6.3 20 17 18 21 17 16 16
Tungsten [µg/g] < 1 6 6 8 8 3 2 < 1
Yttrium [µg/g] 6.1 120 160 200 260 500 600 740
Ytterbium [µg/g] 0.41 11 14 16 24 34 38 45
Zinc [µg/g] 18 210 170 160 150 98 72 55
Zirconium [µg/g] < 5 < 5 < 5 < 5 6 < 5 5 6

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10521-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report (QC Report)
 
  Analysis 19:

MDL
QC - Blank

QC - STD %
Recovery

20:
QC - Blank

21:
QC - STD %

Recovery

22:
QC - DUP %

Recovery

BaSO4 Calc. using Ba* [µg/g] --- --- --- ---
BaSO4 Calc. using SO4** [µg/g] --- --- --- ---
Total Sulphur [%] 0.005 < 0.005 102% ---
Carbonate (CO3) [%] 0.005 < 0.005 100% 140%
Total Organic Carbon [%] 0.01 < 0.01 --- 100%
Total Carbon [%] 0.005 < 0.005 100% ---
Sulphide [%] 0.01 < 0.01 90% ---
Sulphate [%] 0.1 < 0.1 100% 107%
Silver [µg/g] 0.7 < 0.7 93% 100%
Aluminum [µg/g] 1 < 1 97% 100%
Arsenic [µg/g] 1 < 1 99% 94%
Barium [µg/g] 0.05 < 0.05 96% 100%
Beryllium [µg/g] 0.1 < 0.1 98% 102%
Bismuth [µg/g] 0.5 < 0.5 98% 104%
Calcium [µg/g] 1 < 1 98% 100%
Cadmium [µg/g] 0.05 < 0.05 97% 99%
Cerium [µg/g] 0.006 < 0.006 94% 100%
Cobalt [µg/g] 0.3 < 0.3 97% 103%
Chromium [µg/g] 0.5 < 0.5 98% 103%
Cesium [µg/g] 0.01 < 0.01 --- 107%
Copper [µg/g] 0.1 < 0.1 98% 102%
Iron [µg/g] 0.5 < 0.5 98% 100%
Gallium [µg/g] 0.03 < 0.03 --- 99%
Germanium [µg/g] 0.3 < 0.3 103% 105%
Hafnium [µg/g] 0.1 < 0.1 96% 150%
Indium [µg/g] 0.01 < 0.01 100% 100%
Potassium [µg/g] 1 < 1 100% 100%
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Analysis 19:
MDL

QC - Blank
QC - STD %

Recovery

20:
QC - Blank

21:
QC - STD %

Recovery

22:
QC - DUP %

Recovery

Lanthanum [µg/g] 0.001 0.001 94% 110%
Lithium [µg/g] 0.1 < 0.1 97% 107%
Lutetium [µg/g] 0.001 0.001 95% 102%
Magnesium [µg/g] 1 < 1 87% 100%
Manganese [µg/g] 0.05 < 0.05 97% 100%
Molybdenum [µg/g] 0.5 < 0.5 100% 154%
Sodium [µg/g] 1 < 1 97% 104%
Niobuim [µg/g] 0.7 < 0.7 99% 118%
Nickel [µg/g] 1 < 1 97% 101%
Lead [µg/g] 0.7 < 0.7 98% 100%
Phosphorus [µg/g] 5 < 5 98% 100%
Rubidium [µg/g] 0.004 < 0.004 --- 105%
Antimony [µg/g] 1 < 1 98% 100%
Scandium [µg/g] 0.2 < 0.2 100% 99%
Selenium [µg/g] 1 < 1 99% 100%
Tin [µg/g] 6 < 6 100% 1235
Strontium [µg/g] 0.01 < 0.01 97% 103%
Sulphur [µg/g] 1 < 1 100% 100%
Tantalum [µg/g] 0.01 < 0.01 97% 108%
Terbium [µg/g] 0.001 < 0.001 96% 93%
Tellerium [µg/g] 0.1 < 0.1 99% 101%
Thorium [µg/g] 0.01 < 0.01 114% 100%
Titanium [µg/g] 0.2 < 0.2 98% 104%
Thallium [µg/g] 3 < 3 99% 76%
Uranium [µg/g] 0.002 0.006 100% 100%
Vanadium [µg/g] 0.1 < 0.1 99% 102%
Tungsten [µg/g] 1 < 1 97% 93%
Yttrium [µg/g] 0.1 < 0.1 96% 100%
Ytterbium [µg/g] 0.001 0.002 98% 105%
Zinc [µg/g] 0.1 < 0.1 97% 103%
Zirconium [µg/g] 5 < 5 100% 107%
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Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10526-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis Approval

Date

4:
Analysis Approval

Time

5:
PW09-SR-1

(0-5)

6:
PW09-SR-1

(5-10)

7:
PW09-SR-1

(10-15)

8:
PW09-SR-1

(15-20)

9:
PW09-SR-2

(0-5)

Sample Date & Time 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09 26-Sep-09
Temperature Upon Receipt [°C] --- --- --- --- 4.0 4.0 4.0 4.0 4.0
Sulphate [mg/L] 02-Oct-09 15:00 07-Oct-09 09:19 2.6 < 2 < 2 < 2 16
Dissolved Organic Carbon [mg/L] 02-Oct-09 10:00 07-Oct-09 09:23 14.5 19.6 20.0 22.9 10.5
Dissolved Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:47 < 1.0 < 1.0 3.1 2.7 2.4
Alkalinity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:10 9 24 8 2 25
Acidity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:10 6 < 2 3 6 < 2
Hardness [mg/L as CaCO3] 05-Oct-09 09:00 05-Oct-09 13:18 11.1 9.5 5.3 5.3 28.8
Aluminum [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.01 0.02 0.02 0.03 0.02
Arsenic [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0014 0.0034 0.0054 0.0050 0.0015
Barium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0271 0.0274 0.0313 0.0172 2.16
Beryllium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002
Boron [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0052 0.0036 0.0057 0.0089 0.0046
Bismuth [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001
Calcium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 3.54 3.00 1.68 1.71 9.60
Cadmium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.000017 0.000016 0.000025 0.000056 0.000003
Cobalt [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.000762 0.000476 0.000120 0.000079 0.00216
Chromium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005
Copper [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0025 0.0037 0.0023 0.0051 0.0021
Iron [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.29 0.81 0.06 0.08 0.01
Potassium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.24 0.26 0.34 0.38 0.79
Lithium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
Magnesium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.538 0.492 0.277 0.255 1.16
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis Approval

Date

4:
Analysis Approval

Time

5:
PW09-SR-1

(0-5)

6:
PW09-SR-1

(5-10)

7:
PW09-SR-1

(10-15)

8:
PW09-SR-1

(15-20)

9:
PW09-SR-2

(0-5)

Manganese [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.365 0.305 0.245 0.325 3.91
Molybdenum [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00069 0.00037 0.00024 0.00031 0.00064
Sodium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.85 1.83 1.64 2.17 2.57
Nickel [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0007 0.0009 0.0006 0.0009 0.0011
Phosphorus [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
Lead [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00087 0.00213 0.00036 0.00124 0.00037
Sulphur [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.05 0.78 0.46 0.74 4.67
Antimony [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Selenium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Silica [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.52 1.96 2.35 2.84 1.63
Tin [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00007 0.00022 < 0.00001 < 0.00001 < 0.00001
Strontium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.0121 0.0104 0.0064 0.0068 0.0668
Titanium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0007 0.0011 0.0007 0.0012 0.0001
Thallium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Uranium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.000186 0.000137 0.000380 0.000250 0.00266
Vanadium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00016 0.00026 0.00014 0.00029 0.00008
Zinc [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.002 0.002 0.002 0.003 0.002

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10526-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 10:

PW09-SR-2
(5-10)

11:
PW09-SR-2

(10-15)

12:
PW09-SR-3

(0-5)

13:
PW09-SR-3

(5-10)

14:
PW09-SR-3

(10-15)

15:
PW09-SR-3

(15-20)

16:
PW09-SR-4

(0-5)

17:
PW09-SR-4

(5-10)

18:
PW09-SR-4

(10-15)

Sample Date & Time 26-Sep-09 26-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09
Temperature Upon Receipt [°C] 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Sulphate [mg/L] 14 --- 7.9 4.0 < 2 < 2 19 8.1 4.9
Dissolved Organic Carbon [mg/L] 26.5 --- 9.9 18.8 13.2 --- --- --- ---
Dissolved Inorganic Carbon [mg/L] 5.0 --- 14.0 26.5 32.7 --- --- --- ---
Alkalinity [mg/L as CaCO3] 5 --- 69 99 135 177 33 --- 87
Acidity [mg/L as CaCO3] 6 --- --- --- --- --- --- < 2 ---
Hardness [mg/L as CaCO3] 25.6 31.5 42.6 67.1 87.2 130 45.2 63.4 78.8
Aluminum [mg/L] 0.07 0.07 < 0.01 < 0.01 < 0.01 0.02 < 0.01 0.01 0.02
Arsenic [mg/L] 0.0030 0.0027 0.0012 0.0014 0.0039 0.0027 0.0012 0.0022 0.0051
Barium [mg/L] 2.38 1.50 1.91 3.11 3.75 3.24 0.561 0.621 0.602
Beryllium [mg/L] < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002
Boron [mg/L] 0.0068 0.0090 0.0095 0.0146 0.0356 0.0758 0.0192 0.0424 0.0817
Bismuth [mg/L] 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001
Calcium [mg/L] 8.74 10.5 14.7 23.8 31.6 47.6 15.7 22.3 27.8
Cadmium [mg/L] 0.000010 0.000010 0.000004 0.000005 0.000008 0.000007 0.000008 0.000007 0.000015
Cobalt [mg/L] 0.000948 0.000863 0.00704 0.00374 0.00264 0.00253 0.000880 0.000284 0.000291
Chromium [mg/L] < 0.0005 0.0007 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005
Copper [mg/L] 0.0046 0.0049 0.0010 0.0010 0.0015 0.0014 0.0015 0.0016 0.0019
Iron [mg/L] 0.08 0.27 3.54 4.19 6.18 0.51 1.05 0.26 0.02
Potassium [mg/L] 0.95 2.11 1.03 1.86 3.28 6.21 0.96 1.57 2.77
Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 0.004 < 0.002 < 0.002 < 0.002
Magnesium [mg/L] 0.926 1.26 1.45 1.84 1.99 2.84 1.46 1.88 2.28
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Analysis 10:
PW09-SR-2

(5-10)

11:
PW09-SR-2

(10-15)

12:
PW09-SR-3

(0-5)

13:
PW09-SR-3

(5-10)

14:
PW09-SR-3

(10-15)

15:
PW09-SR-3

(15-20)

16:
PW09-SR-4

(0-5)

17:
PW09-SR-4

(5-10)

18:
PW09-SR-4

(10-15)

Manganese [mg/L] 1.82 1.34 10.8 8.04 5.58 2.89 1.24 0.613 0.341
Molybdenum [mg/L] 0.00150 0.00282 0.00065 0.00035 0.00369 0.00475 0.00056 0.00238 0.00909
Sodium [mg/L] 2.81 2.81 2.35 2.95 3.63 5.23 3.15 3.27 3.93
Nickel [mg/L] 0.0013 0.0012 0.0016 0.0018 0.0018 0.0019 0.0014 0.0009 0.0009
Phosphorus [mg/L] 0.02 0.02 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.01 < 0.01
Lead [mg/L] 0.00198 0.00084 0.00018 0.00008 0.00023 0.00004 0.00054 0.00091 0.00192
Sulphur [mg/L] 4.45 5.89 2.65 1.74 0.88 1.07 5.53 2.88 2.10
Antimony [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Silica [mg/L] 2.68 4.19 3.02 5.36 6.12 6.22 3.01 6.24 9.87
Tin [mg/L] 0.00004 < 0.00001 0.00003 < 0.00001 0.00007 < 0.00001 0.00002 < 0.00001 < 0.00001
Strontium [mg/L] 0.0685 0.0607 0.0508 0.0866 0.117 0.151 0.0328 0.0425 0.0515
Titanium [mg/L] 0.0012 0.0024 0.0002 0.0003 0.0004 0.0004 0.0002 0.0006 0.0008
Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Uranium [mg/L] 0.00258 0.000877 0.0113 0.00514 0.0400 0.0379 0.00413 0.00669 0.0110
Vanadium [mg/L] 0.00022 0.00082 0.00017 0.00033 0.00038 0.00071 0.00014 0.00032 0.00095
Zinc [mg/L] 0.004 0.005 0.002 0.004 0.003 0.003 0.003 0.002 0.002

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10526-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report - (QC Report)
 
  Analysis 19:

MDL
20:

QC - Blank
21:

QC - STD %
Recovery

22:
QC - DUP %

Recovery

Temperature Upon Receipt [°C] --- --- --- ---
Sulphate [mg/L] 0.2 < 0.2 105% 100%
Dissolved Organic Carbon [mg/L] 0.2 < 0.2 105% 98%
Dissolved Inorganic Carbon [mg/L] 0.2 0.2 97% 100%
Alkalinity [mg/L as CaCO3] 2 < 2 101% 98%
Acidity [mg/L as CaCO3] 2 3 98% 102%
Hardness [mg/L as CaCO3] 0.5 < 0.5 --- ---
Aluminum [mg/L] 0.01 < 0.01 98% ---
Arsenic [mg/L] 0.0002 < 0.0002 106% ---
Barium [mg/L] 0.00001 < 0.00001 122% ---
Beryllium [mg/L] 0.00002 < 0.00002 104% ---
Boron [mg/L] 0.0002 < 0.0002 96% ---
Bismuth [mg/L] 0.00001 < 0.00001 109% ---
Calcium [mg/L] 0.03 < 0.03 101% ---
Cadmium [mg/L] 0.000003 0.000003 99% ---
Cobalt [mg/L] 0.000002 < 0.000002 102% ---
Chromium [mg/L] 0.0005 < 0.0005 102% ---
Copper [mg/L] 0.0005 < 0.0005 102% ---
Iron [mg/L] 0.01 < 0.01 102% ---
Potassium [mg/L] 0.01 < 0.01 98% ---
Lithium [mg/L] 0.002 < 0.002 98% ---
Magnesium [mg/L] 0.003 < 0.003 99% ---
Manganese [mg/L] 0.00001 < 0.00001 107% ---
Molybdenum [mg/L] 0.00001 < 0.00001 99% ---
Sodium [mg/L] 0.01 < 0.01 94% ---
Nickel [mg/L] 0.0001 < 0.0001 100% ---
Phosphorus [mg/L] 0.01 < 0.01 100% ---
Lead [mg/L] 0.00002 < 0.00002 106% ---
Sulphur [mg/L] 0.01 < 0.01 100% ---
Antimony [mg/L] 0.0002 < 0.0002 101% ---
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Analysis 19:
MDL

20:
QC - Blank

21:
QC - STD %

Recovery

22:
QC - DUP %

Recovery

Selenium [mg/L] 0.001 < 0.001 102% ---
Silica [mg/L] 0.01 < 0.01 104% ---
Tin [mg/L] 0.00001 < 0.00001 96% ---
Strontium [mg/L] 0.0001 < 0.0001 100% ---
Titanium [mg/L] 0.0001 < 0.0001 96% ---
Thallium [mg/L] 0.0002 < 0.0002 107% ---
Uranium [mg/L] 0.000001 0.000001 106% ---
Vanadium [mg/L] 0.00003 < 0.00003 107% ---
Zinc [mg/L] 0.001 < 0.001 104% ---

 
 

 Samples are field filtered
Ra226 subcontracted to Becquerel Labs.
Revised to include Ra226 results from Becquerel.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10525-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis Approval

Time

5:
SW09-SR-1T

6:
SW09-SR-1B

7:
SW09-SR-2T

Sample Date & Time 24-Sep-09 25-Sep-09 24-Sep-09
Temperature Upon Receipt [°C] --- --- --- --- 4.0 4.0 4.0
Sulphate [mg/L] 02-Oct-09 15:00 05-Oct-09 16:12 8.5 5.6 31
Total Organic Carbon [mg/L] 02-Oct-09 10:00 05-Oct-09 13:41 2.7 5.4 2.3
Total Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:46 < 1.0 < 1.0 < 1.0
Alkalinity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:13 --- --- ---
Acidity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:13 11 9 9
Hardness [mg/L as CaCO3] 02-Oct-09 09:00 02-Oct-09 12:09 10.4 10.2 34.8
Aluminum [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.02 0.02 < 0.01
Arsenic [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0004 0.0003 0.0005
Barium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0144 0.0155 0.120
Beryllium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.00002 < 0.00002 < 0.00002
Boron [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0059 0.0050 0.0084
Bismuth [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.00001 < 0.00001 < 0.00001
Calcium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 3.26 3.21 11.8
Cadmium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.000013 0.000061 < 0.000003
Cobalt [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00298 0.00250 0.00184
Chromium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0005 < 0.0005 < 0.0005
Copper [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0015 0.0016 0.0007
Iron [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.03 0.03 0.02
Potassium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.25 0.24 0.78
Lithium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.002 < 0.002 < 0.002
Magnesium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.542 0.524 1.31
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis Approval

Time

5:
SW09-SR-1T

6:
SW09-SR-1B

7:
SW09-SR-2T

Manganese [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0313 0.0284 0.0545
Molybdenum [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00007 0.00008 0.00022
Sodium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 1.83 1.89 2.06
Nickel [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0004 0.0004 0.0005
Phosphorus [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.01 < 0.01 < 0.01
Lead [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00031 0.00056 0.00031
Sulphur [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 1.66 1.67 9.17
Antimony [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0045 0.0037 0.0028
Selenium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.001 < 0.001 < 0.001
Silica [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.63 0.63 0.63
Tin [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00006 0.00019 0.00019
Strontium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.0117 0.0115 0.0270
Titanium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0002 0.0002 0.0001
Thallium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0002 < 0.0002 < 0.0002
Uranium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.000257 0.000138 0.00154
Vanadium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00005 0.00012 0.00004
Zinc [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.003 0.003 < 0.001

 
 

Ra226 subcontracted to Becquerel Labs.
  

 
 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10525-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 8:

SW09-SR-2B
9:

SW09-SR-3T
10:

SW09-SR-3B
11:

SW09-SR-4T
12:

SW09-SR-4B
13:

Blank 1

Sample Date & Time 25-Sep-09 25-Sep-09 25-Sep-09 25-Sep-09 25-Sep-09 27-Sep-09
Temperature Upon Receipt [°C] 4.0 4.0 4.0 4.0 4.0 4.0
Sulphate [mg/L] 45 30 26 25 25 < 2
Total Organic Carbon [mg/L] 2.2 4.6 2.2 4.6 2.0 2.4
Total Inorganic Carbon [mg/L] < 1.0 < 1.0 < 1.0 < 1.0 1.4 < 1.0
Alkalinity [mg/L as CaCO3] --- --- 7 --- --- ---
Acidity [mg/L as CaCO3] 7 8 --- --- < 2 7
Hardness [mg/L as CaCO3] 36.5 33.7 32.7 33.0 33.4 < 0.5
Aluminum [mg/L] 0.04 < 0.01 < 0.01 0.01 < 0.01 < 0.01
Arsenic [mg/L] 0.0007 0.0004 0.0008 0.0004 0.0007 < 0.0002
Barium [mg/L] 0.294 0.147 0.334 0.191 0.222 0.00216
Beryllium [mg/L] < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002
Boron [mg/L] 0.0093 0.0079 0.0090 0.0081 0.0089 < 0.0002
Bismuth [mg/L] < 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00001 < 0.00001
Calcium [mg/L] 12.4 11.4 11.1 11.1 11.2 0.03
Cadmium [mg/L] 0.000045 0.000006 0.000011 0.000009 0.000028 < 0.000003
Cobalt [mg/L] 0.00270 0.00148 0.00178 0.000944 0.000310 0.000003
Chromium [mg/L] 0.0012 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005
Copper [mg/L] 0.0015 0.0012 0.0017 0.0009 0.0011 0.0053
Iron [mg/L] 0.02 0.02 0.40 0.02 0.08 < 0.01
Potassium [mg/L] 0.86 0.75 0.74 0.72 0.80 < 0.01
Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
Magnesium [mg/L] 1.36 1.28 1.24 1.28 1.29 < 0.003

 

SGS Lakefield Research Limited
 P.O. Box 4300 - 185 Concession St.
 Lakefield - Ontario - KOL 2HO
 Phone: 705-652-2000 FAX: 705-652-6365
 

O
nL

in
e 

LI
M

S

Page 1 of 2
 This document is issued by the Company under its General Conditions of Service accessible at http://www.sgs.com/terms_and_conditions.htm. Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined therein. WARNING: The sample(s) to which the findings
recorded herein (the 'Findings') relate was (were) drawn and / or provided by the Client or by a third party acting at the Client’s direction. The Findings constitute no warranty of the sample’s representativity of the goods and strictly relate to the sample(s). The Company accepts no liability with

regard to the origin or source from which the sample(s) is/are said to be extracted. The Findings report on the samples provided by the client and are not intended for commercial or contractual settlement purposes. Any unauthorized alteration, forgery or falsification of the content or
appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law. Test method information available upon request.



Analysis 8:
SW09-SR-2B

9:
SW09-SR-3T

10:
SW09-SR-3B

11:
SW09-SR-4T

12:
SW09-SR-4B

13:
Blank 1

Manganese [mg/L] 0.253 0.0424 0.752 0.0251 0.119 0.00034
Molybdenum [mg/L] 0.00013 0.00026 0.00036 0.00029 0.00032 < 0.00001
Sodium [mg/L] 2.13 2.16 2.17 2.65 2.79 0.15
Nickel [mg/L] 0.0016 0.0006 0.0010 0.0005 0.0006 0.0003
Phosphorus [mg/L] < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
Lead [mg/L] 0.00151 0.00029 0.00031 0.00027 0.00043 < 0.00002
Sulphur [mg/L] 9.22 8.86 8.73 8.40 8.58 0.05
Antimony [mg/L] 0.0041 0.0021 0.0006 0.0013 0.0002 < 0.0002
Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Silica [mg/L] 0.62 0.62 0.77 0.65 0.73 < 0.01
Tin [mg/L] 0.00029 0.00052 0.00009 0.00007 0.00016 < 0.00001
Strontium [mg/L] 0.0302 0.0267 0.0275 0.0266 0.0268 0.0001
Titanium [mg/L] 0.0001 0.0001 0.0002 0.0002 0.0001 < 0.0001
Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Uranium [mg/L] 0.00345 0.00131 0.00137 0.00146 0.00122 < 0.000001
Vanadium [mg/L] 0.00003 0.00007 0.00005 0.00005 0.00008 < 0.00003
Zinc [mg/L] 0.009 0.002 0.002 < 0.001 0.004 < 0.001

 
 

Ra226 subcontracted to Becquerel Labs.
  

 
 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10525-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report - (QC Report)
 
  Analysis 14:

MDL
15:

QC - Blank
16:

QC - STD %
Recovery

17:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 105% 100%
Total Organic Carbon [mg/L] 0.2 < 0.2 105% 98%
Total Inorganic Carbon [mg/L] 0.2 0.2 97% 100%
Alkalinity [mg/L as CaCO3] 2 < 2 101% 98%
Acidity [mg/L as CaCO3] 2 3 98% 102%
Hardness [mg/L as CaCO3] 0.5 --- --- ---
Aluminum [mg/L] 0.01 < 0.01 95% 100%
Arsenic [mg/L] 0.0002 < 0.0002 106% 111%
Barium [mg/L] 0.00001 < 0.00001 105% 100%
Beryllium [mg/L] 0.00002 < 0.00002 103% 94%
Boron [mg/L] 0.0002 < 0.0002 99% 97%
Bismuth [mg/L] 0.00001 0.00001 105% 82%
Calcium [mg/L] 0.03 --- 98% 100%
Cadmium [mg/L] 0.000003 < 0.000003 102% 107%
Cobalt [mg/L] 0.000002 < 0.000002 105% 99%
Chromium [mg/L] 0.0005 < 0.0005 103% 170%
Copper [mg/L] 0.0005 < 0.0005 106% 85%
Iron [mg/L] 0.01 --- 96.8 122
Potassium [mg/L] 0.01 < 0.01 98% 99.1
Lithium [mg/L] 0.002 < 0.002 94.2 120
Magnesium [mg/L] 0.003 --- 95% 100%
Manganese [mg/L] 0.00001 < 0.00001 104% 99%
Molybdenum [mg/L] 0.00001 < 0.00001 95% 155%
Sodium [mg/L] 0.01 --- 95% 99%
Nickel [mg/L] 0.0001 < 0.0001 105% 87%
Phosphorus [mg/L] 0.01 < 0.01 95% 100%
Lead [mg/L] 0.00002 < 0.00002 102% 30%
Sulphur [mg/L] 0.01 --- 100% 101%
Antimony [mg/L] 0.0002 < 0.0002 94% 124%
Selenium [mg/L] 0.001 < 0.001 108% 100%
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Analysis 14:
MDL

15:
QC - Blank

16:
QC - STD %

Recovery

17:
QC - DUP %

Recovery

Silica [mg/L] 0.01 < 0.01 103% 101%
Tin [mg/L] 0.00001 < 0.00001 96% 140%
Strontium [mg/L] 0.0001 --- 98% 100%
Titanium [mg/L] 0.0001 < 0.0001 95% 130%
Thallium [mg/L] 0.0002 < 0.0002 105% 106%
Uranium [mg/L] 0.000001 < 0.000001 102% 94%
Vanadium [mg/L] 0.00003 < 0.00003 106% 150%
Zinc [mg/L] 0.001 < 0.001 106% 90%

 
 

 Ra226 subcontracted to Becquerel Labs.
Revised to include Ra226 results from Becquerel

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10069-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
PW09 EC2

0-2.5

6:
PW09 EC2

2.5-5

7:
PW09 EC2

5-7.5

8:
PW09 EC1

0-5

9:
PW09 EC1

5-10

Sample Date & Time 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09
Temperature Upon Receipt [°C] --- --- --- --- 9.0 9.0 9.0 9.0 9.0
Sulphate [mg/L] 02-Oct-09 19:39 06-Oct-09 12:35 27 18 --- --- ---
Dissolved Organic Carbon [mg/L] 05-Oct-09 09:40 06-Oct-09 13:53 19.0 14.3 --- --- ---
Dissolved Inorganic Carbon [mg/L] 06-Oct-09 08:15 07-Oct-09 12:40 4.2 1.1 --- --- ---
Acidity [mg/L as CaCO3] 02-Oct-09 15:00 06-Oct-09 11:07 17 16 --- --- ---
Hardness [mg/L as CaCO3] 05-Oct-09 09:00 05-Oct-09 13:17 21.7 16.0 16.4 33.9 17.8
Aluminum [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
Arsenic [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0058 0.0046 0.0065 0.0006 0.0024
Barium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.285 0.337 0.487 0.221 0.335
Beryllium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002
Boron [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0039 0.0034 0.0039 0.0082 0.0028
Bismuth [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00003 0.00006 0.00003 < 0.00001 < 0.00001
Calcium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 7.28 5.35 5.54 11.4 6.06
Cadmium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.000031 0.000012 0.000009 0.000012 < 0.000003
Cobalt [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00289 0.00120 0.00183 0.000321 0.00192
Chromium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005
Copper [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0018 0.0018 0.0011 0.0010 < 0.0005
Iron [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.44 3.30 5.71 0.07 6.63
Potassium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.30 0.34 0.48 0.80 0.58
Lithium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
Magnesium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.864 0.634 0.632 1.31 0.655
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
PW09 EC2

0-2.5

6:
PW09 EC2

2.5-5

7:
PW09 EC2

5-7.5

8:
PW09 EC1

0-5

9:
PW09 EC1

5-10

Manganese [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.217 0.134 0.132 0.120 0.142
Molybdenum [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00015 0.00116 0.00149 0.00029 0.00051
Sodium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 2.20 1.87 1.50 2.75 1.24
Nickel [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0024 0.0013 0.0017 0.0008 0.0010
Phosphorus [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.07 0.01 < 0.01 < 0.01 < 0.01
Lead [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00216 0.00090 0.00049 0.00023 0.00016
Sulphur [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 6.26 3.35 4.21 7.26 1.58
Antimony [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0003 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Selenium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Silica [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 1.42 1.86 2.71 0.72 5.07
Tin [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00017 < 0.00001 0.00001 < 0.00001 0.00002
Strontium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:17 0.0168 0.0149 0.0187 0.0269 0.0168
Titanium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.0007 0.0004 0.0002 < 0.0001 0.0003
Thallium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Uranium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.000173 0.000115 0.000105 0.000835 0.000671
Vanadium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.00008 0.00007 0.00004 0.00007 0.00005
Zinc [mg/L] 02-Oct-09 14:45 05-Oct-09 13:17 0.005 0.004 0.003 0.003 0.001

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 01 October 2009
 LR Report: CA10069-OCT09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 10:

MDL
11:

QC - Blank
12:

QC - STD %
Recovery

13:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 100% 110%
Dissolved Organic Carbon [mg/L] 0.2 < 0.2 91% 100%
Dissolved Inorganic Carbon [mg/L] 0.2 0.7 107% 100%
Acidity [mg/L as CaCO3] 2 3 98% 102%
Hardness [mg/L as CaCO3] 0.5 < 0.5 --- ---
Aluminum [mg/L] 0.01 < 0.01 98% ---
Arsenic [mg/L] 0.0002 < 0.0002 106% ---
Barium [mg/L] 0.00001 < 0.00001 122% ---
Beryllium [mg/L] 0.00002 < 0.00002 104% ---
Boron [mg/L] 0.0002 < 0.0002 96% ---
Bismuth [mg/L] 0.00001 < 0.00001 109% ---
Calcium [mg/L] 0.03 < 0.03 101% ---
Cadmium [mg/L] 0.000003 0.000003 99% ---
Cobalt [mg/L] 0.000002 < 0.000002 102% ---
Chromium [mg/L] 0.0005 < 0.0005 102% ---
Copper [mg/L] 0.0005 < 0.0005 102% ---
Iron [mg/L] 0.01 < 0.01 102% ---
Potassium [mg/L] 0.01 < 0.01 98% ---
Lithium [mg/L] 0.002 < 0.002 98% ---
Magnesium [mg/L] 0.003 < 0.003 98% ---
Manganese [mg/L] 0.00001 < 0.00001 107% ---
Molybdenum [mg/L] 0.00001 < 0.00001 99% ---
Sodium [mg/L] 0.01 < 0.01 94% ---
Nickel [mg/L] 0.0001 < 0.0001 100% ---
Phosphorus [mg/L] 0.01 < 0.01 100% ---
Lead [mg/L] 0.00002 < 0.00002 106% ---
Sulphur [mg/L] 0.01 < 0.01 98% ---
Antimony [mg/L] 0.0002 < 0.0002 101% ---
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Analysis 10:
MDL

11:
QC - Blank

12:
QC - STD %

Recovery

13:
QC - DUP %

Recovery

Selenium [mg/L] 0.001 < 0.001 102% ---
Silica [mg/L] 0.01 < 0.01 104% ---
Tin [mg/L] 0.00001 < 0.00001 96% ---
Strontium [mg/L] 0.0001 < 0.0001 100% ---
Titanium [mg/L] 0.0001 < 0.0001 96% ---
Thallium [mg/L] 0.0002 < 0.0002 107% ---
Uranium [mg/L] 0.000001 0.000001 107% ---
Vanadium [mg/L] 0.00003 < 0.00003 107% ---
Zinc [mg/L] 0.001 < 0.001 104% ---

 
 

 Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10064-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
SW09

QC15-1

6:
SW09

QC15-2

7:
SW09

QC15-3

8:
SW09

QC15-4

9:
SW09
EC-2T

10:
SW09
EC-2B

Sample Date & Time 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09
Temperature Upon Receipt [°C] --- --- --- --- 9.0 9.0 9.0 9.0 9.0 9.0
Sulphate [mg/L] 02-Oct-09 19:39 06-Oct-09 14:22 570 570 570 600 85 36
Acidity [mg/L as CaCO3] 02-Oct-09 15:00 05-Oct-09 15:14 22 27 44 50 67 16
Total Organic Carbon [mg/L] 05-Oct-09 09:40 06-Oct-09 13:53 --- --- --- --- 11.4 11.7
Total Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:46 --- --- --- --- < 1.0 < 1.0
Hardness [mg/L as CaCO3] 05-Oct-09 09:00 05-Oct-09 13:19 529 535 532 549 17.0 16.8
Aluminum [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 < 0.01 < 0.01 < 0.01 0.02 0.03 < 0.01
Arsenic [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0010 0.0009 0.0009 0.0011 0.0007 0.0007
Barium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0334 0.0301 0.0300 0.0296 0.108 0.114
Beryllium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00006 < 0.00002 0.00002 < 0.00002 0.00003 0.00002
Boron [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.113 0.113 0.115 0.116 0.0076 0.0072
Bismuth [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00004 0.00002 0.00001 < 0.00001 0.00002 0.00002
Calcium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 202 205 204 210 5.69 5.63
Cadmium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.000074 0.000051 0.000039 0.000031 0.000046 0.000056
Cobalt [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00558 0.00464 0.0106 0.0122 0.00655 0.00196
Chromium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005
Copper [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0017 0.0014 0.0013 0.0016 0.0037 0.0029
Iron [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 0.10 0.06 0.16 0.18 0.07 0.04
Potassium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 10.8 11.0 10.9 11.9 0.31 0.32
Lithium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 0.008 0.008 0.008 0.009 < 0.002 < 0.002
Magnesium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 5.69 5.79 5.77 6.19 0.670 0.663
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
SW09

QC15-1

6:
SW09

QC15-2

7:
SW09

QC15-3

8:
SW09

QC15-4

9:
SW09
EC-2T

10:
SW09
EC-2B

Manganese [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.207 0.214 0.214 0.310 0.0315 0.0319
Molybdenum [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00319 0.00409 0.00368 0.00533 0.00018 0.00008
Sodium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 2.38 2.42 2.37 2.59 1.59 1.58
Nickel [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0067 0.0067 0.0067 0.0068 0.0022 0.0022
Phosphorus [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
Lead [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00151 0.00098 0.00194 0.00548 0.00699 0.00391
Sulphur [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 157 160 160 166 4.64 4.63
Antimony [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0017 0.0010 0.0093 0.0106 0.0086 0.0016
Selenium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Silica [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 5.46 5.55 5.54 5.55 0.59 0.60
Tin [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00002 0.00012 0.00002 0.00025 < 0.00001 < 0.00001
Strontium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:19 0.159 0.161 0.160 0.166 0.0122 0.0122
Titanium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0005 0.0004 0.0005 0.0004 0.0004 0.0001
Thallium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Uranium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.0143 0.0116 0.0144 0.0219 0.000654 0.00079
Vanadium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.00009 0.00004 0.00004 < 0.00003 0.00007 0.00007
Zinc [mg/L] 02-Oct-09 14:45 05-Oct-09 13:19 0.005 0.004 0.004 0.004 0.004 0.005

 
 

Ra226 subcontracted to Becquerel Labs.
  

 
 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 01 October 2009
 LR Report: CA10064-OCT09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report (QC Report)
 
  Analysis 11:

MDL
12:

QC - Blank
13:

QC - STD %
Recovery

14:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 98% 102%
Acidity [mg/L as CaCO3] 2 3 98% 102%
Total Organic Carbon [mg/L] 1 < 1 91% 100%
Total Inorganic Carbon [mg/L] 0.2 0.2 97% 100%
Hardness [mg/L as CaCO3] 0.5 < 0.5 --- ---
Aluminum [mg/L] 0.01 < 0.01 99% ---
Arsenic [mg/L] 0.0002 < 0.0002 106% ---
Barium [mg/L] 0.00001 < 0.00001 122% ---
Beryllium [mg/L] 0.00002 < 0.00002 104% ---
Boron [mg/L] 0.0002 < 0.0002 96% ---
Bismuth [mg/L] 0.00001 < 0.00001 109% ---
Calcium [mg/L] 0.03 < 0.03 101% ---
Cadmium [mg/L] 0.000003 0.000003 99% ---
Cobalt [mg/L] 0.000002 < 0.000002 102% ---
Chromium [mg/L] 0.0005 < 0.0005 102% ---
Copper [mg/L] 0.0005 < 0.0005 102% ---
Iron [mg/L] 0.01 < 0.01 102% ---
Potassium [mg/L] 0.01 < 0.01 98% ---
Lithium [mg/L] 0.002 < 0.002 98% ---
Magnesium [mg/L] 0.003 < 0.003 99% ---
Manganese [mg/L] 0.00001 < 0.00001 107% ---
Molybdenum [mg/L] 0.00001 < 0.00001 99% ---
Sodium [mg/L] 0.01 < 0.01 93% ---
Nickel [mg/L] 0.0001 < 0.0001 100% ---
Phosphorus [mg/L] 0.01 < 0.01 100% ---
Lead [mg/L] 0.00002 < 0.00002 106% ---
Sulphur [mg/L] 0.01 < 0.01 98% ---
Antimony [mg/L] 0.0002 < 0.0002 101% ---
Selenium [mg/L] 0.001 < 0.001 102% ---
Silica [mg/L] 0.01 < 0.01 104% ---
Tin [mg/L] 0.00001 < 0.00001 96% ---
Strontium [mg/L] 0.0001 < 0.0001 100% ---
Titanium [mg/L] 0.0001 < 0.0001 96% ---
Thallium [mg/L] 0.0002 < 0.0002 107% ---

 

Env ICP-MS Metals
 

Project : 09-1663
 SGS Canada Inc.

 P.O. Box 4300 - 185 Concession St.
 Lakefield - Ontario - KOL 2HO
 Phone: 705-652-2000 FAX: 705-652-6365
 

O
nL

in
e 

LI
M

S

Page 1 of 2
 Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval.  Please refer to SGS

General Conditions of Services located at http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
 Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
 



Analysis 11:
MDL

12:
QC - Blank

13:
QC - STD %

Recovery

14:
QC - DUP %

Recovery

Uranium [mg/L] 0.000001 0.000001 1065 ---
Vanadium [mg/L] 0.00003 < 0.00003 107% ---
Zinc [mg/L] 0.001 < 0.001 104% ---

 
 

 Ra226 subcontracted to Becquerel Labs.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 30 September 2009
 LR. Ref. : CA10524-SEP09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 3:

Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-PSB-1
0-2.5

6:
CORE

09-PSB-1
2.5-5

7:
CORE

09-PSB-1
5-7.5

8:
CORE

09-PSB-1
7.5-10

Sample Date & Time 22-Sep-09 22-Sep-09 22-Sep-09 22-Sep-09
BaSO4 Calc. using Ba* [µg/g] --- --- 2210 870 680 610
BaSO4 Calc. using SO4** [µg/g] --- --- 14600 238000 330000 381000
Total Sulphur [%] 06-Oct-09 14:44 0.698 3.33 4.55 5.14
Carbonate (CO3) [%] 06-Oct-09 14:42 9.43 11.7 6.45 10.7
Total Organic Carbon [%] 06-Oct-09 14:42 2.25 0.940 0.380 0.260
Total Carbon [%] 06-Oct-09 14:45 4.14 3.27 1.67 2.41
Sulphide [%] 07-Oct-09 16:00 0.43 0.18 0.11 < 0.01
Sulphate [%] 23-Oct-09 10:29 0.6 9.8 14 16
Silver [µg/g] 14-Oct-09 14:09 < 0.7 < 0.7 < 0.7 < 0.7
Aluminum [µg/g] 14-Oct-09 14:09 15000 11000 13000 8400
Arsenic [µg/g] 14-Oct-09 14:09 37 24 27 18
Barium [µg/g] 14-Oct-09 14:09 1300 510 400 360
Beryllium [µg/g] 14-Oct-09 14:09 1.1 0.88 1.2 0.82
Bismuth [µg/g] 14-Oct-09 14:09 13 8.9 6.6 5.4
Calcium [µg/g] 14-Oct-09 14:09 67000 140000 140000 180000
Cadmium [µg/g] 14-Oct-09 14:09 3.8 2.5 2.5 2.0
Cerium [µg/g] 13-Oct-09 15:45 690 510 690 440
Cobalt [µg/g] 14-Oct-09 14:09 98 79 100 69
Chromium [µg/g] 14-Oct-09 14:09 16 13 15 10
Cesium [µg/g] 13-Oct-09 15:45 19 0.55 0.24 0.19
Copper [µg/g] 14-Oct-09 14:09 55 33 43 26
Iron [µg/g] 14-Oct-09 14:09 190000 140000 140000 110000
Gallium [µg/g] 13-Oct-09 15:45 7.3 4.5 4.3 2.8
Germanium [µg/g] 13-Oct-09 15:45 6.5 4.9 5.5 4.0
Hafnium [µg/g] 13-Oct-09 15:45 0.5 0.5 0.4 0.3
Indium [µg/g] 13-Oct-09 15:45 0.01 < 0.01 0.01 < 0.01
Potassium [µg/g] 14-Oct-09 14:09 310 220 130 150
Lanthanum [µg/g] 13-Oct-09 15:45 380 280 380 240
Lithium [µg/g] 14-Oct-09 14:09 9.9 7.3 3.6 4.5
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Analysis 3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-PSB-1
0-2.5

6:
CORE

09-PSB-1
2.5-5

7:
CORE

09-PSB-1
5-7.5

8:
CORE

09-PSB-1
7.5-10

Lutetium [µg/g] 13-Oct-09 15:45 3.0 2.6 3.3 2.2
Magnesium [µg/g] 14-Oct-09 14:09 9900 13000 9900 9000
Manganese [µg/g] 14-Oct-09 14:09 1600 750 770 660
Molybdenum [µg/g] 14-Oct-09 14:09 34 11 1.5 0.6
Sodium [µg/g] 14-Oct-09 14:09 62 48 29 40
Niobuim [µg/g] 13-Oct-09 15:45 3.3 2.3 1.7 1.3
Nickel [µg/g] 14-Oct-09 14:09 90 63 64 44
Lead [µg/g] 14-Oct-09 14:09 280 150 96 78
Phosphorus [µg/g] 14-Oct-09 14:09 280 150 110 120
Rubidium [µg/g] 13-Oct-09 15:44 2.5 1.4 0.63 0.58
Antimony [µg/g] 14-Oct-09 14:08 < 1 < 1 < 1 < 1
Scandium [µg/g] 13-Oct-09 15:44 2.1 1.4 1.4 1.0
Selenium [µg/g] 14-Oct-09 14:08 < 1 < 1 < 1 < 1
Tin [µg/g] 14-Oct-09 14:08 < 6 < 6 < 6 < 6
Strontium [µg/g] 14-Oct-09 14:08 30 30 23 35
Tantalum [µg/g] 13-Oct-09 15:44 0.10 0.09 0.07 0.06
Terbium [µg/g] 13-Oct-09 15:44 12 9.8 12 8.2
Tellerium [µg/g] 13-Oct-09 15:44 0.2 0.1 0.1 < 0.1
Thorium [µg/g] 13-Oct-09 15:44 350 300 420 290
Titanium [µg/g] 14-Oct-09 14:08 230 150 100 73
Thallium [µg/g] 14-Oct-09 14:08 < 3 < 3 < 3 < 3
Uranium [µg/g] 13-Oct-09 15:44 370 160 110 75
Vanadium [µg/g] 14-Oct-09 14:08 15 9.2 8.0 5.8
Tungsten [µg/g] 14-Oct-09 14:05 5 2 < 1 < 1
Yttrium [µg/g] 14-Oct-09 14:05 270 220 280 200
Ytterbium [µg/g] 13-Oct-09 15:44 23 20 25 17
Zinc [µg/g] 14-Oct-09 14:05 210 130 110 87
Zirconium [µg/g] 15-Oct-09 10:44 14 10 8 6

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 30 September 2009
 LR. Ref. : CA10524-SEP09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 9:

CORE
09-PSB-1

10-15

10:
CORE

09-PSB-2 0-5

11:
CORE

09-PSB-2
5-10

12:
CORE

09-PSB-2
10-15

13:
CORE

09-PSB-2
15-20

Sample Date & Time 22-Sep-09 23-Sep-09 23-Sep-09 23-Sep-09 23-Sep-09
BaSO4 Calc. using Ba* [µg/g] 540 580 270 310 320
BaSO4 Calc. using SO4** [µg/g] 418000 19400 14600 12100 14600
Total Sulphur [%] 5.96 1.31 1.57 2.00 2.23
Carbonate (CO3) [%] 9.65 0.170 0.097 0.052 0.071
Total Organic Carbon [%] 0.130 6.97 9.78 15.2 9.61
Total Carbon [%] 2.06 7.00 9.80 15.2 9.63
Sulphide [%] < 0.01 0.18 0.36 0.88 1.82
Sulphate [%] 17 0.8 0.6 0.5 0.6
Silver [µg/g] < 0.7 1.0 < 0.7 < 0.7 1.0
Aluminum [µg/g] 6800 8400 3600 3000 3300
Arsenic [µg/g] 15 30 14 12 19
Barium [µg/g] 320 340 160 180 190
Beryllium [µg/g] 0.66 0.75 0.34 0.37 0.66
Bismuth [µg/g] 4.5 13 11 14 21
Calcium [µg/g] 190000 9600 7600 9400 7600
Cadmium [µg/g] 1.6 5.7 4.5 0.86 0.96
Cerium [µg/g] 360 250 220 230 290
Cobalt [µg/g] 61 20 15 25 46
Chromium [µg/g] 8.6 15 6.5 13 17
Cesium [µg/g] 0.34 0.47 0.97 1.1 0.74
Copper [µg/g] 22 110 14 29 64
Iron [µg/g] 87000 290000 240000 45000 30000
Gallium [µg/g] 2.3 11 2.4 2.1 2.7
Germanium [µg/g] 3.5 8.1 7.2 2.1 1.9
Hafnium [µg/g] 0.3 0.2 0.1 0.1 0.3
Indium [µg/g] < 0.01 0.02 < 0.01 < 0.01 0.01
Potassium [µg/g] 170 230 190 470 610
Lanthanum [µg/g] 200 130 110 110 140
Lithium [µg/g] 4.5 0.9 0.9 < 0.1 1.1
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Analysis 9:
CORE

09-PSB-1
10-15

10:
CORE

09-PSB-2 0-5

11:
CORE

09-PSB-2
5-10

12:
CORE

09-PSB-2
10-15

13:
CORE

09-PSB-2
15-20

Lutetium [µg/g] 1.8 1.2 0.98 0.79 0.81
Magnesium [µg/g] 9900 540 360 510 410
Manganese [µg/g] 610 430 89 75 51
Molybdenum [µg/g] < 0.5 128 10 4.3 3.9
Sodium [µg/g] 47 28 35 80 74
Niobuim [µg/g] 1.0 2.7 2.8 7.8 12
Nickel [µg/g] 39 22 17 22 30
Lead [µg/g] 80 270 270 190 410
Phosphorus [µg/g] 75 590 740 480 510
Rubidium [µg/g] 0.61 2.1 2.1 4.3 4.8
Antimony [µg/g] < 1 < 1 < 1 < 1 < 1
Scandium [µg/g] 0.8 2.2 1.3 2.3 2.2
Selenium [µg/g] < 1 < 1 < 1 < 1 < 1
Tin [µg/g] < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 27 9.0 7.6 12 10
Tantalum [µg/g] 0.05 0.09 0.05 0.08 0.09
Terbium [µg/g] 6.8 5.1 3.9 3.0 3.5
Tellerium [µg/g] < 0.1 0.1 0.1 0.1 0.3
Thorium [µg/g] 220 560 110 250 550
Titanium [µg/g] 60 81 82 140 240
Thallium [µg/g] < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 68 480 210 84 94
Vanadium [µg/g] 4.6 11 25 9.4 11
Tungsten [µg/g] < 1 14 2 < 1 1
Yttrium [µg/g] 170 97 78 51 61
Ytterbium [µg/g] 14 9.3 7.4 6.3 6.7
Zinc [µg/g] 83 170 64 27 76
Zirconium [µg/g] 5 8 6 8 18

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.
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 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road
Mississauga, Ontario
L5N 2L8, Canada

Phone: 905-794-2325
Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10524-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report (QC Report)
 
  Analysis 14:

MDL
15:

QC - Blank
16:

QC - STD %
Recovery

17:
QC - DUP %

Recovery

BaSO4 Calc. using Ba* [µg/g] --- --- --- ---
BaSO4 Calc. using SO4** [µg/g] --- --- --- ---
Total Sulphur [%] 0.005 < 0.005 102% 100%
Carbonate (CO3) [%] 0.005 < 0.005 100% 140%
Total Organic Carbon [%] 0.01 < 0.01 --- 100%
Total Carbon [%] 0.005 < 0.005 100% 100%
Sulphide [%] 0.01 < 0.01 90% 106%
Sulphate [%] 0.1 < 0.1 100% 107%
Silver [µg/g] 0.7 < 0.7 93% 100%
Aluminum [µg/g] 1 < 1 97% 100%
Arsenic [µg/g] 1 < 1 99% 94%
Barium [µg/g] 0.05 < 0.05 96% 100%
Beryllium [µg/g] 0.1 < 0.1 98% 102%
Bismuth [µg/g] 0.5 < 0.5 98% 104%
Calcium [µg/g] 1 < 1 98% 100%
Cadmium [µg/g] 0.05 < 0.05 97% 99%
Cerium [µg/g] 0.006 < 0.006 94% 110%
Cobalt [µg/g] 0.3 < 0.3 97% 100%
Chromium [µg/g] 0.5 < 0.5 98% 103%
Cesium [µg/g] 0.01 < 0.01 100% 107%
Copper [µg/g] 0.1 < 0.1 98% 100%
Iron [µg/g] 0.5 < 0.5 98% 100%
Gallium [µg/g] 0.03 < 0.03 100% 99%
Germanium [µg/g] 0.3 < 0.3 103% 105%
Hafnium [µg/g] 0.1 < 0.1 96% 150%
Indium [µg/g] 0.01 < 0.01 --- 100%
Potassium [µg/g] 1 < 1 100% 100%
Lanthanum [µg/g] 0.001 0.001 94% 110%
Lithium [µg/g] 0.1 < 0.1 97% 107%
Lutetium [µg/g] 0.001 0.001 95% 102%
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Analysis 14:
MDL

15:
QC - Blank

16:
QC - STD %

Recovery

17:
QC - DUP %

Recovery

Magnesium [µg/g] 1 < 1 96% ---
Manganese [µg/g] 0.05 < 0.05 98% 100%
Molybdenum [µg/g] 0.5 < 0.5 100% 154%
Sodium [µg/g] 1 < 1 97% 104%
Niobuim [µg/g] 0.7 < 0.7 99% 118%
Nickel [µg/g] 1 < 1 97% 101%
Lead [µg/g] 0.7 < 0.7 98% 100%
Phosphorus [µg/g] 5 < 5 98% 100%
Rubidium [µg/g] 0.004 < 0.004 --- 105
Antimony [µg/g] 1 < 1 98 100%
Scandium [µg/g] 0.2 < 0.2 100% 99%
Selenium [µg/g] 1 < 1 99% 100%
Tin [µg/g] 6 < 6 100% 123%
Strontium [µg/g] 0.01 < 0.01 97% 103%
Tantalum [µg/g] 0.01 < 0.01 97% 108%
Terbium [µg/g] 0.01 < 0.001 96% 93%
Tellerium [µg/g] 0.1 < 0.1 99% 101%
Thorium [µg/g] 0.01 < 0.01 114% 100%
Titanium [µg/g] 0.2 < 0.2 98% 100%
Thallium [µg/g] 3 < 3 99% 76%
Uranium [µg/g] 3 < 3 --- 100%
Vanadium [µg/g] 0.1 < 0.1 99% 102%
Tungsten [µg/g] 1 < 1 97% 93%
Yttrium [µg/g] 0.1 < 0.1 96% 100%
Ytterbium [µg/g] 0.1 < 0.1 98% 105%
Zinc [µg/g] 0.1 < 0.1 97% 100%
Zirconium [µg/g] 5 < 5 100% 107%

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10523-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis Approval

Time

5:
PW09-PSB-1

0-2.5

6:
PW09-PSB-1

2.5-5

7:
PW09-PSB-1

5-7.5

Sample Date & Time 22-Sep-09 22-Sep-09 22-Sep-09
Temperature Upon Receipt [°C] --- --- --- --- 4.0 4.0 4.0
Sulphate [mg/L] 02-Oct-09 15:00 06-Oct-09 14:01 410 1100 1300
Dissolved Organic Carbon [mg/L] 02-Oct-09 10:00 06-Oct-09 13:52 10.7 9.9 12.2
Dissolved Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:46 1.7 < 1.0 < 1.0
Alkalinity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:11 24 24 33
Acidity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:11 --- --- ---
Hardness [mg/L as CaCO3] 02-Oct-09 09:00 08-Oct-09 16:00 504 934 1270
Aluminum [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 0.03 0.12 0.04
Arsenic [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0018 0.0047 0.0059
Barium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0167 0.00872 0.00558
Beryllium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.00002 < 0.00002 < 0.00002
Boron [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0287 0.0284 0.0078
Bismuth [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.00001 0.00001 < 0.00001
Calcium [mg/L] 02-Oct-09 09:00 08-Oct-09 16:00 193 373 506
Cadmium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.000014 0.000017 0.000007
Cobalt [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.000458 0.000560 0.000695
Chromium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0005 0.0006 0.0009
Copper [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0014 0.0012 0.0014
Iron [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.01 < 0.01 0.01
Potassium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 10.3 17.3 23.3
Lithium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.002 < 0.002 0.003
Magnesium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 5.17 0.966 0.296
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis Approval

Time

5:
PW09-PSB-1

0-2.5

6:
PW09-PSB-1

2.5-5

7:
PW09-PSB-1

5-7.5

Manganese [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0679 0.00194 0.00031
Molybdenum [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00679 0.0118 0.00655
Sodium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 6.60 10.0 13.0
Nickel [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0043 0.0093 0.0126
Phosphorus [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 < 0.01 < 0.01 < 0.01
Lead [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00025 0.00017 0.00008
Sulphur [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 179 331 449
Antimony [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0002 < 0.0002 < 0.0002
Selenium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.001 < 0.001 < 0.001
Silica [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.44 0.22 0.13
Tin [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00018 0.00026 0.00043
Strontium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:09 0.115 0.156 0.170
Titanium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0002 0.0002 0.0003
Thallium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 < 0.0002 < 0.0002 < 0.0002
Uranium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.0636 0.00363 0.000341
Vanadium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.00005 0.00006 0.00019
Zinc [mg/L] 01-Oct-09 16:00 02-Oct-09 12:09 0.002 < 0.001 < 0.001

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10523-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 8:

PW09-PSB-1
7.5-10

9:
PW09-PSB-1

10-15

10:
PW09-PSB-2

0-5

11:
PW09-PSB-2

5-10

12:
PW09-PSB-2

10-15

13:
PW09-PSB-2

15-20

Sample Date & Time 22-Sep-09 22-Sep-09 23-Sep-09 23-Sep-09 23-Sep-09 23-Sep-09
Temperature Upon Receipt [°C] 4.0 4.0 4.0 4.0 4.0 4.0
Sulphate [mg/L] 1600 1800 190 250 --- ---
Dissolved Organic Carbon [mg/L] 14.6 12.0 5.5 21.8 --- ---
Dissolved Inorganic Carbon [mg/L] < 1.0 < 1.0 8.6 14.6 --- ---
Alkalinity [mg/L as CaCO3] 45 36 --- --- --- ---
Acidity [mg/L as CaCO3] --- --- < 2 < 2 --- ---
Hardness [mg/L as CaCO3] 1970 1810 217 312 415 875
Aluminum [mg/L] 0.01 0.04 < 0.01 < 0.01 < 0.01 0.01
Arsenic [mg/L] 0.0069 0.0059 0.0012 0.0015 0.0028 0.0064
Barium [mg/L] 0.00624 0.00582 0.0443 0.0344 0.0266 0.0380
Beryllium [mg/L] < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002
Boron [mg/L] 0.0023 0.0077 0.0232 0.0422 0.0889 0.118
Bismuth [mg/L] 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00001 < 0.00001
Calcium [mg/L] 787 723 76.4 106 138 297
Cadmium [mg/L] 0.000006 0.000013 0.000011 < 0.000003 0.000012 0.000010
Cobalt [mg/L] 0.000763 0.000834 0.00271 0.000540 0.000530 0.00114
Chromium [mg/L] < 0.0005 0.0011 < 0.0005 < 0.0005 0.0010 0.0009
Copper [mg/L] 0.0021 0.0022 0.0008 0.0012 0.0022 0.0023
Iron [mg/L] < 0.01 0.02 8.19 12.1 6.95 16.1
Potassium [mg/L] 29.7 35.8 7.51 11.8 17.4 29.2
Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 0.007
Magnesium [mg/L] 0.213 0.713 6.39 11.8 17.0 32.7
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Analysis 8:
PW09-PSB-1

7.5-10

9:
PW09-PSB-1

10-15

10:
PW09-PSB-2

0-5

11:
PW09-PSB-2

5-10

12:
PW09-PSB-2

10-15

13:
PW09-PSB-2

15-20

Manganese [mg/L] 0.00012 0.00100 1.85 0.753 0.790 1.67
Molybdenum [mg/L] 0.00633 0.00445 0.00113 0.00071 0.00437 0.00563
Sodium [mg/L] 15.9 17.5 5.62 10.2 16.1 24.2
Nickel [mg/L] 0.0151 0.0132 0.0026 0.0028 0.0035 0.0046
Phosphorus [mg/L] 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.01
Lead [mg/L] 0.00016 0.00018 0.00012 0.00022 0.00025 0.00023
Sulphur [mg/L] 503 560 63.7 87.8 123 311
Antimony [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 0.0004
Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Silica [mg/L] 0.22 0.43 4.34 7.44 11.3 12.0
Tin [mg/L] 0.00055 0.00046 0.00017 0.00031 0.00017 0.00009
Strontium [mg/L] 0.193 0.216 0.0915 0.131 0.177 0.347
Titanium [mg/L] 0.0002 0.0004 0.0003 0.0006 0.0012 0.0012
Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Uranium [mg/L] 0.000330 0.000201 0.00706 0.0241 0.0330 0.0214
Vanadium [mg/L] 0.00011 0.00029 < 0.00003 0.00008 0.00041 0.00060
Zinc [mg/L] < 0.001 < 0.001 0.002 0.002 0.002 0.003

 
 

Samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10523-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report - (QC Report)
 
  Analysis 14:

MDL
15:

QC - Blank
16:

QC - STD %
Recovery

17:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 98% 102%
Dissolved Organic Carbon [mg/L] 0.2 < 0.2 105% 98%
Dissolved Inorganic Carbon [mg/L] 0.2 0.2 97% 110%
Alkalinity [mg/L as CaCO3] 2 < 2 101% 98%
Acidity [mg/L as CaCO3] 2 3 98% 102%
Hardness [mg/L as CaCO3] 0.5 --- --- ---
Aluminum [mg/L] 0.01 < 0.01 95% 100%
Arsenic [mg/L] 0.0002 < 0.0002 106% 111%
Barium [mg/L] 0.00001 < 0.00001 105% 100%
Beryllium [mg/L] 0.00002 < 0.00002 103% 94%
Boron [mg/L] 0.0002 < 0.0002 99% 97%
Bismuth [mg/L] 0.00001 0.00001 105% 82%
Calcium [mg/L] 0.03 --- 98% 100%
Cadmium [mg/L] 0.000003 < 0.000003 102% 107%
Cobalt [mg/L] 0.000002 < 0.000002 105% 99%
Chromium [mg/L] 0.0005 < 0.0005 103% 170%
Copper [mg/L] 0.0005 < 0.0005 106% 85%
Iron [mg/L] 0.01 --- 97% 122%
Potassium [mg/L] 0.01 < 0.01 98% 99%
Lithium [mg/L] 0.002 < 0.002 94% 120%
Magnesium [mg/L] 0.003 --- 95% 100%
Manganese [mg/L] 0.00001 < 0.00001 104% 99%
Molybdenum [mg/L] 0.00001 < 0.00001 95% 155%
Sodium [mg/L] 0.01 --- 94.8 99.3
Nickel [mg/L] 0.0001 < 0.0001 105% 87%
Phosphorus [mg/L] 0.01 < 0.01 95% 100%
Lead [mg/L] 0.00002 < 0.00002 102% 30%
Sulphur [mg/L] 0.01 --- 100% 101%
Antimony [mg/L] 0.0002 < 0.0002 94% 124%
Selenium [mg/L] 0.001 < 0.001 108% 100%

 

Project : 09-1663
 SGS Canada Inc.

 P.O. Box 4300 - 185 Concession St.
 Lakefield - Ontario - KOL 2HO
 Phone: 705-652-2000 FAX: 705-652-6365
 

O
nL

in
e 

LI
M

S

Page 1 of 2
 Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval.  Please refer to SGS

General Conditions of Services located at http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
 Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
 



Analysis 14:
MDL

15:
QC - Blank

16:
QC - STD %

Recovery

17:
QC - DUP %

Recovery

Silica [mg/L] 0.01 < 0.01 103% 101%
Tin [mg/L] 0.00001 < 0.00001 96% 140%
Strontium [mg/L] 0.0001 --- 98% 100%
Titanium [mg/L] 0.0001 < 0.0001 95% 130%
Thallium [mg/L] 0.0002 < 0.0002 105% 106%
Uranium [mg/L] 0.000001 < 0.000001 102% 94%
Vanadium [mg/L] 0.00003 < 0.00003 106% 150%
Zinc [mg/L] 0.001 < 0.001 106% 90%

 
 

 Samples are field filtered
Ra226 subcontracted to Becquerel Labs.
Revised to include Ra226 results from Becquerel.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 30 September 2009
 LR Report : CA10522-SEP09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis

Approval Time

5:
SW09-PSB-1T

6:
SW09-PSB-1B

7:
SW09-PSB-2T

8:
SW09-PSB-2B

Sample Date & Time 22-Sep-09 22-Sep-09 23-Sep-09 23-Sep-09
Temperature Upon Receipt [°C] --- --- --- --- 4.0 4.0 4.0 4.0
Sulphate [mg/L] 02-Oct-09 15:00 06-Oct-09 14:19 180 410 180 180
Total Organic Carbon [mg/L] 02-Oct-09 10:00 05-Oct-09 13:41 2.1 4.6 2.2 4.0
Total Inorganic Carbon [mg/L] 05-Oct-09 14:35 08-Oct-09 12:45 3.5 < 1.0 2.9 < 1.0
Alkalinity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:10 12 --- --- ---
Acidity [mg/L as CaCO3] 02-Oct-09 15:19 05-Oct-09 15:10 --- 20 < 2 15
Hardness [mg/L as CaCO3] 02-Oct-09 09:00 02-Oct-09 12:08 173 209 179 179
Aluminum [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 < 0.01 0.53 < 0.01 < 0.01
Arsenic [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0005 0.0014 0.0004 0.0005
Barium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0134 0.0196 0.0137 0.0160
Beryllium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00007 0.00009 0.00002 < 0.00002
Boron [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0249 0.0314 0.0252 0.0243
Bismuth [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00007 0.00003 < 0.00001 0.00001
Calcium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 62.2 74.4 64.5 64.1
Cadmium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.000079 0.000082 0.000005 0.000015
Cobalt [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.000281 0.0186 0.000319 0.00120
Chromium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.0005 < 0.0005 < 0.0005 < 0.0005
Copper [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0025 0.0019 0.0015 0.0009
Iron [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 0.03 1.61 < 0.01 0.02
Potassium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 6.11 6.53 6.18 6.14
Lithium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 < 0.002 < 0.002 < 0.002 < 0.002
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis

Approval Date

4:
Analysis

Approval Time

5:
SW09-PSB-1T

6:
SW09-PSB-1B

7:
SW09-PSB-2T

8:
SW09-PSB-2B

Magnesium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 4.30 5.53 4.45 4.47
Manganese [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00475 0.203 0.00313 0.0273
Molybdenum [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00017 0.00043 0.00008 0.00025
Sodium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 3.99 4.35 4.04 4.14
Nickel [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0017 0.0101 0.0015 0.0025
Phosphorus [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 < 0.01 < 0.01 < 0.01 < 0.01
Lead [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00057 0.00647 0.00013 0.00088
Sulphur [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 57.9 67.4 60.2 60.5
Antimony [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.0002 0.0084 0.0003 0.0015
Selenium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.001 < 0.001 < 0.001 < 0.001
Silica [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 0.99 1.14 1.01 1.12
Tin [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00011 0.00035 0.00017 0.00020
Strontium [mg/L] 02-Oct-09 09:00 02-Oct-09 12:08 0.0715 0.0765 0.0736 0.0742
Titanium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.0003 0.0002 0.0002 0.0002
Thallium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Uranium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00245 0.0557 0.00273 0.00317
Vanadium [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.00008 0.00004 < 0.00003 0.00007
Zinc [mg/L] 01-Oct-09 16:00 02-Oct-09 12:08 0.009 0.024 < 0.001 0.002

 
 

 Ra226 subcontracted to Becquerel Labs.
  

 
 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 30 September 2009
 LR Report: CA10522-SEP09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 9:

MDL
10:

QC - Blank
11:

QC - STD %
Recovery

12:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 98% 102%
Total Organic Carbon [mg/L] 0.2 < 0.2 105% 98%
Total Inorganic Carbon [mg/L] 0.2 < 0.2 110% 100%
Alkalinity [mg/L as CaCO3] 2 < 2 101% 98%
Acidity [mg/L as CaCO3] 2 2 98% 102%
Hardness [mg/L as CaCO3] 0.5 --- --- ---
Aluminum [mg/L] 0.01 < 0.01 95% 100%
Arsenic [mg/L] 0.0002 < 0.0002 106% 111%
Barium [mg/L] 0.00001 < 0.00001 105% 100%
Beryllium [mg/L] 0.00002 < 0.00002 103% 94%
Boron [mg/L] 0.0002 < 0.0002 99% 97%
Bismuth [mg/L] 0.00001 0.00001 105% 82%
Calcium [mg/L] 0.03 --- 97% 100%
Cadmium [mg/L] 0.000003 < 0.000003 102% 107%
Cobalt [mg/L] 0.000002 < 0.000002 105% 99%
Chromium [mg/L] 0.00005 < 0.0005 103% 170%
Copper [mg/L] 0.0005 < 0.0005 106% 85%
Iron [mg/L] 0.01 --- 96.8 122
Potassium [mg/L] 0.01 < 0.01 98% 99.1
Lithium [mg/L] 0.002 < 0.002 94.2 120
Magnesium [mg/L] 0.003 --- 94.8 100
Manganese [mg/L] 0.00001 < 0.00001 104% 99%
Molybdenum [mg/L] 0.00001 < 0.00001 95% 155%
Sodium [mg/L] 0.01 --- 94.8 99.3
Nickel [mg/L] 0.0001 < 0.0001 105% 87%
Phosphorus [mg/L] 0.01 < 0.01 95% 100%
Lead [mg/L] 0.00002 < 0.00002 102% 30%
Sulphur [mg/L] 0.01 --- 100% 101
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Analysis 9:
MDL

10:
QC - Blank

11:
QC - STD %

Recovery

12:
QC - DUP %

Recovery

Antimony [mg/L] 0.0002 < 0.0002 94% 124%
Selenium [mg/L] 0.001 < 0.001 108% 100%
Silica [mg/L] 0.01 < 0.01 103% 101%
Tin [mg/L] 0.00001 < 0.00001 96% 140%
Strontium [mg/L] 0.0001 --- 98% 99.7
Titanium [mg/L] 0.0001 < 0.0001 95% 130%
Thallium [mg/L] 0.0002 < 0.0002 105% 106%
Uranium [mg/L] 0.000001 < 0.000001 102% 94%
Vanadium [mg/L] 0.00003 < 0.00003 106% 150%
Zinc [mg/L] 0.001 < 0.001 106% 90%

 
 

 Ra226 subcontracted to Becquerel Labs.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 01 October 2009
 LR. Ref. : CA10063-OCT09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 3:

Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-EC-1
(0-5)

6:
CORE

09-EC-1
(5-10)

7:
CORE

09-EC-2
(0-2.5)

8:
CORE

09-EC-2
(2.5-5)

9:
CORE

09-EC-2
(5-7.5)

10:
CORE

09-QC14-1
(0-5)

Sample Date & Time 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09
Ba as BaSO4 Calc. * [µg/g] --- --- 160 770 480 630 530 940
SO4 as BaSO4 Calc. ** [µg/g] --- --- 7280 2430 2430 2430 2430 14600
Total Sulphur [%] 09-Oct-09 10:07 1.17 0.762 0.628 1.03 1.18 1.21
Carbonate (CO3) [%] 08-Oct-09 10:46 0.058 0.280 < 0.005 < 0.005 < 0.005 < 0.005
Total Organic Carbon [%] 09-Oct-09 10:07 10.5 16.7 0.617 0.206 0.090 0.490
Total Carbon [%] 09-Oct-09 10:07 10.5 16.8 0.616 0.207 0.089 0.489
Sulphide [%] 08-Oct-09 11:47 0.47 0.70 0.53 1.04 1.07 0.96
Sulphate [%] 13-Oct-09 16:45 0.3 0.1 0.1 0.1 0.1 0.6
Silver [µg/g] 14-Oct-09 13:32 < 0.7 < 0.7 1.5 1.2 1.1 3.0
Aluminum [µg/g] 14-Oct-09 13:32 3800 5800 1500 1200 890 6700
Arsenic [µg/g] 14-Oct-09 13:32 14 26 22 24 24 37
Barium [µg/g] 14-Oct-09 13:32 94 450 280 370 310 550
Beryllium [µg/g] 14-Oct-09 13:32 0.35 0.13 0.51 0.41 0.34 1.5
Bismuth [µg/g] 14-Oct-09 13:32 12 < 0.5 11 8.6 7.8 15
Calcium [µg/g] 14-Oct-09 13:32 4600 7400 230 110 63 2400
Cadmium [µg/g] 14-Oct-09 13:32 4.0 1.8 0.25 0.27 0.29 0.45
Cerium [µg/g] 14-Oct-09 13:32 240 800 340 300 240 600
Cobalt [µg/g] 14-Oct-09 13:32 15 17 16 21 22 25
Chromium [µg/g] 14-Oct-09 13:32 7.8 17 8.2 6.5 5.8 16
Cesium [µg/g] 14-Oct-09 13:32 1.1 0.90 0.32 0.20 0.19 1.1
Copper [µg/g] 14-Oct-09 13:32 15 56 50 54 54 120
Iron [µg/g] 14-Oct-09 13:32 240000 16000 13000 17000 19000 22000
Gallium [µg/g] 14-Oct-09 13:32 2.7 6.5 2.8 2.4 1.9 5.3
Germanium [µg/g] 14-Oct-09 13:32 7.2 4.0 1.4 1.4 1.2 2.6
Hafnium [µg/g] 14-Oct-09 13:32 0.1 0.9 0.5 0.7 0.7 1.5
Indium [µg/g] 14-Oct-09 13:32 < 0.01 0.01 0.02 0.01 0.01 0.03
Potassium [µg/g] 14-Oct-09 13:32 210 270 330 300 230 570
Lanthanum [µg/g] 14-Oct-09 13:32 130 420 190 170 140 310
Lithium [µg/g] 14-Oct-09 13:32 0.9 1.3 0.8 0.5 0.2 4.7
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Analysis 3:
Analysis
Approval

Date

4:
Analysis
Approval

Time

5:
CORE

09-EC-1
(0-5)

6:
CORE

09-EC-1
(5-10)

7:
CORE

09-EC-2
(0-2.5)

8:
CORE

09-EC-2
(2.5-5)

9:
CORE

09-EC-2
(5-7.5)

10:
CORE

09-QC14-1
(0-5)

Lutetium [µg/g] 14-Oct-09 13:32 1.1 5.3 0.14 0.060 0.038 1.1
Magnesium [µg/g] 14-Oct-09 13:32 240 1500 110 38 18 97
Manganese [µg/g] 14-Oct-09 13:32 84 180 18 7.6 4.6 14
Molybdenum [µg/g] 14-Oct-09 13:32 10 3.9 6.4 6.1 5.5 10
Sodium [µg/g] 14-Oct-09 13:32 40 55 11 8 5 15
Niobuim [µg/g] 14-Oct-09 13:32 2.7 < 0.7 9.7 7.8 7.5 13
Nickel [µg/g] 14-Oct-09 13:32 19 43 9 10 11 20
Lead [µg/g] 14-Oct-09 13:32 280 640 240 270 310 650
Phosphorus [µg/g] 14-Oct-09 13:32 810 360 400 360 330 820
Rubidium [µg/g] 14-Oct-09 13:32 2.5 4.0 2.6 2.0 1.4 4.1
Antimony [µg/g] 14-Oct-09 13:32 < 1 < 1 1 < 1 < 1 2
Scandium [µg/g] 14-Oct-09 13:32 1.6 3.0 0.9 0.8 0.6 2.8
Selenium [µg/g] 14-Oct-09 13:32 < 2 < 2 < 2 < 2 < 2 < 2
Tin [µg/g] 14-Oct-09 13:32 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 14-Oct-09 13:32 7.9 14 5.1 5.4 4.6 11
Sulphur [µg/g] 14-Oct-09 13:32 15000 11000 6700 11000 12000 12000
Tantalum [µg/g] 14-Oct-09 13:32 0.05 0.23 0.07 0.12 0.28 0.30
Terbium [µg/g] 14-Oct-09 13:32 4.3 33 1.4 0.90 0.67 5.6
Tellerium [µg/g] 14-Oct-09 13:32 0.1 < 0.1 0.2 0.2 0.2 0.3
Thorium [µg/g] 14-Oct-09 13:32 120 89 560 470 380 1600
Titanium [µg/g] 14-Oct-09 13:32 91 220 330 260 240 610
Thallium [µg/g] 14-Oct-09 13:32 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 14-Oct-09 13:32 230 150 23 18 15 83
Vanadium [µg/g] 14-Oct-09 13:32 26 17 4.0 2.7 2.4 7.2
Tungsten [µg/g] 14-Oct-09 13:32 79 5 5 5 6 8
Yttrium [µg/g] 14-Oct-09 13:32 84 750 12 6.7 5.2 87
Ytterbium [µg/g] 14-Oct-09 13:31 8.7 46 1.2 0.57 0.40 9.2
Zinc [µg/g] 14-Oct-09 13:32 65 58 8.9 8.0 5.8 23
Zirconium [µg/g] 14-Oct-09 13:32 6 < 5 30 27 26 58

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 01 October 2009
 LR. Ref. : CA10063-OCT09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 11:

CORE
09-QC14-1

(5-10)

12:
CORE

09-QC14-1
(10-15)

13:
CORE

09-QC14-2
(0-2.5)

14:
CORE

09-QC14-2
(2.5-5)

15:
CORE

09-QC14-2
(5-7.5)

16:
CORE

09-QC14-2
(7.5-10)

17:
CORE

09-QC14-3
(0-5)

Sample Date & Time 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09
Ba as BaSO4 Calc. * [µg/g] 580 480 260 370 560 540 920
SO4 as BaSO4 Calc. ** [µg/g] 53400 29100 2430 2430 2430 2430 <2430
Total Sulphur [%] 2.33 2.21 0.633 0.885 0.871 1.29 1.35
Carbonate (CO3) [%] < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.005
Total Organic Carbon [%] 0.114 0.065 0.519 0.289 0.121 0.086 0.617
Total Carbon [%] 0.115 0.064 0.519 0.289 0.121 0.086 0.618
Sulphide [%] 1.56 1.80 0.52 0.77 0.84 1.26 1.37
Sulphate [%] 2.2 1.2 0.1 0.1 0.1 0.1 < 0.1
Silver [µg/g] 1.7 1.3 0.8 1.0 1.1 1.3 3.4
Aluminum [µg/g] 3800 2600 830 690 850 1400 7700
Arsenic [µg/g] 33 26 17 19 21 23 36
Barium [µg/g] 340 280 150 220 330 320 540
Beryllium [µg/g] 0.81 0.61 0.28 0.28 0.34 0.51 1.7
Bismuth [µg/g] 10 8.1 7.5 9.2 8.5 7.6 15
Calcium [µg/g] 8900 4900 190 130 79 59 350
Cadmium [µg/g] 0.42 0.43 0.18 0.22 0.22 0.31 0.55
Cerium [µg/g] 610 430 300 290 280 250 770
Cobalt [µg/g] 35 36 15 18 17 24 38
Chromium [µg/g] 8.2 6.2 4.7 4.9 5.7 6.6 18
Cesium [µg/g] 0.49 0.32 0.18 0.22 0.31 0.20 0.55
Copper [µg/g] 100 88 43 46 42 51 140
Iron [µg/g] 21000 21000 10000 12000 13000 18000 22000
Gallium [µg/g] 4.3 3.0 2.1 2.1 2.0 1.9 6.2
Germanium [µg/g] 2.6 2.1 1.2 1.2 1.2 1.2 3.1
Hafnium [µg/g] 1.2 0.9 0.3 0.6 1.0 0.7 1.5
Indium [µg/g] 0.02 0.02 < 0.01 < 0.01 0.01 0.01 0.04
Potassium [µg/g] 440 290 210 230 250 250 600
Lanthanum [µg/g] 310 220 170 170 160 140 390
Lithium [µg/g] 1.8 1.0 0.2 0.1 0.4 0.7 5.7
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Analysis 11:
CORE

09-QC14-1
(5-10)

12:
CORE

09-QC14-1
(10-15)

13:
CORE

09-QC14-2
(0-2.5)

14:
CORE

09-QC14-2
(2.5-5)

15:
CORE

09-QC14-2
(5-7.5)

16:
CORE

09-QC14-2
(7.5-10)

17:
CORE

09-QC14-3
(0-5)

Lutetium [µg/g] 1.4 1.1 0.081 0.048 0.031 0.036 1.9
Magnesium [µg/g] 76 65 88 46 25 23 120
Manganese [µg/g] 5.3 5.4 13 8.6 4.7 3.9 20
Molybdenum [µg/g] 7.8 7.3 5.3 5.2 7.9 4.8 8.0
Sodium [µg/g] 12 7 8 7 6 6 16
Niobuim [µg/g] 7.2 4.9 7.0 8.2 8.4 7.7 15
Nickel [µg/g] 25 24 8 8 8 12 32
Lead [µg/g] 490 390 180 260 270 230 650
Phosphorus [µg/g] 490 320 260 300 360 350 830
Rubidium [µg/g] 3.2 2.1 1.9 1.9 1.8 1.6 4.3
Antimony [µg/g] < 1 < 1 < 1 < 1 < 1 < 1 2
Scandium [µg/g] 1.5 1.0 0.5 0.4 0.5 0.8 3.0
Selenium [µg/g] < 2 < 2 < 2 < 2 < 2 < 2 < 2
Tin [µg/g] < 6 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 12 8.5 3.6 4.1 4.8 4.6 7.5
Sulphur [µg/g] 22000 20000 6500 8700 8600 12000 13000
Tantalum [µg/g] 0.15 0.09 0.04 0.05 0.12 0.35 0.45
Terbium [µg/g] 7.5 5.5 0.97 0.83 0.68 0.64 9.5
Tellerium [µg/g] 0.2 0.2 0.1 0.2 0.2 0.2 0.3
Thorium [µg/g] 880 630 310 310 360 580 1800
Titanium [µg/g] 370 240 210 250 260 240 630
Thallium [µg/g] < 3 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 71 47 17 17 13 15 120
Vanadium [µg/g] 3.7 2.8 2.7 2.7 2.7 2.6 8.0
Tungsten [µg/g] 7 7 3 4 5 6 8
Yttrium [µg/g] 160 100 9.1 6.8 5.5 5.1 180
Ytterbium [µg/g] 12 9.1 0.74 0.46 0.33 0.36 16
Zinc [µg/g] 28 24 8.8 6.9 4.7 5.4 42
Zirconium [µg/g] 38 27 20 26 28 25 57

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.
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 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338
 

 Tuesday, October 27, 2009
 

 Date Rec. : 01 October 2009
 LR. Ref. : CA10063-OCT09
 Project : 09-1663
 

 Copy to : #1

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 18:

CORE
09-QC14-3

(5-10)

19:
CORE

09-QC14-3
(10-15)

20:
CORE

09-QC14-3
(15-20)

21:
CORE

09-QC14-4
(0-5)

22:
CORE

09-QC14-4
(5-10)

23:
CORE

09-QC14-4
(10-15)

24:
CORE

09-QC14-4
(15-20)

Sample Date & Time 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09 28-Sep-09
Ba as BaSO4 Calc. * [µg/g] 1090 1120 1070 970 950 990 800
SO4 as BaSO4 Calc. ** [µg/g] 4850 7280 7280 4850 46100 87400 75200
Total Sulphur [%] 1.48 1.39 1.60 1.48 2.00 2.36 2.58
Carbonate (CO3) [%] < 0.005 < 0.005 < 0.005 0.022 0.100 0.123 0.034
Total Organic Carbon [%] 0.136 0.112 0.097 0.683 0.188 0.178 0.109
Total Carbon [%] 0.136 0.113 0.096 0.688 0.208 0.202 0.116
Sulphide [%] 1.43 1.32 1.48 1.40 1.37 1.08 1.44
Sulphate [%] 0.2 0.3 0.3 0.2 1.9 3.6 3.1
Silver [µg/g] 3.2 3.9 3.7 3.0 2.9 4.0 2.9
Aluminum [µg/g] 7700 11000 9000 6500 6200 10000 7500
Arsenic [µg/g] 45 49 46 40 38 40 38
Barium [µg/g] 640 660 630 570 560 580 470
Beryllium [µg/g] 1.6 2.1 1.9 1.4 1.4 2.0 1.5
Bismuth [µg/g] 15 16 15 15 14 17 14
Calcium [µg/g] 710 940 1300 1400 9900 19000 16000
Cadmium [µg/g] 0.61 0.66 0.58 0.64 0.56 0.64 0.55
Cerium [µg/g] 1100 1200 1000 900 830 1100 890
Cobalt [µg/g] 45 41 38 39 35 38 38
Chromium [µg/g] 17 24 21 16 15 21 16
Cesium [µg/g] 0.77 0.88 0.76 0.54 0.70 0.87 0.81
Copper [µg/g] 140 160 160 130 120 160 130
Iron [µg/g] 24000 25000 24000 23000 22000 24000 23000
Gallium [µg/g] 7.5 8.6 7.5 6.4 6.1 8.0 6.3
Germanium [µg/g] 4.2 4.4 4.1 3.5 3.3 4.0 3.5
Hafnium [µg/g] 2.2 2.4 2.2 1.5 1.8 2.5 2.2
Indium [µg/g] 0.04 0.05 0.06 0.04 0.03 0.05 0.04
Potassium [µg/g] 630 730 690 600 600 760 650
Lanthanum [µg/g] 560 600 520 460 420 540 450
Lithium [µg/g] 5.2 7.7 7.0 4.9 5.7 10 6.2
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Analysis 18:
CORE

09-QC14-3
(5-10)

19:
CORE

09-QC14-3
(10-15)

20:
CORE

09-QC14-3
(15-20)

21:
CORE

09-QC14-4
(0-5)

22:
CORE

09-QC14-4
(5-10)

23:
CORE

09-QC14-4
(10-15)

24:
CORE

09-QC14-4
(15-20)

Lutetium [µg/g] 3.1 3.3 2.8 2.3 2.0 3.5 2.6
Magnesium [µg/g] 300 220 120 770 520 1300 400
Manganese [µg/g] 35 31 18 79 53 130 57
Molybdenum [µg/g] 5.8 8.1 8.9 9.0 9.4 8.0 6.6
Sodium [µg/g] 15 18 15 18 16 21 18
Niobuim [µg/g] 9.5 9.0 8.9 13 11 12 10
Nickel [µg/g] 38 39 34 31 28 37 31
Lead [µg/g] 690 720 680 630 550 800 640
Phosphorus [µg/g] 840 930 860 760 740 950 710
Rubidium [µg/g] 4.8 5.8 5.4 4.3 4.3 5.4 5.0
Antimony [µg/g] < 1 1 1 1 1 1 < 1
Scandium [µg/g] 3.1 4.2 3.6 2.7 2.5 3.8 2.9
Selenium [µg/g] < 2 < 2 < 2 < 2 < 2 < 2 < 2
Tin [µg/g] < 6 < 6 < 6 < 6 < 6 < 6 < 6
Strontium [µg/g] 11 14 15 9.2 16 21 18
Sulphur [µg/g] 14000 14000 15000 14000 19000 22000 25000
Tantalum [µg/g] 0.27 0.27 0.28 0.48 0.57 0.55 0.48
Terbium [µg/g] 17 18 14 12 10 18 13
Tellerium [µg/g] 0.3 0.4 0.4 0.3 0.3 0.4 0.3
Thorium [µg/g] 1900 2400 2200 1600 1600 2400 1800
Titanium [µg/g] 660 680 640 590 550 740 570
Thallium [µg/g] < 3 < 3 < 3 < 3 < 3 < 3 < 3
Uranium [µg/g] 100 110 110 100 100 140 110
Vanadium [µg/g] 7.7 9.3 8.3 7.4 6.4 9.8 6.7
Tungsten [µg/g] 8 9 8 8 8 8 8
Yttrium [µg/g] 370 350 290 240 220 360 260
Ytterbium [µg/g] 26 28 24 19 17 30 22
Zinc [µg/g] 58 59 51 46 42 59 46
Zirconium [µg/g] 64 68 64 56 54 70 58

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 7, 2010
 

 Date Rec. : 01 October 2009
 LR Report: CA10063-OCT09
 

 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report (QC Report)
 
  Analysis 25:

MDL
26:

QC - Blank
27:

QC - STD %
Recovery

28:
QC - DUP %

Recovery

Ba as BaSO4 Calc. * [µg/g] --- --- --- ---
SO4 as BaSO4 Calc. ** [µg/g] --- --- --- ---
Total Sulphur [%] 0.005 < 0.005 100% 98%
Carbonate (CO3) [%] 0.005 < 0.005 101% 100%
Total Organic Carbon [%] 0.01 --- --- ---
Total Carbon [%] 0.005 < 0.005 100% 95%
Sulphide [%] 0.01 < 0.01 103% 100%
Sulphate [%] 0.1 < 0.1 98% 107%
Silver [µg/g] 0.7 < 0.7 98% 93%
Aluminum [µg/g] 1 < 1 99% 114%
Arsenic [µg/g] 1 < 1 98% 96%
Barium [µg/g] 0.05 < 0.05 100% 110%
Beryllium [µg/g] 0.1 < 0.1 100% 111%
Bismuth [µg/g] 0.5 < 0.5 98% 100%
Calcium [µg/g] 1 < 1 99% 103%
Cadmium [µg/g] 0.05 < 0.05 98% 100%
Cerium [µg/g] 0.006 < 0.006 107% 99%
Cobalt [µg/g] 0.3 < 0.3 96% 965
Chromium [µg/g] 0.5 < 0.5 99% 106%
Cesium [µg/g] 0.01 < 0.01 100% 99%
Copper [µg/g] 0.1 < 0.1 101% 110%
Iron [µg/g] 0.5 < 0.5 98% 91%
Gallium [µg/g] 0.03 < 0.03 100% 101%
Germanium [µg/g] 0.3 < 0.3 100% 95%
Hafnium [µg/g] 0.1 < 0.1 100% 120%
Indium [µg/g] 0.01 < 0.01 100% 109%
Potassium [µg/g] 1 < 1 100% 110%
Lanthanum [µg/g] 0.001 < 0.001 101% 99%
Lithium [µg/g] 0.1 < 0.1 99% 100%
Lutetium [µg/g] 0.001 < 0.001 96% 99%
Magnesium [µg/g] 1 < 1 100% 105%
Manganese [µg/g] 0.05 < 0.05 98% 108%
Molybdenum [µg/g] 0.5 < 0.5 101% 74%
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Analysis 25:
MDL

26:
QC - Blank

27:
QC - STD %

Recovery

28:
QC - DUP %

Recovery

Sodium [µg/g] 1 < 1 102% 104%
Niobuim [µg/g] 0.7 < 0.7 100% 99%
Nickel [µg/g] 1 < 1 99% 103%
Lead [µg/g] 0.7 < 0.7 98% 110%
Phosphorus [µg/g] 5 < 5 98% 106%
Rubidium [µg/g] 0.004 < 0.004 100% 100%
Antimony [µg/g] 1 < 1 102% 100%
Scandium [µg/g] 0.2 < 0.2 100% 103%
Selenium [µg/g] 1 < 2 97% 100%
Tin [µg/g] 6 < 6 103% 94%
Strontium [µg/g] 0.01 < 0.01 100% 96%
Sulphur [µg/g] 1 < 1 --- 90%
Tantalum [µg/g] 0.01 < 0.01 100% 101%
Terbium [µg/g] 0.001 < 0.001 94% 100%
Tellerium [µg/g] 0.1 < 0.1 100% 107%
Thorium [µg/g] 0.01 < 0.01 100% 99%
Titanium [µg/g] 0.2 < 0.2 104% 99%
Thallium [µg/g] 3 < 3 97% 100%
Uranium [µg/g] 0.002 < 0.002 --- 97%
Vanadium [µg/g] 0.1 < 0.1 100% 109%
Tungsten [µg/g] 1 < 1 99% 100%
Yttrium [µg/g] 0.1 < 0.1 100% 110%
Ytterbium [µg/g] 0.001 --- 100% 100%
Zinc [µg/g] 0.1 < 0.1 98% 103%
Zirconium [µg/g] 5 < 5 102% 105%

 
 

 Ra226 subcontracted to Becquerel Labs.
*  BaSO4 Calculation based on Ba values and assumes all Ba is in BaSO4 form.
** BaSO4 Calculation based on SO4 values and assumes all SO4 is in BaSO4 form.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10066-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 1:

Analysis
Start Date

2:
Analysis

Start Time

3:
Analysis Approval

Date

4:
Analysis Approval

Time

13:
PW09-QC14-1

(0-5)

14:
PW09-QC14-1

(5-10)

15:
PW09-QC14-1

(10-15)

16:
PW09-QC14-2

(0-2.5)

17:
PW09-QC14-2

(2.5-5)

Sample Date & Time 27-Sep-09 27-Sep-09 29-Sep-09 28-Sep-09 28-Sep-09
Sulphate [mg/L] 02-Oct-09 19:39 06-Oct-09 14:20 --- --- 1500 32 12
Tot. Suspended Solids [mg/L] 05-Oct-09 10:24 06-Oct-09 12:15 --- --- --- --- ---
Dissolved Organic Carbon [mg/L] 02-Oct-09 10:00 06-Oct-09 13:53 --- --- 4.7 28.0 18.3
Dissolved Inorganic Carbon [mg/L] 05-Oct-09 14:35 07-Oct-09 12:41 --- --- 1.0 < 1.0 < 1.0
Total Organic Carbon [mg/L] 02-Oct-09 10:00 05-Oct-09 13:40 --- --- --- --- ---
Acidity [mg/L as CaCO3] 02-Oct-09 15:00 08-Oct-09 09:53 --- --- 49 21 15
Hardness [mg/L as CaCO3] 05-Oct-09 09:00 05-Oct-09 13:21 731 1294 1335 26.2 16.9
Aluminum [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.01 < 0.01 < 0.01 < 0.01 0.03
Arsenic [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0082 0.0102 0.0064 0.0064 0.0084
Barium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0577 0.0283 0.0212 0.309 0.308
Beryllium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002
Boron [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0048 0.0107 0.0138 0.0054 0.0047
Bismuth [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00001 < 0.00001 0.00008 0.00003 0.00024
Calcium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:21 290 516 532 8.79 5.68
Cadmium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.000012 0.000050 0.000118 0.000055 < 0.000003
Cobalt [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0154 0.0367 0.0438 0.00521 0.000917
Chromium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005
Copper [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0005 0.0008 0.0012 0.0043 0.0025
Iron [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 63.9 40.0 24.3 0.03 0.52
Potassium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.21 1.34 1.49 0.34 0.40
Lithium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.002 0.002 < 0.002 < 0.002 < 0.002
Magnesium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.63 1.48 1.37 1.02 0.664
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Analysis 1:
Analysis

Start Date

2:
Analysis

Start Time

3:
Analysis Approval

Date

4:
Analysis Approval

Time

13:
PW09-QC14-1

(0-5)

14:
PW09-QC14-1

(5-10)

15:
PW09-QC14-1

(10-15)

16:
PW09-QC14-2

(0-2.5)

17:
PW09-QC14-2

(2.5-5)

Manganese [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.771 0.503 0.346 0.282 0.133
Molybdenum [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00589 0.0119 0.00918 0.00029 0.00133
Sodium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 1.77 2.04 2.08 2.35 1.98
Nickel [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0050 0.0172 0.0173 0.0044 0.0012
Phosphorus [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 < 0.01 < 0.01 < 0.01 < 0.01 0.01
Lead [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00069 0.00078 0.00202 0.0242 0.00596
Sulphur [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 242 396 399 8.28 3.87
Antimony [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0002 < 0.0002 < 0.0002 0.0002 0.0006
Selenium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Silica [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 8.09 10.3 10.3 1.23 1.71
Tin [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.00001 0.00004 0.00008 0.00004 < 0.00001
Strontium [mg/L] 05-Oct-09 09:00 05-Oct-09 13:18 0.149 0.260 0.266 0.0205 0.0154
Titanium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0006 0.0007 0.0007 0.0003 0.0062
Thallium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Uranium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.0136 0.0589 0.0445 0.000946 0.000524
Vanadium [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.00010 0.00011 0.00013 0.00007 0.00013
Zinc [mg/L] 02-Oct-09 14:45 05-Oct-09 13:18 0.011 0.039 0.041 0.005 0.003

 
 

Groundwater samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10066-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 18:

PW09-QC14-2
(5-7.5)

19:
PW09-QC14-2

(7.5-10)

20:
PW09-QC14-3

(0-5)

21:
PW09-QC14-3

(5-10)

22:
PW09-QC14-3

(10-15)

23:
PW09-QC14-3

(15-20)

24:
PW09-QC14-4

(0-5)

25:
PW09-QC14-4

(5-10)

26:
PW09-QC14-4

(10-15)

27:
PW09-QC14-4

(15-20)

Sample Date & Time 28-Sep-09 28-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09 29-Sep-09
Sulphate [mg/L] 12 --- 5.6 6.8 18 240 560 1400 1400 1400
Tot. Suspended Solids [mg/L] --- --- --- --- --- --- --- --- --- ---
Dissolved Organic Carbon [mg/L] 17.9 --- 3.5 3.2 2.8 3.8 9.3 6.6 7.3 4.0
Dissolved Inorganic Carbon [mg/L] < 1.0 --- 2.0 3.0 4.7 3.1 < 1.0 4.7 3.1 5.9
Total Organic Carbon [mg/L] --- --- --- --- --- --- --- --- --- ---
Acidity [mg/L as CaCO3] 16 --- 6 < 4 < 4 < 4 19 < 4 --- ---
Hardness [mg/L as CaCO3] 17.9 19.1 18.0 24.5 42.8 250 512 1362 1335 1310
Aluminum [mg/L] < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.04 < 0.01
Arsenic [mg/L] 0.0066 0.0066 0.0026 0.0025 0.0040 0.0042 0.0050 0.0054 0.0026 0.0027
Barium [mg/L] 0.519 0.499 0.333 0.233 0.131 0.0762 0.231 0.0657 0.0328 0.0197
Beryllium [mg/L] < 0.00002 < 0.00002 0.00013 0.00005 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002
Boron [mg/L] 0.0051 0.0044 0.0026 0.0070 0.0121 0.0162 0.0220 0.0944 0.0802 0.0387
Bismuth [mg/L] 0.00006 < 0.00001 0.00012 0.00004 0.00001 0.00001 0.00005 0.00002 0.00001 0.00003
Calcium [mg/L] 6.06 6.44 6.12 8.51 15.5 97.4 195 536 527 519
Cadmium [mg/L] 0.000005 0.000006 0.000112 0.000043 0.000034 0.000086 0.000029 0.000016 0.000017 0.000015
Cobalt [mg/L] 0.000766 0.000876 0.00189 0.00766 0.00912 0.0123 0.00473 0.00237 0.00186 0.00185
Chromium [mg/L] < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005
Copper [mg/L] 0.0015 0.0007 < 0.0005 < 0.0005 < 0.0005 < 0.0005 0.0009 0.0007 0.0006 0.0008
Iron [mg/L] 2.46 6.07 7.18 6.88 5.66 7.35 23.5 1.62 0.41 0.26
Potassium [mg/L] 0.62 0.53 0.37 0.50 0.60 0.90 0.65 1.06 0.94 0.92
Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 0.002 0.002 < 0.002 < 0.002
Magnesium [mg/L] 0.675 0.734 0.670 0.801 0.980 1.78 6.05 5.49 4.43 3.52
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Analysis 18:
PW09-QC14-2

(5-7.5)

19:
PW09-QC14-2

(7.5-10)

20:
PW09-QC14-3

(0-5)

21:
PW09-QC14-3

(5-10)

22:
PW09-QC14-3

(10-15)

23:
PW09-QC14-3

(15-20)

24:
PW09-QC14-4

(0-5)

25:
PW09-QC14-4

(5-10)

26:
PW09-QC14-4

(10-15)

27:
PW09-QC14-4

(15-20)

Manganese [mg/L] 0.133 0.146 0.143 0.161 0.191 0.249 1.27 0.400 0.352 0.251
Molybdenum [mg/L] 0.00107 0.00241 0.00045 0.00042 0.00155 0.00615 0.00339 0.0289 0.0291 0.0149
Sodium [mg/L] 1.79 1.51 1.30 1.20 1.36 1.63 2.05 2.00 1.94 1.80
Nickel [mg/L] 0.0012 0.0011 0.0010 0.0019 0.0020 0.0039 0.0025 0.0020 0.0018 0.0019
Phosphorus [mg/L] 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.02 < 0.01 0.02 < 0.01
Lead [mg/L] 0.00098 0.00018 0.00029 0.00023 0.00027 0.00042 0.00043 0.00047 0.00044 0.00059
Sulphur [mg/L] 3.61 4.46 1.67 2.21 5.91 69.9 155 391 387 385
Antimony [mg/L] 0.0004 0.0005 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 0.0003 0.0003 < 0.0002
Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.002 < 0.001 < 0.001 < 0.001 0.002
Silica [mg/L] 2.15 3.04 5.18 7.70 8.81 8.23 4.59 3.66 2.45 3.95
Tin [mg/L] < 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00005 0.00011 0.00004 0.00006 0.00010 0.00022
Strontium [mg/L] 0.0204 0.0211 0.0170 0.0318 0.0499 0.146 0.137 0.277 0.263 0.268
Titanium [mg/L] 0.0005 0.0002 0.0003 0.0005 0.0005 0.0005 0.0004 0.0004 0.0003 0.0003
Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Uranium [mg/L] 0.000143 0.000072 0.000744 0.000806 0.000839 0.00957 0.0421 0.275 0.242 0.233
Vanadium [mg/L] 0.00006 0.00006 0.00019 0.00012 0.00014 0.00016 0.00013 0.00022 0.00021 0.00023
Zinc [mg/L] 0.002 0.003 0.002 0.005 0.008 0.015 0.006 0.003 0.003 0.003

 
 

Groundwater samples are field filtered
Ra226 subcontracted to Becquerel Labs.

  
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde

 
 6800 Campobello Road, Mississauga
Canada, L5N 2L8
Phone: 905-794-2325, Fax:905-794-2338

 October 14, 2009
 

 Date Rec. : 01 October 2009
 LR Report : CA10066-OCT09
 Project : 09-1663
 

  
 
 CERTIFICATE  OF  ANALYSIS

 Final Report
 
  Analysis 5:

SW09-QC14-1T
6:

SW09-QC14-1B
7:

SW09-QC14-2T
8:

SW09-QC14-2B
9:

SW09-QC14-3T
10:

SW09-QC14-3B
11:

SW09-QC14-4T
12:

SW09-QC14-4B

Sample Date & Time 26-Sep-09 26-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09 27-Sep-09
Sulphate [mg/L] 55 32 72 32 54 35 57 25
Tot. Suspended Solids [mg/L] --- --- --- 43 --- --- --- 6
Dissolved Organic Carbon [mg/L] 13.3 18.5 14.4 19.4 15.1 16.0 13.4 14.2
Dissolved Inorganic Carbon [mg/L] 2.4 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0
Total Organic Carbon [mg/L] --- --- --- 5.3 --- --- --- 5.2
Acidity [mg/L as CaCO3] 31 20 56 15 29 15 31 20
Hardness [mg/L as CaCO3] 17.1 18.3 16.9 16.6 16.7 16.9 16.8 16.9
Aluminum [mg/L] < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
Arsenic [mg/L] 0.0006 0.0008 0.0006 0.0011 0.0007 0.0009 0.0006 0.0012
Barium [mg/L] 0.109 0.116 0.104 0.108 0.105 0.105 0.0989 0.109
Beryllium [mg/L] < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002 < 0.00002
Boron [mg/L] 0.0044 0.0045 0.0045 0.0056 0.0045 0.0047 0.0043 0.0053
Bismuth [mg/L] < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001
Calcium [mg/L] 5.72 6.24 5.69 5.55 5.59 5.69 5.63 5.67
Cadmium [mg/L] 0.000023 0.000029 0.000023 0.000023 0.000021 0.000035 0.000017 0.000052
Cobalt [mg/L] 0.00304 0.00143 0.00549 0.00169 0.00246 0.00165 0.00297 0.00144
Chromium [mg/L] < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005
Copper [mg/L] 0.0051 0.0045 0.0038 0.0023 0.0040 0.0034 0.0030 0.0025
Iron [mg/L] 0.02 0.36 0.04 0.01 0.02 0.07 0.02 0.01
Potassium [mg/L] 0.32 0.30 0.32 0.26 0.31 0.29 0.30 0.27
Lithium [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
Magnesium [mg/L] 0.679 0.667 0.663 0.657 0.660 0.658 0.664 0.667
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Analysis 5:
SW09-QC14-1T

6:
SW09-QC14-1B

7:
SW09-QC14-2T

8:
SW09-QC14-2B

9:
SW09-QC14-3T

10:
SW09-QC14-3B

11:
SW09-QC14-4T

12:
SW09-QC14-4B

Manganese [mg/L] 0.0328 0.0379 0.0288 0.0353 0.0292 0.0337 0.0272 0.0348
Molybdenum [mg/L] 0.00001 0.00002 < 0.00001 0.00002 < 0.00001 < 0.00001 < 0.00001 0.00003
Sodium [mg/L] 1.84 1.87 1.82 1.83 1.81 1.78 1.88 1.73
Nickel [mg/L] 0.0027 0.0025 0.0025 0.0024 0.0024 0.0024 0.0023 0.0026
Phosphorus [mg/L] 0.01 < 0.01 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
Lead [mg/L] 0.00375 0.00604 0.00717 0.00597 0.00374 0.00642 0.00386 0.00361
Sulphur [mg/L] 4.72 5.21 4.69 4.74 4.64 4.78 4.74 4.76
Antimony [mg/L] 0.0034 0.0007 0.0077 0.0007 0.0021 0.0009 0.0027 0.0005
Selenium [mg/L] < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Silica [mg/L] 0.59 0.63 0.58 0.59 0.58 0.64 0.58 0.63
Tin [mg/L] 0.00002 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001 < 0.00001
Strontium [mg/L] 0.0122 0.0125 0.0121 0.0120 0.0119 0.0122 0.0120 0.0122
Titanium [mg/L] < 0.0001 < 0.0001 0.0003 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Thallium [mg/L] < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Uranium [mg/L] 0.00107 0.000679 0.000535 0.000338 0.000489 0.000749 0.000386 0.000459
Vanadium [mg/L] 0.00004 0.00004 0.00006 0.00005 0.00005 0.00004 0.00004 0.00004
Zinc [mg/L] 0.003 0.004 0.002 0.005 0.002 0.004 0.003 0.005

 
 

Ra226 subcontracted to Becquerel Labs.
  

 
 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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Ecometrix
 Attn : Erin Clyde
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 Copy: #1
  

 
 
 
 
 CERTIFICATE  OF  ANALYSIS

 Final Report (QC Report)
 
  Analysis 28:

MDL
29:

QC - Blank
30:

QC - STD %
Recovery

31:
QC - DUP %

Recovery

Sulphate [mg/L] 0.2 < 0.2 100% 110%
Tot. Suspended Solids [mg/L] 2 < 2 96% 83%
Dissolved Organic Carbon [mg/L] 0.2 < 0.2 105% 98%
Dissolved Inorganic Carbon [mg/L] 0.2 0.7 107% 100%
Total Organic Carbon [mg/L] 0.2 < 0.2 105% 98%
Acidity [mg/L as CaCO3] 4 < 4 98% 102%
Hardness [mg/L as CaCO3] 0.5 --- --- ---
Aluminum [mg/L] 0.01 < 0.01 98% ---
Arsenic [mg/L] 0.0002 < 0.0002 106% ---
Barium [mg/L] 0.00001 < 0.00001 122% ---
Beryllium [mg/L] 0.00002 < 0.00002 104% ---
Boron [mg/L] 0.0002 < 0.0002 96% ---
Bismuth [mg/L] 0.00001 < 0.00001 109% ---
Calcium [mg/L] 0.03 < 0.03 101% ---
Cadmium [mg/L] 0.000003 0.000003 99% ---
Cobalt [mg/L] 0.000002 < 0.000002 102% ---
Chromium [mg/L] 0.0005 < 0.0005 102% ---
Copper [mg/L] 0.0005 < 0.0005 102% ---
Iron [mg/L] 0.01 < 0.01 102% ---
Potassium [mg/L] 0.01 < 0.01 98% ---
Lithium [mg/L] 0.002 < 0.002 98% ---
Magnesium [mg/L] 0.003 < 0.003 98% ---
Manganese [mg/L] 0.00001 < 0.00001 107% ---
Molybdenum [mg/L] 0.00001 < 0.00001 99% ---
Sodium [mg/L] 0.01 < 0.01 94% ---
Nickel [mg/L] 0.0001 < 0.0001 100% ---
Phosphorus [mg/L] 0.01 < 0.01 100% ---
Lead [mg/L] 0.00002 < 0.00002 106% ---
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Analysis 28:
MDL

29:
QC - Blank

30:
QC - STD %

Recovery

31:
QC - DUP %

Recovery

Sulphur [mg/L] 0.01 < 0.01 98% ---
Antimony [mg/L] 0.0002 < 0.0002 101% ---
Selenium [mg/L] 0.001 < 0.001 102% ---
Silica [mg/L] 0.01 < 0.01 104% ---
Tin [mg/L] 0.00001 < 0.00001 96% ---
Strontium [mg/L] 0.0001 < 0.0001 100% ---
Titanium [mg/L] 0.0001 < 0.0001 96% ---
Thallium [mg/L] 0.0002 < 0.0002 107% ---
Uranium [mg/L] 0.000001 0.000001 1065 ---
Vanadium [mg/L] 0.00003 < 0.00003 107% ---
Zinc [mg/L] 0.001 < 0.001 104% ---

 
 

 Ra226 subcontracted to Becquerel Labs.

   
 

 
 __________________________

 Chris Sullivan, B.Sc., C.Chem
Project Specialist 
Environmental Services, Analytical
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APPENDIX 5 

Mathematical Description of the Sediment Model 

 



Equation for the surface layer of sediment: 

( ) ( ) ( ) ( )1 1 1
1 a aws ssw w w

w w
a

f f C fk kg f C g CC
f C C C

t z z z zε ε ε

⎡ ⎤ ⎡ ⎤− − ⋅ −⋅ ⋅ ⋅∂
= − + − ⋅ − + −⎢ ⎥ ⎢ ⎥

∂ ⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦
 

Equation for the layers of sediment below the surface: 

( ) ( ) ( ) ( )1 1 1 1s s a as s ss ss

s a

f C f f C fg C k kg CC
C C

t z z z zε ε ε ε

⎡ ⎤ ⎡ ⎤− ⋅ − − ⋅ −⋅ ⋅∂
= − + − + −⎢ ⎥ ⎢ ⎥

∂ ⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦
 

The fraction of contaminant that is particulate in sediment is given by: 

; ;
1 1 1

s a

s

s a
d dd

s a
s a

s a
d d d a

s a

K KK
f f f

K K K

ρ ρρ
ε εε

ρ ρ ρ
ε ε ε

⋅ ⋅⋅
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+ ⋅ + ⋅ + ⋅
 

The fraction of contaminant that is particulate in water is given by: 

1
d w

w
d w

K S
f

K S
−

−

⋅
=
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The settling and burial rates are given by: 

;w w
s

s

g S g S
g g

ρ ρ
⋅ ⋅

= =  

The diffusion transport coefficients are given by: 

int int

;
A

a
ws ss

DD
k k

z z
= =  

where; C is the concentration in the sediment layer (mg/L); 

 Cw is the concentration in the overlying water layer (mg/L); 

 qw settling rate of particles in water column (m/s); 

 g burial rate in sediment layer (m/s); 

 kws water to sediment diffusive transport coefficient (m/s); 

 kss sediment to sediment diffusive transport coefficient (m/s); 

 f fraction of contaminant that is particulate in sediment layer ( ); 

 fw fraction of contaminant that is particulate in water layer ( ); 

 ε porosity of sediment ( ); 



 ρ dry bulk density of sediment (kg/L); 

 z thickness of sediment layer (m); 

 zint interface thickness (m); 

 Kd distribution coefficient in sediment layer (L/kg); 

 S suspended solids concentration in water (kg/L); 

 D diffusion coefficient for sediment layer (m2/s); 

Subscript ”w” denotes water and subscripts ”s” and ”a” denote upper and lower layers, 
respectively.  

 


