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Definition and Considerations
Common Approach
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CCME : “background concentration — representative
ambient level for a contaminant in soil or water.” (CCME,

2006)

Definition and Considerations

Difficult to predict due to spatial variations in
background concentrations (variation in soil parent

material, soil depth, and hydrologic regime)

——— .

Importance of assessment: Possibility of naturally
elevated concentrations (above guidelines) of some

chemicals that should not be treated as contaminated
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Background Assessment. Common Approach

Obtain “sufficient representative samples from
soils with similar characteristics to the affected
site, but which are taken from outside the area
affected by contamination”.

(ESRD, 2014)

No defined methodology from regulators in Alberta
*  Number of representative samples?
*  Outliers?

* Representative value?



yumitations of Common Approach

«  Numbers of background samples (time and

cost constraints)

«  Site conditions (up gradient locations
inaccessible, blowout site, other potential

sources in the vicinity, etc.)

«  Missing information on former activities
(unknown location of flare pit/sump,

unknown spill, unexpected landfill, etc.)

*  “Consistently variable” compounds (metals)

with no correlation to main contaminants



Advantages of the Proposed Approach

« Include un-impacted boreholes (e.g.
delineation boreholes) in background
assessment

» Back up professional judgement when
exceedances are naturally occurring

« Improve background assessment without
increasing sampling



Methodology Overview

Step 1 - Background Values for COPCs
Step 2 - Background Samples Selection
Step 3 - Background Samples Review
Step 4 - Repres_entqtive Statistic
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YBackground Values for COPCs

O Anthropogenic contaminants (e.g. BTEX, F1 PHC, hexavalent chromium)

should be below detection limit.

O For contaminants naturally occurring (e.g. F3 PHC, barium, chloride, etc.)

background values are based on their distribution in all samples.
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l Background Samples Selection

Samples with no sign of impact
are considered as representing

natural conditions.

Sign of impact:

 Anthropogenic contaminant

above detection limit

 Contaminants naturally

occurring above background

All Samples

Determine
Contaminants
Background
Concentrations

Contaminants
Background
Concentrations

YES

Y

Site impacted
samples

Anthropogenic Contaminants
above Detection Limit?

Other known
contaminants above background
concentrations?

Un-impacted Samples
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l Background Samples Review

Assessment for outliers based on metals

concentrations:

samples with [ X] > P75 + 3 x IQR where:
P75: 75t percentile
IQR: Interquartile Range (P75-P25)

Outliers further assessed against borehole logs,
location, other samples at the same location,

laboratory errors, etc.

False Outliers kept for background values.

] Un-impacted Samples
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3 Representative Statistic

Background values = 95% upper confidence limit of the 95th percentile (P95/95) :

95% chance that concentrations of 95% of the samples from background are below P95/95.

where

P95/95 =y + Z 0 = np + Z \(np(1-p))
L : mean

Z: binomial variable from standard cumulative normal table (Z = 1.65 for a
probability of 0.95053).

02: variance
n: number of samples.
p: probability of success (p=0.95)

5th Percentile

\ J
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Range of P95






k Site Presentation

Decommissioned gas plant with associated sites (well sites and airstrip)
developed in the 1960’s

Difficulty to select background locations due to:
« significant gaps in historical activities
* up-gradient locations difficult to access (mountainous environment)

Main Contaminants : chloride, barium and hydrocarbons (BTEX and F1-
F2 PHC)

Total of 1,107 soil samples (including 51 background samples from 14
background locations)

Metals concentrations “consistently variable” with sporadic guideline
exceedances (arsenic, cadmium, molybdenum, nickel and zinc)



l Metals Distribution
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(dd-mmm-yyyy) (mg/kg) (mg/kg) (mg/kg) (mgkg) (mgkg) (mgkg) (mgkg) (mg/kg) (mg/kg) (mgkg) (mgkg) (mgkg) (mgkg) (mg/kg) (mg/kg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg)
20 " 12 " 750 " 750 " 10000 " r f "oea T " 4 " e " 70 " 66 " " os0 " "2 7 r " 23 " 130 " 200
Al PHO7-01 14-Sep-2007 0.0-0.5m <1 12 ¥ 190 05 0.36 08 61 <015 " 7 ro19 9 ¥ 006 " 41 41 24 1 <03 <1 Y34 ¥ 140
Al PHO7-02 14-Sep-2007 0.0-05m <1 " 10 " 12 - " o086 " o026 " 06 " 44 <015 " 6 13 " 8 <005 " 33 " 31 24 7 1 <03 <1 - 3 " 100
Al PHO7-03 15-Sep-2007 0.0-0.5m <1 " 11 " 180 — " 06 " 020 " 06 " 52 <045 7 7 " 20 7 11 " o006 " 32 " 3 " 18 <1 <03 <1 — 7 3 7 130
Al PHO7-05 15-Sep-2007 0.0-0.4m <1 7 1 "o220 —- " o086 " o020 14 " 69 <015 " 6 " 28 " 12 " o007 " 43 " 49 " 21 " 2 <03 <1 -~ 7 3 " 170
A1-14-BHO3 14-Aug-2014 0.6-1.0m F o8 " 53 " 201 o7 <05 14 7 792 <03 " 37 " 187 " 75 <05 7 63 " 385 " 16 <05 <05 " 08 " 24 7 365 " 145
14-Aug-2014 3.0-3.75m F o7 7 1583 7 919 o7 <05 7 24 7 594 <03 " 65 " 166 7 97 <05 " 31 7 685 7 06 <05 <05 " 05 " 30 7 222 7 212
Al1-14-BH04 14-Aug-2014 02-0.5m 14 7 144 7 149 - 7 08 <05 7 36 " 206 <03 " 41 7 375 7 85 <05 7 92 7 837 7 27 7 40 7 o5 7 07 " 53 7 613 7 274
14-Aug-2014 2.25-3.0m F o6 7 48 " 111 <05 <05 " 08 " 385 <03 " 25 " 114 7 47 <05 " 41 " 196 1 <05 <05 <05 " 24 7 224 7 86
A1-14-BH05 14-Aug-2014 0.1-0.8m Fos " 91 " 134 <05 <05 " 15 7 841 <03 " 44 " 178 " 67 <05 " 40 " 414 7 14 " 15 <05 " 05 " 27 7 346 " 144
14-Aug-2014 3.0-3.6m <05 " 21 " 601 <05 <05 " 17 " 570 <03 " 15 " 76 " 27 <05 " 25 " 232 <05 " 06 <05 <05 " 48 " 135 " 89
14-Aug-2014 3.6-4.5m 17 7 10 " 629 -~ 7 06 <05 " 49 7 144 <03 " 161 " 282 " 75 <05 " 65 7 13 " 17 " 19 " o086 <05 " 39 " 329 7 374
A1-14-BH06 15-Aug-2014 15-1.7m <05 " 12 7 548 <05 <05 " 11 7 562 <03 " 20 " 70 " 24 <05 " 68 " 194 <05 <05 <05 <05 " 22 7 97 7 652
15-Aug-2014 2.8-3.0m F 19 7 205 " 124 <05 <05 " 87 " 639 <03 " 19 " 659 7 113 <05 " 126 " 122 " 24 " 112 " 09 " 10 " 144 " 118 7 573
A1-14-BH07 15-Aug-2014 15-2.0m <05 " 21 7 135 <05 <05 " 13 7 489 <03 " 26 " 75 " 27 <05 " 48 7 274 7 06 <05 <05 <05 " 25 7 140 " 95
15-Aug-2014 25-3.0m r 20 7 148 " 104 <05 <05 7 66 " 469 <03 " 37 " 530 " 102 <05 7 195 7 137 " 28 " 56 7 11 " 08 " 149 " 114 7 705
A1-14-BHO8 15-Aug-2014 0.25-0.5m <05 " 77 7 172 <05 <05 " 07 7 579 <03 " 54 " 113 7 93 <05 " 30 " 233 " 186 " 05 <05 <05 " 38 " 375 " 108
15-Aug-2014 15-2.0m F 15 7 210 " 144 <05 <05 7 83 " 614 <03 7 116 " 439 " 93 <05 7 89 7 133 " 27 " 62 " 09 " 09 " 148 7 920 7 439
15-Aug-2014 25-3.0m 22 7 327 " 104 <05 <05 7 106 " 281 <03 7 13 7 631 7 81 <05 7 94 " 174 " 27 " 43 " o7 " o7 " 78 " 781 T 631
Al1-14-BH09 15-Aug-2014 15-2.25m r o7 " 61 " 140 <05 <05 " 10 7 757 <03 " 27 " 172 " 64 <05 " 85 " 430 " 19 <05 <05 <05 " 27 7 438 " 166
15-Aug-2014 225-3.0m <05 " 30 " 379 <05 <05 " 07 7 229 <03 7 20 " 60 " 45 <05 " 14 7 160 <05 <05 <05 <05 " 12 7 115 " 62
Al-14-BH10 15-Aug-2014 1.5-2.25m <05 " 38 " 154 <05 <05 7 29 " 124 <03 " 26 " 123 " 37 <05 " 38 T 627 " 09 " 09 <05 <05 " 77 7 243 " 165
15-Aug-2014 2.25-3.0m 25 7 100 " 965 <05 <05 T 72 " 530 <03 " 15 7 618 " 111 <05 7 280 " 146 " 30 " 117 1 09 " 12 7 123 7 743
A1-14-BH13 15-Aug-2014 30-375m [ 06 " 80 " 454 <05 <05 " 10 7 694 <03 " 37 " 128 " 177 <05 " 73 " 283 " 16 " 07 <05 " 05 " 29 " 326 " 123
(Duplicate) 15-Aug-2014 3.0-3.75m - — 1990 # — - - - - - - - - - - - - — - — - - - -
15-Aug-2014 45-525m F o6 " 56 " 160 <05 <05 " 09 7 691 <03 " 40 " 139 7 58 <05 7 96 " 239 " 11 <05 <05 <05 " 58 " 382 " o7
A1-14-BH14 15-Aug-2014 6.0-6.75m <05 " 41 " 218 <05 <05 " 09 7 633 <03 " 17 7 133 " 95 <05 " 41 7 273 " 09 <05 <05 <05 " 73 7 322 " 128
15-Aug-2014 6.75-7.5m <05 " 42 7 189 <05 <05 " 10 7 655 <03 " 17 " 114 7 73 <05 " 40 " 282 " 09 <05 <05 <05 " 70 7 306 " 110
Al1-14-BH15 16-Aug-2014 0.0-1.0m <05 " 70 7 344 <05 <05 " 06 " 791 <03 " 46 " 195 " 841 <05 " 36 " 201 " 17 " 06 <05 " o7 " 22 " 272 " 83
16-Aug-2014 3.2-4.0m <05 12 7 136 -~ 7 06 <05 " 06 7 435 <03 " 87 7 141 7 528 <05 " 38 7 330 " 15 <05 <05 " 06 " 18 " 216 " 88
16-Aug-2014 5.25-6.0m F o8 " 116 " 127 09 <05 " 20 " 848 " 20 7 62 " 270 7 90 <05 7 93 " gr1 " 24 <05 <05 " 05 " 47 7 243 T o211
A1-14-BH16 16-Aug-2014 0.0-1.0m 15 7 146 " 646 " 41 7 88 " 08 <05 " 22 7 106 <03 " 86 " 309 " 129 <05 " 130 " 756 " 39 " 16 <05 " 08 " 42 " 522 7 213
16-Aug-2014 3.75-4.5m <05 7 27 7 881 <05 <05 <05 7 245 " o7 7 19 " 91 7 31 <05 7 21 7 163 T o7 <05 <05 <05 7 30 7 1208 7 51
Al-14-BH17 16-Aug-2014 5.25-6.0m <05 " 53 7 112 <05 <05 " 05 " 492 T o7 7 26 " 130 7 42 <05 5 ¥ o234 7 14 <05 <05 <05 " 31 7 187 T 71
A1-14-BH18 16-Aug-2014 15-225m [ 06 12 7 3 - 7 06 <05 " 09 7 404 <03 " 56 " 138 " 92 <05 " 66 " 401 " 38 " 08 <05 <05 " 23 7 273 7 134
16-Aug-2014 5.5-6.0m <05 " 51 " 254 <05 <05 <05 " 604 T 12 T 21 " 140 " 28 <05 " 48 " 240 " 14 <05 <05 " 06 " 42 " 194 " 82
A1-14-BH19 16-Aug-2014 15-2.25m 06 54 207 <05 <05 <05 798 0.9 28 213 36 <05 7.0 456 2.7 <05 <05 07 35 288 136
16-Aug-2014 3.75-4.5m <05 48 234 <05 <05 <05 65.9 12 12 13.0 36 <05 5.2 20.9 16 <05 <05 06 38 241 54
A1-14-BH20 16-Aug-2014 5.25-6.0m <05 35 64.0 <05 <05 <05 30.0 <03 28 1.1 35 <05 20 16.7 0.6 <05 <05 <05 3.0 152 84
16-Aug-2014 12.0-12.5m 06 88 196 0.6 <05 14 109 <03 6.5 186 9.2 <05 83 47.0 20 05 <05 06 4.2 28.7 144
A1-14-BH30 17-Aug-2014 0.0-0.75m <05 23 293 <05 <05 10 375 <03 15 24 15 <05 06 6.7 1 <05 <05 <05 17 9.4 32
17-Aug-2014 0.75-15m 0.9 147 284 14 <05 13 174 <03 10.1 275 103 <05 8.7 68.6 4.4 1.7 0.6 0.8 75 89.1 193
17-Aug-2014 2.25-30m 23 26.3 110 0.7 <05 5.9 112 <03 8.2 46.3 10.1 <05 184 128 46 6.4 0.9 0.6 53 50.6 426
17-Aug-2014 3.75-4.5m 13 337 283 1.0 <05 74 222 <03 7.0 60 10.0 <05 179 92.6 40 112 11 1.0 4.9 734 327
17-Aug-2014 5.25-6.0m 15 213 210 11 <05 18.1 451 <03 7.0 69 7.9 <05 212 170 56 3.7 12 0.8 79 87.7 562
A1-14-TPOL 12-Aug-2014 0.0-0.5m 0.9 8.3 260 0.8 <05 <05 64.6 0.8 8.3 171 76 <05 52 18.8 14 <05 <05 0.7 2.3 50.8 68
12-Aug-2014 15-1.75m 06 9.9 191 13 <05 <05 61.0 17 7.9 16.6 8.5 <05 6.6 20.0 15 <05 <05 12 4.7 53.2 60
12-Aug-201




S Background Values for Contaminants
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« Distribution of F2 PHC, barium and
chloride in all samples to determine
background concentrations

« BTEX, F1 PHC and Cr (VI) not
expected in background



k Background Samples Selection

Determine .
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All Samples Contaminants
Background
(1,107) Background .
. Concentrations
Concentrations

Anthropogenic contaminants
above detection limit?

Other known

contaminants above background
concentrations? /

YES

Site impacted RO
samples )1 Samples dpntrol Samples
rrmrpacretocati

Un-impacted Samples
(233)




l Background Values
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Units (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/Ll) (mg/lL) (mg/L) (mg/L) (uSicm)

SOIL - A1-A3-A4 # samples® 92 92 92 92 92 92 92 92 92 92 92 92 92 92 92 89 92 92 84 84

Group (mg/kg) 95th percentile upper confidence 1.15 15.32 0.55 0.82 4.76 187.75 6.42 31.86 10.34 8.89 68.81 2.65 3.89 0.72 0.86 5.37 5179  239.22 132.46 0.94

SOIL - A2-Airstrip- # samples® 93 93 93 93 93 93 93 93 93 93 93 93 93 93 93 91 93 93 83 84

Plant Site Group 95th percentile upper confidence 0.87 14.42 2.16 0.82 0.64 32.55 15.37 32.01 20.90 3.39 42.68 1.59 0.84 0.58 0.95 2.53 49.77 123.11  2044.71 4.89

SOIL - B1-B2 Group # samplest 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 25 25

(mg/kg) 95th percentile upper confidence 0.59 15.63 0.98 0.50 0.90 52.04 6.58 23.34 23.29 4.08 47.68 2.41 1.17 0.56 0.63 3.83 28.00  167.72  447.56 1.27

« Samples grouped per sites with similar geology

« Background values based on 203 samples calculated for 18 metals, sulphate
and EC

« Between 2 and 7 background values above (8 to 240%) the applicable
guidelines (CCME)

« Between 6 and 13 background values above (2 to 725%) the background
values from previous consultant (95t percentile approach)







l Site Presentation

Blowout well site in Northern Alberta
Contaminants of Concern: chloride, barium and hydrocarbons

Limited background locations:
- Radial groundwater flow from well head
- Adjacent well sites and pipelines

- Uncertainty on contamination extend (blowout and extensive
remediation with farming)

Total of 255 soil samples (one defined background location only)

Guideline exceedances for boron, molybdenum and selenium with no
clear correlation to main contaminants



YBackground Values for COPCs
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k Background Samples Selection

All Samples
(555)
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k Background Values
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(mg/kg) (mglkg) (mg/kg) (mglkg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/L) (mg/L) (uSicm)
# samplest 28 28 28 28 28 28 28 28 28 28 28 25 28 25 25 28 28 21 21 24
Maximum 17.0 13.0 1.2 7.4 36.0 14.2 37.0 15.0 13.0 39.0 3.0 2.0 06 2.0 85 61.0  190.0 5700.0  970.0 6.3
Mean 9.2 1.9 0.7 1.2 17.8 9.2 23.7 1.6 4.4 25.9 1.2 1.1 0.3 1.1 3.4 30.1 1025  1357.1 181.8 2.7
99th percentile 16.7 12.0 1.2 6.9 338 14.1 35.7 15.0 12.1 385 3.0 2.0 06 2.0 7.9 572 1792 55000  936.0 5.9
95th percentile 16.0 7.6 1.1 4.2 271.7 13.8 32.0 14.7 9.6 36.7 2.9 2.0 06 2.0 5.7 46.0  143.0  4700.0  800.0 45
95th percentile upper confidence limit (Pgsgs) 16.8 6.5 1.0 3.7 27.9 14.6 33.5 16.1 10.1 38.3 2.4 1.7 0.5 1.7 6.1 47.9 1489  3726.2 602.2 5.3

guidelines (ESRD)

Background calculated based on 28 samples for 17 metals, sulphate,
sodium and EC

Three background values above (approximately 60%) the applicable






S Conclusions

Background values for main contaminants
based on general distribution (all samples)

More accurate background assessment for
compounds with inconsistent distribution

Applicable to all parameters and all sites
with significant number of soil samples

Provide additional weight of evidence
to identify naturally occurring
compounds without increasing the
number of background samples
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