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Gamma Scan Data Electronic File Compact Disc) 
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Location ID

Gamma Exposure Rate 
(uR/hr) Measurements                                            

@ 1-meter ags
EquivalenSurface Soil 

Estimated Ra-226, pCi/g (1)

BCKA L1-1 11 0.3
BCKA L1-2 11 0.3
BCKA L1-3 11 0.3
BCKA L1-4 13 1.3
BCKA L1-5 14 1.8
BCKA L1-6 17 3.2
BCKA L2-1 13 1.3
BCKA L2-2 15 2.3
BCKA L2-3 17 3.2
BCKA L2-4 16 2.7
BCKA L2-5 18 3.7
BCKA L2-6 18 3.7
BCKA L3-1 21 5.2
BCKA L3-2 19 4.2
BCKA L3-3 19 4.2
BCKA L3-4 21 5.2
BCKA L3-5 21 5.2
BCKA L3-6 21 5.2

16 3.0
11 0.3
21 5.2

BA3 L1-1 11 0.3
BA3 L1-2 26 7.6
BA3 L1-3 26 7.6
BA3 L1-4 25 7.2
BA3 L2-1 17 3.2
BA3 L2-2 16 2.7
BA3 L2-3 16 2.7
BA3 L2-4 16 2.7
BA3 L3-1 17 3.2
BA3 L3-2 13 1.3
BA3 L3-3 13 1.3
BA3 L3-4 15 2.3
BA3 L4-1 14 1.8
BA3 L4-2 13 1.3
BA3 L4-3 14 1.8
BA3 L4-4 17 3.2
BA3 L5-1 11 0.3
BA3 L5-2 14 1.8

16 2.9
11 0.3
26 7.6

Mean
Minimum
Maximum

Mean
Minimum
Maximum

 Borrow Area South

Background and Borrow Areas
Background Reference Area

Summary of 2017 Material Characterization Gamma Radiation Survey Results
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Location ID

Gamma Exposure Rate 
(uR/hr) Measurements                                            

@ 1-meter ags
EquivalenSurface Soil 

Estimated Ra-226, pCi/g (1)

Summary of 2017 Material Characterization Gamma Radiation Survey Results

L-1 16 2.7
L-2 7 <0.2
L-3 13 1.3
L-4 15 2.3
L-5 13 1.3
L-6 12 0.8
L-7 12 0.8
L-8 10 <0.2
L-9 11 0.3
L-10 15 2.3
L-11 15 2.3
L-12 15 2.3
L-13 15 2.3
L-14 15 2.3
L-15 17 3.2
L-16 16 2.7
L-17 15 2.3
L-18 14 1.8
L-19 14 1.8
L-20 15 2.3
L-21 14 1.8

14 1.9
7 0.3
17 3.2

BA1 L1-1 9 <0.2
BA1 L1-2 11 0.3
BA1 L1-3 11 0.3
BA1 L1-4 13 1.3
BA1 L1-5 11 0.3
BA1 L2-1 10 <0.2
BA1 L2-2 9 <0.2
BA1 L2-3 11 0.3
BA1 L2-4 8 <0.2
BA1 L2-5 11 0.3
BA1 L3-1 10 <0.2
BA1 L3-2 9 <0.2
BA1 L3-3 11 0.3
BA1 L3-4 8 <0.2
BA1 L3-5 12 0.8
BA1 L4-1 11 0.3
BA1 L4-2 8 <0.2
BA1 L4-3 10 <0.2

Lobo Tract Area

Mean
Minimum
Maximum

Former Borrow Areas
Area 1
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Location ID

Gamma Exposure Rate 
(uR/hr) Measurements                                            

@ 1-meter ags
EquivalenSurface Soil 

Estimated Ra-226, pCi/g (1)

Summary of 2017 Material Characterization Gamma Radiation Survey Results

BA1 L4-4 11 0.3
BA1 L4-5 9 <0.2
BA1 L5-1 12 0.8
BA1 L5-2 9 <0.2
BA1 L5-3 9 <0.2
BA1 L5-4 10 <0.2
BA1 L5-5 11 0.3

BA2 L1-1 10 <0.2
BA2 L1-2 9 <0.2
BA2 L1-3 10 <0.2
BA2 L1-4 9 <0.2
BA2 L2-1 13 1.3
BA2 L2-2 10 <0.2
BA2 L2-3 11 0.3
BA2 L2-4 8 <0.2
BA2 L3-1 8 <0.2
BA2 L3-2 11 0.3
BA2 L3-3 9 <0.2
BA2 L4-1 10 <0.2
BA2 L4-2 9 <0.2
BA2 L4-3 10 <0.2
BA2 L5-1 9 <0.2
BA2 L5-2 9 <0.2
BA2 L5-3 9 <0.2
BA2 L5-4 10 <0.2
BA2 L6-1 11 0.3
BA2 L6-2 11 0.3
BA2 L6-3 10 <0.2
BA2 L6-4 9 <0.2
BA2 L7-1 11 0.3
BA2 L7-2 9 <0.2
BA2 L7-3 9 <0.2
BA2 L7-4 13 1.3
BA2 L8-1 9 <0.2
BA2 L8-2 8 <0.2
BA2 L8-3 9 <0.2
BA2 L9-1 9 <0.2

10 0.5
8 0.3
13 1.3

Minimum
Maximum

Mean

Area 2
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Location ID

Gamma Exposure Rate 
(uR/hr) Measurements                                            

@ 1-meter ags
EquivalenSurface Soil 

Estimated Ra-226, pCi/g (1)

Summary of 2017 Material Characterization Gamma Radiation Survey Results

S1 L1-1 14 1.8
S1 L1-2 13 1.3
S1 L1-3 16 2.7
S1 L2-1 13 1.3
S1 L2-2 14 1.8
S1 L3-1 14 1.8

14 1.8
13 1.3
16 2.7

S2 L1-1 11 0.3
S2 L1-2 12 0.8
S2 L1-3 14 1.8
S2 L2-1 14 1.8
S2 L2-2 19 4.2
S2 L3-2 12 0.8
S2 L3-3 13 1.3

14 1.6
11 0.3
19 4.2

TS-110 12 0.8
TS-111 13 1.3
TS-112 12 0.8
TS-113 15 2.3
TS-267 13 1.3
TS-268 14 1.8

13 1.4
12 0.8
15 2.3

TS L2-1 16 2.7
TS L2-2 19 4.2
TS L2-3 22 5.7
RSP TPL 18 3.7

19 4.1
19 2.7
20 5.7

Mean

Topsoil Pile South

Mean
Minimum

Shale 2

Soil Stockpiles

Mean

Shale 1

Minimum

Minimum

Maximum

Maximum

Maximum

Mean
Minimum

Top Soil Pile North

Maximum
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Location ID

Gamma Exposure Rate 
(uR/hr) Measurements                                            

@ 1-meter ags
EquivalenSurface Soil 

Estimated Ra-226, pCi/g (1)

Summary of 2017 Material Characterization Gamma Radiation Survey Results

TS OB L1-1 25 7.2
TS OB L1-2 23 6.2
TS OB L1-3 22 5.7
TS OB L1-4 20 4.7
TS OB L1-5 16 2.7
TS OB L2-1 34 11.6
TS OB L2-2 34 11.6
TS OB L2-3 30 9.6
TS OB L2-4 25 7.2

25 7.4
16 2.7
34 11.6

FL-264 51 19.9
FL-265 46 17.4
FL-266 31 10.1

P3 60 24.3
P3 NE 117 105 46.4
P3 NW 116 70 29.2
P3 SE 115 65 26.8
P3 SW 114 65 26.8
P3-278 75 31.7
P3-279 36 12.5
P3-280 46 17.4
P3-281 65 26.8
P3-282 60 24.3
P3-283 46 17.4
P3-284 62 25.3
P3-286 70 29.2
P3-287 98 42.9
P3-288 165 75.8
P3-289 125 56.2
P3-290 80 34.1
P3-291 105 46.4
P3-292 105 46.4
P3-293 135 61.1

82 35.0
36 12.5
165 75.8

Pile 3
Mine Area Non-Economic Materials Piles

Mean

Mean
Minimum
Maximum

Minimum
Maximum

FL Area

Topsoil/Overburden Pile
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Location ID

Gamma Exposure Rate 
(uR/hr) Measurements                                            

@ 1-meter ags
EquivalenSurface Soil 

Estimated Ra-226, pCi/g (1)

Summary of 2017 Material Characterization Gamma Radiation Survey Results

P4 L10-1 46 17.4
P4 L10-2 47 17.9
P4 L10-3 50 19.4
P4 L10-4 65 26.8
P4 L10-5 28 8.6
P4 L10-6 15 2.3
P4 L10-7 15 2.3
P4 L1-1 14 1.8
P4 L11-1 35 12.1
P4 L11-2 23 6.2
P4 L11-3 17 3.2
P4 L11-4 15 2.3
P4 L11-5 15 2.3
P4 L1-2 13 1.3
P4 L12-1 29 9.1
P4 L12-2 45 17.0
P4 L1-3 13 1.3
P4 L13-1 16 2.7
P4 L14-1 30 9.6
P4 L14-2 18 3.7
P4 L2-1 25 7.2
P4 L2-2 18 3.7
P4 L2-3 13 1.3
P4 L2-4 13 1.3
P4 L2-5 13 1.3
P4 L2-6 35 12.1
P4 L2-7 25 7.2
P4 L2-8 16 2.7
P4 L3-1 25 7.2
P4 L3-2 14 1.8
P4 L3-3 13 1.3
P4 L3-4 14 1.8
P4 L3-5 35 12.1
P4 L3-6 30 9.6
P4 L3-7 40 14.5
P4 L3-8 43 16.0
P4 L4-1 28 8.6
P4 L4-10 15 2.3
P4 L4-2 24 6.7
P4 L4-3 19 4.2
P4 L4-4 14 1.8
P4 L4-5 13 1.3
P4 L4-6 15 2.3
P4 L4-7 30 9.6

Pile 4
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Location ID

Gamma Exposure Rate 
(uR/hr) Measurements                                            

@ 1-meter ags
EquivalenSurface Soil 

Estimated Ra-226, pCi/g (1)

Summary of 2017 Material Characterization Gamma Radiation Survey Results

P4 L4-8 24 6.7
P4 L4-9 21 5.2
P4 L5-1 36 12.5
P4 L5-10 27 8.1
P4 L5-11 25 7.2
P4 L5-2 27 8.1
P4 L5-3 30 9.6
P4 L5-4 31 10.1
P4 L5-5 17 3.2
P4 L5-6 14 1.8
P4 L5-7 18 3.7
P4 L5-8 55 21.9
P4 L5-9 17 3.2
P4 L6-1 60 24.3
P4 L6-2 26 7.6
P4 L6-4 22 5.7
P4 L6-5 18 3.7
P4 L6-6 34 11.6
P4 L6-7 40 14.5
P4 L7-1 55 21.9
P4 L7-2 38 13.5
P4 L7-3 24 6.7
P4 L7-4 42 15.5
P4 L7-4 55 21.9
P4 L7-5 58 23.3
P4 L7-6 60 24.3
P4 L7-7 41 15.0
P4 L7-8 26 7.6
P4 L8-1 65 26.8
P4 L8-10 32 10.6
P4 L8-11 16 2.7
P4 L8-2 45 17.0
P4 L8-3 30 9.6
P4 L8-4 21 5.2
P4 L8-5 19 4.2
P4 L8-6 19 4.2
P4 L8-7 18 3.7
P4 L8-8 20 4.7
P4 L8-9 55 21.9
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Location ID

Gamma Exposure Rate 
(uR/hr) Measurements                                            

@ 1-meter ags
EquivalenSurface Soil 

Estimated Ra-226, pCi/g (1)

Summary of 2017 Material Characterization Gamma Radiation Survey Results

P4 L9-1 34 11.6
P4 L9-2 32 10.6
P4 L9-3 17 3.2
P4 L9-4 16 2.7
P4 L9-5 17 3.2
P4 L9-6 17 3.2
P4 L9-7 16 2.7
P4 L9-8 13 1.3
SW P-4 50 19.4

28 8.6
13 1.3
65 26.8

P5 L1-1 180 83.1
P5 L1-2 105 46.4
P5 L2-1 180 83.1
P5 L2-2 170 78.2
P5 L2-3 125 56.2
P5 L3-1 125 56.2

148 67.2
105 46.4
180 83.1

P6-234 80 34.1
P6-235 85 36.6
P6-236 100 43.9
P6-237 95 41.5
P6-238 95 41.5
P6-239 70 29.2
P6-240 115 51.3
P6-241 70 29.2

89 38.4
70 29.2
115 51.3

P7-229 135 61.1
P7-230 230 107.6
P7-231 130 58.6
P7-232 245 115.0
P7-233 600 288.9

268 126.2
130 58.6
600 288.9

Pile 5

Pile 6

Maximum

Mean

Mean
Minimum
Maximum

Pile 7

Mean
Minimum

Minimum
Maximum

Mean
Minimum
Maximum
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Location ID

Gamma Exposure Rate 
(uR/hr) Measurements                                            

@ 1-meter ags
EquivalenSurface Soil 

Estimated Ra-226, pCi/g (1)

Summary of 2017 Material Characterization Gamma Radiation Survey Results

WDA-242 300 141.9
WDA-243 300 141.9
WDA-244 440 210.5
WDA-245 290 137.0
WDA-246 235 110.1
WDA-247 245 115.0
WDA-248 105 46.4
WDA-249 190 88.0
WDA-250 235 110.1
WDA-251 295 139.5
WDA-252 370 176.2
WDA-253 165 75.8
WDA-254 210 97.8
WDA-255 140 63.5
WDA-256 170 78.2
WDA-257 280 132.1
WDA-258 185 85.6
WDA-259 190 88.0
WDA-260 250 117.4
WDA-261 150 68.4
WDA-262 170 78.2

234 109.6
105 46.4
440 210.5

CSA L1-1 75 31.7
CSA L1-2 65 26.8
CSA L1-3 79 33.6
CSA L1-4 75 31.7
CSA L1-5 85 36.6
CSA L1-6 105 46.4
CSA L2-1 190 88.0
CSA L2-2 105 46.4
CSA L2-3 175 80.7
CSA L2-4 195 90.5
CSA L2-5 195 90.5
CSA L2-6 205 95.4
CSA L2-7 140 63.5
CSA L3-1 135 61.1
CSA L3-2 120 53.7
CSA L3-3 220 102.7
CSA L3-4 320 151.7
CSA L3-5 220 102.7
CSA L3-6 240 112.5

Crusher/Stockpile Area

West Disturbance Area

Mean
Minimum
Maximum
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Location ID

Gamma Exposure Rate 
(uR/hr) Measurements                                            

@ 1-meter ags
EquivalenSurface Soil 

Estimated Ra-226, pCi/g (1)

Summary of 2017 Material Characterization Gamma Radiation Survey Results

CSA L3-7 265 124.8
CSA L4-1 280 132.1
CSA L4-2 490 235.0
CSA L4-3 175 80.7
CSA L4-4 215 100.3
CSA L4-5 800 386.9
CSA L4-6 350 166.4
CSA L4-7 330 156.6
CSA L5-1 250 117.4
CSA L5-2 330 156.6
CSA L5-3 200 92.9
CSA L5-4 175 80.7
CSA L5-5 410 195.8
CSA L5-6 210 97.8
CSA L5-7 220 102.7
CSA L6-1 95 41.5
CSA L6-2 240 112.5
CSA L6-3 240 112.5
CSA L6-4 160 73.3
CSA L6-5 125 56.2
CSA L6-6 215 100.3
CSA L6-7 245 115.0
CSA L7-1 155 70.9
CSA L7-2 450 215.4
CSA L7-3 155 70.9
CSA L7-4 180 83.1
CSA L7-5 235 110.1
CSA L8-1 80 34.1
CSA L8-2 180 83.1
CSA L8-3 100 43.9

214 99.9
65 26.8
800 386.9

Mean
Minimum
Maximum
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Location ID

Gamma Exposure Rate 
(uR/hr) Measurements                                            

@ 1-meter ags
EquivalenSurface Soil 

Estimated Ra-226, pCi/g (1)

Summary of 2017 Material Characterization Gamma Radiation Survey Results

Pit1-165 95 41.5
Pit1-166 85 36.6
Pit1-167 70 29.2
Pit1-168 70 29.2
Pit1-169 62 25.3
Pit1-170 80 34.1
Pit1-171 70 29.2
Pit1-172 60 24.3
Pit1-173 80 34.1
Pit1-174 79 33.6
Pit1-175 138 62.5

81 34.5
60 24.3
138 62.5

MD-1 140 63.5
MD-2 225 105.2
MD-3 230 107.6
MD-4 215 100.3
MD-6 140 63.5

190 88.0
140 63.5
230 107.6

SP-1 70 29.2
SP-2 70 29.2
SP-3 50 19.4

63 25.9
50 19.4
70 29.2

SA-1 15 2.3
SA-2 15 2.3

15 2.3

Western Shaft Area

Minimum

Mine Dump

Maximum

Minimum
Maximum

Mean

Mean

Storage Area

Shaft Pad

Minimum
Maximum

Mean

Mean

Open Pit 1
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Location ID

Gamma Exposure Rate 
(uR/hr) Measurements                                            

@ 1-meter ags
EquivalenSurface Soil 

Estimated Ra-226, pCi/g (1)

Summary of 2017 Material Characterization Gamma Radiation Survey Results

SP1-1 (Pond 1) 300 141.9
SP2-2 (Pond 2) 260 122.3
SPM-6 (between Ponds 2 & 3) 22 5.7
SP3-3 (Pond 3) 95 41.5
SP4-4 (Pond 4) 390 186.0
P5-1 (Pond 5) 9 <0.2
P5-2 (Pond 5) 24 6.7

157 84.0
9 5.7

390 186.0

OS1-1 225 105.2
OS1-2 180 83.1
OS1-3 255 119.9
OS1-4 215 100.3
OS1-5 240 112.5
OS1-6 380 181.1
OS2-1 60 24.3
OS2-2 70 29.2
OS2-3 70 29.2
OS2-4 125 56.2
OS2-5 500 239.9
OS2-6 50 19.4

198 91.7
50 19.4
500 239.9

Ore Storage Areas

Mean
Minimum

Minimum
Maximum

Maximum

Mean

Shaft Area Ponds
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Location ID

Gamma Exposure Rate 
(uR/hr) Measurements                                            

@ 1-meter ags
EquivalenSurface Soil 

Estimated Ra-226, pCi/g (1)

Summary of 2017 Material Characterization Gamma Radiation Survey Results

AR-01 24 6.7
AR-02 23 6.2
AR-03 30 9.6
AR-04 18 3.7
AR-05 17 3.2
AR-06 70 29.2
AR-07 270 127.2
AR-08 80 34.1
AR-10 49 18.9
AR-11 60 24.3
AR-12 43 16.0
AR-13 65 26.8
AR-14 75 31.7
AR-15 240 112.5
AR-16 35 12.1
AR-17 75 31.7
AR-18 135 61.1
AR-19 135 61.1
AR-20 125 56.2
AR-21 36 12.5
AR-22 140 63.5
AR-23 100 43.9
AR-24 100 43.9
AR-25 60 24.3
AR-26 30 9.6
AR-27 22 5.7
AR-28 20 4.7
AR-29 22 5.7
AR-30 33 11.1
AR-31 40 14.5
AR-32 24 6.7
AR-33 17 3.2
AR-34 75 31.7

69 28.9
17 3.2
270 127.2

Notes:

Minimum
Maximum

Mean

Shaft Area Access Road

(1)  Surface soil Ra-226 in pCi/g estimated from site-specific surface gamma exposure rate (uR/hr) 
to surface soil Ra-226 Correlation [pCi/g Ra-226 = (0.49 x uR/hr)-5.10] for Ludlum Model 19 Micro 
R Meter



AVM Environmental Services, Inc.  Supplemental Radiologic Characterization 
  UNC St. Anthony Mine Site 
 

  August 2018 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix B 
Subsurface Contamination Field Investigation Documentation 

(Ex-Situ Gamma Soil Screening Reference soil Preparation 
Field Soil Sample Gamma Radiation Screening Forms 

Test Pit Geotechnical Field Sample Data Sheet 
Ex-Situ Soil Screening Gamma Radiation Level to Ra-226 Correlation 

Test Pit Subsurface Sample Laboratory Analytical Result Reports) 
 
  



 
 
 
 

AVM Environmental Services, Inc. 
Ra-226 Reference Soil Preparation for St. Anthony Gamma Radiation Soil Screening 

 
The Ra-226 reference soil was prepared by local matrix soil from background area and 200 pCi/g 
PTW reference soil previously prepared for NECR PDS in 2013 using the Department of Energy’s 
New Brunswick Laboratory (NBL) CRM 3-B (3.90% U3O8 with Ra to U weight ratio of 3.38E-07) . The 
reference soil was prepared to calibrate the gamma radiation soil screening system for St. Anthony 
Site gamma soil screening for pit test during supplemental characterization. The gamma soil 
screening system will be utilized to determine if the subsurface soil sample is above or below the 
6.6 pCi/g screening level. The matrix blending provides additional compensation for local 
background. The 200 pCi/g reference soil was diluted and mixed with the local matrix to bring the 
reference soil concentrations to 6.6 pCi/gm of Ra-226, slightly less than 6.0 pCi/g screening level to 
be conservative in soil screening.   
 

115 grams of 200 pCi/g Reference Soil  = 23,000 pCi 
4,000 grams of Matrix Soil (@1.0 pCi/g)  =   4,000 pCi 
4,115 grams Total   = 27,000 pCi 
  
Reference Soil Ra-226 concentration = 6.6 pCi/g (April 14, 2018) 

 
 The reference and matrix soil was weighed using the Ohaus LS2000 electronic balance.  
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Field Soil Sample Gamma Radiation Screening Form 

St. Anthony Mine Site 
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Instrument Calibration Date: ~ ~! . ~ E :,S: 
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Ref Soil 

Dateffime Soil Sample ID Weight Gross Counts, Corrected CPM Comments 
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A VM Envir\ .mtal Services, Inc. 
Field Soil Sample Gamma Radiation Screening Form 

St. Anthony Mine Site 

s-tt:Z,oJ'e;&tector LI./Lf -.A" >-#2'7~£7·> 
Instrument Calibration Date: ---,~-.c.......,~-J.J-+-----

Survey Area/Unit Decsription --=--..:......:...---~.~.!::.L--~~:...._---J~~:....__L._~:....____c.~~-_.;.z..t;;-;....L...c._~ZJ.!:Lfl__ 

Sample 609 (559-669) Kev Weight 
Ref Soil 

Dateffime Soil Sample ID Weight Gross Counts, Corrected CPM 
Comparision 

Grams CP5M CP5M 
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Instrumentation : Scaler!Ratemete._--=-----------' 

A VM Envir, ~ntal Services, Inc. 
Field Soil Sample Gamma Radiation Screening Form 

St. Anthony Mine Site 

Instrument Calibration Date: rJ' r (.-1 '4-f 
Survey Area/Unit Decsription n . A .....-1 ,:.}..i .. ~ , + ...... J J I C' J j..,., ) .s c::. ~e.., • 

Sample 609 (559-669) Kev Weight 
Dateffime Soil Sample ID Weight Gross Counts, Corrected CPM Ref S~i~ Comments 

Grams CP5M CP5M Compans•on 
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A VM Envil\ total Services, Inc. 
Field Soil Sample Gamma Radiation Screening Form 

St. Anthony Mine Site 

Instrumentation: Scaler!RatemeterL::2;2;:2/ ..sfl:.2.o/O~etector L'/'!r:;;!D S/F :2,557"$ 
Instrument Calibration Date: ~ . . . ~ 

Survey Area/Unit Decsription ~ A,......,H;:- lg /t:; I !fT ~ _, Sc... r "" ....- •1 ,._, v 
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Sample 609 (559-669) Kev Weight 
Ref Soil 

Dateffime Soil Sample ID Weight Gross Counts, Corrected CPM 
Grams CP5M CP5M 
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Gamma Spectroscopy 

Case Narrative 
 

Stantec 
St. Anthony Geotechnical Investigation – 233001076  

Work Order Number:  1804523 
 
1. The following report consists of analytical results for 10 soil samples received by ALS on 

04/24/2018. 
 
2. These samples were prepared according to the current revision of SOP 739.  The samples were 

sealed in steel cans on 05/02/2018 and stored for at least 21 days to allow 222Rn to approach 
secular equilibrium with its parent, 226Ra.  The degree of ingrowth achieved prior to analysis on 
05/23/2018 is at least 97.8%.  Conservatively assuming a radon emanation efficiency of 
approximately 50%, the effective radon progeny ingrowth for these samples would be greater 
than 98.9%.  

 
3. The samples were analyzed for the presence of gamma emitting radionuclides according to the 

current revision of SOP 713.  The analyses were completed on 05/23/2018. 
 
4. The results for these samples are reported on a “Dry Weight” basis in units of pCi/gram. 
 
5. ALS has observed a reproducible low bias in 226Ra results (about -30% for the geometry in 

question) when using a mixed gamma source for the calibration of HPGe detectors for solid 
samples.  This bias is eliminated by calibration using a NIST traceable 226Ra source in the same 
geometry and configuration as the samples.  

 
6. The library used for calibration and analysis employs multiple peaks for the 226Ra progeny, 214Pb 

(352 and 295 keV) and 214Bi (609 and 1120 keV).  Using these peaks avoids the use of the 
problematic 226Ra photopeak at 186 keV, which suffers from poorly resolvable interference from 
235U at the same energy.  Final activity results for 226Ra are calculated, using the uncertainty-
weighted mean of the activities for the four photopeaks, by the Seeker gamma spectroscopy 
software assuming secular equilibrium. 
 

7. The requested detection was not met for samples 1804523-1, -2, -5, -6, -9, and -10. The reported 
activity exceeds the achieved MDC. Results are submitted without further qualification. The 
results are flagged with an “M3” qualifier on the final reports. 
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8. No further problems were encountered with either the client samples or the associated quality 
control samples.  All remaining quality control criteria were met. 

 
 
The data contained in the following report have been reviewed and approved by the personnel listed 
below.  In addition, ALS certifies that the analyses reported herein are true, complete and correct 
within the limits of the methods employed. 
 
 
______________________________    __5/24/18___ 
Pik Yee Yuen       Date 
Radiochemistry Primary Data Reviewer   

 
 

______________________________    ____________ 
Radiochemistry Final Data Reviewer    Date 
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OrderNum: 1804523
Client Name: Stantec

Client Project Name: St. Anthony Geotechnical Investigation
Client Project Number: 233001076

Client PO Number: 233001076

Lab Sample 
Number

Client Sample 
Number

Matrix Date 
Collected

Time 
Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS -- Fort Collins

1804523-1SB-TP19-01 SOIL 18-Apr-18 16:05
1804523-2SB-TP19-201 SOIL 18-Apr-18 16:05
1804523-3SB-TP19-02 SOIL 18-Apr-18 16:10
1804523-4SB-TP10-01 SOIL 18-Apr-18 8:48
1804523-5SB-TP10-201 SOIL 18-Apr-18 8:48
1804523-6SB-TP10-02 SOIL 18-Apr-18 9:00
1804523-7SB-TP15-01 SOIL 18-Apr-18 10:36
1804523-8SB-TP15-02 SOIL 18-Apr-18 10:40
1804523-9SB-TP13-05 SOIL 18-Apr-18 10:11
1804523-10SB-TP13-06 SOIL 18-Apr-18 10:22

Page 1 of 1 Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

ALS -- Fort Collins
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Gamma Spectroscopy Results

PAI 713 Rev 14Method Blank Results

Prep SOP: PAI 739 Rev 12
RA226.LIB

Final Aliquot: 215 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804523

Lab ID: GS180502-1MB

Date Analyzed: 23-May-18

Date Collected: 29-Apr-18

Sample Matrix: SOIL

Date Prepared: 29-Apr-18

Prep Batch: GS180502-1

Run ID: GS180502-1A
QCBatchID: GS180502-1-1 Result Units: pCi/g

File Name: 180611d09

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

PAI 713 Rev 14

CASNO Requested
 MDC

ALS -- Fort Collins

DL

Ra-22613982-63-3 U0.420 +/- 0.23 0.5 NA

Data Package ID: GSS1804523-1

Page 1 of 1Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - Requested MDC not met.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

B - Analyte concentration greater than MDC.

BDL - Below Detection Limit

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14

Laboratory Control Sample(s)

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 215 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804523

Lab ID: GS180502-1LCS

Date Analyzed: 23-May-18

Date Collected: 29-Apr-18

Sample Matrix: SOIL

Date Prepared: 29-Apr-18

Prep Batch: GS180502-1

Run ID: GS180502-1A
QCBatchID: GS180502-1-1 Result Units: pCi/g

File Name: 180626d10

ALS -- Fort Collins

Target 
Nuclide

Lab 
Qualifier

Spike Added Contro
l LimitsResults +/- s TPU2

MDC % RecCASNO

Ra-226 462 54 2 P,M3468.3 98.6 85 - 115+/-13982-63-3

Data Package ID: GSS1804523-1

Page 1 of 1Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable ConcentrationLT - Result is less than Requested MDC, greater than sample specific MDC.

U   - Result is less than the sample specific MDC or less than the associated TP
U.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits. TI - Nuclide identification is tentative. 

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. M - The requested MDC was not met.
M3 - The requested MDC was not met, but thereported
         activity is greater than the reported MDC.

ALS -- Fort Collins
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Gamma Spectroscopy Results
PAI 713 Rev 14

Duplicate Sample Results (DER)

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 198 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804523

Field ID: SB-TP15-01

Lab ID: 1804523-7DUP

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-1

Run ID: GS180502-1A
QCBatchID: GS180502-1-1

Result Units: pCi/g
File Name: 180624d08

Prep Basis: Dry Weight
Moisture(%): NA

ALS -- Fort Collins

Analyte DER 
Lim

CASNO          Sample                   Duplicate          
Result +/- s TPU2 Result +/- s TPU2MDC Flags FlagsMDC

DER

Ra-226 0.351 2.1313982-63-3 1.17 +/- 0.271.04 +/- 0.24 0.36 0.38

Data Package ID: GSS1804523-1

Page 1 of 1Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Comments:

Duplicate Qualifiers/Flags: Abbreviations:

TPU - Total Propagated Uncertainty

DER - Duplicate Error Ratio

TI - Nuclide identification is tentative. 

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. 

BDL - Below Detection Limit

NR - Not Reported

M - Requested MDC not met.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS, Matrix Spike Recovery within control limits.

N - Matrix Spike Recovery outside control limits

U - Result is less than the sample specific MDC.

Y2 - Chemical Yield outside default limits.

LT - Result is less than Request MDC, greater than sample specific MDC

Y1 - Chemical Yield is in control at 100-110%.  Quantitative yield is assumed.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

W - DER is greater than Warning Limit of 1.42

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

D - DER is greater than Control Limit of  2.13
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 225 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804523

Field ID: SB-TP19-01

Lab ID: 1804523-1

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-1

Run ID: GS180502-1A
QCBatchID: GS180502-1-1

Result Units: pCi/g
File Name: 180915d03

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.929.0 +/- 3.613982-63-3 0.5 NA

Data Package ID: GSS1804523-1

Page 1 of 10Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 228 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804523

Field ID: SB-TP19-201

Lab ID: 1804523-2

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-1

Run ID: GS180502-1A
QCBatchID: GS180502-1-1

Result Units: pCi/g
File Name: 180710d07

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.726.8 +/- 3.313982-63-3 0.5 NA

Data Package ID: GSS1804523-1

Page 2 of 10Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 224 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804523

Field ID: SB-TP19-02

Lab ID: 1804523-3

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-1

Run ID: GS180502-1A
QCBatchID: GS180502-1-1

Result Units: pCi/g
File Name: 180610d09

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.420.90 +/- 0.2413982-63-3 0.5 NA

Data Package ID: GSS1804523-1

Page 3 of 10Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 213 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804523

Field ID: SB-TP10-01

Lab ID: 1804523-4

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-1

Run ID: GS180502-1A
QCBatchID: GS180502-1-1

Result Units: pCi/g
File Name: 180625d10

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.515.1 +/- 1.813982-63-3 0.5 NA

Data Package ID: GSS1804523-1

Page 4 of 10Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 214 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804523

Field ID: SB-TP10-201

Lab ID: 1804523-5

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-1

Run ID: GS180502-1A
QCBatchID: GS180502-1-1

Result Units: pCi/g
File Name: 180722d01

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.68.1 +/- 1.113982-63-3 0.5 NA

Data Package ID: GSS1804523-1

Page 5 of 10Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 215 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804523

Field ID: SB-TP10-02

Lab ID: 1804523-6

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-1

Run ID: GS180502-1A
QCBatchID: GS180502-1-1

Result Units: pCi/g
File Name: 180704d02

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.585.03 +/- 0.7013982-63-3 0.5 NA

Data Package ID: GSS1804523-1

Page 6 of 10Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 196 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804523

Field ID: SB-TP15-01

Lab ID: 1804523-7

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-1

Run ID: GS180502-1A
QCBatchID: GS180502-1-1

Result Units: pCi/g
File Name: 180567d05

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.361.04 +/- 0.2413982-63-3 0.5 NA

Data Package ID: GSS1804523-1

Page 7 of 10Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14

Sample Duplicate Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 198 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804523

Field ID: SB-TP15-01

Lab ID: 1804523-7DUP

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-1

Run ID: GS180502-1A
QCBatchID: GS180502-1-1

Result Units: pCi/g
File Name: 180624d08

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO Requested
 MDC

ALS -- Fort Collins

DL

Ra-22613982-63-3 0.381.17 +/- 0.27 0.5 NA

Data Package ID: GSS1804523-1

Page 1 of 1Thursday, May 24, 2018
Date Printed:

LIMS Version:  6.862

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

U   - Result is less than the sample specific MDC or less than the associated TPU. SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. 

Y1 - Chemical Yield is in control at 100-110%.  Quantitative yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported activity is greater than the reported MDC.

BDL - Below Detection Limit

W - DER is greater than Warning Limit of 1.42

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level

D - DER is greater than Control Limit of  2.13
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 205 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804523

Field ID: SB-TP15-02

Lab ID: 1804523-8

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-1

Run ID: GS180502-1A
QCBatchID: GS180502-1-1

Result Units: pCi/g
File Name: 181120d04

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.450.76 +/- 0.2513982-63-3 0.5 NA

Data Package ID: GSS1804523-1

Page 8 of 10Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 185 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804523

Field ID: SB-TP13-05

Lab ID: 1804523-9

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-1

Run ID: GS180502-1A
QCBatchID: GS180502-1-1

Result Units: pCi/g
File Name: 180916d03

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.812.6 +/- 1.613982-63-3 0.5 NA

Data Package ID: GSS1804523-1

Page 9 of 10Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 184 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804523

Field ID: SB-TP13-06

Lab ID: 1804523-10

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-1

Run ID: GS180502-1A
QCBatchID: GS180502-1-1

Result Units: pCi/g
File Name: 180711d07

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.586.93 +/- 0.9513982-63-3 0.5 NA

Data Package ID: GSS1804523-1

Page 10 of 10Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy 

Case Narrative 
 

Stantec 
St. Anthony Geotechnical Investigation – 233001076  

Work Order Number:  1804521 
 
1. The following report consists of analytical results for 11 soil samples received by ALS on 

04/24/2018. 
 
2. These samples were prepared according to the current revision of SOP 739.  The samples were 

sealed in steel cans on 05/02/2018 and stored for at least 21 days to allow 222Rn to approach 
secular equilibrium with its parent, 226Ra.  The degree of ingrowth achieved prior to analysis on 
05/23/2018 is at least 97.8%.  Conservatively assuming a radon emanation efficiency of 
approximately 50%, the effective radon progeny ingrowth for these samples would be greater 
than 98.9%.  

 
3. The samples were analyzed for the presence of gamma emitting radionuclides according to the 

current revision of SOP 713.  The analyses were completed on 05/23/2018. 
 
4. The results for these samples are reported on a “Dry Weight” basis in units of pCi/gram. 
 
5. ALS has observed a reproducible low bias in 226Ra results (about -30% for the geometry in 

question) when using a mixed gamma source for the calibration of HPGe detectors for solid 
samples.  This bias is eliminated by calibration using a NIST traceable 226Ra source in the same 
geometry and configuration as the samples.  

 
6. The library used for calibration and analysis employs multiple peaks for the 226Ra progeny, 214Pb 

(352 and 295 keV) and 214Bi (609 and 1120 keV).  Using these peaks avoids the use of the 
problematic 226Ra photopeak at 186 keV, which suffers from poorly resolvable interference from 
235U at the same energy.  Final activity results for 226Ra are calculated, using the uncertainty-
weighted mean of the activities for the four photopeaks, by the Seeker gamma spectroscopy 
software assuming secular equilibrium. 
 

7. The requested detection was not met for samples 1804521-1, -1DUP, -2, -8, and -10. The 
reported activity exceeds the achieved MDC. Results are submitted without further qualification. 
The results are flagged with an “M3” qualifier on the final reports. 
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8. No further problems were encountered with either the client samples or the associated quality 
control samples.  All remaining quality control criteria were met. 

 
 
The data contained in the following report have been reviewed and approved by the personnel listed 
below.  In addition, ALS certifies that the analyses reported herein are true, complete and correct 
within the limits of the methods employed. 
 
 
______________________________    __5/24/18___ 
Pik Yee Yuen       Date 
Radiochemistry Primary Data Reviewer   

 
 

______________________________    ____________ 
Radiochemistry Final Data Reviewer    Date 
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OrderNum: 1804521
Client Name: Stantec

Client Project Name: St. Anthony Geotechnical Investigation
Client Project Number: 233001076

Client PO Number: 233001076

Lab Sample 
Number

Client Sample 
Number

Matrix Date 
Collected

Time 
Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS -- Fort Collins

1804521-1SB-TP07-01 SOIL 16-Apr-18 9:27
1804521-2SB-TP07-201 SOIL 16-Apr-18 9:27
1804521-4SB-TP07-02 SOIL 16-Apr-18 9:36
1804521-5SB-TP05-05 SOIL 16-Apr-18 10:52
1804521-6SB-TP04-05 SOIL 16-Apr-18 11:30
1804521-7SB-TP04-06 SOIL 16-Apr-18 11:47
1804521-8SB-TP06-01 SOIL 16-Apr-18 12:04
1804521-9SB-TP09-02 SOIL 16-Apr-18 13:50
1804521-10SB-TP08-01 SOIL 16-Apr-18 14:30
1804521-11SB-TP08-02 SOIL 16-Apr-18 14:35
1804521-12SB-TP03-01 SOIL 16-Apr-18 16:05

Page 1 of 1 Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

ALS -- Fort Collins
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Gamma Spectroscopy Results

PAI 713 Rev 14Method Blank Results

Prep SOP: PAI 739 Rev 12
RA226.LIB

Final Aliquot: 215 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Lab ID: GS180502-3MB

Date Analyzed: 23-May-18

Date Collected: 29-Apr-18

Sample Matrix: SOIL

Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1 Result Units: pCi/g

File Name: 180566d05

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

PAI 713 Rev 14

CASNO Requested
 MDC

ALS -- Fort Collins

DL

Ra-22613982-63-3 U0.32-0.10 +/- 0.16 0.5 NA

Data Package ID: GSS1804521-1

Page 1 of 1Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - Requested MDC not met.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

B - Analyte concentration greater than MDC.

BDL - Below Detection Limit

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14

Laboratory Control Sample(s)

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 215 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Lab ID: GS180502-3LCS

Date Analyzed: 23-May-18

Date Collected: 29-Apr-18

Sample Matrix: SOIL

Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1 Result Units: pCi/g

File Name: 180623d08

ALS -- Fort Collins

Target 
Nuclide

Lab 
Qualifier

Spike Added Contro
l LimitsResults +/- s TPU2

MDC % RecCASNO

Ra-226 449 53 2 P,M3468.3 95.9 85 - 115+/-13982-63-3

Data Package ID: GSS1804521-1

Page 1 of 1Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable ConcentrationLT - Result is less than Requested MDC, greater than sample specific MDC.

U   - Result is less than the sample specific MDC or less than the associated TP
U.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits. TI - Nuclide identification is tentative. 

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. M - The requested MDC was not met.
M3 - The requested MDC was not met, but thereported
         activity is greater than the reported MDC.

ALS -- Fort Collins
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Gamma Spectroscopy Results
PAI 713 Rev 14

Duplicate Sample Results (DER)

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 239 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Field ID: SB-TP07-01

Lab ID: 1804521-1DUP

Date Analyzed: 23-May-18

Date Collected: 16-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180702d02

Prep Basis: Dry Weight
Moisture(%): NA

ALS -- Fort Collins

Analyte DER 
Lim

CASNO          Sample                   Duplicate          
Result +/- s TPU2 Result +/- s TPU2MDC Flags FlagsMDC

DER

Ra-226 0.296 2.1313982-63-3 M327.8 +/- 3.329.3 +/- 3.5 0.9 M3 0.7

Data Package ID: GSS1804521-1

Page 1 of 1Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Comments:

Duplicate Qualifiers/Flags: Abbreviations:

TPU - Total Propagated Uncertainty

DER - Duplicate Error Ratio

TI - Nuclide identification is tentative. 

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. 

BDL - Below Detection Limit

NR - Not Reported

M - Requested MDC not met.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS, Matrix Spike Recovery within control limits.

N - Matrix Spike Recovery outside control limits

U - Result is less than the sample specific MDC.

Y2 - Chemical Yield outside default limits.

LT - Result is less than Request MDC, greater than sample specific MDC

Y1 - Chemical Yield is in control at 100-110%.  Quantitative yield is assumed.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

W - DER is greater than Warning Limit of 1.42

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

D - DER is greater than Control Limit of  2.13
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 235 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Field ID: SB-TP07-01

Lab ID: 1804521-1

Date Analyzed: 23-May-18

Date Collected: 16-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180720d01

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.929.3 +/- 3.513982-63-3 0.5 NA

Data Package ID: GSS1804521-1

Page 1 of 11Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14

Sample Duplicate Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 239 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Field ID: SB-TP07-01

Lab ID: 1804521-1DUP

Date Analyzed: 23-May-18

Date Collected: 16-Apr-18

Sample Matrix: SOIL

Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180702d02

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO Requested
 MDC

ALS -- Fort Collins

DL

Ra-22613982-63-3 M30.727.8 +/- 3.3 0.5 NA

Data Package ID: GSS1804521-1

Page 1 of 1Thursday, May 24, 2018
Date Printed:

LIMS Version:  6.862

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

U   - Result is less than the sample specific MDC or less than the associated TPU. SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. 

Y1 - Chemical Yield is in control at 100-110%.  Quantitative yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported activity is greater than the reported MDC.

BDL - Below Detection Limit

W - DER is greater than Warning Limit of 1.42

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level

D - DER is greater than Control Limit of  2.13
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 237 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Field ID: SB-TP07-201

Lab ID: 1804521-2

Date Analyzed: 23-May-18

Date Collected: 16-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 181118d04

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M31.127.8 +/- 3.413982-63-3 0.5 NA

Data Package ID: GSS1804521-1

Page 2 of 11Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 220 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Field ID: SB-TP07-02

Lab ID: 1804521-4

Date Analyzed: 23-May-18

Date Collected: 16-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180565d05

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.310.69 +/- 0.1813982-63-3 0.5 NA

Data Package ID: GSS1804521-1

Page 3 of 11Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 220 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Field ID: SB-TP05-05

Lab ID: 1804521-5

Date Analyzed: 23-May-18

Date Collected: 16-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180622d08

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.340.65 +/- 0.1913982-63-3 0.5 NA

Data Package ID: GSS1804521-1

Page 4 of 11Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 247 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Field ID: SB-TP04-05

Lab ID: 1804521-6

Date Analyzed: 23-May-18

Date Collected: 16-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180609d09

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.444.87 +/- 0.6913982-63-3 0.5 NA

Data Package ID: GSS1804521-1

Page 5 of 11Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 218 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Field ID: SB-TP04-06

Lab ID: 1804521-7

Date Analyzed: 23-May-18

Date Collected: 16-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180624d10

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.332.79 +/- 0.3913982-63-3 0.5 NA

Data Package ID: GSS1804521-1

Page 6 of 11Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 195 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Field ID: SB-TP06-01

Lab ID: 1804521-8

Date Analyzed: 23-May-18

Date Collected: 16-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180914d03

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.674.79 +/- 0.7113982-63-3 0.5 NA

Data Package ID: GSS1804521-1

Page 7 of 11Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 206 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Field ID: SB-TP09-02

Lab ID: 1804521-9

Date Analyzed: 23-May-18

Date Collected: 16-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180709d07

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.471.54 +/- 0.3213982-63-3 0.5 NA

Data Package ID: GSS1804521-1

Page 8 of 11Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 220 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Field ID: SB-TP08-01

Lab ID: 1804521-10

Date Analyzed: 23-May-18

Date Collected: 16-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180721d01

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.715.3 +/- 1.913982-63-3 0.5 NA

Data Package ID: GSS1804521-1

Page 9 of 11Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level

20 of 22



Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 198 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Field ID: SB-TP08-02

Lab ID: 1804521-11

Date Analyzed: 23-May-18

Date Collected: 16-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180703d02

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.400.92 +/- 0.2513982-63-3 0.5 NA

Data Package ID: GSS1804521-1

Page 10 of 11Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 204 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804521

Field ID: SB-TP03-01

Lab ID: 1804521-12

Date Analyzed: 23-May-18

Date Collected: 16-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 181119d04

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.481.61 +/- 0.3513982-63-3 0.5 NA

Data Package ID: GSS1804521-1

Page 11 of 11Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy 

Case Narrative 
 

Stantec 
St. Anthony Geotechnical Investigation – 233001076  

Work Order Number:  1804517 
 
1. The following report consists of analytical results for nine soil samples received by ALS on 

04/24/2018. 
 
2. These samples were prepared according to the current revision of SOP 739.  The samples were 

sealed in steel cans on 05/02/2018 and stored for at least 21 days to allow 222Rn to approach 
secular equilibrium with its parent, 226Ra.  The degree of ingrowth achieved prior to analysis on 
05/23/2018 is at least 97.8%.  Conservatively assuming a radon emanation efficiency of 
approximately 50%, the effective radon progeny ingrowth for these samples would be greater 
than 98.9%.  

 
3. The samples were analyzed for the presence of gamma emitting radionuclides according to the 

current revision of SOP 713.  The analyses were completed on 05/23/2018. 
 
4. The results for these samples are reported on a “Dry Weight” basis in units of pCi/gram. 
 
5. ALS has observed a reproducible low bias in 226Ra results (about -30% for the geometry in 

question) when using a mixed gamma source for the calibration of HPGe detectors for solid 
samples.  This bias is eliminated by calibration using a NIST traceable 226Ra source in the same 
geometry and configuration as the samples.  

 
6. The library used for calibration and analysis employs multiple peaks for the 226Ra progeny, 214Pb 

(352 and 295 keV) and 214Bi (609 and 1120 keV).  Using these peaks avoids the use of the 
problematic 226Ra photopeak at 186 keV, which suffers from poorly resolvable interference from 
235U at the same energy.  Final activity results for 226Ra are calculated, using the uncertainty-
weighted mean of the activities for the four photopeaks, by the Seeker gamma spectroscopy 
software assuming secular equilibrium. 
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7. There are cases where the sample density is less or greater than the associated calibration 
standard density.  Cases that exceed the limit of +/- 15% of the density of the calibration standard 
are flagged with a ‘G’, denoting a significant density difference between the sample and 
calibration standard.  Consequently, the results may be biased high for the flagged results where 
the sample density is less than the calibration density, and low for results where sample density is 
greater than the calibration density.  If requested, ALS can perform a transmission spike in order 
to estimate a magnitude of this bias.  The results are reported without further qualification.  
 

8. The requested detection was not met for samples 18004517-3, -5, -6, and -8. The reported 
activity exceeds the achieved MDC. Results are submitted without further qualification. The 
results are flagged with an “M3” qualifier on the final reports. 

 
9. No further problems were encountered with either the client samples or the associated quality 

control samples.  All remaining quality control criteria were met. 
 
 
The data contained in the following report have been reviewed and approved by the personnel listed 
below.  In addition, ALS certifies that the analyses reported herein are true, complete and correct 
within the limits of the methods employed. 
 
 
______________________________    __5/24/18___ 
Pik Yee Yuen       Date 
Radiochemistry Primary Data Reviewer   

 
 

______________________________    ____________ 
Radiochemistry Final Data Reviewer    Date 
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OrderNum: 1804517
Client Name: Stantec

Client Project Name: St. Anthony Geotechnical Investigation
Client Project Number: 233001076

Client PO Number: 233001076

Lab Sample 
Number

Client Sample 
Number

Matrix Date 
Collected

Time 
Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS -- Fort Collins

1804517-1SB-TP21-01 SOIL 18-Apr-18 14:45
1804517-2SB-TP21-02 SOIL 18-Apr-18 14:50
1804517-3SB-TP11-04 SOIL 18-Apr-18 11:16
1804517-4SB-TP11-05 SOIL 18-Apr-18 11:34
1804517-5SB-TP12-03 SOIL 18-Apr-18 12:26
1804517-6SB-TP12-04 SOIL 18-Apr-18 12:35
1804517-7SB-TP14-02 SOIL 18-Apr-18 13:50
1804517-8SB-TP14-202 SOIL 18-Apr-18 13:50
1804517-10SB-TP14-03 SOIL 18-Apr-18 14:00

Page 1 of 1 Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

ALS -- Fort Collins
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Gamma Spectroscopy Results

PAI 713 Rev 14Method Blank Results

Prep SOP: PAI 739 Rev 12
RA226.LIB

Final Aliquot: 215 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804517

Lab ID: GS180502-3MB

Date Analyzed: 23-May-18

Date Collected: 29-Apr-18

Sample Matrix: SOIL

Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1 Result Units: pCi/g

File Name: 180566d05

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

PAI 713 Rev 14

CASNO Requested
 MDC

ALS -- Fort Collins

DL

Ra-22613982-63-3 U0.32-0.10 +/- 0.16 0.5 NA

Data Package ID: GSS1804517-1

Page 1 of 1Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - Requested MDC not met.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

B - Analyte concentration greater than MDC.

BDL - Below Detection Limit

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14

Laboratory Control Sample(s)

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 215 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804517

Lab ID: GS180502-3LCS

Date Analyzed: 23-May-18

Date Collected: 29-Apr-18

Sample Matrix: SOIL

Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1 Result Units: pCi/g

File Name: 180623d08

ALS -- Fort Collins

Target 
Nuclide

Lab 
Qualifier

Spike Added Contro
l LimitsResults +/- s TPU2

MDC % RecCASNO

Ra-226 449 53 2 P,M3468.3 95.9 85 - 115+/-13982-63-3

Data Package ID: GSS1804517-1

Page 1 of 1Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable ConcentrationLT - Result is less than Requested MDC, greater than sample specific MDC.

U   - Result is less than the sample specific MDC or less than the associated TP
U.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits. TI - Nuclide identification is tentative. 

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. M - The requested MDC was not met.
M3 - The requested MDC was not met, but thereported
         activity is greater than the reported MDC.

ALS -- Fort Collins
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 220 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804517

Field ID: SB-TP21-01

Lab ID: 1804517-1

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180719d01

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.431.35 +/- 0.3013982-63-3 0.5 NA

Data Package ID: GSS1804517-1

Page 1 of 9Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 212 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804517

Field ID: SB-TP21-02

Lab ID: 1804517-2

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180701d02

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.370.78 +/- 0.2213982-63-3 0.5 NA

Data Package ID: GSS1804517-1

Page 2 of 9Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 250 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804517

Field ID: SB-TP11-04

Lab ID: 1804517-3

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 181117d04

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M3,G0.921.7 +/- 2.713982-63-3 0.5 NA

Data Package ID: GSS1804517-1

Page 3 of 9Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 192 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804517

Field ID: SB-TP11-05

Lab ID: 1804517-4

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180564d05

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.444.30 +/- 0.6113982-63-3 0.5 NA

Data Package ID: GSS1804517-1

Page 4 of 9Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 180 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804517

Field ID: SB-TP12-03

Lab ID: 1804517-5

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180621d08

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M3,G0.522.25 +/- 0.4213982-63-3 0.5 NA

Data Package ID: GSS1804517-1

Page 5 of 9Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 245 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804517

Field ID: SB-TP12-04

Lab ID: 1804517-6

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180608d09

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.616.0 +/- 2.013982-63-3 0.5 NA

Data Package ID: GSS1804517-1

Page 6 of 9Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 249 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804517

Field ID: SB-TP14-02

Lab ID: 1804517-7

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180623d10

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 G0.516.4 +/- 2.013982-63-3 0.5 NA

Data Package ID: GSS1804517-1

Page 7 of 9Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 245 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804517

Field ID: SB-TP14-202

Lab ID: 1804517-8

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180913d03

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.814.4 +/- 1.813982-63-3 0.5 NA

Data Package ID: GSS1804517-1

Page 8 of 9Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 189 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804517

Field ID: SB-TP14-03

Lab ID: 1804517-10

Date Analyzed: 23-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180502-3

Run ID: GS180502-3A
QCBatchID: GS180502-3-1

Result Units: pCi/g
File Name: 180708d07

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.462.08 +/- 0.3913982-63-3 0.5 NA

Data Package ID: GSS1804517-1

Page 9 of 9Thursday, May 24, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy 

Case Narrative 
 

Stantec 
St. Anthony Geotechnical Investigation – 233001076  

Work Order Number:  1804515 
 
1. The following report consists of analytical results for 10 soil samples received by ALS on 

04/24/2018. 
 
2. These samples were prepared according to the current revision of SOP 739.  The samples were 

sealed in steel cans on 04/30/2018 and stored for at least 21 days to allow 222Rn to approach 
secular equilibrium with its parent, 226Ra.  The degree of ingrowth achieved prior to analysis on 
05/21/2018 is at least 97.8%.  Conservatively assuming a radon emanation efficiency of 
approximately 50%, the effective radon progeny ingrowth for these samples would be greater 
than 98.9%.  

 
3. The samples were analyzed for the presence of gamma emitting radionuclides according to the 

current revision of SOP 713.  The analyses were completed on 05/21/2018. 
 
4. The results for these samples are reported on a “Dry Weight” basis in units of pCi/gram. 
 
5. ALS has observed a reproducible low bias in 226Ra results (about -30% for the geometry in 

question) when using a mixed gamma source for the calibration of HPGe detectors for solid 
samples.  This bias is eliminated by calibration using a NIST traceable 226Ra source in the same 
geometry and configuration as the samples.  

 
6. The library used for calibration and analysis employs multiple peaks for the 226Ra progeny, 214Pb 

(352 and 295 keV) and 214Bi (609 and 1120 keV).  Using these peaks avoids the use of the 
problematic 226Ra photopeak at 186 keV, which suffers from poorly resolvable interference from 
235U at the same energy.  Final activity results for 226Ra are calculated, using the uncertainty-
weighted mean of the activities for the four photopeaks, by the Seeker gamma spectroscopy 
software assuming secular equilibrium. 
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7. There are cases where the sample density is greater than the associated calibration standard 
density.  Cases that exceed the limit of +/- 15% of the density of the calibration standard are 
flagged with a ‘G’, denoting a significant density difference between the sample and calibration 
standard.  Consequently, the results may be biased low for the flagged results in this work order.  
If requested, ALS can perform a transmission spike in order to estimate a magnitude of this bias.  
The results are reported without further qualification.  
 

8. The requested detection limit was not met for samples 1804515-1, -2, -3, and -6. The reported 
activity exceeds the achieved MDC. Results are submitted without further qualification. The 
results are flagged with an “M3” qualifier on the final report. 

 
9. No further problems were encountered with either the client samples or the associated quality 

control samples.  All remaining quality control criteria were met. 
 
 
The data contained in the following report have been reviewed and approved by the personnel listed 
below.  In addition, ALS certifies that the analyses reported herein are true, complete and correct 
within the limits of the methods employed. 
 
 
______________________________    __5/23/18___ 
Pik Yee Yuen       Date 
Radiochemistry Primary Data Reviewer   

 
 

______________________________    ____________ 
Radiochemistry Final Data Reviewer    Date 
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OrderNum: 1804515
Client Name: Stantec

Client Project Name: St. Anthony Geotechnical Investigation
Client Project Number: 233001076

Client PO Number: 233001076

Lab Sample 
Number

Client Sample 
Number

Matrix Date 
Collected

Time 
Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS -- Fort Collins

1804515-1SB-TP02-01 SOIL 19-Apr-18 12:35
1804515-2SB-TP02-02 SOIL 19-Apr-18 12:40
1804515-3SB-TP01-01 SOIL 19-Apr-18 13:00
1804515-4SB-TP01-02 SOIL 19-Apr-18 13:10
1804515-5SB-TP18-01 SOIL 18-Apr-18 15:50
1804515-6SB-TP18-02 SOIL 18-Apr-18 15:55
1804515-7SB-TP17-01 SOIL 18-Apr-18 15:30
1804515-8SB-TP17-02 SOIL 18-Apr-18 15:35
1804515-9SB-TP16-01 SOIL 18-Apr-18 15:10
1804515-10SB-TP16-02 SOIL 18-Apr-18 15:15

Page 1 of 1 Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

ALS -- Fort Collins

3 of 18



4 of 18



5 of 18



6 of 18



Gamma Spectroscopy Results

PAI 713 Rev 14Method Blank Results

Prep SOP: PAI 739 Rev 12
RA226.LIB

Final Aliquot: 215 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804515

Lab ID: GS180501-1MB

Date Analyzed: 21-May-18

Date Collected: 29-Apr-18

Sample Matrix: SOIL

Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1 Result Units: pCi/g

File Name: 180903d03

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

PAI 713 Rev 14

CASNO Requested
 MDC

ALS -- Fort Collins

DL

Ra-22613982-63-3 U0.330.04 +/- 0.18 0.5 NA

Data Package ID: GSS1804515-1

Page 1 of 1Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - Requested MDC not met.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

B - Analyte concentration greater than MDC.

BDL - Below Detection Limit

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14

Laboratory Control Sample(s)

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 215 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804515

Lab ID: GS180501-1LCS

Date Analyzed: 21-May-18

Date Collected: 29-Apr-18

Sample Matrix: SOIL

Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1 Result Units: pCi/g

File Name: 180700d07

ALS -- Fort Collins

Target 
Nuclide

Lab 
Qualifier

Spike Added Contro
l LimitsResults +/- s TPU2

MDC % RecCASNO

Ra-226 455 53 3 P,M3468.3 97.1 85 - 115+/-13982-63-3

Data Package ID: GSS1804515-1

Page 1 of 1Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable ConcentrationLT - Result is less than Requested MDC, greater than sample specific MDC.

U   - Result is less than the sample specific MDC or less than the associated TP
U.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits. TI - Nuclide identification is tentative. 

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. M - The requested MDC was not met.
M3 - The requested MDC was not met, but thereported
         activity is greater than the reported MDC.

ALS -- Fort Collins
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 239 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804515

Field ID: SB-TP02-01

Lab ID: 1804515-1

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180612d10

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.635.4 +/- 4.213982-63-3 0.5 NA

Data Package ID: GSS1804515-1

Page 1 of 10Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 205 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804515

Field ID: SB-TP02-02

Lab ID: 1804515-2

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180708d01

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.511.38 +/- 0.3213982-63-3 0.5 NA

Data Package ID: GSS1804515-1

Page 2 of 10Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 253 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804515

Field ID: SB-TP01-01

Lab ID: 1804515-3

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180690d02

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M3,G0.59.2 +/- 1.213982-63-3 0.5 NA

Data Package ID: GSS1804515-1

Page 3 of 10Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 206 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804515

Field ID: SB-TP01-02

Lab ID: 1804515-4

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180902d03

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.501.26 +/- 0.3013982-63-3 0.5 NA

Data Package ID: GSS1804515-1

Page 4 of 10Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 215 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804515

Field ID: SB-TP18-01

Lab ID: 1804515-5

Date Analyzed: 21-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180699d07

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.351.02 +/- 0.2413982-63-3 0.5 NA

Data Package ID: GSS1804515-1

Page 5 of 10Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 214 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804515

Field ID: SB-TP18-02

Lab ID: 1804515-6

Date Analyzed: 21-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180599d09

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.500.94 +/- 0.2713982-63-3 0.5 NA

Data Package ID: GSS1804515-1

Page 6 of 10Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 221 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804515

Field ID: SB-TP17-01

Lab ID: 1804515-7

Date Analyzed: 21-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180613d10

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.351.42 +/- 0.2413982-63-3 0.5 NA

Data Package ID: GSS1804515-1

Page 7 of 10Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level

15 of 18



Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 212 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804515

Field ID: SB-TP17-02

Lab ID: 1804515-8

Date Analyzed: 21-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 181111d04

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.410.91 +/- 0.2613982-63-3 0.5 NA

Data Package ID: GSS1804515-1

Page 8 of 10Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 211 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804515

Field ID: SB-TP16-01

Lab ID: 1804515-9

Date Analyzed: 21-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180709d01

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.410.77 +/- 0.2513982-63-3 0.5 NA

Data Package ID: GSS1804515-1

Page 9 of 10Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 213 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804515

Field ID: SB-TP16-02

Lab ID: 1804515-10

Date Analyzed: 21-May-18

Date Collected: 18-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180691d02

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.430.87 +/- 0.2413982-63-3 0.5 NA

Data Package ID: GSS1804515-1

Page 10 of 10Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy 

Case Narrative 
 

Stantec 
St. Anthony Geotechnical Investigation – 233001076  

Work Order Number:  1804514 
 
1. The following report consists of analytical results for nine soil samples received by ALS on 

04/24/2018. 
 
2. These samples were prepared according to the current revision of SOP 739.  The samples were 

sealed in steel cans on 04/30/2018 and stored for at least 21 days to allow 222Rn to approach 
secular equilibrium with its parent, 226Ra.  The degree of ingrowth achieved prior to analysis on 
05/21/2018 is at least 97.8%.  Conservatively assuming a radon emanation efficiency of 
approximately 50%, the effective radon progeny ingrowth for these samples would be greater 
than 98.9%.  

 
3. The samples were analyzed for the presence of gamma emitting radionuclides according to the 

current revision of SOP 713.  The analyses were completed on 05/21/2018. 
 
4. The results for these samples are reported on a “Dry Weight” basis in units of pCi/gram. 
 
5. ALS has observed a reproducible low bias in 226Ra results (about -30% for the geometry in 

question) when using a mixed gamma source for the calibration of HPGe detectors for solid 
samples.  This bias is eliminated by calibration using a NIST traceable 226Ra source in the same 
geometry and configuration as the samples.  

 
6. The library used for calibration and analysis employs multiple peaks for the 226Ra progeny, 214Pb 

(352 and 295 keV) and 214Bi (609 and 1120 keV).  Using these peaks avoids the use of the 
problematic 226Ra photopeak at 186 keV, which suffers from poorly resolvable interference from 
235U at the same energy.  Final activity results for 226Ra are calculated, using the uncertainty-
weighted mean of the activities for the four photopeaks, by the Seeker gamma spectroscopy 
software assuming secular equilibrium. 
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7. There are cases where the sample density is less than the associated calibration standard 
density.  Cases that exceed the limit of +/- 15% of the density of the calibration standard are 
flagged with a ‘G’, denoting a significant density difference between the sample and calibration 
standard.  Consequently, the results may be biased high for the flagged results in this work order.  
If requested, ALS can perform a transmission spike in order to estimate a magnitude of this bias.  
The results are reported without further qualification.  
 

8. The requested detection limit was not met for samples 1804514-1, -2, -2DUP, -4, -7, -8, and -9. 
The reported activity exceeds the achieved MDC. Results are submitted without further 
qualification. The results are flagged with an “M3” qualifier on the final report. 

 
9. No further problems were encountered with either the client samples or the associated quality 

control samples.  All remaining quality control criteria were met. 
 
 
The data contained in the following report have been reviewed and approved by the personnel listed 
below.  In addition, ALS certifies that the analyses reported herein are true, complete and correct 
within the limits of the methods employed. 
 
 
______________________________    __5/23/18___ 
Pik Yee Yuen       Date 
Radiochemistry Primary Data Reviewer   

 
 

______________________________    ____________ 
Radiochemistry Final Data Reviewer    Date 
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OrderNum: 1804514
Client Name: Stantec

Client Project Name: St. Anthony Geotechnical Investigation
Client Project Number: 233001076

Client PO Number: 233001076

Lab Sample 
Number

Client Sample 
Number

Matrix Date 
Collected

Time 
Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS -- Fort Collins

1804514-1SB-TP20-01 SOIL 19-Apr-18 11:33
1804514-2SB-TP20-02 SOIL 19-Apr-18 11:40
1804514-4SB-TP20-202 SOIL 19-Apr-18 11:40
1804514-5SB-TP22-03 SOIL 19-Apr-18 9:00
1804514-6SB-TP22-07 SOIL 19-Apr-18 9:25
1804514-7SB-TP24-06 SOIL 19-Apr-18 11:17
1804514-8SB-TP24-05 SOIL 19-Apr-18 11:06
1804514-9SB-TP23-04 SOIL 19-Apr-18 10:10
1804514-10SB-TP23-06 SOIL 19-Apr-18 10:20

Page 1 of 1 Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

ALS -- Fort Collins
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Gamma Spectroscopy Results

PAI 713 Rev 14Method Blank Results

Prep SOP: PAI 739 Rev 12
RA226.LIB

Final Aliquot: 215 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804514

Lab ID: GS180501-1MB

Date Analyzed: 21-May-18

Date Collected: 29-Apr-18

Sample Matrix: SOIL

Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1 Result Units: pCi/g

File Name: 180903d03

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

PAI 713 Rev 14

CASNO Requested
 MDC

ALS -- Fort Collins

DL

Ra-22613982-63-3 U0.330.04 +/- 0.18 0.5 NA

Data Package ID: GSS1804514-1

Page 1 of 1Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - Requested MDC not met.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

B - Analyte concentration greater than MDC.

BDL - Below Detection Limit

ALS -- Fort Collins

DL - Decision Level

7 of 19



Gamma Spectroscopy Results
PAI 713 Rev 14

Laboratory Control Sample(s)

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 215 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804514

Lab ID: GS180501-1LCS

Date Analyzed: 21-May-18

Date Collected: 29-Apr-18

Sample Matrix: SOIL

Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1 Result Units: pCi/g

File Name: 180700d07

ALS -- Fort Collins

Target 
Nuclide

Lab 
Qualifier

Spike Added Contro
l LimitsResults +/- s TPU2

MDC % RecCASNO

Ra-226 455 53 3 P,M3468.3 97.1 85 - 115+/-13982-63-3

Data Package ID: GSS1804514-1

Page 1 of 1Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable ConcentrationLT - Result is less than Requested MDC, greater than sample specific MDC.

U   - Result is less than the sample specific MDC or less than the associated TP
U.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits. TI - Nuclide identification is tentative. 

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. M - The requested MDC was not met.
M3 - The requested MDC was not met, but thereported
         activity is greater than the reported MDC.

ALS -- Fort Collins

8 of 19



Gamma Spectroscopy Results
PAI 713 Rev 14

Duplicate Sample Results (DER)

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 190 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804514

Field ID: SB-TP20-02

Lab ID: 1804514-2DUP

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180900d03

Prep Basis: Dry Weight
Moisture(%): NA

ALS -- Fort Collins

Analyte DER 
Lim

CASNO          Sample                   Duplicate          
Result +/- s TPU2 Result +/- s TPU2MDC Flags FlagsMDC

DER

Ra-226 0.504 2.1313982-63-3 M31.09 +/- 0.311.32 +/- 0.32 0.54 M3,G 0.52

Data Package ID: GSS1804514-1

Page 1 of 1Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Comments:

Duplicate Qualifiers/Flags: Abbreviations:

TPU - Total Propagated Uncertainty

DER - Duplicate Error Ratio

TI - Nuclide identification is tentative. 

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. 

BDL - Below Detection Limit

NR - Not Reported

M - Requested MDC not met.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS, Matrix Spike Recovery within control limits.

N - Matrix Spike Recovery outside control limits

U - Result is less than the sample specific MDC.

Y2 - Chemical Yield outside default limits.

LT - Result is less than Request MDC, greater than sample specific MDC

Y1 - Chemical Yield is in control at 100-110%.  Quantitative yield is assumed.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

W - DER is greater than Warning Limit of 1.42

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

D - DER is greater than Control Limit of  2.13
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 167 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804514

Field ID: SB-TP20-01

Lab ID: 1804514-1

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180706d01

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M3,G0.581.60 +/- 0.3813982-63-3 0.5 NA

Data Package ID: GSS1804514-1

Page 1 of 9Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 183 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804514

Field ID: SB-TP20-02

Lab ID: 1804514-2

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180688d02

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M3,G0.541.32 +/- 0.3213982-63-3 0.5 NA

Data Package ID: GSS1804514-1

Page 2 of 9Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14

Sample Duplicate Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 190 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804514

Field ID: SB-TP20-02

Lab ID: 1804514-2DUP

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180900d03

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO Requested
 MDC

ALS -- Fort Collins

DL

Ra-22613982-63-3 M30.521.09 +/- 0.31 0.5 NA

Data Package ID: GSS1804514-1

Page 1 of 1Tuesday, May 22, 2018
Date Printed:

LIMS Version:  6.862

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

U   - Result is less than the sample specific MDC or less than the associated TPU. SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. 

Y1 - Chemical Yield is in control at 100-110%.  Quantitative yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported activity is greater than the reported MDC.

BDL - Below Detection Limit

W - DER is greater than Warning Limit of 1.42

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level

D - DER is greater than Control Limit of  2.13
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 189 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804514

Field ID: SB-TP20-202

Lab ID: 1804514-4

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180597d09

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.611.26 +/- 0.3413982-63-3 0.5 NA

Data Package ID: GSS1804514-1

Page 3 of 9Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 230 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804514

Field ID: SB-TP22-03

Lab ID: 1804514-5

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180611d10

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.386.63 +/- 0.8513982-63-3 0.5 NA

Data Package ID: GSS1804514-1

Page 4 of 9Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 223 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804514

Field ID: SB-TP22-07

Lab ID: 1804514-6

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180698d07

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.421.97 +/- 0.3513982-63-3 0.5 NA

Data Package ID: GSS1804514-1

Page 5 of 9Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 211 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804514

Field ID: SB-TP24-06

Lab ID: 1804514-7

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180707d01

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M31.055.5 +/- 6.613982-63-3 0.5 NA

Data Package ID: GSS1804514-1

Page 6 of 9Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 225 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804514

Field ID: SB-TP24-05

Lab ID: 1804514-8

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180689d02

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.830.0 +/- 3.613982-63-3 0.5 NA

Data Package ID: GSS1804514-1

Page 7 of 9Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 245 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804514

Field ID: SB-TP23-04

Lab ID: 1804514-9

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180901d03

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.931.2 +/- 3.813982-63-3 0.5 NA

Data Package ID: GSS1804514-1

Page 8 of 9Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 218 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1804514

Field ID: SB-TP23-06

Lab ID: 1804514-10

Date Analyzed: 21-May-18

Date Collected: 19-Apr-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 29-Apr-18

Prep Batch: GS180501-1

Run ID: GS180501-1A
QCBatchID: GS180501-1-1

Result Units: pCi/g
File Name: 180598d09

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.482.26 +/- 0.4013982-63-3 0.5 NA

Data Package ID: GSS1804514-1

Page 9 of 9Tuesday, May 22, 2018Date Printed:
LIMS Version:  6.862

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Appendix C 
St. Anthony Mine Site Correlation Data 

(Gamma Radiation Level to Ra-226 Correlation Regression Analysis 
Static Gamma Radiation Survey Field Forms for Correlations 

Field Soil Sample Log Forms 
Correlation Soil Sample Laboratory Analytical Result Reports) 
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Sample ID and Time 
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A VM Environmental Services, Inc. 
Field Soil Sample Log Form 

St. Anthony Mine Site 

Sample collection 
metbod/container/oreservative Analysis 

Hand Auger/Hand Spade 
Plastic Bag Ra-226 

No Preservative 

Hand Auger/Hand Spade 
Plastic Bag Ra-226 

No Preservative 

Hand Auger/Hand Spade 
Plastic Bag Ra-226 

No Preservative 

Hand Auger/Hand Spade 
Plastic Bag Ra-226 

No Preservative 

Hand Auger/Hand Spade 
Plastic Bag Ra-226 

No Preservative 

Hand Auger/Hand Spade 
Plastic Bag Ra-226 

No Preservative 

Hand Auger/Hand Spade 
Plastic Bag Ra-226 

No Preservative 

Hand Auger/Hand Spade 
Plastic Bag Ra-226 

No Preservative 

Hand Auger/Hand Spade 
Plastic Bag Ra-226 

No Preservative 

Hand Auger/Hand Spade 
Plastic Bag Ra-226 

No Preservative 

Hand Auger/Hand Spade 
Plastic Bag Ra-226 

No Preservative 

Hand Auger/Hand Spade 
Plastic Bag Ra-226 

No Preservative 

Sample Type/Description Comments/Notes 

Correlation Surface SoiVGrab 

Correlation Surface SoiVGrab 
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p;~IJ.. GA/Gc. OCAf• 
Correlation Surface SoiVGrab $-co~-~e<o 5'-7-,g@ /I::Z..C 

Correlation Surface Soil/Grab 

Correlation Surface Soil/Grab 

Correlation Surface SoiVGrab 

Correlation Surface Soil/Grab 

Correlation Surface Soil/Grab 

Correlation Surface Soil/Grab 

Please include other applicable information, such as sampling activity/event, COC#, sampling depth, soil description, sample sub-location, etc in sample description or comments/notes 

Sample 
Tech 
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Sample Date Sample Location 
SampleiD and Time (Coordinates) 

ss--co~ -or-s 
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A VM Environmental Services, Inc. 
Field Soil Sample Log Form 

St. Anthony Mine Site 

Sample collection 
method/container/preservative Analysis 

Hand Auger/Hand Spade 
Plastic Bag Ra-226 

No Preservative 

Hand Auger/Hand Spade 
Plastic Bag Ra-226 

No Preservative 

Sample Type/Description 

Correlation Surface Soil/Grab 

Correlation Surface Soil/Grab 

Please include other applicable information, such as sampling activity/event, COC#, sampling depth, soil description, sample sub-location, etc in sample description or comments/notes 

Sample 
Comments/Notes Tech 

\f)O 

'\JP 



SA-COR-001 10009 0.85 -0.51 1.36 1.84
SA-COR-002 10424 0.83 -0.30 1.13 1.27
SA-COR-003 83615 43.90 36.30 7.60 57.80
SA-COR-004 66156 25.30 27.57 -2.27 5.14
SA-COR-005 19509 6.36 4.24 2.12 4.48
SA-COR-006 11428 0.75 0.20 0.55 0.30
SA-COR-007 14226 2.73 1.60 1.13 1.27
SA-COR-008 20214 5.17 4.60 0.57 0.33
SA-COR-009 64112 29.70 26.55 3.15 9.95
SA-COR-010 23000 6.78 5.99 0.79 0.62
SA-COR-012 25382 6.63 7.18 -0.55 0.30
SA-COR-013 21589 5.45 5.28 0.17 0.03
SA-COR-014 11962 1.25 0.47 0.78 0.61

Mean 1.27 6.46

REGRESSION SUMMARY OUTPUT

Regression Statistics
Multiple R 0.988945607
R Square 0.978013413
Adjusted R Square 0.976014633
Standard Error 2.111552191
Observations 13

ANOVA
df SS MS F Significance F

Regression 1 2181.64119 2181.64119 489.3050341 1.80856E-10
Residual 11 49.04517922 4.458652656
Total 12 2230.686369

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept -5.512824494 0.928968951 -5.934347414 9.81159E-05 -7.557471369 -3.46817762 -7.557471369 -3.46817762
X Variable 1 0.000543377 2.45647E-05 22.12024037 1.80856E-10 0.00048931 0.000597443 0.00048931 0.000597443

Gamma Radiation Level to Soil Ra-226 Concentration Correlation
St. Anthony Mine Site

Surface Soil 
Sample ID

2x2 NaI Bare 
Detector CPM Ra-226 pCi/g Predicted Ra-

226 pCi/g e^2e

2x2 NaI Bare Detector (SPA-3)

y = 0.0005x - 5.51 
R² = 0.98 
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Counts Per Minute 

Gamma Radiation Level to Surface Soil Ra-226 Correlation, Bare 2x2 NaI Detector                                                 
St. Anthony Mine Site                  



SA-COR-001 3363 0.85 -0.17 1.02 1.03
SA-COR-002 3158 0.83 -0.47 1.30 1.70
SA-COR-003 25742 43.90 33.40 10.50 110.20
SA-COR-004 22008 25.30 27.80 -2.50 6.26
SA-COR-005 7135 6.36 5.49 0.87 0.75
SA-COR-006 3234 0.75 -0.36 1.11 1.23
SA-COR-007 5109 2.73 2.45 0.28 0.08
SA-COR-008 6932 5.17 5.19 -0.02 0.00
SA-COR-009 26561 29.70 34.63 -4.93 24.32
SA-COR-010 8607 6.78 7.70 -0.92 0.85
SA-COR-012 7975 6.63 6.75 -0.12 0.01
SA-COR-013 8228 5.45 7.13 -1.68 2.83
SA-COR-014 4422 1.25 1.42 -0.17 0.03

Mean 0.36 11.48

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.966609815
R Square 0.934334535
Adjusted R Square 0.928364948
Standard Error 3.649147559
Observations 13

ANOVA
df SS MS F Significance F

Regression 1 2084.207312 2084.207312 156.5157566 7.57125E-08
Residual 11 146.479057 13.31627791
Total 12 2230.686369

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept -5.206105492 1.608752692 -3.236112995 0.007928568 -8.746946291 -1.665264693 -8.746946291 -1.665264693
X Variable 1 0.00153524 0.000122715 12.51062575 7.57125E-08 0.001265146 0.001805334 0.001265146 0.001805334

Gamma Radiation Level to Soil Ra-226 Concentration Correlation
St. Anthony Mine Site

Surface Soil 
Sample ID

2x2 NaI Bare 
Detector CPM Ra-226 pCi/g Predicted Ra-

226 pCi/g e e^2

0.5 Inch Thick Lead Collimated 2x2 NaI Detector (SPA-3)

y = 0.0015x - 5.21 
R² = 0.93 
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Counts Per Minute 

Gamma Radiation Level to Surface Soil Ra-226 Correlation, Collimated 2x2 NaI Detector                                           
St. Anthony Mine Site            



SA-COR-001 10 0.85 -0.2 1.05 1.10
SA-COR-002 11 0.83 0.3 0.54 0.29
SA-COR-003 95 43.90 41.5 2.45 6.00
SA-COR-004 70 25.30 29.2 -3.90 15.21
SA-COR-005 20 6.36 4.7 1.66 2.76
SA-COR-006 12 0.75 0.8 -0.03 0.00
SA-COR-007 15 2.73 2.3 0.48 0.23
SA-COR-008 20 5.17 4.7 0.47 0.22
SA-COR-009 70 29.70 29.2 0.50 0.25
SA-COR-010 25 6.78 7.2 -0.37 0.14
SA-COR-012 30 6.63 9.6 -2.97 8.82
SA-COR-013 25 5.45 7.2 -1.70 2.89
SA-COR-014 12 1.25 0.8 0.47 0.22

Mean -0.10 2.93

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.991471657
R Square 0.983016046
Adjusted R Square 0.981472051
Standard Error 1.855847609
Observations 13

ANOVA
df SS MS F Significance F

Regression 1 2192.800495 2192.800495 636.6701629 4.36259E-11
Residual 11 37.88587381 3.444170346
Total 12 2230.686369

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept -5.095319041 0.802456682 -6.349649965 5.4476E-05 -6.861514288 -3.329123794 -6.861514288 -3.329123794
X Variable 1 0.486600356 0.019284802 25.23232377 4.36259E-11 0.444154794 0.529045917 0.444154794 0.529045917

Gamma Exposure Rate to Soil Ra-226 Concentration Correlation
St. Anthony Mine Site

Surface Soil 
Sample ID

Exposure Rate 
Ludlum 19 Ra-226 pCi/g Predicted Ra-

226 pCi/g e e^2

Ludlum 19 Micro R meter

y = 0.49x - 5.10 
R² = 0.98 
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Exposure Rate, uR/hr 

Gamma Exposure Rate to Surface Soil Ra-226 Correlation                                                                          
St. Anthony Mine Site 



 

 

 

 
Gamma Spectroscopy 

Case Narrative 
 

Stantec Consulting Services 
St. Anthony – 233001076   
Work Order Number:  1807040 

 
1. The following report consists of analytical results for eight soil samples received by ALS on 

07/05/2018. 
 
2. These samples were prepared according to the current revision of SOP 739.  The samples were 

sealed in steel cans on 07/18/2018 and stored for at least 21 days to allow 222Rn to approach 
secular equilibrium with its parent, 226Ra.  The degree of ingrowth achieved prior to analysis on 
08/08/2018 is at least 97.8%.  Conservatively assuming a radon emanation efficiency of 
approximately 50%, the effective radon progeny ingrowth for these samples would be greater 
than 98.9%.  

 
3. The samples were analyzed for the presence of gamma emitting radionuclides according to the 

current revision of SOP 713.  The analyses were completed on 08/08/2018. 
 
4. The results for these samples are reported on a “Dry Weight” basis in units of pCi/gram.  The 

samples were not crushed or sieved before can packing. 
 
5. ALS has observed a reproducible low bias in 226Ra results (about -30% for the geometry in 

question) when using a mixed gamma source for the calibration of HPGe detectors for solid 
samples.  This bias is eliminated by calibration using a NIST traceable 226Ra source in the same 
geometry and configuration as the samples.  

 
6. The library used for calibration and analysis employs multiple peaks for the 226Ra progeny, 214Pb 

(352 and 295 keV) and 214Bi (609 and 1120 keV).  Using these peaks avoids the use of the 
problematic 226Ra photopeak at 186 keV, which suffers from poorly resolvable interference from 
235U at the same energy.  Final activity results for 226Ra are calculated, using the uncertainty-
weighted mean of the activities for the four photopeaks, by the Seeker gamma spectroscopy 
software assuming secular equilibrium. 
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7. The requested detection limit was not met for samples 1807040-1, -2, -5, -6, and -7DUP.  The 
reported activity for these samples exceeds the achieved MDC. Results are submitted without 
further qualification. The results are identified with an “M3” qualifier on the final reports. 

 
8.    No further problems were encountered with either the client samples or the associated quality 

control samples.  All remaining quality control criteria were met. 
 
 
 
The data contained in the following report have been reviewed and approved by the personnel listed 
below.  In addition, ALS certifies that the analyses reported herein are true, complete and correct 
within the limits of the methods employed. 
 
 
_______________________________   __8/9/18____    
Jean Anderson       Date 
Radiochemistry Primary Data Reviewer 
  

 
_______________________________   ____________ 
Radiochemistry Final Data Reviewer    Date 
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OrderNum: 1807040
Client Name: Stantec Consulting Services

Client Project Name: St. Anthony
Client Project Number: 233001076

Client PO Number: 233001076-ALS2

Lab Sample 
Number

Client Sample 
Number

Matrix Date 
Collected

Time 
Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS -- Fort Collins

1807040-1SS-COR-004 SOIL 07-May-18 9:55
1807040-2SS-COR-005 SOIL 07-May-18 10:35
1807040-3SS-COR-007 SOIL 07-May-18 11:55
1807040-4SS-COR-008 SOIL 07-May-18 12:05
1807040-5SS-COR-009 SOIL 07-May-18 12:25
1807040-6SS-COR-010 SOIL 07-May-18 12:35
1807040-7SS-COR-012 SOIL 07-May-18 14:10
1807040-8SS-COR-013 SOIL 07-May-18 14:20

Page 1 of 1 Thursday, August 09, 2018Date Printed:
LIMS Version:  6.870

ALS -- Fort Collins
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Gamma Spectroscopy Results

PAI 713 Rev 14Method Blank Results

Prep SOP: PAI 739 Rev 12
RA226.LIB

Final Aliquot: 215 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Stantec Consulting Services
ClientProject ID: St. Anthony 233001076

Work Order Number: 1807040

Lab ID: GS180719-1MB

Date Analyzed: 08-Aug-18

Date Collected: 18-Jul-18

Sample Matrix: SOIL

Date Prepared: 18-Jul-18

Prep Batch: GS180719-1

Run ID: GS180719-1A
QCBatchID: GS180719-1-1 Result Units: pCi/g

File Name: 181595d03

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

PAI 713 Rev 14

CASNO Requested
 MDC

ALS -- Fort Collins

DL

Ra-22613982-63-3 U0.36-0.04 +/- 0.19 0.5 NA

Data Package ID: GSS1807040-1

Page 1 of 1Thursday, August 09, 2018Date Printed:
LIMS Version:  6.870

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - Requested MDC not met.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

B - Analyte concentration greater than MDC.

BDL - Below Detection Limit

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14

Laboratory Control Sample(s)

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 215 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Stantec Consulting Services
ClientProject ID: St. Anthony 233001076

Work Order Number: 1807040

Lab ID: GS180719-1LCS

Date Analyzed: 08-Aug-18

Date Collected: 18-Jul-18

Sample Matrix: SOIL

Date Prepared: 18-Jul-18

Prep Batch: GS180719-1

Run ID: GS180719-1A
QCBatchID: GS180719-1-1 Result Units: pCi/g

File Name: 181110d05

ALS -- Fort Collins

Target 
Nuclide

Lab 
Qualifier

Spike Added Contro
l LimitsResults +/- s TPU2

MDC % RecCASNO

Ra-226 463 54 2 P,M3468.3 98.9 85 - 115+/-13982-63-3

Data Package ID: GSS1807040-1

Page 1 of 1Thursday, August 09, 2018Date Printed:
LIMS Version:  6.870

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable ConcentrationLT - Result is less than Requested MDC, greater than sample specific MDC.

U   - Result is less than the sample specific MDC or less than the associated TP
U.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits. TI - Nuclide identification is tentative. 

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. M - The requested MDC was not met.
M3 - The requested MDC was not met, but thereported
         activity is greater than the reported MDC.

ALS -- Fort Collins
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Gamma Spectroscopy Results
PAI 713 Rev 14

Duplicate Sample Results (DER)

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 228 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec Consulting Services
ClientProject ID: St. Anthony 233001076

Work Order Number: 1807040

Field ID: SS-COR-012

Lab ID: 1807040-7DUP

Date Analyzed: 08-Aug-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 18-Jul-18

Prep Batch: GS180719-1

Run ID: GS180719-1A
QCBatchID: GS180719-1-1

Result Units: pCi/g
File Name: 181310d01

Prep Basis: Dry Weight
Moisture(%): NA

ALS -- Fort Collins

Analyte DER 
Lim

CASNO          Sample                   Duplicate          
Result +/- s TPU2 Result +/- s TPU2MDC Flags FlagsMDC

DER

Ra-226 0.603 2.1313982-63-3 M35.91 +/- 0.826.63 +/- 0.87 0.47 0.51

Data Package ID: GSS1807040-1

Page 1 of 1Thursday, August 09, 2018Date Printed:
LIMS Version:  6.870

Comments:

Duplicate Qualifiers/Flags: Abbreviations:

TPU - Total Propagated Uncertainty

DER - Duplicate Error Ratio

TI - Nuclide identification is tentative. 

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. 

BDL - Below Detection Limit

NR - Not Reported

M - Requested MDC not met.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS, Matrix Spike Recovery within control limits.

N - Matrix Spike Recovery outside control limits

U - Result is less than the sample specific MDC.

Y2 - Chemical Yield outside default limits.

LT - Result is less than Request MDC, greater than sample specific MDC

Y1 - Chemical Yield is in control at 100-110%.  Quantitative yield is assumed.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

W - DER is greater than Warning Limit of 1.42

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

D - DER is greater than Control Limit of  2.13
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 210 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec Consulting Services
ClientProject ID: St. Anthony 233001076

Work Order Number: 1807040

Field ID: SS-COR-004

Lab ID: 1807040-1

Date Analyzed: 08-Aug-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 18-Jul-18

Prep Batch: GS180719-1

Run ID: GS180719-1A
QCBatchID: GS180719-1-1

Result Units: pCi/g
File Name: 181309d01

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.925.3 +/- 3.113982-63-3 0.5 NA

Data Package ID: GSS1807040-1

Page 1 of 8Thursday, August 09, 2018Date Printed:
LIMS Version:  6.870

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 200 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec Consulting Services
ClientProject ID: St. Anthony 233001076

Work Order Number: 1807040

Field ID: SS-COR-005

Lab ID: 1807040-2

Date Analyzed: 08-Aug-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 18-Jul-18

Prep Batch: GS180719-1

Run ID: GS180719-1A
QCBatchID: GS180719-1-1

Result Units: pCi/g
File Name: 181276d02

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.556.36 +/- 0.8613982-63-3 0.5 NA

Data Package ID: GSS1807040-1

Page 2 of 8Thursday, August 09, 2018Date Printed:
LIMS Version:  6.870

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 232 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec Consulting Services
ClientProject ID: St. Anthony 233001076

Work Order Number: 1807040

Field ID: SS-COR-007

Lab ID: 1807040-3

Date Analyzed: 08-Aug-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 18-Jul-18

Prep Batch: GS180719-1

Run ID: GS180719-1A
QCBatchID: GS180719-1-1

Result Units: pCi/g
File Name: 181594d03

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.482.73 +/- 0.4513982-63-3 0.5 NA

Data Package ID: GSS1807040-1

Page 3 of 8Thursday, August 09, 2018Date Printed:
LIMS Version:  6.870

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 230 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec Consulting Services
ClientProject ID: St. Anthony 233001076

Work Order Number: 1807040

Field ID: SS-COR-008

Lab ID: 1807040-4

Date Analyzed: 08-Aug-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 18-Jul-18

Prep Batch: GS180719-1

Run ID: GS180719-1A
QCBatchID: GS180719-1-1

Result Units: pCi/g
File Name: 181113d09

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.475.17 +/- 0.7313982-63-3 0.5 NA

Data Package ID: GSS1807040-1

Page 4 of 8Thursday, August 09, 2018Date Printed:
LIMS Version:  6.870

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 233 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec Consulting Services
ClientProject ID: St. Anthony 233001076

Work Order Number: 1807040

Field ID: SS-COR-009

Lab ID: 1807040-5

Date Analyzed: 08-Aug-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 18-Jul-18

Prep Batch: GS180719-1

Run ID: GS180719-1A
QCBatchID: GS180719-1-1

Result Units: pCi/g
File Name: 181178d10

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.629.7 +/- 3.513982-63-3 0.5 NA

Data Package ID: GSS1807040-1

Page 5 of 8Thursday, August 09, 2018Date Printed:
LIMS Version:  6.870

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 236 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec Consulting Services
ClientProject ID: St. Anthony 233001076

Work Order Number: 1807040

Field ID: SS-COR-010

Lab ID: 1807040-6

Date Analyzed: 08-Aug-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 18-Jul-18

Prep Batch: GS180719-1

Run ID: GS180719-1A
QCBatchID: GS180719-1-1

Result Units: pCi/g
File Name: 181806d04

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.646.78 +/- 0.9213982-63-3 0.5 NA

Data Package ID: GSS1807040-1

Page 6 of 8Thursday, August 09, 2018Date Printed:
LIMS Version:  6.870

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 224 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec Consulting Services
ClientProject ID: St. Anthony 233001076

Work Order Number: 1807040

Field ID: SS-COR-012

Lab ID: 1807040-7

Date Analyzed: 08-Aug-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 18-Jul-18

Prep Batch: GS180719-1

Run ID: GS180719-1A
QCBatchID: GS180719-1-1

Result Units: pCi/g
File Name: 181109d05

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.476.63 +/- 0.8713982-63-3 0.5 NA

Data Package ID: GSS1807040-1

Page 7 of 8Thursday, August 09, 2018Date Printed:
LIMS Version:  6.870

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14

Sample Duplicate Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 228 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec Consulting Services
ClientProject ID: St. Anthony 233001076

Work Order Number: 1807040

Field ID: SS-COR-012

Lab ID: 1807040-7DUP

Date Analyzed: 08-Aug-18

Date Collected: 07-May-18

Sample Matrix: SOIL

Report Basis: Dry Weight
Date Prepared: 18-Jul-18

Prep Batch: GS180719-1

Run ID: GS180719-1A
QCBatchID: GS180719-1-1

Result Units: pCi/g
File Name: 181310d01

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO Requested
 MDC

ALS -- Fort Collins

DL

Ra-22613982-63-3 M30.515.91 +/- 0.82 0.5 NA

Data Package ID: GSS1807040-1

Page 1 of 1Thursday, August 09, 2018
Date Printed:

LIMS Version:  6.870

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

U   - Result is less than the sample specific MDC or less than the associated TPU. SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. 

Y1 - Chemical Yield is in control at 100-110%.  Quantitative yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported activity is greater than the reported MDC.

BDL - Below Detection Limit

W - DER is greater than Warning Limit of 1.42

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level

D - DER is greater than Control Limit of  2.13
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 240 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec Consulting Services
ClientProject ID: St. Anthony 233001076

Work Order Number: 1807040

Field ID: SS-COR-013

Lab ID: 1807040-8

Date Analyzed: 08-Aug-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 18-Jul-18

Prep Batch: GS180719-1

Run ID: GS180719-1A
QCBatchID: GS180719-1-1

Result Units: pCi/g
File Name: 181277d02

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.465.45 +/- 0.7413982-63-3 0.5 NA

Data Package ID: GSS1807040-1

Page 8 of 8Thursday, August 09, 2018Date Printed:
LIMS Version:  6.870

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level

18 of 18



 

 

 

 
Gamma Spectroscopy 

Case Narrative 
 

Stantec 
St. Anthony Geotechnical Investigation – 233001076  

Work Order Number:  1805265 
 
1. The following report consists of analytical results for 16 soil samples received by ALS on 

05/11/2018. 
 
2. These samples were prepared according to the current revision of SOP 739.  The samples were 

sealed in steel cans on 05/25/2018 and stored for at least 21 days to allow 222Rn to approach 
secular equilibrium with its parent, 226Ra.  The degree of ingrowth achieved prior to analysis on 
06/15/2018 is at least 97.8%.  Conservatively assuming a radon emanation efficiency of 
approximately 50%, the effective radon progeny ingrowth for these samples would be greater 
than 98.9%.  

 
3. The samples were analyzed for the presence of gamma emitting radionuclides according to the 

current revision of SOP 713.  The analyses were completed on 06/15/2018. 
 
4. The results for these samples are reported on a “Dry Weight” basis in units of pCi/gram. 
 
5. ALS has observed a reproducible low bias in 226Ra results (about -30% for the geometry in 

question) when using a mixed gamma source for the calibration of HPGe detectors for solid 
samples.  This bias is eliminated by calibration using a NIST traceable 226Ra source in the same 
geometry and configuration as the samples.  

 
6. The library used for calibration and analysis employs multiple peaks for the 226Ra progeny, 214Pb 

(352 and 295 keV) and 214Bi (609 and 1120 keV).  Using these peaks avoids the use of the 
problematic 226Ra photopeak at 186 keV, which suffers from poorly resolvable interference from 
235U at the same energy.  Final activity results for 226Ra are calculated, using the uncertainty-
weighted mean of the activities for the four photopeaks, by the Seeker gamma spectroscopy 
software assuming secular equilibrium. 
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7. Activity concentrations above the calculated MDC are reported in some instances where 
minimum nuclide identification criteria are not met.  Such tentative identifications result when the 
software attempts to calculate net activity concentrations for analytes where either one or both of 
the following criteria are not satisfied: the ‘diagnostic’ peak for a nuclide must be identified above 
the critical level, or the minimum library peak abundance must be attained.  Nuclides not meeting 
these requirements have been flagged with a “TI” qualifier.  

 
8. There are cases where the sample density is less or greater than the associated calibration 

standard density.  Cases that exceed the limit of +/- 15% of the density of the calibration standard 
are flagged with a ‘G’, denoting a significant density difference between the sample and 
calibration standard.  Consequently, the results may be biased low for samples 1805265-3 and    
-4 and biased high for sample 1805265-6.  If requested, ALS can perform a transmission spike in 
order to estimate a magnitude of this bias.  The results are reported without further qualification. 
 

9. The requested detection limit for 226Ra was not met for samples 1805265-3, -4, -5, -5DUP, -6,       
-11, -13, and -15. The reported activity for these samples exceeds the achieved MDC. Results 
are submitted without further qualification. The results are identified with an “M3” qualifier on the 
final report. 

 
10. No further problems were encountered with either the client samples or the associated quality 

control samples.  All remaining quality control criteria were met. 
 
 
 
The data contained in the following report have been reviewed and approved by the personnel listed 
below.  In addition, ALS certifies that the analyses reported herein are true, complete and correct 
within the limits of the methods employed. 
 
 
______________________________    __6/18/18___ 
Jean Anderson       Date 
Radiochemistry Primary Data Reviewer   

 
 

______________________________    ____________ 
Radiochemistry Final Data Reviewer    Date 
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OrderNum: 1805265
Client Name: Stantec

Client Project Name: St. Anthony Geotechnical Investigation
Client Project Number: 233001076

Client PO Number: 233001076

Lab Sample 
Number

Client Sample 
Number

Matrix Date 
Collected

Time 
Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS -- Fort Collins

1805265-1SS-COR-001 SOIL 07-May-18 8:38
1805265-2SS-COR-002 SOIL 07-May-18 8:52
1805265-3SS-COR-003 SOIL 07-May-18 9:15
1805265-4SS-COR-203 SOIL 07-May-18 9:30
1805265-5SS-COR-004 SOIL 07-May-18 9:55
1805265-6SS-COR-005 SOIL 07-May-18 10:35
1805265-7SS-COR-006 SOIL 07-May-18 11:05
1805265-8SS-COR-206 SOIL 07-May-18 11:20
1805265-9SS-COR-007 SOIL 07-May-18 11:55
1805265-10SS-COR-008 SOIL 07-May-18 12:05
1805265-11SS-COR-009 SOIL 07-May-18 12:25
1805265-12SS-COR-010 SOIL 07-May-18 12:35
1805265-13SS-COR-011 SOIL 07-May-18 13:25
1805265-14SS-COR-012 SOIL 07-May-18 14:10
1805265-15SS-COR-013 SOIL 07-May-18 14:20
1805265-16SS-COR-014 SOIL 07-May-18 15:35

Page 1 of 1 Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

ALS -- Fort Collins
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Gamma Spectroscopy Results

PAI 713 Rev 14Method Blank Results

Prep SOP: PAI 739 Rev 12
RA226.LIB

Final Aliquot: 215 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Lab ID: GS180530-1MB

Date Analyzed: 15-Jun-18

Date Collected: 25-May-18

Sample Matrix: SOIL

Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1 Result Units: pCi/g

File Name: 181040d03

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

PAI 713 Rev 14

CASNO Requested
 MDC

ALS -- Fort Collins

DL

Ra-22613982-63-3 U0.35-0.01 +/- 0.18 0.5 NA

Data Package ID: GSS1805265-1

Page 1 of 1Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - Requested MDC not met.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

B - Analyte concentration greater than MDC.

BDL - Below Detection Limit

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14

Laboratory Control Sample(s)

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 215 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Lab ID: GS180530-1LCS

Date Analyzed: 15-Jun-18

Date Collected: 25-May-18

Sample Matrix: SOIL

Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1 Result Units: pCi/g

File Name: 180678d05

ALS -- Fort Collins

Target 
Nuclide

Lab 
Qualifier

Spike Added Contro
l LimitsResults +/- s TPU2

MDC % RecCASNO

Ra-226 468 55 2 P,M3468.3 100 85 - 115+/-13982-63-3

Data Package ID: GSS1805265-1

Page 1 of 1Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable ConcentrationLT - Result is less than Requested MDC, greater than sample specific MDC.

U   - Result is less than the sample specific MDC or less than the associated TP
U.

Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits. TI - Nuclide identification is tentative. 

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. M - The requested MDC was not met.
M3 - The requested MDC was not met, but thereported
         activity is greater than the reported MDC.

ALS -- Fort Collins
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Gamma Spectroscopy Results
PAI 713 Rev 14

Duplicate Sample Results (DER)

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 209 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-004

Lab ID: 1805265-5DUP

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180731d10

Prep Basis: Dry Weight
Moisture(%): NA

ALS -- Fort Collins

Analyte DER 
Lim

CASNO          Sample                   Duplicate          
Result +/- s TPU2 Result +/- s TPU2MDC Flags FlagsMDC

DER

Ra-226 0.211 2.1313982-63-3 M334.7 +/- 4.136.0 +/- 4.4 0.9 M3 0.6

Data Package ID: GSS1805265-1

Page 1 of 1Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Comments:

Duplicate Qualifiers/Flags: Abbreviations:

TPU - Total Propagated Uncertainty

DER - Duplicate Error Ratio

TI - Nuclide identification is tentative. 

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. 

BDL - Below Detection Limit

NR - Not Reported

M - Requested MDC not met.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS, Matrix Spike Recovery within control limits.

N - Matrix Spike Recovery outside control limits

U - Result is less than the sample specific MDC.

Y2 - Chemical Yield outside default limits.

LT - Result is less than Request MDC, greater than sample specific MDC

Y1 - Chemical Yield is in control at 100-110%.  Quantitative yield is assumed.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

W - DER is greater than Warning Limit of 1.42

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

D - DER is greater than Control Limit of  2.13

10 of 28



Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 224 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-001

Lab ID: 1805265-1

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 181285d04

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 TI0.450.85 +/- 0.2713982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 1 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 233 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-002

Lab ID: 1805265-2

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180676d05

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.280.83 +/- 0.2013982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 2 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 248 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-003

Lab ID: 1805265-3

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180812d07

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M3,G0.943.9 +/- 5.313982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 3 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 248 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-203

Lab ID: 1805265-4

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180726d08

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M3,G0.841.1 +/- 4.913982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 4 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 212 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-004

Lab ID: 1805265-5

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180717d09

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.936.0 +/- 4.413982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 5 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14

Sample Duplicate Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 209 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-004

Lab ID: 1805265-5DUP

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180731d10

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO Requested
 MDC

ALS -- Fort Collins

DL

Ra-22613982-63-3 M30.634.7 +/- 4.1 0.5 NA

Data Package ID: GSS1805265-1

Page 1 of 1Monday, June 18, 2018
Date Printed:

LIMS Version:  6.864

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

U   - Result is less than the sample specific MDC or less than the associated TPU. SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives. 

Y1 - Chemical Yield is in control at 100-110%.  Quantitative yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported activity is greater than the reported MDC.

BDL - Below Detection Limit

W - DER is greater than Warning Limit of 1.42

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level

D - DER is greater than Control Limit of  2.13
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 181 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-005

Lab ID: 1805265-6

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180845d01

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M3,G0.68.5 +/- 1.213982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 6 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 225 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-006

Lab ID: 1805265-7

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180812d02

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.400.75 +/- 0.2213982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 7 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 223 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-206

Lab ID: 1805265-8

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 181039d03

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 TI0.440.74 +/- 0.2713982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 8 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 227 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-007

Lab ID: 1805265-9

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 181286d04

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.463.09 +/- 0.4913982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 9 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 228 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-008

Lab ID: 1805265-10

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180677d05

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.466.76 +/- 0.8913982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 10 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 232 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-009

Lab ID: 1805265-11

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180813d07

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.837.4 +/- 4.513982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 11 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 236 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-010

Lab ID: 1805265-12

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180727d08

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.49.1 +/- 1.213982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 12 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 235 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-011

Lab ID: 1805265-13

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180718d09

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M31.069.2 +/- 8.213982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 13 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 219 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-012

Lab ID: 1805265-14

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180732d10

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.49.5 +/- 1.213982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 14 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 232 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-013

Lab ID: 1805265-15

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180846d01

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 M30.58.5 +/- 1.113982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 15 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 215 g

Library: Count Time: 30 minutes

Lab Name:

Client Name: Stantec
ClientProject ID: St. Anthony Geotechnical Investigation 233001076

Work Order Number: 1805265

Field ID: SS-COR-014

Lab ID: 1805265-16

Date Analyzed: 15-Jun-18

Date Collected: 07-May-18

Sample Matrix: SOIL

 Report Basis: Dry Weight
Date Prepared: 25-May-18

Prep Batch: GS180530-1

Run ID: GS180530-1A
QCBatchID: GS180530-1-1

Result Units: pCi/g
File Name: 180813d02

Target Nuclide Lab 
Qualifier

Result +/- s TPU2 MDC

Prep Basis: Dry Weight
Moisture(%): NA

CASNO

ALS -- Fort Collins

Requested 
MDC

DL

Ra-226 0.411.25 +/- 0.2713982-63-3 0.5 NA

Data Package ID: GSS1805265-1

Page 16 of 16Monday, June 18, 2018Date Printed:
LIMS Version:  6.864

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative. 

Comments:

U   - Result is less than the sample specific MDC or less than the associated TP
U.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification  and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%.  Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives. 

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
         activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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TECHNICAL BULLETIN ADDENDUM 
 
  

The library used for analysis defines the gamma emission(s) to be used for 
analysis of each nuclide.  If multiple gamma emissions are used for quantification, then a 
‘NET’ quantification emission (or peak) must be defined in the library.  This designation 
provides for the calculation of nuclide activity concentrations and detection limits in the 
case of non-presence of the nuclide.  When the nuclide is not present, or the software is 
unable to resolve a peak at the library defined ‘NET’ energy, the software evaluates the 
‘NET’ region of interest (‘NET’ peak energy +/- 2 keV) by performing a summation of 
the net counts above the background level.  This ‘NET’ quantification can result in net 
negative, zero, or positive activity results, and is highly dependent on the spectral 
distribution in the region of interest of the ‘NET’ peak.  In cases where only the ‘NET’ 
peak is found, and the software performs a net quantification, the nuclide result will be 
flagged with an ‘NQ’ qualifier on the final reports.  This indicates that the nuclide is not 
detected or supported at any level above the reported MDC.  Results are submitted 
without further qualification. 
 
 All nuclides specified in the library of analysis for gamma spectroscopy are 
evaluated for positive OR tentative identification on the following criteria: 

- The individual abundances for the gamma emissions specified for each 
nuclide are summed to obtain a total nuclide abundance. 

- From the total nuclide abundance, a positive identification criterion is set as 
75% of this total nuclide abundance. 

- For all nuclide peaks that are not net quantified, those peak abundances are 
summed.  The total non-net quantified peak sum is compared to the calculated 
75% abundance criterion.  If this sum is greater than the 75% criterion, the 
nuclide is considered to be positively identified at the reported concentration.  
If the sum is less than the 75% criterion, the nuclide is tentatively identified at 
the reported concentration.  These results will be flagged with a ‘TI’ qualifier 
on the final reports to indicate that the 75% abundance criterion was not met. 
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Appendix D 
Radiologic Instrument Calibration and Operational Function Check 

Documentation  
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