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INTRODUCTION  

This memorandum summarizes the results of the Supplemental Materials Characterization of mine waste at 
the St. Anthony Mine (the site). The work was conducted in accordance with the Supplemental Investigations 
Work Plan, dated February 20, 2018. The Site is located 40 miles west of Albuquerque, New Mexico, 

approximately 4.6 miles southeast of Seboyeta, New Mexico on the Cebolleta Land Grant. The mine was an 
open pit and underground shaft uranium mine that includes one sealed shaft, one surface-sealed vent shaft, 
two open pits, five inactive ponds, seven piles of non-economical mine materials (partially revegetated), three 

topsoil piles, and several small piles of non-economical mine materials. The mine permit boundary area 
covers approximately 430 acres that includes these mine features along with roads and other disturbed areas. 
A site layout map is included on Figure 1.  

A Materials Characterization was conducted in 2007 to characterize radiological contamination in surface and 

subsurface soils within the mine site features, such as the waste piles (MWH, 2007). The Mining and Minerals 
Division (MMD) noted that soils within the areas between the mine site features were not characterized and 
an outer boundary for the radiological contamination was not determined, as stated in their letter dated 

November 24, 2015. Therefore, the Supplemental Radiological Characterization was conducted to 
characterize the areas within the permit boundary that were excluded from the 2007 Materials 
Characterization and to estimate the location of the outer boundary (lateral extent) of the mine waste. The 

results of the Materials Characterization (2007 and 2018) were used to estimate the location and volume of 
mine waste at the site and will be used in the development of the Closeout Plan. 

The investigation field work was conducted by AVM Environmental Services, Inc. (AVM) with oversight from 
Stantec. AVM prepared a Supplemental Radiologic Characterization Report that is included as Attachment A 

to this memorandum. Their report describes the field investigation methods and results of the investigation, 
and includes gamma survey measurements, subsurface sampling and analytical results, a correlation 
between gamma radiation and Ra-226 concentrations, and radiologic instrument calibration and function 

check records. 

METHODS 

The field investigation included static gamma radiologic survey measurements, Global Positioning System 
(GPS) based scan surveys, ex-situ and in-situ gamma radiation soil screening, soil sampling and laboratory 
analysis. Instrumentation for direct gamma radiation level measurements included 2x2 NaI scintillation 

detectors (Eberline SPA-3 and Ludlum 44-10), paired with a Ludlum 2221 or 2241 scale/rate meter. The 
scale/rate meters were connected to a Differential Global Positioning system (DGPS) of sub-meter accuracy 
that has data logging and surveying software capabilities.  
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The site was divided into 26 zones and surveys were taken along geo-projected transects spaced 30 feet 
apart, with the detector held one foot above the ground surface. A scan rate of around three feet per second 
was used and data were collected at a one to two second interval. Transects were created within the survey 

areas. The survey data were then mapped onto a site map, using different colors delineating the gamma level 
ranges. In addition to survey areas identified in the work plan, Stantec collected gamma survey data in step-
out areas (e.g., areas outside the permit boundary) where gamma measurements exceeded the investigation 

levels (IL) for Ra-226. The IL for Ra-226 that was used for this investigation was 6.1 pCi/g (5.0 pCi/g above 
mean background level). The mean background level for Ra-226 was 1.6 pCi/g (MWH, 2007).  

Based on the results of the gamma scan, Stantec targeted areas with the highest Ra-226 levels and selected 
24 locations for subsurface sampling and analysis from test pits (Figure 3 of Attachment A). Stantec 

conducted subsurface soil sampling for on-site ex-situ gamma soil screening from April 16 to April 19, 2018. 
Subsurface samples were taken at one-foot depth intervals from the test pits, with sampling continuing until 
the gamma readings were below the IL (6.6 pCi/L).  

Field personnel conducted ex-situ gamma radiation soil screening from the test pits by measuring the 609 

KeV region gamma radiations of Bi-214, a decay product of Ra-226. This was done by using a Ludlum 2221 
paired with a Ludlum 44-20 3x3 NaI scintillation detector. As soil sample was collected and then placed in a 
heavily shielded counting chamber, around a plastic lined detector.  

A total of 57 subsurface samples were collected from test pits and 44 soil samples were sent to the laboratory 

for analysis (ALS Inc., Fort Collins CO). Field QA/QC duplicates, taken at 10 percent frequency (five 
samples), were split in the field and included in the batch sent to the laboratory.  These soil samples were 
analyzed for Ra-226 using EPA Method 901.1 modified. 

AVM developed a site-specific correlation using regression analysis for the collimated and bare 2x2 NaI 

detectors to convert the detector gamma radiation levels (in cpm) to surface soil Ra-226 concentration (in 
pCi/g). Correlation locations were determined after investigation confirmed that elevated levels of Ra-226 in 
the chosen locations were limited to the surface soil and that sources of lateral gamma radiation shine were 

minimal. Fourteen correlation samples were sent to the laboratory for Ra-226 analysis using EPA Method 
901.1 modified. Eight additional samples with some particles greater than 0.25 inches were submitted the 
laboratory for analysis that included all particle sizes to evaluate if there was a difference compared to the 

initial samples which were sieved to remove particles greater than 0.25 inches. The results of the correlation 
are included in Appendix C of Attachment A. 

RESULTS 

Gamma radiation surveys began March 19, 2018 and were completed on May 12, 2018. The gamma 
radiation measurements in counts per minute (cpm) were converted to Ra-226 concentrations (activity) in 

pCi/g using the site-specific correlation. The 2007 Materials Characterization was conducted using exposure 
rate measurements, which were also converted to Ra-226 concentrations using the site-specific correlation. 
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The results of the gamma radiation survey in cpm are shown on Figures 1 and 2 of Attachment A, and in 
equivalent Ra-226 concentrations in pCi/g on Figures 5 and 6 of Attachment A.  

The results of the 2007 Material Characterization are also shown on Figure 5 of Attachment A. The 2007 
gamma survey results showed that Waste Piles 3, 4, 6, and 7, the Crusher/Stockpile, Pit 1, and the smaller 

piles at the West Shaft and Ore Storage 1 and 2 areas all had gamma radiation levels above 10 pCi/g. Pile 4 
had some readings of 10.1 to 25.0 pCi/g; however, the majority ranged from <1.6 pCi/g to 10 pCi/g. Soils 
within the other mine features surveyed in 2017 were below the IL of 6.6 pCi/g.  

The lateral extent of surface soils with Ra-226 concentrations greater than the IL is generally within the permit 

boundary, as shown on Figure 5 of Attachment A, except for the access road and some other small areas. 
The access road extends to the north of the permit boundary and had consistently high gamma 
measurements (generally between 10.1 and 100.0 pCi/g), as shown on Figure 6 of Attachment A. Other areas 

where IL exceedances were measured slightly outside the permit boundary included the following: 

 South of Shale Pile 1 
 South of Pit 1 
 Around the West Shaft Area 

 North of Pit 1 

The highest Ra-226 concentrations within the Site were measured in the central portion of the Site adjacent to 
the west side of Pile 6, within the Crusher/Stockpile, and within Pile 7. There are numerous small waste piles 
in the area adjacent to Pile 6 where gamma radiation was measured above 100 pCi/g. The gamma radiation 

levels tended to decrease with increased distance from the piles and towards the permit boundaries. Ponds 1 
through 4 in the West Shaft Area had similarly elevated readings that were generally contained within the 
pond boundaries. Additionally, the arroyo had readings of approximately 10 to 100 pCi/g in the deepest parts 

of the channel and readings of 6.6 to 10 pCi/g on the banks and adjacent areas.  

Laboratory testing and ex-situ soil screening results are included in Appendix B of Attachment A. These 
results were generally consistent with the gamma measurements converted to Ra-226 levels. The on-site ex-
situ soil screening results, laboratory analytical results, and observations made in the test pits, were used to 

estimate the depth of IL exceedances. These depth estimates were then used to interpolate the depth of IL 
exceedances for the remainder of the site. The lateral extent and depths of IL exceedances (excavation limits) 
are shown on Figure 2 and Figure 3. Maximum depths of IL exceedances were 5.0 to greater than 6.5 feet 

bgs in the following areas: 

 6.5 feet bgs (or greater) between Pile 3 and Pit 2 at Test Pit 24 
 6 feet bgs near Borrow Area South at Test Pit 23 
 5 ft bgs west of the Crusher/Stockpile Area at Test Pits 4 and 5 

 5 to 6 feet bgs between Pit 1 and Pile 6 at Test Pits 11 and 13  

The ground surface elevations, the lateral extent (outer boundary) of Ra-226 above the IL, the depths of IL 
exceedances (including the mine features that were characterized in 2007) and the interpolated depths in 



September 4, 2018 

Roy Blickwedel 

Page 4 of 4  

Reference: Summary of Supplemental Materials Characterization, St. Anthony Mine 

  

other areas of the site, were used to estimate the volume of mine waste with Ra-226 concentrations above 
the IL (6.6 pCi/g). The volume was estimated to be 8.1 million cubic yards. 

CONCLUSION 

The overall goal to characterize the materials between site features and estimate the lateral and vertical 
extent of mine waste with Ra-226 greater than the IL of 6.1 pCi/g was completed. The IL exceedances are 

generally contained within the permit boundary, except for the access road and small areas south of Shale 
Pile 1, south of Pit 1, around the West Shaft Area, and north of Pit 1. The depth of impacts throughout the site 
was characterized from 24 test pits and was measured from 0.5 feet to approximately 6.5 feet bgs. This 

information along with the results of the 2007 Materials Characterization were used to estimate the volume of 
mine waste at 8.1 million cubic yards.  

ATTACHMENTS 

Figure 1 – Site Layout 

Figure 2 – Excavation Limits 
Figure 3 – Excavation Limits (no contours) 
Attachment A – Supplemental Radiologic Characterization, St. Anthony Mine Site  

REFERENCES 

MWH, 2007. Materials Characterization Report: Saint Anthony Mine Site.  MWH. October 26.  

Stantec, 2018. St. Anthony Supplemental Investigations Work Plan. Stantec. February 23.  

Stantec Consulting Services Inc. 

 

Toby Leeson, PG 
Principal Hydrogeologist 
 
Phone: (970) 871-4361 
Toby.leeson@stantec.com 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

ATTACHMENTS 
 

  



 

 

 

 

 

 

 

 

 

 

 

 

FIGURES 

  



1
1
N

 
4
W

1
1
N

 
5
W

11N 5W

1
1
N

 
4
W

1
1
N

 
4
W

1
1
N

 
5
W

 00

24 19

19 20

30 29

24 19

25 30

00

19 20

PIT 1

PIT 1

PIT 1

PIT 1

PIT 1

PIT 1

PIT 1PIT 1PIT 1PIT 1PIT 1PIT 1

PIT 1PIT 1

PIT 1PIT 1
PIT 1

PILE 7

PILE 7

PILE 7

PILE 7

PILE 7

PILE 7

PILE 7PILE 7PILE 7PILE 7PILE 7PILE 7

PILE 7PILE 7

PILE 7PILE 7
PILE 7

PILE 6

PILE 6

PILE 6

PILE 6

PILE 6

PILE 6

PILE 6PILE 6PILE 6PILE 6PILE 6PILE 6

PILE 6PILE 6

PILE 6PILE 6
PILE 6

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

PILE 3

PILE 3

PILE 3

PILE 3

PILE 3

PILE 3

PILE 3PILE 3PILE 3PILE 3PILE 3PILE 3

PILE 3PILE 3

PILE 3PILE 3
PILE 3

PIT 2

PIT 2

PIT 2

PIT 2

PIT 2

PIT 2

PIT 2PIT 2PIT 2PIT 2PIT 2PIT 2

PIT 2PIT 2

PIT 2PIT 2
PIT 2

SHALE PILE 2

SHALE PILE 2

SHALE PILE 2

SHALE PILE 2

SHALE PILE 2

SHALE PILE 2

SHALE PILE 2SHALE PILE 2SHALE PILE 2SHALE PILE 2SHALE PILE 2SHALE PILE 2

SHALE PILE 2SHALE PILE 2

SHALE PILE 2SHALE PILE 2
SHALE PILE 2

SHALE PILE 1

SHALE PILE 1

SHALE PILE 1

SHALE PILE 1

SHALE PILE 1

SHALE PILE 1

SHALE PILE 1SHALE PILE 1SHALE PILE 1SHALE PILE 1SHALE PILE 1SHALE PILE 1

SHALE PILE 1SHALE PILE 1

SHALE PILE 1SHALE PILE 1
SHALE PILE 1

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

PILE 4

PILE 4

PILE 4

PILE 4

PILE 4

PILE 4

PILE 4PILE 4PILE 4PILE 4PILE 4PILE 4

PILE 4PILE 4

PILE 4PILE 4
PILE 4

PILE 5

PILE 5

PILE 5

PILE 5

PILE 5

PILE 5

PILE 5PILE 5PILE 5PILE 5PILE 5PILE 5

PILE 5PILE 5

PILE 5PILE 5
PILE 5

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

TOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDENTOPSOIL / OVERBURDENTOPSOIL / OVERBURDENTOPSOIL / OVERBURDENTOPSOIL / OVERBURDENTOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDENTOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDENTOPSOIL / OVERBURDEN
TOPSOIL / OVERBURDEN

POND 5

POND 5

POND 5

POND 5

POND 5

POND 5

POND 5POND 5POND 5POND 5POND 5POND 5

POND 5POND 5

POND 5POND 5
POND 5

POND 4

POND 4

POND 4

POND 4

POND 4

POND 4

POND 4POND 4POND 4POND 4POND 4POND 4

POND 4POND 4

POND 4POND 4
POND 4

POND 3

POND 3

POND 3

POND 3

POND 3

POND 3

POND 3POND 3POND 3POND 3POND 3POND 3

POND 3POND 3

POND 3POND 3
POND 3

POND 2

POND 2

POND 2

POND 2

POND 2

POND 2

POND 2POND 2POND 2POND 2POND 2POND 2

POND 2POND 2

POND 2POND 2
POND 2

POND 1

POND 1

POND 1

POND 1

POND 1

POND 1

POND 1POND 1POND 1POND 1POND 1POND 1

POND 1POND 1

POND 1POND 1
POND 1

MINE DUMP

MINE DUMP

MINE DUMP

MINE DUMP

MINE DUMP

MINE DUMP

MINE DUMPMINE DUMPMINE DUMPMINE DUMPMINE DUMPMINE DUMP

MINE DUMPMINE DUMP

MINE DUMPMINE DUMP
MINE DUMP

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

SHAFT PAD

SHAFT PAD

SHAFT PAD

SHAFT PAD

SHAFT PAD

SHAFT PAD

SHAFT PADSHAFT PADSHAFT PADSHAFT PADSHAFT PADSHAFT PAD

SHAFT PADSHAFT PAD

SHAFT PADSHAFT PAD
SHAFT PAD

ORE STORAGE 1

ORE STORAGE 1

ORE STORAGE 1

ORE STORAGE 1

ORE STORAGE 1

ORE STORAGE 1

ORE STORAGE 1ORE STORAGE 1ORE STORAGE 1ORE STORAGE 1ORE STORAGE 1ORE STORAGE 1

ORE STORAGE 1ORE STORAGE 1

ORE STORAGE 1ORE STORAGE 1
ORE STORAGE 1

ORE STORAGE 2

ORE STORAGE 2

ORE STORAGE 2

ORE STORAGE 2

ORE STORAGE 2

ORE STORAGE 2

ORE STORAGE 2ORE STORAGE 2ORE STORAGE 2ORE STORAGE 2ORE STORAGE 2ORE STORAGE 2

ORE STORAGE 2ORE STORAGE 2

ORE STORAGE 2ORE STORAGE 2
ORE STORAGE 2

SHAFT ACCESS ROAD

SHAFT ACCESS ROAD

SHAFT ACCESS ROAD

SHAFT ACCESS ROAD

SHAFT ACCESS ROAD

SHAFT ACCESS ROAD

SHAFT ACCESS ROADSHAFT ACCESS ROADSHAFT ACCESS ROADSHAFT ACCESS ROADSHAFT ACCESS ROADSHAFT ACCESS ROAD

SHAFT ACCESS ROADSHAFT ACCESS ROAD

SHAFT ACCESS ROADSHAFT ACCESS ROAD
SHAFT ACCESS ROAD

6

3

0

0

5

9

0

0

5

9

0

0

6
0
0
0

6
0
0
0

6

1

0

0

6

1

0

0

6

2

0

0

6

2

0

0

6
2
0
0

6

2

0

0

6

3

0

0

6

3

0

0

6

3

0

0

6

4

0

0

6

1

0

0

6

1

0

0

6
1
0
0

6

1

0

0

6
2
0
0

6
2
0
0

6

2

0

0

6

3

0

0

6

3

0

0

6

0

0

0

6

0

0

0

6

0

0

0

6

1

0

0

6

1

0

0

6
1
0
0

6
2
0
0

6

2

0

0

6

1

0

0

6

4

0

0

6
0
0
0

6
0
0
0

6

0

0

0

6

0

0

0

6

1

0

0

6

2

0

0

6

3

0

0

6

4

0

0

ARROYO

ARROYO

ARROYO

ARROYO

ARROYO

ARROYO

ARROYO

ARROYO

ARROYO

ARROYO

ARROYO

ARROYO

ARROYO

ARROYO

ARROYO

ARROYO

ARROYO
D

EL
D

EL
D

EL
D

EL
D

EL
D

EL
D

EL
D

EL
D

EL
D

EL
D

EL
D

EL
D

EL
D

EL
D

EL
D

EL
D

EL
VALLE
VALLE
VALLE
VALLE
VALLE
VALLE
VALLE
VALLE
VALLE
VALLE
VALLE
VALLE
VALLE
VALLE
VALLE
VALLE
VALLE

MEYER
MEYER
MEYER
MEYER
MEYER
MEYER
MEYER
MEYER
MEYER
MEYER
MEYER
MEYER
MEYER
MEYER
MEYER
MEYER
MEYER

DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW
DRAW

M
EYER

M
EYER

M
EYER

M
EYER

M
EYER

M
EYER

M
EYER

M
EYER

M
EYER

M
EYER

M
EYER

M
EYER

M
EYER

M
EYER

M
EYER

M
EYER

M
EYER

D
RAW

D
RAW

D
RAW

D
RAW

D
RAW

D
RAW

D
RAW

D
RAW

D
RAW

D
RAW

D
RAW

D
RAW

D
RAW

D
RAW

D
RAW

D
RAW

D
RAW

T
u
e
s
d
a
y
,
 
S

e
p
t
e
m

b
e
r
 
0
4
,
 
2
0
1
8
 
1
0
:
4
8
:
0
1
 
A

M
 
 
 
K

W
R

E
E

D
 
 
 
C

:
\
P

W
W

O
R

K
D

I
R

\
D

0
4
9
2
6
5
6
\
S

T
A

_
S

I
T

E
 
L
A

Y
O

U
T

.
D

W
G

 
 
 
L
a
y
o
u
t
:
S

i
t
e
 
L
a
y
o
u
t

SCALE IN FEET

4000 800

LEGEND:

EXISTING GROUND SURFACE CONTOUR &

ELEVATION, FEET

DRAINS

ARROYO

EXISTING ROAD

EXISTING FENCE

EXISTING OVERHEAD ELECTRIC AND POWER POLES

TOWNSHIP LINE AND NUMBER

SECTION LINE AND NUMBER

CEBOLLETA LAND GRANT

PARCEL - LOBO PARTNERS,LLC

PARCEL - UNITED NUCLEAR CORP (UNC)

UNC MINE PERMIT BOUNDARY

FACILITY OUTLINES

6100

DESIGNED

APPROVED

FIGURE

CHECKED

UNITED NUCLEAR CORPERATION AND ST. ANTHONY MINE

CIBOLA COUNTY, NEW MEXICO

SITE LAYOUT

1

233001076

SEPT 2018

K REED 

B VAN

T LEESON

AutoCAD SHX Text
25

AutoCAD SHX Text
11N 5W





6

2

5

0

6

3

0

0

6

3

5

0

5

9

0

0

5

9

0

0

5
9
5
0

5
9
5
0

6
0
0
0

6
0
0
0

6

0

5

0

6

0

5

0

6

1

0

0

6

1

5

0

6
1
5
0

6

1

5

0

6

2

0

0

6

2

0

0

6
2
0
0

6

2

0

0

6

2

5

0

6

2

5

0

6

2

5

0

6

2

5

0

6

3

0

0

6

3

0

0

6

3

0

0

6

3

5

0

6

4

0

0

6
0
5
0

6

0

5

0

6

0

5

0

6

0

5

0

6

1

0

0

6

1

0

0

6
1
0
0

6

1

0

0

6

1

5

0

6

1

5

0

6

1

5

0

6

1

5

0

6
1
5
0

6

1

5

0

6

1

5

0

6

1

5

0

6

1

5

0

6
2
0
0

6
2
0
0

6

2

0

0

6

2

5

0

6

2

5

0

6

2

5

0

6

3

0

0

6

3

0

0

6

0

0

0

6

0

5

0

6

0

5

0

6

1

0

0

6
1
0
0

6
1
5
0

6

1

5

0

6
2
0
0

6

2

0

0

6

4

0

0

6
0
0
0

6
0
0
0

6

0

0

0

6050

6

0

5

0

6

1

0

0

6

1

5

0

6

1

5

0

6

1

5

0

6

1

5

0

6

1

5

0

6

1

5

0

6

1

5

0

6

2

0

0

6

2

5

0

6

3

0

0

6

3

5

0

6

4

0

0

PIT 1

PIT 1

PIT 1

PIT 1

PIT 1

PIT 1

PIT 1PIT 1PIT 1PIT 1PIT 1PIT 1

PIT 1PIT 1

PIT 1PIT 1
PIT 1

PILE 7

PILE 7

PILE 7

PILE 7

PILE 7

PILE 7

PILE 7PILE 7PILE 7PILE 7PILE 7PILE 7

PILE 7PILE 7

PILE 7PILE 7
PILE 7

PILE 6

PILE 6

PILE 6

PILE 6

PILE 6

PILE 6

PILE 6PILE 6PILE 6PILE 6PILE 6PILE 6

PILE 6PILE 6

PILE 6PILE 6
PILE 6

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

BORROW

AREA

SOUTH

PILE 3

PILE 3

PILE 3

PILE 3

PILE 3

PILE 3

PILE 3PILE 3PILE 3PILE 3PILE 3PILE 3

PILE 3PILE 3

PILE 3PILE 3
PILE 3

PIT 2

PIT 2

PIT 2

PIT 2

PIT 2

PIT 2

PIT 2PIT 2PIT 2PIT 2PIT 2PIT 2

PIT 2PIT 2

PIT 2PIT 2
PIT 2

SHALE PILE 2

SHALE PILE 2

SHALE PILE 2

SHALE PILE 2

SHALE PILE 2

SHALE PILE 2

SHALE PILE 2SHALE PILE 2SHALE PILE 2SHALE PILE 2SHALE PILE 2SHALE PILE 2

SHALE PILE 2SHALE PILE 2

SHALE PILE 2SHALE PILE 2
SHALE PILE 2

SHALE PILE 1

SHALE PILE 1

SHALE PILE 1

SHALE PILE 1

SHALE PILE 1

SHALE PILE 1

SHALE PILE 1SHALE PILE 1SHALE PILE 1SHALE PILE 1SHALE PILE 1SHALE PILE 1

SHALE PILE 1SHALE PILE 1

SHALE PILE 1SHALE PILE 1
SHALE PILE 1

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

TOPSOIL

SOUTH

PILE 4

PILE 4

PILE 4

PILE 4

PILE 4

PILE 4

PILE 4PILE 4PILE 4PILE 4PILE 4PILE 4

PILE 4PILE 4

PILE 4PILE 4
PILE 4

PILE 5

PILE 5

PILE 5

PILE 5

PILE 5

PILE 5

PILE 5PILE 5PILE 5PILE 5PILE 5PILE 5

PILE 5PILE 5

PILE 5PILE 5
PILE 5

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

CRUSHER /

STOCKPILE AREA

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

TOPSOIL

NORTH

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

WEST

DISTURBANCE

AREA

TOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDENTOPSOIL / OVERBURDENTOPSOIL / OVERBURDENTOPSOIL / OVERBURDENTOPSOIL / OVERBURDENTOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDENTOPSOIL / OVERBURDEN

TOPSOIL / OVERBURDENTOPSOIL / OVERBURDEN
TOPSOIL / OVERBURDEN

POND 5

POND 5

POND 5

POND 5

POND 5

POND 5

POND 5POND 5POND 5POND 5POND 5POND 5

POND 5POND 5

POND 5POND 5
POND 5

POND 4

POND 4

POND 4

POND 4

POND 4

POND 4

POND 4POND 4POND 4POND 4POND 4POND 4

POND 4POND 4

POND 4POND 4
POND 4

POND 3

POND 3

POND 3

POND 3

POND 3

POND 3

POND 3POND 3POND 3POND 3POND 3POND 3

POND 3POND 3

POND 3POND 3
POND 3

POND 2

POND 2

POND 2

POND 2

POND 2

POND 2

POND 2POND 2POND 2POND 2POND 2POND 2

POND 2POND 2

POND 2POND 2
POND 2

POND 1

POND 1

POND 1

POND 1

POND 1

POND 1

POND 1POND 1POND 1POND 1POND 1POND 1

POND 1POND 1

POND 1POND 1
POND 1

MINE DUMP

MINE DUMP

MINE DUMP

MINE DUMP

MINE DUMP

MINE DUMP

MINE DUMPMINE DUMPMINE DUMPMINE DUMPMINE DUMPMINE DUMP

MINE DUMPMINE DUMP

MINE DUMPMINE DUMP
MINE DUMP

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

STORAGE

AREA

SHAFT PAD

SHAFT PAD

SHAFT PAD

SHAFT PAD

SHAFT PAD

SHAFT PAD

SHAFT PADSHAFT PADSHAFT PADSHAFT PADSHAFT PADSHAFT PAD

SHAFT PADSHAFT PAD

SHAFT PADSHAFT PAD
SHAFT PAD

ORE STORAGE 1

ORE STORAGE 1

ORE STORAGE 1

ORE STORAGE 1

ORE STORAGE 1

ORE STORAGE 1

ORE STORAGE 1ORE STORAGE 1ORE STORAGE 1ORE STORAGE 1ORE STORAGE 1ORE STORAGE 1

ORE STORAGE 1ORE STORAGE 1

ORE STORAGE 1ORE STORAGE 1
ORE STORAGE 1

ORE STORAGE 2

ORE STORAGE 2

ORE STORAGE 2

ORE STORAGE 2

ORE STORAGE 2

ORE STORAGE 2

ORE STORAGE 2ORE STORAGE 2ORE STORAGE 2ORE STORAGE 2ORE STORAGE 2ORE STORAGE 2

ORE STORAGE 2ORE STORAGE 2

ORE STORAGE 2ORE STORAGE 2
ORE STORAGE 2

SHAFT ACCESS ROAD

SHAFT ACCESS ROAD

SHAFT ACCESS ROAD

SHAFT ACCESS ROAD

SHAFT ACCESS ROAD

SHAFT ACCESS ROAD

SHAFT ACCESS ROADSHAFT ACCESS ROADSHAFT ACCESS ROADSHAFT ACCESS ROADSHAFT ACCESS ROADSHAFT ACCESS ROAD

SHAFT ACCESS ROADSHAFT ACCESS ROAD

SHAFT ACCESS ROADSHAFT ACCESS ROAD
SHAFT ACCESS ROAD

-2.5

-1

-5

-5

-1

-2.5

-2

-2.5

-2

-5

-3

-5.5

-3.5

-1

-1

-1

-1

-2

-0.5

-1

-3.5

-6

-10

-2.5

-2.5

-2.5

-2.5

-2

-2

-2

-2

-2

-2

-2

-2

-2.5

-2.5

-2.5

-0.5

-0.5

-2

-2

-2

-0.5

-1

-1

-1

-1

-3

-4

-4

-3

-3.5

-3.5

-4

-4

-2

-2.5

-2.5

-2.5

-4

-4

-4

-6

-6

-6

-2.5

-2.5

-2.5

-2.5

-2

-6

-3.5
-6

-5

-3.5

-3.5

-5.5

-5.5

-6

-6

-6

-6

-5

-5

-1

-1

-0.5

-0.5

-0.5

-1

-1

-0.5

-1

-1

-1

-1

-0.5

-0.5

-1

-2

-2

-3

-5.5

-6

-6
-6.5

-6.5

-4

-4
-2.5

-2.5

-0.5

-0.5

-2.5

-0.5

-2.5

-2.5

-2.5

-2.5 -2.5

-4

-3

-1

-
3

0

-
1

0

-

1

0

-

1

0

-

1

0

-

1

0

-
1
0

-

1

0

-

1

0-

1

0

-
5
0

-

1

0

-
1

2

0

-

1

1

0

-

2

0

-

1

0

-

1

0

-110

-

1

0

-

1

0

-

5

0

-

4

0

-

1

0

-
1
0
0

T
u
e
s
d
a
y
,
 
S

e
p
t
e
m

b
e
r
 
0
4
,
 
2
0
1
8
 
1
0
:
4
7
:
2
0
 
A

M
 
 
 
K

W
R

E
E

D
 
 
 
C

:
\
P

W
W

O
R

K
D

I
R

\
D

0
4
9
2
6
5
6
\
S

T
A

-
E

X
C

A
V

A
T

I
O

N
_
L
I
M

I
T

S
.
D

W
G

 
 
 
L
a
y
o
u
t
:
F

i
g
u
r
e
 
(
2
)

SCALE IN FEET

4000 800

LEGEND:

EXISTING GROUND SURFACE CONTOUR &

ELEVATION, FEET

EXCAVATION DEPTH CONTOUR & ELEVATION, FEET

DRAINS

ARROYO

EXISTING ROAD

EXISTING FENCE

EXISTING OVERHEAD ELECTRIC AND POWER POLES

UNC MINE PERMIT BOUNDARY

LIMITS OF EXCAVATION

TEST PIT AND EXCAVATION DEPTH (FT)

(STANTEC, 2018)

EXCAVATION DEPTH (FT)

6100

-1.5

DESIGNED

APPROVED

FIGURE

CHECKED

UNITED NUCLEAR CORPERATION AND ST. ANTHONY MINE

CIBOLA COUNTY, NEW MEXICO

EXCAVATION LIMITS

3

233001076

SEPT 2018

K REED 

B VAN

T LEESON

-10

-2.5



 

 

 

 

 

 

 

 

 

 

 

 

SUPPLEMENTAL RADIOLOGIC CHARACTERIZATION 
AVM ENVIRONMENTAL SERVICES, INC. 



 

 

Supplemental Radiologic Characterization 
St. Anthony Mine Site 

Seboyeta, New Mexico  
 
 
 
 
 
 

Prepared by: 
AVM Environmental Services, Inc. 

1717 Del Norte Blvd. 
Grants, NM 87020 

 
 
 

Prepared for: 
Stantec Consulting Services Inc. 

2130 Resort Dr., Ste. 350 
Steamboat Springs, CO 80487 

 
And  

 
United Nuclear Corporation 

PO Box 3077 
Gallup, NM 87305 

 
 
 
 
 
 

August 13, 2018 



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

 Page i August 13, 2018 
 

Table of Contents 
1.0 Introduction and Background ..................................................................................................... 1 
2.0 Previous Characterization ........................................................................................................... 1  
3.0 Objective of Supplemental Radiologic Characterization  ............................................................ 2 
4.0 Field Investigation   .......................................................................................................... 2 
 4.1 Investigation Level .......................................................................................................... 3 
 4.2 Gamma Radiation Surveys ............................................................................................. 3 
 4.3 Test Pits and Ex-Situ Gamma Radiation Soil Screening .................................................. 4 
 4.4 Site Specific Gamma Radiation Level to Surface Soil Ra-226 Correlation ...................... 6 
 4.5 Ra-226 Investigation Level Contamination Boundary .................................................... 7 
5.0 Soil Sampling and Analysis  ......................................................................................................... 8 
6.0 Quality Assurance and Quality Control Measures  ..................................................................... 9 
 
 

Tables 
 

Table 1 Typical Gamma Scan Data Exported From Scan System Data Logger 
Table 2 St. Anthony Mine Site Test Pits Subsurface Soil Sample Field Gamma Radiation Screening  
  Summary 
Table 3 St. Anthony Mine Site Test Pits SubsurfaceRa-226 Contamination Depth Summary 
Table 4 St. Anthony Mine Site Gamma Radiation Level to Ra-226 Correlation Data Summary 

 
Figures 

 
Figure 1 St. Anthony Mine Site Supplemental Radiologic Characterization Gamma Radiation Level  
  Scan 
Figure 2 St. Anthony Mine Site Access Road Supplemental Radiologic Characterization Gamma  ....  
  Radiation Level Scan 
Figure 3 St. Anthony Mine Site Supplemental Radiologic Characterization Subsurface Investigation 
Test Pit  Test Pit locations 
Figure 4 St. Anthony Mine Site Supplemental Radiologic Characterization Correlation Sampling 
 locations 
Figure 5 St. Anthony Mine Site Supplemental Radiologic Characterization Lateral Extent of Ra-226 
 Contamination  
Figure 6 St. Anthony Mine Site Supplemental Radiologic Characterization Access Road Lateral Extent 
 of Ra-226  Contamination  
 

Appendices 
 

Appendix A St. Anthony Mine Site Gamma Survey Data 
Appendix B Subsurface Contamination Field Investigation Documentation 
Appendix C St. Anthony Mine Site Correlation Data 
Appendix D Radiologic Instrument Calibration and Operational Function Check Documentation 
  



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

 Page 1 August 13, 2018 
 

1.0 Introduction and Background 
 
This report provides the framework and results of the Supplemental Radiologic Characterization that was 
conducted at the St. Anthony Mine Site (Site) near Seboyeta, New Mexico. The methods and procedures 
used were consistent with Section 4 of the February 23, 2018 Supplemental Investigation Work Plan 
(Work Plan) and the applicable survey methods described in the Multi-Agency Radiation Survey and Site 
Investigation Manual (MARSSIM, EPA 2000a). The purpose of this Supplemental Radiological 
Characterization was to delineate the radiologic contamination boundary based upon an appropriate 
Investigation Level (IL), and to characterize the Site by performing radiological surveys and collecting soil 
samples in the areas between the mine features, as shown in Figure 4 of the Work Plan. Site features 
were characterized in 2007, as described in the Materials Characterization Report, Saint Anthony Mine 
Site (MWH, 2007b). The following sections describe the strategy, methods and procedures that were used 
and the results of the Supplemental Radiological Characterization of the Site.  
 
The Site was an open pit and underground shaft uranium mine located on the Cebolleta Land Grant 
located in Cibola County, approximately 4.6 miles southeast of Seboyeta, New Mexico. The Site is in a 
remote, sparsely populated area with limited access. The location of the Site is shown in Figure 1. United 
Nuclear Corporation (UNC) operated the Site from 1975 to 1981, pursuant to a mineral lease with the 
Cebolleta Land Grant, the current owner of the surface and mineral rights. The original lease covered 
approximately 2,560 acres. This lease was obtained on February 10, 1964 and surrendered by a Release of 
Mineral Lease dated October 24, 1988.  
 
The Site includes underground workings consisting of one shaft, approximately eight vent shafts that are 
sealed at the surface, two open pits (one containing a pond), seven large piles of non-economical mine 
materials with some revegetation, numerous smaller piles of non-economical mine materials, and three 
topsoil piles. No perennial streams occur within the Site, but an ephemeral stream or arroyo (Meyer 
Gulch) passes through the Site. The layout of the Site is shown in Figure 4 of the Work Plan and shows the 
site features and the UNC mine permit boundary (permit boundary). The actively mined area 
encompasses approximately 430 acres and includes site roads and the other disturbed areas along with 
the features previously characterized. 
 
2.0 Previous Characterization 
  
As discussed above, only the site features were radiologically characterized during the 2007 Materials 
Characterization. The features defined in the 2007 Materials Characterization included the Background 
Area, Borrow Sources, Top Soil Stockpiles, Non-Economic Materials Storage Piles, and Western Shaft Area. 
Gamma exposure rate surveys and soil sampling were conducted during the 2007 Material 
Characterization. The gamma exposure rate surveys included exposure rate measurements performed at 
one meter above the ground surface. The areas between the site features were not radiologically 
characterized during the 2007 Material Characterization. Additionally, the lateral extent of radiologic 
contamination at the Site was not identified in the 2007 Materials Characterization. A Ra-226 background 
level of 1.6 pCi/g for the Site was established during the 2007 Materials Characterization.  
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3.0 Objective of the Supplemental Characterization 
 
The Site is a former uranium mine therefore the surface and subsurface soil is expected to be impacted 
by radionuclides associated with the uranium decay series, with Ra-226 being the primary Constituent 
of Concern (COC). Current and anticipated land use surrounding the Site is grazing and wildlife habitat, 
which is the designated post-mining land use supported by the land owner. Even though an IL based on 
risk-based cleanup criteria for a ranching scenario would be appropriate for the site characterization, 
Radiation Cleanup Criteria specified in the March 2016 Joint Guidance for the Cleanup and Reclamation 
of Existing Uranium Mining Operations in New Mexico (NMMMD, 2016) by the State of New Mexico 
Mining and Mineral Division (NMMMD) and New Mexico Environment Department (NMED) was used for 
the IL as a conservative measure. The Ra-226 cleanup criteria of 5.0 pCi/g above the background level in 
land averaged over 100 square meters in surface soil (top six inches) specified in the Joint Guidance are 
taken from the UMTRCA (40 CFR 192), which are based on an unrestricted land use exposure scenario. 
A 6.6 pCi/g Ra-226 IL (5.0 pCi/g plus 1.6 pCi/g background level) is used for the Site Characterization.  
 
The objective of this Supplemental Radiological Characterization was to delineate the radiologic 
contamination boundary corresponding to the Ra-226 IL and radiologic characterization of the areas 
between the site features to estimate surface and subsurface Ra-226 soil concentrations. The objective 
included a site-specific correlation to convert the results of the supplemental characterization gamma 
radiation scan surveys in counts per minute (cpm) to Ra-226 soil concentration (pCi/g). An additional 
objective was to perform a cross-calibration and correlation of exposure rate survey equipment to 
convert and normalize the 2007 Material Characterization exposure rate measurements to direct gamma 
radiation levels to cpm and equivalent of Ra-226 surface soil concentrations to normalize the data 
consistent with the supplemental characterization data and the Ra-226 soil concentration IL.  
 
4.0  Field Investigation 
 
Field investigations for the Supplemental Radiologic Characterization were conducted consistent with the 
Work Plan during the period March 19, 2018 to May 12, 2018. The supplemental characterization areas 
and the site features previously characterized are shown in Figure 4 of the Work Plan. The field 
investigation included, both static gamma radiologic survey measurements and Global Positioning System 
(GPS) based gamma scan surveys, along with ex-situ and in-situ soil screening, and soil sampling and 
analysis. The geo-located gamma scans were conducted to provide Ra-226 concentration level estimates 
in surface soil and to determine the radiologic contamination boundary relative to the IL. Ex-situ gamma 
radiation soil screening and in-situ gamma radiation level measurements were performed to provide real-
time information to estimate subsurface contamination depth. Subsurface soil sampling and analysis was 
performed to confirm subsurface contamination depth estimated by field ex-situ gamma radiation soil 
screening. Additionally, gamma radiation static surveys (cpm), exposure rate (µR/hr) measurements, and 
surface soil samples and analysis were performed at selected locations for the site-specific correlation. 
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4.1 Investigation Level 
 
The 6.6 pCi/g Ra-226 IL for the Supplemental Radiological Characterization specified in the Work Plan is 
presented in terms of Ra-226 mass activity concentration and is expressed in units of activity per unit 
mass of soil, pCi/g. The direct gamma radiation surveys using a NaI scintillation detector provide radiation 
levels in counts per unit time, generally obtained as cpm. A gamma radiation level cpm equivalent to the 
IL from a site-specific correlation is useful to guide the field gamma scan activities and estimate the 
survey boundary relative to the lateral extent of contamination. As discussed in the Work Plan, a site-
specific correlation was not available during the field activities for making decisions. As specified in the 
Work Plan, a correlation between direct gamma radiation levels in cpm and Ra-226 soil concentrations in 
pCi/g at a similar uranium mine site was used to determine the cpm of approximately 25,000 equating to 
6.6 pCi/g Ra-226 in surface soil. However, a 22,500 cpm gamma radiation level was used for a 
conservative measure and to provide a safety margin for a real time estimate of lateral extent of surface 
soil contamination during the field gamma scan activities. As discussed in section 4.3 below, a site-
specific correlation was developed to convert the gamma scan survey results in cpm to surface soil Ra-
226 concentration.  
 
4.2 Gamma Radiation Survey 
 
Direct gamma radiation surveys, gamma exposure rate surveys, ex-situ and in-situ gamma radiation soil 
screening, and soil sampling and analysis were used for the supplemental radiologic characterization of 
the Site as described in the Work Plan. The instrumentation configuration for direct gamma radiation 
level measurements during this characterization consisted of 2x2 NaI scintillation detectors (Eberline SPA-
3 and Ludlum 44-10) for detection of gamma radiation, coupled to a scaler/rate meter (Ludlum 2221 or 
Ludlum 2241). This instrument configuration is used widely for this type of survey and is recommended by 
the MARSSIM. The scaler/rate meters were interfaced with a sub-meter accurate Differential Global 
Positioning System (DGPS) with surveying software and a data logger controller for electronically 
recording the gamma radiation levels to the corresponding location coordinates. The coordinate system 
that was used for this work was the State Plane Coordinate System (NAD83, New Mexico West, US Feet). 
The direct gamma radiation surveys using a NaI scintillation detector provide radiation levels in counts per 
unit time, generally obtained as cpm. A Ludlum Model 19 µR Meter was used for gamma exposure rate 
(µR/hr) measurements.    
 
DGPS based systematic gamma radiation scan surveys using bare detectors were performed at the Site to 
determine the lateral extent of Ra-226 in surface soil during this Supplemental Radiological 
Characterization. The field gamma scan activities began on March 19, 2018. Although bare detectors do 
not avoid any lateral gamma radiation shine, the bare detectors have a significantly larger field of view 
and provide a larger scan coverage for an efficient lateral extent of contamination assessment for larger 
areas. Since the Site encompasses a large area with varying types of terrain, the Site scan area was 
divided into 26 zones for management and organization of the field gamma scan activities. The gamma 
scan surveys were performed consistent with AVM SOP-3, included in the Work Plan, to provide a 20 
percent coverage of the ground surfaces. Based on a conservative field of view (FOV) of at least six feet 
diameter for a bare detector for Ra-226 gamma radiations, a 20% coverage would require a scanning 
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transect spacing of 30 feet. The 30-feet spaced geo-projected transects for each area were digitally 
created using mapping software and loaded on the field data logger/controller. The gamma scan survey 
was performed by scanning along these transects with a bare detector at 12 inches above the ground 
surface at a scan rate of about three feet per second, with a data collection time interval of one and two 
seconds, depending upon the scaler/ratemeter used. Technicians walked along these transects with the 
gamma scan survey instruments for the gamma scans in accordance with AVM SOP-3.  
 
The gamma scan survey was conducted by first scanning the areas between site features within the 
permit boundary, as shown in Figure 4 of the Work Plan, to determine if the radiologic contamination 
boundary based on the IL cpm is contained within the permit boundary, or if any contamination has 
migrated beyond the permit boundary. The geo-located gamma scan data includes the gamma scan point 
ID, date and time, location coordinates, and gamma cpm. The scan data was exported from the data 
logger, mapped using a mapping software, arranged in color coded ranges, and then reviewed to 
determine the areas that exceeded the IL cpm. The color-coded range was structured to include the cpm 
equivalent to the Ra-226 6.6 pCi/g screening level, as discussed previously.  
 
Based on the review of the scan data, additional step-out gamma scans were conducted within and 
outside the permit boundary identified during field investigation, such as North Wash Area, Arroyo bed 
and the Access Road, until gamma radiation levels below the IL were detected. The field gamma scan 
activities were completed on May 12, 2018. The supplemental characterization gamma scan survey 
included approximately 154,000 gamma scan data points within a total of approximately 370 acres at the 
Site. The gamma scan data were exported from the scan system data logger into Excel files. The detector 
cpm were converted into equivalent estimated surface soil Ra-226 concentration in pCi/g using the site-
specific correlation for the bare detector as discussed in Section 4.5. A typical gamma scan data export 
from the scan system data logger is shown in Table 1. Gamma scan data for all the gamma scan surveys 
during this supplemental characterization are provided in spreadsheet files on a compact disc included in 
Appendix A. Figure 1 and Figure 2 show the extent of gamma scan at the Site and results in cpm from a 
2x2 NaI detector. As shown in Figure 1, the gamma scan surveys included the areas of potential surface 
contamination that were discussed in UNC’s June 15, 2018 response to the NMMMDs April 17, 2018 
comments on the Work Plan.  
 
4.3 Test Pits and Ex-Situ Gamma Radiation Soil Screening 
 
Test pit trench excavations and on-site ex-situ gamma radiation soil screening were performed from April 
16 through April 19, 2018. These methods were used to define the vertical extent of subsurface 
contamination at the Site. The ex-situ gamma radiation soil screening was conducted in accordance with 
the AVM SOP-4 included in the Work Plan and provides a real-time estimate of Ra-226 concentrations in 
soil samples. This method is more reliable than the in-situ direct gamma surveys for real-time Ra-226 
assessment in soils. The on-site ex-situ soil screening method consists of selectively measuring the 609 
KeV region gamma radiations of Bi-214, a decay product of Ra-226 as discussed in AVM SOP-4 included in 
the Work Plan. A single channel analyzer (Ludlum L2221) integrated with a Ludlum 44-20 3x3 NaI 
scintillation detector was used to measure the 609 keV energy peak region of Bi-214. The soil sample was 
placed around the plastic lined detector in a heavily shielded counting chamber. The heavily shielded 
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counting chamber lowers the system background counts, thus improving the system's minimum 
detectable concentration (MDC). A reference soil with the same concentration as the IL of 6.6 pCi/g was 
prepared as described in Appendix B and was used for soil screening at the Site.  
 
An estimated Ra-226 soil concentration was created using a correlation from a similar uranium mine site 
to show the ranges of Ra-226 concentrations by mapping the geo-located gamma scan data using a 
color ramp, as shown in Figure 3. Also shown in Figure 3, a total of 24 locations were selected for 
subsurface assessment in areas with an estimated Ra-226 concentration level above 10 pCi/g at the 
surface, and where Ra-226 contamination was considered likely to be deeper than one foot below 
ground surface (bgs). No locations were selected in periphery areas where Ra-226 contamination was 
low and considered likely to be only in surface soils.  
 
A track excavator was used to excavate trenches at each test pit location for subsurface soil sample 
collection. The trench was excavated at approximately one-foot depth intervals. At each interval, a 
subsurface soil sample was collected from the base of the excavation for ex-situ soil screening. The 
excavation continued until the on-site ex-situ soil screening indicated that Ra-226 concentrations of the 
soils samples were below the 6.6 pCi/g IL. The test pit excavation geotechnical logs along with the field 
soil screening forms are included in Appendix B. The test pit subsurface soil screening data is 
summarized in Table 2. The subsurface soil samples above or below the 6.6 pCi/g IL are shown in Table 2 
based on the field soil screening results.  
 
Although the primary objective of the ex-situ gamma radiation soil screening was to determine the Ra-226 
concentrations above or below the 6.6 pCi/g IL, Ra-226 concentrations were estimated in all test pit 
excavation subsurface soil samples screened. During the set up of the soil screening system prior to 
mobilizing in the field, a calibration/correlation of the ex-situ soil screening system was performed using 
the 6.6 pCi/g reference soil sample, a 100 pCi/g reference soil sample and a background soil sample. This 
correlation is included in Appendix B. The estimated Ra-226 concentration in the borehole samples 
determined using this correlation are included in Table 2.  
 
For the test pit subsurface soil investigation, 44 samples out of a total of 57 borehole subsurface soil 
samples screened onsite were sent to the off-site vendor laboratory, ALS, Inc. in Fort Collins, CO (ALS). 
These soil samples were analyzed for Ra-226 using EPA Method 901.1 (modified for soil matrix) for 
confirmation of the onsite soil screening results. The 44 samples sent to the laboratory included at least 
one sample from each test pit excavation that screened at a Ra-226 concentration below the IL. Also, 10% 
(5 samples) of the samples sent to the lab were split in the field and sent to the lab for QA/QC duplicates. 
The laboratory results reports are included in Appendix B and are summarized in Table 2. As shown in 
Table 2, the estimated Ra-226 levels by on-site ex-situ soil screening are consistent with the laboratory 
Ra-226 results, specifically in regard to determining the depth of Ra-226 levels above or below the IL, 
except for two samples. The first sample, SB-TP04-05, taken at a depth of five feet, from Test Pit 04, had 
an estimated Ra-226 concentration of 7.3 pCi/g, while the laboratory reported concentration was 4.9 
pCi/g. In sample SB-TP04-06, which was collected at a depth of six feet, both the ex-situ field soil 
screening and laboratory results were below the IL. As a result, for a conservative measure, a six-foot Ra-
226 contamination level depth will be used at this location for subsurface contamination assessment. The 
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second sample, SB-TP12-04, taken at a depth of four feet from Test Pit 12, had an estimated Ra-226 
concentration at 2.9 pCi/g, while the laboratory reported concentration was 16.0 pCi/g. Sample SB-TP12-
03, which was taken at a shallower depth of three feet, had an estimated Ra-226 concentration of 6.2 
pCi/g, while the laboratory reported concentration was 2.3 pCi/g, a lower concentration than SB-TP12-04. 
Generally, the contamination level decreased with depth, not increased. Therefore, Ra-226 contamination 
at or above the IL at this location is likely extend to three feet bgs. Based on the field soil screening and 
the laboratory sample results, the depth of Ra-226 concentrations above the 6.6 pCi/g IL at each test pit 
location is summarized in Table 3 and shown in Figure 3. 
 
4.4 Site-Specific Gamma Radiation Level to Surface Soil Ra-226 Correlation 
 
A site-specific correlation was developed for both collimated and bare 2x2 NaI detectors, consistent with 
AVM SOP-2 that was included in the Work Plan. The correlation was developed to convert gamma 
radiation levels in cpm for the detector to surface soil Ra-226 concentration in pCi/g. Although a 
collimated detector was not used for gamma surveys during this supplemental characterization, the data 
were collected and a correlation was developed for a 0.5-inch thick collimated detector for future use at 
the Site. Correlation locations were identified and investigated to ensure that the Ra-226 contamination 
distribution was limited to the surface soil, and that there was not a source of significant lateral gamma 
radiation shine. Prior to collecting the correlation surface soil samples at each location, one-minute static 
gamma measurements using detectors at 12 inches above the ground surface and a gamma exposure 
rate (µR/hr) measurement from 1 meter above ground surface using a calibrated µR meter were taken. 
The µR measurements were taken at each location to convert the 2007 Materials Characterization 
gamma exposure rate survey results to a Ra-226 concentration. The 14 correlation sample locations are 
shown in Figure 4. The correlation field gamma radiation level survey field forms and soil sampling logs 
are included in Appendix C. 
 
The correlation soil samples were sent to ALS for Ra-226 analysis using EPA Method 901.1 (modified for 
soil matrix). Initially, ALS sieved out the +0.25-inch (rocks and pebbles) fraction from the samples during 
sample preparation and took an aliquot for gamma spectroscopy analysis, rather than processing the 
entire sample (i.e., all particles). Eight samples with noticeable rocks and pebbles greater than 0.25 
inches were re-submitted to ALS for sample preparation and analysis including all of the sample material. 
The laboratory results report is included in Appendix C. The correlation data, gamma radiation levels, 
exposure rate measurements and laboratory Ra-226 analytical results of the soil samples are summarized 
in Table 4. Three linear regressions between the co-located soil sample Ra-226 and gamma radiation 
levels were performed for the correlations: 1) Bare 2x2 NaI detector cpm at 12 inches above the ground 
surface, 2) 0.5-inch thick lead collimated 2x2 NaI detector cpm at 12 inches above the ground surface, 
and 3) Ludlum 19 exposure rate µR/hr measurements at one meter above the ground surface. Data from 
location SA-COR-011 was not included in the correlation regression because it was determined to be an 
outlier due to a significantly elevated gamma radiation level and potential lateral gamma shine 
interference from scattered waste ore rocks and berms around this location. All three correlations with 
regression analysis summaries are included in Appendix C, and the regression equations are summarized 
as follow:     
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• 2x2 NaI Bare Detector: 
 

Ra-226 pCi/g = (cpm x 0.0005 pCi/g/cpm, slope) - 5.51, intercept or constant, with an R2 = 0.98 , 
and results into approximately 24,200 cpm equivalent to the 6.6 pCi/g surface soil Ra-226 IL. 

 
• 0.5 inch thick lead collimated 2x2 NaI Detector: 

 
Ra-226 pCi/g = (cpm x 0.0015 pCi/g/cpm, slope) - 5.21, intercept or constant, with an R2 = 0.90 , 
and results into approximately 7,870 cpm equivalent to the 6.6 pCi/g surface soil Ra-226 IL. 

 
• Exposure Rate (µR/hr) Meter: 

 
Ra-226 pCi/g = (µR/hr x 0.49 pCi/g/µR/hr, slope) - 5.10, intercept or constant, with an R2 = 0.90, 
and results into approximately 24 µR/hr equivalent to the 6.6 pCi/g surface soil Ra-226 IL. 
 

This site specific correlation for the bare detector is comparable to the correlation (pCi/g = cpm x 0.0005 - 
6.14) from a similar uranium mine site that was used to guide the field gamma scan activities as 
discussed in Section 4.1 As discussed above, this correlation was developed to predict Ra-226 
concentrations only in surface soil (0" to 6" depth). The correlation used a survey geometry consisting of 
a 2x2 NaI detector held at 12 inches above the ground surface and a scan rate of about three feet per 
second. This correlation may over estimate Ra-226 in surface soil in areas with Ra-226 contamination 
deeper than six inches, such as waste ore rock piles and backfill areas. Also, the correlation may over 
estimate Ra-226 levels in areas with significant lateral gamma radiation shine, such as areas near waste 
piles. 
 
4.5 Ra-226 Investigation Level Contamination Boundary 
 
The radiation level data in cpm collected during this Supplemental Radiological Characterization was 
converted to the equivalent estimated Ra-226 pCi/g concentration using the regression equation for bare 
2x2 detectors, as described above and shown in Figure 5 and Figure 6. The data were structured in the 
maps into ranges of pCi/g and set to a color ramp. The 6.6 pCi/g Ra-226 IL contamination boundary was 
delineated using the color ramped ranges as a guide, as shown in Figure 5 for the Site and Figure 6 for the 
Site Access Road.  
 
A total of 421 surface gamma exposure rate measurements in µR/hr at one meter above the ground 
surface were made during the 2007 Materials Characterization. The 2007 gamma exposure rate 
measurements are summarized in Table 3 and shown on Figure 3 of the Materials Characterization 
Report. These gamma exposure rates at one meter above the ground surface in µR/hr were converted to 
estimated surface soil Ra-226 in pCi/g using the site specific gamma exposure rate to surface soil Ra-226 
correlation (pCi/g = µR/hr x 0.19 - 5.10) discussed in Section 4.4 above, and included in Appendix C. The 
2007 Materials Characterization gamma survey measurements are shown on Figure 5 and Figure 6, and 
included in Appendix A. 
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As shown in Figure 5, the contamination boundary at the IL is contained within the permit boundary on 
the east side of the Site, south of the shale piles and Pit 2, and west of Pit 2 and Borrow Area South. There 
is a small area south of Shale Pile 1 just outside the permit boundary above the IL, which is a road leading 
to a monitoring well. The contamination level above the IL in the arroyo bed appears to cease at the 
southern permit boundary. The contamination boundary south of Pit 1 extends just outside the permit 
boundary.  However, as indicated in the UNC's June 15, 2018 response to the State of New Mexico 
Energy, Mineral and Natural Resource Departments April 17, 2018 comments on the Work Plan, the area 
south of Pit 1 is not within the permit boundary because it was not mined or operated by UNC, and 
records indicate that an underground mine was operated in that area by another entity. Therefore, the 
contamination boundary south of Pit 1 is delineated at the permit boundary.  
 
The IL contamination boundary near the West Shaft Area is mostly just inside or at the permit boundary 
with some small isolated areas just outside of the permit boundary east and southeast of Ore Storage 1, 
south of the Shaft Pad, east of the Mine Dump, Pond 1 area. The contamination boundary extends outside 
the permit boundary in areas northeast of the West Shaft Area and an area near the entrance gate. The 
contamination boundary north of the Crusher Stockpile area is contained inside the permit boundary. The 
contamination boundary north of the Topsoil/Overburden and Pile 4 areas is well inside the permit 
boundary. Overall, the IL contamination boundary at the Site is mostly within the permit boundary, but 
extends slightly outside permit boundary in a few locations, as discussed above. As shown in Figure 6, the 
Site Access Road contains Ra-226 levels in soil above the IL, and is likely to extend at a minimum to the 
road shoulders. Contamination above the IL appears to have migrated east of the Site Access Road near 
the entrance to the Site.  
 
5.0 Soil Sampling and Analysis 

Surface soil correlation samples and subsurface soil samples from the test pit excavations for onsite ex-
situ gamma radiation soil screening were collected consistent with AVM-SOP-5, included in the Work Plan. 
Field QA/QC duplicate samples were split at a frequency of 10% of the total number of soil samples 
collected. A total of 71 surface and subsurface soil samples were collected during the supplemental 
characterization. Field sampling equipment used for soil sampling, which included: stainless steel scoops, 
bowls, spoons, and hand auger barrels, were decontaminated between sample locations. The soil 
sampling equipment decontamination was conducted by brushing off loose visible soil, washing the 
equipment with a detergent/water solution and rinsing with distilled water. Track excavator buckets were 
cleaned by removing any loose, visible soil. Any soils generated from the excavation of test pits created 
were put back into the excavations from which the soil came. All equipment decontamination 
water/rinsate was poured on top of excess soil from the test pits. Personal protection equipment (PPE), 
such as gloves, were brushed off and scanned for residual contamination and disposed of as solid waste. 

Subsurface soil samples were analyzed by on-site ex-situ gamma radiation soil screening (AVM SOP-4) to 
estimate Ra-226 concentrations. A completed Chain-of-Custody (COC) along with the surface soil samples 
and confirmatory subsurface soil samples were placed in labeled Ziploc bags, and packaged in five gallon 
buckets with sealed lids and shipped to ALS for Ra-226 analysis. The soil samples were analyzed for Ra-226 
with a reporting limit of 0.5 pCi/g, using EPA Method 901.1 (modified for soil matrix). The laboratory 
completed COCs are included with the analytical results reports in appropriate appendices to this report.  
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6. 0 Quality Assurance and Quality Control Measures 
 
Quality Assurance/Quality Control (QA/QC) measures as specified in the Work Plan were implemented 
during the Supplemental Radiological Characterization to ensure that decisions are made based on data of 
acceptable quality. All radiologic survey instruments, including personnel and vehicle contamination 
friskers, have been calibrated annually, as specified in AVM SOP-1. Additionally, operational functions 
checks were performed on all radiologic instruments daily prior to use in accordance with AVM SOP-1. 
The calibration and function check documents are included in Appendix D. During this Supplemental 
Radiological Characterization, no instruments were found to be out of calibration or inoperable as 
indicated by the operational function checks. The instrument background measurements for bare 2x2 NaI 
detectors during daily operational function checks were less than 10,000 cpm as shown in Appendix D. 
The bare detector field of view (FOV) at 12 inches above the ground surface is conservatively assumed at 
an area of six feet diameter. The 2x2 NaI detector response factor is determined to be 0.0006 pCi/g/cpm 
from the linear regression for the site-specific correlation included in Appendix C.  Based on the above 
detector parameters, the Ra-226 minimum detectable concentrations (MDCs) for scan survey at scan 
speed of three feet per second calculated MARSSIM guidance as shown in AVM SOP-1 were less than 1.0 
pCi/g, significantly less than 50% of the 6.6 pCi/g IL. The ex-situ soil gamma radiation screening system 
was calibrated prior to mobilization in the field and daily operational function checks were performed 
prior to use. The calibration and function check documentation are included in Appendix D. Based on the 
highest system background (blank) measurements from daily operational function checks and efficiency 
(pCi/g/cpm), the highest Ra-226 MDC for the screening system calculated, as shown in AVM SOP-4, was 
less than 0.8 pCi/g, significantly less than the 6.6 pCi/g IL. The MDCs during the supplemental 
characterization met the QA objective. 
 
The QA/QC measures also included field QA/QC duplicate soil sampling at a frequency of 10% of the soil 
samples collected for laboratory analysis. As discussed above, field QA/QC duplicate soil samples were 
collected and sent to the laboratory for analysis, and the QA/QC duplicate results are included in 
appropriate summary tables.  
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Table 1 
Typical Gamma Scan Data Exported From the Scan System Data Logger 

ID Time Northing(1) 
(feet) 

Easting(1) 
(feet) 

MSL 
Elevation 

(feet) 

CPM             
2x2 NaI 

Detector 
Ra-226                   
pCi/g Zone_ID 

1 3/29/2018 9:40:21 1514268 2881680 6051.796 17401 3.19 Pit_1 
2 3/29/2018 9:40:23 1514265 2881675 6051.789 17141 3.06 Pit_1 
3 3/29/2018 9:40:25 1514261 2881669 6051.904 18457 3.72 Pit_1 
4 3/29/2018 9:40:27 1514257 2881663 6052.176 17774 3.38 Pit_1 
5 3/29/2018 9:40:29 1514252 2881657 6052.058 17937 3.46 Pit_1 
6 3/29/2018 9:40:31 1514246 2881652 6052.019 18383 3.68 Pit_1 
7 3/29/2018 9:40:33 1514241 2881647 6051.927 18223 3.60 Pit_1 
8 3/29/2018 9:40:35 1514237 2881640 6051.986 18429 3.70 Pit_1 
9 3/29/2018 9:40:37 1514232 2881634 6052.166 17831 3.41 Pit_1 

10 3/29/2018 9:40:39 1514227 2881628 6051.953 18942 3.96 Pit_1 
11 3/29/2018 9:40:41 1514222 2881621 6052.009 18395 3.69 Pit_1 
12 3/29/2018 9:40:43 1514216 2881615 6052.035 18316 3.65 Pit_1 
13 3/29/2018 9:40:45 1514211 2881609 6052.127 19453 4.22 Pit_1 
14 3/29/2018 9:40:47 1514207 2881602 6052.029 19185 4.08 Pit_1 
15 3/29/2018 9:40:49 1514202 2881595 6051.878 19125 4.05 Pit_1 
16 3/29/2018 9:40:51 1514197 2881589 6052.038 18106 3.54 Pit_1 
17 3/29/2018 9:40:53 1514194 2881583 6051.845 18761 3.87 Pit_1 
18 3/29/2018 9:40:55 1514192 2881580 6051.769 18926 3.95 Pit_1 
19 3/29/2018 9:41:06 1514188 2881575 6051.819 17473 3.23 Pit_1 
20 3/29/2018 9:41:08 1514184 2881569 6052.068 17936 3.46 Pit_1 
21 3/29/2018 9:41:10 1514179 2881562 6051.842 17904 3.44 Pit_1 
22 3/29/2018 9:41:12 1514174 2881555 6051.888 17817 3.40 Pit_1 
23 3/29/2018 9:41:14 1514168 2881549 6051.956 18075 3.53 Pit_1 
24 3/29/2018 9:41:16 1514163 2881543 6051.812 18881 3.93 Pit_1 
25 3/29/2018 9:41:18 1514157 2881537 6051.848 19111 4.05 Pit_1 
26 3/29/2018 9:41:20 1514152 2881531 6051.694 19098 4.04 Pit_1 
27 3/29/2018 9:41:22 1514146 2881525 6051.779 18165 3.57 Pit_1 
28 3/29/2018 9:41:24 1514141 2881520 6051.678 17647 3.31 Pit_1 
29 3/29/2018 9:41:26 1514135 2881514 6051.704 16679 2.83 Pit_1 
30 3/29/2018 9:41:28 1514130 2881507 6051.723 17441 3.21 Pit_1 
31 3/29/2018 9:41:30 1514126 2881501 6051.553 17220 3.10 Pit_1 
32 3/29/2018 9:41:32 1514121 2881494 6051.543 17687 3.33 Pit_1 
33 3/29/2018 9:41:34 1514117 2881487 6051.796 18375 3.68 Pit_1 
34 3/29/2018 9:41:36 1514112 2881479 6051.746 18552 3.77 Pit_1 
35 3/29/2018 9:41:38 1514108 2881473 6051.779 18808 3.89 Pit_1 
36 3/29/2018 9:41:40 1514103 2881466 6051.609 17910 3.45 Pit_1 
37 3/29/2018 9:41:42 1514099 2881459 6051.618 18145 3.56 Pit_1 
38 3/29/2018 9:41:44 1514095 2881452 6051.366 18277 3.63 Pit_1 
39 3/29/2018 9:41:46 1514090 2881445 6051.353 18827 3.90 Pit_1 
40 3/29/2018 9:41:48 1514085 2881438 6051.714 17861 3.42 Pit_1 

(1) Projection: NAD 1983, New Mexico West, Feet. 
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Table 2 

St. Anthony Mine Site Test Pits Subsurface Soil Sample Field Gamma Radiation Screening Summary 

Sample Data Field Soil Screening Data Laboratory Data 

Test 
Pit ID Soil Sample ID Northing(1)   

(feet)              
Easting(1)                

(feet) 
 Date 

6.6 pCi/g 
SSL 

Reference 
Soil CPM               

 Soil 
Sample      

CPM            
Comments 

Estimated            
Ra-226 
pCi/g 

Sample 
Sent to 

Lab 

Ra-
226 

pCi/g 

Error 
Estimate 

pCi/g 

MDC  
pCi/g 

01 
SB-TP01-01 (@ 1.1 ft) 

1,519,977.7 2,879,801.1 
4/19/2018 

628 
734 >SSL 7.2 Y 9.20 1.20 0.50 

SB-TP01-02 (@ 2.5 ft) 4/19/2018 286 <SSL 1.7 Y 1.26 0.30 0.50 

02 
SB-TP02-01 (@ 1.1 ft) 

1,518,527.1 2,880,209.9 
4/19/2018 

628 
2325 >SSL 26.8 Y 35.40 4.20 0.60 

SB-TP02-02 (@ 2.5 ft) 4/19/2018 383 <SSL 2.9 Y 1.38 0.32 0.51 

03 SB-TP03-01 (@ 1.0 ft) 1,517,294.7 2,879,324.8 4/16/2018 667 243 <SSL 1.2 Y 1.61 0.35 0.48 

04 

SB-TP04-03 (@ 3.0 ft) 

1,516,898.8 2,880,561.8 

4/16/2018 

667 

3587 >SSL 42.3 N - - - 

SB-TP04-05 (@ 5.0 ft) 4/16/2018 741 >SSL 7.3 Y 4.87 0.69 0.44 

SB-TP04-06 (@ 6.0 ft) 4/16/2018 457 <SSL 3.8 Y 2.79 0.39 0.33 

05 

SB-TP05-01 (@ 1.0 ft) 

1,516,786.8 2,880,764.9 

4/16/2018 

667 

1864 >SSL 21.1 N - - - 

SB-TP05-02 (@ 2.0 ft) 4/16/2018 2286 >SSL 26.3 N - - - 

SB-TP05-03 (@ 3.0 ft) 4/16/2018 2574 >SSL 29.8 N - - - 

SB-TP05-04 (@ 4.0 ft) 4/16/2018 2750 >SSL 32.0 N - - - 

SB-TP05-05 (@ 5.0 ft) 4/16/2018 496 <SSL 4.3 Y 0.65 0.19 0.34 

06 SB-TP06-01 (@ 1.0 ft) 1,516,646.2 2,880,538.3 4/16/2018 667 402 <SSL 3.1 Y 4.79 0.71 0.67 

07 

SB-TP07-01 (@ 1.0 ft) 

1,516,414.4 2,880,892.5 
4/16/2018 

667 
2295 >SSL 26.4 

y 29.30 3.50 0.90 
SB-TP07-201 Field QA/QC Dup 
of SB-TP07-01 Y 27.80 3.40 1.10 

SB-TP07-02 (@ 2.5 ft) 4/16/2018 244 <SSL 1.2 Y 0.69 0.18 0.31 

 (1) Projection: NAD 1983, New Mexico West, Feet. 
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Table 2 (Continued) 
St. Anthony Mine Site Test Pits Subsurface Soil Sample Field Gamma Radiation Screening Summary 

Sample Data Field Soil Screening Data Laboratory Data 

Test 
Pit ID Soil Sample ID Northing(1)   

(feet)              
Easting(1)                

(feet) 
 Date 

6.6 pCi/g 
SSL 

Reference 
Soil CPM               

 Soil 
Sample      

CPM            
Comments 

Estimated            
Ra-226 
pCi/g 

Sample 
Sent to 

Lab 

Ra-
226 

pCi/g 

Error 
Estimate 

pCi/g 

MDC  
pCi/g 

08 
SB-TP08-01 (@ 1.0 ft) 

1,516,128.0 2,877,428.9 
4/16/2018 

667 
733 >SSL 7.2 Y 15.30 1.90 0.70 

SB-TP08-02 (@ 2.1 ft) 4/16/2018 210 <SSL 0.8 Y 0.92 0.25 0.40 
SB-TP08-03 (@ 3.0 ft) 4/16/2018 211 <SSL 0.8 N - - - 

09 
SB-TP09-01 (@ 1.0 ft) 

1,515,831.1 2,877,501.9 
4/16/2018 

667 
2108 >SSL 24.1 N - - - 

SB-TP09-02 (@ 2.5 ft) 4/16/2018 267 <SSL 1.5 Y 1.54 0.32 0.47 
SB-TP09-03 (@ 3.5 ft) 4/16/2018 266 <SSL 1.4 Y - - - 

10 

SB-TP10-01 (@ 1.0 ft) 

1,515,336.8 2,882,418.7 
4/18/2018 

628 
974 >SSL 10.2 

Y 15.10 1.80 0.50 
SB-TP10-201, Field QA/QC Dup 
of SB-TP10-01 Y 8.10 1.10 0.60 

SB-TP10-02 (@ 2.0 ft) 4/18/2018 450 <SSL 3.7 Y 5.03 0.70 0.58 

11 

SB-TP11-01 (@ 1.0 ft) 

1,515,067.3 2,882,375.8 

4/18/2018 

628 

533 <SSL 4.7 N - - - 
SB-TP11-02 (@ 2.1 ft) 4/18/2018 2674 >SSL 31.1 N - - - 
SB-TP11-03 (@ 3.0 ft) 4/18/2018 1879 >SSL 21.3 N - - - 
SB-TP11-04 (@ 4.0 ft) 4/18/2018 2284 >SSL 26.3 Y 21.70 2.70 0.90 
SB-TP11-05 (@ 5.0 ft) 4/18/2018 599 <SSL 5.5 Y 4.30 0.61 0.44 

12 
SB-TP12-02 (@ 2.0 ft) 

1,514,764.1 2,882,599.4 
4/18/2018 

628 
1197 >SSL 12.9 N - - - 

SB-TP12-03 (@ 3.0 ft) 4/18/2018 653 ≈SSL 6.2 Y 2.25 0.42 0.52 
SB-TP12-04 (@ 4.0 ft) 4/18/2018 387 <SSL 2.9 Y 16.00 2.00 0.60 

13 
SB-TP13-04 (@ 4.0 ft) 

1,514,669.1 2,882,250.3 
4/18/2018 

628 
3255 >SSL 38.2 N - - - 

SB-TP13-05 (@ 5.0 ft) 4/18/2018 1605 >SSL 17.9 Y 12.60 1.60 0.80 
SB-TP13-06 (@ 5.5 ft) 4/18/2018 792 >SSL 7.9 Y 6.93 0.95 0.58 

14 

SB-TP14-02 (@ 2.0 ft) 

1,514,540.5 2,882,755.6 
4/18/2018 628 1452 >SSL 16.0 

Y 16.40 2.00 0.50 
SB-TP14-202, Field QA/QC Dup 
of SB-TP14-02 Y 14.40 1.80 0.80 

SB-TP14-03 (@ 3.5 ft) 4/18/2018  393 <SSL 3.0 Y 2.08 0.39 0.46 
(1) Projection: NAD 1983, New Mexico West, Feet. 
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Table 2 (Continued) 
St. Anthony Mine Site Test Pits Subsurface Soil Sample Field Gamma Radiation Screening Summary  

Sample Data Field Soil Screening Data Laboratory Data 

Test 
Pit ID Soil Sample ID Northing(1)   

(feet)              
Easting(1)                

(feet) 
 Date 

6.6 pCi/g 
SSL 

Reference 
Soil CPM               

 Soil 
Sample      

CPM            
Comments 

Estimated            
Ra-226 
pCi/g 

Sample 
Sent to 

Lab 

Ra-
226 

pCi/g 

Error 
Estimate 

pCi/g 

MDC  
pCi/g 

15 
SB-TP15-01 (@ 1.1 ft) 

1,514,476.2 2,882,323.8 
4/18/2018 

628 
247 <SSL 1.2 Y 1.04 0.24 0.36 

SB-TP15-02 (@ 2.0 ft) 4/18/2018 253 <SSL 1.3 Y 0.76 0.25 0.45 

16 
SB-TP16-01 (@ 1.0 ft) 

1,514,197.5 2,882,127.8 
4/18/2018 

628 
242 <SSL 1.1 Y 0.77 0.25 0.41 

SB-TP16-02 (@ 2.0 ft) 4/18/2018 247 <SSL 1.2 Y 0.87 0.24 0.43 

17 
SB-TP17-01 (@ 1.2 ft) 

1,514,139.3 2,882,412.6 
4/18/2018 

628 
275 <SSL 1.6 Y 1.42 0.24 0.35 

SB-TP17-02 (@ 2.1 ft) 4/18/2018 236 <SSL 1.1 Y 0.91 0.26 0.41 

18 
SB-TP18-01 (@ 1.0 ft) 

1,514,065.8 2,882,908.7 
4/18/2018 

628 
330 <SSL 2.2 Y 1.02 0.24 0.35 

SB-TP18-02 (@ 2.1 ft) 4/18/2018 276 <SSL 1.6 Y 0.94 0.27 0.50 

19 

SB-TP19-01 (@ 1.3 ft) 

1,514,025.5 2,883,361.9 
4/18/2018 

628 
1918 >SSL 21.8 

Y 29.00 3.60 0.90 
SB-TP19-201, Field QA/QC Dup 
of SB-TP19-01 Y 26.80 3.30 0.70 

SB-TP19-02 (@ 2.3 ft) 4/18/2018 265 <SSL 1.4 Y 0.90 0.24 0.42 

20 

SB-TP20-01 (@ 1.0 ft) 

1,513,518.0 2,884,947.0 

4/19/2018 

628 

272 <SSL 1.5 Y 1.60 0.38 0.58 
SB-TP20-02 (@ 2.0 ft) 

4/19/2018 268 <SSL 1.5 
Y 1.32 0.32 0.50 

SB-TP10-202, Field QA/QC Dup 
of SB-TP20-02 Y 1.26 0.34 0.61 

21 
SB-TP21-01 (@ 1.0 ft) 

1,513,857.6 2,881,478.5 
4/18/2018 

628 
291 <SSL 1.7 Y 1.35 0.30 0.43 

SB-TP21-02 (@ 2.0 ft) 4/18/2018 254 <SSL 1.3 Y 0.78 0.22 0.37 

22 
SB-TP22-03 (@ 3.1 ft) 

1,513,810.0 2,883,645.0 
4/19/2018 

628 
683 ≈SSL 6.6 Y 6.63 0.38 0.50 

SB-TP22-07 (@ 7.5 ft) 4/19/2018 296 <SSL 1.8 Y 1.97 0.35 0.42 

23 
SB-TP23-04 (@ 4.0 ft) 

1,513,547.0 2,883,838.0 
4/19/2018 

628 
2870 >SSL 33.5 Y 31.20 3.80 0.90 

SB-TP23-06 (@ 6.0 ft) 4/19/2018 486 <SSL 4.1 Y 2.26 0.40 0.48 

24 
SB-TP24-05 (@ 5.5 ft) 

1,513,371.5 2,884,557.1 
4/19/2018 

628 
3463 >SSL 40.8 Y 30.00 0.80 0.50 

SB-TP24-06 (@ 6.5 ft) 4/19/2018 2693 >SSL 31.3 Y 55.50 6.60 0.50 
(1) Projection: NAD 1983, New Mexico West, Feet.
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Table 3 
St. Anthony Mine Site Test Pit Subsurface Ra-226 Contamination Depth Summary 

Test Pit ID 
Test Pit Location Coordinates (1) (Feet) 

 Date 
Depth of Subsurface 

Ra-226 Contamination 
>SSL (Feet) 

Northing                 Easting  

1 1,519,977.7 2,879,801.1 4/19/2018 2.5 

2 1,518,527.1 2,880,209.9 4/19/2018 2.5 

3 1,517,294.7 2,879,324.8 4/16/2018 1.0 

4 1,516,898.8 2,880,561.8 4/16/2018 6.0 

5 1,516,786.8 2,880,764.9 4/16/2018 5.0 

6 1,516,646.2 2,880,538.3 4/16/2018 1.0 

7 1,516,414.4 2,880,892.5 4/16/2018 2.5 

8 1,516,128.0 2,877,428.9 4/16/2018 2.1 

9 1,515,831.1 2,877,501.9 4/16/2018 2.5 

10 1,515,336.8 2,882,418.7 4/18/2018 2.0 

11 1,515,067.3 2,882,375.8 4/18/2018 5.0 

12 1,514,764.1 2,882,599.4 4/18/2018 3.0 

13 1,514,669.1 2,882,250.3 4/18/2018 6.0 

14 1,514,540.5 2,882,755.6 4/18/2018 3.5 

15 1,514,476.2 2,882,323.8 4/18/2018 1.1 

16 1,514,197.5 2,882,127.8 4/18/2018 <1.0 

17 1,514,139.3 2,882,412.6 4/18/2018 <1.0 

18 1,514,065.8 2,882,908.7 4/18/2018 1.0 

19 1,514,025.5 2,883,361.9 4/18/2018 2.3 

20 1,513,518.0 2,884,947.0 4/19/2018 <1.0 

21 1,513,857.6 2,881,478.5 4/18/2018 <1.0 

22 1,513,810.0 2,883,645.0 4/19/2018 3.1 

23 1,513,547.0 2,883,838.0 4/19/2018 6.0 

24 1,513,371.5 2,884,557.1 4/19/2018 >6.5 
(1) Projection: NAD 1983, New Mexico West, U.S. Feet. 
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Table 4 
St. Anthony Mine Site Gamma Radiation Level to Ra-226 Correlation Data Summary 

Surface Soil 
Sample ID 

Exposure 
Rate 

µR/hr 

2x2 NaI 0.5-Inch 
Lead Collimated 

Detector 

2x2 NaI Bare 
Detector 

Soil Sample Ra-226 Laboratory 
Analysis pCi/g                                        

(EPA Method 901.1 Modified) 
CPM Avg. CPM CPM Avg. CPM Ra-226 Uncertainty MDC 

SA-COR-001 10 
3324 

3363 
9937 

10009 0.85 0.27 0.45 3383 10077 
3381 10013 

SA-COR-002 11 
3165 

3158 
10406 

10424 0.83 0.20 0.28 3070 10441 
3238 10425 

SA-COR-003 
95 

25600 

25742 
84039 

83615 
43.9 5.3 0.9 

SA-COR-003 Field 
QA/QC Duplicate 

25894 83117 
41.1 4.9 0.8 25731 83689 

SA-COR-004 
70 

22796 

22008 
68362 

66156 
25.3 3.1 0.9 

SA-COR-004 Lab 
QA/QC Duplicate 

20739 64884 
34.7 4.1 0.6 22490 65222 

SA-COR-005 20 
7439 

7135 
19346 

19509 6.36 0.86 0.55 6924 19412 
7043 19769 

SA-COR-006 
12 

3124 

3234 
11405 

11428 
0.75 0.22 0.40 

SA-COR-006 Field 
QA/QC Duplicate 

3328 11685 
0.74 0.27 0.44 3251 11194 

SA-COR-007 15 
4991 

5109 
14131 

14226 2.73 0.45 0.48 5241 14174 
5096 14372 

SA-COR-008 20 
6881 

6932 
20219 

20214 5.17 0.73 0.47 6849 20268 
7065 20155 

SA-COR-009 70 
26362 

26561 
64037 

64112 29.7 3.5 0.60 26596 64428 
26725 63871 

SA-COR-010 25 
8515 

8607 
22943 

23000 6.78 0.92 0.50 8672 23060 
8635 22997 

SA-COR-011 110 
35912 

35982 
99965 

98373 69.2 8.2 1.0 36235 96941 
35798 98212 

SA-COR-012 
30 

7748 

7975 
25242 

25382 
6.63 0.87 0.47 

SA-COR-012 Lab 
QA/QC Duplicate 

8050 25514 
5.91 0.82 0.51 8126 25390 

SA-COR-013 25 
8293 

8228 
21581 

21589 5.45 0.74 0.46 8192 21295 
8199 21891 

SA-COR-014 12 
4358 

4422 
11945 

11962 1.25 0.27 0.41 4412 11972 
4496 11970 
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Appendix A 
St. Anthony Mine Site Gamma Survey Data 

(2007 Materials Characterization Surface Gamma Survey Data & Supplemental Characterization 
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



Page 13 of 13

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
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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.  

 



A VM Envirl. .!ntal Services, Inc. 
Field Soil Sample Gamma Radiation Screening Form 

St. Anthony Mine Site 

Instrument Calibration Date: .....-A, -tt m 7 
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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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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·> 
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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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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

8 of 22



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
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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
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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: 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

9 of 18



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
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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: 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
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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: 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

17 of 19



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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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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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) 
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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 

0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

0 10
 

20
 

30
 

40
 

50
 

60
 

70
 

80
 

90
 

10
0 

11
0 

12
0 

Su
rf

ac
e 

So
il 

Ra
-2

26
, p

Ci
/g

 

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
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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
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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: 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

15 of 28



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

16 of 28



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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Radiologic Instrument Calibration and Operational Function Check 

Documentation  
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Detector High Voltage, VDC 

Detector High Voltage Plateau 
SPA-3 #408522-30 with Ludlum 2221 #68782 

1% Uranium Ore in Sealed Can  
August 1, 2017 

Source Plateau Background Plateau 

Optimum HV @ 900 VDV 
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Detector High Voltage, VDC 

Detector High Voltage Plateau 
SPA-3 #408522-33 with Ludlum 2221 #68782 

1% Uranium Ore in Sealed Can  
August 1, 2017 

Source Plateau Background Plateau Poly. (Source Plateau) 

Optimum HV @ 900 VDV 
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Detector High Voltage, VDC 

Detector High Voltage Plateau 
SPA-3 #10071 with Ludlum 2221 #68782 

1% Uranium Ore in Sealed Can  
August 1, 2017 

Source Plateau Background Plateau 

Optimum HV @ 900 VDV 
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