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6 March 2014 

Dennis Harwood/David Allen 
555 Cordova Street 
Anchorage, AK 99501 

Subject: Garden Soil Sampling (NTP 18-8036-02-002E) 

Dear Mr. Harwood and Mr. Allen: 

The purpose of this report is to transmit the results of garden soil sampling performed 
on 30 August and 4 September 2013. The sampling was performed in North Pole, 
Alaska, approximately 13 miles southeast of Fairbanks, Alaska, within the Fairbanks 
North Star Borough. 

Alaska Department of Environmental Conservation (ADEC) tasked ERM Alaska, Inc.  
(ERM) to collect samples to assess whether there is any evidence of sulfolane 
contamination of garden or lawn soil as a result of watering with sulfolane-impacted 
irrigation water. There are many residences with gardens located within and near the 
sulfolane groundwater plume to the north, northeast, and northwest of the North Pole 
Refinery (NPR) (Figure 1). ERM collected surface soil samples from six residential lawns 
or gardens that are watered with sulfolane-laden water from residential wells. The 
samples were analyzed for sulfolane, total organic carbon (TOC), and grain-size to 
evaluate the potential for sulfolane accumulation in the garden soil. 

In addition ERM collected surface water samples from three locations in the Tanana 
River to support ongoing stable isotope work by the University of Alaska, Fairbanks 
(UAF). Sample locations are presented in Attachment A but results are not discussed in 
this report.  

BACKGROUND 

The NPR is an active petroleum refinery that receives crude oil feedstock from the 
Trans-Alaska Pipeline. The site was developed in the mid-1970s and operations began in 
1977. The NPR contains crude oil processing units, tank farms, truck loading racks, 
wastewater treatment lagoons, storage areas, and two flooded gravel pits. Since 1985, 
the NPR has used a proprietary chemical, sulfolane, in the refining process to extract 
aromatics from the feedstock. Over the years, there were documented releases of 
sulfolane at the NPR, and there were very high concentrations of sulfolane historically 
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detected in the wastewater lagoons. In 2009, sulfolane was first detected in groundwater 
samples from offsite monitoring wells.  

In 2012, the state of Alaska established an alternative cleanup level (ACL) of 14 
micrograms per liter (μg/L) for sulfolane in water (ADEC 2012) and a screening level of 
38 micrograms per kilogram (μg/Kg) for sulfolane in soil). Extensive characterization 
work has shown the sulfolane groundwater plume above the ACL to extend 
approximately 3.5 miles downgradient (north) of the NPR. Sulfolane has been detected 
in shallow monitoring wells screened across the water table, deeper monitoring wells, 
and also in private wells completed subpermafrost at depths up to approximately 300 
feet below ground surface. The extent of sulfolane in groundwater exceeding the 14 
μg/L ACL in the 10 to 55 feet below water table interval, as of the 3rd quarter of 2013 
(Arcadis, 2013), is shown on Figure 1. 

Prior to the current study, there has been one other garden soil sampling event. In 
October 2011, four soil samples were collected from two properties located within the 
sulfolane plume. Sulfolane was not detected in any of the samples; however, the garden 
areas sampled were reported to have not been watered with sulfolane-laden water 
during the 2011 growing season (Barr 2012). 

The purpose of the current garden sampling is to evaluate potential ecological and 
human health risk from the application of sulfolane-laden water to garden and lawn 
soil. Sulfolane has a low organic carbon partitioning coefficient; therefore, it has been 
assumed that it does not adhere to soil particles. The samples in the current effort 
represent areas that are reported to have been watered with impacted water for several 
years. To better understand the possible retention of sulfolane in garden soil, samples 
from each property were also analyzed for grain size and TOC. 

SOIL SAMPLE LOCATIONS 

Garden or lawn surface soil samples were collected from six properties. ADEC identified 
candidate properties for surface sampling by reviewing responses to a June 2013 ADEC 
sulfolane survey of North Pole residents and by recommendations offered by Flint Hills. 
In selecting candidates for garden sampling, ADEC identified properties where 
untreated water was reportedly used to water gardens or lawns and where recent 
sampling indicated elevated sulfolane concentrations in the untreated water. ADEC was 
able to obtain access to sample garden soil at properties with a range of untreated 
sulfolane concentrations, as shown in Table 1. The garden sampling locations are shown 
in Figure 1. 

Soil sample information is summarized in Table 2. The number of samples collected 
from each property was based on the recent groundwater sulfolane concentrations. 
Three samples were collected from the properties with highest groundwater sulfolane 
concentrations, while one soil sample was collected from the properties with lower 
groundwater sulfolane concentrations (note that there were two properties with similar 
sulfolane concentrations of approximately 120 μg/L; three samples were taken from one 
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of these properties and one from the other). One TOC and one soil particle size sample 
were also collected from each of the six properties to help interpret the distribution of 
any sulfolane detections. Table 2 also indicates if the samples came from a garden or 
lawn and any associated notes.  

 
TABLE 1:  GARDEN SOIL SAMPLE PROPERTIES WITH CURRENT  

SULFOLANE GROUNDWATER CONCENTRATIONS 

Map 
ID PW-ID 

Sulfolane 
concentration 

in 
groundwater 

(μg /L) 

Well Depth  
(feet below ground 

surface) 

Date of 
Recent 
Sample 

1 PW-1363 132 40 7/11/2013 

2 PW-0625 32.5 J Unknown 12/14/2012 

3 PW-1452 181 Unknown 6/18/2013 

4 PW-1451 288 34 6/10/2013 

5 PW-1354 122 60 1/11/09 

6 PW-0597 

123 J 

Unknown 

12/7/2012 
88.3 J 6/6/2013 
96.5 J 6/27/2013 

70.7 J 8/6/2013 
Notes:
 PW-ID – Flint Hills Resource assigned private well identification number 
 J – Estimated concentration 
 μg/L – micrograms per liter 
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Sulfolane Garden Soil Sampling ADEC 

ERM           5 3/6/2014 

FIELD WORK AND SAMPLING PROCEDURES 

Soil property map locations 1, 2, and 3 were sampled on 30 August 2013 and locations 4, 
5, and 6 were sampled on 4 September 2013 by ERM staff. Field notes are provided in 
Attachment B. Weather during both sampling events was rainy with air temperatures 
ranging from 50  to 60  Fahrenheit (F). The North Pole area experienced a relatively 
warm summer with below average rainfall for the months of June, July, and August. 
Therefore, gardens and lawns would have been expected to receive above average rates 
of irrigation during the summer of 2013. However, during and for a short time prior to 
both sampling events conditions were rainy. Attachment C presents North Pole daily 
precipitation events and precipitation accumulation since 1 June 2013. Significant rain 
events (greater than 0.1 in) occurred within seven days of the first event and three days 
prior to the second sampling event.  

The field team coordinated with analytical laboratory SGS North America, Inc. (SGS) in 
Fairbanks for transfer of sample containers.  For the UAF stable isotope sampling, ERM 
coordinated with Michelle Barnes of UAF. 

The following procedures were followed for surface soil sample collection. ADEC or 
Flint Hills coordinated with property owners to obtain approval for sample collection. If 
available, property owners were asked a series of questions by ADEC about garden or 
lawn watering habits at the property. ERM staff scheduled the sampling event with each 
the property owners. If possible, ERM staff discussed watering history with the property 
owner prior to sampling in order to determine the most appropriate location to sample, 
based on exposed soil and amount of well water received. However, of the six properties 
sampled, only two property owners were home at the time of sampling.  

Individual soil sample location preference was given to areas of bare soil. If bare garden 
soil was not available, a section of lawn was selected for sampling. Care was taken not to 
damage flowers or vegetation. In areas of bare soil, a disposable sample spoon was used 
to remove the upper half inch of material from the sample site and to collect the sample. 
Soil samples from areas of bare soil were collected from approximately one half inch 
below the ground surface. In areas where there was no exposed soil and only lawn, the 
sod layer was either cut with a knife or shovel blade to expose bare soil.  Jars were filled 
to minimize head space, and any soil particles adhering to the lip of the jar were wiped 
clean with a paper towel prior to capping the jar. If a shovel or knife was used to cut sod, 
all soil particles remaining on the tools were removed with a brush, and then the tools 
were wiped clean with a deionized water- wetted paper towel. New gloves and 
sampling gear were used at each sample location. Disposable sampling gear was the 
only investigation derived waste generated and was disposed of at the Fairbanks 
landfill. 

Photographs documenting the sampling effort are provided in Attachment D.  



ERM                                                                                                         6 3/6/2014 

Work Plan Deviations 

The work plan stated eight properties would be sampled. However, six 
properties were sampled because ADEC was able to obtain consent from six 
property owners.  

The work plan called for asking the property owner a series of questions 
regarding specific well water use and obtaining help from the property owner in 
selecting the sample location. However, sampling was scheduled with the 
property owners via phone, and in most cases (four of the six properties) the 
property owner was not present during sampling to provide additional details. 

QUALITY ASSURANCE AND QUALITY CONTROL 

Laboratory reports are presented in Attachment. A detailed Data Quality Assurance 
Review (QAR) and ADEC laboratory checklist are presented in Attachment F. Organic 
material in the soil samples had a high molecular weight, resulting in the laboratory’s 
need to add a cleanup process to the sample preparation. Because of the cleanup 
process, the standard 14-day holding time was exceeded for all of the samples. 
However, all but two of the samples were re-extracted within twice the standard 
holding time and were therefore flagged as estimated due to exceeded holding time. The 
non-detected results for sulfolane were rejected in two samples (13-NPR-01-SS-03 and 
13-NPR-03-SS-01) due to grossly exceeded holding times. The data quality objective for 
completeness was met. With the exception of the two rejected sulfolane sample results, 
data quality was determined as acceptable or estimated. Acceptable data are associated 
with quality control (QC) data that meet all QC criteria or with QC samples that did not 
meet QC criteria but data quality objectives were not affected.  The rejected results are 
only usable for screening purposes.  

FINDINGS 

Soil sample results are presented in Table 3. The project resulted in the following 
findings: 

Sulfolane was not detected in any of the lawn or garden locations sampled. 

The TOC and grain size data did not provide any insight into sulfolane retention 
in soil, because there were no sulfolane detections in soil. 

Detection limits were below ADEC soil screening levels. 

Data were considered useable to assess sulfolane concentrations at the time and 
locations of the sample event.   
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The cleanup procedure was needed for the current garden soil samples but not 
the 2011 garden soil samples. The range of TOC values was similar between the 
two sets of samples (i.e., 1.8 to 23.1% in 2011 and 1.17 to 17.9% in 2013), so TOC 
differences do not explain the need to use the cleanup procedure in 2013.  If 
garden soil sampling is performed in the future, the potential need to use the 
cleanup procedure should be discussed with the lab ahead of time to decrease 
the probability of needing to reanalyze samples and incur possible holding time 
exceedences.  

The data quality in the non-rejected results is considered adequate to show that 
there is no evidence of sulfolane retention at detectable concentrations in soil 
watered with sulfolane-laden water. 

Property owners were notified of the sampling results for their property through 
a letter from ADEC.  

Sincerely, 

Jane Paris Max Schwenne 
Project Manager Managing Partner 

cc: 
Tamara Cardona, ADEC (via e-mail) 
 

Tables: 
1. Garden Soil Sample Properties with Current Sulfolane Groundwater 

Concentrations 
2. Property Information and Sample Location 
3. Garden Surface Soil Sampling Results 

Figures: 
1. Garden Sampling Property Locations 

Attachments: 
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UAF Tanana River Isotope Sample Locations 
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UAF Tanana River Isotope Sample Locations ___________________________________________________________________  

ERM  pg 1 of 3 9/13/2013 
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UAF Tanana River Isotope Sample Locations ___________________________________________________________________  

ERM  pg 2 of 3 9/13/2013 
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UAF Tanana River Isotope Sample Locations ___________________________________________________________________  

ERM  pg 3 of 3 9/13/2013 

 

 

 

 

 

 

 

 

UAF Tanana Sample #3 – Looking 
Downstream 

 

 

UAF Tanana Sample #3 – Looking 
upstream 

 

 

 

 

 

UAF Tanana Sample #3 – Looking 
upstream near bank 
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North Pole Cumulative Precipitation  
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North Pole Alaska Cumulative Precipitation
 June 2013 -  September 2013

Date recipitationI Cumulative Precipitiation (inches)
6/3/2013 0.03 0.03
6/4/2013 0.02 0.05
6/5/2013 0.01 0.06
6/8/2013 0.01 0.07

6/21/2013 0.05 0.12
7/1/2013 0.11 0.23
7/2/2013 0.04 0.27
7/5/2013 0.01 0.28
7/8/2013 0.01 0.29
7/9/2013 0.01 0.3

7/10/2013 0.04 0.34
7/18/2013 0.06 0.4
7/19/2013 0.21 0.61
7/20/2013 0.11 0.72
7/24/2013 0.05 0.77
8/9/2013 0.01 0.78

8/15/2013 0.02 0.8
8/16/2013 0.15 0.95
8/17/2013 0.02 0.97
8/18/2013 0.01 0.98
8/20/2013 0.01 0.99
8/21/2013 0.01 1
8/22/2013 0.01 1.01
8/23/2013 0.15 1.16
8/26/2013 0.01 1.17
8/28/2013 0.01 1.18
8/29/2013 0.02 1.2
8/30/2013 0.02 1.22

9/2/2013 0.18 1.4
9/3/2013 0.08 1.48
9/4/2013 0.03 1.51

Note: Dates with no recorded precipitation are not shown
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North Pole Garden Soil Sampling Alaska Department of Environmental Conservation 

ERM Appendix C, pg 1 of 10 12/20/2013 

 
PHOTOGRAPH 1: GARDEN SAMPLE LOCATION #1. OVERVIEW OF BED, NON-

POTABLE WATER SOURCE LOCATED ON RIGHT. 

 
PHOTOGRAPH 2: LOCATION #1 – SPOONS INDICATING SAMPLE SPACING (3) 



North Pole Garden Soil Sampling Alaska Department of Environmental Conservation 

ERM Appendix C, pg 2 of 10 12/20/2013 

 
PHOTOGRAPH 3: LOCATION #1 – TYPICAL SAMPLE HOLE 

 
PHOTOGRAPH 4: LOCATION #2 – NON-POTABLE WATER SOURCE LEADING TO 

GREENHOUSE 



North Pole Garden Soil Sampling Alaska Department of Environmental Conservation 

ERM Appendix C, pg 3 of 10 12/20/2013 

 

 
PHOTOGRAPH 5: LOCATION #2 – SAMPLING FROM CUCUMBER PLANTER BOX IN 

GREENHOUSE 

 
PHOTOGRAPH 6: LOCATION #2 – NON-POTABLE WATER HOSE  



North Pole Garden Soil Sampling Alaska Department of Environmental Conservation 

ERM Appendix C, pg 4 of 10 12/20/2013 

 

 
PHOTOGRAPH 7: LOCATION #3 – OVERVIEW 

 
PHOTOGRAPH 8: LOCATION #3 – SAMPLING FROM FLOWER BED 



North Pole Garden Soil Sampling Alaska Department of Environmental Conservation 

ERM Appendix C, pg 5 of 10 12/20/2013 

 

 
PHOTOGRAPH 9: LOCATION #3 – TYPICAL SAMPLE HOLE 

 
PHOTOGRAPH 10: LOCATION #4 – LAWN SAMPLING LOCATION 



North Pole Garden Soil Sampling Alaska Department of Environmental Conservation 

ERM Appendix C, pg 6 of 10 12/20/2013 

 

 
PHOTOGRAPH 11: LOCATION #4 – SAMPLING JUST BENEATH SOD LAYER 

 
PHOTOGRAPH 12: LOCATION #4 – SAMPLE 13-NPR-04-SS-03 IN BARE SOIL IN HIGH 

TRAFFIC AREA 



North Pole Garden Soil Sampling Alaska Department of Environmental Conservation 

ERM Appendix C, pg 7 of 10 12/20/2013 

 
PHOTOGRAPH 13: LOCATION #5 – INDIVIDUAL SAMPLE LOCATIONS (3) 

 
PHOTOGRAPH 14: LOCATION #5 – NON-POTABLE WATER SPIGOT NEAR LAWN 

 



North Pole Garden Soil Sampling Alaska Department of Environmental Conservation 

ERM Appendix C, pg 8 of 10 12/20/2013 

 
PHOTOGRAPH 15: LOCATION #5 – TYPICAL SAMPLE HOLE BENEATH SOD 

 
PHOTOGRAPH 16: LOCATION #6 - OVERVIEW  

 



North Pole Garden Soil Sampling Alaska Department of Environmental Conservation 

ERM Appendix C, pg 9 of 10 12/20/2013 

 
PHOTOGRAPH 16: LOCATION #6 – SAMPLING JUST BENEATH SOD 

 



North Pole Garden Soil Sampling Alaska Department of Environmental Conservation 

ERM Appendix C, pg 10 of 10 12/20/2013 
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SGS North America 
Environmental Services – Alaska Division
General Manager 

Charles Homestead 
2013.11.21 16:47:39 -09'00'



































































































A
la

sk
a

M
ar

yl
an

d

N
ew

 J
er

se
y

N
ew

 Y
or

k

N
or

th
 C

ar
ol

in
a

In
di

an
a

W
es

t V
irg

in
a

K
en

tu
ck

y

C
LI

EN
T:

C
O

N
TA

C
T:

PH
O

N
E 

N
O

:

Lo
ca

tio
ns

 N
at

io
nw

id
e

SG
S 

N
or

th
 A

m
er

ic
a 

In
c.

C
H

A
IN

 O
F 

C
U

ST
O

D
Y 

R
EC

O
R

D

w
w

w
.u

s.
sg

s.
co

m
SG

S 
R

ef
er

en
ce

:  
   

   
SG

S 
Ft

 M
cM

ur
ra

y
A

dd
iti

on
al

 C
om

m
en

ts
:

  S
G

S 
- A

K

P
ag

e 
 _

__
_ 

of
 _

__
_

Ju
lie

 S
hu

m
w

ay
(9

07
) 5

62
-2

34
3

# C O N T A I N E R S

Pr
es

er
v-

at
iv

e
U

se
d:

PR
O

JE
C

T
N

A
M

E:
11

38
38

9
PR

O
JE

C
T/

PW
SI

D
/

PE
R

M
IT

#:

M
S

Lo
c 
ID

M
SD

SG
S 

la
b 

#

No
ne

TY
PE

Ju
lie

 S
hu

m
w

ay

# C O N T A I N E R S

Pr
es

er
v-

at
iv

e
U

se
d:

PR
O

JE
C

T
N

A
M

E:

Particle Size-
Bekman Coulter 
Laser

11
38

38
9

PR
O

JE
C

T/
PW

SI
D

/
PE

R
M

IT
#:

Ju
lie

.S
hu

m
w

ay
@

sg
s.

co
m

M
S

Lo
c 
ID

M
SD

SG
S 

la
b 

#

R
EP

O
R

TS
 T

O
:

E-
M

A
IL

:

IN
VO

IC
E 

TO
:

Q
U

O
TE

 #
:

P.
O

. #
:

1
x

 
 

 
 

 
1

x
 

 
 

 
 

1
x

x
1

x
x

1
x

1
x

G
 =

 
G

R
A

B

TY
PE

C
 =

 
C

O
M

P

13
-N

PR
-0

1-
SS

-0
2

08
/3

0/
13

10
17

Ju
lie

 S
hu

m
w

ay

R
E

S
E

R
V

E
D

fo
r l

ab
 u

se
SA

M
PL

E 
ID

EN
TI

FI
C

A
TI

O
N

11
38

38
9

M
ul

ti
In

cr
e-

m
en

ta
l

So
ils

M
A

TR
IX

/
M

A
TR

IX
TI

M
E

H
H

:M
M

# C O N T A I N E R S

13
-N

PR
-0

2-
SS

-0
1

08
/3

0/
13

13
-N

PR
-0

2-
SS

-0
1

08
/3

0/
13

G
R

A
B

G
R

A
B

Particle Size-
Bekman Coulter 
Laser

15
00

SO
G

R
A

B

Ju
lie

.S
hu

m
w

ay
@

sg
s.

co
m

D
A

TE
m

m
/d

d/
yy

G
R

A
B

15
00

SO

G
R

A
B

09
/0

4/
13

13
-N

PR
-0

2-
SS

-0
1

08
/3

0/
13

10
50

13
-N

PR
-0

3-
SS

-0
1

08
/3

0/
13

10
15

SO
G

R
A

B
13

-N
PR

-0
4-

SS
-0

1

SO
15

00
SO SO

M
S

Lo
c 
ID

M
SD

SG
S 

la
b 

#
R

EM
A

R
K

S

3

1 2

11
38

38
9

Gr
ai

n
Si

ze
.x

ls

1
x

1
x

1
x

  R
el

in
qu

is
he

d 
B

y:
 (1

)
D

at
e

Ti
m

e
R

ec
ei

ve
d 

B
y:

D
at

a 
D

el
iv

er
ab

le
 R

eq
ui

re
m

en
ts

:
Le

ve
l I

I r
ep

or
t +

 E
xc

el
 E

D
D

R
el

in
qu

is
he

d 
B

y:
 (2

)
D

at
e

Ti
m

e
R

ec
ei

ve
d 

B
y:

R
eq

ue
st

ed
 T

ur
na

ro
un

d 
Ti

m
e 

an
d-

or
 S

pe
ci

al
 In

st
ru

ct
io

ns
:

R
el

in
qu

is
he

d 
B

y:
 (3

)
D

at
e

Ti
m

e
R

ec
ei

ve
d 

B
y:

R
el

in
qu

is
he

d 
B

y:
 (4

)
D

at
e

Ti
m

e
R

ec
ei

ve
d 

Fo
r L

ab
or

at
or

y 
B

y:

[  
  ]

20
0 

W
. P

ot
te

r D
riv

e 
A

nc
ho

ra
ge

, A
K

 9
95

18
  T

el
: (

90
7)

 5
62

-2
34

3 
 F

ax
: (

90
7)

 5
61

-5
30

1
ht

tp
://

w
w

w
.s

gs
.c

om
/te

rm
s_

an
d_

co
nd

iti
on

s.
ht

m
[  

  ]
55

00
 B

us
in

es
s 

D
riv

e 
W

ilm
in

gt
on

, N
C

 2
84

05
 T

el
: (

91
0)

 3
50

-1
90

3 
 F

ax
: (

91
0)

 3
50

-1
55

7

09
/1

0/
13

09
/0

4/
13

13
-N

PR
-0

5-
SS

-0
1

09
/0

4/
13

10
55

SO
G

R
A

B
10

15
SO

G
R

A
B

13
-N

PR
-0

4-
SS

-0
1

G
R

A
B

SO
95

0
13

-N
PR

-0
6-

SS
-0

1
09

/0
4/

13

   
D

O
D

 P
ro

je
ct

? 
   

  Y
ES

   
  N

O

(S
ee

 a
tta

ch
ed

 S
am

pl
e 

R
ec

ei
pt

 F
or

m
)

(S
ee

 a
tta

ch
ed

 S
am

pl
e 

R
ec

ei
pt

 F
or

m
)

   
C

oo
le

r I
D

:  
__

__
__

__
__

__
__

__
__

__
__

Te
m

p 
B

la
nk

 °C
:  

__
__

__
__

__
__

__
__

__
__

C
ha

in
 o

f C
us

to
dy

 S
ea

l: 
(C

irc
le

)

  o
r  

A
m

bi
en

t  
[  

]
IN

TA
C

T 
   

 B
R

O
K

EN
   

  A
B

SE
N

T

4
5

11
38

38
9

Gr
ai

n
Si

ze
.x

ls



Beckman Coulter  LS Particle Size Analyzer 
18 Sep 2013  15:44

File name: C:\LS13320\2013\SGS Alaska\soil\13-NPR-01-SS-02 (Soil) Aug 30, 2013.$ls
13-NPR-01-SS-02 (Soil) Aug 30, 2013.$ls

File ID: 1138389
Sample ID: 13-NPR-01-SS-02 (Soil)
Comment 1: 30 Aug 2013 @ 10:17
Comment 2: Oversize 20.21% >2000 microns - organics, grass, roots
Optical model: FraunhoferPIDS.rf780d
Start time: 15:38  18 Sep 2013

Diff. + Cum. > Volume 
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13-NPR-01-SS-02 (Soil) Aug 30, 2013.$ls Cum. > Volume 
13-NPR-01-SS-02 (Soil) Aug 30, 2013.$ls Diff. Volume 

Volume Statistics (Arithmetic) 13-NPR-01-SS-02 (Soil) Aug 30, 2013.$ls

Calculations from 0.375 m to 2000 m

Volume: 100%
Mean: 145.9 m S.D.: 211.1 m

Skewness: 2.735 Right skewed
Kurtosis: 8.591 Leptokurtic

d10: 8.845 m d50: 64.33 m d90: 412.9 m

<5%
4.779 m

<16%
14.21 m

<25%
24.13 m

<50%
64.33 m

<75%
168.8 m

<84%
259.2 m

<90%
412.9 m

<95%
580.2 m

>5%
580.2 m

>10%
412.9 m

>16%
259.2 m

>50%
64.33 m

>75%
24.13 m

>84%
14.21 m

>90%
8.845 m

>95%
4.779 m

<10 m
11.3%

<44 m
39.6%

<50 m
43.0%

<90 m
59.4%

<2 m
1.31%

>10 m
88.7%

>44 m
60.4%

>50 m
57.0%

>90 m
40.6%

>2 m
98.7%



Beckman Coulter  LS Particle Size Analyzer 
18 Sep 2013  15:44

Volume 13-NPR-01
% -SS-02

(Soil) Aug
30, 2013
.$ls

Particle
5 580.2
10 412.9
16 259.2
25 168.8
50 64.33
75 24.13
84 14.21
90 8.845
95 4.779

13-NPR-01-SS-02 (Soil) Aug 30, 2013.$ls
Channel Diff. Cum. > Channel Diff. Cum. >
Diameter Volume Volume Diameter Volume Volume
(Lower) % % (Lower) % %

m m
0.375 0 100 69.61 2.64 47.8
0.412 0 100 76.42 2.63 45.1
0.452 0.000022 100 83.89 2.58 42.5
0.496 0.00036 100 92.09 2.51 39.9
0.545 0.0022 100 101.1 2.41 37.4
0.598 0.0067 99.997 111.0 2.32 35.0
0.656 0.014 99.99 121.8 2.25 32.7
0.721 0.024 99.98 133.7 2.20 30.4
0.791 0.036 99.95 146.8 2.18 28.2
0.868 0.051 99.9 161.2 2.17 26.0
0.953 0.068 99.9 176.9 2.14 23.9
1.047 0.088 99.8 194.2 2.06 21.7
1.149 0.11 99.7 213.2 1.90 19.7
1.261 0.13 99.6 234.1 1.66 17.8
1.385 0.16 99.5 256.9 1.41 16.1
1.520 0.18 99.3 282.1 1.19 14.7
1.668 0.21 99.1 309.6 1.08 13.5
1.832 0.24 98.9 339.9 1.10 12.4
2.011 0.26 98.7 373.1 1.23 11.3
2.207 0.29 98.4 409.6 1.39 10.1
2.423 0.32 98.1 449.7 1.47 8.73
2.660 0.35 97.8 493.6 1.40 7.26
2.920 0.38 97.5 541.9 1.18 5.85
3.205 0.42 97.1 594.9 0.88 4.67
3.519 0.46 96.7 653.0 0.62 3.80
3.863 0.50 96.2 716.8 0.47 3.18
4.240 0.54 95.7 786.9 0.45 2.70
4.655 0.59 95.2 863.9 0.49 2.26
5.110 0.64 94.6 948.3 0.55 1.77
5.610 0.69 93.9 1041 0.55 1.22
6.158 0.75 93.3 1143 0.41 0.68
6.760 0.81 92.5 1255 0.21 0.27
7.421 0.87 91.7 1377 0.050 0.055
8.147 0.94 90.8 1512 0.0053 0.0053
8.943 1.02 89.9 1660 0 0
9.817 1.10 88.9 1822 0 0
10.78 1.18 87.8 2000 0
11.83 1.27 86.6
12.99 1.36 85.3
14.26 1.44 84.0
15.65 1.50 82.5
17.18 1.56 81.0
18.86 1.62 79.4
20.70 1.69 77.8
22.73 1.80 76.1
24.95 1.94 74.3
27.39 2.11 72.4
30.07 2.27 70.3
33.01 2.40 68.0
36.24 2.48 65.6
39.78 2.52 63.1
43.67 2.53 60.6
47.94 2.54 58.1
52.62 2.56 55.5
57.77 2.59 53.0
63.41 2.62 50.4



Beckman Coulter  LS Particle Size Analyzer 
18 Sep 2013  16:38

File name: C:\LS13320\2013\SGS Alaska\soil\13-NPR-02-SS-01 (Soil) Aug 30, 2013.$ls
13-NPR-02-SS-01 (Soil) Aug 30, 2013.$ls

File ID: 1138389
Sample ID: 13-NPR-02-SS-01 (Soil)
Comment 1: Aug.30, 2013 @ 15:00
Comment 2: Overize 30.99% >2000 microns Organic matter, grass, roots, soil fertilizer 
Optical model: FraunhoferPIDS.rf780d
Start time: 15:50  18 Sep 2013

Diff. + Cum. > Volume 
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13-NPR-02-SS-01 (Soil) Aug 30, 2013.$ls Cum. > Volume 
13-NPR-02-SS-01 (Soil) Aug 30, 2013.$ls Diff. Volume 

Volume Statistics (Arithmetic) 13-NPR-02-SS-01 (Soil) Aug 30, 2013.$ls

Calculations from 0.375 m to 2000 m

Volume: 100%
Mean: 324.7 m S.D.: 334.4 m

Skewness: 1.808 Right skewed
Kurtosis: 3.744 Leptokurtic

d10: 27.72 m d50: 216.4 m d90: 770.0 m

<5%
13.01 m

<16%
47.44 m

<25%
84.41 m

<50%
216.4 m

<75%
451.5 m

<84%
601.6 m

<90%
770.0 m

<95%
1024 m

>5%
1024 m

>10%
770.0 m

>16%
601.6 m

>50%
216.4 m

>75%
84.41 m

>84%
47.44 m

>90%
27.72 m

>95%
13.01 m

<10 m
3.85%

<44 m
15.1%

<50 m
16.7%

<90 m
26.3%

<2 m
0.42%

>10 m
96.1%

>44 m
84.9%

>50 m
83.3%

>90 m
73.7%

>2 m
99.6%



Beckman Coulter  LS Particle Size Analyzer 
18 Sep 2013  16:38

Volume 13-NPR-02
% -SS-01

(Soil) Aug
30, 2013
.$ls

Particle
5 1024
10 770.0
16 601.6
25 451.5
50 216.4
75 84.41
84 47.44
90 27.72
95 13.01

13-NPR-02-SS-01 (Soil) Aug 30, 2013.$ls
Channel Diff. Cum. > Channel Diff. Cum. >
Diameter Volume Volume Diameter Volume Volume
(Lower) % % (Lower) % %

m m
0.375 0 100 69.61 1.58 78.4
0.412 0 100 76.42 1.68 76.8
0.452 0.000002 100 83.89 1.79 75.1
0.496 0.000058 100 92.09 1.92 73.3
0.545 0.00044 100 101.1 2.05 71.4
0.598 0.0016 100 111.0 2.21 69.3
0.656 0.0038 99.998 121.8 2.37 67.1
0.721 0.0068 99.99 133.7 2.55 64.8
0.791 0.010 99.99 146.8 2.72 62.2
0.868 0.015 99.98 161.2 2.88 59.5
0.953 0.021 99.96 176.9 3.02 56.6
1.047 0.027 99.9 194.2 3.11 53.6
1.149 0.035 99.9 213.2 3.16 50.5
1.261 0.043 99.9 234.0 3.17 47.3
1.384 0.051 99.8 256.9 3.16 44.1
1.520 0.060 99.8 282.1 3.15 41.0
1.668 0.069 99.7 309.6 3.15 37.8
1.832 0.079 99.7 339.9 3.17 34.7
2.011 0.089 99.6 373.1 3.19 31.5
2.207 0.099 99.5 409.6 3.18 28.3
2.423 0.11 99.4 449.7 3.11 25.1
2.660 0.12 99.3 493.6 2.97 22.0
2.920 0.13 99.2 541.9 2.76 19.0
3.205 0.14 99.0 594.8 2.51 16.3
3.519 0.16 98.9 653.0 2.25 13.8
3.863 0.17 98.7 716.8 2.02 11.5
4.240 0.18 98.6 786.9 1.80 9.51
4.655 0.20 98.4 863.9 1.59 7.71
5.110 0.22 98.2 948.3 1.37 6.13
5.610 0.23 98.0 1041 1.16 4.76
6.158 0.25 97.7 1143 0.96 3.60
6.760 0.27 97.5 1255 0.79 2.64
7.421 0.30 97.2 1377 0.64 1.85
8.147 0.32 96.9 1512 0.50 1.21
8.943 0.35 96.6 1660 0.40 0.71
9.818 0.38 96.2 1822 0.31 0.31
10.78 0.41 95.9 2000 0
11.83 0.44 95.4
12.99 0.47 95.0
14.26 0.51 94.5
15.65 0.54 94.0
17.18 0.58 93.5
18.86 0.62 92.9
20.71 0.67 92.3
22.73 0.72 91.6
24.95 0.79 90.9
27.39 0.86 90.1
30.07 0.94 89.2
33.01 1.02 88.3
36.24 1.08 87.3
39.78 1.14 86.2
43.67 1.20 85.1
47.94 1.26 83.9
52.62 1.33 82.6
57.77 1.40 81.3
63.41 1.49 79.9



Beckman Coulter  LS Particle Size Analyzer 
18 Sep 2013  17:11

File name: C:\LS13320\2013\SGS Alaska\soil\13-NPR-06-SS-01 (Soil) Aug 30, 2013.$ls
13-NPR-06-SS-01 (Soil) Aug 30, 2013.$ls

File ID: 1138389
Sample ID: 13-NPR-06-SS-01 (Soil)
Comment 1: Aug 30, 2013 @ 9:50
Comment 2: Oversize 5.80 >2000 microns (Some big rocks and organic matter)
Optical model: FraunhoferPIDS.rf780d
Start time: 17:07  18 Sep 2013

Diff. + Cum. > Volume 
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13-NPR-06-SS-01 (Soil) Aug 30, 2013.$ls Cum. > Volume 
13-NPR-06-SS-01 (Soil) Aug 30, 2013.$ls Diff. Volume 

Volume Statistics (Arithmetic) 13-NPR-06-SS-01 (Soil) Aug 30, 2013.$ls

Calculations from 0.375 m to 2000 m

Volume: 100%
Mean: 119.6 m S.D.: 188.5 m

Skewness: 3.568 Right skewed
Kurtosis: 14.51 Leptokurtic

d10: 10.17 m d50: 60.88 m d90: 236.0 m

<5%
5.344 m

<16%
16.21 m

<25%
26.35 m

<50%
60.88 m

<75%
123.8 m

<84%
171.3 m

<90%
236.0 m

<95%
514.0 m

>5%
514.0 m

>10%
236.0 m

>16%
171.3 m

>50%
60.88 m

>75%
26.35 m

>84%
16.21 m

>90%
10.17 m

>95%
5.344 m

<10 m
9.83%

<44 m
39.2%

<50 m
43.4%

<90 m
64.0%

<2 m
1.29%

>10 m
90.2%

>44 m
60.8%

>50 m
56.6%

>90 m
36.0%

>2 m
98.7%



Beckman Coulter  LS Particle Size Analyzer 
18 Sep 2013  17:11

Volume 13-NPR-06
% -SS-01

(Soil) Aug
30, 2013
.$ls

Particle
5 514.0
10 236.0
16 171.3
25 123.8
50 60.88
75 26.35
84 16.21
90 10.17
95 5.344

13-NPR-06-SS-01 (Soil) Aug 30, 2013.$ls
Channel Diff. Cum. > Channel Diff. Cum. >
Diameter Volume Volume Diameter Volume Volume
(Lower) % % (Lower) % %

m m
0.375 0 100 69.61 3.34 45.3
0.412 0.000021 100 76.42 3.38 41.9
0.452 0.00033 100 83.89 3.39 38.6
0.496 0.0020 100 92.09 3.35 35.2
0.545 0.0059 99.998 101.1 3.25 31.8
0.598 0.012 99.99 111.0 3.10 28.6
0.656 0.020 99.98 121.8 2.90 25.5
0.721 0.030 99.96 133.7 2.68 22.6
0.791 0.043 99.9 146.8 2.46 19.9
0.868 0.057 99.9 161.2 2.24 17.4
0.953 0.074 99.8 176.9 2.00 15.2
1.047 0.092 99.8 194.2 1.73 13.2
1.149 0.11 99.7 213.2 1.39 11.5
1.261 0.13 99.6 234.1 1.01 10.1
1.385 0.15 99.4 256.9 0.65 9.07
1.520 0.17 99.3 282.1 0.40 8.42
1.668 0.19 99.1 309.6 0.29 8.02
1.832 0.21 98.9 339.9 0.32 7.74
2.011 0.23 98.7 373.1 0.47 7.42
2.207 0.25 98.5 409.6 0.69 6.95
2.423 0.27 98.2 449.7 0.87 6.26
2.660 0.30 97.9 493.6 0.91 5.38
2.920 0.32 97.6 541.9 0.79 4.48
3.205 0.35 97.3 594.9 0.59 3.69
3.519 0.38 97.0 653.0 0.43 3.09
3.863 0.41 96.6 716.8 0.34 2.66
4.240 0.45 96.2 786.9 0.35 2.32
4.655 0.49 95.7 863.9 0.41 1.97
5.110 0.53 95.2 948.3 0.47 1.56
5.610 0.58 94.7 1041 0.48 1.09
6.158 0.63 94.1 1143 0.36 0.60
6.760 0.69 93.5 1255 0.19 0.24
7.421 0.75 92.8 1377 0.045 0.050
8.147 0.82 92.1 1512 0.0048 0.0048
8.943 0.89 91.3 1660 0 0
9.817 0.98 90.4 1822 0 0
10.78 1.07 89.4 2000 0
11.83 1.16 88.3
12.99 1.26 87.2
14.26 1.36 85.9
15.65 1.46 84.5
17.18 1.55 83.1
18.86 1.65 81.5
20.70 1.77 79.9
22.73 1.91 78.1
24.95 2.08 76.2
27.39 2.28 74.1
30.07 2.48 71.8
33.01 2.65 69.4
36.24 2.80 66.7
39.78 2.91 63.9
43.67 3.00 61.0
47.94 3.08 58.0
52.62 3.15 54.9
57.77 3.21 51.8
63.41 3.28 48.6



Beckman Coulter  LS Particle Size Analyzer 
18 Sep 2013  16:37

File name: C:\LS13320\2013\SGS Alaska\soil\13-NPR-03-SS-01 (Soil) Aug 30, 2013.$ls
13-NPR-03-SS-01 (Soil) Aug 30, 2013.$ls

File ID: 1138389
Sample ID: 13-NPR-03-SS-01 (Soil)
Comment 1: Aug 30, 2013 @ 10:50
Comment 2: Oversize 12.37% >2000 microns - Organics:Grass, Roots
Optical model: FraunhoferPIDS.rf780d
Start time: 16:34  18 Sep 2013

Diff. + Cum. > Volume 
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13-NPR-03-SS-01 (Soil) Aug 30, 2013.$ls Cum. > Volume 
13-NPR-03-SS-01 (Soil) Aug 30, 2013.$ls Diff. Volume 

Volume Statistics (Arithmetic) 13-NPR-03-SS-01 (Soil) Aug 30, 2013.$ls

Calculations from 0.375 m to 2000 m

Volume: 100%
Mean: 162.7 m S.D.: 223.1 m

Skewness: 2.507 Right skewed
Kurtosis: 6.816 Leptokurtic

d10: 11.62 m d50: 78.54 m d90: 460.5 m

<5%
6.115 m

<16%
18.82 m

<25%
31.07 m

<50%
78.54 m

<75%
183.0 m

<84%
288.4 m

<90%
460.5 m

<95%
652.5 m

>5%
652.5 m

>10%
460.5 m

>16%
288.4 m

>50%
78.54 m

>75%
31.07 m

>84%
18.82 m

>90%
11.62 m

>95%
6.115 m

<10 m
8.57%

<44 m
33.6%

<50 m
37.0%

<90 m
54.2%

<2 m
0.95%

>10 m
91.4%

>44 m
66.4%

>50 m
63.0%

>90 m
45.8%

>2 m
99.0%



Beckman Coulter  LS Particle Size Analyzer 
18 Sep 2013  16:37

Volume 13-NPR-03
% -SS-01

(Soil) Aug
30, 2013
.$ls

Particle
5 652.5
10 460.5
16 288.4
25 183.0
50 78.54
75 31.07
84 18.82
90 11.62
95 6.115

13-NPR-03-SS-01 (Soil) Aug 30, 2013.$ls
Channel Diff. Cum. > Channel Diff. Cum. >
Diameter Volume Volume Diameter Volume Volume
(Lower) % % (Lower) % %

m m
0.375 0 100 69.61 2.79 53.6
0.412 0 100 76.42 2.85 50.8
0.452 0.000018 100 83.89 2.88 48.0
0.496 0.00028 100 92.09 2.89 45.1
0.545 0.0017 100 101.1 2.88 42.2
0.598 0.0050 99.998 111.0 2.84 39.3
0.656 0.010 99.99 121.8 2.79 36.5
0.721 0.017 99.98 133.7 2.71 33.7
0.791 0.026 99.97 146.8 2.62 31.0
0.868 0.037 99.9 161.2 2.51 28.3
0.953 0.049 99.9 176.9 2.37 25.8
1.047 0.064 99.9 194.2 2.18 23.5
1.149 0.080 99.8 213.2 1.94 21.3
1.261 0.097 99.7 234.1 1.67 19.3
1.385 0.12 99.6 256.9 1.40 17.7
1.520 0.13 99.5 282.1 1.19 16.3
1.668 0.15 99.4 309.6 1.08 15.1
1.832 0.17 99.2 339.9 1.09 14.0
2.011 0.19 99.0 373.1 1.20 12.9
2.207 0.22 98.8 409.6 1.35 11.7
2.423 0.24 98.6 449.7 1.46 10.4
2.660 0.26 98.4 493.6 1.46 8.90
2.920 0.29 98.1 541.9 1.33 7.44
3.205 0.31 97.8 594.9 1.12 6.11
3.519 0.34 97.5 653.0 0.91 4.99
3.863 0.37 97.2 716.8 0.76 4.08
4.240 0.41 96.8 786.9 0.69 3.32
4.655 0.44 96.4 863.9 0.67 2.63
5.110 0.48 96.0 948.3 0.66 1.96
5.610 0.52 95.5 1041 0.60 1.30
6.158 0.57 95.0 1143 0.43 0.70
6.760 0.61 94.4 1255 0.22 0.27
7.421 0.67 93.8 1377 0.050 0.055
8.147 0.72 93.1 1512 0.0053 0.0053
8.943 0.79 92.4 1660 0 0
9.817 0.86 91.6 1822 0 0
10.78 0.93 90.7 2000 0
11.83 1.01 89.8
12.99 1.09 88.8
14.26 1.17 87.7
15.65 1.25 86.5
17.18 1.33 85.3
18.86 1.41 84.0
20.70 1.51 82.6
22.73 1.63 81.1
24.95 1.77 79.4
27.39 1.94 77.7
30.07 2.10 75.7
33.01 2.24 73.6
36.24 2.35 71.4
39.78 2.43 69.0
43.67 2.48 66.6
47.94 2.54 64.1
52.62 2.59 61.6
57.77 2.66 59.0
63.41 2.73 56.3



Beckman Coulter  LS Particle Size Analyzer 
18 Sep 2013  16:53

File name: C:\LS13320\2013\SGS Alaska\soil\13-NPR-04-SS-01 (Soil) Aug 30, 2013.$ls
13-NPR-04-SS-01 (Soil) Aug 30, 2013.$ls

File ID: 1138389
Sample ID: 13-NPR-04-SS-01 (Soil)
Comment 1: Aug 30, 2013 @ 10:15
Comment 2: Oversize 13.82% >2000 microns (Big rocks and organic matter)
Optical model: FraunhoferPIDS.rf780d
Start time: 16:49  18 Sep 2013

Diff. + Cum. > Volume 
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13-NPR-04-SS-01 (Soil) Aug 30, 2013.$ls Cum. > Volume 
13-NPR-04-SS-01 (Soil) Aug 30, 2013.$ls Diff. Volume 

Volume Statistics (Arithmetic) 13-NPR-04-SS-01 (Soil) Aug 30, 2013.$ls

Calculations from 0.375 m to 2000 m

Volume: 100%
Mean: 200.2 m S.D.: 249.9 m

Skewness: 2.159 Right skewed
Kurtosis: 5.296 Leptokurtic

d10: 13.11 m d50: 100.4 m d90: 536.3 m

<5%
6.884 m

<16%
21.56 m

<25%
35.91 m

<50%
100.4 m

<75%
263.6 m

<84%
404.4 m

<90%
536.3 m

<95%
732.7 m

>5%
732.7 m

>10%
536.3 m

>16%
404.4 m

>50%
100.4 m

>75%
35.91 m

>84%
21.56 m

>90%
13.11 m

>95%
6.884 m

<10 m
7.55%

<44 m
29.5%

<50 m
32.3%

<90 m
47.1%

<2 m
0.77%

>10 m
92.4%

>44 m
70.5%

>50 m
67.7%

>90 m
52.9%

>2 m
99.2%



Beckman Coulter  LS Particle Size Analyzer 
18 Sep 2013  16:53

Volume 13-NPR-04
% -SS-01

(Soil) Aug
30, 2013
.$ls

Particle
5 732.7
10 536.3
16 404.4
25 263.6
50 100.4
75 35.91
84 21.56
90 13.11
95 6.884

13-NPR-04-SS-01 (Soil) Aug 30, 2013.$ls
Channel Diff. Cum. > Channel Diff. Cum. >
Diameter Volume Volume Diameter Volume Volume
(Lower) % % (Lower) % %

m m
0.375 0 100 69.61 2.40 59.6
0.412 0 100 76.42 2.45 57.2
0.452 0 100 83.89 2.48 54.8
0.496 0.000019 100 92.09 2.50 52.3
0.545 0.00028 100 101.1 2.50 49.8
0.598 0.0017 100 111.0 2.50 47.3
0.656 0.0050 99.998 121.8 2.50 44.8
0.721 0.010 99.99 133.7 2.50 42.3
0.791 0.017 99.98 146.8 2.49 39.8
0.868 0.026 99.97 161.2 2.47 37.3
0.953 0.037 99.9 176.9 2.43 34.8
1.047 0.049 99.9 194.2 2.37 32.4
1.149 0.063 99.9 213.2 2.29 30.0
1.261 0.079 99.8 234.1 2.19 27.7
1.385 0.095 99.7 256.9 2.08 25.6
1.520 0.11 99.6 282.1 1.98 23.5
1.668 0.13 99.5 309.6 1.91 21.5
1.832 0.15 99.4 339.9 1.91 19.6
2.011 0.17 99.2 373.1 1.95 17.7
2.207 0.19 99.1 409.6 2.00 15.7
2.423 0.21 98.9 449.7 2.01 13.7
2.660 0.23 98.7 493.6 1.93 11.7
2.920 0.25 98.4 541.9 1.75 9.78
3.205 0.28 98.2 594.9 1.51 8.03
3.519 0.30 97.9 653.0 1.27 6.52
3.863 0.33 97.6 716.8 1.08 5.24
4.240 0.36 97.3 786.9 0.93 4.17
4.655 0.39 96.9 863.9 0.81 3.23
5.110 0.43 96.5 948.3 0.71 2.42
5.610 0.47 96.1 1041 0.59 1.71
6.158 0.51 95.6 1143 0.47 1.12
6.760 0.55 95.1 1255 0.34 0.66
7.421 0.60 94.6 1377 0.21 0.31
8.147 0.65 94.0 1512 0.087 0.11
8.943 0.71 93.3 1660 0.018 0.020
9.817 0.77 92.6 1822 0.0015 0.0015
10.78 0.83 91.8 2000 0
11.83 0.90 91.0
12.99 0.97 90.1
14.26 1.04 89.1
15.65 1.11 88.1
17.18 1.17 87.0
18.86 1.24 85.8
20.70 1.32 84.6
22.73 1.42 83.2
24.95 1.55 81.8
27.39 1.69 80.3
30.07 1.82 78.6
33.01 1.94 76.7
36.24 2.02 74.8
39.78 2.07 72.8
43.67 2.11 70.7
47.94 2.16 68.6
52.62 2.21 66.4
57.77 2.27 64.2
63.41 2.34 62.0



Beckman Coulter  LS Particle Size Analyzer 
18 Sep 2013  17:01

File name: C:\LS13320\2013\SGS Alaska\soil\13-NPR-05-SS-01 (Soil) Aug 30, 2013.$ls
13-NPR-05-SS-01 (Soil) Aug 30, 2013.$ls

File ID: 1138389
Sample ID: 13-NPR-05-SS-01 (Soil)
Comment 1: Aug 30, 2013 @ 10:55
Comment 2: Oversize 3.11% >2000 microns (Some organic matters)
Optical model: FraunhoferPIDS.rf780d
Start time: 16:58  18 Sep 2013

Diff. + Cum. > Volume 
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13-NPR-05-SS-01 (Soil) Aug 30, 2013.$ls Cum. > Volume 
13-NPR-05-SS-01 (Soil) Aug 30, 2013.$ls Diff. Volume 

Volume Statistics (Arithmetic) 13-NPR-05-SS-01 (Soil) Aug 30, 2013.$ls

Calculations from 0.375 m to 2000 m

Volume: 100%
Mean: 155.9 m S.D.: 212.8 m

Skewness: 2.303 Right skewed
Kurtosis: 5.949 Leptokurtic

d10: 8.885 m d50: 64.89 m d90: 453.0 m

<5%
4.848 m

<16%
14.13 m

<25%
23.54 m

<50%
64.89 m

<75%
197.6 m

<84%
316.5 m

<90%
453.0 m

<95%
609.8 m

>5%
609.8 m

>10%
453.0 m

>16%
316.5 m

>50%
64.89 m

>75%
23.54 m

>84%
14.13 m

>90%
8.885 m

>95%
4.848 m

<10 m
11.3%

<44 m
40.1%

<50 m
43.4%

<90 m
57.8%

<2 m
1.25%

>10 m
88.7%

>44 m
59.9%

>50 m
56.6%

>90 m
42.2%

>2 m
98.8%



Beckman Coulter  LS Particle Size Analyzer 
18 Sep 2013  17:01

Volume 13-NPR-05
% -SS-01

(Soil) Aug
30, 2013
.$ls

Particle
5 609.8
10 453.0
16 316.5
25 197.6
50 64.89
75 23.54
84 14.13
90 8.885
95 4.848

13-NPR-05-SS-01 (Soil) Aug 30, 2013.$ls
Channel Diff. Cum. > Channel Diff. Cum. >
Diameter Volume Volume Diameter Volume Volume
(Lower) % % (Lower) % %

m m
0.375 0 100 69.61 2.24 48.3
0.412 0 100 76.42 2.20 46.0
0.452 0.000006 100 83.89 2.16 43.8
0.496 0.00018 100 92.09 2.12 41.7
0.545 0.0013 100 101.1 2.10 39.5
0.598 0.0050 99.998 111.0 2.07 37.4
0.656 0.012 99.99 121.8 2.04 35.4
0.721 0.021 99.98 133.7 2.01 33.3
0.791 0.033 99.96 146.8 1.99 31.3
0.868 0.047 99.9 161.2 1.99 29.3
0.953 0.064 99.9 176.9 2.00 27.3
1.047 0.083 99.8 194.2 2.00 25.4
1.149 0.10 99.7 213.2 1.95 23.4
1.261 0.13 99.6 234.1 1.84 21.4
1.385 0.15 99.5 256.9 1.69 19.6
1.520 0.18 99.3 282.1 1.54 17.9
1.668 0.20 99.2 309.6 1.46 16.3
1.832 0.23 99.0 339.9 1.47 14.9
2.011 0.26 98.7 373.1 1.57 13.4
2.207 0.29 98.5 409.6 1.69 11.8
2.423 0.32 98.2 449.7 1.74 10.1
2.660 0.35 97.9 493.6 1.66 8.39
2.920 0.38 97.5 541.9 1.44 6.74
3.205 0.42 97.2 594.9 1.16 5.30
3.519 0.45 96.7 653.0 0.91 4.14
3.863 0.50 96.3 716.8 0.73 3.23
4.240 0.54 95.8 786.9 0.62 2.50
4.655 0.59 95.2 863.9 0.55 1.88
5.110 0.64 94.7 948.3 0.49 1.33
5.610 0.69 94.0 1041 0.41 0.84
6.158 0.75 93.3 1143 0.27 0.43
6.760 0.81 92.6 1255 0.13 0.16
7.421 0.88 91.8 1377 0.029 0.032
8.147 0.95 90.9 1512 0.0030 0.0030
8.943 1.03 89.9 1660 0 0
9.817 1.12 88.9 1822 0 0
10.78 1.21 87.8 2000 0
11.83 1.30 86.6
12.99 1.40 85.3
14.26 1.49 83.9
15.65 1.57 82.4
17.18 1.64 80.8
18.86 1.70 79.2
20.70 1.78 77.5
22.73 1.88 75.7
24.95 2.01 73.8
27.39 2.15 71.8
30.07 2.29 69.6
33.01 2.39 67.4
36.24 2.44 65.0
39.78 2.45 62.5
43.67 2.43 60.1
47.94 2.40 57.6
52.62 2.37 55.2
57.77 2.33 52.9
63.41 2.29 50.5
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Garden Surface Soil Sample 
Quality Assurance Review Flint Hills Resources 

ERM Appendix F, pg. 1 of 7 12/20/2013 

1. QUALITY ASSURANCE REVIEW 

Laboratory quality assurance/quality control (QA/QC) data associated with the 
analysis of project samples has been reviewed to evaluate the usability of the analytical 
data generated during 2013 surface soil sampling at select residential garden sites near 
the Flint Hills Resources, North Pole Refinery, North Pole, Alaska.  

All samples were collected, reported, and shipped in general accordance with the work 
plan (ERM 2013). Sample analysis was performed by the Alaska Department of 
Environmental Conservation (ADEC) certified laboratory, (SGS Anchorage, Alaska, Inc. 
[SGS] with the exception of grain size. Samples requiring grain size determination were 
shipped to SGS Fort McMurray, Alberta Canada. 

All data were reviewed in accordance with United States Environmental Protection 
Agency (EPA) National Functional Guidelines for Organic Methods (EPA 2008), 
analytical methodology and ADEC regulatory guidance documents (ADEC 2009; 2010; 
2011; 2012). This data review focused on the following QC parameters and impact on 
data quality objectives (DQOs): sample handling and chain-of-custody documentation; 
holding time compliance; field QC (trip blanks, field duplicates); laboratory QC (method 
blanks, laboratory control samples (LCS) and LCS duplicates (LCSD), surrogates, matrix 
spikes (MS) and MS duplicates [MSD]), limits of detection (LOD) and limits of 
quantitation (LOQ); and completeness.  

Results that were detected at concentrations below the LOQ but above the limit of 
detection (LOD) are flagged “J” and considered estimated.  

Ninety-two percent of the data are considered usable according to established DQOs. 
Eight percent of the data are considered rejected (R) and only suitable for screening 
purposes. The details of this review and qualification of the data are summarized in the 
following sections.  

1.1. Sample Collection 
Sixteen soil samples were collected for sulfolane; eight soil samples were collected for 
grain size and total organic carbon.  Ten samples were collected on August 30, 2013, and 
six samples were collected on September 4, 2013. 

All samples were reported in a single sample delivery group (SDG), 1138389.  

Soil samples were hand delivered to the SGS office in Fairbanks, Alaska. The Fairbanks 
laboratory transferred the samples to the respective SGS laboratories. Samples were 
analyzed for the following parameters and analytical procedures: 

Sulfolane, SW8270D (Modified) using a selective ion, isotopic dilution;  
Total Organic Carbon (TOC), SW9060; 
Grain Size, Particle Size Beckman Coulter Lazer 
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1.2. Sample Handling and Chain-of-Custody (COC) 
The sample cooler was shipped with custody seals intact. COC forms, laboratory sample 
receipt forms, and case narratives were reviewed to evaluate the integrity of the samples 
and the quality of the associated data. All sample containers in the sample cooler were 
received at the laboratory intact and within temperature range.  

1.3. Holding Time Compliance 
All samples for sulfolane analysis were initially extracted within the 14 day holding  
time criteria established for SW8270D, sulfolane analysis (ADEC 2013) and in 
accordance with work plan specifications. Due to the high molecular weight of the 
organic material in the samples (high boiling point), the laboratory was unable to 
concentrate the samples to the required 1 milliliter (ml) volume. In an effort to remove 
potential biogenic contribution and provide the lowest possible LOD, the laboratory 
added a cleanup step to the preparation. As a result of this cleanup step, most samples 
were extracted after the established holding time criteria of 14 days expired. All 
sulfolane results in the following samples re-extracted within 28 days of sample 
collection are considered estimated and have been flagged (J/UJ-H): 13-NPR-01-SS-01, -
01-SS-02, -02-SS-01, -03-FD-03, -03-SS-02, -03-SS-03, -04-FD-01, -04-SS-01, -04-SS-02, -04-
SS-03, 05-SS-01, -05-SS-02, -05-SS-03, -06-SS-01. 

Non-detected sulfolane results associated with grossly exceeded holding times (2 times 
actual holding time [2 X 14 days = 28 days]) in the following samples are considered 
rejected and have been flagged UR: 13-NPR-01-SS-03 and 13-NPR-03-SS-01. Because 
Sulfolane was not detected in these samples, positive results did not require estimation. 

1.4. Field QA/QC 
Field QA/QC protocols are designed to measure for potential sample bias as a result of 
sampling procedures and possible contamination during collection and transport of 
samples. Collection and analysis of field duplicates facilitates an evaluation of precision 
that takes into account potential variables associated with sampling procedures, site 
heterogeneity and laboratory analyses. In compliance with the Work Plan, field 
duplicates were collected at a rate of one per every ten project samples. Two duplicate 
samples were collected with the 14 primary samples. When analytes were present in 
concentrations below the LOD in one or both samples, no valid comparison could be 
made, as was the case with sulfolane analyses. Reportable percent difference (RPDs) for 
one of the two TOC samples was within limits. The other sample pair, 13-NPR-03-SS-03 
and 13-NPR-03-FD-03 were outside the appropriate range. These results were flagged J-
D and considered estimated. 
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1.4.1. Laboratory Blanks 

Laboratory/ Method blanks were analyzed concurrent with an analytical batch of 20 or 
fewer primary samples for each of the analytical methods performed on project samples. 
Target analytes were not detected in laboratory blanks associated with this SDG.  

1.4.2. Laboratory Control Samples 

The laboratory monitors internal precision and accuracy for each analytical batch with a 
set of laboratory control samples (LCS/LCSD). A known quantity of target analytes are 
added to blank laboratory control samples prior to extraction and analysis and 
recoveries are calculated. Acceptable recovery criteria vary with each analytical method 
and matrix. The LCS/LCSD percent recoveries met laboratory and project QC goals for 
target analytes associated with this SDG. 

1.4.3. Surrogate and Internal Standard (Isotope Dilution) 

Surrogates and internal standards are specified for organic chromatographic analytical 
procedures such as that used for sulfolane. Surrogates and internal standards are 
compounds similar to target analytes and are added to each sample during collection, 
preparation or post-extraction. Subsequent percent recovery or area response indicates 
overall method performance. Surrogate recoveries were within prescribed control limits 
for all primary samples, method blanks, LCS/LCSD, MS/MSD and other QA/QC 
samples associated with this SDG. Internal standard area response was not reviewed. 

SGS Reporting Criteria  

Naphthalene-d8 is considered an internal standard by the laboratory because it was 
added post-extraction. The naphthalene-d8 response factor was used to adjust the 
percent recovery of the sulfolane-d8 surrogate in each sample (absolute recovery). The 
naphthalene-d8 response was not evaluated relative to the continuing calibration but 
was evaluated against an instrument blank. Because the laboratories do not report the 
internal standard recoveries with Level II reports, the recovery of the internal standard 
(recovery standard) was not reported or evaluated. 

The laboratory considers sulfolane-d8 the recovery surrogate, because the compound 
was added prior to extraction. The adjusted surrogate (sulfolane-d8) area for the isotope 
dilution method was used to quantitate the sulfolane results in the samples. The percent 
recovery for this compound was reported on each of the sample Form 1s. 

Matrix Spikes 

Extra volumes of primary field samples were collected and submitted to the laboratory 
for matrix spike/matrix spike duplicate (MS/MSD) analyses. Matrix spikes have a 
known quantity of target analytes are added (spiked) to field samples. Spike recoveries 
are calculated and are used to evaluate both site conditions and laboratory quality 
control.   
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The laboratory chose not to report the results from the sample provided due to 
extraction errors made by the laboratory.  The MS/MSD results associated with another 
client’s project were reported; however, the results in the Flint Hills Project were not 
evaluated against the non-project sample results. 

Percent recoveries were outside of limits for TOC in one MS/MSD sample. The 
associated LCS percent recoveries were within limits indicating matrix interference; 
therefore, no data required qualification.  

1.4.4. Limits of Quantitation and Limits of Detection (Sensitivity) 

The Key Elements Document requires that the Detection Limit (DL) not exceed 5 ppb 
and the Limit of Quantitation (LOQ) not exceed 10 ppb.  It also requires the laboratory to 
analyze a least two calibration standards at a concentration below the ADEC Migration 
to Groundwater Action Level of 43 ppb. 

The DLs in four samples and LOQs in all samples exceeded the limits established by the 
Key Element document. 

SGS reports non-detected results as the Limit of Detection (LOD). This number is 2 times 
the DL. The Key Element Document does not establish a limit for LOD. However, it 
appears SGS used the LOD to meet criteria established for the LOQ. 

All DLs, LODs and LOWs were below ADEC Migration to Groundwater Action Level of 
43 ppb in the project samples. 

1.5.   Precision and Accuracy 
Precision criteria monitor analytical reproducibility. Accuracy criteria monitor 
agreement of measured results with “true values” established by spiking applicable 
samples with a known quantity of analyte or surrogate. Precision and accuracy were 
evaluated by comparing LCS/LCSDs MS/MSDs and field duplicate pairs for this 
project. The only measure of precision for sulfolane and TOC for this SDG was field 
collected duplicate samples. Field duplicates and MS/MSD samples were collected in 
accordance with work plan specifications. Field duplicate RPDs met applicable control 
limits, with any exceptions noted in the Laboratory QC section. Recoveries and RPDs for 
all LCS/LSCD and MS/MSD samples were within required limits except as noted in 
Laboratory QC section. 

1.5.1. Completeness 

Data completeness is defined as the percentage of usable data (usable data divided by 
the total possible data). The overall project completeness goal is 85%: 

% completeness  =  number of valid (i.e., non-R flagged) results 

                              number of possible results 



Garden Surface Soil Sample 
Quality Assurance Review Flint Hills Resources 

ERM Appendix F, pg. 5 of 7 12/20/2013 

All requested analyses were performed in accordance with Work Plan specifications. 
Two results were qualified as unusable (i.e., “R”). Completeness for this project is 92%. 

1.5.2. Representativeness 

Data representativeness expresses the degree to which sample data accurately and 
precisely represent a characteristic of a population, parameter variations at a sampling 
point, or environmental condition. The number and selection of samples were specified 
in the work plan and verified in the field to account accurately for site variations and 
sample matrices. The DQO for representativeness was met. 

1.5.3. Comparability 

Comparability is a qualitative parameter expressing the confidence with which one data 
set can be compared to another. Data produced for this project followed applicable field 
sampling techniques and specific analytical methodology. The DQO for comparability 
was met. 

1.6. Data Summary 
Data Quality Objective for completeness was met and the non-detected results for 
sulfolane were rejected in two samples due to grossly exceeded holding times. With the 
exception of two sulfolane sample results, data quality was determined as acceptable or 
estimated. Acceptable data are associated with QC data that meet all QC criteria or with 
QC samples that did not meet QC criteria but data quality objectives were not affected.  
The rejected results are only usable for screening purposes. 
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