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May 18, 2021 
 
 
Ms. Sammy Cummings and Mr. Marcus Zimmerman 
Alaska Department of Transportation & Public Facilities 
Southcoast Region 
P.O. Box 110218 
Juneau, Alaska 99811 

RE: GUSTAVUS AIRPORT STOCKPILE SAMPLING AND ANALYSIS PLAN, GUSTAVUS, 
ALASKA 

We understand the Alaska Department of Environmental Conservation (DEC) has 
requested sampling of the stockpile adjacent to the long runway at the Gustavus Airport 
(GST) via incremental sampling methodology (ISM). The purpose of an ISM sample is to 
report statistically defensible mean analyte concentrations within a given area or bulk 
quantity of material, known as a decision unit (DU). To meet the strict criteria of a 
representative and reproducible ISM sample result, the sample collection process must 
adhere to Interstate Technology and Regulatory Council (ITRC) guidance.  

An ISM sample is a composite of a representative number of subsamples referred to as 
increments. ISM samples are more robust and representative than a typical composite 
sample because the entire DU is subdivided into units of equivalent surface area and/or 
volume. An increment of equivalent mass is collected from each of these subunits, such that 
every portion of the entire DU is represented equally within the final composite. The 
location from which the increments are collected within the subunits is determined through 
some form of random selection to remove procedural bias.  Replicate ISM samples are 
collected at a rate of 20 percent of the overall project ISM samples, or at minimum of one set 
per area of concern. Replicates are collected to analyze the precision of the method and to 
calculate 95 percent upper confidence limits (95% UCLs) for the target analytes.  

Prior to any ISM sampling effort, the number of DUs must be determined. For stockpiles, 
maximum DU volume is typically capped at 500 to 750 cubic yards (cy). We understand that 
the quantity of material at the Gustavus Airport is estimated at roughly 1,400 cy, 
necessitating a minimum of two DUs. With replicates collected on one of these two DUs, we 
would be required to submit a total of four ISM samples. 

http://www.shannonwilson.com/
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Two potential processes are proposed to perform ISM sampling on the existing stockpile in 
such a way as to conform to ITRC guidance. These two methodologies are detailed in the 
following sections. 

METHOD 1: IN-SITU    

The in-situ method can be performed with hand tools but requires the stockpile be molded 
into a shape having defined dimensions and uniform depth. This is done so that the sampler 
can divide the surface area of the stockpile into a grid of cells having equivalent area and 
volume. Typically, the stockpile would be spread out, such that the soil fills a rectangular 
profile with a flattened surface. A grid is physically staked out on the surface of the 
stockpile and random selection is used to determine increment sample locations within the 
grid cells. The depth of the stockpile should be roughly one to two feet above ground 
surface if a single layer sample is desired. A depth of two to four feet is manageable if the 
DU is divided into two vertical layers and sampled at two depth intervals. This requires the 
use of an auger.  

Grid Creation and Sample Collection 

Before sampling can commence, the DU must be subdivided into a grid of equally sized 
cells. The number of these cells is variable, but DEC and ITRC guidance state that 30 grid 
cells should be considered a minimum for a representative sample. The total area 
encapsulated by each grid cell is at the discretion of the environmental professional, but 
should provide sufficient resolution to capture the spatial variability of the DU. The 
following formula (Equation 1) may be used to estimate the dimensions of each grid cell: 

Equation 1: Grid cell dimension estimation 

Equation Variable and Definition 

𝑋𝑋 =  �
𝐴𝐴
𝑁𝑁

 

X Length and width dimensions of the resulting grid cell 

A Total area of the DU 

N Total number of desired grid cells 

When performing the sampling, the environmental professional must systematically collect 
a quantity of soil of equivalent volume from each grid cell within the DU. The location of 
these sample points within the grid cells must be determined randomly. The recommended 
method by which to accomplish this is to lay a tape measure along the X and Y axis of a grid 
cell. A die or random number generator can then be used to ascertain random values which 
correspond to units on the tape measures (Exhibit 1). 
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Exhibit 1: Random sample location determination 

  

Once the random sample location has been determined within the grid cell, that same 
location is used when sampling all remaining grid cells within the DU. This process may be 
repeated for replicate samples, such that a new random location is determined for each of 
the three replicates (Exhibit 2).  



Ms. Sammy Cummings and Mr. Marcus Zimmerman 
Alaska Department of Transportation & Public Facilities 
May 18, 2021 
Page 4 of 10 

 Project No. 102599-008 

Exhibit 2: Random sampling locations for replicate samples 

  

The systematic order in which the grid cells are sampled should be different for each of the 
replicate ISM samples (Exhibit 3). While all grid cells within the DU will be sampled during 
each process, changing the order in which they are sampled reduces procedural bias. 
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Exhibit 3: Systematic approach to sampling grid cells 

 

The increments collected from each grid cell should be composited with the increments 
from all other grid cells for that replicate sample for that DU. The end result should be a 
single unique container for each replicate sample. 

By collecting soil from unique locations within the grid cells for each of the replicate 
samples, the total amount of DU surface area coverage is enhanced and the ability of the 
method to account for spatial variability can be assessed (Exhibit 4).  
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Exhibit 4: DU coverage after triplicate samples are collected 

 

The frequency of replicate sample collection is determined by the number of DUs being 
sampled, and through consultation with the DEC. 

This method of sampling requires additional time for the environmental professional(s) to 
design an appropriate grid and physically establish it in the field. It is beneficial for there to 
be at least two personnel onsite to measure and mark out the grid and to aid with collection 
of the replicate samples. The benefit of this method is a more systematic and reproducible 
approach to sample collection.  

For a stockpile with a depth greater than 2 feet, the ISM process would need to be 
completed for each layer. We note the ITRC document requires 1-foot layers; however, we 
are proposing 2 foot layers for this project. 

METHOD 2: EX-SITU    

The ex-situ method has the benefit of expediency but requires an excavator/backhoe 
operator to be onsite to facilitate sampling. The method involves shifting the stockpile 
horizontally and collecting ISM increments at regular intervals based on the known volume 
of the excavator/backhoe bucket.   

To perform this method, an accurate estimate of stockpile volume is needed. The total 
volume of the DU is divided by the number of required increments. The result is then 
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divided by the bucket size of the excavator/backhoe to determine the frequency of 
increment collection. Randomization is not needed via this method because the material is 
already randomized through the scooping action of the excavator/backhoe. An example of 
sampling frequency is provided below. 

Assumptions: 

 Maximum DU volume is 750-cy 

 30 increments are required per DU and an ISM sample 

 Excavator bucket size is 0.5-cy 

Calculations: 

750 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦
30 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

= 1 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝 25 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 

25 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦
0.5 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑝𝑝𝑝𝑝𝑝𝑝 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

= 1 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝 50 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

There are fundamental sources of error in this method due to inconsistency in scoop sizes 
and/or poor estimations of overall DU volume. However, when care is taken to be consistent 
throughout the process the analytical results can still be representative.  

INCREMENT COLLECTION 

When collecting increment samples, it is important to collect roughly the same quantity 
from each subunit of the total area/volume of the DU. Because the analytical results will 
represent the mean analyte concentrations for the entire DU, each grid cell must be 
represented equally in the composite sample. To ensure an equal volume of soil is collected 
from each subunit, the environmental professional should use a standardized tool, such as a 
Terra Core Sampler™ when collecting increments. Collecting inequal soil from one or more 
subunits will bias the results, giving more weight to those portions of the DU. Once 
collected, the increments should be deposited and homogenized in a clean bucket, large 
sealable bag, or other PFAS-free container for transport. We will target a bulk sample mass 
of one to two kilograms per ISM sample.  

Analytical samples will be submitted to Eurofins/TestAmerica in West Sacramento, 
California for the analysis of 18 PFAS via Environmental Protection Agency Method 537M. 
Samples will also be submitted for analysis via synthetic precipitation leaching procedure 
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(SPLP). The laboratory will perform backend sample processing including passive drying, 
sieving, and random subsampling of the bulk sample mass. 

SAMPLE REPRESENTATIVENESS AND REPORTING 

Replicate samples are collected so a relative standard deviation (RSD) and 95% UCL may be 
calculated upon receipt of the analytical results. The RSD, represented as a percentage, is 
used to determine the amount of agreement between replicate results. The RSD is calculated 
via the following formula (Equations 2-4): 

Equation 2: Relative standard deviation 

Equation Variable and Definition 

𝑅𝑅𝑅𝑅𝑅𝑅(%) =  
𝑆𝑆𝑆𝑆
µ

× 100 

RSD Relative standard deviation 

SD Standard deviation 

µ Arithmetic mean of sample results for a target analyte 

Where standard deviation (SD) is defined as: 

Equation 3: Standard Deviation 

Equation Variable and Definition 

𝑆𝑆𝑆𝑆 =  �
∑ |𝑥𝑥 −  𝜇𝜇|2

𝑁𝑁 − 1
 

SD Standard deviation 

x Result for a target analyte for which the SD is to be calculated 

µ Arithmetic mean of the data set for the target analyte 

N Number of results in the data set for the target analyte 

And the arithmetic mean (µ) is defined as: 

Equation 4: Arithmetic mean 

Equation Variable and Definition 

 𝜇𝜇 =  
1
𝑁𝑁
�𝑥𝑥𝑖𝑖

𝑁𝑁

𝑖𝑖=1

 

µ Arithmetic mean of the data set for the target analyte 

N Number of results in the data set for the target analyte 

x Result for a target analyte for which the mean is to be calculated 

DEC requires the RSD be 30% or less before the data can be considered sufficiently precise. 
If the RSD is greater than 30%, DEC considers the representativeness of the sample to be 
questionable. The RSD may be elevated differently when the detected analyte 
concentrations are near or below the limit of quantitation (LOQ) or relevant reporting limits 
(RLs). In these situations, the data must be evaluated on a case-by-case basis.  
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The 95% UCL is a value derived from the results of the three replicate samples for each 
target analyte. This value represents a statistically derived concentration for a target analyte 
for which there is a 95% probability that the true mean analyte concentration does not 
exceed within the given DU. The 95% UCL for each analyte should be compared to the 
applicable regulatory limits during reporting. The method by which the 95% UCL is derived 
is based on whether the concentrations of target analytes are assumed to be normally 
distributed or skewed within the soil mass. This assumption can be made by calculating the 
coefficient of variance (CV). The CV is calculated via the following formula (Equation 5): 

Equation 5: Coefficient of Variance 

Equation Variable and Definition 

𝐶𝐶𝐶𝐶 =  
𝑆𝑆𝑆𝑆
µ

 

CV Coefficient of variance 

SD Standard deviation 

µ Arithmetic mean of sample results for a target analyte 

Typically, if the CV for a given analyte is found to be between 0 and 1.5, then that analyte is 
assumed to be normally distributed within the sample. Conversely, if the CV is between 1.5 
and 3.0, the distribution of that analyte within the sample can be assumed to be skewed. A 
CV greater than 3.0 would imply a heavily skewed distribution. 

For an analyte exhibiting a normal distribution, the 95% UCL should be calculated using the 
one-sided Student’s t-factor. This is accomplished via the following formula (Equation 6): 

Equation 6: 95% Upper Confidence Limit Using Student’s t-factor 

Equation Variable and Definition 

 95% 𝑈𝑈𝑈𝑈𝑈𝑈 =  𝜇𝜇 +
(𝑡𝑡 × 𝑆𝑆𝑆𝑆)
√𝑁𝑁

 

µ Arithmetic mean of the data set for the target analyte 

N Number of results in the data set for the target analyte 

t 95% one-sided t-distribution factor (e.g. for N=3, t=2.92) 

SD Standard deviation 

For an analyte exhibiting a skewed distribution, the 95% UCL should be calculated using the 
Chebyshev’s theorem. This is accomplished via the following formula (Equation 7): 
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Equation 7: 95% Upper Confidence Limit using Chebyshev’s Theorem 

Equation Variable and Definition 

 95% 𝑈𝑈𝑈𝑈𝑈𝑈 =  𝜇𝜇 + �(1/α) − 1 ×
𝑆𝑆𝑆𝑆
√𝑁𝑁

 

µ Arithmetic mean of the data set for the target analyte 

N Number of results in the data set for the target analyte 

1 - α Decision confidence level (α = 5% or 0.05) 

SD Standard deviation 

Assuming a Type 1 error tolerance of 5%, the expression ��1
α
� − 1 is simplified to the 

constant 4.36 for computational purposes. 

By either method, replicate data sets that contain one or two non-detect results we will 
substitute the laboratory's most sensitive detection limit (normally the method detection 
limit [MDL] or detection limit [DL]) for the non-detect result during RSD and 95% UCL 
calculations. 

CLOSING CONSIDERATIONS 

Both methods of stockpile sampling have pros and cons. Method 1 is more scientific and 
does not require any accompaniment during sampling. However, an operator is needed to 
grade the stockpile prior to sampling and the sample collection process takes longer to 
complete. Grid layout and sampling greatly benefits from a second person onsite. For a 
single person, assume two days for replicate sample collection. One day per sample is 
sufficient with two people.  

Method 2 has a higher margin for error and requires an operator onsite during sampling; 
however, this process is typically much quicker and requires only a single sampler. Assume 
two ISM samples per person per day, including replicates.  

If you have any questions, please feel free to contact us. 

Sincerely, 

SHANNON & WILSON 

Adam Wyborny, PE 
Environmental Engineer 
 
Enc.  Eurofins/TestAmerica SOP for ISM subsampling at the laboratory 
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