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DISCLAIMER

THE FOLLOWING STANDARD OPERATING PROCEDURE PROVIDES GENERAL GUIDANCE FOR BRC CONTRACTORS FOR TECHNICAL ISSUES ADDRESSED DURING ENVIRONMENTAL SITE INVESTIGATION AND REMEDIATION ACTIVITIES.  IT IS NOTED, HOWEVER, THAT EACH SITE IS UNIQUE AND THESE GUIDELINES ARE NOT A SUBSTITUTE FOR COMMON SENSE AND GOOD MANAGEMENT PRACTICES BASED ON PROFESSIONAL TRAINING AND EXPERIENCE.  IN ADDITION, INDIVIDUAL CONTRACT TERMS MAY AFFECT THE IMPLEMENTATION OF THIS STANDARD OPERATING PROCEDURE.  BRC CONTRACTORS RESERVE THE UNRESTRICTED RIGHT TO CHANGE, MODIFY OR NOT APPLY THESE GUIDELINES IN THEIR SOLE, COMPLETE, AND UNRESTRICTED DISCRETION TO MEET CERTAIN CIRCUMSTANCES, CONTRACTUAL REQUIREMENTS, SITE CONDITIONS, OR JOB REQUIREMENTS.
1.0 INTRODUCTION

For remedial investigations, primary consideration must be given to obtaining samples that are representative of existing conditions and valid for chemical analysis. SOP-1, “Drilling Methods,” contains specific procedures regarding drilling and sampling. Trenching and test pitting procedures are described in SOP-8. Frequently, materials recovered during these activities are stockpiled and sampled while waiting to be processed. Stockpiles often contain complex mixtures of solids and semisolids. Correct and representative sampling of stockpiled materials requires thorough characterization of the stockpile and its profile.

This Standard Operating Procedure (SOP) is intended to provide guidance for developing a sampling plan of stockpiles, aid in site evaluation, selection of soil sampling methods, and selection of sampling equipment. Sample types, samplers, and sampling methods are discussed. It is not intended to provide an all-inclusive discussion of soil sampling methods. A sampling plan is dependent upon a variety of factors including project objectives, physical properties of the stockpile (homogeneity, volume (size and shape), hazards (chemical or physical), access, stability etc. In addition, the history of the stockpile (i.e., the why, when, and how it was generated), requirements of regulatory agencies, limits and bias of the sampling plan, methods, and/or equipment will influence a sampling plan. This guideline focuses on methods and equipment that are readily available and typically applied. It does not address safety concerns associated with stockpile sampling. Health and safety issues are addressed in a separate, site or project specific health and safety plan.
2.0 STOCKPILE CHARACTERIZATION

Thorough characterization of a stockpile aids in the design of an efficient sampling plan. Stockpile characterization may include a review of the stockpile’s history, physical properties, requirements of regulatory agencies, and project objectives. No sample is unbiased, but with careful planning, sample bias is reduced and precision increased. 

2.1 Stockpile History
The history is the why, when, and how of the material stockpiled. In some cases, the stockpile history may not be known. Generally, however, the stockpiles referred to in this SOP are generated through active/current remedial investigations. When evaluating the stockpile history, the processes that created the stockpile (i.e., trenching, drilling, excavations, etc.), needs to be taken into consideration. The creation process affects the distribution of constituents and physical properties (homogeneity). Management of the stockpile, especially an “active” stockpile where current or recent activities may change the characteristics, also needs to be considered. Regulatory agencies typically establish how the waste materials should be regulated and managed (e.g., regulated and managed as hazardous waste). Considerations taken by the regulatory agencies (Nevada Division of Environmental Protection [NDEP]) generally will factor in the determination of stockpile sampling, characterization and management. Finally, and perhaps most importantly, consideration needs to be taken regarding the future of the stockpile (e.g., will it be disposed of, and if so, how and where). 

2.2 Physical Properties of the Stockpile
This includes the types of constituents that may be present, the volume of materials (size and shape of the stockpiled material), heterogeneity of the stockpiled materials, stability of the stockpiled materials and other properties of the stockpiled materials that will influence sample collection.

2.3 Waste Properties
Waste properties are the chemical constituents (e.g., volatile and/or semivolatile organic compounds, heavy and/or regulated metals), distribution variability within the stockpiled materials, and special analysis associated with site specific chemicals of concern that must be evaluated when determining a sampling plan.

2.4 Problems
Precision, accuracy and sample bias are statistical concepts that will be briefly defined but not discussed in detail. However they need to be taken into consideration when developing a sampling plan and sampling a stockpile. There are texts available that provide detailed information about statistical issues with regard to soil sampling (Barth et al., 1989; Bauer, 1971).

Although it will not be discussed in detail in this SOP, precision is a measure of the reproducibility of measurements of a particular soil condition or constituent (USEPA, 1992). Preparation of Soil Sampling Protocols: Sampling Techniques and Strategies (USEPA, 1992) provides a detailed definition and description of precision regarding soil samples provides an in depth discussion regarding precision, bias and their effects on accuracy.
Accuracy is the correctness of the measurement; however, it is an unknown (USEPA, 1992). Preparation of Soil Sampling Protocols: Sampling Techniques and Strategies (USEPA, 1992) provides an in depth discussion regarding precision and bias and their effects on accuracy. 

An unbiased sample is unattainable unless the entire stockpile is sampled for analysis. Sampling bias may occur due to a variety of factors including, but not limited to, the following: 

· Sampling equipment and method choice (inadequate stockpile representation)

· The physical characteristics of the stockpile (stratification, layering, or multi-phase occurrences) 

· The sample collection does not allow thorough representation of the stockpiled materials (limited access). 

3.0 SAMPLING PLAN

After a complete evaluation of site specific factors, a sampling strategy or plan should be developed. This should include the location and frequency of samples, type of sample to be collected, any special or site-specific sampling equipment, and sample containment and analysis.

Sample location(s) and frequency are based upon the characterization of the stockpiled materials, project objectives, and requirements of regulatory agencies. There is no “template” or “boiler plate” method for determining the location and frequency of the samples. Sample location and frequency are generally site-specific and directed by the project objectives.
Samples are generally collected from the face (surface) and from within the stockpiled materials to ensure adequate representation of the stockpile. Sample location(s) may be determined by the following methods: 

· Directed sampling (based on the judgement of the investigator)

· Simple random sampling (generally across the surface of a largely heterogeneous stockpile)

· Stratified random sampling (useful when distinct layers have been identified within the stockpile)

· Systematic grid sampling (sampling at fixed intervals—useful where the distribution of physical properties are fairly heterogeneous)

· Systematic sampling over time (useful in land farming where breakdown of constituent properties are viewed over time)

· Alternative methods such as soil gas verification

The number of samples collected is determined through a variety of factors including, but not limited to, project objectives, stockpile characterization/materials, necessary degree of sample confidence, access to sampling points, and project budget.

3.1 Sampling Methods
Based on the desired analytical objectives of the sampling, analytical considerations, and available resources (for sampling and analysis), the following two types of sample methodologies are used in stockpile evaluation:

· Grab Sampling—the most common type. A sample is taken from a particular location. Useful in determining discrete variability when multiple are samples collected.

· Composite sampling—a number of individual samples are individually collected and combined into a single sample for subsequent analysis. Used where average or normalized concentration estimates of waste stream constituents are desired.


There are four basic types of samples collected in site investigation work: bulk samples, representative samples, "undisturbed" samples, and composite samples. They are described as follows:

· Bulk samples are generally a shovelful or trowelful of material taken from the stockpiled materials. There is usually significant uncertainty regarding the distribution of the constituents and physical properties represented. This type of sampling is rarely used and is the least accurate of the four basic sample types. 
· Representative samples are collected with a drive or push tube. They do not represent undisturbed conditions but do represent all the constituents that exist at a certain interval. 
· "Undisturbed" samples are high-quality samples collected under strictly controlled conditions to minimize the structural disturbance of the sample. Undisturbed samples should be collected when all the presampling relationships need to be preserved. Every effort is made to avoid altering the sample during the sampling process. Undisturbed samples are generally required for geotechnical work and are rarely necessary to assess environmental quality. 
· Composite samples are a blend or mix of sample material, usually combined from two or more stratigraphic intervals mixed in such a way as to represent the total borehole. Homogenized samples are samples that are composited over a discreet interval. For example, if a sample represented the 10‑ to 11.5‑foot interval, the material from that interval would be mechanically blended before being put into the appropriate sample container. Volatile organic compound samples are never composited or homogenized. 

Additional documents referencing alternative sample types and methodologies are listed in Section 5.0 of this SOP.
4.0 SAMPLING EQUIPMENT

Stockpiles often contain complex mixtures of solids and semisolids and may range from a few bucketsful or less, to areas covering several acres (large excavations). No single type of sampler or sampling method can provide adequate representation of the stockpiled materials. Selection of the type of equipment used will be based on the following:

· Trying to limit the possibility of cross contamination

· Assuring comparability

· Obtaining adequate sample volume

· Ease of use

· Limiting the degree of hazard during sample collection

· Limiting the cost of sample collection. 
Small stockpiles may be adequately sampled with a hand auger, trowel, or shovel, while larger stockpiles may require drill rigs to obtain representative samples. A more detailed description of each type of equipment is presented in Chapter 9 of USEPA SW-846 and Table 2 in the American Society for Testing and Materials (ASTM) Standard Guide for Sampling Waste Piles (D-6009). Typical sampling devices include, but are not limited to, the following: 

· Scoops, trowels, and shovels—useful for surface and shallow applications (generally, <1 foot deep); does not collect undisturbed samples 

· Hand augers—has subsurface applications; does not collect undisturbed samples

· Split-barrel push coring device—applicable to subsurface sample collection to about a 3 foot deep; limited by sample moisture content and particle size

· Drill rigs/heavy excavation equipment—useful when sampling from within stockpiled materials

5.0 FURTHER READING/DOCUMENTATION

Although not referenced in this SOP, the following list of ASTM standards and articles has been provided to assist the reader in locating additional documentation regarding specific sampling methods and equipment:

· D 1452—Practice for Soil Investigations and Sampling by Auger Borings

· D 1586—Test Method for Penetration Test and Spilt Barrel Sampling of Soils

· D 4547—Practice for sampling Waste and Soils for Volatile Organics

· D 4687—Guide for General Planning of Waste Sampling

Additional documentation regarding stockpile sampling and soil sampling may be attained at these websites: www.astm.org, and www.epa.gov .
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