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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

The purpose of this Standard Operating Procedure (SOP) is to provide the user with the basic theory and methods to perform soil gas investigations for volatile organic compounds (VOCs) by direct push sampling. This SOP was prepared for Basic Remediation Company (BRC) with the intent to serve as a field sampling guide and provide options for sample collection from soil gas probes, namely sample collection by evacuated canister, for off-site analysis.

The Nevada Division of Environmental Protection (NDEP) has not established any guidance documents for soil gas investigations. This SOP generally follows the methods presented in the California Environmental Protection Agency (Cal/EPA) Advisory-Active Soil Gas Investigations (Cal/EPA 2003), but has also incorporated pending changes to that guidance, which were presented by Cal/EPA in workshops held in northern and southern California in June 2009. Site-specific procedures for implementation of soil gas sampling will be developed and presented in site or area-specific work plans or sampling and analysis plans (SAPs). These work plans or SAPs will include the specifications for testing including relevant site conditions and project objectives for each application. 

Soil gas investigation is used as a method to determine the presence, composition, and origin of potential contaminants in and below the vadose zone. Soil gas as it exists in the subsurface is a dynamic equilibrium of the processes of partitioning, migration, emplacement and degradation. Partitioning controls movement from one physical phase to another. The five physical phases are liquid, free vapor, trapped vapor, solute, and sorbed. Migration refers to movement over distance either horizontal or vertical. Emplacement refers to establishment of residence within a particular physical phase. Degradation is the breakdown of compounds, typically, by oxidation or reduction reactions.

Although this SOP describes the procedures for sampling soil gas using temporary direct-push sampling equipment, depending on the objectives of the survey, permanent or semi-permanent soil vapor monitoring wells may be installed in areas where significant VOC concentrations were identified during a soil vapor investigation. Soil vapor monitoring wells offer the opportunity to resample as many times as necessary to monitor soil vapor changes over time. 
In addition, this SOP addresses the active method soil gas collection procedure with an evacuated canister sample collection method for off-site analysis. Although other procedures and sample collection methods are available, they will not be used for the BMI Common Areas project and are not included in this SOP.
2.0 RESPONSIBILITIES

The Project Manager or Task Leader (a qualified Nevada Certified Environmental Manager [C.E.M.]) selects the site-specific sampling methods, with input from the Field Team Leader, Site Geologist, and Site Chemist, and oversees activities and work progress.

The Site Geologist (a qualified Nevada C.E.M.) selects the site-specific sampling options and helps prepare technical provisions for fieldwork.

The Field Team Leader (a qualified Nevada C.E.M.) implements the selected sampling program and assists in the selection of sampling methods.

The Site Chemist assists with the selection of sample collection techniques and analytical protocols; assures that the laboratory adheres to analytical program requirements; and reviews data for compliance with data quality objectives and contract compliance.
3.0 METHODS

Soil gas monitoring has a set of procedures that must be followed to provide data quality and usefulness. This section describes the primary procedures that are common to all soil gas monitoring techniques:

· Planning and preparation;

· Survey design;

· Soil gas probe installation;

· Soil gas sample collection; and 

· Sample analysis.
3.1 Planning and Preparation
The planning and preparation step includes development of project objectives, including purpose of the survey, data application, and data quality objectives. This step includes gathering of historical information regarding the project area, developing a preliminary conceptual site model (CSM), selecting appropriate sample collection methods, and survey design. This information will be provided in work plans or SAPs for each application.
3.2 Survey Design
Work plans that are prepared for soil gas surveys will include design specifications based on the project data quality objectives. These design specifications include number of samples, sample spacing, sample depths, analytical methods, and detection limit requirements. The work plans will include a scaled facility map depicting potential sources and proposed sampling points. The locations and coordinates of identifiable geographic landmarks (e.g., street center-line, benchmark, street intersections, wells, north arrow, and property lines) will also be included on the map when possible.
The spacing of samples is dependent on the objectives of the survey, source term characteristics, and soil conditions. In some cases, a 200-foot horizontal spacing may be adequate for screening a large area of permeable soils, with a low permeability cover. In areas of low permeability soils, with high moisture content, a very tight spacing (e.g., 20 feet) may not be adequate to detect a hot spot. The basis for sample spacing will be established in the work plan or SAP governing the site-specific investigation.

Soil gas sampling depths are also part of the design work and are a function of the data quality objectives for the investigation. NDEP recommends the completion of vertical profiling by collecting samples from multiple depths (typically 5 and 10 feet below ground surface [bgs]). The objectives of vertical profiling typically are to: 1) assess the vertical distribution of VOCs in the vapor phase within the unsaturated zone, 2) determine the spatial pattern of vapor phase soil contamination at different depths within the unsaturated zone, 3) identify migration pathways at depth along which VOCs may have migrated from sources, and 4) serve as discrete monitoring points to evaluate the efficiency of a cleanup action or some other long-term monitoring. The soil gas sampling depth(s) will be specified in the work plan or SAP governing the site-specific investigation. 

The presence of underground utilities will also be considered in the design, as these may represent preferential pathways for soil gas migration that could affect the results of the survey. Underground Service Alert (USA) will be notified for site work where contact with underground utilities is possible. The design will also describe any restrictions on weather conditions prior to or during sampling. For example, Cal/EPA recommends that no soil gas sampling should occur within five days of a significant rainfall event (defined as equal to or greater than ½-inch of rainfall within a 24-hour period), or if significant barometric pressure changes are occurring (such as a high or low-pressure front), as these atmospheric conditions can affect the migration of soil gas in the subsurface.
3.3 Temporary Probe Installation
Temporary probe installation includes assembling 1-inch outside diameter (OD) sample rods with a Post Run Tubing (PRT) adaptor and o-rings into the bottom of the first length of rod. The expendable sample tip is installed in the end of the first length of rod and the drive tip is put into place while setting the rod and tip on the sample location and inside of the ground seal ring. The use of a ground seal ring will be used, which consists of a 4-inch length of 3- to 6-inch-diameter PVC that is placed on the ground and filled with a bentonite slurry thus sealing the probe/ground interface (note: most leakage occurs along the probe and soil). A hammer cap is installed and the probe tip advanced into the ground a few inches, the ground ring is filled with the bentonite slurry, and the probe advanced to the desired depth. With the hammer cap installed, the probe is withdrawn from the tip about three inches. The hammer cap is then removed, a length of clean, virgin Teflon tubing and PRT adaptor are installed, and the adaptor fit into the bottom of the rod. The tubing and adaptor are turned in a counter clockwise direction (reverse threads) until a tight seal is obtained. Sealing is facilitated by the o-rings on the adaptor tip. The probe tubing is then purged for the desired purge volumes and the soil gas sample collected. If samples are collected at multiple depths (e.g., 5 and 10 feet bgs) for a particular sample location, the above procedure will be applied to separate probe placements, a few feet apart, for each depth interval. 
3.4 Line Purge and Sample Collection 

After probe installation, but before sample collection, the sampling assembly will be purged and checked for leaks. The procedures described in Section 3.4.1 and 3.4.2 are consistent with the 2003 Advisory, but have been updated to reflect pending changes to that document, as described by Cal/EPA in the June 2009 workshops. 

There are some general guidelines that apply to purging and leak detection activities: 

· For probes installed with the direct push method, where the drive rod does not remain in the ground, purge volume tests, leak tests, and soil gas sampling will not be conducted for at least 30 minutes following probe installation. 

· Purge rates between 100 to 200 mL/min and vacuums <100 inches of water for standard small diameter (1/8 to 1/4 inch) tubing will be maintained. 

· In low-permeability soil formations (e.g., clayey silts and clays), if the vacuum exceeds 10 inches of mercury (equivalent to approximately 136 inches of water) during the purge, the formation is not suitable for sampling, and the sample point should be moved (e.g., one to 10 feet away) and soil probe installation and purge will be repeated.

· For sample collection by the evacuated canister sample collection method, two purge volumes will be used for line purging followed immediately by sample collection. 

The direct push soil gas sampling subcontractor typically has a sample collection assembly that includes clean tubing and connections from the soil gas probe line to the purge pump and/or sampling media, in-line pressure (vacuum) monitoring, and in-line flow rate control capability. The work plan or SAP will specify the sampling equipment and sample collection media (e.g., canister) that will be used to accomplish sample collection of soil gas.
3.4.1 Line Purge and Leak Check Methods
As part of the active method soil gas sample collection procedure, a probe and sampling assembly leak check will be performed in order to demonstrate the integrity of each soil gas sample. A leak check involves two primary components: 1) an equipment pressure test (also known as a “shut-in” test); and 2) an in-field leak test. The pressure test is performed prior to purging the sample line, but the in-field leak test is performed during the purging process. Both of these procedures are described below. These procedures are generally consistent with those recommended in the Cal/EPA Advisory and pending modifications to that document. 

3.4.1.1 Sample Apparatus Pressure Test

Prior to completing an in-field leak test, a sample apparatus pressure test (or “shut-in” test) will be conducted. The pressure test confirms that no vacuum is lost between the well head and the sample container over a fixed period of time. To perform the pressure test, an extra valve assembly is connected to the soil vapor sampling equipment so that a vacuum can be applied to the system. The following procedures are then followed:

· The valve to the sampling device (i.e., the summa canister) and the valve at the probe/sampling point are closed, and the valve to the purge/vacuum pump is opened. 

· The vacuum pump is turned on to evacuate air from the sample train and then the valve to the purge/vacuum pump closed so that the vacuum is held; the vacuum pump is then turned off.

· The initial vacuum readings on the flow controller are recorded. The sample train is then allowed to sit for 10 minutes. The vacuum should hold in the line during the 10 minutes.

· Continue recording every 10 minutes until the vacuum has stabilized within 1 inch-Hg. The final vacuum readings on the flow controller are recorded. If the vacuum reading decreases more than 1 inch-Hg during the 10 minutes, tighten the fittings and repeat the pressure test.

3.4.1.2 In-Field Leak Test and Purging

The following procedure should be used for purging the soil vapor probe and performing an in-field leak test using a gaseous tracer of helium. For an in-field leak test, a helium detector is added to the sample assembly at the effluent of the purge pump. The helium detector must be able to measure the concentration of the helium as a percent of the total sample. 

· The sample assembly is connected to the soil vapor probe, if it is has not already been connected. Confirm that the valve to the probe is closed.

· Confirm that the valve on the sample collection summa canister is still closed, and open the valve to the purge/vacuum pump.

· Prior to turning on the vacuum pump, the leak detection shroud is placed over the sampling point and the sampling train. Helium gas is pumped into the shroud through a hole near the bottom of the shroud using a piece of non-reactive tubing. 

· The helium detector is used to sample the atmospheric concentration of the helium inside the shroud through a valve in the shroud. Once the helium concentration inside the shroud exceeds 60 percent, purging of the soil gas may begin. Turn down the flow of helium but continue to supply helium to the shroud during purging and sample collection. Document the atmospheric concentration of the helium within the shroud. 

· The purge/vacuum pump are turned on and left on for the length of time necessary to remove the prescribed purge volume. The purge time and the vacuum readings during purging are documented.

· During purging, use the helium detector to take a reading from the effluent of the purge pump. Make sure that there is a tight seal around the connection between the helium detector and the pump effluent to ensure that no ambient air enters the detector. If the helium concentration exceeds 3 percent, a leak in the sampling line is likely to be present. Stop purging and tighten all fittings prior to continuing to purge and collecting the soil gas sample. If the sample, when analyzed, does not contain helium concentrations to the level identified in the specific work plan, then the sample integrity is intact and the sample has been shown to represent the soil gas sampled from the subsurface. If the tracer species is found in the sample, then the sample has been shown to be compromised and will be identified as not representative of the subsurface soil gas (e.g., the presence of the tracer species indicates a likely dilution of soil gas or a low bias in the sample concentration).

The helium gas tracer is the trace gas of choice for canister sample collection because leaks can be detected in the field using a helium gas detector, and the sample can be analyzed in the laboratory by gas chromatography/thermal conductivity detection (GC/TCD) for helium at relatively low cost. 

3.4.2 Soil Gas Sample Collection with Evacuated Canisters
One common method for sample collection and analysis of soil gas samples is evacuated canisters (also referred to as Summa canisters). The advantage of this approach is that samples are collected on-site, preserved in the stainless steel canisters, shipped, and analyzed by an off-site laboratory that can provide a higher level of quality assurance (QA) and can provide an extended list of analytes when compared with an on-site mobile lab.

The sampling procedure is generally as follows: 
1. Purge the sample line for up to two purge volumes while monitoring and maintaining appropriate pressures and flowrates and verifying that no leaks are present within the sampling assembly (as described above); and 
2. Complete sample collection by filling the container using a dedicated flow controller. Collect the sample in either 1-liter or 3-liter Summa canisters. 
a. The 1-liter canister will require about 10 minutes for sample collection and the 3-liter about 30 minutes. 
b. Fill the sample containers to 80 percent of volume, or to within a residual canister pressure of about 5 to 10 inches mercury. 
c. The flow rate and pressure is controlled by using either an in-line, clean rotometer (needle valve controlling flowrate) or a fixed orifice sealed by a compression fitting to the canister inlet limiting the flowrate to 100 cc/minute. 
d. After sample collection, seal the canister by closing the valve and sealing the port with a compression plug fitting. 
e. The canisters are to be labeled and shipped back to the laboratory in protected cardboard boxes.
3.5 Sample Analysis

Laboratory analytical methods will be based on the data quality indicators of the investigation. U.S. Environmental Protection Agency (USEPA) Method TO-15 GC/MS full scan and selective ion mode (SIM) operation is commonly used for the off-site analysis of soil gas samples (USEPA 1999). The analysis will include following the operation and calibration procedures described in the USEPA method. The method uses a sorbent/thermal desorption and or cryotrapping system with a high-resolution capillary column to analyze for VOCs using full scan GC/MS. This method can be used for many VOCs including polar organics, since no dryer is used. The method can measure most compounds down to 0.2 ppbV or less. The method can be operated in the full scan mode for up to 90 compounds, or for a fewer number of samples in the SIM at lower detection limits (<0.01 ppbV). The laboratory will follow USEPA Method TO-15 protocol for analyzing canister samples. The project analyte list, analytical methods, and detection limit requirements are described in the BRC Quality Assurance Project Plan (QAPP; BRC and ERM 2009). 
3.6 Quality Assurance / Quality Control Samples
Field quality control (QC), regardless of sample collection approach or sample collection media, will be described in the site-specific work plan or SAP. Generally, a minimum of 10 percent blank and duplicate samples will be collected per sample batch, with a minimum of one QC sample (blank and duplicate sample) per day as described in the project QAPP (BRC and ERM 2009). Soil gas replicate samples (separate soil gas samples collected from the same sample site into multiple containers) will be collected upon request by the NDEP.
4.0 SAMPLE CUSTODY FORMS
Sample possession during all testing efforts will be traceable from the time of collection until the results are verified and reported. Sample custody procedures provide a mechanism for documentation of all information related to sample collection and handling to achieve this objective.

Preformatted sample data and Chain‑of-Custody forms will be used as the primary documentation mechanism to ensure that information pertaining to each sample is properly recorded. In addition, a field logbook (see SOP-15 [Field Logbook] for information to be recorded in the field logbook) will be maintained for all samples collected. Copies of the Chain‑of-Custody forms and the field logs will be retained in the project file.
4.1 Documentation Procedures
4.1.1 Field Records

Field personnel are required to keep accurate written records of their daily activities in a bound field logbook (see SOP-15). All entries will be legible, written in waterproof ink, and contain accurate and inclusive documentation of an individual’s field activities, including field data and observations, any problems encountered, and actions taken to solve any problems. The type of data recorded in the field logbook includes field measurements, ambient conditions, and any other information pertinent to sample collection. Entry errors or changes are to be crossed out with a single line, dated, and initialed by the person making the correction. Entries made by individuals other than the person to whom the logbook was assigned will be dated and signed by the individual making the entry. Field logbooks are required to be available for review by interested parties.
4.1.2 Documentation of Sampling Activities
Each sample collected will receive a sample label that identifies the sample by a unique sample identification number. These labels are affixed to the sample container prior to sample collection. A full description of the sample, including its date and time of collection, location identification, sample depth, analyses to be performed, and disposition will be included on a sampling documentation and tracking form. An example sampling documentation and tracking form is shown in Attachment 1.
4.2 Chain-of-Custody Procedures
After the samples are collected and documented in the field logbook and sampling documentation and tracking form, a Chain‑of-Custody form (Attachment 2) will be completed and will accompany the samples to the laboratory. Team members collecting the samples are responsible for the care and custody of the samples until they are transferred or dispatched to the appropriate laboratory. When transferring samples, the individuals relinquishing and receiving the samples will sign, date, and note the time on the record. 

This record documents sample possession from collection to the laboratory sample control center. When the samples are received by the laboratory, the sample control officer will verify the Chain‑of-Custody form against the samples received. If any discrepancies are observed, they will be recorded on the Chain‑of-Custody form and the project manager will be notified to correct the problem.
4.3 Shipment
All sample shipments will be accompanied by the Chain‑of-Custody record, which identifies the contents of each shipment. The person relinquishing the samples to the laboratory will request the signature of a laboratory representative to acknowledge receipt of the samples. Sample collection and shipment will be coordinated to ensure that the receiving laboratory has staff available to process the samples according to method specifications.

All shipping containers will be secured for safe transportation to the laboratory. The method of shipment, courier name(s), and other pertinent information is entered in the “Remarks” section when the samples are to be shipped (i.e., FedEx, Express Mail, etc.).
4.4 Sample Handling Procedures
The objective of sample handling procedures is to ensure that samples arrive at the laboratory intact at the same vacuum that was recorded at the end of sampling, and free of external contamination. VOC canister samples will normally be shipped via Federal Express to EAS in San Luis Obispo, California. Exposure to light and changes in temperature and pressure will accelerate sample degradation, therefore, soil gas samples should not be chilled. Sample packaging requirements for hazardous materials requiring interstate transport are defined in the Code of Federal Regulations 40 (CFR) 49, Chapter 1, Part 171. These requirements outline in detail the proper classification and transportation procedures for hazardous materials that will be used in the transportation of samples.  

4.5 Sample Preservation
Once the samples have been collected, the methods specify preservation, storage requirements and holding time limitations. The preservation requirements for the type of samples collected during this program are summarized below.

Parameters for Sample Preservation

	Parameter
	Preservation and Storage Requirements
	Maximum Holding
Time (Days)

	1- to 6-Liter Summa Polished Stainless Steel Canisters for VOCs
	Cool storage area (although there are no temperature requirements described in the TO-15 method); avoid direct sunlight when/if possible. Wrap valves; ship in cardboard.
	14 Days
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