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CHAPTER 5





SOIL SAMPLING





�
5.1  PURPOSE.  This chapter identifies the major steps and technical areas that will be required/ encountered in conducting a soil sampling program.  The role of the sampling run is defined along with procedures that will guide the sampler in conducting a compliant program. The soil sampling program presented does not address site clean-up or investigation.  For related information, refer to the Navy Installation Restoration (IR) Program.





5.2  SCOPE.  The characterization of soil contam�ination requires that samples be collected from identifiable locations and that samples received by the laboratory represent actual soil conditions.  Soil sampling programs:





Determine site lithology (presence and location of different types of soil, bedrock, or groundwater).


Define the extent, depth, type, and severity of soil contamination.


Determine soil "cleanliness" during underground storage tank (UST) removal, polychlorinated biphenyl (PCB) transformer operation, or background monitoring at a treatment, storage, and disposal facility (TSD) or hazardous waste handling areas.





	Sampling personnel are critically important to sampling program success, since the sampler is often in the best position to detect areas of suspicion.  Even though sampling techniques may be sophisticated, these should not be relied upon to replace good judgment and common sense on the part of sampling personnel in discerning the difference between routine and extreme case scenarios.  Sampling personnel must be alert to their surroundings (unusual circumstances, odors, presence of dead animal or plant life in the area, etc.) while:





Collecting and recording visual and physical data


Collecting soil samples, both surface and subsurface


Adhering to procedures


Maintaining the Chain-of-Custody (COC) Record


Preserving program integrity





	The Quality Assurance Plan (QAP) must define the uses of the data.  The resulting Field Sampling Plan (FSP) will be based on existing know�ledge of what chemi�cals may be present, the possible areas of contam�ination, and the possible migration of the chemicals through the soil.  This existing knowledge can come from spill reports and preliminary surveys that identify discolored soil or distressed vegetation.  Preliminary surveys may be performed to determine site lithology and identify the chemicals that pose the greatest hazard.


5.2.1  Background on Contamination of Soils.  Soil contamination by elemental heavy metals such as lead or by chemicals such as pesticides that are relatively insoluble in water may be limited to the top few inches of soil.  However, the area that is contaminated can be affected by soil erosion or by tracking or movement of the soil as a result of construction activities.  Soil contamination by soluble metals such as plating wastes or by spills of concentrated organic chemicals such as gasoline, aviation fuel, solvents, trans�former oil, etc. may extend to considerable depths and the concen�tration of the chemicals at any depth may not be easily predic�table.  Soluble metals and organic liquids are often carried through soil by percolating rain water, and the extent of movement of the contamination is affected by a number of factors including:





Solubility of the contaminant in water:


Some metals and most organic chemicals are soluble in water to the extent that the water becomes unfit for use as drinking water.  


Density of organic liquids:


Light organic liquids such as gasoline, fuel, and oils will settle through soils which are not saturated with water, until they reach a confin�ing surface such as clay, bedrock, or groundwater.  It is not unusual to find a concentrated layer of organic liquid moving along the surface of a tilted clay layer or forming a pool or lens on the groundwater. The extent to which the underlying groundwater is contaminated then, is a function of the solubility of the organic liquid in the water.


Dense, non-aqueous liquids, such as chlorinated solvents (trichlor�oethylene, tetrachloro�ethylene, carbon tetra�chloride) or heavier chlorinated organic liquids such as chlorinated benzenes and PCBs can continue to sink through groundwater until they reach a confining layer such as clay or bedrock.  These chemicals can flow along tilted surfaces or pool in the cracks in bedrock and then slowly leach into groundwater.


Susceptibility to biodegradation:


Many organic chemicals can be degraded by micro-organisms in the soil.  However, the micro-organisms require oxygen, and generally are not active at depths of more than a foot or so.  Therefore, the surface soils may be relatively uncontaminated by organic chemi�cals because of biodegradation, while deeper soils may be quite contaminated because this process is not effective without oxygen.


Type of soil (See Figure 5-1):


Subsurface layers of clay are relatively impermeable to groundwater and organic liquids, but the clay particles can absorb some hazardous chemicals from the water resulting in increases in their concentration.  Organic liquids may form pools in the low reaches of clay layers, or may flow down the surface of tilted clay layers.
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Soils that are high in organic material, such as peat, can absorb and concentrate some hazardous chemicals.  A layer of organic soil may therefore be more contaminated than the soil layers above and below it.
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Porous non-organic soils such as sand or gravel allow for rapid move�ment of liquids (groundwater or spilled organic liquids). These soils do not absorb contaminants.  For example, PCBs from spilled transformer fluid and from buried electrical capacitors have been found several hundred feet from the source of the contamination.  Gasoline from leaks in underground storage tanks can be carried hundreds of feet by moving groundwater.


Bedrock may provide a confining layer under groundwater.  However, fractured bedrock may provide channels for the movement of groundwater and heavy organics, or low spots for the accumulation of pools of heavy organic liquids.


The chemistry of the soil, such as its pH, can change the chemistry of the water percolating through it, which in turn affects the solubility of metals in the water.  For instance, acidic rainwater can dissolve metals at the surface, but the metals may come out of solution and accumulate in the soil if the percolating water contacts a buried layer of lime.


Presence of groundwater:


Moving groundwater can carry hazardous contaminants for considerable distances (See Figure 5-2).  The rate at which groundwater will cause con�tam�inants to spread is affected by both the speed at which the ground�water moves through the soil and the extent to which the soil absorbs the contaminants.  The contam�ination of groundwater with resul�tant damage to its usability as drinking water is one of the most serious effects of accidental spills and improper dispo�sal of hazardous chemicals.  A definition of a hazar�dous waste under RCRA is measured by determining whether its solu�bility in acidic water percolating through a municipal landfill will damage the drinkability of the underlying aquifer.


An aquifer is a layer of soil or porous rock saturated with water.  The aquifer surface confines vertical movement of organic liquids and percolating groundwater.  Where the surface is exposed, as in stream valleys, contaminants in the groundwater can reappear as surface seeps.


Several different aquifers may be present at any given location, but may be separated by confin�ing layers of clay or rock. If samp�ling holes penetrate the confin�ing layer, contamination can move through the hole and contaminate deeper aquifers, resulting in increased environmental damage.  Alternatively, the deeper aquifers may be under hydrostatic pressure, and a sampling hole that pierces a confining layer may allow contaminated water from deeper aquifers to flow into shallower layers of soil.





5.2.2  Data Requirements.  Ideally, a FSP should be based on knowledge of what contaminants are likely to be present and how the distribution of the contaminants may be affected by the lithology of the site.  However, the purpose of the field work may be to define the lithology and obtain chemical data for determining compliance with Federal, state or local requirements.  It is possible for soil sampling to be conducted in a number of phases, with the field observations and field test results provid�ing data for guiding subsequent work.





	The most important data requirement from any field sample is the identi�fication of exactly where the sample was collected.  Stakes or flags should be installed to indicate the locations of soil samples.  However, since sites will probably be disturbed by subsequent construction work, it is also important that the location of each sample be measured with reference to permanent features such as survey monuments, measurements to a reference point, or latitude/longitude location.  For soil sampling programs, it is generally acceptable for the survey to define each sample loca�tion to an accuracy of one foot hori�zontally and a few inches vertically.  Unless the area to be sampled is flat, an initial survey should be made to define the surface contour.  Measuring the depth from the surface at which a sample is taken and at which different soil layers and groundwater are encoun�tered is insufficient, unless the elevation of the surface at that point is known and will remain undisturbed.


	The second most important data requirement from any field sample is the collection of soil samples that represent field conditions and that address the data needs of the program.  For instance:  





In determining whether the contamination of surface soil presents a hazard by skin contact or ingestion, the samples should consist of soil from the surface to a depth of only two inches and the soil should be sieved to eliminate stones larger than 2 millimeters in diameter.


EPA cleanup requirements for soil contaminated with PCBs are based on the concentration of PCBs in the soil, including rocks.  The samples taken to define the location of PCB contaminated soil that must be excavated for proper disposal should not eliminate rocks, since the cleanup standards are based on the maximum allowable average concentration of PCBs in the remaining soil.  The disposal requirements for PCB contaminated soil depend on when the spill occurred:


Soil contaminated with PCBs during 1987 or after is classified as hazardous based on the concentration of PCBs in the material spilled.


Soil contaminated with PCBs before 1987 is based on soil samples representative of the area to be excavated, including rocks, since the definition of PCB wastes is based on the average concentration of PCBs in the material.


To determine whether excavated soil is classified as a hazardous material under RCRA, soil samples should be repre�sentative, including rocks and hard chunks.  The extraction procedure specified by EPA may require that the lab screen the soil to eliminate rocks larger than 3/8" in diameter, but the criteria are too complicated to allow a decision to be made in the field as to whether the soil should be screened when it is collected.


Special sampling procedures must be used when collecting soil samples that will be analyzed for volatile organic chemicals because these chemicals rapidly evaporate from soil once exposed to the air.  Unless precautions are taken to minimize this evaporation, the samples will not be representative of the actual level of contamination of the soil.


	The third data requirement is the geology and lithology of the site.  Most permit applications for compliance require this information to be provided prior to starting any activities.  Therefore the information may be referred to in the application documents.  The following information should be noted or referenced to on a site map:





Surface information:


Location of erosion patterns and accumulated runoff sediments.


Locations of possible sources of soil contamination, such as surface tanks, under-ground storage tanks, lagoons, waste pits, fire pits, or piles of trash or waste.


Locations of discolored soil.


Locations of areas covered by impermeable material, such as pavement and buildings.


Extent of areas of distressed vegetation.


Indications of geology and lithology, such as types of surface soil, exposed bedrock, standing water, and groundwater seeps.


Subsurface information:


Type of soil as a function of depth at each sample loca�tion (layers of clay, peat, sand, silt, shale, etc.; layers having different colors; presence of large stones; etc.).


Moisture of soil at different depths, and depth at which the soil becomes saturated with water (i.e., depth to ground�water).


For some investigations of soil contamination by organic chemicals, field measurements may be made of the concen�tration of organic vapors in the air in bore holes as a func�tion of depth, or next to newly exposed soil.





5.3  HAZARDS AND SAFETY PRECAUTIONS.  The safety plan or Health and Safety Plan (HASP), as appropriate to the scope of the project, should address all anticipated hazards for each task.  The following is a short list of more common (and commonly overlooked) hazards associated with soil samp�ling activities.  Refer to Section 3.3.3 and Appendix D for a specific hazard identification and appropriate reference for detailed control measures.





5.3.1  Environmental.  Particularly during the initial site survey, the environment can be more hazardous than the toxic chemi�cals.  Environmental hazards can include poison ivy, poisonous snakes, rabid animals, poisonous insects such as bees, wasps, and spiders, and the physical hazards of sunburn, heat exhaustion and frostbite.  Safety precautions include a review of possible hazards before entering the site and the use of proper clothing and equipment.








WARNING








Certain tasks such as site surveying and soil sampling at pre-determined locations may require that equipment be moved to inaccessible or unstable locations. 





5.3.2      Safety


	Some examples of safety concerns include:


Problems associated with moving sampling equip-ment and containers across rough terrain either by hand carrying or driving off-road.


Use of powered equipment such as power augers.


Conflicts with other uses of the area (e.g., traffic conflicts when sampling on or next to roads).


Contact with overhead power lines when using a drill rig or back hoe to gain access to subsurface soil.


Cave-in.  Entry of personnel into pits more than four feet deep will require compliance with Occupational Safety and Health Administration (OSHA) shoring requirements to prevent injury from cave-ins.





5.3.3  Security.  In extreme cases, two types of security issues should be addressed during the planning phases:





Implement entry restrictions to prevent personnel exposure to toxic chemicals.


Secure storage for sampling equipment and soil samples to prevent tampering.





WARNING








Soil sampling is an intrusive activity that may expose sampling personnel to unidentified subsurface hazards.





5.3.4  Subsurface.


	Some examples of subsurface hazards include:





Buried munitions:  Site records should be reviewed during the preparation of the FSP.  If there is any chance of encountering buried munitions, the site should be checked by qualified personnel with ground penetrating radar and/or metal detectors before any samples are collected.  Only trained and certified personnel shall handle or sample explosive or suspected explosive materials.  Certified explosives experts can be contacted at facilities listed in Appendix G of this manual.


Buried utilities:  The use of augers and drill rigs to gain access to subsurface soil can damage buried utilities, including electrical and telephone lines and gas, steam, water and product pipelines.  Facility records should be reviewed carefully to identify any buried utilities in the sampling area.  The site should be checked with ground penetrating radar and/or metal detectors if there is any question as to the presence of subsurface utilities.





5.3.5  Toxic Chemicals.





Collecting soil samples inherently involves the risk of exposure to hazardous chemicals. Major exposure scenarios that should be evaluated include:





Skin contact with contaminated soil.  The personnel who are involved in collecting the samples should wear disposable boot covers and rubber gloves as a minimum, and should consider the use of disposable Tyvek( coveralls to prevent contamination of clothing. The sample custodian should wear appropriate protective equipment when handling samples.


Skin contact with contaminated water.  Deep soil samples usually result in the requirement to handle wet soil that can drip and splash.  Decon�tam�ination of sampling equipment also can result in splashes of contaminated water.  The personnel who are collecting the samples and decontam�in�ating the sampling equipment should wear water proof rain gear or coated Tyvek( coveralls if there is a possibility of contact with contaminated water.


Ingestion of contaminated soil.  This usually occurs when food or drink is exposed to contaminated dust or is picked up with contaminated gloves.  No eating, smoking or chewing of gum or tobacco should be allowed when working with contaminated soil.  Drinking water should be kept in closed squirt bottles or should be stored outside the contaminated area.


Inhalation of contaminated dust.  Inhala�tion of contaminated dust may be a problem on dry windy days at sites where the surface soil is contaminated.  Digging and drilling activities may also generate contaminated dust.  Personnel should remain upwind of any source of dust.  If the site is generally contaminated, full face air purifying respirators equipped with particulate filters should be worn.


Inhalation of toxic vapors.  Exposure of contaminated soil may generate toxic vapors from the evaporation of volatile organic chemicals.  The HASP should establish air monitoring requirements for intrusive work, including specifying what air monitoring equipment is to be used and the criteria for the use of respirators.  Either air purifying respirators or supplied air respirators may be required, depending on the toxicity of the chemicals that may be present, the capabilities of the monitoring equipment, and the warning properties of the vapors.


Confined space hazards.  In general, pits more than four feet deep are considered to be confined spaces if there is no way for personnel to walk out. However, when digging into contaminated soil, there is a chance for the accumulation of flammable vapors or toxic gases including hydrogen cyanide and hydrogen sulfide.  Any pit should be considered to be a confined space if there is any chance of generating toxic or flammable vapors from the soil and if one is required to put one's face below the top of the pit for any purpose, such as to examine soil conditions or collect soil samples.  Normal confined space procedures shall be implemented, including air monitoring, the assignment of a confined space observer, and the possible use of respiratory protection.





5.3.6  Explosive Hazards.  Due to the inherent dangers involved in sampling explosives and potential or suspected explosives, only those individuals who have been trained and certified in the proper handling of these materials shall participate in sampling activities. (See OPNAVINST 8023.2 for qualification and certification requirements.)  





	Special considerations are required when sampling explosive wastes which may be susceptible to shock, friction, electromagnetic radiation, electrostatic discharge, sparks, flames, elevated or freezing temperatures, moisture, or sunlight.  Failure to handle explosives correctly could result in damage to property, injury, or loss of life.  General safety considerations include wearing personal protective equipment such as flameproof clothing, caps, safety goggles or face shields, conductive shoes and respirators where appropriate. Only non-sparking tools should be employed.  Electrical grounding may be necessary in some cases.  Sampling of the smallest amount necessary to perform testing is recommended.  Specific precautions are material dependent.  It is, therefore, imperative that sampling personnel have a thorough knowledge of the characteristic dangers and safety requirements for individual explosive materials. (For safety and handling requirements refer to NAVSEA OP5 VOLUME 1, Ammunition and Explosives, Ashore Safety Regulations for Handling, Storing, Production, Renovation, and Shipping.)








WARNING








Only trained and certified  explosive personnel shall handle or sample explosive materials.  Certified explosive experts can be contacted at facilities listed in Appendix G of this manual.





5.4  PRINCIPLES OF SAMPLE COLLECTION.  The collection of useful information about soil contamination requires documentation of site surface conditions (locations of buildings, pavements, standing water, seeps, sediment runoff, discolored soil, etc.) and subsur�face conditions (depth of various layers of soil, depth to ground�water, depth to bedrock at different locations).  The chemical data obtained from analysis of soil samples is only useful within the context of site conditions, so it is very important that the exact location of each sample be documented and that the soil samples accurately represent the conditions at the site.





5.4.1  Preparation of Site Map.   Documentation of site conditions and sample location requires a site map.  A site map showing required sample locations should be included with the FSP.  The site map may be based on facility drawings, but should be verified in the field and augmented with additional information on the drain�age of rain water and other surface conditions that affect the movement of contam�inated soil.  If the FSP does not include a site map, one should be prepared by sampling personnel based on available facility drawings and field measurements.





5.4.1.1  Surface Contour.  Unless the site is completely flat, it is important that the surface contour be indicated on the site map.  The depth of soil samples is measured from the surface, but the surface reference can be lost due to excavation or filling activities at the site.  If a contour map of the site is not available, it may be necessary to have one prepared by a survey team prior to sampling.





5.4.1.2  Surface Information.  Sampling personnel should validate the site map before starting sampling activities.  Any discrepancies should be noted on the map, and the following surface information should be recorded if not already shown:





Buildings


Paved areas


Unpaved roads and parking areas


Surface areas of different types of soils, including fill areas (gravel roads, clay, sand, peat, etc.)


Standing water (both permanent such as ponds and streams and temporary such as persistent puddles)


Water seeps


Water runoff patterns and accumulations of runoff sediments


Exposed bedrock


Discolored soil


Stored materials, debris, soil piles, etc.


Distressed (dead, wilted, or discolored) vegetation





	It is recommended that photographs also be taken to document the site surface features.  Photography requirements should be estab�lished by the Program Manager to ensure compliance with the policy and regulations of the facility.





5.4.1.3  Documentation of Sampling Locations.  The location of each sample and the designated sample numbers should be shown on the site map.  Samples should be collected at the designated sample points. Depth of samples from the surface should be recorded.  If it is necessary to sample more than a foot from the required location because of interferences such as trees, pavement, subsurface rocks, or buried utilities, the new sample location should be noted on the map and the reason for moving the sampling location should be explained in the Field Log Book/Field Notes.





5.4.2  Preliminary Tests and Observations.  A number of field tests and observations may be required to document sampling and subsurface conditions.





5.4.2.1  Weather Conditions.  The weather conditions at the time of sample collection should be noted in the Field Log Book/Field Notes.  Weather data should include temperature, relative wind speed and direction, relative humidity, and the presence of rain or snow. Recent weather conditions at the site should be summarized, including recent rain events (how much, how recently) and freezing conditions (how cold, how deeply is the soil frozen).





5.4.2.2  Description of Soil Types and Lithology.  The movement of groundwater and the transport of hazardous chemicals is strongly influenced by the presence and depths of different types of soil. Knowledge of subsurface lithology is necessary for an understanding of the dynamics of soil contamination.





	The soil should be described by a profes�sional geologist if this informa�tion will be used to support the computer modeling of groundwater flow.  If this level of detail is not required, the soil layers and the soil samples should be described by sampling personnel. 


Chapter 3 of the EPA Description and Samp�ling of Contaminated Soils - A Field Pocket Guide, is an excellent guide to the field description of soils.  As necessary, the following soil features, when present, shall be described as a function of the depth from the surface:





Color:  soil colors should be determined with the use of a color chart (e.g., Munsell).


Mottles:  blotches or spots of contrasting color interspersed with the dominant soil color.


Soil Texture:  this is the amount of sand, silts and clays in a soil.


Particle shape:  shape of individual soil particles.


Structure:  shape of the natural soil aggregates.


Consistency:  degree of resistance to breaking or crushing;  descriptions will vary with moisture condition.


Presence of visible oil, gasoline, solvents or other organic liquids.


Horizon thickness: layers of soil with distinct changes of the above features.





5.4.2.3  Soil Gas.  Soil gas measurements, using field monitoring instruments such as photoionization detectors (PIDs) or flame ionization detectors (FIDs) can give an indication of the presence of volatile organic chemicals (VOCs) in the soil.  The concentration of volatile organics measured with these instruments is not closely related to actual organic compound concentrations in the soil as the gas concentration depends on the following soil conditions:





Temperature of the soil (higher temperatures increase the volatility of organic chemicals).


Moisture content of the soil (organic chemicals vaporize faster from wet soils).


Absorption capacity of the soil (organic contaminants vaporize slower from peat and other soils that contain significant organic material).


Instrument response factors for the particular organic chemicals that are present in the air (both types of detectors respond differently to different chemicals).


Depth of the bore hole and time that it has been open (organic vapors can sink to the bottom of an open bore hole, increasing the concentration at the bottom).





	However, the following techniques can obtain at least qualitative information on the presence of VOCs in soil.





5.4.2.3.1  Down Hole.  This technique measures the concentration of the organic vapors that have accumulated in the air in a bore hole.  It is subject to all of the variables listed above.  Stick the intake port of the instrument into the bore hole and record the maximum response.  If the instrument has a sample pump, connect a sampling tube to the intake port and lower the tube down the bore hole, recording the maximum instrument response.





5.4.2.3.2  Sniff.  This technique measures the concentration of VOCs in air directly adjacent to freshly exposed soil.  In addition to the variables listed above, the measured levels of organics will depend on the porosity of the soil and the wind velocity.  Break open a soil sample and immediately hold the intake port of the instrument close to the newly exposed surface; record the maximum instrument response.





5.4.2.3.3  Head Space.  The technique used should control moisture content, temperature and the tendency for organic vapors to settle.  Use of this technique should be reviewed by a chemist to ensure that the instrument and controlled temperature will measure the contaminants suspected.  Blanks and background measurements should be made to aid with the evaluation of the final results.  In some methods, water or a nonchlorinated solvent is added to the container.  The sealed container is gently shaken and may be placed in the sun, water bath, or controlled temperature device and heated to a known temperature.  After a stated period of time, a probe to detect organic vapors is inserted into the headspace of the container and the maximum instrument reading is recorded.





5.4.3  Access to Soil.  It is important that soil samples consist of reasonably undisturbed soil from the specified sampling depths.  Access to the soil often requires drilling or excavation down to the specified depth.  In all cases, care should be taken to avoid buried utilities.





5.4.3.1  Paved Areas.  It may be necessary to use a jackhammer to remove pavement from a sampling location; provisions should be made for replacing the pavement after the sampling is complete.





5.4.3.2  Grass Areas.  If the sampling location is covered with grass and no surface sample is required, several square feet of sod should be carefully cut away. A decontaminated stainless steel shovel should be used to carefully remove the turf so that it may be replaced at the conclusion of sampling.  The stainless steel shovel should be  decontaminated between sampling locations. Turf can also be removed by hand from sample locations provided the person has donned a pair of clean nitrile or PVC gloves.





5.4.3.3  Surface Samples.  Soil samples should be of undisturbed soil, and not material that is tempor�arily lying on the ground.  Unless the FSP specifically requires the sampling of surface debris, remove organic debris (leaves, etc.) and accumulated trash (paper, cans, bottles, demolition rubble) to expose the soil. The FSP should define the depth of surface samples.  Specific state and local compliance programs may define surface samples as the first three, first six, or first twelve inches below the vegetation layer.  Note in the Field Log Book/Field Notes how much and what kind of material was removed.





5.4.3.4  Subsurface Samples.  Subsurface samples should consist of undisturbed soil starting at the depth below the surface specified in the FSP.  Subsurface samples should be defined as to the depth, and may not contain material from different layers of soil.  Collection of subsurface soil samples requires that the overlying soil be removed.  The FSP should detail material separation and depths of subsurface sampling including sample mixing, splitting, and representativeness.





5.4.3.4.1  Test Pit.  Under unusual circumstances, the excavation of a test pit may be useful in determining the depth and thickness of different types of soil or any apparent band of soil contamination.  Samples should be collected from undisturbed material from the walls or bottom of the pit, not from soil that is excavated from the pit.





Advantages:


Visibility:  provides the best information on the location of soil layers.


Versatility:  may be the only way to access subsurface soil where large rocks are present.
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Disadvantages:


Safety:


The backhoe may have to be completely decontaminated before removing it from the site.


Trench walls deeper than 3 feet may be unstable.  Shoring may be required prior to having anyone enter the test pit to collect samples.


Toxic or flammable vapors may accu�mulate in the test pit.  Any entry into a test pit that requires a person's nose to be below the level of the surface should be considered a confined space entry, and all air monitoring and use of personnel protective equipment (PPE) requirements must be complied with.





WARNING








Excavation of contaminated soil can lead to the vaporization of significant amounts of toxic chemicals, or generation of considerable contaminated dust, resulting in an inhalation hazard to the sampling personnel.  The FSP should address this potential hazard.


Environmental:


If soil contamination is suspected, a large amount of soil may have to be put into containers such as drums and stored or disposed of as hazardous waste.


If the pit is refilled with excavated soil, contaminated surface material may be buried at a greater depth or contaminated soil from subsurface layers may be exposed on the surface.





	Before digging a test pit, four stakes should be driven into the ground far enough from the sample location that they will not be disturbed by the backhoe or other activities.  The stakes should be located such that strings attached to opposite posts will intersect directly above the sampling location.





5.4.3.4.2  Augers.  An auger is a hole making tool that is screwed into the soil (See Figures 5-3 and 5-4).  In general, augers should only be used to gain access to the soil that is to be sampled.  Augers churn the soil and destroy its structure, making soil classification more difficult and causing rapid release of volatile contaminants.  In addition, when augers are lowered into bore holes, they can scrape soil off the sides of the hole so samples collected from the bottom of the hole may be contaminated with soil from shallower levels.





� EMBED Word.Picture.6  ���


	A hand auger can be used to expose soil as deep as four feet.  Gasoline powered portable augers may be able to reach up to 12 feet depending on soil conditions, but are heavy, require two people to operate, and may contaminate samples when volatile organics are to be sampled.





	Various types of augers are available.  The major types, their advantages, and their limitations are summarized in Table 5�1.  A typical auger consists of a handle, a stainless steel extension rod, and a bit. Additional extensions can be added for deeper holes.  Place the auger over the desired sampling location and turn the handle while exerting downward pressure.  The turning motion of the handle will rotate the bit down into the soil.  To remove the auger, turn the handle in the opposite direction; the soil will remain in the bit and can be removed by using a clean stainless steel scoop or spoon.





Auger Use Procedures:


Clear the area to be sampled of any surface debris such as twigs, rocks, or litter.  It may be advisable to remove the first 3 to 6 inches of surface soil from an area one foot in diameter to prevent loose near-surface soil particles from falling down the hole.


Attach the auger bit to a drill rod extension and then attach the drill rod to the T handle or the power unit.


Begin drilling, periodically removing accumulated soils to prevent accidentally brushing loose material back down the bore hole when removing the auger or adding drill rods.  Shovel the loose soil onto a piece of plastic sheeting.


After reaching the desired depth, slowly and carefully remove the auger from the bore hole.


Table 5-1 Types of Augers�
�
Sampling


Device�
Applications�
Limitations�
�
Screw Auger�
Cohesive, soft or hard soils or residues�
Will not retain dry, loose or granular material�
�
Standard Bucket


Auger�
General soil or residue�
May not retain dry, loose or granular material�
�
Sand Bucket Auger�
Bit designed to retain dry, loose or granular material silt, sand and gravel�
Difficult to advance boring in cohesive soils�
�
Mud Bucket Auger�
Bit and bucket designed to wet silt and clay soil or residue�
Will not retain dry, loose or granular material�
�
Dutch Auger�
Designed specifically for wet, fibrous or rooted soils (marches)�
�
�
In Situ Soil Recovery Auger�
Collection of soil sample in reusable liners; closed top reduces contamin-


ation from caving sidewalls�
Similar to standard bucket auger�
�
Eijkelcamp Stony Soil Auger�
Stony soils and asphalt�
�
�
Planer Auger �
Clean out and flatten the bottom of predrilled holes�
�
�
Remove the auger from the drill rods and replace with a pre�cleaned tube sampler.  Install proper cutting tip.  (An optional step is to first replace the auger tip with a planer auger to clean out and flatten the bottom of the hole before using the tube sampler.








Table 5-2 Types of Tube Samplers�
�
Sampling Device�
Applications�
Limitations�
�
Split spoon sampler�
Disturbed samples from cohesive soil�
Ineffective in cohesionless sands; not suit- able for collection of samples for lab- oratory tests requiring undisturbed soil�
�
Soil probe�
Cohesive, soft soils or residue; representative sample in soft to medium cohesive soils and silts�
Sampling depth generally limited to less than one meter�
�
Shelby tubes�
Cohesive, soft soils or residue; special tips for wet or dry soils are available�
Similar to Veihmeyer tube�
�
Soil recovery probe�
Similar to thin- walled tube; cores are collected in reusable liners, minimizing contact with the air�
Similar to Veihmeyer tube�
�
Veihmeyer�
Cohesive soils or residue to depth of 3 meters�
Difficult to drive into dense or hard material; will not retain dry, loose or granular material; may be difficult to pull from the ground�
�
Peat sampler�
Wet, fibrous organic soils�
�
�
5.4.3.4.3  Drill Rig.  Truck mounted drill rigs can gain access to soil at any reasonable depth and can penetrate hard layers.  When used with a hollow stem auger, a drill rig can retrieve reasonably undisturbed cores for purposes of classification.  Disadvantages of using a drill rig include increased labor (the drilling crew) and equipment rental costs.





NOTE:


Drill rigs may be required in examining hazardous waste sites, but generally they would not be used in routine sampling operations.





5.4.4  Use of Soil Sampling Equipment.  Soil sampling equipment should be selected according to the objectives of the sampling activity.  It is important to determine the depth at which samples will be collected prior to sampling visit.  Sample depth will determine the types of sampling equipment required.  All sampling equip�ment shall be decontaminated prior to use at each samp�ling location.  It is preferable that this be done in a controlled area before entering the site.  Field decontamination of equipment between samp�ling locations shall be done as described in Section 5.4.7.





5.4.4.1  Trowel, Scoops, and Spoons.  Small hand tools can be used to collect surface samples and samples of undisturbed soil from the sides and bottoms of sampling pits.  These small tools are also used to mix and handle soil obtained from deeper locations.  All stainless steel scoops, spoons, and tulip bulb planters should be decontaminated and wrapped in aluminum foil prior to use.  If the equipment is not pre-wrapped in aluminum foil or other clean wrap material, sampling personnel should assume that it is not clean and should not use it.





	A trowel is a small shovel.  A laboratory scoop is similar to a trowel, but the blade is usually more curved and has a closed upper end to con�tain the soil.  Scoops come in differ�ent sizes and makes.  Many are chrome plated; these are unac�ceptable because the plating can peel off and get into the soil sample.  Stainless steel scoops are preferred.  However, scoops made from other materials may be acceptable in certain instances.  The decision for equipment construc�tion of material other than stain�less steel will be made by the Program Manager or designee. Stainless steel trowels and scoops can be purchased from scientific or forestry equipment supply houses.  Stainless steel spoons can be purchased in housewares departments.


5.4.4.2  Tube Samplers.  Tube samplers are hollow tubes that are driven or screwed into the soil.  The soil fills the tube and is retained when the sampler is withdrawn.  Various types of tube samplers are available.  The applications and limitations of the various types are summarized in Table 5-2.


5.4.4.2.1  Split Spoon Sampler.  A split spoon sampler is a length of carbon or stainless steel tubing split along its length and equipped with a drive shoe and drive head.  Split spoon samp�lers are available in a variety of lengths and diameters.  A stan�dard 2�foot split spoon is advanced ahead of the auger with a 140 pound hammer.  Because of its weight, the split spoon sampler is generally used with a drill rig.  The advantages of split spoon samplers include the ability to be driven into hard soils and the ease of extraction of the soil sample.





Split Spoon Sampler Use Procedures:


Use an auger or drill rig to open a bore hole down to the depth to be sampled


Assemble the split spoon sampler by aligning both sides of the barrel and then screw the drive shoe with retain�er onto the bottom and the heavier head piece onto the top.


Place the sampler over the bore hole in a perpen-dicular position.


Drive the tube utilizing a drop hammer, sledge hammer or well rig if available.  Do not drive past the bottom of the head piece as this will result in compression of the sample.


Record the number of blows required to advance the sampler each 6 inch increment.


Carefully pull the sampler out of the hole.  Open the sampler by unscrewing the drive shoe and head and split the barrel.  Discard the top two or three inches of soil.  If split samples are desired, a decontaminated stainless steel knife should be used to divide the tube contents in half verticall


For samples to be analyzed for volatile organics, transfer the sample directly into clean volatile organic analyte (VOA) vials, minimizing exposure to air. (VOA vials are special wide mouthed bottles with lids that have a thin Teflon( liner under a silicone septum.  VOA vials are used for samples that will be analyzed for volatile organic analytes.)  For samples to be analyzed for other parameters such as semivolatile organics or metals, place soil into a stainless steel bowl and mix it thoroughly using a stain�less steel scoop or trowel; place homogen�ized soil into the required sample containers.





5.4.4.2.2  Shelby Tube Samplers.   A Shelby tube consists of a thin walled tube with a tapered cutting head.  This allows the sampler to pene�trate the soil and aids in retaining the sample in the tube after the tube is advanced (without excessive force) to the desired depth. A Shelby tube is used mainly for geologic information but may be used in obtaining samples for chemical analy�sis.





Advantages:


Easily cleaned


Samples to be analyzed for volatile organic chemicals may be sent to the laboratory in the tube, minimizing air expo�sure





Disadvantages:


Difficult to drive into hard soils


Not durable in rocky soils


Some�times difficult to extract soil samples from the tube





Shelby Tube Sampler Use Procedures:


Use an auger or drill rig to open a bore hole down to the depth to be sampled.


Place the sampler over the bore hole in a perpen-dicular position.


Push the tube into the soil by a continuous and rapid motion, without impact or twisting.  In no instance should the tube be pushed further than the length pro�vided for the soil sample.


Let sit for a few minutes to allow soils to ex�pand in the tube.


Before pulling out the tube, rotate the tube at least two revolutions to shear off the sample at the bottom.


If the sample is to be shipped for further geologic analysis, the tube must be appropriately prepared for shipment.  Generally this is accom�plished by sealing the ends of the tube with wax in order to preserve the moisture content.  In such instances, the procedures and preparation for ship�ment shall be in accordance with ASTM D1586-83.


For samples to be analyzed for volatile organics, extrude the soil directly into VOA containers to minimize the exposure of the samples to air. Alternatively, the sampling tube can be sent to the laboratory.  To ship a full sampling tube, cover the ends of the tube with clean aluminum foil, held in place by rubber bands or wire ties; then  clean the outside of the tube, apply a sample container label to the tube, and place it in a resealable clear plastic food bag.


For samples to be analyzed for non-volatile contam�inants, extrude each sample into a stainless steel bowl and mix thoroughly using a stainless steel scoop or trowel; place the mixed soil into the required sample containers.





5.4.4.2.3  Hydraulic Ram.  Truck mounted hydraulic ram soil samplers gain access to subsurface soil by pushing a closed-end 3/4" diameter pipe into the soil, down to the sampling depth.  The pipe con�tains a removable sampling tube, and is capped with a retrac�table penetrating point.  After the pipe is pushed to the desired depth, the penetrating point is retracted and the pipe is advanced to collect the soil sample inside the removable tube.  This device can reach depths of 12 feet or more in sand or fairly loose soil, but has trouble penetrating clay and hard materials.  As with any sampling device, hydraulic rams have both advantages and disadvantages:





Advantages:


Retrieves relatively undisturbed soil cores up to 18" long.  By collecting cores from differ�ent depths at closely adjacent locations, it is possible to develop a continuous core for soil classification purposes.


Rapid - one core sample can be collected every 10 minutes.


Minimizes the release of organic vapors, reducing personnel exposure hazards.


Does not generate any waste soil that must be stored as potentially hazardous waste.





Disadvantages:


Requires the rental of special equipment and trained operators.


Soil cores are only 1/2" in diameter, so several core samples may have to be obtained from a single sampling loca�tion to meet the laboratory sample quan�tity require�ments.


5.4.4.2.4  Veihmeyer Sampler.  The Veihmeyer sampler is recommended for core sampling of most types of soil.  It may not be applicable to sampling stony, rocky, or very wet soil.





	This sampler was developed by Professor F. J. Veihmeyer of the University of California at Davis.  The parts of a basic sampler are given as follows and the basic sampler is shown in Figure 5-5:


Tube, 1.5 m (5 ft.)


Tube, 3 m (10 ft.)


Drive Head


Tip


Drop hammer, 6.8 kg (15 lb.)


Puller jack and grip*


* recommended for deep soil sampling.





Advantages:


Can achieve substantial depths with appropriate length of tubing


Various heads available for different soil types





Disadvantages:


Very difficult to clean


Parts needed for sampler are not appropriate for certain analyses





Veihmeyer Sampler Use Procedures:


Assemble the sampler by screwing in the tip and the drive head on the sampling tube.


Insert the tapered handle (drive guide) of the drive hammer through the drive head.





�





Place the sampler in a perpendicular position onthe material to be sampled.


With one hand holding the tube, drive the sampler into the material to the desired sampling depth by the pounding drive head with the drive hammer.  Do not drive the tube further than the top of the hammer's guide.


Record the length of the tube that penetrated the material being sampled and the number of blows required to obtain this depth.


Remove the drive hammer and fit the keyhole-like opening on the flat side of the hammer onto the drive head.  In this position, the hammer serves as a handle for the sampler.


Rotate the sampler at least two revolutions to shear off the sample at the bottom.


Lower the sampler handle (hammer) until it just clears the two ear-like protrusions on the drive head and rotate about 90°.


Withdraw the sampler by pulling the handle (hammer) upwards.  When the sampler cannot be withdrawn by hand, as in deep sampling, use the puller jack and grip.





Dislodge the hammer from the sampler; turn the sampler tube upside down; tap the head gently against the hammer; and carefully recover the sample from the tube.


Transfer sample into laboratory cleaned sample bottles and follow procedures for preservation and transport (See Section 4.7 of this manual).





NOTE:


Sampling equipment suppliers listed in EPA's  manual "Description And Sampling Of Contaminated Soils - A Field Pocket Guide" can be contacted to obtain pictures and information on soil sampling equipment.





5.4.5  Sample Preparation.  Proper sample preparation ensures that each sample container is filled with soil that represents the entire sample and that large rock fragments are either removed or are included in each container in an amount proportional to their presence in the soil, as specified by the FSP.


5.4.5.1  Sieving.  Sieving eliminates large rock fragments.  It may be appropriate where EPA protocols require that only fine soil material be analyzed.  Refer to Figure 5-6 for an illustration of sieves. 





�
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NOTE:


Do not sieve soil samples that are to be tested for volatile organics.








Instructions for sieving are as follows:





Break up soil aggregates and pull apart vegetation and root mat, if present.  Weigh non-soil vegeta�tion fraction, and archive or discard, as required by the FSP.


Remove large rocks and weigh.  Archive for possible analysis.


Crush the entire soil sample with a rolling pin, stainless steel spoon, or some similar tool.  Mix thoroughly with stainless steel spoon.


For samples of surface soil, sieve through a clean 0-mesh (No. 1, 2 mm) screen.  Use a 3/8 inch standard sieve (9.5 mm) to screen samples that will be tested to determine whether the soil must be classified as hazardous waste under RCRA.


Use disposable stainless steel screen for samples to be analyzed for semivolatile organic contamination.


Use Teflon® screens for samples to be ana�lyzed for metal contam�ination.


Spread out the sample, mark off quarters, and take samples from each quarter in a consec�utive manner until appropriate sample volume is collected. Archive remaining sample for future analysis, if specified.


Before shipping the samples to the laboratory, shake each sample container to mix thor�ough�ly.





5.4.5.2  Split Samples.  Material from a single sampling event, made homogeneous and divided into separate samples for submission to different laboratories.


5.4.5.2.1  Volatile Organic Analysis.  For splitting samples to analyze for volatile organic chemicals, collect two core samples from adjacent locations. Alternatively, split a soil core longi�tud�inally with a clean knife and place one half of the core in each sample container, minimizing air contact as much as possible. The method of splitting the sample may greatly affect the results.  Documentation and execution of the splitting technique must be uniform to ensure data comparability.





5.4.5.2.2  Semivolatile Organic and Metal Analysis.  Place soil in a clean stainless steel bowl.  Crush and thoroughly mix the soil with a clean stainless steel spoon.  One method of sample selection is to form the soil into a cone and divide the cone in half vertically. Fill each set of sample containers with the soil from one half of the pile.  The method used for sample mixing and placing in the sample container should be documented and uniform to ensure data comparability. 





5.4.5.3  Composite Samples.  Composite samples are only to be collected after full justification and documented rationale are presented in the sampling plan.  Composite sample collection techniques should not be used if justified solely on the basis of reducing the sample testing cost.  The method of compositing the sample should be documented and uniform to ensure future data comparability.  The method for splitting the sample either for compositing of purposes of analysis should be the same for both field operations and the laboratory.





	If composite samples are collected, the first step is to collect a soil sample from the sampling location specified in the sampling plan using the documented procedure.  Any variation from the stated procedure or field sampling plan must be recorded.





	Composite samples may be collected on the basis of biased sampling, or a variety of statistical sampling techniques.  Biased sampling is used when visual, odor, or volatile organic detection is found and a portion of the material is collected and combined with other positive areas.  In most cases, equal amounts of material are collected and mixed in the sampling container. Protocols for combining the sample are based on the site conditions, the parameters being measured, the regulatory limit, and the data quality objectives.  The rationale for the use of glass, stainless steel and polyethylene equipment for combining samples, and the rationale for combining the soil in equal amounts, proportional amounts, or other amounts should be documented.  An example of collecting a sample for detection of petroleum products using a composite sampling technique is to use an appropriately-sized, disposable, recloseable freezer storage bag.  Collect a minimum of three equally sized samples (ten is preferred) from designated sample locations and place in the sample bag.  Close and secure the bag using care to eliminate trapped air.  Mix the sample by tumbling and kneading until well mixed. Separate sample(s) into appropriate containers.�


NOTE:


Soil samples collected for determination of volatile organic chemicals should never be composited or mixed.





5.4.6  Restoration of Sample Locations.  Sample locations are to be restored to grade so that they do not result in a tripping hazard.  Precautions should be taken to prevent introducing contaminated soil into uncontaminated soil horizons, or leaving contaminated soil exposed on an otherwise clean surface.





5.4.6.1  Backfill Sample Holes.  Soil pits and bore holes will be backfilled after samples have been collected.  For shallow pits and bore holes where only one soil horizon is involved, it may be allow�able to backfill with the material from the pit or hole.  This is to be determined by the Program Manager and speci�fied in the FSP.





	If backfilling with removed material is not authorized by the FSP, or where more than one soil hori�zon was involved, the pit or bore hole is to be back�filled with clean soil or sand.  The fill material should be added in layers no more than 6" thick.  Each layer should be compacted before more soil is added.  This proce�dure will minimize subsequent settling.





5.4.6.2  Grouting Bore Holes.  Bore holes that penetrate a confining layer (silt, clay or rock that acts as the base of an aquifer) must be grouted to prevent migration of contaminated water between aqui�fers. Grouting consists of filling the bore hole with concrete or bentonite slurry as specified by the Program Manager in the FSP.  Details of the grouting (depth of bore hole, depth to confining layer,  mix ratio of the grout and amount used) should be recorded in the Field Log Book for each bore hole.





5.4.6.3  Replace Sod.  Sod should be replaced in grass areas after the bore holes and pits are filled.   The sod originally removed from the area should be used if it is still alive.  Otherwise, commer�cial sod should be used or the area should be seeded, depending on the requirements of the facility.





5.4.6.4  Replace Pavement.  Areas of pavement that were removed to obtain access to the soil should be repaired after the pit or bore hole is filled.  As required by the facility, the patch may be cold patch asphalt, hot asphalt, or concrete.





5.4.7  Decontamination of Sampling Equipment.  It is generally not possible to have a separate set of precleaned stainless steel sampling equipment for each sample if significant numbers of samples are to be collected.  Sampling equipment must be decontaminated before being used to prevent contaminants from being carried over from one sample to the next.  If sampling equipment must be reused, it must be decontaminated prior to sampling and between each sample location.





5.4.7.1  Decontamination of Sampling Equipment. All field decontamination must take place on a decontamination pad lined with plastic.  Solvent rinse liquids must be collected in dedicated containers.  All aqueous decontamination liquids must be stored in Department of Transportation (DOT) approved compatible containers (e.g. 55-gallon drum or appropriate size). If nitric acid is used to rinse the sampling equipment, the rinse liquids should be neutralized by adding lime to each drum (1 cup of slaked lime, Ca(OH)2, per drum).  If any hazardous chemical is used on site, the FSP must detail proper waste material handling procedures.





5.4.7.2  Procedure.  The following procedures should be used to clean field sampling equipment between samples.  Note that different procedures are used depending on whether the equipment will be used to collect samples for metals or organic analysis and the level of detection required for the compliance program. 





5.4.7.2.1  Organic.  Cleaning and decontamination procedures for equip�ment used to collect soil samples for analysis for organic chemicals are as follows. Decontamination must be carried out over separate containers to separate used water and solvents.  All liquid wastes from equipment decontamination procedures shall be collected in appropriate DOT approved compatible containers for storage and possible disposal as hazardous waste.





Remove heavy soil deposits with high pressure water or steam.


Wash equipment with water and laboratory grade glassware detergent.


Rinse generously with tap water.


Rinse with distilled water.


Rinse with acetone, hexane or biodegradable organic cleaner.





NOTE:


All cleaners or solvents must be approved by the Program Manager or designee.  At least once a day, collect samples of the cleaner and water that have been used to rinse the equipment for submission to the laboratory as an equipment decontamination bank.





Air dry.


Wrap trowels and other small sampling tools in aluminum foil if they are not used immed�iately after being decon�tam�ina�ted. 


Information concerning decontamination method-ology, date, time, and personnel should be recorded in the Field Log Book/Field Notes.





5.4.7.2.2  Inorganic.  The cleaning procedures for field sampling equipment used to collect soil samples for metals analysis are as follows.  Decontamination must be carried out over a container to catch used water and solvents.  All liquid wastes from equipment decontam�in�ation procedures shall be collected in DOT approved compatible containers for storage and possible disposal as hazardous waste.  Add one half cup of lime to each drum to neutralize the nitric acid.





Remove heavy soil deposits with high pressure water or steam.


Wash equipment with water and laboratory grade glassware detergent.


Rinse generously with tap water.


Rinse with distilled or deionized water.


For low level contamination or where equipment decontamination blanks demonstrate metals contamination, rinse stainless steel equipment with 10% nitric acid (trace metal or higher grade HNO3 diluted with distilled or deion�ized water).





NOTE:


Personnel protective equipment recommended for handling nitric acid includes nitrile rubber gloves, boot covers, rubber apron or coated Tyvek( coveralls, and eye protection such as face shields or goggles.





Rinse with distilled or deionized water.





NOTE:


At least once each day, collect the rinse water as an equipment decontamination blank.





Air dry.


Wrap the sampling equipment with aluminum foil unless it will be used immediately.


Information concerning decontamination method-ology, date, time, and personnel should be recorded in the Field Log Book/Field Notes.





5.4.7.2.3   Both Organic and Inorganic. The following procedures should be used to decontaminate field sampling equipment that will be used to collect a soil sample to be analyzed for both metal and organic chemicals.  Aqueous and organic liquid wastes from equipment decontamination procedures shall be collected in DOT approved compatible containers for storage and possible disposal as hazardous waste.  Add one half cup of lime to each aqueous waste drum to neutralize the nitric acid.





Remove heavy soil deposits with high pressure water or steam.


Wash equipment with water and laboratory grade glassware detergent.


Rinse generously with tap water.


Rinse with distilled water.


For low level contaminates or if equipment decontamination blanks are contaminated, rinse with acetone, hexane or biodegradable organic cleaner.





NOTE:


All substitutes must be approved by the Program Manager.  At least once each day collect samples of the solvent and water as an equipment decontamination blank. 





For low level metal contaminates or if equipment decontamination blanks are contaminated, rinse stainless steel equipment with 10% nitric acid (trace metal or higher grade HNO3 diluted with distilled or deion�ized water).





NOTE:


At least once a day, collect the rinse water as an equipment decontamination blank.





Rinse with distilled or deionized water.


Air dry.


Wrap sampling equipment with aluminum foil unless the equipment will be used immed�iately.  


Information concerning decontamination metho��dology, date, time, and personnel should be recorded in the Field Log Book/Field Notes.





5.4.7.3  Preparation of Equipment Decon�tam�ina�tion Blanks.  Equipment decontamination blanks pro�vide a check on the cleanliness of samp�ling equip�ment and the purity of the water or solvent used for the final rinse(s).  The purpose of equipment decon�tam�ination blanks is discussed in detail in Section 4.7.7.3.





	At least one equipment decontamination blank should be submitted each day for each type of rinse solvent (water, acetone, etc.)  that is used.  The FSP should specify the size and material of each sample bottle required for equipment decontamination blanks, and should also specify any required preservatives for these liquid samples.





	Equipment decontamination blanks consisting of solvents such as acetone or hexane will be classified as flammable liquids and will require special packaging (in metal cans); special labeling and manifesting requirements apply for shipments of flammable liquids sent to the lab by common carrier.  Detailed packaging, labeling and shipping instructions are presented in Appendix F.





5.4.8  Waste Material Storage and Disposal.  All material generated during soil sampling projects must be stored as hazardous waste until disposal decisions are made based on generator knowledge or test results. This includes soil cuttings, equipment decontamination wastes, and used disposable personnel protective equipment.





5.4.8.1  Soil Cuttings.  Soil cuttings from bore holes and test pits may be classified as hazardous waste and should there�fore be containerized and stored in accordance with EPA and facil�ity require�ments.  Soil cuttings must not be used to fill the bore holes or test pits unless specifically authorized by the FSP or regulatory authority.





	Soil cutting should be placed on plastic sheets when generated.  The soil should be stored in metal drums that are marked to indicate the source of the contents.  The plastic sheets should be disposed with the used personal protective equipment.





5.4.8.2  Used Disposable Personal Protective Equipment.  All disposable solid contaminated equip�ment (plastic sheets, screens, coveralls, boot covers, gloves, etc.) should be placed in plastic bags for temporary storage and sealed in metal barrels for final storage, transport and disposal based on generator knowledge or test results.





5.5  SOIL SAMPLING PROCEDURES.   The pro-cedures described here generally apply to any type of soil sampling.  Depar�tures from procedures contained in the FSP must be docu�mented and justified.





5.5.1  Preparation.  Thorough preparation is the key to a successful field sampling program.  Necessary steps include:





Review the FSP and safety plan or HASP (as appropriate to the scope of the project) to identify special equipment and procedures.


Coordinate access to the sampling location with facility manage�ment, including facility security, industrial hygiene, respir�ator program, and confined space program person�nel as rele�vant to the planned work.  Coordinate with the facility to ensure the availability of emer�gency response personnel if needed and to ensure the proper disposal of hazardous wastes generated during samp�ling. Establish com�mun�i�cation require�ments and procure commun�i�ca�tion equip�ment required to ensure access to emer�gency response services.


Coordinate with the laboratory to ensure that someone will be available to receive the samples when they are delivered, and to ensure that the laboratory can meet the required holding time requirements given the prior commitments of the lab to other programs.


Obtain the required equipment.  An example of a standard list of sampling equipment for soil samples is listed at the end of the chapter.


Inspect the site to ensure that present conditions are the same as indicated in the FSP and that all designated sample locations are accessible.


Survey site as necessary to locate defined sampling points.


Set decontamination facilities for personnel and equipment as required by the HASP.


Set up and mark required Exclusion Zone(s) and Contamination Reduction Zone(s) and establish required site security when necessary.





5.5.2  Sample Collection.  Field sampling personnel should be familiar with all of the technical issues and documentation require�ments discussed in Chapters 3, 4, and 5 of this manual. All samples shall be collec�ted using the procedures specified in the FSP.  The following sampling procedures can be used when there are no special conditions present or special requirements specified by the FSP.





5.5.2.1  Surface Samples.  The simplest and most direct method of collecting surface soil samples for subsequent analysis is with a spade and scoop.  Very accurate, represen�ta�tive samples can be collected with this proce�dure depend�ing on the care and precision demonstrated by the samp�ler.  A flat, pointed trowel can be used to cut a block of soil two inches deep.  Chrome-plated tools, common with garden implements such as potting trowels, should be avoided.


Sampling Procedure


Clear the area to be sampled of any surface debris (twigs, rocks, litter).  Cut grass down to the level of the soil and remove.


Define a sample area such that a two inch deep soil sample will provide enough material for all required sample containers.


Dig a trench at least 2 inches deep around the sample block using a clean spade.


Cut the sample loose from the ground using a precleaned stainless steel trowel.  Place the soil in a clean stainless steel bowl.


Remove all roots and other debris, rocks and pebbles.  Describe the amount and kind of material that is removed in the Field Log Book.


If instructed by the FSP, sieve the sample as described in Section 5.4.5.1.  Crush the soil sample and screen the soil through a 2 mm mesh stainless steel (for organic analysis) or Teflon® (for metals analysis) sieve.  Note in the Field Log book the amount, size and type of material that does not pass the sieve and is discarded.  If the soil is too wet and cohesive to pass through the sieve, note in the Field Log Book that the required sieving was not done and enter this notation of the Field Sampling Form.  Inform the Program Manager that the sample was not sieveable.


Fill the required sample containers.


Label the sample containers, placing one part of the sample label on the Field Sampling Form and the large part of the label in the Field Log Book.


Complete Field Log Book documentation.


Pack samples for shipping and complete COC Record for each shipping container.


Send (or FAX) completed Field Sampling Forms and COC Records as specified in the FSP.


Deliver samples to the laboratory or to the courier service for overnight delivery to the laboratory.





5.5.2.2  Subsurface Samples.  Hand-held augers and thin-walled tube samplers can be used separately or in combination.  Where rocky soils do not limit the use of tube samplers, a combination of augers to remove soil material to the depth of interest and tube samplers for actual sample collection allows the most precise control of sample collection.  Depths to 2 meters can be readily sampled and up to 6 meters where conditions are favorable.  A drill rig should be used to gain access where deeper samples are required or where soil conditions are not favorable for the use of augers. Tables 5-1 and 5-2 summarize the advan�tages and disadvantages of different types of augers and tube samplers for sampling under different soil conditions.





	Specific sampling tools may require slightly different handling methods.  For example, if sampling devices and drill rod extensions do not have quick connect fittings, crescent or pipe wrenches may be required to change equipment configurations.  The procedure described below is for hand-held equip�ment. Procedures for power�-driven augers or tube samplers are essentially the same.





Attach the auger bit to a drill rod extension and attach the "T" handle to the drill rod.


Clear the area to be sampled of any surface debris (twigs, rocks, litter).  It may be advisable to remove the first 8 to 15 cm of surface soil for an area approximately 15 cm in radius around the drilling location to prevent near-surface soil particles from falling down the hole.


Begin drilling, periodically removing accumulated soils.  This prevents accidentally brushing loose material back down the bore hole when removing the auger or adding drill rods.


After reaching the desired depth, slowly and carefully remove auger from boring.





For thin-walled tube samplers:


Remove auger tip from drill rods and replace with a precleaned thin-walled tube sampler.  Install proper cutting tip.  (An optional step is to first replace the auger tip with a planer auger to clean out and flatten the bottom of the hole before using the thin-walled tube sampler).


Carefully lower corer down bore hole.  Gradually force corer into soil.  Care should be taken to avoid scraping the bore hole sides.  Hammering of the drill rods to facilitate coring should be avoided, as the vibrations may cause the bore walls to collapse.


For samples to be analyzed for volatile organics: if a sufficient number of tube samplers are available, seal the ends of the sampler with aluminum foil, mark the top and bottom ends of the sample, put a sample container label on the sampling tube, and put the tube into a resealable clear plastic food bag. Submit the sampling tube to the laboratory.


For samples collected for analysis for parameters other than volatile organics or if a sufficient number of tube samplers are not available or if the FSP specifies that the samples are to be submitted to the laboratory in glass containers,  remove corer and unscrew drill rods.  Remove core from device (this may require removing cutting tip) and discard top of core (approximately 2.5 cm), to eliminate soil that may have fallen down from higher horizons.





For split-spoon samplers:


Assemble the split spoon sampler by aligning both sides of the barrel and then screw the drive shoe with retain�er onto the bottom and the heavier head piece onto the top.  Place the sampler over the bore hole in a perpendicular position.


Drive the tube utilizing a drop hammer, sledge hammer or well rig if available.  Do not drive past the bottom of the head piece as this will result in compression of the sample.  Record the number of blows required to advance the sampler each 6 inch increment.


Withdraw the sampler and open by unscrewing the drive shoe and head and splitting barrel.  Discard the top two or three inches of soil.  If Split samples are desired, a decontaminated stainless steel knife should be used to divide the tube contents in half longitudinally.





5.5.2.2.1  Volatile Organic Chemicals.  Tube samplers are preferred when collecting for volatiles.  Soil samples should be taken from auger cuttings only if soil conditions make collection of undisturbed cores impossible.  Soil recovery probes with dedicated or reusable liners (see Table 5�2), will minimize contact of the sample with the atmosphere.





Record in the Field Log Book/Field Notes the depth from the surface to the top and the bottom of the core.


Fill sample containers as follows:


It is preferable to submit the soil samples in the sampling tubes.


Where samples must be submitted to the laboratory in glass containers, use the first adequate soil core to fill a 120 mL septum vial or in a glass wide mouth jar with a Teflon®-lined cap, main�taining and handling the sample in as undisturbed a state as possible.  Do not mix or sieve soil samples.  Ensure the sample containers are filled to the top to minimize volatile loss.  Secure the cap tightly.


If Field Duplicate samples are required, it is preferable to collect separate samples from adjacent locations. If this is not possible, split the core vertically before filling the sample jars.


Examine the hole from which the sample was taken with an organic vapor instrument after each sample increment.  Record any instru�ment readings.


Label and tag sample containers, and record appropriate data in Field Log Book/Field Notes (depth, location, etc.).


Place glass sample containers in sealable plas�tic bags, if required, and place containers in iced shipping container.  Samples should be cooled to 4°C as soon as possible.


Complete COC Records and deliver the samples to the laboratory as soon as possi�ble to minimize sample holding time (see Appendix H for maximum holding times for various constituents).


Follow specified decontamination and disposal procedures.





5.5.2.2.2  Other Parameters.   For each sample, approximately one liter of soil will be placed into a clean stainless steel bowl.  This soil will be homogenized by mixing with a clean trowel.  Sample container jars will be filled with portions of this soil as required for Test samples, Field Duplicate samples and Matrix Spike/Matrix Spike Duplicate samples.


Record in the Field Log Book the depth from the surface to the top and the bottom of the core.


Describe the soil color, type, etc. in the Field Log Book.  If the sample consists of two different types of soil (sand and clay, different color layers, etc.) split the core as required so that only one soil type is present in the sam�ple; record the depth of the change of soil types in the Field Log Book/Field Notes.


Mix the sample in a stainless steel, aluminum (not suitable when testing for aluminum), or glass mixing container using the appropriate tool (stainless steel spoon, trowel, or pestle).


If required by the FSP, sieve the soils through a mesh screen of the speci�fied size.  Use a precleaned stainless steel screen for semivolatiles, or Teflon® lined screen for metals (some metals in stainless steel could contaminate the sample).


Divide the screened soil into quarters, and fill each sample container with portions of soil from each quarter.  Separate sample containers may be required for semivolatiles, metals, Dupli�cate samples, Field Duplicate samples, Split samples, and Matrix Spike/Matrix Spike Duplicate samples.


Secure the cap tightly.  The chemical preservation of soils is generally not required.


Label sample containers, and record appro�pri�ate data in the Field Log Book/Field Notes (depth, loca�tion, other observations).


Place glass sample containers in sealable plas�tic bags.  Place containers in an iced shipping container.  Samples should be cooled to 4° C as soon as possible.


Complete COC Records and ship the samples to the laboratory as soon as possible to minimize sample holding time (see Appendix H for maximum holding times for various constituents).  Schedule arrival time at the analytical laboratory to give as much holding time as possible for scheduling of sample analyses.


Follow required decontamination and disposal procedures.





5.6  SAMPLING EQUIPMENT LIST.  Chapter 4, Section 4.8 provides a generic  sampling equipment list applicable to most sampling events.  The following �
list provides additional specific equipment applicable to soil sampling:





Auger, Drill Rig


Split spoon sampler, and other tube sampler


Trowel, Scoops, Spoons


Hammer to advance split spoon


Plastic sheeting (under coring spoils)


Shovel (to refill sampling holes)


Steam jenny to clean auger and split spoons


Stainless steel sampling trowel


Stainless steel mixing bowl


Detergent


Acetone, hexane or biodegradable organic cleaner (Optional)


Nitric acid (Optional)


Tap water


Distilled or Deionized water (ASTM Type II)


Sample jars for soil


Sample bottles for water (equipment decon-tamination blanks)


Storage/disposal container for wash water, acid and solvents


Lime to neutralize nitric acid wastes (Optional)


Storage/disposal container for soil cuttings


Grouting materials such as concrete, bentonite slurry


Camera and film to document sampling process (Optional)


Tape to measure sample depth


Waterproof pens


3-part sample container labels


Clear wide plastic tape to cover sample container labels and custody seals


Shipping container and materials including:


Bubble wrap


Clear plastic resealable freezer food bags for sample containers, ice and COC Record


Vermiculite


Ice


Disposal drum for used PPE, plastic sheeting


Miscellaneous field test kits for analyte(s) (optional)


�
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