

�toc \f C \e 1-5 �NAVY ENVIRONMENTAL COMPLIANCE SAMPLING & FIELD TESTING PROCEDURES MANUAL



CHAPTER 8 �



GROUNDWATER SAMPLING
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GROUNDWATER SAMPLING"�

�8.1  PURPOSE�tc  \l 2 "8.1  PURPOSE"�.  This chapter provides procedures for obtaining representative samples of groundwater.



8.2  SCOPE�tc  \l 2 "8.2  SCOPE"�.  These procedures describe recommended methods as well as minimally acceptable methods for obtaining representative groundwater samples for organic, inorganic, residue, nutrient, bacteriological, and other general chemical analysis.  Groundwater monitoring wells, homeowners' private supply wells, underground injection wells, industrial or municipal supply wells are the potential sources of these samples.  This chapter includes the minimum criteria to be followed to obtain representative samples.  Variations from this criteria should only be necessary when required by regulatory practices or site historical data gathering practices.  Analytical data derived from samples obtained in a way which does not follow the documented sampling plan should not be accepted.  For construction and design of groundwater monitoring wells (See Figure 8-1), reference should be made to ASTM D5092-90, Well Design and Construction.
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Figure 8-1 Supply Well
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8.3  HAZARDS AND SAFETY PRECAUTIONS�tc  \l 2 "8.3  HAZARDS AND SAFETY PRECAUTIONS"�.  See Chapter 3, Section 3.3.3.



8.4  PREPARATION�tc  \l 2 "8.4  PREPARATION"�.  The equipment utilized for specific groundwater sampling events can vary greatly, depending on the following factors:



Type of well (e.g., monitoring well, supply well)

Depth of well

Diameter of well casing

Depth to water

Contaminants likely to be encountered

Analytes of interest

Length of open hole (bedrock well)

Type, slot size, and length of screen

Expected recharge rate of well



	A relatively new development in groundwater sampling technology has been the design of in situ sampling probes, which allow collection of groundwater samples without the installation of permanent wells.  A hydropunch operates in conjunction with conventional cone penetrometer rigs.  This category also includes a variety of driven probes, which can be retrieved after sampling, or left in place as permanent sampling points.  These devices often are used during the preliminary site characterization stage, or where only a shallow water table is to be sampled.  The portable in situ samplers can be valuable in deciding the best location of permanent monitoring wells.



	Equipment to be utilized for groundwater sampling generally fall into two categories:  (a) that used to evacuate water in the well casing, and (b) that used to collect a discrete sample for analysis.  However, in some instances, the device used for evacuation may be the same as that used for sample collection.



	Types of equipment available for groundwater sample collection include the following:



Bottom fill bailer (single or double check valve)

Peristaltic pump

Bladder pump

Packer pump

Inertial pump

Syringe sampler

Disposable equipment



	Site-specific sampling conditions will dictate the optimal sampling equipment.  Generally, sampling 

equipment which minimizes agitation, air content, gas exchange, and depressurization is preferred.



	Sampling devices must be cleaned, preferably by the laboratory performing the analysis, utilizing recommen-ded equipment cleaning procedures.  The sampling device should be dedicated to the individual well location for one day of sampling and wrapped in appropriately cleaned aluminum foil or paper.  The sampling device should remain wrapped in this manner and stored in an area where contamination will not occur prior to its use.  Down hole devices should not be transported in a vehicle storing gasoline or gasoline powered equipment or other volatile contaminants such as degreasers, cleaning solvents, and other volatile organics.



	Types of equipment available for well evacuation include:



Suction lift pump/Centrifugal pump

Portable submersible pump

Peristaltic pump

Air lift pump

Bladder pump (Gas Squeeze pump)

Packer pump

Gas piston pump

Gas displacement pump

Inertial pump



	In addition to evacuation and sampling devices, other equipment necessary for a sampling event is included at the end of the chapter.



8.5		SAMPLING PROCEDURES�tc  \l 2 "8.5  SAMPLING PROCEDURES"�.



8.5.1  Sampling Monitor Wells�tc  \l 3 "8.5.1  Sampling Monitor Wells"�.  Evacuation of the water column in a monitor well is required prior to sample collection.  This removes the standing water column and induces groundwater flow from the surrounding formation into the well.  One exception to this standard procedure is if the objective of the sampling event is to determine the presence of dense or light phase non-aqueous phase liquids or stagnant water.



	Access to monitor wells may be difficult and the wells themselves hard to locate in the field.  Obtain information on the location, access, permission, etc. before visiting the site.  Monitor wells usually have a friction cap or screw cap, and should be locked.  Therefore, keys to unlock the wells and tools for removing caps are often necessary.



	If several monitor wells must be sampled, proper identification of each well is essential.  The well permit number or any other assigned number should be known.  If numbers are not assigned, a precise field description of each well location is essential to avoid confusion of sample results.  When several monitor wells of known or suspected contamination will be sampled, the least-contaminated well should be sampled first, and thereafter, sampled in ascending order of contamination.  Well head readings using photo or flame ionization detectors (PIDs or FIDs) can aid in determining the order in which wells should be sampled by providing information on levels of contamination.



8.5.2  Field Measurements�tc  \l 3 "8.5.2  Field Measurements"�.



8.5.2.1  Water Level Measurements�tc  \l 4 "8.5.2.1  Water Level Measurements"�.  Well depths and water table depths can be determined by various measuring devices.  A commonly used device is the electronic water level indicator.  These units have a tape divided into incremental measurements of 0.01 feet, and two conductors forming a probe.  When groundwater is encountered, the circuit is complete causing a signal (e.g., light, meter, or audible buzzer) to activate.  The depth to groundwater is then measured from this point to the reference mark on the inner casing of the monitor well.



	Water indicator paste/gel acts as a colorimetric test method when the paste comes in contact with water.  It is applied to the bottom few feet of a measuring tape or rod.  The tape or rod is then lowered into the well and remains for less than one minute.  The wetted tape/stick gives the depth to the top of the liquid and the color change section indicates the depth to water.  This procedure is good to ± 0.02 feet.



	Wells with a non-aqueous phase liquid layer on the surface pose a problem when measuring the level of groundwater.



	A more accurate and easier device to use is the interface probe.  This probe uses an optical sensor to determine if the probe is in liquid and a conductivity sensor to determine if the probe is in water.  When using this probe, each phase can be measured independently.  The hydrocarbon-air interface reading should be taken first, going from the air to the hydrocarbon surface to prevent dripping hydrocarbons from enhancing the thickness reading.  The hydrocarbon-water reading is best taken going up from the water to the hydrocarbon layer to prevent hydrocarbons from coating the conductivity probe which would also enhance the hydrocarbon thickness reading.  This is best done by lowering the probe quickly through the hydrocarbon layer, minimizing the contact time of the probe in the hydrocarbon phase.



	The key to accurate readings by any method is proper collection of measurements from the same survey point, preferably by the same person and tape to avoid any procedural differences.  Readings should be made three to four times.  All well measurements should be performed the same day and prior to evacuation of any wells which may influence groundwater elevations in the area of investigation.



	Water level elevation equipment should be properly decontaminated to avoid cross-contamination.  In certain circumstances, sensitive components of an interface probe may be compromised by the use of standard decontamination solvents.  Alternative solvents may be used upon approval of the customer.



	Once a well has been located and properly identified, the field measurements listed below should be noted in the Field Log Book/Field Notes.  



  CAUTION
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		Be certain that the proper well is being selected.The misidentification of a sampling point in the field will result in false data that may affect important decisions.



8.5.2.2	Physical Measurements�tc  \l 4 "8.5.2.2  Physical Measurements"�.



Diameter of protective outer casing.

Security and integrity of the well.

Well number and well permit number.

Inner diameter and construction material of inner well casing.

Total depth of well from the top of the inner casing or surveyor's mark, if present (measured to 0.01 foot, or as appropriate).

Depth from casing top to water (recorded to 0.01 foot, or as appropriate).

Thickness of floating product, if any.

Calculation of the linear feet of water in well by subtracting the depth to water from the total depth of well.



NOTE:

Water levels should be obtained from all wells prior to sampling the first well, thus avoiding interference problems.  This also allows one to determine if any well is damaged or may pose a problem for sampling.

  

	The capacity of common casing diameters are as follows:



The amount of water within the well casing is calculated by multiplying the linear feet of water by the volume per foot for the proper diameter casing.



Casing Diameter (ft.)�	Gallons/Linear foot��	2 inch (0.1667)�	0.1632��	4 inch (0.3333)�	0.6528��	6 inch (0.5000)�	1.4688��	8 inch (0.6667)�	2.6112��	10 inch (0.8333)�	4.0800��	12 inch (1.0000)�	5.8752���seq Figure  \* Arabic�3�

Example:

Total depth of well casing:		    100 ft.

Depth to water:				     -20 ft.

Linear feet of water:			      80 ft.

2 inch casing:				x 0.1632

Amount of water in casing:		   13 gal.



	The amount of standing water in the casing should then be multiplied by three (3) to determine the minimum volume to be purged from the well prior to sample collection.  The total volume purged should not exceed five (5) times the amount of standing water in the well.



	Alternately, one can use this formula to determine the gallons in any diameter well:



	Number of gallons = 5.8752 x C2  x H

	where: C = casing diameter in feet and

	H = height of water column in feet.



8.5.2.3  Physio-Chemical Parameters�tc  \l 4 "8.5.2.3  Physio-Chemical Parameters"�.  In addition to the physical measurements taken above and other information that may identify the well, information including specific conductance, pH, temperature, and 

turbidity may be recorded during well evacuation and before and after sample collection.



8.5.3  Well Purging or Evacuation Procedures�tc  \l 3 "





8.5.3   Well Purging or Evacuation Procedures"�.



8.5.3.1	Theory�tc  \l 4 "

8.5.3.1  Theory"�. Obtaining representative groundwater samples from monitor wells is required for groundwater pollution investigations.  The length of time (stabilization period) for groundwater conditions to become representative at and near the monitor well will vary, depending on site hydro-geologic conditions, drilling methods, and monitor well development methods.  Groundwater flow velocities are typically less than one foot per day and natural flushing rates are generally slow.  If a monitor well is drilled, installed, and developed so that a 14-foot radius around the well was left as unrepresentative, and a natural groundwater flow rate was one foot per day, it would take 14 days for representative groundwater to reach the well.  Sampling a monitor well immediately after development will generally not be representative of the static groundwater quality conditions at the horizontal and vertical location of the monitor well's intake interval.  Therefore, all newly constructed and developed monitor wells must be allowed to stabilize and equalize with the aquifer for a minimum of two weeks prior to sampling.



	Monitor well development is required to:



Remove drilling fluid residues remaining in the bore hole or surrounding aquifer.

Remove imported drilling water lost to the aquifer during the drilling procedure.

Remove groundwater in the bore hole or surrounding aquifer which has been affected by the drilling process or drilling or well construction materials.

Restore the hydraulic properties of the formation immediately surrounding the monitor well.

Allow groundwater to freely flow to the monitor well.



	Installation and construction of monitor wells may, by themselves, alter the quality of groundwater in the surrounding aquifer.  Site-specific subsurface conditions should be used to determine the appropriate well development techniques.  Many times it is a combination of the techniques mentioned below which will be necessary to produce a properly developed monitor well.  Also discussed are certain outcomes inherent to well development techniques which can be mitigated by following the 14 day stabilization period:



High velocity air jetting, air lift, or surge block development methods may introduce air into the aquifer surrounding the monitor well.  This air has the potential for altering groundwater quality, particularly for VOCs.

Over-pumping of a monitor well for development may draw groundwater to the monitor well from considerable distances.  This water may not be of the quality representative of the horizontal and vertical location required by the monitor well, especially so for isotropic and/or bedrock aquifers.

Organic drilling fluid residues and inorganic residues of bentonite have been found to remain in and near wells, even after proper development. These residues have been found to affect water quality, including chemical oxygen demand of groundwater samples, for up to 100 days after completion of development.

Non-aqueous phase liquid contaminants may be pushed away or drawn to a monitor well location during development, depending on the development method, resulting in non-representative groundwater samples being obtained.

Suspended sediment in groundwater of a monitor well which is not completely removed by development and not allowed to settle out may affect the quality of groundwater samples obtained from the well.  Therefore, a period of time is required to allow a sand/gravel pack to settle around a monitor well screen.



	Groundwater pollution investigations often base expensive site-related investigatory and remedial action decisions on initial (first sampling event after development) groundwater sample analyses.  Therefore, before groundwater samples are collected, a complete understanding of the monitor well's design, construction, and hydro-geological setting is necessary in order to properly interpret any analytical results.



	The well evacuation procedure allows representative groundwater to enter the well.  Air sensitive parameters such as dissolved oxygen, pH, temperature, and specific conductance are best analyzed with the use of a flow-through cell, eliminating sample exposure and influence by air.  However, monitoring of these air sensitive parameters for well stability may not be a reliable indicator as to when to collect a representative sample.  Therefore, if a constant monitor is not used during well purging, a sample should be collected within two hours after three to five volumes of water have been purged from the well.  The volume evacuated and the evacuation rate should be recorded after each purge and sample event, and repeated for subsequent sampling events.  This procedure should provide consistent samples from each well.



	Every reasonable effort must be made to keep pumping rates low to avoid over-pumping or pumping the well to dryness.  To accomplish this, pumped rates may be adjusted and pumping times extended in order to remove the required three to five well volumes.  In no case should the time of sampling exceed 24 hours after purging.  To avoid altering the hydro-geological properties of the aquifer in the vicinity of the well, the evacuation rate of a monitor well should not exceed that of the development of the well.



	In some situations evacuation of three to five volumes may be impractical in wells with slow recoveries.  If a well has been pumped to near dryness at a rate less than 0.5 gallons per minute, the well should be allowed to recover to a volume sufficient for sampling.  If necessary, sampling within the two hour limit may be exceeded to allow the well to recover sufficiently for sampling. If a well has been pumped to dryness, a minimum of 20 minutes  waiting time is required prior to sampling or follow regulatory requirements.





      CAUTION 
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	There are several reasons why the well should not be pumped below the level at which the groundwater enters the well.  In certain formations, water entering the well at the top of the screened area will fall into the pumped dry well.  This cascading effect may aerate the groundwater to be sampled, thus resulting in the loss of volatile organic chemicals (VOCs).  Secondly, pumping to dryness can cause dehydration of the saturated zone; again VOCs may be lost due to aeration within this zone.  Additionally, other contaminants may absorb to formation materials where a dehydrated zone is created.  As a result, samples collected upon the recharge of a well pumped to dryness may not correctly characterize groundwater quality due to one or more of the above effects.



	There are certain circumstances where a well should not be screened across the water table, such as the following:



Wells screened for collection of depth discrete groundwater samples.

Bedrock wells with several water-bearing zones.

Very slow recovering wells.



	In these circumstances, the well must not be pumped as to allow the groundwater level to fall below the zone where water enters the well.  If a well is evacuated to dryness or below the well screen, sample records should document the event since sample integrity may be severely altered.



8.5.3.2  Evacuation Methods�tc  \l 4 "8.5.3.2  Evacuation Methods"�.  Many methods may be used for well evacuation.  Not all are acceptable under all conditions.  The selection of a method is usually dictated by the depth to water and local agency requirements.  The preferred and most commonly used methods involve the use of a centrifugal or peristaltic pump (when the depth to water is less than 25 feet) and a submersible pump (when the depth to water is greater than 25 feet).



	It is important to ensure that the evacuation procedure does not cause cross-contamination from one well to the next.  Therefore, the preferred method employs dedicated tubing (new dedicated linear polyethylene ASTM drinking water grade) and pumps.  Since in many cases it may not be practical to dedicate a pump to a specific well, it is permissible to decontaminate this equipment between wells, if approved methods are used.  Tubing should always be dedicated to each individual well.

	Prior to evacuation, check the well for floating product.  During evacuation, the pump intake or tubing should be kept at a maximum distance of six feet below the water level. The pump intake or tubing should be lowered as the water level decreases to maintain this distance.  In instances where the total depth of standing water in the well casing is less than six feet, begin evacuation near the top of the water column and lower as stated above.  Following this procedure should ensure that all static water is removed prior to sampling.



NOTE:

The disposal or discharge of floating product or hydrocarbons, and the discharge of highly contaminated water may require special purge water collection and disposal procedures.

Regardless of the evacuation procedure used, the evacuation rate should not exceed that of well development.  This would cause a "redevelopment" of the well, resulting in a turbid sample.  Cleaned equipment entering the well should not be allowed to contact the ground or any other potentially contaminated surfaces (e.g., gasoline pumps).  If this should occur, the item should not be placed in the well or utilized for evacuation.



	Finally, the following information should be recorded in the Field Log Book/Field Notes for each monitoring well sampled:



Before Purging:

Date, time, and weather conditions

Well number and permit number

PID or FID reading taken from the well immediately after the cap is removed

Check for free product, measure thickness if present

pH, dissolved oxygen, temperature, and specific conductivity

Total depth of well from the top of inner casing or surveyors mark if present

Depth from the top of inner casing to the top of screen

Depth from the top of inner casing to water

Estimated water volume in well



After Purging:

Start and end time purging

Purge method

Purge rate(s)

Total volume purged

pH, dissolved oxygen, temperature, and specific conductivity



After Sampling:



Start and end time for sampling

pH, dissolved oxygen, temperature, and specific conductivity

Sampling method



   CAUTION
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	Any comments concerning field observations during the groundwater sampling event (e.g., slow recharge, turbidity, odor, sheens, PID or FID readings, etc.) should also be reported.



8.5.3.3  Evacuation Procedure Using Suction Lift Pumps/Centrifugal Pumps�tc  \l 4 "8.5.3.3  Evacuation Procedure Using Suction Lift Pumps/Centrifugal Pumps"�.  Suction lift pumps (i.e., diaphragm and centrifugal) are pumps utilized at the ground surface with polyethylene tubing inserted into the well.  They are used to evacuate the well prior to sampling.  The tubing must be new and dedicated to a particular monitor well.  The tubing should be equipped with a decontaminated foot check valve to avoid having aerated water from the pump fall back into the well.



	If a foot check valve is not used, care must be taken to ensure that the entire pump impeller chamber is drained after being used and then thoroughly decontaminated.  Also, when removing tubing without a foot check valve after evacuation, the pump must continue to operate to keep purged water remaining in the tubing and pump chamber from falling back into the well.



	The limitation posed by this type of pump is its suction capability.  Generally the water level must be within 25 feet of the ground surface.

CAUTION
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CAUTION
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Care must be taken as to the source of the water used in priming the centrifugal pump; ONLY ASTM Type II or better quality water free of chlorine residual and potential contaminants should be used.



NOTE:

These pumps may only be used for well evacuation, not for groundwater sampling.



8.5.3.4  Evacuation Procedure Using Portable Submersible Pumps�tc  \l 4 "8.5.3.4  Evacuation Procedure Using Portable Submersible Pumps"�.  When the depth to water is greater than 25 feet, and if the diameter of the well casing will allow, a portable submersible pump should be utilized.  The pump must be carefully lowered into the well, trailing a discharge hose, electrical cables, and a security cable constructed of approved material (e.g., single-strand stainless steel or polyethylene).  The security cable should support most of the weight of the pump.  These items can be bundled together at ten foot intervals with plastic electrician's ties or stainless steel clamps.  



Duct or electrical tape must not be used at a level that will be submerged into the water column.  It is important that the hose and electrical line be fed so they do not jam between the pump and the casing.  Similarly, the hose and electrical line must be pulled up ahead of the pump during removal.



	Once the end of the purged line is fitted with a gate valve in the closed position, lower the submersible pump to the appropriate depth.  The pump can then be turned on and the gate valve adjusted to provide the correct flow rate.  During evacuation, it may be necessary to lower the pump as the static groundwater level drops.



	If a portable gasoline generator is used, it should be placed downwind and at some distance away from the well so fumes from the generator will not affect sample quality.  The generator should not be operating while a sample is being collected.



	The pump should be fitted with dedicated tubing for the discharge of evacuation water.  As with suction lift pumps, submersible pumps should be equipped with a check valve to avoid having water from the pump fall back into the well.  If the same submersible pump is to be used for more than one well, then the pump should be decontaminated between well locations to ensure that no cross-contamination from the previous well occurs.

	Submersible pumps are susceptible to clogging.  	Turbid groundwater or poorly developed monitor 	wells are likely to impede the evacuation process.

Care should be taken not to let the pump draw from the bottom of the well where silts and sands may be taken up by the pump.



8.5.3.5  Evacuation Procedures Using Peristaltic Pumps�tc  \l 4 "8.5.3.5  Evacuation Procedures Using Peristaltic Pumps"�.  A peristaltic pump is a self priming suction lift pump, utilized at the ground surface.  It consists of a rotor with ball bearing rollers.  One end of dedicated tubing is inserted into the well.  The other end is attached to a flexible tube which has been threaded around the rotor, out of the pump, and connected to a discharge tube.  The liquid moves totally within the sample tube, with no part of the pump contacting the liquid.  Tubing used for well evacuation may also be used for sample collection.  Flexible polytetrafluoro-ethylene (PTFE) tubing is recommended for sampling.  However, other materials may be acceptable, with approval on a case basis.  The bottom length of tubing should be equipped with a foot check valve to avoid having water from the pump and tubing fall back into the well.



	Use of a peristaltic pump for well evacuation is limited to its suction capabilities.  Generally, a peristaltic pump cannot be used to evacuate wells with a depth to water greater than twenty-five feet.  Also, due to the volume present in large diameter and high yield wells, peristaltic pumps are not recommended.



8.5.3.6  Evacuation Procedure Using Air Lift Pumps�tc  \l 4 "8.5.3.6  Evacuation Procedure Using Air Lift Pumps"�. This method is generally used for well development and is not recommended for well evacuation prior to sampling.  If logistics dictate that air lift pumps are the only alternative to evacuation, then the procedure can only be applied to wells screened below the water table. Tubing connected to air lift pumps must be placed above the well screen since air may become trapped in the screen and/or filter pack.  Entrapped air can alter the oxidation-reduction potential of the aquifer material around the well bore which can affect the chemical composition of groundwater samples.  In addition, only oil-free compressors should be used.



8.5.3.7  Evacuation Procedures Using Bladder Pumps (Gas Squeeze Pumps)�tc  \l 4 "8.5.3.7  Evacuation Procedures Using Bladder Pumps (Gas Squeeze Pumps)"�.  A bladder pump consists of a stainless steel cylindrical housing that encloses  a flexible membrane (See Figure 8-2).  Below the bladder, a screen is attached to filter any material that may clog the check valves that are located above and below the bladder.  The pump works as follows:  Water enters the membrane through the lower check valve, compressed gas is injected through a separate line to the space between the bladder and the pump housing.  As the bladder is squeezed, the water in the bladder closes the lower check valve and goes out through the upper check valve.  As the air pressure is released, the upper check valve closes and water enters the pump through the lower check valve.  There is no contact of compressed gas with the sample water.



�

Figure �seq Figure  \* Arabic�8�-2 Bladder Pump

	The bladder pump is utilized much like a portable submersible pump, except that no electrical lines are lowered down the well.  The source of gas for the bladder is either bottled gas or an on-site oil-less air compressor.  Disadvantages include the large gas volumes needed, especially for greater depths, and the potential for bladder rupture and slow evacuation rates.



	The preferred material of construction for bladder pumps and any tube, joint or other fixture that remains in contact with the groundwater is PTFE (Teflon®) or stainless steel.

8.5.3.8  Evacuation Procedure Using Packer Pumps�tc  \l 4 "8.5.3.8  Evacuation Procedure Using Packer Pumps"�.  Packer pumps consist of two expandable bladders that, when inflated, isolate a section of the well bore between them.  They deflate for vertical movement within the well.  The advantage of this type of pump is that a smaller volume of water is required for evacuation prior to sampling.  Also, several zones within a single well can be sampled.

	

	Packer pumps are constructed of rubber and can be used with submersible, gas lift, and suction pumps.  Exposures to high level contamination may deteriorate the rubber with time.



	The use of packer pumps for evacuation must be approved by the customer on a case basis.  The sampler must be sure the zone being sampled and packed is isolated from the other zones.



8.5.3.9  Evacuation Procedures Using Gas Piston Pumps�tc  \l 4 "8.5.3.9  Evacuation Procedures Using Gas Piston Pumps"�.  The gas piston pump provides continuous sample withdrawal at depths greater than possible with most other methods.  The pump consists of a stainless steel alternating chamber between two pistons.  Pressurization of the alternating chamber activates the pistons, which allows water entry during the suction 

stroke and forces the water to the surface during the pressure stroke.



	The use of gas piston pumps for evacuation must be specified in the Field Sampling Plan (FSP) on a case basis.



8.5.3.10 Evacuation Procedures Using Gas Displacement Pumps�tc  \l 4 "



8.5.3.10  Evacuation Procedures Using Gas Displacement Pumps"�.  Gas displacement pumps work by gas forcing water out of a discharge line.  They consist of a cylinder with a check valve and two lines, an air supply line and a water discharge line, and a connection to the top.  As the pump is lowered into the water, it fills by hydrostatic pressure.  When air pressure is applied, the check valve seats and water is forced out the discharge line.  When the air pressure is released, the pump chamber fills and the cycle repeats.



	The use of gas displacement pumps for evacuation must be specified in the FSP on a case basis.



8.5.3.11  Evacuation Procedures Using Inertial Pumps�tc  \l 4 "8.5.3.11  Evacuation Procedures Using Inertial Pumps"�.  The inertial pump consists of a single tube or pipe with a foot check valve at one end.  The check valve allows water to enter the pipe but stops it from draining out.



	The pump is operated by raising and lowering the tube over a short distance with rapid strokes.  This causes the water inside the pump to be moved up a distance due to its inertia.  This can be accomplished manually or automatically utilizing a powered unit.  



	The advantages of this type of pump are its ease of operation and inexpensive cost.  It has several disadvantages, such as:



Its manual operation is labor intensive, although mechanical advantage devices are available.

The tubing and foot assembly must be dedicated to a well.

Use in slow recharge wells may cause the water level to drop significantly and result in aeration of the water column during the physical act of purging the well. Conversely, the inertial pump device may be overwhelmed in a rapidly recharging well leading to insufficient evacuation of the water column.



	The use of inertial pumps for evacuation must be specified in the FSP on a case by case basis.



8.5.3.12  Evacuation Procedures Using Hand Bailing Techniques�tc  \l 4 "8.5.3.12  Evacuation Procedures Using Hand Bailing Techniques"�.  Hand bailing may be utilized if no other method of evacuation can accomplish the task and the procedure is specified in the FSP.  However, bailing is the least recommended procedure for well purging due to the potential to aerate the well water or possibly introduce contaminants during the bailing procedure.  Specifically, bailing is the least recommended method of purging when samples are to be collected for VOC analysis.



	If hand bailing is the method of evacuation, it must be performed with a laboratory cleaned and dedicated PTFE or stainless steel bailer.  An additional laboratory cleaned and dedicated bailer should be required for sample collection.



NOTE:

Hand bailers come in a variety of sizes and volumes to accommodate most well casing diameters.



	The bailer must be slowly lowered into the well, exercising care not to aerate the groundwater to be sampled.  The preferred method is by using a Teflon®-coated, stainless steel cable attached to a low-gear-ratio winch which is connected to a tripod standing over the well.  This is the most reproducible method of bailing a well.  If this apparatus is not available, the bailer may be lowered by hand using a Teflon®-coated, stainless steel leader.  (Due to the manufacturing oils associated with braided stainless steel cable, Teflon®-coated, stainless steel is required for the bailer leader contacting groundwater, unless decontaminated single strand stainless steel cable is utilized.  Lower the bailer until it is submerged.  Retrieve it and transfer the water to a container or other device to measure the volume evacuated.  The bailer utilized for well evacuation along with any other equipment entering the well for sample collection must be handled with new surgical gloves to prevent potential contamination.  It is good to have extra laboratory-cleaned bailers available at the site.



8.5.4  Groundwater Sampling Procedures�tc  \l 3 "8.5.4  Groundwater Sampling Procedures"�.  After evacuation of the required volume of water from the well, sampling can begin.  If the well is a quick recharger, sampling of the well should occur as soon as possible after evacuation, preferably immediately.  In most cases, the time lapse between evacuation and sampling should not exceed two hours.  When several wells are to be sampled of known or suspected contamination, the least contaminated well should be sampled first, with remaining wells then sampled in ascending order of contamination.  Well head readings can aid in determining sample order by providing information on contaminant levels in the wells.  Attention to decontamination procedures must be strictly followed.  Information on the various methods of sample collection is provided as follows:



8.5.4.1  Sampling Procedures Using Bottom Fill Bailers�tc  \l 4 "8.5.4.1  Sampling Procedures Using Bottom Fill Bailers"�.  Bailers come in a variety of sizes and volumes to accommodate most well casing diameters (See Figure 8-3).  The preferred materials of construction are PTFE (Teflon®) and stainless steel.  The use of bailers constructed of other materials for groundwater sample collection must be specified in the FSP on a case basis.



	The bailer must be cleaned and wrapped using approved methodologies, preferable by the laboratory performing the analysis.  The bailer must be slowly lowered into the well, exercising care not to aerate the
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groundwater to be sampled.  The preferable method is by the use of a Teflon®-coated, stainless steel cable attached to a low gear ratio winch which is connected to a tripod standing over the well.  If this apparatus is not available, the bailer may be lowered by hand using three to six feet of Teflon®-coated, stainless steel leader wire attached to the bailer and to an appropriate length of dedicated polypropylene rope.



Due to the manufacturing oils associated with braided stainless steel cable and its decontamination difficulty, Teflon®-coated, stainless steel is required for the bailer leader contacting groundwater.  



	Care should be taken if using stainless steel cable clamps when securing the leader to the bailer.  The integrity of the Teflon® may be compromised by compression while tightening the clamps, thus exposing the braided wire.  Also, all cut ends of leaders must have an end cap so as to eliminate exposure of the stainless wire.



	Slowly lower the bailer into the well until it is submerged.  Retrieve it and transfer the sample to appropriate containers.  Caution must be used in transferring the water from the bailer to the sample container because this action allows the greatest chance of sample aeration.



   CAUTION
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Due to manufacturing oils associated with braided stainless steel cable and it’s decontamination difficutly, Teflon®-coated stainless steel is reqired for the bailer leader contracting groundwater.



	Some bailer manufacturers have small stopcocks with an attached sample line.  The valve is inserted into the bottom of the bailer, pushing the check valve up and supplying water to the sample line.  The sample flow for the VOCs may then be reduced to eliminate aeration of the sample.  The valve should be in the open position when inserting into the bailer, after which it may be closed.  This procedure should prevent an air bubble from rising up inside the bailer through the sample, thereby causing aeration.

	The order in which samples should be collected from each well, regardless of sampling device, is as follows:





The first bailer recovered after well evacuation must be utilized for sample collection.



Volatile organic analytes (VOAs)

Purgeable organic carbons (POCs)

Purgeable organic halogens (POXs)

Total organic halogens (TOXs)

Total organic carbon (TOC)

Base neutrals/acid extractables

Total Petroleum Hydrocarbons (TPH)/ Oil and Grease

Polychlorinated biphenyls (PCBs)/pesticides

Total metals

Dissolved metals

Phenols

Cyanide

Sulfate and chloride

Turbidity

Nitrate and ammonia

Preserved inorganics

Radionuclides

Non-preserved inorganics

Bacteria



	This collection order takes into consideration the volatilization sensitivity of groundwater samples.  Additional information on the order of sample collection can be found in the Resource Conservation and Recovery Act (RCRA) and the Groundwater Monitoring Technical Enforcement Guidance Document (TEGD), September 1986.



	The bailer and any other equipment entering the well must be laboratory-cleaned and handled with new surgical gloves to prevent potential contamination.  Surgical gloves must be changed between each sample locations.  Clean sampling equipment and any other objects entering the well should not be allowed to contact the ground or any other potentially contaminated surfaces (e.g., gasoline pumps).  If this should occur, that item should not be placed in the well or utilized for sampling.  It is good to have extra laboratory cleaned bailers available at the site.  Additionally, bailers and sample bottles must be physically separated from pumps or generators during transport and storage.



   CAUTION
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Dedicating a bailer and leaving it in a well for long term monitoring is not recommended due to the potential risk of contamination resulting from excessive handling (it would be necessary to remove bailer first in order to purge the well therefore increasing the risk of contamination).



8.5.4.2  Sampling Procedures Using Peristaltic Pumps�tc  \l 4 "8.5.4.2  Sampling Procedures Using Peristaltic Pumps"�.  A peristaltic pump is a self priming suction lift pump which consists of a rotor with ball bearing rollers.  It is operated at the ground surface.  One end of the dedicated tubing is inserted into the well and the other end is attached to a flexible tube which has been threaded around the rotor, out of the pump and connected to a discharge tube.  PTFE and polyethylene are the preferred materials for the tubing associated with a peristaltic pump.  Other material may be acceptable, particularly for threading through the pump, but must be specified in the FSP on a case basis.  The sample moves totally within the sample tube and no part of the pump contacts the liquid.  If Teflon® tubing was used for well evacuation, the same length of tubing may be used for sample collection at that well.  If another approved material was used for well evacuation, a new dedicated piece of Teflon® tubing may be required for sample collection.



	The tubing should be equipped with a foot check valve to avoid having water from the pump and the tubing fall back into the well.  A foot check valve is not required if the pump is not shut off in between evacuation and sampling of the well however, a foot valve is still desirable in case of pump failure.



	Value of a peristaltic pump for well sampling may be questionable due to its limited suction capabilities.  Generally, it cannot be used to sample wells with a depth to water greater than 25 ft. 



NOTE:

This pump cannot be used to collect samples for volatile organics or base neutral/acid extractable organics due to the pressure gradients to which the sample is exposed.



8.5.4.3  Sampling Procedures Using Bladder Pumps (Gas Squeeze Pumps)�tc  \l 4 "8.5.4.3  Sampling Procedures Using Bladder Pumps (Gas Squeeze Pumps)"�.  A bladder pump consists of a stainless steel cylindrical housing that encloses a flexible membrane.  Below the bladder, a screen is attached to filter any material which could clog the check valves located above and below the bladder.  The pump works as follows:  Water enters the membrane through the lower check valve.  Compressed gas is injected through a separate line to the space between the bladder and the pump housing.  As the bladder is squeezed, the water in it closes the lower check valve and goes out through the upper check valve.  As the air pressure is released, the upper check valve closes and water enters the pump through the lower check valve.  There is no contact of compressed gas with the sample water.

The bladder pump is utilized much like the portable submersible pumps, except that no electrical lines are lowered down the well.  The source of gas for the bladder is either bottled gas or an on-site oil-less air compressor.  The preferred material of construction for bladder pumps and any tube, joint or other fixture that remains in contact with the groundwater, is PTFE or stainless steel.



	All pumps and fixtures must be laboratory cleaned prior to installation or use and dedicated to a particular well.



NOTE:

The same bladder pump may be used for well evacuation and sample collection provided that Teflon® tubing is used.



NOTE:

Bladder pumps are acceptable to use for the collection of samples for volatile organics and base neutral/acid extractable analysis.  Care must be taken to regulate the flow rate during sample collection to avoid surging caused by cycling within the pump.



Disadvantages:

Large gas volumes needed, especially for lower depths.

Potential bladder rupture. 



8.5.4.4  Sampling Procedures Using Packer Pumps�tc  \l 4 "8.5.4.4  Sampling Procedures Using Packer Pumps"�.  Packer pumps consist of two expandable bladders that, when inflated, isolate a section of the well bore between them.  They deflate for vertical movement within the well.  Packer pumps are constructed of rubber and can be used with submersible, gas lift and suction pumps.  Exposures to high level contamination may deteriorate the rubber with time.



	The use of packer pumps to isolate portions of the well for sampling must be specified in the FSP on a case basis as materials of construction may not be appropriate for certain analysis.



Advantages:

A smaller volume of water is required for evacuation prior to sampling.

Several zones within a single well can be sampled because the length of the standing water in the column is reduced.



8.5.4.5  Sampling Procedures Using Inertial Pumps�tc  \l 4 "

8.5.4.5  Sampling Procedures Using Inertial Pumps"�. The inertial pump consists of a single tube or pipe with a foot check valve at one end.  The check valve allows water to enter the pipe but stops it from draining out of the pipe.The pump is operated by raising and lowering the tube over a short distance with rapid strokes.  This causes the water inside the pump to be moved up a distance due to its inertia.  This can be accomplished manually or automatically utilizing a powered unit.



Advantages:

Ease of operation

Inexpensive



Disadvantages

It is manual operation is labor intensive.

The pump must be dedicated to a well.



   CAUTION
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Depending upon the static water level within the well, care must be taken during evacuation and sampling so as not to aerate the water column.  Introduction of ambient air may compromise the volatile organic fraction.



	The use of inertial pumps for sampling must be specified in the FSP on a case basis.



8.5.4.6  Sampling Procedures Using Syringe Samplers�tc  \l 4 "8.5.4.6  Sampling Procedures Using Syringe Samplers"�.  The sample container is pressurized or evacuated and lowered into the well.  Opening the container and or releasing the pressure allows the sample to enter the device.  These systems are not widely used or commercially available.  Use must be specified in the FSP on a case basis.



8.5.5  Filtering Groundwater Samples�tc  \l 3 "8.5.5  Filtering Groundwater Samples"�.  In order to ensure  quality of data generated from analysis of groundwater samples, critical sample handling procedures must be addressed.  Of chief importance is sample filtration.  Because objectives may vary among monitoring programs, it is difficult to establish a filtering standard that applies to all situations.



	Regulations require metals analysis to be performed on unfiltered groundwater samples pursuant to the requirements of the Safe Drinking Water Act and the  Clean Water Act.  The reason for this is to obtain a representative sample as it actually occurs in the aquifer and to maintain consistency between sample handling for inorganic and organic analysis.  If a particular case demands consideration of dissolved metals, both filtered and non-filtered samples should be collected for analysis.  The regulatory document or approved quality assurance project plan should be consulted for monitoring requirements.



	The differences obtained as a result of sample handling (filtered versus non-filtered) are dependent on the type of association between the specific inorganic ion and the particulate matter.  Studies show that when an inorganic ion is not closely associated with particulate matter (e.g., sodium), the differences between total and dissolved concentrations are small and random.



	Ideally, the sample can be split into two portions, one for filtration and the other for immediate preservation and subsequent analysis for total metals concentration.  By analyzing the two fractions separately, differences between dissolved and total metals can be compared.



	The decision whether to filter metal(s) samples should be based on the physical quality of the samples, the objective of the monitoring program, and the policy of the Program controlling the specific event.  If filtering is allowed and chosen, it is imperative that it be performed in a manner that will preserve the integrity of the sample and allow consistent reproduction of technique.



8.5.6  Sampling for Volatile Organics�tc  \l 3 "8.5.6  Sampling for Volatile Organics"�.

Remove the cap from a 40-mL septum (Teflon®-faced silicon rubber) vial.  Avoid contact with the inner surface.

Fill the vial with sample water, then add 1:1 HCl drop by drop and test the pH until it is < 2.  Record the amount of HCl added.  

Add the established amount of HCl to each remaining VOA vial and screw cap on tightly to achieve zero headspace. 

Inspect the VOA vial for air bubbles.  If air bubbles are present, then discard the vial and restart with step 1.

Attach a number label and tag to the vial, seal it in a resealable bag and place it into a cooler with ice. Place sufficient ice bags in the cooler to completely surround the samples and to maintain a temperature of 4°C until the samples are delivered to the laboratory.

Record all appropriate data in Field Log Book/Field Notes.



8.5.7  Sampling for Extractable Organics�tc  \l 3 "8.5.7  Sampling for Extractable Organics"�.

Remove the Teflon®-lined cap from a one liter amber glass bottle.  Avoid contact with the inner surface of the cap.

Fill about 80% of the bottle with ground water.

Replace the cap tightly, attach the sample label and place the sample bottle in a cooler with sufficient bagged ice to cool to 4°C.

Repeat steps 1 through 3 for additional samples.

Record appropriate data in a Field Log Book/ Field Notes.



8.5.8  Sampling for Dissolved Metals and Cyanide�tc  \l 3 "

8.5.8  Sampling for Dissolved Metals and Cyanide"�.  Filtration of groundwater samples for dissolved metals analysis should be performed with a precleaned filtering apparatus.  Sampling devices should be cleaned using ultrapure nitric acid when low level contaminants are being measured.  Devices such as polyethylene or borosilicate glass should be used when filtering the groundwater samples for inorganic analysis.  Filtration must be done immediately upon sample collection, prior to preservation.  Samples transported to the lab for filtration and preservation should be documented since sample composition will change during transport.  The sample should be collected and filtered with 0.45 micron pore diameter cellulose acetate filter.  If the use of a vacuum filter is impractical, pressure filtration must be performed.  Care must be taken to strictly follow the manufacture's recommended procedure if vacuum filtration is used.  All filter apparatus should be laboratory-cleaned and dedicated.  Disposable filters are acceptable.  For each sampling event, a new disposable filter must be used to avoid cross-contamination of samples.  The following guidelines apply to samples collected for trace metal analysis of groundwater:



Groundwater samples for metals may be filtered using in-line filtration devices or vacuum filtration in the field.  Unfiltered samples should represent "worst case" with respect to metal content. Regulatory or permit requirements will indicate when filtered and unfiltered samples are to be collected.  

If metal concentrations are significantly above groundwater standards, some permits require two samples to be collected from each well:  one sample filtered according to the procedures and a second unfiltered sample.



NOTE:

Filtered samples are not allowed by the Safe Drinking Water Act program.



Fill the bottles for metals analysis to about 90% and preserve with Nitric Acid to a pH < 2.

Replace the cap tightly, attach label, seal in resealable bag and place the bottle in a cooler with bagged ice sufficient to cool to 4°C.

Fill about 90% of the cyanide sample bottle.  Preserve to pH > 12 with NaOH = sodium hydroxide.  Repeat step 2 

Record all appropriate data in Field Log Book/Field Notes.



8.5.9  Sampling for Conventional Parameters�tc  \l 3 "

8.5.9  Sampling for Conventional Parameters"�.

Remove caps from sample bottles.

Fill containers for BOD, TOC, TSS, TDS, COD, alkalinity, and chloride to about 90%.  Add appropriate preservative to the samples per Appendix H or sampling plan.

Replace caps tightly, attach labels, seal in resealable bags and place sample bottles in a cooler with sufficient bagged ice to cool to 4°C.

Record all appropriate data in a Field Log Book/Field Notes.



	The VOC samples are collected first.  Care must be taken to prevent volatilization of the sample when placing it in the VOC vial. All Chain-of-Custody (COC) procedures should be followed.



	Samples are submitted for analysis of VOC's, semivolatile compounds, pesticides, metals, inorganic compounds, bacteriological species, radiological testing, and other parameters required by the permit or regulatory authority.  The pH of some samples must be adjusted to preserve the sample for specific analysis.   At the completion of each day's sampling, the containers collected during the day are packed on ice in a cooler and sealed if appropriate.



	For detail sampling procedures and preservation of samples refer to Appendix H of this manual.



8.5.10  Sampling for Light, Non-Aqueous Phase Liquids (LNAPLs)�tc  \l 3 "8.5.10  Sampling for Light, Non-Aqueous Phase Liquids (LNAPLs)"�.  LNAPLS are generally considered to be low density, immiscible organics, including gasoline, petrochemicals, and other chemicals which have specific gravities less than water.  They are likely to be present in aquifers as a separate phase because of low solubility in water.  These chemicals tend to float on the water surface in a water table environment and commonly occupy the capillary fringe zone above the water table.  Thus, if product (LNAPL) is suspected to be floating on the water table, all shallow wells installed in the area under investigation must be screened across the water table.



	In a confined aquifer, these chemicals are found along the upper surface of the permeable material and also within the overlying confining layer.  When immiscible organics with a specific gravity greater than water are the contaminants of concern or if contaminants are suspected in more than one stratified layer in the well column, sampling procedures must be modified.  It may be necessary to lower the bailer used for sample collection to a particular depth in the well, or to utilize a double check valve bailer.Sampling procedures for LNAPL differ substantially from those for other pollutants.  If more than one distinct LNAPL layer is present in a well, each layer should be sampled.  Samples should be analyzed for chemical composition (e.g., for volatile organics and base-neutral extractables, etc.) and physical parameters  (e.g., specific gravity, water solubility, vapor pressure of the liquid, and Henry's Law Constant, etc.).



	After the well is initially constructed it should be developed and pumped to remove stagnant water, then it should sit idle for at least two weeks to allow the water level to fully stabilize and the floating layer to stabilize.



	Measurement of the thickness of the floating layer may be accomplished by using a water indicator paste/gel with a weighted steel tape to determine the depth to the top of the floating layer and to the water surface.  The difference between these two readings is the thickness of the floating layer.  Measurement of the thickness of the floating layer may also be accomplished by using an interface probe or clear Teflon® bailer, if the product thickness is less than the length of the bailer.  Electric water level sounders will not work properly for these determinations.



	Prior to the purging of groundwater from the well, a sample of the floating layer may be obtained using a bailer which fills from the bottom.  Care  should be taken to lower the bailer just through the floating layer but not significantly down into the underlying groundwater.  Samples should be analyzed to determine the chemical composition of the LNAPL and its physical properties (e.g., specific gravity, water solubility, equilibrium vapor pressure of the liquid and Henry's Law Constant, etc.).  After following typical evacuation procedures discussed previously in this section, a sample of formation water may be obtained from the well.



8.5.11  Sampling for Dense, Non-Aqueous Phase Liquids (DNAPLs)�tc  \l 3 "8.5.11  Sampling for Dense, Non-Aqueous Phase Liquids (DNAPLs)"�.  DNAPLs include chlorinated solvents and other chemicals which have specific gravities greater than water.  They are likely to be present in aquifers as a separate phase because of low solubility in water.  DNAPL chemicals tend to migrate downward through the unsaturated zone and the saturated zone due to their high density.  If the volume of DNAPL chemical introduced into the subsurface is larger than the retention capacity of the vadose and saturated zones, a portion of the DNAPL will spread out as a layer of free liquid on the bottom of the 

aquifer or on lower permeability beds within the aquifer.



	Measurement of the thickness of DNAPLs (and LNAPLs) must be performed prior to purging (evacuating) the well.  Measurement of the DNAPL may be accomplished by using a water indicator paste/gel with a weighted steel tape (if no LNAPL is present) to determine the depth of the top of the DNAPL and the bottom of the well.  The difference between these two measurements is the thickness of the DNAPL in the well.  An interface probe may also be used to measure DNAPL in the well.  An interface probe may also be used to aid the measurement of DNAPL thickness.



	Prior to purging a monitor well, a sample of the DNAPL may be obtained using a dual check valve bailer or a bladder pump.  If both LNAPLs and DNAPLs are present in a well it may be necessary to purge the well of one casing volume of water prior to sampling the DNAPL, provided that efforts are made not to disturb the DNAPL in the bottom of the well.  This can be accomplished by setting the pump intake of the submersible or suction-lift pump several feet above the DNAPL.



	Samples should be analyzed to determine the chemical composition of the DNAPL and its physical properties (e.g., specific gravity, water solubility, equilibrium vapor pressure of the liquid and Henry's Law Constant, etc.).  After the well is purged, a sample of the groundwater may be obtained for laboratory analysis.



8.5.12  Sampling Domestic Wells�tc  \l 3 "8.5.12  Sampling Domestic Wells"�.  An important step in sampling a domestic well is to obtain as much information as possible from the homeowner.  This should include:  depth of the well, well yield, formation in which the well is completed, screen depth and length, well construction material, diameter of casing and when and by whom the well was installed.  This information should be verified if possible by obtaining drilling logs, etc.  With this information, determine the number of gallons to be evacuated.



	When collecting a sample from an operating domestic well, it is essential to evacuate the plumbing and water storage tank.  Running the water for a minimum of fifteen minutes before collection is a good rule of thumb, however, longer is desirable.  Listen for the pump or the electric circuit to the pump to come on, indicating that the plumbing is being evacuated.  Inquire as to whether any treatment units are installed on the system.  Softening, iron removal, turbidity removal, disinfection, pH adjustment may often provide misleading analyses depending on the parameters of interest.  Home carbon filters for the removal of organics are also increasingly popular.  Basement and outside faucets may by-pass such treated water (Note:  sample cold water faucet).



	A brief inspection of the system should be performed to locate the well, pump, storage tanks, and any treatment systems.  Samples should be taken as close to the pumping well as possible and prior to any storage tanks or treatment systems.  If a sample must be taken following a treatment unit, the type, size, and purpose of the unit should be noted on samples sheets and in the Field Log Book/Field Notes.



	Home faucets, particularly kitchen faucets, usually have a screen installed on the discharge.  The screen should be removed prior to sampling for bacteria or volatile organics, since the screen tends to aerate the water and some organics may be lost.  Also, when sampling for bacteria, do not take a sample from a swivel faucet since the joint may harbor a significant bacterial population.



NOTE:

Homeowners' plumbing systems should not be tampered with in any way, except for removal of the faucet screen with permission of the homeowner.



	For long term monitoring projects utilizing domestic wells, a specific tap or faucet should be designated as the target sample access point for accurate reproducibility of future samples.  The removal of the screen should be noted.  In some areas, when sampling for drinking water bacteria, the screen should not be removed since removing the screen is not an indication of the drinking water from the tap.



8.5.13  Sampling Industrial Wells�tc  \l 3 "8.5.13  Sampling Industrial Wells"�.  When sampling industrial wells, it is desirable to sample as close to the well source as possible.  Samples should be taken directly from the well head whenever possible.  This should eliminate treatment interferences, possible changes in quality within the lines, mixing of water from other wells, etc.



Large capacity wells which are “on-line” during the visit can be sampled immediately.  Wells which are “off-line,” must be pumped to waste prior to sampling. Fifteen minutes or more is suggested.  Access to municipal well systems, well houses, etc. requires the assistance of a water department employee.  Prior notification is essential.



8.6  QUALITY ASSURANCE/QUALITY CON-TROL (QA/QC)�tc  \l 2 "8.6  QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)"�.  Groundwater monitoring and associated laboratory analytical testing demand that sample integrity be maintained during sample collection.  Laboratory analysis, no matter how sophisticated, may only be representative if the sample supplied to the analyst has retained its integrity.  There are many areas to which specific attention must be paid.  Some relate to well drilling and development procedures, well construction materials, or heavy equipment decon-tamination and are discussed elsewhere in this manual.  During on-going groundwater monitoring studies, consistency of sampling is crucial to the interpretation of the data over the year or years. Issues addressed in this section include the decontamination procedure and the construction materials used for sampling equipment.



8.6.1  Equipment Cleaning and Decontamination�tc  \l 3 "8.6.1  Equipment Cleaning and Decontamination"�.  For each sampling event, all field measurement and sampling equipment that will enter the well must be cleaned prior to its entry into the well.  Field measurement equipment, such as water level indicators, should be cleaned in the following manner:



Wipe with a paper towel to remove visual debris

Tap water and laboratory grade glassware detergent wash

Tap water rinse

ASTM Type II water rinse



	Sampling equipment should be laboratory cleaned using documented cleaning procedures, preferably by the laboratory performing sample analysis.  The sampling equipment should then be wrapped in cleaned foil and dedicated to a specific well for the day's sampling.  The sampling equipment should remain wrapped in this manner until immediately prior to use.  Additionally, bailers and sample bottles must be physically separated from pumps and generators during transport and storage.  Pumps and equipment not amenable to laboratory cleaning should be field cleaned using documented cleaning procedures.



8.6.2  Composition of Construction Materials for Sampling Equipment�tc  \l 3 "8.6.2  Composition of Construction Materials for Sampling Equipment"�.  The composition of materials comprising groundwater sampling equipment is critical to the collection of valid monitoring information, particularly, when volatile organic, pH sensitive, or valence reduced chemical constituents are being evaluated.  The construction materials which come in contact with the sample are as critical as the composition of the laboratory sample containers.  Recommended materials for bailers, pump parts, tubing, other sampling devices, and associated apparatus in decreasing order of preference are: PTFE (Teflon®), stainless steel 316, stainless steel 304, polypropylene, linear polyethylene, Polyvinyl Chloride (PVC), Viton, conventional polyethylene.  



	The majority of regulatory programs require that the bailers be constructed of PTFE or stainless steel.  Additionally, any other devices contacting the water to be sampled should be constructed of PTFE or stainless steel.  The reader is cautioned that exceptions to this requirement should be confirmed and approved by the regulatory program having project oversight authority.



	Tubing utilized in well evacuation may consist of materials other than PTFE, but may not be utilized for sample collection and it is recommended that it should be dedicated for use in each individual well for that particular sampling event.



8.6.3  Quality Control Samples�tc  \l 3 "8.6.3  Quality Control Samples"�.  In an attempt to identify external variables affecting groundwater sample integrity, a program of quality control blanks should be initiated.  For volatile parameters, the quality control blank sample program is a two track approach using both a trip and field blank.  The trip blank acts as a check on potential contamination sources in sample container preparation, method blank water including preservative, and sample transport and storage.  The field blank serves as a check on the cleanliness of the sampling equipment, potential atmospheric contamination, and the effects of sampling procedures on the analytes of interest.  The blank water and same preservation materials used in the samples should be used to assess blank contamination problems.  Complete documentation on source of these materials will assist with any problem solving.  



	Equipment field blanks may be collected at the start and end of the sampling event to determine the cleanliness of the sampling devices used and the evaluation of cleaning techniques used in the field.



	Field duplicates or splits are collected in the field by collecting double the number of bottles and sending the samples to the same laboratory (duplicate) or a different laboratory (split).  This information will determine field precision (duplicate) or project precision (split).  



	Field spikes are prepared in a limited number of permit or regulatory requirements.  Field spikes determine field accuracy or project accuracy.  A known amount of contaminant is placed or spiked into the sample in the field.  Samples and spikes are handled in the same manner.  Field spikes help to assess method performance and contaminant deterioration or degradation during sample handling, transport, and analysis.



8.7  SAMPLE EQUIPMENT LIST�tc  \l 2 "8.7  SAMPLE 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 Groundwater Sampling:



Water level indicator

Steel line and chalk

Electric tape (i.e., interface probe, slope indicator, 	M-scope)



Equipment for well evacuation include:

¨	Suction lift pump/Centrifugal pump

¨	Portable submersible pump

¨	Peristaltic pump

¨	Air lift pump

¨	Bladder pump (Gas Squeeze pump)

¨	Packer pump

¨	Gas piston pump

¨	Gas displacement pump

¨	Inertial pump



Equipment for groundwater sample collection include the following:



¨	Bottom fill bailer (single or double check valve)

¨	Peristaltic pump

¨	Bladder pump

¨	Packer pump

¨	Inertial pump

¨	Syringe sampler



Additional equipment, Optional



¨	Volatile Organics Detection devices such as HNU Photoionization Detector PID or FID

¨ Sample containers (proper size and composition)

¨	Preservatives, as needed

¨	Ice or ice packs

¨	Field and Trip Blanks, as appropriate

¨ Appropriate personal safety equipment (e.g., disposable gloves)

¨	Appropriate hand tools

¨	Keys to locked wells

¨	Filtering devices

¨	Field measurement instrumentation (temp. specific conductance, pH, DO, turbidity, etc.)

¨	Plastic sheeting, ties and bags

¨	Dedicated, precleaned stainless steel pitchers, or equivalent dipping device, if necessary.

¨	Calculator, wristwatch, and timer

¨	Sample shuttle (cooler)

¨	Indelible marker

¨	Calibrated bucket for purged water measurement

¨	Distilled/deionized water or ASTM Type II water

¨	Laboratory grade glassware detergent or cleaning materials

¨	Paper towels

¨	Empty drums for collection of purged water, if necessary

¨	Stainless steel clamps, if necessary

¨	Camera, if necessary
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