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Groundwater Sampling
INTRODUCTION AND SCOPE
1.1 Use these Standard Operating Procedures to collect groundwater samples.  They are designed to ensure that the collected samples will be representative of water in the aquifer or target formation and that the samples have not been altered or contaminated by the sampling and handling procedures.  These procedures apply to permanently and temporarily installed monitoring wells, wells constructed using “direct-push” techniques, wells with installed plumbing, remedial groundwater treatment systems and excavations where groundwater is present.  Use of alternative, DEP-approved and properly documented procedures (e.g., Corporate SOP, ASTM Standards, alternative equipment, etc.) is acceptable if they meet the intent (e.g., sample representativeness and integrity) of this standard (see FA 1000).
1.2 The topics in this SOP include equipment and supply selection, equipment construction materials, and purging and sampling techniques.
1.3 Use the following DEP SOPs in conjunction with FS 2200:
· FA 1000 Regulatory Scope and Administrative Procedures for Use of DEP SOPs
· FC 1000 Cleaning/Decontamination Procedures
· FD 1000 Documentation Procedures
· FQ 1000 Field Quality Control Requirements
· FS 1000 General Sampling Procedures
· FS 2000 General Aqueous Sampling
· FT 1000 Field Testing and Measurement
· FT 1100 Field pH
· FT 1200 Field Specific Conductance
· FT 1400 Field Temperature
· FT 1500 Field Dissolved Oxygen
· FT 1600 Field Turbidity
Groundwater samples may be collected from a number of different configurations.  Each configuration is associated with a unique set of sampling equipment requirements and techniques:
Wells without Plumbing:  These wells require that equipment be brought to the well to purge and sample unless dedicated equipment is placed in the well.
Wells with In-Place Plumbing:  Wells with in-place plumbing do not require that equipment be brought to the well to purge and sample.  In-place plumbing is generally considered permanent equipment routinely used for purposes other than purging and sampling, such as for water supply.  They are generally found at wellfields, industrial facilities, and private residences.  See FS 2300 for procedures to sample potable water wells.  Air Strippers or Remedial Systems:  These types of systems are installed as remediation devices.  Sample these wells like drinking water wells (see FS 2300).
0. Equipment and Supplies
Use groundwater purging and sampling equipment constructed of only non-reactive, non-leachable materials that are compatible with the environment and the selected analytes.  In selecting groundwater purging and sampling equipment, give consideration to the depth of the well, the depth to groundwater, the volume of water to be evacuated, the sampling and purging technique, and the analytes of interest.  Refer to Tables FS 1000-1, FS 1000-2, FS 1000-3 and FS 2200-1 for selection of appropriate equipment.
Additional supplies such as reagents, preservatives, and field measurement equipment are often necessary.
FLOW CONTAINER:  DEP recommends using a flow-through cell or container when collecting measurements for purging stabilization.  The design must ensure that fresh formation water continuously contacts the measuring devices and does not aerate the sample or otherwise affect the groundwater properties.
PUMPS:  All pumps or pump tubing must be lowered and retrieved from the well slowly and carefully to minimize disturbance to the formation water.  This is especially critical at the air/water interface.  Avoid the resuspension of sediment particles (turbidity) at the bottom of the well or adhered to the well casing during positioning of the pump or tubing.
1.1 Above-Ground Pumps
1.1.1 Variable Speed Peristaltic Pump:  Use a variable speed peristaltic pump to purge groundwater from wells when the static water level in the well is no greater than 20-25 feet below land surface (BLS).  If the water levels are deeper than 18-20 feet BLS, the pumping velocity will decrease.
1.1.1.1 A variable speed peristaltic pump can be used for normal purging and sampling (see FS 2213 and FS 2221), sampling low permeability aquifers or formations (see FS 2222) and collecting filtered groundwater samples (see FS 2225, section 1).
1.1.1.2 Most analyte groups can be sampled with a peristaltic pump if the tubing and pump configurations are appropriate.  See Table FS 1000-3 for proper tubing selection and pump configurations.
1.1.2 Variable Speed Centrifugal Pump:  A variable speed centrifugal pump can be used to purge groundwater from 2-inch and larger internal diameter wells.  Do not use this type of pump to collect groundwater samples.
1.1.2.1 When purging is complete, do not allow the water that remains in the tubing to fall back into the well.  Install a check valve at the end of the purge tubing, and withdraw the tubing slowly from the well while the pump is still running.
1.1.2.2 See Table FS 1000-3 for proper tubing selection and allowable analyte groups.
1.2 Submersible Pumps
1.2.1 Variable Speed Electric Submersible Pump:  A variable speed submersible pump can be used to purge and sample groundwater from 2-inch and larger internal diameter wells.
1.2.1.1 A variable speed submersible pump can be used for normal purging and sampling (see FS 2213 and FS 2221), sampling low permeability aquifers or formations (see FS 2222) and collecting filtered groundwater samples (see FS 2225, section 1).
1.2.1.2 Make sure that the pump housing, fittings, check valves and associated hardware are constructed of stainless steel, Teflon or other fluoropolymer, polyethylene or polypropylene.  Make sure that any other materials are compatible with the analytes of interest.  See Table FS 1000-3 for restrictions.
1.2.1.3 Install a check valve at the output side of the pump to prevent backflow.
1.2.1.4 If purging and sampling for organics:
· The entire length of the delivery tube must be Teflon or other fluoropolymer, polyethylene or polypropylene tubing. Do not use low-density polyethylene for the collection of samples for analysis of volatile organic compounds (VOCs).
· The electrical cord must be sealed in Teflon or other fluoropolymer, polyethylene or polypropylene and any cabling must be sealed in Teflon or other fluoropolymer, polyethylene or polypropylene, or be constructed of stainless steel.
· All interior components that contact the sample water (impeller, seals, gaskets, etc.) must be constructed of stainless steel or Teflon or other fluoropolymer, polyethylene or polypropylene.
1.2.2 Variable Speed Bladder Pump:  A variable speed positive displacement bladder pump (no-gas contact) can be used to purge and sample groundwater from 3/4-inch and larger internal diameter wells.
1.2.2.1 A variable speed bladder pump can be used for normal purging and sampling (see FS 2213 and FS 2221), sampling low permeability aquifers or formations (see FS 2222) and collecting filtered groundwater samples (see FS 2225, section 1).
1.2.2.2 The bladder pump system is composed of the pump, the compressed air tubing, the water discharge tubing, the controller and a compressor or compressed gas supply.
1.2.2.3 The pump consists of a bladder and an exterior casing or pump body that surrounds the bladder and two (2) check valves.  These parts can be composed of various materials, usually combinations of polyvinyl chloride (PVC), Teflon or other fluoropolymer, polyethylene, polypropylene and stainless steel.  Other materials must be compatible with the analytes of interest.  See Table FS 1000-3 for restrictions.
1.2.2.4 If purging and sampling for organics:
· The pump body must be constructed of stainless steel and the valves and bladder must be Teflon or other fluoropolymer, polyethylene or polypropylene.
· The entire length of the delivery tube must be Teflon or other fluoropolymer, polyethylene or polypropylene. Do not use low-density polyethylene for VOCs.
· Any cabling must be sealed in Teflon or other fluoropolymer, polyethylene or polypropylene, or be constructed of stainless steel.
· Permanently installed pumps may have a PVC pump body as long as the pump remains in contact with the water in the well.
BAILERS:
1.3 Purging:  DEP does not recommend using bailers for purging unless no other equipment can be used or purging with a bailer has been specifically authorized by a DEP program, permit, contract or order (see Table FS 2200-3).  Use a bailer if there is non-aqueous phase liquid (free product) in the well or non-aqueous phase liquid is suspected to be in the well.  If in doubt about the appropriateness of using a bailer at a site or during a particular sampling event, contact the appropriate DEP program or project manager.  If a bailer is used, follow FS 2213, section 4, with no deviations.
1.4 Sampling:  Bailers may be used to routinely collect some analyte groups or under specific circumstances for other analyte groups (see Table FS 2200-3).
1.5 Construction and Type:
1.5.1 Bailers must be constructed of materials compatible with the analytes of interest.  See Table FS 1000-3 for restrictions.
1.5.2 Stainless steel, Teflon or other fluoropolymer, polyethylene and polypropylene bailers may be used to sample all analytes. Low-density polyethylene is not suitable for the collection of VOCs.
1.5.3 Use disposable bailers when sampling grossly contaminated sample sources.
1.5.4 DEP recommends using dual check valve bailers when collecting samples.
1.5.5 Use bailers with a controlled flow bottom when collecting volatile organic samples.
1.5.6 Use bailers that can be pressurized when collecting filtered samples for metals.
1.6 Contamination Prevention:
1.6.1 Keep the bailer wrapped (foil, butcher paper, etc.) until just before use.
1.6.2 Use protective gloves to handle the bailer once it is removed from its wrapping.
1.6.3 Handle the bailer by the lanyard to minimize contact with the bailer surface.
LANYARDS
1.7 Lanyards must be made of non-reactive, non-leachable material such as cotton twine, nylon, or stainless steel; or, coated with Teflon or other fluoropolymer, polyethylene or polypropylene.
1.7.1 Evaluate the appropriateness of the lanyard material with analyses of equipment blanks for the analytes of interest, as necessary.
1.8 Discard cotton twine, nylon, and non-stainless steel braided lanyards after sampling each monitoring well.
1.9 Decontaminate stainless steel, coated Teflon or other fluoropolymer, polyethylene and polypropylene lanyards between monitoring wells (see FC 1003).  They do not need to be decontaminated between purging and sampling operations.
1.10 Securely fasten lanyards to downhole equipment (bailers, pumps, etc.).
1.11 Do not allow lanyards used for downhole equipment to touch the ground surface.
Groundwater Purging
Perform procedures in the following sections to calculate purging parameters and to purge groundwater from monitoring wells, wells with installed plumbing, high-volume wells, air stripper systems and other remedial treatment systems. 
Water Level and Purge Volume Determination
Collect representative groundwater samples from the aquifer.  The amount of water that must be purged from a well is determined by the volume of water and/or field parameter stabilization.
GENERAL EQUIPMENT CONSIDERATIONS
1.12 Selection of appropriate purging equipment depends on the analytes of interest, the well diameter, transmissivity of the aquifer, the depth to groundwater and other site conditions.
1.13 Use a pump to purge the well. 
1.14 Use a bailer if there is non-aqueous phase liquid in the well or non-aqueous phase liquid is suspected to be in the well.
1.15 Bailers may be used if approved by a DEP program, or if bailer use is specified in a permit, contract or DEP order (see Table FS 2200-3).  If used, bailers must be of appropriate type and construction, and the user must follow the procedure outlined in FS 2213, section 4, with no deviations.  If in doubt about the appropriateness of using a bailer at a site or during a particular sampling event, contact the appropriate DEP program or project manager.  DEP does not recommend using bailers because improper bailing:
1.15.1 Introduces atmospheric oxygen which precipitates metals (i.e., iron) or causes other changes in the chemistry of the water in the sample (i.e., pH)
1.15.2 Agitates groundwater which biases volatile and semi-volatile organic analyses due to volatilization
1.15.3 Agitates the water in the aquifer and resuspends fine particulate matter
1.15.4 Surges the well, loosening particulate matter in the annular space around the well screen
1.15.5 Introduces dirt into the water column if the sides of the casing wall are scraped
INITIAL INSPECTION
1.16 Verify the identification of the monitoring well by examining markings, sign plates, placards or other designations. 
1.17 Remove the well cover and remove all standing water around the top of the well casing (manhole) before opening the well cap.
1.18 Inspect the exterior protective casing of the monitoring well for damage and document the results of the inspection if there is a problem.
1.19 It is recommended that you place a protective covering around the well head.  Replace the covering if it becomes soiled or ripped.
1.20 Inspect the well lock and determine whether the cap fits tightly.  Replace the cap if necessary.
WATER LEVEL MEASUREMENTS:  Use an electronic probe or chalked tape to determine the water level.
1.21 General Procedures
Perform these steps using either the electronic probe or chalked tape method.
1.21.1 Decontaminate all equipment that will contact the groundwater in the well before use.
1.21.2 Measure the depth to groundwater from the top of well casing to the nearest 0.01 foot and always measure from the same reference point or survey mark on the well casing.  If there is no reference mark, measure from the north side of the casing.
1.21.3 Record the measurement and the reference point.
1.22 Electronic Probe
1.22.1 Follow the manufacturer’s instructions for use.
1.22.2 Record the measurement.
1.23 Chalked Line Method:  This method is not recommended if collecting samples for organic or inorganic parameters.
1.23.1 Lower chalked tape into the well until the lower end is in the water (usually determined by the sound of the weight hitting the water).
1.23.2 Record the length of the tape relative to the reference point (see section 3.2 above).
1.23.3 Quickly remove the tape from the well.
1.23.4 Record the length of the wetted portion to the nearest 0.01 foot.
1.23.5 Determine the depth to water by subtracting the length of the wetted portion (see section 3.5.3 above) from the total length (see section 3.5.2 above).  Record the result.
WATER COLUMN DETERMINATION
1.24 Do not determine the total depth of the well by lowering the probe to the bottom of the well immediately before purging and sampling.  If the well must be sounded, delay purging and sampling activities for at least 24 hours after the well was sounded or for a time sufficient to meet the purge stabilization criterion for turbidity.  Alternatively, collect samples before sounding the well. Total well depth can also be determined from construction logs or previous measurements. 
1.25 Subtract the depth to the top of the water column from the total well depth to determine the length of the water column.
1.26 The total well depth depends on the well construction.  Some wells may be drilled in areas of sinkhole or karst formations or rock leaving an open borehole.  Attempt to find the total borehole depth in cases where there is an open borehole below the cased portion.
WELL WATER VOLUME
1.27 Calculate the total volume of water in gallons in the well using the following equation:
V = (0.041)d x d x h
Where:		V = volume in gallons
	d = well diameter in inches
	h = height of the water column in feet
1.28 The total volume of water in the well may also be determined with the following equation by using a casing volume per foot factor (Table FS 2211-1, Gallons per Foot of Water) for the appropriate diameter well (results calculated using factors from the table will yields slightly different results than the formula above due to the rounding differences):
V = [Gallons per Foot of Water] x h
Where:		V = volume in gallons
			h = height of the water column in feet
Table FS 2211-1.  Approximate gallons per foot of water for common casing internal diameters.
	Casing Internal Diameter
	Approximate Gallons per Foot of Water

	0.75”
	0.02

	1”
	0.04

	1.25”
	0.06

	2”
	0.16

	3”
	0.37

	4”
	0.65

	5”
	1.02

	6”
	1.47

	12”
	5.88


1.29 Record all measurements and calculations in the field records.
Purging Equipment Volume
Calculate the total volume of the pump, associated tubing and container that is used for in situ measurements (flow container), if used, using the following equation:
V = p + ((0.041)d x d x l) + fc
Where:		V = volume in gallons
p = volume of pump in gallons
d = tubing diameter in inches
l = length of tubing in feet
fc = volume of flow cell in gallons
When collecting samples from multiple wells on a site, if the groundwater elevation data are to be used to construct groundwater elevation contour maps, all water level measurements must be taken within the same 24-hour time interval unless a shorter time period is required by a DEP program.  If the site is tidally influenced, complete the water level measurements within the time frame of an incoming or outgoing tide.
Well Purging Techniques
The selection of the purging technique and equipment is dependent on the hydrogeologic properties of the aquifer, especially depth to groundwater and hydraulic conductivity.  The intent of proper purging is to stabilize the water level in the well and minimize the hydraulic stress to the hydrogeologic formation.
Every attempt must be made to match the pumping rate with the recharge rate of the well before evaluating the purging completion criteria.
A flowchart which summarizes purging procedure options is presented in Figure FS 2200-2.
Select equipment using the construction and configuration requirements specified in Table FS 2200-1.  See the discussions in FS 2201.
2. Measuring the Purge Volume:  The volume of water that is removed during purging must be recorded.  Measure the volume during the purging operation.
2.1 Collect the water in a graduated container and multiply the number of times the container was emptied by the volume of the container, or
2.2 Estimate the volume based on pumping rate.  Use this technique only if the pumping rate is constant.  Determine the pumping rate by measuring the amount of water that is pumped for a fixed period of time or use a flow meter.
2.2.1 Calculate the amount of water that is discharged per minute:
D =	 Measured amount
	Total time in minutes
	
2.2.2 Calculate the time needed to purge one (1) well volume or one (1) purging equipment volume:
Time =	 V
	 D
Where:	V = well volume determined from FS 2211, section 5, or purging equipment volume
D = discharge rate calculated in section 1.2.1. above
2.2.3 Make new measurements (see section 1.2.1 above) each time the pumping rate is changed, or
2.3 Use a totalizing flow meter.
2.3.1 Record the reading on the totalizer prior to purging.
2.3.2 Record the reading on the totalizer at the end of purging.
2.3.3 Subtract the reading on the totalizer prior to purging from the reading on the totalizer at the end of purging to obtain the volume purged.
2.4 Record in the field records the times that purging begins and ends.
Stabilization Measurement Frequency
2.5 Begin to record stabilization measurements after pumping the minimum volume as prescribed in options 2.3 – 2.5 below.  Every attempt must be made to match the pumping rate with the recharge rate of the well before evaluating the purging criteria.
2.6 If the well screened interval is not known, use option 2.3, below.
2.7 Wells with Fully Submerged Screen and Pump or Intake Tubing Placed at the Top of the Water Column (conventional purge):  Purge until the water level has stabilized (well recovery rate equals the purge rate), then purge a minimum of one (1) well volume prior to collecting measurements of the stabilization parameters.  Allow at least one quarter (1/4) well volume to purge between subsequent measurements.
2.8 Wells with Fully Submerged Screen and Pump or Intake Tubing Placed Within the Screened Interval (minimizing purge volume):  Purge until the water level has stabilized (well recovery rate equals the purge rate), then purge a minimum of one (1) volume of the pump, associated tubing and flow container (if used) prior to collecting measurements of the stabilization parameters.  Take measurements of the stabilization parameters no sooner than two (2) minutes apart.  Purge at least three (3) volumes of the pump, associated tubing and flow container, if used, prior to collecting a sample.
If the water level drops into the screened interval during purging, lower the pump or tubing intake as in FS 2213, section 1.3 below and follow purging procedures for partially submerged well screens (2.5 below).
2.9 Wells with a Partially Submerged Well Screen:  Purge until the water level has stabilized (well recovery rate equals the purge rate), then purge a minimum of one (1) well volume prior to collecting measurements of the stabilization parameters.  Take measurements of the stabilization parameters no sooner than two (2) minutes apart.
Purging Completion:  DEP recommends the use of a flow-through container to measure the stabilization parameters discussed below.  Alternatively, measure all parameters in situ by inserting measurement probes into the well at the depth appropriate for the purging option.  Purging is considered complete if the criteria in section 3.1, 3.2 or 3.3 below are satisfied.  Make every attempt to satisfy the criteria in section 3.1.  Every attempt must be made to match the pumping rate with the recharge rate of the well before evaluating the purging criteria.
2.10 Three (3) consecutive measurements of the five (5) parameters listed below must be within the stated limits.  The measurements evaluated must be the last three consecutive measurements taken before purging is stopped.  The range between the highest and the lowest values for the last three measurements of temperature, pH and specific conductance cannot exceed the stated limits.  The last three consecutive measurements of dissolved oxygen and turbidity must all be at or below the listed thresholds.
· Temperature:				± 0.2° C
· pH:							± 0.2 Standard Units
· Specific Conductance:	± 5.0% of reading
· Dissolved Oxygen:		≤20% Saturation
· Turbidity:					≤20 NTU
2.11 Naturally occurring conditions may prevent attaining the ≤20% saturation criterion for dissolved oxygen, typically in surficial aquifers.  See section 3.5, below.
2.12 Naturally occurring conditions may prevent attaining the ≤20 NTU criterion for turbidity.  However, when collecting groundwater samples for metals or certain inorganic (e.g., phosphorus forms) or extractable organic (e.g. polynuclear aromatic hydrocarbons) chemicals, make every attempt to reduce turbidity to ≤20 NTU to avoid a potential turbidity-associated bias for these analytes.  See section 3.5, below.
2.13 Document and report the following, as applicable, except that the last four (4) items only need to be submitted once:
· Purging rate.
· Drawdown in the well, if any.
· Pump or tubing intake placement.
· Length and location of the screened interval.
· A description of the process and the data used to design the well.
· The equipment and procedure used to install the well.
· The well development procedure.
· Pertinent lithologic or hydrogeologic information.
2.14 If the criteria in section 3.1 above for dissolved oxygen and/or turbidity cannot be met, then three (3) consecutive measurements of the five (5) parameters listed below must be within the stated limits. 
2.14.1 The measurements of the five continuously monitored parameters evaluated must be the last three consecutive measurements taken before purging is stopped.  The range between the highest and the lowest values for the last three measurements cannot exceed the stated limits.
· Temperature:				± 0.2° C
· pH:							± 0.2 Standard Units
· Specific Conductance:	± 5.0% of reading
· Dissolved Oxygen:		± 0.2 mg/L or 10%, whichever is greater
· Turbidity:					± 5 NTUs or 10%, whichever is greater
2.14.2 Additionally, document and report the following, as applicable, except that the last four (4) items only need to be submitted once:
· Purging rate.
· Drawdown in the well, if any.
· Pump or tubing intake placement.
· Length and location of the screened interval.
· A description of conditions at the site that cause the dissolved oxygen to be high and/or dissolved oxygen measurements made within the screened or open borehole portion of the well with a downhole dissolved oxygen probe.
· A description of conditions at the site that cause the turbidity to be high and any procedures that will be used to minimize turbidity in the future.
· A description of the process and the data used to design the well.
· The equipment and procedure used to install the well.
· The well development procedure.
· Pertinent lithologic or hydrogeologic information.
2.14.3 If from review of the submitted data the Department determines that both the elevated Dissolved Oxygen and Turbidity measurements are due to naturally occurring conditions, then only the first four (4) items are required to be submitted in future reports.  However, if the Department cannot determine if the Dissolved Oxygen or Turbidity is elevated due to naturally occurring conditions, then in addition to the first four (4) items, a description of the conditions at the site that caused the affected parameter(s) to be high is required to be submitted in future reports.
2.15 If the stabilization parameters in either section 3.1 or 3.2 cannot be met, and all attempts have been made to minimize the drawdown, check the instrument condition and calibration, purging flow rate and all tubing connections to determine if they might be affecting the ability to achieve stable measurements.  All measurements that were made during the attempt must be documented.  The sampling team leader may decide whether or not to collect a sample or to continue purging after five (5) well volumes (conventional purge section 2.1 or 2.3 above) or five (5) volumes of the screened interval (minimizing purge volumes in section 2.2 above). If the decision is made to continue purging past five well or screened interval volumes, the measurements of the five continuously monitored parameters evaluated must be the last three consecutive measurements taken before purging is stopped. 
Further, the report in which the data are submitted must include the following, as applicable, except that the last four (4) items only need to be submitted once:
· Purging rate.
· Pump or tubing intake placement.
· Length and location of the screened interval.
· Drawdown in the well, if any.
· A description of conditions at the site that caused the dissolved oxygen to be high and/or dissolved oxygen measurements made within the screened or open borehole portion of the well with a downhole dissolved oxygen probe.
· A description of conditions at the site that caused the turbidity to be high and any procedures that will be used to minimize turbidity in the future.
· A description of the process and the data used to design the well.
· The equipment and procedure used to install the well.
· The well development procedure.
· Pertinent lithologic or hydrogeologic information.
If from review of the submitted data the DEP determines that both the elevated Dissolved Oxygen and Turbidity measurements are due to naturally occurring conditions, then only the first four (4) items are required to be submitted in future reports.  However, if the DEP cannot determine if the Dissolved Oxygen or Turbidity is elevated due to naturally occurring conditions, then in addition to the first four (4) items, a description of the conditions at the site that caused the affected parameter(s) to be high is required to be submitted in future reports.
2.16 One fully dry purge (not recommended).  This criterion applies only if purging was attempted per FS 2212, FS 2213, and section 3.4.1 below, and if it is impossible to balance the pumping rate with the rate of recharge at very low pumping rates (< 100 mL/minute).
2.16.1 If wells have previously and consistently purged dry, when purged according to FS 2212 and FS 2213, and the current depth to groundwater indicates that the well will purge dry during the current sampling event, minimize the amount of water removed from the well by using the same pump to purge and collect the sample:
2.16.1.1 Place the pump or tubing intake within the well screened interval.
2.16.1.2 Use very small diameter Teflon or other fluoropolymer, polyethylene or polypropylene tubing and the smallest possible pump chamber volume to minimize the total volume of water pumped from the well and to reduce drawdown. If samples will be collected for VOCs, do not use low-density polyethylene tubing. 
2.16.1.3 Select tubing that is thick enough to minimize oxygen transfer through the tubing walls while pumping.
2.16.1.4 Pump at the lowest possible rate (100 mL/minute or less) to reduce drawdown to a minimum.
2.16.1.5 Purge at least two (2) volumes of the pumping system (pump, tubing and flow cell, if used).
2.16.1.6 Measure pH, Specific Conductance, Temperature, Dissolved Oxygen and Turbidity and begin to collect the samples (see FS 2222).
Collect samples immediately after purging is complete.
2.17 The time period between completing the purge and sampling cannot exceed six (6) hours.
2.18 If sample collection does not occur within one (1) hour of purging completion, re-measure the five (5) field parameters Temperature, pH, Specific Conductance, Dissolved Oxygen and Turbidity just prior to collecting the sample.
2.18.1 If the measured values are not within 10 percent of the previous measurements, re-purge the well.  
2.18.2 See section 3.4 above when collecting samples from wells that have purged dry.
Purging Wells Without Plumbing (Monitoring Wells)
TUBING/PUMP PLACEMENT
2.19 Do not lower the pump or intake hose (tubing) to the bottom of the well.  Pump or tubing placement procedures will be determined by the purging option selected in FS 2212, section 2 above or FS 2214 below.
2.19.1 Minimizing Purge Volume:  If the following conditions can be met, position the intake hose (tubing) or pump in the screened or open borehole interval.
· The same pump must be used for both purging and sampling,
· The well screen or borehole interval must be less than or equal to 10 feet, and
· The well screen or borehole must be fully submerged.
2.19.2 If the position or length of the screened interval or open borehole is unknown or estimated, place the intake hose (tubing) or pump to perform conventional purging in 1.2 below. 
2.19.3 Position the pump or intake hose when purging large-diameter deep wells with open boreholes using the procedure in FS 2214 below.
2.20 Conventional Purging:  Position the pump or intake tubing in the top one foot of the water column or no deeper than necessary for the type of pump.  
2.20.1 If purging with a bailer, see section 4 below.
2.21 Partially Submerged Screened Interval:  If the well screen or open borehole is partially submerged, and the pump will be used for both purging and sampling, position the pump or intake hose (tubing) in the portion of the water column within the submerged screened or open borehole interval.  
2.21.1 If the position or length of the screened interval or open borehole is unknown or estimated, place the intake hose (tubing) or pump to perform conventional purging in 1.2 above. 
2.21.2 Purge large-volume, high-recharge wells as in FS 2214 below.
2.21.3 If purging with a bailer, see section 4 below.
NON-DEDICATED (PORTABLE) PUMPS
2.22 Variable Speed Peristaltic Pump
2.22.1 Install a new, 1-foot maximum length of silicone tubing in the peristaltic pump head.
2.22.2 Attach a short section of tubing to the discharge side of the pump-head silicone tubing and into a graduated container.
2.22.3 Attach one end of a length of new or precleaned transport tubing to the intake side of the pump head silicone tubing.
2.22.4 Place the transport tubing in the monitoring well per one of the options in FS 2213, section 1 above.
2.22.5 Measure the depth to groundwater at frequent intervals.
2.22.6 Record these measurements.
2.22.7 Adjust the purging rate so that it is equivalent to the well recovery rate to minimize drawdown.
2.22.8 If the purging rate exceeds the well recovery rate, reduce the pumping rate to balance the withdrawal rate with the recharge rate.
2.22.9 If the water table continues to drop during pumping, lower the tubing at the approximate rate of drawdown so that the water is removed from the top of the water column.
2.22.10 Record the purging rate each time the rate changes.
2.22.11 Measure the purge volume by one of the methods outlined in FS 2212, section 1.
2.22.12 Record this measurement.
2.22.13 Decontaminate the drop (down-hole) and delivery tubing between wells (see FC 1000) unless new, precleaned tubing is used for each well.
2.23 Variable Speed Centrifugal Pump
2.23.1 Position fuel powered equipment downwind and at least 10 feet from the well head.  Make sure that the exhaust faces downwind.
2.23.2 Place the decontaminated suction hose so that water is always pumped from the top of the water column.
2.23.3 Equip the suction hose with a foot valve to prevent purge water from re-entering the well.
2.23.4 Measure the depth to groundwater at frequent intervals.
2.23.5 Record these measurements.
2.23.6 Adjust the purging rate so that it is equivalent to the well recovery rate to minimize drawdown.
2.23.7 If the purging rate exceeds the well recovery rate, reduce the pumping rate to balance the withdrawal rate with the recharge rate.
2.23.8 If the water table continues to drop during pumping, lower the tubing at the approximate rate of drawdown so that the water is removed from the top of the water column.
2.23.9 Record the purging rate each time the rate changes.
2.23.10 Measure the purge volume by one of the methods outlined in FS 2212, section 1.
2.23.11 Record this measurement.
2.23.12 Decontaminate the pump and tubing between wells (see FC 1000) or only the pump if precleaned tubing is used for each well.
2.24 Variable Speed Electric Submersible Pump
2.24.1 Position fuel powered equipment downwind and at least 10 feet from the well head.  Make sure that the exhaust faces downwind.
2.24.2 Carefully position the decontaminated pump per one of the options in FS 2213, section 1 above.
2.24.3 Measure the depth to groundwater at frequent intervals.
2.24.4 Record these measurements.
2.24.5 Adjust the purging rate so that it is equivalent to the well recovery rate to minimize drawdown.
2.24.6 If the purging rate exceeds the well recovery rate, reduce the pumping rate to balance the withdrawal rate with the recharge rate.
2.24.7 If the water table continues to drop during pumping, lower the tubing or pump at the approximate rate of drawdown so that the water is removed from the top of the water column.
2.24.8 Record the purging rate each time the rate changes.
2.24.9 Measure the purge volume by one of the methods outlined in FS 2212, section 1.
2.24.10 Record this measurement.
2.24.11 Decontaminate the pump and tubing between wells (see FC 1000) or only the pump if precleaned tubing is used for each well.
2.25 Variable Speed Bladder Pump
2.25.1 Position fuel powered equipment downwind and at least 10 feet from the well head.  Make sure that the exhaust faces downwind.
2.25.2 Attach the tubing and carefully position the pump per one of the options in FS 2213, section 1 above.
2.25.3 Measure the depth to groundwater at frequent intervals.
2.25.4 Record these measurements.
2.25.5 Adjust the purging rate so that it is equivalent to the well recovery rate to minimize drawdown.
2.25.6 If the purging rate exceeds the well recovery rate, reduce the pumping rate to balance the withdrawal rate with the recharge rate.
2.25.7 If the water table continues to drop during pumping, lower the tubing or pump at the approximate rate of drawdown so that the water is removed from the top of the water column.
2.25.8 Record the purging rate each time the rate changes.
2.25.9 Measure the purge volume by one of the methods outlined in FS 2212, section 1.
2.25.10 Record this measurement.
2.25.11 Decontaminate the pump and tubing between wells (see FC 1000) or only the pump if precleaned tubing is used for each well.
Dedicated Portable Pumps:  Place dedicated pumps per one of the options in FS 2213, section 1 above.
2.26 Variable Speed Electric Submersible Pump
2.26.1 Position fuel powered equipment downwind and at least 10 feet from the well head.  Make sure that the exhaust faces downwind.
2.26.2 Measure the depth to groundwater at frequent intervals.
2.26.3 Record these measurements.
2.26.4 Adjust the purging rate so that it is equivalent to the well recovery rate to minimize drawdown.
2.26.5 If the purging rate exceeds the well recovery rate, reduce the pumping rate to balance the withdrawal with the recharge rate.
2.26.6 Record the purging rate each time the rate changes.
2.26.7 Measure the purge volume by one of the methods outlined in FS 2212, section 1.
2.26.8 Record this measurement.
2.27 Variable Speed Bladder Pump
2.27.1 Position fuel powered equipment downwind and at least 10 feet from the well head.  Make sure that the exhaust faces downwind.
2.27.2 Measure the depth to groundwater at frequent intervals.
2.27.3 Record these measurements.
2.27.4 Adjust the purging rate so that it is equivalent to the well recovery rate to minimize drawdown.
2.27.5 If the purging rate exceeds the well recovery rate, reduce the pumping rate to balance the withdrawal with the recharge rate.
2.27.6 Record the purging rate each time the rate changes.
2.27.7 Measure the purge volume by one of the methods outlined in FS 2212, section 1.
2.27.8 Record this measurement.
Bailers:  DEP recommends against using bailers for purging except as a last contingency, or if free product is present in the well or suspected to be in the well.  However, they may be used if approved by a DEP program, or specified in a permit, contract or DEP order (see Table FS 2200-3 and FS 2211, section 1.3).  If in doubt about the appropriateness of using a bailer at a site or during a particular sampling event, contact the appropriate DEP program or project manager.
2.28 Minimize handling the bailer as much as possible.
2.28.1 Remove the bailer from its protective wrapping just before use.
2.28.2 Attach a lanyard of appropriate material (see FS 2201, section 4).
2.28.3 Use the lanyard to move and position the bailer.
2.29 Lower and retrieve the bailer slowly and smoothly.
2.30 Lower the bailer carefully into the well to a depth approximately a foot above the water column.
2.30.1 Do not lower the top of the bailer more than one (1) foot below the top of the water table so that water is removed from the top of the water column.  Ensure that the length of the bailer does not exceed the length of the water column.
2.30.2 Allow time for the bailer to fill with aquifer water as it descends into the water column.
2.31 Carefully raise the bailer.  
2.31.1 Retrieve the bailer at the same rate of 2 cm/sec until the bottom of the bailer has cleared to top of the water column.
2.32 Measure the purge volume by one of the methods outlined in FS 2212, section 1.
2.32.1 Record the volume of the bailer.
2.33 Continue to carefully lower and retrieve the bailer as described above until the purging completion conditions specified in FS 2212, section 3, have been satisfied.
2.33.1 Remove at least one (1) well volume before collecting measurements of the field parameters.  Take each subsequent set of measurements after removing at least one quarter (1/4) well volume between measurements.
Purging Large-Volume, High-Recharge Wells With Portable Pumps
If a well originally constructed for high-flow-rate pumping will be sampled as a monitoring well, use these guidelines to develop a purging procedure applicable to the specific details of the well construction.  Typical wells constructed for this purpose may be deep, large-diameter wells with a section of open borehole.  Evaluate each well on a case-by-case basis and consider any available information on the construction and hydraulic performance of the well.
PURGING PROCEDURE
2.34 Place the pump at the top of the open borehole segment of the well.
2.35 Start purging while monitoring stabilization parameters as in FS 2212, section 3 above.
2.36 Purge at least one equipment volume before measuring stabilization parameters.
2.37 If the well is being purged for the first time using these guidelines, monitor stabilization parameters for an extended period until confident that sufficient volume has been pumped from the open borehole to draw fresh formation water into the pump tubing and flow-through container.  Use the information obtained from the first-time purging of the well to determine the pumping rate and duration of purging required for future sampling events at the well.
2.38 Purge at least three equipment volumes before evaluating purging completion.
PURGING COMPLETION
2.39 Complete the purging of the well when the last three consecutive measurements of the purge stabilization parameters have met the applicable criteria specified in FS 2212, section 3 above. 
Collect samples from the well using the procedures in FS 2221, section 1 below.
FS 21. Purging Wells With Plumbing (production wells or permanently installed pumps equipped with sampling ports or sampling spigots)
Wells with in-place plumbing are commonly found at municipal water treatment plants, industrial water supplies, private residences, etc. Depending on the sampling objective for collecting samples using installed plumbing, purge the system and collect samples closest to the point of consumption, or, as close to the source well as possible. When purging is required and the purge volume of the plumbing system is not known, purge the system until the purging completion criteria in FS 2212, section 3, have been met.
2. CONTINUOUSLY RUNNING PUMPS
3.1 Select the spigot that is closest to the pump and before any storage tanks (if possible).
3.2 Remove all hoses, aerators and filters (if possible).
3.3 Open the spigot and purge at maximum flow.
3.4 If a storage tank is located between the pump and the spigot, purge the volume of the tank, lines and spigot.
3.5 If the spigot is before any storage tank, purge until sufficient volume is removed to flush the stagnant water from the spigot and the tap line to the spigot.
3.6 Reduce the flow rate to < 500 mL/minute (a 1/8” stream) or approximately 0.1 gal/minute before collecting samples.  When sampling for volatile organic compounds, reduce the flow to between 100 mL/minute and 400 mL/minute before collecting the samples.
INTERMITTENTLY RUNNING PUMPS
3.7 Select the spigot that is closest to the pump and before any storage tanks (if possible).
3.8 Remove all hoses, aerators and filters (if possible).
3.9 Open the spigot and purge sufficient volume at a maximum, practical flow rate to flush the spigot and lines and until the purging completion criteria in FS 2212, section 3, have been met. Wait a minimum of 2 minutes between stabilization measurements.
3.10 If a storage tank is located between the pump and the spigot, purge the volume of the tank, lines and spigot.
3.11 Ensure that the purge stabilization measurement of dissolved oxygen is not biased with aeration of the sample by a high flow rate in the flow-through container.
3.12 Reduce the flow rate to < 500 mL/minute (a 1/8” stream) or approximately 0.1 gal/minute before collecting samples.  When sampling for volatile organic compounds, reduce the flow to between 100 mL/minute and 400 mL/minute before collecting the samples.
FS 211. Purging Airstrippers and Remedial Treatment Systems
If collecting samples for groundwater contamination monitoring, follow FS 2215 above.
0. Purging Artesian (Free-Flowing) Wells
Purge artesian wells according to the following recommendations.
For capped artesian wells or artesian wells with installed plumbing, once flow has been initiated (e.g., via installed valve), determine the discharge rate (e.g., per FS 2212, section 1.2, above) and begin measuring purging stabilization parameters as in FS 2212, section 3, above, using an appropriate flow-through container (FS 2201, section 1, above) downhole sensors, or other measurement configuration, as applicable.
1.1 Complete the purging of the well by ensuring that the last three consecutive measurements of the purge stabilization parameters have met the applicable criteria specified in FS 2212, section 3 above.
1.2 If the well is being purged for the first time using these guidelines, monitor stabilization parameters for an extended period until confident that sufficient volume has discharged from the artesian well to draw fresh formation water into the flow-through container or to the level of the downhole or other sensor location(s).  Use the information obtained from the first-time purging of the well to help determine the discharge rate and duration of purging required for future sampling events at the artesian well.
For continuously flowing artesian wells, collect samples without purging.
Collect samples from artesian wells using the procedures in FS 2223, below. Other sampling techniques may also be appropriate, depending on the specific configuration of the artesian well.
Groundwater Sampling Techniques
Purge wells using the techniques outlined in FS 2210.
Replace the protective covering around the well if it is soiled or torn after completing the purging operations.
GENERAL CONSIDERATIONS FOR SAMPLING EQUIPMENT AND PROCEDURES
Follow all notes and restrictions as indicated in Table FS 2200-1 and as discussed in FS 2201.
NOTE:  The only pumps that are currently approved for use in collecting samples for the analysis of volatile organic compounds (VOCs) through the pump without additional restrictions are stainless steel and Teflon or other fluoropolymer, polyethylene and polypropylene variable speed submersible pumps; stainless steel and Teflon or other fluoropolymer, polyethylene or polypropylene variable speed bladder pumps; and, permanently installed variable speed bladder or submersible pumps with PVC bodies, as long as the PVC pump remains in contact with the water in the well at all times. Peristaltic pumps may be used for VOC sample collection only according to the requirements in this SOP.
1.3 Collect the sample into the sample container to be sent to the laboratory directly from the sampling tap or spigot, the pump delivery tubing or other sampling device.  Do not use intermediate containers.
1.4 In order to avoid contaminating the sample or loss of analytes from the sample:
1.4.1 Handle the sampling equipment as little as possible.
1.4.2 Minimize the amount of equipment that is exposed to the sample, where possible.
1.4.3 Employ precautions and procedures specific to the collection of samples for VOC analysis.
1.4.3.1 Minimize aeration of samples collected for VOC analysis.
1.4.3.2 Reduce flow rates to 100 - 400 mL/minute when using a pump to collect VOC samples. Attempt to maximize the flow rate within this range. Do not sample at flow rates lower than 100 mL/minute or higher than 400 mL/minute. 
1.4.3.3 See subpart FS 2221, section 1, including subsections 1.1 – 1.1.3.9, 1.2 – 1.2.3.3, 1.3.2 – 1.3.3.1, 1.3.4 – 1.3.4.2 and 1.4 for additional VOC sampling instructions, restrictions, precautions and criteria when sampling a well without installed plumbing.
1.5 Dedicated Sampling Equipment
1.5.1 Whenever possible, use dedicated equipment because it significantly reduces the chance of cross-contamination.
1.5.2 Dedicated is defined as equipment that is to be used solely for one location for the life of that equipment (e.g., permanently mounted pump).
1.5.3 All material construction and restrictions from Table FS 2200-1 also apply to dedicated equipment.  Purchase equipment with the most sensitive analyte of interest in mind.
1.6 Cleaning/Decontamination
1.6.1 Clean or ensure dedicated pumps are clean before installation.  They do not need to be cleaned prior to each use but must be cleaned if they are withdrawn for repair or servicing.
1.6.2 Clean or make sure any permanently mounted tubing is clean before installation.
1.6.3 Change or clean tubing when the pump is withdrawn for servicing.
1.6.4 Clean any replaceable or temporary parts as specified in FC 1000.
1.6.5 Collect equipment blanks on dedicated pumping systems when the tubing is cleaned or replaced.
1.6.6 Clean or ensure dedicated bailers are clean before placing them into the well.
1.6.7 Collect an equipment blank on dedicated bailers before introducing them into the water column.
1.6.8 Suspend dedicated bailers above the water column if they are stored in the well.
FS 211. Sampling Wells Without Plumbing
3. Sampling with Pumps:  Variable speed stainless steel and Teflon or other fluoropolymer, polyethylene and polypropylenesubmersible pumps; stainless steel, Teflon or other fluoropolymer, polyethylene or polypropylene bladder pumps; and, permanently installed variable speed submersible or bladder pumps with PVC bodies (as long as the pump remains in contact with the water in the well at all times), may be used to sample for all organics.  The pump tubing must be Teflon or other fluoropolymer, polyethylene or polypropylene.  Do not use low-density polyethylene (LDPE) bladders or tubing to collect samples for volatile organic compounds (VOCs). Extractable organics may be collected through a peristaltic pump if ≤ 1 foot of silicone tubing is used in the pump head or a vacuum trap is used (see Figure FS 2200-1 for specific configuration).  Samples for volatile organic compounds (VOCs) may be collected through the peristaltic pump roller tubing if ≤ 1 foot of silicone tubing is used in the pump roller head, according to the instructions and restrictions listed in section 1.1.1, below. Follow all notes and restrictions as defined in Table FS 2200-1 and discussed in Equipment and Supplies (FS 2201) when using pumps to collect samples. Do not lower the pump or tubing to the bottom of the well.
2.1 Peristaltic Pump
2.1.1 Volatile Organics Collected Through the Pump Roller Tubing: Ensure that no more than a maximum length of one foot of new silicone tubing is installed in the peristaltic pump roller head assembly before the well is purged, if the same pump and tubing assembly is used to purge and sample the well.  Otherwise, install a new length of silicone roller tubing as described above before beginning to sample (see NOTE below). If the pump will be used to sample more than one well, replace the silicone roller tubing before purging and sampling each new well. Use Teflon or other fluoropolymer, Kynar, high-density polyethylene (HDPE) or similarly inert material for the drop (down-hole) and delivery tubing. Do not use low-density polyethylene (LDPE) tubing. Minimize aeration of the sample during collection. If samples for additional analytes other than VOCs will be collected, fill the VOC sample containers last, if possible. For low-recharge wells, collect VOCs first after purging is completed, where excessive drawdown or dry purging occurs. NOTE: Depending on the recharge characteristics of the well and sampler skill, attempt to maximize the flow rate for VOC sample collection within the range stipulated below in sections 1.1.1.1 and 1.1.1.2. Collect the VOC sample directly into the sample container from the discharge flow exiting from the pump delivery tubing. Disconnect flow-through containers, manifolds, valves or other devices from the delivery tubing before collecting the VOC samples, if applicable. If the tubing assembly intended for VOC sample collection was not used to purge the well, begin pumping using the new sampling tubing assembly, adjust the pumping rate for the maximum possible flow rate for VOC sampling and pump a minimum of 3 equipment volumes (pump and tubing volume) through the entire tubing assembly before collecting the VOC samples. If the pump tubing is placed within the screened interval, new tubing cannot be reinserted into the well and the same tubing must be used for purging and sampling.
2.1.1.1  For wells with sufficient recharge where the pumping rate can be matched with the recharge rate, use tubing with the smallest practical inside diameter and collect VOC samples with a pumping rate in the range of 100 mL/minute – 400 mL/minute. Attempt to maximize the flow rate within this range. Do not reduce the flow rate below 100 mL/minute or exceed 400 mL/minute while sampling. Minimize aeration of the sample during collection, and observe all other precautions as indicated in FS 2000, subpart FS 2004. If samples for additional analytes other than VOCs will be collected, fill the VOC sample containers last, if possible.
2.1.1.2 For low-recharge wells, use tubing with the smallest practical inside diameter and collect VOC samples with a pumping rate in the range of 100 mL/minute – 400 mL/minute. Attempt to maximize the flow rate within this range. Do not reduce the flow rate below 100 mL/minute (if possible) or exceed 400 mL/minute while sampling. Minimize aeration of the sample during collection, and observe all other precautions as indicated in FS 2000, subpart FS 2004. If samples for additional analytes other than VOCs will be collected, fill the VOC sample containers last, if possible. Collect VOCs first after purging is completed, where excessive drawdown or dry purging occurs. See subpart FS 2212, section 3.7 for wells that purge dry.
2.1.2 Volatile Organics Using Manual Fill and Drain Method:  This method is also denoted as the “straw” method (with gravity drain). Collect volatile organics last.  If the pump tubing is placed within the screened interval, do not reinsert the tubing into the well after withdrawing, and do not repeat steps 1.1.2.3 through 1.1.2.6. 
2.1.2.1 Insert sufficient length of drop tubing to provide enough sample volume to fill all necessary VOC sample containers, if possible. Use Teflon or other fluoropolymer, Kynar, high-density polyethylene (HDPE) or similarly inert material for the drop (down-hole) and delivery tubing. Do not use low-density polyethylene (LDPE) tubing
2.1.2.2 Remove the drop tubing from the inlet side of the pump.
2.1.2.3 Submerse the drop tubing into the water column and allow it fill.
2.1.2.4 Remove the drop tubing from the well.
2.1.2.5 Prevent the water in the tubing from flowing back into the well.
2.1.2.6 Carefully allow the groundwater to drain by gravity into the VOC sample containers.  Avoid turbulence.  Do not aerate the sample.   
2.1.2.7 Repeat steps 1.1.2.3 - 1.1.2.6 until enough sample containers are filled.
2.1.3 Volatile Organics Using the Pump to Fill and Drain the Tubing:  This method is also denoted as the “straw” method with reverse-flow. Collect volatile organics last.  If the pump tubing is placed within the screened interval, do not reinsert the tubing into the well after withdrawing, and do not repeat steps 1.1.3.2 through 1.1.3.8, below. Do not reduce the flow rate below 100 mL/minute or exceed 400 mL/minute while pumping. Do not collect sample that has passed through the pump roller head silicone tubing. 
2.1.3.1 Insert sufficient length of drop tubing to provide enough sample volume to fill all necessary VOC sample containers, if possible. Use Teflon or other fluoropolymer, Kynar, high-density polyethylene (HDPE) or similarly inert material for the drop (down-hole) and delivery tubing. Do not use low-density polyethylene (LDPE) tubing
2.1.3.2 Submerse the drop tubing into the water column. 
2.1.3.3 Use the pump to fill the drop tubing.
2.1.3.4 Quickly remove the tubing from inlet side of the pump.
2.1.3.5 Prevent the water in the tubing from flowing back into the well.
2.1.3.6 Remove the drop tubing from the well and fill the VOC sample containers using the reverse-flow or gravity-drain methods in steps 1.1.3.7 or 1.1.3.8 below.
2.1.3.7 Reverse the flow on the peristaltic pump to deliver the sample into the VOC sample containers at a slow, steady rate.  Avoid turbulence.  Do not aerate the sample. 
2.1.3.8 Or, remove the drop tubing from the inlet side of the pump and carefully allow the groundwater to drain into the VOC sample containers.  Avoid turbulence.  Do not aerate the sample.   
2.1.3.9 Repeat steps 1.1.3.2 - 1.1.3.8 until enough VOC sample containers are filled.
2.1.4 Extractable Organics Collected Through Silicone Pump-Head Tubing:
2.1.4.1 Ensure that a 1-foot maximum length of new silicone tubing was installed in the peristaltic pump head assembly before the well was purged if the same pump is being used to purge and sample the well.  Otherwise, install a new length of tubing as described above.
2.1.4.2 Collect extractable organic samples directly from the effluent delivery tubing (attached to discharge side of the silicone pump head tubing) into the sample container.
2.1.4.3 If there is a concern that sample analytes are absorbed, adsorbed, leached or otherwise affected or lost by pumping through the silicone pump-head tubing, sample the well using the organic trap assembly in 1.1.4 below.
2.1.5 Extractable Organics Using an Optional Organic Trap Assembly
2.1.5.1 Assemble the components of the pump and trap according to Figure FS 2200-1.
2.1.5.2 The sample container should be the trap bottle.
2.1.5.3 All equipment that contacts the groundwater before the sample container must be constructed of Teflon or other fluoropolymer, polyethylene, polypropylene, stainless steel or glass, including the transport tubing to and from the sample container, the interior liner of the container cap and all fittings.  Do not use a rubber stopper as a cap.
2.1.5.4 Connect the outflow tubing from the container to the influent side of the peristaltic pump. 
2.1.5.5 Prevent the water in the down-hole delivery tubing from flowing back into the well while performing this connection.
2.1.5.6 Turn the pump on and reduce the flow rate to a smooth and even flow.
2.1.5.7 Discard a small portion of the sample to allow an air space.
2.1.5.8 Preserve (if required), label and complete the field notes.
2.1.6 Inorganics
2.1.6.1 Inorganic samples may be collected from the effluent tubing.  
2.1.6.2 If samples are collected from the pump, decontaminate all tubing (including the tubing in the head) or change it between wells.
2.1.6.3 Preserve (if required), label and complete field notes.
2.2 Variable Speed Bladder Pump
2.2.1 If sampling for organics the pump body must be constructed of stainless steel and the valves and bladder must be Teflon or other fluoropolymer, polyethylene or polypropylene.  All tubing must be Teflon or other fluoropolymer, polyethylene, or polypropylene and any cabling must be sealed in Teflon or other fluoropolymer, polyethylene or polypropylene, or made of stainless steel. Do not use low-density polyethylene (LDPE) tubing or bladders for the collection of VOC samples.
2.2.2 After purging to a smooth even flow, reduce the flow rate. 
2.2.2.1 When sampling for volatile organic compounds, reduce the flow rate to 100 – 400 mL/minute, if possible. Attempt to maximize the flow rate within this range.
2.2.3 Sampling for Volatile Organic Compounds (VOCs)
2.2.3.1 Use Teflon or other fluoropolymer, Kynar, HDPE or similarly inert material for the bladder or tubing. Do not use LDPE bladders or tubing. Minimize aeration of the sample during collection. If samples for additional analytes other than VOCs will be collected, fill the VOC sample containers last, if possible. For low-recharge wells, collect VOCs first after purging is completed, where excessive drawdown or dry purging occurs. Depending on the recharge characteristics of the well and sampler skill, attempt to maximize the flow rate for VOC sample collection within the range stipulated above in section 1.2.3. Collect the VOC sample directly into the sample container from the discharge flow exiting from the pump delivery tubing. Disconnect flow-through containers, manifolds, valves or other devices from the delivery tubing before collecting the VOC samples, if applicable.
2.2.3.2  If the pump and/or tubing assembly intended for VOC sample collection was not used to purge the well, begin pumping using the sampling pump and/or tubing assembly, adjust the pumping rate for the maximum possible flow rate for VOC sampling and pump a minimum of 3 equipment volumes (pump and tubing volume) through the entire tubing assembly before collecting the VOC samples. 
2.2.3.3 If the pump is placed within the screened interval, use the same pump and tubing assembly for both purging and sampling.
2.3 Variable Speed Submersible Pump
2.3.1 The housing must be stainless steel.
2.3.2 If sampling for organics, the internal impellers, seals and gaskets must be constructed of stainless steel, Teflon or other fluoropolymer, polyethylene or polypropylene. The delivery tubing must be Teflon or other fluoropolymer, polyethylene or polypropylene. Do not use low-density polyethylene (LDPE) for the collection of VOC samples. The electrical cord must be sealed in Teflon or other fluoropolymer, polyethylene or polypropylene, and any cabling must be sealed in Teflon or other fluoropolymer, polyethylene or polypropylene, or constructed of stainless steel.
2.3.3 After purging to a smooth even flow, reduce the flow rate.
2.3.3.1 When sampling for volatile organic compounds, reduce the flow rate to 100 – 400 mL/minute, if possible. Attempt to maximize the flow rate within this range.
2.3.4 Sampling for Volatile Organic Compounds (VOCs)
2.3.4.1 Use Teflon or other fluoropolymer, Kynar, HDPE or similarly inert material for the pump tubing. Do not use LDPE tubing. Minimize aeration of the sample during collection. If samples for additional analytes other than VOCs will be collected, fill the VOC sample containers last, if possible. For low-recharge wells, collect VOCs first after purging is completed, where excessive drawdown or dry purging occurs. Depending on the recharge characteristics of the well and sampler skill, attempt to maximize the flow rate for VOC sample collection within the range stipulated above in section 1.3.4. Collect the VOC sample directly into the sample container from the discharge flow exiting from the pump delivery tubing. Disconnect flow-through containers, manifolds, valves or other devices from the delivery tubing before collecting the VOC samples, if applicable.
2.3.4.2 If the pump and/or tubing assembly intended for VOC sample collection was not used to purge the well, begin pumping using the sampling pump and/or tubing assembly, adjust the pumping rate for the maximum possible flow rate for VOC sampling and pump a minimum of 3 equipment volumes (pump and tubing volume) through the entire tubing assembly before collecting the VOC samples. 
2.4 For all analytes, if the pump is placed within the screened interval, use the same pump and tubing assembly for both purging and sampling.
Sampling with Bailers:  A high degree of skill and coordination are necessary to collect representative samples with a bailer.  When properly used, bailers may be used to collect samples for certain analyte groups and under specific conditions (see Table FS 2200-3).  They must be of an appropriate type and construction (see FS 2201, section 3), and must be used as outlined below.  If in doubt about the appropriateness of using a bailer at a site or during a particular sampling event, contact the appropriate DEP program or project manager.
2.5 General Considerations
2.5.1 Minimize handling the bailer as much as possible.
2.5.1.1 Wear sampling gloves.
2.5.1.2 Remove the bailer from its protective wrapping just before use.
2.5.1.3 Attach a lanyard of appropriate material (see FS 2201, section 4).
2.5.1.4 Use the lanyard to move and position the bailers.
2.5.2 Do not allow the bailer or lanyard to touch the ground.
2.5.3 Rinsing
2.5.3.1 If the bailer is certified precleaned, no rinsing is necessary.
2.5.3.2 If both a pump and a bailer are to be used to collect samples, rinse the exterior and interior of the bailer with sample water from the pump before removing the pump.
2.5.3.3 If the purge pump is not appropriate for collecting samples (e.g., non-inert components), rinse the bailer with by collecting a single bailer of the groundwater to be sampled.  Use the technique described in section 2.2, Bailing Technique, below.
2.5.3.4 Discard the water appropriately.
2.5.3.5 Do not rinse the bailer if Oil & Grease, TRPHs, etc., (see FS 2006) are to be collected.
2.6 Bailing Technique
2.6.1 Collect all samples that are required to be collected with a pump before collecting samples with the bailer.
2.6.2 Raise and lower the bailer gently to minimize stirring up particulate matter in the well and the water column which can increase sample turbidity.
2.6.3 Lower the bailer carefully into the well to a depth approximately a foot above the water column.  Ensure that the length of the bailer does not exceed the length of the water column.
2.6.3.1 When the bailer is in position, lower the bailer into the water column at a rate of 2 cm/sec until the desired depth is reached (see section 2.2.3 above).
2.6.4 Do not lower the top of the bailer more than one (1) foot below the top of the water table so that water is removed from the top of the water column.
2.6.5 Allow time for the bailer to fill with aquifer water as it descends into the water column.
2.6.6 Do not allow the bailer to touch the bottom of the well or particulate matter will be incorporated into the sample.
2.6.6.1 Carefully raise the bailer (see section 2.2.2 above).  Retrieve the bailer at the same rate of 2 cm/sec until the bottom of the bailer has cleared to top of the water column.
2.6.7 Lower the bailer to approximately the same depth each time.
2.6.8 Collect the sample.
2.6.8.1 Install a device to control the flow from the bottom of the bailer and discard the first few inches of water.  Reduce the flow to < 100 mL/minute when collecting VOC samples.
2.6.8.2 Fill the appropriate sample containers by allowing the sample to slowly flow down the side of the container.  Minimize aeration of VOC samples.
2.6.8.3 Discard the last few inches of water in the bailer.
2.6.9 Repeat steps 2.2.1 through 2.2.8.3 for additional samples.
2.6.10 Measure the DO, pH, temperature, turbidity and specific conductance after the final sample has been collected.
2.6.10.1 Record all measurements and note the time that sampling was completed.
Sampling Wells with Floating Non-Aqueous Phase Liquid:  DEP does not recommend the sampling of wells with floating non-aqueous phase liquid for trace contaminants.  This concerns primarily petroleum related sites, but includes any chemical product (e.g., solvent) that floats on the water table.  Sampling is acceptable if the information is to be used for the purpose of remedial design.

Sample data from such wells cannot provide useful information regarding the level of contamination.  Furthermore, these wells typically do not provide legitimate data because of permanent chemical contamination from product contact with the well casing for an extended period of time.

DEP does reserve the right to require sampling of these wells, not for levels of trace contaminants, but for confirmation of an appropriate remediation technique.  This type of sampling is performed below the non-aqueous phase layer (see section 3.2 below).
2.7 Non-Aqueous Phase Liquid Sampling:  Non-aqueous phase liquid may be evident in a cased monitoring well or in an open excavation.
2.7.1 Non-aqueous phase liquid is normally sampled for two reasons:
· Documentation for its existence and thickness; and
· Determination of the type of product so that the proper analyses can be performed to determine extent.  This is only feasible for relatively recent releases as it may not be possible to identify weathered product.
2.7.2 Disposable plastic (acrylic, clear PVC) bailers are recommended for sampling.  Disposable polyethylene and polypropylene bailers are also acceptable.  Other wide mouth vessels may be used for sampling non-aqueous phase liquid in an excavation.
2.7.3 Monitoring Well
2.7.3.1 If a non-aqueous phase liquid is identified in a monitoring well during the water level measurement, measure its thickness in the well.  If the thickness of the non-aqueous phase liquid is greater than 0.01 foot or product globules are present, collect a sample using a precleaned disposable bailer.
2.7.3.2 Measure the product thickness to the nearest 0.01 foot after withdrawing the bailer.
2.7.3.3 Pour a portion of the product into a glass sample container.
2.7.3.4 This sample is considered a concentrated waste.  Therefore, package the container in protective wrapping to prevent breakage, isolate from other samples, and ice to 4°C.
2.7.4 Excavation
2.7.4.1 If non-aqueous phase liquid is observed in an open excavation, a glass sample container or a precleaned intermediate vessel may be used to collect the sample.
2.7.4.2 Securely tie a lanyard to the container and lower it into the excavation.
2.7.4.3 Gently lower and retrieve the container so that no solid material is released or collected.
2.7.4.4 If sufficient water is available, a bailer can be used.
2.7.4.5 Although not recommended, screened casing can be placed (or augered and placed) in the bottom of the excavation and the product sampled with a bailer.
2.7.4.6 Avoid dangerous situations, such as standing too close to the edge of an excavation, riding in the backhoe bucket, or entering a trench or excavation that may collapse.
2.7.4.7 DEP recommends following all applicable OSHA regulations.
2.8 Sampling Below Product
2.8.1 This type of depth-specific sampling to attempt to sample the dissolved constituents in the water column below the product layer is performed only at the request of DEP or its designee.
2.8.2 These data provide information that helps define adequate groundwater treatment.  Without these data, incorrect (and sometimes unnecessarily expensive) remediation techniques may be designed for a situation where they are not required.
2.8.3 There are some substantial logistical problems involved with sending a sampler through non-aqueous phase liquid to sample the groundwater below.  Although there are some products designed specifically for this type of sampling, they are expensive and the results may not be commensurate with their cost.  The use of “self-engineered” equipment or coverings may be the best option.
2.8.4 These data are only to be used for qualitative use and will aid in deciding on an appropriate remediation technique.
2.8.5 Wrapping bailers and tubing in plastic seems to be the most popular technique in getting past the product layer.
2.8.6 Although not recommended, some have wrapped submersible pumps in several layers of plastic and retrieved each layer by a separate lanyard.  One suggestion would be to use a rigid piece of stainless steel tubing wrapped in plastic.
2.8.6.1 Once the covered tubing is past the layer, pull up on the plastic, piercing the plastic and exposing the (somewhat) clean tubing inlet.
2.8.6.2 Introduce the wrapped hose slowly to not entrain any more product into the dissolved layer located below.
2.8.6.3 Also, perform this procedure with a peristaltic pump or a vacuum pump linked to a trap bottle.  To use this setup, the water table must be no deeper than 15‑20 feet, realizing that actual sampling may be occurring several feet below the product layer.
FS 212. Sampling Low Permeability Aquifers or Wells That Have Purged Dry
3. Collect the sample(s) after the well has been purged according to FS 2212, section 3.4.  Minimize the amount of water removed from the well by using the same pump to purge and collect the sample.  If the well has purged dry, collect samples as soon as sufficient sample water is available. If samples for additional analytes other than VOCs will be collected, fill the VOC sample containers last, if possible. However, collect VOCs first after purging is completed, where excessive drawdown or dry purging occurs.
3. Measure the five (5) field parameters Temperature, pH, Specific Conductance, Dissolved Oxygen and Turbidity at the time of sample collection.
3. Advise the analytical laboratory and the client that the usual amount of sample for analysis may not be available.
FS 213. Sampling Wells With In-Place Plumbing
3. If a storage tank is present, locate a cold water spigot, valve or other sampling point close to the well head between the pump and the storage tank.  If there is no sampling location between the pump and the storage tank, locate the spigot, valve or other sampling point closest to the tank.  
6. Depending on the sampling objective for collecting samples using installed plumbing, purge the system and collect samples closest to the point of consumption, or, as close to the source well as possible.
3. Remove all screens or aerators and reduce the flow rate to no more than 500 mL/minute.  If collecting samples for volatile organic compounds, reduce the flow rate to 100 mL/minute or less.  Collect the samples directly into the appropriate containers.
FS 214. Sampling Airstripper and Remedial Treatment System Sampling
3. Reduce the flow rate to less than 500 mL/minute and begin sample collection.  
3. If collecting samples for volatile organic compounds, reduce the flow rate to 100 mL/minute or less.  
3. Collect the samples directly into the appropriate containers.
FS 215. Filtering Groundwater Samples
Filtered groundwater samples can only be collected after approval from the DEP program or project manager.  If filtering is approved, the DEP program or permit condition may require both filtered and unfiltered samples to be collected, analyzed and reported.  
3. Filtering groundwater for metals:  
11.1 Unless specified otherwise by the DEP program, use a new, disposable, high capacity, 1-µm in-line filter.
11.2 Use a variable speed peristaltic, bladder or submersible pump with the in-line filter fitted on the outlet end.  
11.2.1 Peristaltic pumps, bladder pumps or submersible pumps can be used when water levels are no greater than 20 to 25 feet deep.
11.2.2 Bladder pumps or submersible pumps must be used when water levels are greater than 20 to 25 feet deep.
11.3 Ensure that a 1-foot maximum length of new, silicone tubing was installed in the peristaltic pump head assembly before the well was purged if the same pump is being used to purge and sample the well.  Otherwise, install a new length of tubing as described above.
11.4 Ensure that new or precleaned delivery tubing was assembled with the peristaltic pump before the well was purged if the same pump is being used to purge and sample the well.  Otherwise, assemble the pump with new or precleaned delivery tubing and the new filter. 
11.5 Insert the filter on the high pressure side (i.e., on the delivery side) of the pump.
11.5.1 Flush the filter before attaching to the pump tubing assembly with 30‑50 mL of analyte free water or an inert gas (nitrogen) to remove atmospheric oxygen;
11.5.2 Or, with the filter attached to the pump tubing assembly, hold the filter upright with the inlet and outlet in the vertical position and pump water from the aquifer through the filter until all atmospheric oxygen has been removed.
11.6 Collect the filtered samples directly into the sample container from the high-pressure (delivery) side of the pump tubing assembly.
11.6.1 Collect filtered samples by either of the methods in 1.6.1.3 or 1.6.1.4 below if the static water level in the well is too deep for a variable speed peristaltic pump and a variable speed electric submersible pump or variable speed bladder pump is not available.  
11.6.1.1 Do not agitate the sample or expose it to atmospheric oxygen.  
11.6.1.2 Do not pour the sample into any intermediate vessel for subsequent filtration.
11.6.1.3 Collect the sample in a polyethylene, Teflon or other fluoropolymer or polypropylene bailer that can be pressurized.  When the bailer has been retrieved, immediately connect the filter and begin to pressurize the bailer;
11.6.1.4 Or, collect the sample with a bailer and immediately place the intake tube of the peristaltic pump into the full bailer and begin pumping the water through the filter as described in section 1.2 above.
11.7 Do not use the following equipment for filtering groundwater samples for metals:
11.7.1 Any pump and apparatus combination in which the filter is on the vacuum (suction) side of the pump.
11.7.2 Any type of syringe or barrel filtration apparatus.
11.7.3 Any filter that is not encased in a one-piece, molded unit.
Filtering groundwater for non-metallic analytes
11.8 The following analytes cannot be filtered:
· Oil and Grease
· Total Recoverable Petroleum Hydrocarbons (TRPH)
· FL-PRO
· Volatile Organic Compounds (VOC)
· Microbiological Analytes
· Volatile Inorganic Compounds (e.g., Hydrogen Sulfide)
11.9 Unless specified otherwise by the regulatory program, use a new, disposable, high capacity, 0.45 µm in-line filter.
11.10 Assemble the pump, tubing and filter as in 1.2 – 1.5 above.
11.11 Flush the filter as in 1.5.1 or 1.5.2 above.
11.12 Collect the samples as in 1.6 – 1.6.1.4 above.
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Table FS 2200-1
Equipment for Collecting Groundwater Samples

	Activity
	Equipment Type

	Well Purging
	Variable speed centrifugal pump
Variable speed submersible pump
Variable speed bladder pump
Variable speed peristaltic pump
Bailer with lanyard: Not Recommended

	Well Stabilization
	pH meter
DO meter
Conductivity meter
Thermometer/Thermistor
Turbidimeter
Flow-through cell
Multi-function meters

	Sample Collection
	Variable speed peristaltic pump
Variable speed submersible pump
Variable speed bladder pump
Bailer with lanyard (See Table FS 2200-3)

	Filtration
	Variable speed peristaltic pump
Variable speed submersible pump
Variable speed bladder pump
Pressurized bailer
1.0 µm high capacity molded filter
0.45 µm high capacity molded filter

	Groundwater Level
	Electronic sensor
Chalked tape



Table FS 2200-2
Dissolved Oxygen Saturation
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	Temp (°C)
	100% sat. (mg/L)
	20% sat. (mg/L)

	15.0
	10.084
	2.017

	15.1
	10.062
	2.012

	15.2
	10.040
	2.008

	15.3
	10.019
	2.004

	15.4
	9.997
	1.999

	15.5
	9.976
	1.995

	15.6
	9.955
	1.991

	15.7
	9.934
	1.987

	15.8
	9.912
	1.982

	15.9
	9.891
	1.978

	16.0
	9.870
	1.974

	16.1
	9.849
	1.970

	16.2
	9.829
	1.966

	16.3
	9.808
	1.962

	16.4
	9.787
	1.957

	16.5
	9.767
	1.953

	16.6
	9.746
	1.949

	16.7
	9.726
	1.945

	16.8
	9.705
	1.941

	16.9
	9.685
	1.937

	17.0
	9.665
	1.933

	17.1
	9.645
	1.929

	17.2
	9.625
	1.925

	17.3
	9.605
	1.921

	17.4
	9.585
	1.917

	17.5
	9.565
	1.913

	17.6
	9.545
	1.909

	17.7
	9.526
	1.905

	17.8
	9.506
	1.901

	17.9
	9.486
	1.897

	18.0
	9.467
	1.893

	18.1
	9.448
	1.890

	18.2
	9.428
	1.886

	18.3
	9.409
	1.882

	18.4
	9.390
	1.878

	18.5
	9.371
	1.874

	18.6
	9.352
	1.870

	18.7
	9.333
	1.867

	18.8
	9.314
	1.863

	18.9
	9.295
	1.859

	19.0
	9.276
	1.855

	19.1
	9.258
	1.852

	19.2
	9.239
	1.848

	19.3
	9.220
	1.844

	19.4
	9.202
	1.840

	19.5
	9.184
	1.837

	19.6
	9.165
	1.833

	19.7
	9.147
	1.829

	19.8
	9.129
	1.826

	19.9
	9.111
	1.822

	20.0
	9.092
	1.818

	20.1
	9.074
	1.815

	20.2
	9.056
	1.811

	20.3
	9.039
	1.808

	20.4
	9.021
	1.804

	20.5
	9.003
	1.801

	20.6
	8.985
	1.797

	20.7
	8.968
	1.794

	20.8
	8.950
	1.790

	20.9
	8.932
	1.786

	21.0
	8.915
	1.783

	21.1
	8.898
	1.780

	21.2
	8.880
	1.776

	21.3
	8.863
	1.773

	21.4
	8.846
	1.769

	21.5
	8.829
	1.766

	21.6
	8.812
	1.762

	21.7
	8.794
	1.759

	21.8
	8.777
	1.755

	21.9
	8.761
	1.752

	22.0
	8.744
	1.749

	22.1
	8.727
	1.745

	22.2
	8.710
	1.742

	22.3
	8.693
	1.739

	22.4
	8.677
	1.735

	22.5
	8.660
	1.732

	22.6
	8.644
	1.729

	22.7
	8.627
	1.725

	22.8
	8.611
	1.722

	22.9
	8.595
	1.719

	23.0
	8.578
	1.716

	23.1
	8.562
	1.712

	23.2
	8.546
	1.709

	23.3
	8.530
	1.706

	23.4
	8.514
	1.703

	23.5
	8.498
	1.700

	23.6
	8.482
	1.696

	23.7
	8.466
	1.693

	23.8
	8.450
	1.690

	23.9
	8.434
	1.687

	24.0
	8.418
	1.684

	24.1
	8.403
	1.681

	24.2
	8.387
	1.677

	24.3
	8.371
	1.674

	24.4
	8.356
	1.671

	24.5
	8.340
	1.668

	24.6
	8.325
	1.665

	24.7
	8.309
	1.662

	24.8
	8.294
	1.659

	24.9
	8.279
	1.656

	25.0
	8.263
	1.653

	25.1
	8.248
	1.650

	25.2
	8.233
	1.647

	25.3
	8.218
	1.644

	25.4
	8.203
	1.641

	25.5
	8.188
	1.638

	25.6
	8.173
	1.635

	25.7
	8.158
	1.632

	25.8
	8.143
	1.629

	25.9
	8.128
	1.626

	26.0
	8.114
	1.623

	26.1
	8.099
	1.620

	26.2
	8.084
	1.617

	26.3
	8.070
	1.614

	26.4
	8.055
	1.611

	26.5
	8.040
	1.608

	26.6
	8.026
	1.605

	26.7
	8.012
	1.602

	26.8
	7.997
	1.599

	26.9
	7.983
	1.597

	27.0
	7.968
	1.594

	27.1
	7.954
	1.591

	27.2
	7.940
	1.588

	27.3
	7.926
	1.585

	27.4
	7.912
	1.582

	27.5
	7.898
	1.580

	27.6
	7.884
	1.577

	27.7
	7.870
	1.574

	27.8
	7.856
	1.571

	27.9
	7.842
	1.568

	28.0
	7.828
	1.566

	28.1
	7.814
	1.563

	28.2
	7.800
	1.560

	28.3
	7.786
	1.557

	28.4
	7.773
	1.555

	28.5
	7.759
	1.552

	28.6
	7.745
	1.549

	28.7
	7.732
	1.546

	28.8
	7.718
	1.544

	28.9
	7.705
	1.541

	29.0
	7.691
	1.538

	29.1
	7.678
	1.536

	29.2
	7.664
	1.533

	29.3
	7.651
	1.530

	29.4
	7.638
	1.528

	29.5
	7.625
	1.525

	29.6
	7.611
	1.522

	29.7
	7.598
	1.520

	29.8
	7.585
	1.517

	29.9
	7.572
	1.514

	30.0
	7.559
	1.512

	30.1
	7.546
	1.509

	30.2
	7.533
	1.507

	30.3
	7.520
	1.504

	30.4
	7.507
	1.501

	30.5
	7.494
	1.499

	30.6
	7.481
	1.496

	30.7
	7.468
	1.494

	30.8
	7.456
	1.491

	30.9
	7.443
	1.489




Derived using the formula in Standard Methods for the Examination of Water and Wastewater, Page 4, 101, 18th Edition, 1992.


Table FS 2200-3
Allowable Uses for Bailers
	Analyte
Group(s)
	Purging
(Not Recommended)
	Sampling Use
	Sampling Not Recommended

	Volatile Organics
Extractable Organics
Radionuclides, including Radon
Metals
Volatile Sulfides





	If allowed by permit, program, contract or order
or
If operated by a skilled individual with documented training in proper techniques.  Field documentation must demonstrate that the procedure in FS 2213, section 4 was followed without deviation.
	If concentrations exceed action levels, the purpose is to monitor effective treatment, and the DEP program allows the use of bailers; 
or
If specified by DEP permit, program, contract or order.
or
If operated by a skilled individual with documented training in proper techniques and using appropriate equipment.  Field documentation must demonstrate that the procedure in FS 2221, section 2 was followed without deviation.
	If concentrations are near or below the stated action levels;
or
If a critical decision (e.g., clean closure) will be made based on the data;
or
If data are to demonstrate compliance with a permit or order.

	Petroleum Hydrocarbons (TRPH) & Oil & Grease
	If allowed by permit, program, contract or order
or
If operated by a skilled individual with documented training in proper techniques.  Field documentation must demonstrate that the procedure in FS 2213, section 4 was followed without deviation.
	Only if allowed by permit, program, contract or order as samples should be collected into the container without intermediate devices.  
	Unless allowed by permit, program, contract or order.

	Biologicals
Inorganic Non-Metallics
Aggregate Organics
Microbiological
Physical and Aggregate Properties
	If allowed by permit, program, contract or order
or
If operated by a skilled individual with documented training in proper techniques.  Field documentation must demonstrate that the procedure in FS 2213, section 4 was followed without deviation.
	If all analytes collected from the well can be collected with a bailer;
or
If collected after collecting all analytes that require the use of a pump.
	Before collecting any analytes that must be collected with a pump. 

	Ultra-Trace Metals
	Never
	Never
	N/A



Figure FS 2200-1
Pump and Trap for Extractable Organics
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[ Scenario 1: WELL SCREEN COMPLETELY SUBMERGED ] [ Scenario 2: WELL SCREEN PARTIALLY SUBMERGED ]
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Option 2a: A bailer *

Option 1a: Minimal Purge Volume: Pump or tubing is placed within the middle of Option b: Conventional Purge: Pump, tubing, or Option 2b: Pump or tubing is placed

the screen interval. The following conditions must be met to use this option ‘bailer  is placed above the screen at the top of the is placed at the top within the middle of the saturated
1. The well screen interval is < 10 feet. water column. of the water column ‘portion of the screen interval.
2. Although drawdown may occur in the well when purging is initiated, the and s used o purge

Ifthe pump or tubing that wes used
for purging will not e used fo obtain
the sampl, then position the pump or
tubing at the top o the water column
for purging.

* DEP does ot recommend the use of a baler and sample the well
for purging; however, f a bailr is used it shall be:
lowered and rised at the rate of 2 c/sec in the top

of the water column.

drawdown has to stabilze (Aquifer Recovery Rate = Purge Rate)

3. The samples will be obtained with the same equipment that was used to
purge the well. Therefore, centritugal pumps and bailers are not suiable for
use n Opton 1a

If one or more of these conditions do not apply, use Option 1b.

+

Burging Procedure #1 Burging Procedure #2 Purging Procedure #3

1. Aftr the crawdown in the wel stabilzes, purge at least one equipment volume then Gollegt 1. Purge atleast one well volume then collect first 1. Purge at least one il volume then collet first
the fist et of stabilzaton parameters. set of stabilzaton parameers set of stabilzaton parameters

2. Thereafter, collct stabilzaton parameters > 210 3 minutes apart 2. Thereafter, collct stabiization parameters > 2. Thereafter, collectstabilzafion parameters > 2

3. Purge atleast three equipment volumes before sampling everv 1/4 well volume. B to 3 minutes apart

Purging Completion

' ]

If Dissolved Oxygen is < 20% of safuration or the
measured temperature and Turbidity s < 20
NTUs, then purging is complete when three
consecutive readings of the parameters listed
below are witin the following ranges:

If the wel is expected to purge dry,
positon the pump o fubing within the
screened interval and purge at < 100
mUminute until two equipment volumes
are removed. Use the same pump for
purging and sampling

If Dissolved Oxygen (DO) is > 20% of saturaton for the measured temperature andior Turbidity is > 20
NTUs after every attempt has been made to reduce DO andlor turbidity, then purging s complete when
three consecutive readings of the parameterslsted below are within th following ranges:

Temperature + 0.2 °C
PH + 0.2 Standard Units

Specific Conductance + 5.0% of reading

Dissolved Oxygen = 0.2 my/L or readings are within 10% (whichever is greater).
Turbidity 5 NTUs or readings are within 10% (whichever is reater).

Temperature + 0.25C;
pH + 0.2 Standard Units
Specific Conductance » 5.0% of reading

Ifthe well purges dry t the lowest
achievable flow rate (pumping at 100
mminute or less), then after a suffcient
amount of water recharges in the wel,
collect the samples.

In eithr case listed above, before:
sampls are colected, measure (once)
PH, temperature, specific
conductance, dissolved oxygen, and
turbidity

i

If one or more parameters do not stabilize after 5 volumes of the screened interval (purging procedure #1) or 5 well volumes (purging procedure #s 2 & 3) are
removed, purging may be discontinued at the discrefion of the sampling team leader.





