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1.0 INTRODUCTION


       This document specifies procedures for collecting ground water samples from monitoring wells at leaking underground  storage tank (LUST), aboveground storage tank (AST) and emergency response sites in the Tanks and Emergency Response Program.   Unforeseen circumstances that develop during sampling may require deviations from these procedures.  The Minnesota Pollution Control Agency (MPCA) project manager or hydrogeologist must approve of the deviations in advance.  When approvals cannot be obtained in advance, contact the MPCA as soon as possible to evaluate needs for re�sampling.  Clearly note all deviations from the specified procedures on the sampling information form (SIF) used for each well, and document in the monitoring report.  Other programs in the MPCA may have different specific sampling procedures.  If sampling a monitoring well for two or more programs, follow the most restrictive procedure.


2.0 ANALYTICAL PARAMETERS AND METHODS


       Analytical parameters and methods required to fulfill Tanks and Emergency Response Section ground water sampling requirements are included in Appendix A.   This document specifies routine ground water sampling procedures.  Additional analytical parameters and methods required for evaluating ground water bioactivity are included in MPCA fact sheet #3.21, “Assessment of Natural Biodegradation at Petroleum Release Sites”.  Laboratories performing ground water analysis must have a Quality Assurance/Quality Control (QA/QC) plan on file with the MPCA until they are certified by the Minnesota Department of Health (MDH).  The MPCA Tanks and Emergency Response Section is requiring that laboratorys be certified for  volitile organic compounds (VOCs) and heavy metals analysis by November 1, 1996 and gasoline range organics (GRO) and diesel range organics (DRO) within six months of MDH providing the GRO and DRO certification.  MDH is expecting to be ready to provide GRO and DRO certification by September 1996, so the anticipated deadline would be March 1, 1997.  For lab certification contact Al Tupy at the Minnesota Department of Health, Public Health Laboratory Division, 717 Deleware Street S.E., Minneapolis, MN 55440. Telephone Number: 612/623-5680. Information on QA/QC plan requirements is included in appendix B.


3.0 FIELD PROCEDURES


       The quality and accuracy of a ground water sample is only as good as the procedures used during sample collection. Exercise care to avoid cross contamination or background contamination of ground water samples by:





(  Improper storage or transportation of equipment


(  contaminating the equipment or sample bottles on site by setting them on or near potential contamination sources such      as uncovered ground, a contaminated vehicle, or vehicle exhaust 


(  handling bottles or equipment with contaminated hands or gloves


(  inadequate cleaning of well purging or sampling devices  





     All field crew personnel must wear clean gloves made of appropriately inert material.  Replace gloves when soiled and between each new sampling location. 


3.1 Sampling Order


	When previous water quality data is available, begin purging and sampling with the least contaminated wells and proceed to increasingly contaminated wells.  When contaminant distribution is unknown, begin with wells considered to be upgradient from likely contaminant source(s) and finish with downgradient wells closest to suspected contamination.


3.2 Water�Level Measurements


	Measure water levels with a calibrated electric water�level sensor probe.  Steel tapes are no longer acceptable for water level measurements.  Decontaminate water level probes by triple�rinsing with clean water before use in each well. 





	Prior to well purging or sampling, measure and record initial static water levels for all wells.  Determine water levels to the nearest 0.01 foot as measured from the surveyed reference point.   Take water-level measurements at all applicable site monitoring wells and piezometers within the shortest time interval practical (the same day).





	Reference the depth to water to the measuring point marked at the top of the innermost well casing.  If a measuring point is not marked, assume the measuring point to be at the top of the innermost well casing on the north side.  For polyvinyl cholride (PVC) well casing that has been hand trimmed, mark the highest point as the measuring point.  Convert this measurement to water level elevation (mean sea level) from the surveyed elevation of the well casing.





	Before purging or sampling measure and record the well depth on the SIF.  The well depth can be measured with the same instrument used to measure the water level, however, a weight may be attached for sounding the well bottom.  Decontaminate this sounding device in the same manner as specified for making water-level measurements.  Record the well depth to the nearest 0.1 feet.  In addition, record the general physical condition of the well on the SIF.


3.3 Free Product Measurements


	If free product is suspected or if strong odors are present in a well, attempt to measure free product thickness using an interface probe or bailer lowered slowly into the well.  A steel tape and water finding paste can also be used.  Wells containing free product are not normally required to be sampled.  However, the MPCA must be notified immediately of all new free product discoveries. 


4.0 WELL PURGING AND DEVELOPMENT


	4.1 Well Development


	Only sample adequately developed wells.  New wells should be developed to ensure adequate hydraulic connection with the aquifer and to remove any drilling fluids, if used.  Develop wells by pumping and surging until relatively clear water is produced.  Document all development procedures, including the amount of water removed.


     4.2 Well Purging


	Before sampling a well it must be purged to ensure that samples contain fresh formation water.  Purge a minimum of five well casing water column volumes before collecting samples for laboratory analysis.  Record the quantity of water evacuated on the SIF.  





	�
Purging and sampling equipment includes bailers and pumps.  Bailers are only acceptable for purging and sampling wells where the water level in the well is 30 feet or less from grade, or in extremely slow recharging wells.  Pumps can be used to purge and sample any well, but are required in wells where the water level is greater than 30 feet below grade.  Allowable pump types include:





Submersible low flow, electric centrifugal pumps (i.e. Grundfos ( Redi-Flo2)


Peristaltic suction lift pumps (maximum working depths are 20-25 feet)


Submersible, positive displacement bladder pumps


Conventional submersible, electric centrifugal pumps (only if permanently installed in the well)





	Gas lift pumps are not acceptable for purging or sampling.  Centrifugal suction lift pumps and submersible electric helical rotor pumps (i.e., Keck) can only be used to purge wells where the water level is less than 30 feet below grade.  After purging with one of these pumps, samples can be collected with a bailer.  





	Wells with extremely slow recharge rates may require alternate purging and sampling methods.  If normal purging is clearly impractical, evacuate the well to near dryness and allow to partially recover (in a reasonable amount of time) twice.  Following the second well evacuation, sample the well when sufficient recover has occurred.  Clearly note the conditions and procedures actually used on the SIF.


	Purging should remove all the stagnant water in the well so it is replaced by fresh ground water from outside the well installation.  Purge and sample wells that do not have extremely slow recharge rates by withdrawing water from the top two feet of the water column.  Repeated vertical adjustment of the purging equipment intake may be necessary as the water level drops.  Set the pump rate at the lowest practical rate to avoid excessive drawdown and turbidity in the well.   Do not use air lift pumps or any other device that significantly aerates well water or otherwise creates significant turbulence.  Measure the field water quality parameters immediately after purging the well.


4.3 Equipment Decontamination


	Decontaminate all sampling related equipment including filtration devices, personal protection gear and materials coming into contact with sampling equipment or with sampling personnel.  Thoroughly decontaminate pump tubing or use dedicated tubing at each well.  Use dedicated pump bladders or decontaminate by circulating decontamination fluids through the pump as described below.  Bailers must be laboratory clean or disposable.  Perform decontamination between each sampling point.  After cleaning, visibly inspect for residues or other substances that may survive normal cleaning.  If inspection reveals that decontamination was insufficient, implement additional measures as needed and document.  Decontaminate equipment in the following manner:


Equipment that does not contact sample water or the inside of the well





clean inside and out with an laboratory grade detergent (Alconox or equivalent)/clean-water solution, applied with a scrub brush where practical.


rinse with clean water (uncontaminated tap water, document source).


inspect for remaining particles or surface film and repeat cleaning and rinse procedures if necessary.





B.  Equipment that contacts sample water or the inside of the well





clean (inside and out) with an laboratory grade detergent (Alconox or equivalent)/clean-water solution, applied with a scrub  brush where practical.


rinse with clean water.


inspect for remaining particles or surface film and repeat cleaning and rinse procedures if necessary.


rinse with a desorbing agent (isopropanol or methanol).


rinse thoroughly with deionized water.





	Clean the internal surfaces of pumps and tubing by circulating decontamination fluids through them.  Circulate the fluids through the equipment in the order shown above under “B.”  Ensure that sufficient quantities of rinse water is circulated to completely flush out contaminants, detergents and desorbing agents.





	When transporting or storing equipment after cleaning, protect the equipment in a manner that minimizes the potential for contamination.  A good method is to store sampling pumps in a clean PVC casing capped at both ends.  If the case is used to transport pumps between sampling locations, perform the same decontamination process as the pump.  Place the tubing in a clean, inert plastic bag.  Wrap other equipment in inert plastic or aluminum foil.


5.0 FIELD PARAMETERS


	Prior to sampling, measure specific conductance, temperature, pH, dissolved oxygen and redox potential in the field.   Record calibration information and all measurements on the SIF. 


	Specific Conductance


	Soak the conductivity cell in distilled or deionized water for at least one hour before use, and calibrate each day.  While making field measurements, record the true electrical conductivity (EC).  Specific conductance (EC corrected to 25 degrees Celsius) is calculated from the EC and the water temperature. Record both the EC and specific conductance (SC) measurements on the SIF. 


	Temperature


	Inspect the temperature probe to assure it is in good operating condition.  Monthly, compare the probe in a water bath to a mercury thermometer capable of being read to the nearest 0.1 degrees Celsius.  Record ground water temperature to the nearest 0.1 degrees Celsius.


	pH


	Measure the pH using a direct reading probe following the instrument’s instruction manual. Take care to protect the fragile glass bulb on the end of the pH electrode, and keep the electrode tip moist between sampling points.  


	Before sampling each day, calibrate the pH meter by a two�point calibration method.  If the meter can hold the slope well over time, routine calibration later in the day can be conducted with only one buffer.  The single buffer calibration should normally be conducted using a pH = 7 buffer for natural waters.  At a minimum, calibrate the pH meter by a single�point calibration method before taking measurements every two hours.  Report pH readings to the nearest 0.1 unit.


	After calibrating, allow the pH probe to equilibrate with fresh aquifer water for a minimum of five minutes before the first pH measurement.


	Dissolved Oxygen


	The recommended method for measuring dissolved oxygen is using a membrane electrode probe lowered into the well.  Modified Winkler and Colorimetric ampoule methods can also be used under proper field conditions.  When measuring dissolved oxygen above grade, take care to avoid turbulence and aeration of the sample.


	When using a membrane electrode probe follow the instrument’s instruction manual.  Calibrate before taking measurements at each new sampling point or every two hours.  The probe must be kept in continuos motion or used in a flow cell for accurate readings.  Take care to store the probe in a humid environment and to protect the delicate membrane on the end of the probe.  The membrane should be replaced every two to four weeks. 


	Only stable meter readings are considered valid.  If non�stable readings are observed, note and record the non�stable measurements on the SIF and in the monitoring report.  Report dissolved oxygen readings to the nearest 0.1  mg/L.


	Redox Potential


	Measure the redox potential using a direct reading probe following the instrument’s instruction manual.  Take care to avoid turbulence and aeration of the sample.


6.0 SAMPLE COLLECTION


	Only use laboratory supplied sampling containers and preservative for ground water samples.  All chemical preservatives should be added by the laboratory before sampling.


6.1 Sampling Wells With A Bailer


	Bailers are only acceptable for purging and sampling wells where the static water level in the well is 30 feet or less from grade, or in extremely slow recharging wells.  Record the type of bailor used to sample each well on the SIF.  Use bailers in the following manner:





Use only laboratory cleaned or disposable bailers for purging and sampling.   Use a new, clean bailer for each well.





Use only stainless steel or polytetraflouroethylene (PTFE) bailers for sampling.  PVC bailers can be used for purging only.


 


Decontaminate the retrieval line between each sampling point, or use brand new line.





Do not allow the bailer or line to touch the ground, a dirty ground cloth or any other potentially contaminated surface.





Do not allow the bailer to free fall into the water column.  The bailer should enter the water column as gently as possible.  A knot in the line referencing the ground water level is useful.





Try not to submerge the bailer much below the top to prevent mixing and to ensure water removal from the top of the water column.





Withdraw the bailer gently from the water column, and bring it to the surface quickly.





Keep the check valve on the bottom clear of sediment and in proper working order to minimize the amount of water that drips back into the well.





If the same bailer is not used for purging and sampling, discard the first two sample bailer volumes as rinse water.





Transfer the sample from the bailer to the sample container quickly while minimizing turbulence and exposure to the atmosphere.


6.2 Sampling Wells With A Pump 


	Pumps can be used to purge and sample any well with sufficient recovery.  If recovery is so slow that a satisfactory water column height (for normal pump operation) is not reached in a reasonable amount of time, a bailer can be used for sample collection.  Record the type of pump used to sample each well on the SIF.  Use pumps in the following manner:


�
Adjust the pump intake continuously to maintain the intake within two feet of the water surface inside the well.


Do not allow the pump to run dry.  Adjust the flow rate to the lowest practical setting, and maintain a continuous pumping rate.  Slow recharging wells or wells with a small water column height may require cycling of the pump.  Pumping should be continuous and sampling conducted immediately following purging.  The pump must be equipped with a check valve to prevent water from flowing back into the well.


Completely purge any final rinse water remaining in the sampling pump or discharge line by pumping at least two tubing volumes through the pump before sample collection begins.


6.3 Filling Sample Containers  


	Do not open sample bottles until they are to be filled.  Follow these procedures:


Keep the area surrounding the wellhead as clean as practical to minimize the potential for contamination of samples.


Minimize the potential for airborne contamination during sample collection.  If vehicles or generators are running during sample collection, fill containers upwind from engine exhaust sources.  If conditions are dusty, shield the sample collection area from wind-borne contamination.


Use a clean pair of gloves at each new sampling point.





When sampling with a pump, hold the discharge tube as close as possible to the sample container without allowing the sample tubing to contact the container.  For VOCs, fill 40 milliliter (ml) purge and trap vials in a manner that minimizes turbulence, air entrapment and overfilling.  Fill the bottle completely leaving a positive meniscus at the top of the vial.  After capping, invert the vial and tap with a finger to check for air bubbles. If bubbles are present, discard the vial and fill a replacement.


6.4 Trip Blanks, Field Blanks and Replicate Samples


	Sample blanks are required to detect background or method contamination.  Replicate samples are also required to evaluate variability in analytical methods.  Collect replicate samples at wells suspected to have relatively high levels of contamination and in the same type of container as the corresponding primary samples.  Assign replicate samples identification aliases on the sample bottle label and on the chain of custody sheet to avoid alerting laboratories that the sample is a replicate.  Record the true identity of the samples in the SIF.


	Collect QA/QC samples as follows:


One trip blank (usually composed of three vials) for each cooler of VOC samples.


One field methods (equipment) blank each day by each field sampling crew.


At least one replicate set per sampling event.





	Parameters required are:


Trip blank:  VOCs or BETX


Field methods (equipment) blank:  VOCs or BETX


Replicates: all analytical parameters 





�
	Trip Blank Samples


	Trip blanks for VOCs are filled and sealed by the analytical laboratory with organic�free water. Trip blanks consist of a set of three pre�filled 40 ml purge and trap vials and accompany each cooler containing VOC samples.  The sample vials must travel with the actual sample vials to and from the field in the cooler, to the well head, etc., so the blanks are exposed to the same conditions as the actual samples. The vials are not opened until analyzed in the laboratory along with the actual VOC samples they have accompanied. 


	Field Blank Samples


	Field equipment/methods blanks are collected in the field.  Use the same type of sample containers for each blank as for the samples.  Fill all field blank samples with the same clean water used to decontaminate equipment. 


	Collect field equipment/methods blank samples using the same equipment and methods used to collect samples.  Attempt to simulate actual field sampling methods that would detect the presence of background or cross�contamination of samples from the ambient environment, preservatives or sampling equipment.  Attempt to have the blank water contact all the interfaces that the sample water will contact.  These may include the sampling mechanism, ambient air, sample container and, when applicable, tubing and filtration membranes.


	Place pumps in short mock up section of  well casing with the same tubing used in the previously sampled well (assuming there is not a permanent sampling pump installation) and fill with clean water.  When using bailers, collect the field equipment blank by pouring blank water into an unused clean bailer.


	Field Replicate Samples


	Collect field replicate samples for VOCs and BETX only.  Collect replicate samples by sequentially filling all containers as close together in time as practical.  Collect at least one field replicate sample set per sampling event.


6.5 Sampling Submerged Water Table Wells


	Most contaminants in the Tanks and Emergency Response program typically disperse vertically only through the upper portion of the aquifer.  In addition, free phase product is less dense than water and floats on the water table surface.  Detection of both free and dissolved phase products requires proper placement of monitoring well screens.  Water table monitoring well screens must intersect the water table.  However, there are sites where there are significant fluctuations in the water table, or  where low permeability soils make it difficult to properly place the well screen.  In these situations, follow the guidance below.





Do not collect analytical samples from water table wells where the screen top is submerged more than two feet below the water table, as measured from the top of the well screen, not the sand pack.  


If a water table well screen is submerged less than two feet, try to lower the water table during well purging.   If well purging lowers the water level to intersect the well screen, sample the well as before.  Samples collected in this manner are sufficient for routine monitoring, but may not be considered valid for site closure requirements.


If a water table well screen is submerged for more than three sampling quarters, a new well may be required.  





	NOTE:  These sampling requirements do not apply to monitoring wells deliberately screened below the water table to detect vertical contaminant migration.


7.0 DOCUMENTATION OF SAMPLING EVENT


	Record all data and document procedures used on a SIF.  Consultants and Responsible Parties (RPs) are free to develop their own forms as long as they are specifically designed for documentation of field activities and collection of field data.  The SIF provides a means to verify whether or not procedures were followed during a number of key steps in the ground water sampling event.  


7.1 Chain Of Custody


	Initiate a chain�of�custody in the field at the time of sampling and include a copy in the monitoring report.  


7.2 Exceptions To Sampling Procedures


	This document defines the procedures to be followed during a routine ground water sampling event.  Note all exceptions on the SIF and in the monitoring report.  Also include the following details in the monitoring report:





The reason for the exception


The identification of all samples and individual parameters that may have been impacted either in terms of the quantitative or legal integrity of their reported values


The significance of the potential impacts to the integrity of each sample


Footnote any potentially significant impact on sample integrity when reporting or referring to the results.


7.3 Field Conditions


	Record field conditions during the sampling event on the SIF.  Include a statement in the monitoring report regarding the likelihood that any unusual field conditions had a significant impact on the sampling results.  Report the following field conditions:


air temperature


wind speed


precipitation/moisture


ambient odors


airborne dust


8.0 SAMPLE PRESERVATION, HANDLING AND TRANSPORT


	Thermally preserve all samples in the field immediately after sample collection by placing the samples in an insulated cooler containing blue ice.  Regular ice may be used if blue ice is unavailable.  If so, assure that paper work and sample labels are not damaged by water.  Record the cooler temperature just before transporting samples and upon receipt at the laboratory to verify that samples were kept refrigerated at approximately four degrees C.	








�
Appendix A





ANALYTICAL PARAMETERS AND LABORATORY METHODS





This table specifies analytical parameters for ground water samples at petroleum release sites in the Tanks and Emergency Response program.  For all sample analysis, unless otherwise noted, use an U.S. Environmental Protection Agency (EPA) approved method or equivalent.





 PETROLEUM PRODUCT             �
PARAMETERS�
�
Regular Gasoline, Aviation Gasoline�
A, D, F�
�
Unleaded Gasoline�
A, D, C�
�
Unused Petroleum Products:  Fuel Oil, Motor Oil, Diesel Fuel, Kerosene, Jet Fuels, Mineral Oil/Spirits, Crude Oil, Stoddard Solvents�
A, E�
�
Used Oil:  Used Motor Oil, Other Used Oils (see Notes 1 & 2) �
A, E, G, H�
�
Unknown Petroleum or Hydrocarbons Mixture�
A, D, E, G�
�
Other Petroleum Products�
Site Specific�
�
Hydraulic Fluids�
B, E�
�






A    -	Volatile Organic Compounds (VOCs); see note 3





B	-	Benzene, Toluene, Ethylbenzene, and Xylenes (BTEX) using a purge-and-trap, gas chromatography (GC) procedure.





C	-	Methyl Tertiary Butyl Ether (MTBE)





D    -	Total petroleum hydrocarbons (TPH) using Wisconsin Department of Natural Resources Modified Gasoline Range Organics (GRO) method; see notes 4 & 6





E	-	TPH using Wisconsin DNR Modified Diesel Range Organics (DRO) method; see notes 5 & 6





F     -	Lead, Dissolved (field filtered)





G     -	Arsenic, Barium, Cadmium, Chromium, Lead, Mercury, Selenium, and Silver; see note 2





H     -      Polychlorinated Biphenyls (PCBs) using  EPA method 608





NOTES





Do not confuse used oil with waste oil.  Used oil means any oil which, as a result of use has become contaminated by physical or chemical impurities.  Examples of used oil include, but are not limited to, motor oils, quench oils, metal cutting oils and hydraulic fluids.  Waste oil means virgin oil that is discarded before use.





During investigation at used oil sites, collect samples for ALL of the parameters listed (VOC, DRO, metals, PCBs), but direct your laboratory to analyze only the VOC and DRO samples initially.  If any of these compounds are detected, proceed with analysis of the metals and PCB samples.  Metals analysis for water samples should be a total analysis.  Subsequent analysis for the dissolved component may be required.





�






VOC analysis is required for the first round of ground water samples.  Laboratory method should be based on a purge-and-trap, GC procedure and analyzed for parameters listed in Minnesota Department of Health (MDH) method 465E.  If suspected co-eluting or non-petroleum compounds are detected, you will be required to collect a sample for analysis by gas chromatography/mass spectrometry (GC/MS) method in the next sampling event.  In subsequent sampling rounds, analyze for BETX. 





This is a purge-and-trap, GC procedure that includes a ten component blend of gasoline compounds for a quantification standard.  The method detection limit shall be no more than 0.1 ppm for water.





This is a solvent extraction, direct injection, GC procedure that includes a ten component blend of typical diesel oil components for a quantification standard.  Collect water samples in one (1) liter amber bottles.  The samples must be cooled to four degrees Celsius and must be received by the laboratory within four days of collection.  The method detection limit shall be no more than 0.5 ppm for water.





Separate samples are required for TPH gas and TPH fuel oil analyses.








�
Appendix B





Analytical Laboratory Quality Assurance/Quality Control





If the analytical laboratory conducting soil and/or ground water analysis does not have a quality assurance/quality control  plan on file with the MPCA, provide to the Commissioner the information indicated in this section prior to analysis.





1.	Laboratory sample storage and handling procedures.





2.	Turnaround times from receipt of samples to analysis of samples to reporting of data.





3.	Maximum holding times of samples according to approved methodologies.





4.	Laboratory Environmental Protection Agency or Standard Analytical Method, including accuracy of data in terms of precision, completeness and comparability:





	a.	Identify specific method for each parameter.


	b.	If other methods are proposed, provide justification.





5.	Preparation of reagents and de-ionized water.





6.	Complete itemization of laboratory equipment:





	a.	Specific name and model.


	b.	Maintenance schedules.


	c.	Calibration procedures in terms of accuracy, precision and references, and the frequency of calibration of equipment.





7.	Detection limits achievable according to methods and equipment used.





8.	Use of quality control samples (e.g., blanks, replicates, duplicates, spikes):





	a.	Number and frequency.


	b.	Inter-laboratory quality control (i.e., round robins, etc.).


	c.	Audits.





9.	Preventative maintenance.





10.	Corrective action.





11.	Personnel:





	a.	Credentials.


	b.	Sample custodian(s).





12.	Building or cooler security.





�
13.	Routine assessment of data precision, representativeness, comparability, accuracy, and completeness of specific measurement of parameters involved:





	a.	Methodology.


	b.	Personnel responsible.





14.	Reporting Requirements:





	a.	Submittal date.


	b.	Results of required analysis.


	c.	Results of field quality control samples.


	d.	Assessment of data.


	e.	Other information required by order, permit, etc.
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