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Low-Flow Purging and Sampling

A. Method Summary and Application

The purpose of Low-Flow Purging and Sampling (LFPS) is to collect groundwater samples from
monitor wells that are representative of ambient groundwater conditions in the aquifer.  This is
accomplished by setting the intake velocity of the sampling pump to a flow rate that limits drawdown
inside the well.  LFPS has three primary benefits.  First, it minimizes disturbance of sediment in the
bottom of the well, thereby producing a sample with low turbidity.   Second, LFPS minimizes aeration
of the groundwater during sample collection.  Third, the amount of groundwater purged from a well is
usually reduced as compared to conventional groundwater purging and sampling methods.

Because the method allows collection of groundwater samples with low turbidity, it was  originally
used for collecting samples for inorganics analysis.  The method typically allows the collection of
samples for total metals analysis and eliminates the need to filter the samples for dissolved metals
analysis.  In addition, since the method minimizes aeration of the samples, it can be used to collect
samples for analysis of volatile and semi-volatile organic compounds (VOCs and SVOCs), provided
that appropriate pumps are used in sample collection, as discussed below.

Advantages of LFPS are:

- Groundwater samples tend to be more representative of actual aquifer conditions with respect to
mobile contaminants and turbidity

- It causes minimal disturbance of the formation adjacent to the screened interval
- It is generally less prone to sampling variability compared to other groundwater sampling

techniques (e.g., bailers)
- Smaller purge volumes and associated disposal expense
- Increased sample consistency from dedicated systems  and reproducibility of data due to reduced

operator variability

Disadvantages of LFPS are:

- Misconceptions regarding reduced purging and sampling time
- Sampling from non-dedicated systems requires greater set-up time
- Sampling from dedicated systems requires higher initial capital expenses
- Increased technical complexity
- Increased training needs for sampling personnel
- Attractiveness of advantages may lead to improper and inconsistent application
- Typically not a “first round” sampling option
-     Not recommended for wells with long screen intervals unless multiple samples are collected

1. Introduction

The following procedures are specific to LFPS of monitor wells in New Jersey.  These procedures
were developed in consideration of the USEPA-Region I guidance document dated July 30, 1996
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(http://www.epa.gov/region01/measure/well/lowflow8.pdf) and the USEPA-Region II guidance
document dated March 16, 1998 (http://www.epa.gov/Region2/desa/hsw/lowflow.txt).   In addition,
the U.S. Geological Survey's (USGS) Techniques of Water-Resources Investigations, Book 9,
National Field Manual for the Collection of Water-Quality Data was consulted
(http://water.usgs.gov/owq/FieldManual/).  The reader is encouraged to review these guidance
documents prior to performing LFPS.  The procedures provided in the USEPA and USGS guidance
must be followed except where they differ from the information provided below.

2. Low Flow Policy

In the event that a responsible party is conducting a Remedial Investigation without Departmental
oversight, submittal of a sampling plan is not required.  However, it is highly recommended that the
responsible party seek approval for any deviations from this guidance prior to conducting LFPS. In the
event that a responsible party decides to use LFPS without submitting a sampling plan and receiving
approval, it must be recognized that any deviations from this guidance may result in rejection of the
data.  In addition, when submitting the results of the LFPS event, the responsible party must include
specific details of the LFPS techniques  used which demonstrate that they were consistent with  the
guidance specified below.  The responsible party shall also provide adequate rationale justifying any
deviations from this guidance whether or not  they were previously approved by the Department.

It is also Departmental policy that LFPS is not an acceptable  method for  any wells with  screened or
open borehole intervals greater than 5 feet in length unless: 1) multiple locations at five-foot intervals
along the screen/borehole are sampled, or  2) the data quality objectives (DQOs) warrant sampling a
specific zone (e.g., the shallow water table to investigate the potential for vapor intrusion inside a
building) or specific zones where sufficient geophysical (e.g., heat-pulse flowmeter, caliper and
temperature logs, etc.) and hydrogeological information (e.g., tracer tests) or other evidence (e.g.,
stained soils or fractures noted on boring logs) that clearly identifies the depth(s) at which
contaminants are entering the well screen or open borehole.

Once the collection of multiple samples (vertical profiling) in a well has been completed,  long-term
sampling of the well may require LFPS at fewer depth intervals, or even just one depth interval,
depending on the data quality objectives of the sampling and the types of contamination present in the
groundwater (e.g., LNAPL, DNAPL, etc).

3. Laboratory Certification (N.J.A.C. 7:18)

N N.J.A.C. 7:18 requires that any environmental laboratory* submitting analytical data to the
Department, regardless of quality level, must be certified by the Office of Quality Assurance.   This
applies to those firms using LFPS instruments associated with the “analyze immediately” category of
water quality indicator parameters (WQIPs) including pH, temperature, and dissolved oxygen.
Regardless of whether or not the equipment in question is rented or privately owned the requirement
for certification can not be ignored.  All certification documentation must accompany the instrument
into the field and accompany all WQIP data submitted to the Department.  (*Environmental laboratory
is defined as any laboratory, facility, consulting firm, government or private agency, business entity or
other person that the Department has authorized, pursuant to N.J.A.C. 7:18, to perform analysis in

http://www.epa.gov/region01/measure/well/lowflow8.pdf
http://www.epa.gov/Region2/desa/hsw/lowflow.txt
http://water.usgs.gov/owq/FieldManual/
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accordance with the procedures of a given analytical method using a particular technique as set forth
in a certain methods reference document and to report the results from the analysis of environmental
samples in compliance with a Departmental regulatory program).

B. Specific  LFPS Considerations

1. Pump Intake Location

When LFPS is performed correctly, the data being collected  should be a snapshot of a narrow zone
along a length of well screen or fracture in an open borehole.  For these reasons, it is important to
place the pump intake in the zone of highest contaminant concentration or contaminant flux along the
screened/open-hole interval.  This is particularly important in wells constructed with more than 5 feet
of well screen.

Information to be considered when selecting the pump intake depth should include: 1) evidence of
soil/sediment contamination from boring logs; 2) soil/sediment sampling analytical results; 3) vertical
profiles of groundwater and soil contamination developed from direct-push  sampling and field-
screening techniques; and; 4) lithology/stratigraphy, particularly the permeability of the aquifer
materials.

Typically, the most permeable zones are selected for the pump intake location since the majority of
contaminant mass will be transported through them, particularly as the plume migrates downgradient
of the source area.  Identification of these zones may be made from borehole geophysical data, (e.g.,
resistivity, fluid conductance, or natural gamma logging, etc.) and hydraulic conductivity  data or
grain-size analyses.  The use of a series of passive-diffusion-bag samplers in a well may also help to
identify the zone of highest VOC contamination. The physical/chemical behavior of the contaminants
of concern should  be considered when determining the pump intake depth .  For example, gasoline-
related contaminants may be present near the water table while chlorinated VOCs may be present
deeper in the aquifer.  If a well is contaminated by both types of contaminants, both may need to be
sampled, each from a discrete sampling interval.

As discussed above, LFPS is not an option in wells with screened intervals that exceed 5 feet in
length, unless multiple sample locations at five-foot intervals along the screen/borehole are
investigated.  Monitor wells screened across zones of significant geologic heterogeneity or open
boreholes in fractured rock may be subject to significant vertical flow.  Under those conditions, use of
packers to isolate specific zones should be considered.

2. Water Quality Indicator Parameters (WQIPs)

For  groundwater investigations in New Jersey utilizing LFPS, the following parameters must be
measured in order to determine when well stability has been  achieved prior to sampling.  Their
respective measurements must fall within the stated range for three consecutive readings.   If the
anticipated “third” reading of any individual parameter does not fall within the stated range, then the
process to achieve three consecutive readings for that parameter must be restarted.   If, after four
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hours, stability has not been  achieved for the parameters listed below, follow the recommendations
above.

Water Level Drawdown ---------------------------- < 0.3 ft*
pH   -----------------------------------------------------  ± 0.1 unit
Specific Conductance   ------------------------------  ± 3%
Temperature   -----------------------------------------  ± 3%
Dissolved Oxygen   ----------------------------------  ± 10%
Turbidity   ---------------------------------------------  ± 10% for values greater than 1
                                                                                 NTU
ORP/Eh    ---------------------------------------------- ± 10 millivolts

* During pump start-up, drawdown may exceed the 0.3-ft target and then recover as flow-rate
adjustments are made.  In wells with short screens (i.e., 5 to 10 ft long) or when sampling for
gasoline constituents at the water table, it is much more important to limit the drawdown to less
than 0.3 ft, for example, than a well with 15 ft of screen being sampled for metals only with the
pump intake set in a permeable zone 5 ft or more below the water table.  When sampling
groundwater for VOCs and SVOCs, aerating the water by allowing it to cascade down the inside
of the well should be avoided.  Therefore, drawdown should not expose the screen more than 0.3 ft
below the static water level in the well.

Measurements should be  taken once every 5 to 6 minutes.   This interval is based upon the time it
takes for purge water to replace one flow-through-cell volume (generally 250 ml) and the time it takes
to measure and record the data.  If the purge rate decreases or if the flow cell volume is increased, the
time required for purge water replacement will increase. Forms at the end of this document  should be
used to  record drawdown and the WQIPs.

WQIP measurements must be collected in a manner that will insure integrity of the data being
collected.   To insure consistency of the data, consideration of the following must be made: 1) tubing
diameter, length, and material of construction; 2) flow-through cell design, capacity, decontamination,
and “purge-train” set-up; 3) pump selection and plumbing fittings; 4) calibration of flow-through cell
probes; 5) purge rate; and, 6) water-level-measurement technique.

3. Purge Volume vs. Stabilization Time

In some cases, it may take considerable time to achieve stabilization of the WQIPs.  In other cases,
they may never stabilize. However, as provided in USEPA guidance, the following options are
available if stability has not been  achieved  after FOUR hours of purging: 1) continue purging until
stabilization occurs, no matter how long it takes; 2) discontinue purging, do not collect a sample and
document the attempts to reach stabilization; or 3) discontinue purging, collect a sample and document
the attempts to reach stabilization. In situations where WQIPs do not stabilize, the sampler must
document that LFPS could not be performed and document in the report how the samples were
collected.
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While every effort should be taken to assure that all of the WQIPs stabilize prior to sample collection,
one should keep in mind that the stabilization of some WQIPs may be more difficult to achieve than
others.  Also, achieving stabilization of some WQIPs may be more important with respect to some
contaminant types (e.g., metals versus VOCs, etc.) than others. For example, total metals
concentrations tend to increase with increasing turbidity of a water sample due to sorption of metals
on solids in the water.   Similarly, VOC concentrations may be affected by dissolved oxygen (DO)
concentrations (i.e., whether the groundwater is aerobic or anaerobic).  In addition to providing
information on the effectiveness of LFPS,  collection of accurate DO data also aids in the evaluation
of monitored natural attenuation (MNA) of VOC plumes.  Similarly, temperature data can provide
useful information regarding the sampling method.  For example, temperature increases resulting from
dissipation of heat generated by the submersible pump or from exposure of the tubing to excessive
heat at the ground surface can have a significant impact on VOC concentrations in water samples.

If, for whatever reason, a WQIP is not accurately measured during the monitoring process or a certain
WQIP does not stabilize, and that particular WQIP is not significant with respect to the type of
contaminant of concern, sample collection may still proceed.  For example, if DO data do not stabilize
but all of the other WQIPs including drawdown and turbidity stabilize and samples will be collected
for metals only, then the samples may be collected.  However, any WQIPs that are affected by field
conditions or instrument malfunction, must be discussed in the text of the report in order to alert the
end-user of potential data bias.  If questions arise regarding when stabilization  occurs, the sampler
should contact the Department’s assigned case manager for the site, if any, either prior to (preferably)
or when performing LFPS.

4. Tubing

The inside diameter (ID) of tubing should be no greater than three-eighths of an inch ( 3/8-in).
Quarter-inch (1/4-in) tubing is preferred. Larger tubing diameters reduce flow velocity resulting in a
corresponding increase of pump speeds to maintain flow.  Increased pump speed will, in turn, elevate
the potential for turbulent flow across the screened interval and this may affect the  quality of the
water being sampled.  Conversely, any reduction in flow velocity may allow air to become trapped in
the tubing, which may ultimately affect air-sensitive parameters or allow particulates to settle, which
may affect turbidity values.

The length of tubing, from the top of the well casing to the flow-through chamber, should be the
shortest length manageable.  Attention to this detail will help ensure that: 1) exposure to ambient
temperature, direct sunlight, and bubble formation are kept to a minimum, and 2) deposited solids or
air bubbles will less likely be trapped in tubing bends and re-mobilized after accidental movement.
Occurrence of any one or combination of these factors can cause variations in WQIP measurements,
which could increase stabilization time.  Therefore, tubing must be completely full of water at all
times.

If the sampling plan calls for multiple sample locations within the well screen, sampling should
proceed from the top location to the bottom location.  This will require that additional tubing be coiled
at the surface to allow for pump relocation to the next deeper sampling location.  In these instances,
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the coiled tubing must be protected from ambient conditions  and the ground surface, in order to avoid
impact to the WQIPs and sample data.

The tubing’s material of construction must be either Teflon® or Teflon®-lined polyethylene up to the
flow-through cell.   This is consistent with collection of any groundwater sample.   Tubing
downstream of the flow cell may be constructed of a lower-quality, more flexible material.  However,
when sampling for metals analysis only, the tubing may be constructed of flexible polypropylene or
polyethylene.

Tubing “reuse” is not recommended when sampling well-to-well since decontamination of tubing is
difficult and time consuming.  If tubing is to be reused, it must undergo a rigorous decontamination
procedure, which must include a hot water wash/hot air drying process.  In addition to the hot water
wash/hot air drying, separate decontamination solutions of acetone and nitric acid may have to be
pumped through the tubing for 15 minutes, followed by copious amounts of distilled, deionized water
rinses.   The cost of labor associated with decontamination, including the special handling of cleaning
solvents and acid, often exceeds the cost of simply discarding the old tubing and using new tubing for
each well.   If a decision is made to reuse tubing, then one of the following requirements  in the USGS
"Water-Quality National Field Manual" must be considered: 1) Collect additional field blanks if VOC
concentrations in the last sample collected through the tubing  are greater than 500 µg/L, or 2) The
tubing should be replaced, rather than cleaned, if VOC concentrations in the last sample exceed 700
µg/L.

5. Flow-Through Cell

Typical flow-through cell design is not complicated and almost all on the market today have common
shared features.  Cells should be transparent in order to “see” the physical condition of the purge water
or air bubbles passing through the system.   Highly turbid or iron bacteria-laden water can be visually
monitored for change as the purge progresses.   The cell must be sealed against unwanted exposure to
the atmosphere, thus insuring accurate measurement of air-sensitive parameters (dissolved oxygen,
pH, etc.).   The total capacity of the cell must be small (<300 ml) in order to maintain a desirable
turnover rate of water coming into the cell to ensure real-time data integrity.  The in-line design must
allow for purge water to enter the flow cell from a bottom port and exit at the top.   The discharge may
be fitted with a check valve.

Upon initial pump startup, it is good practice to not connect the pump discharge line to the flow-
through cell.  This will allow the sampler time to monitor drawdown, stabilize the flow rate and
prevent fowling of probes by bacteria, sediment, or NAPL.  Once drawdown measurements indicate
that the flow rate has been controlled and a few minutes (<10) have been allowed to clear any
unwanted material, the pump discharge line can then be connected to the flow cell.

Flow cell decontamination is important, not only to reduce the potential for cross contamination, but
also to ensure data integrity and consistent instrument performance.   The cell and probes should be
rinsed with distilled/deionized water between each monitor well as accumulation of suspended
material may impact probe performance.  If they are exposed to contaminants, use a mild detergent or
laboratory glassware cleaning solution.  Flow cell exposure to high levels of contamination may
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damage probes and require  their repair by the manufacturer.  Since LFPS is NOT normally a first-
round sampling option, knowledge of contaminant levels will generally be known prior to the cell’s
exposure to purge water.

The location of the flow cell or cells in relation to the sample port is critical.  Samples for turbidity
measurement, general chemistry and laboratory analysis must be collected ahead of the flow cell.
When two cells are used in series, the dissolved oxygen probe must be located in the first cell.

Set up the flow-through cell in a location which will cause minimal fluctuation of the flow rate due to
elevation changes in the sample tubing as the tubing is disconnected from the cell prior to sample
collection.  It is also important to locate the flow-through cell as close as possible to the well head in
order to minimize the length of tubing needed between the well head and flow-through cell.  The flow-
through cell must be protected from ambient conditions and the ground surface.

6. Pump Selection

Pumps used for monitoring  WQIPs must be submersible, positive-displacement pumps.  Examples of
acceptable positive-displacement pumps include bladder, variable-speed submersible-centrifugal,
reciprocating-piston, progressive-cavity, and gear pumps.  The pump discharge must be fitted
appropriately to receive either  ¼- or   3/8-inch  inside-diameter (ID) Teflon® or Teflon®-lined
polyethylene tubing.

Peristaltic pumps are suction-lift pumps which can create a negative pressure gradient.  Therefore,
their use is not appropriate when collecting groundwater samples for analysis of organic compounds.
However, peristaltic pumps may be used for the collection of groundwater samples for analysis of
inorganic compounds.  It should be kept in mind, however, that sampling with peristaltic pumps may
affect the stabilization of some  WQIPs including dissolved oxygen, pH and redox potential.  Since
these WQIPs can be affected by the peristaltic pump, this pump should not be used when these data
are to be used to evaluate the effectiveness of Monitored Natural Attenuation of groundwater.

Two basic collection scenarios have a bearing on pump selection.  These include: 1) a permanently
installed pump system, or 2) a portable (well-to-well) pump installation.   Bladder pumps can be used
for either scenario, however, only those with disposable bladders and easily cleaned parts are suitable
when sampling on a well-to-well basis.   Variable-speed submersible-centrifugal pumps, gear or
progressive-cavity pumps can be used for either scenario as long as they are constructed of easy to
clean stainless steel/Teflon® parts.  Pumps constructed with impellers, helicoils, or gears, which are
difficult to clean or are constructed of unacceptable plastic parts, are not suitable for sampling.  In
addition, when conducting LFPS on a portable basis, the power or gas supply line should be isolated
from the sample tubing.  Power supply and sample tubing lines that form a single unit do not allow for
easy decontamination and are not recommended.

7. Plumbing Fittings

A check valve  should be incorporated into the tubing train or flow cell discharge to eliminate
accidental drainage and subsequent aeration of the flow cell.   More importantly, a check valve will
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prevent a back-surge of purged water being reintroduced at the screen interval of the well should the
power source or pump experience mechanical failure.  A back-surge of purge water into the screened
interval of the well may result in variability of the  WQIPs and create analytical bias.  In order to avoid
the need to decontaminate the check valve, it  may be placed on the  discharge side of the flow cell or
installed immediately above the pump discharge.   Some flow-through cells have check valves built
into the unit.  By design, bladder pumps also have a check valve built into their construction.

A ¼- or   3/8-inch ID barbed “T” or "Y" fitting, placed ahead of the flow cell, may be used to establish
the line which will receive a needle valve for turbidity, general chemistry and analytical sample
collection.  The “T” or “Y” fitting used should be constructed of Teflon® or stainless steel and
decontaminated between each use, if used for analytical samples.  The fitting may be constructed of
polyethylene and decontaminated between each use if it is only used to sample for turbidity and
general chemistry parameters.  If analytical samples are collected through the “T” or “Y” fitting and
needle valve, then those parts must be incorporated into the field blank collection technique.

When collecting a sample at the port ahead of the flow cell, a flow control valve (stainless-steel needle
valve [preferred] or stainless steel/Teflon ball valve [optional]) must be used to prevent backpressure
and air bubbles from forming in the tubing (see http://water.usgs.gov/owq/FieldManual/chap4_rpt.pdf,
page 84).  The "needle valve" offers versatility as it can be used for collection of turbidity, general
chemistry and analytical samples.  It can be used with Teflon® tubing and can be used to control
sample flow rate because the design significantly reduces any backpressure gradient.  Like all other
sampling equipment, the "needle valve" must be decontaminated before use at any well.

8. Calibration of Probes

There are no exceptions to these rules.  Probe calibration is critical to the accurate and precise
measurement of WQIPs.

For warranty purposes, all manufacturers’ instructions for proper care and calibration must be
followed.   Solutions for probe calibration must be held to the temperature of the liquid (groundwater)
being measured as temperature correlation is critical in calculating conductivity, dissolved oxygen and
pH.  Tables and equations to compensate for the difference between ambient groundwater and
calibration solution temperature are sometimes provided in the operating manuals or with the
calibration solutions.  Some instruments are designed with internal features to compensate for this
difference in temperature.  The respective difference between calibration of conductivity and specific
conductivity requires compensation for groundwater temperature at the time of calibration vs. solution
temperature adjusted to 25°C at the time of calibration.  For dissolved oxygen, the flow cell itself must

CALIBRATION OF THE PROBES USED TO MONITOR WATER
QUALITY INDICATOR PARAMETERS MUST TAKE PLACE IN THE
FIELD PRIOR TO THE DAY'S EVENTS.  THE OFFICE OF QUALITY
ASSURANCE MUST CERTIFY THE PROBES USED FOR pH,
DISSOLVED OXYGEN AND TEMPERATURE MEASUREMENT.

http://water.usgs.gov/owq/FieldManual/chap4_rpt.pdf
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be maintained at the temperature of groundwater during calibration.  All efforts made to account for
proper temperature control of solutions during calibration must be reported to the end user.  All steps
must be recorded in the field notes.  No sampling shall commence until all instruments are calibrated
and operating properly.  See  the "Tips" section below for further discussion on Temperature of
Calibration Solutions.

9. Water Level Measurements

The depth to the top of the water column must be recorded prior to pump installation and/or prior to
purging.   If the total depth of the well needs to be determined (e.g., to verify the correct well
designation and/or to determine if silt has accumulated in the bottom of a well), it should be measured
at least 48 hours prior to sample collection or after the sample has been collected and the pump
removed.  Total depth measurements must never be taken immediately before purging as this may
cause the re-suspension of solids in the well and prolong the purge time.

Once the initial water-level measurement has been recorded and the pump installed, suspend the
water-level probe in the well at the point at which drawdown is equivalent to a 0.3-foot drop.  Record
water levels simultaneously with  WQIP measurements once every five minutes.

Water-level-measurement devices, which may impart some disturbance to the water column (i.e.,
stainless steel “popper” or coated tape), are not acceptable.

10. Pump Installation

LFPS pump installation can be divided into two general collection scenarios: permanent and portable
(well-to-well).   Permanent pump installation is the most desirable.  Among other advantages are
improved consistency in data acquisition and reduced long-term labor, preparation and material costs.
However, permanent installation is more typically associated with long-term monitoring due to the
high initial capital investment required.

The more common practice is to use a pump on a portable or well-to-well basis.   While initial capital
investment is comparatively less than that of a permanent installation, this practice requires close
attention to quality control aspects of pump selection, preparation and decontamination.

Once pumps have been properly decontaminated and fitted with appropriate tubing, installation of the
pump can begin.  Ideally, pumps should be installed 24 to 48 hours prior to initiation of purging.
However, this is not always practical, especially when site security can not be guaranteed.  In addition,
wells constructed with flush-mount casing are difficult to protect from storm water or infiltration of
other contaminants during the extended period monitor wells are open.

Pumps must be installed in such a manner as to insure any disturbance in the well is kept to an
absolute minimum.  Once pumps reach the top of the water column, their descent should proceed very
slowly through the water column.  The actual level where the pump intake is to be suspended must be
predetermined.  Under no circumstance should the pump make contact with, or be “bounced” off, the
bottom of the well.
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One helpful method to insure proper intake location is to accurately measure and pre-cut the tubing for
each individual well prior to site activity.  A mark can be made on the tubing, which coincides with
the top of the well.  Cutting the tubing off-site in a controlled setting is most desirable.  Tubing can be
wiped down with paper towels, moistened with distilled/ deionized water, labeled and then sealed into
plastic bags until needed.   If this practice is used, be sure to allow enough tubing to account for the
distance from the top of the well casing to the flow cell.

11. Purge Rates

Control over the purge rate is one of the most critical aspects of this technique.   Once the pump is set
within the screened interval at the desired location, a clean electronic water-level-monitoring device is
lowered approximately 0.3 ft into the water column.   Start the pump at a speed that results in a flow
rate in the range of   100 to 500 ml/min.   Pump the initial purge water to waste in order to prevent any
fouling of the flow-through cell.  With the pump running, connect the  tubing to the cell.  Make sure
that all air is purged from the tubing and flow cell as the system fills with purge water. For LFPS, the
pump speed must remain constant such that flow rates never exceed  500 ml/min and, once stabilized,
the flow rate must not be varied, even during sample collection.  If drawdown continues to exceed 0.3
ft., reduce the pump speed until the drawdown has stabilized but do not adjust pump speed to a flow
rate below 100 ml/min.  Flow rates below this level may induce pump stalling and undo the effort to
reach stabilization.  If drawdown does not come under control at 100 ml/min, then a field decision
should be rendered as to how far to allow drawdown to continue until sample collection.  At no time
should evacuation allow any portion of the well screen to be exposed (for wells screened below the
water table) or bring the well to dryness.

Adjustments to pump speed are best made during the first 15 minutes.  Once a “feel” for the purge rate
is obtained, begin recording well stabilization indicators.  Any significant change to purge rates after
this time may negatively impact well stabilization measurements.

Purge rates are best monitored by measuring the flow from the discharge side of the flow cell with a
graduated cylinder.   Record all  of the required WQIPs once every 5 minutes.  Once stability has been
attained and recorded, begin sample collection

12. Sampling

Once WQIPs have stabilized, or a 4-hour time decision has been rendered, sampling can proceed.  Do
not adjust the flow rate; maintain the same pumping rate during sampling that was used to purge the
well.  Collect the sample directly from the needle valve at the sample port.  The needle valve allows
for sample collection with significantly reduced backpressure and turbulence and offers the best
means for sample collection without affecting water quality. It also allows for monitoring using the
flow-through cell during sample collection, thereby allowing a final WQIP measurement to be
recorded immediately after sample collection.  This is the preferred method, especially if volatile
organic compounds are the parameters of concern.  Any exceptions to this technique must first be
approved in writing from the NJDEP on a case-by-case basis before commencing sampling
operations.
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If higher than expected water temperatures are being observed, evaluate whether the submersible
pump is overheating. If the pump motor is not suspected, check the system for any exposure to direct
sunlight, especially during warmer periods of the year.

13. Pump Decontamination

The pump forms one of the two key elements of sampling equipment (tubing is the other).  The
importance of proper pump decontamination is especially true when pumps are rented and utilized on
a well-to-well basis.  Never assume that rented pumps have been thoroughly cleaned.  Pumps
constructed with plastic parts, or sealed inner workings that are inaccessible to direct handling
are not an option for LFPS well-to-well consideration because of their limited ability to be
decontaminated thoroughly.

Most bladder pumps can not be easily decontaminated in the field due to their unique construction.
For that reason, bladder pumps are not employed on a well-to-well basis unless they are constructed
with easy to clean parts and disposable bladders.  Bladder pumps are best suited for dedicated
(permanently installed) scenarios. Another popular pump, the variable-speed, 2-inch diameter
submersible, is more adaptable for well-to-well sampling; however, close attention to decontamination
is warranted.   One manufacturer, Grundfos®, clearly states in the operational handbook that the pump
must be completely disassembled, including removal of the motor shaft from the stator housing, and
all components within the impeller housing.   Care must be taken upon reassembly to insure that the
cavity housing the motor shaft is completely refilled with distilled/deionized water.  Care must also be
taken with this pump during periods of cold weather to avoid freezing of the coolant water.   Proper
decontamination not only helps to ensure more reliable data; it also prolongs the life of any pump.

14. Field Blank Collection

When employing LFPS techniques, collection of the field blank must follow the same general rules
for all groundwater sampling equipment.  This includes the requirement that “all” sampling
equipment, which comes in contact with the sample, must also come into contact with the field blank
water.   To overcome some of the difficulties that manual field blank collection through the inside of a
pumping system creates, the following procedure is strongly recommended.   Fill a 1000-ml
decontaminated, graduated glass cylinder with method blank water supplied by the laboratory
performing the analysis.  Place a properly decontaminated pump into the graduated cylinder with
sample tubing and plumbing fittings attached.   Activate the pump and collect the required field blank
samples.  As the water is removed from the cylinder, replace it with additional method blank water.
This procedure will require that the laboratory supply larger volumes of field blank water  i.e., bulk
water in liter or 4-liter containers.  The traditional requirement that field blank water be supplied in the
same identical containers as the sample being collected can not be practically satisfied when using
LFSP.  The identical bottle-to-bottle field blank requirement is waived for this sampling technique
procedure only.
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15. Tips

a). Temperature Measurement and Submersible Pumps

Variable-speed submersible pumps such as the Grundfos Redi Flo 2 pump use water to cool the
motor during operation.  Sometimes, reduced flow rates may result in insufficient cooling of the motor
and may elevate the temperature of the  water to a point where it may begin to  affect sample integrity.
If the pump is used in low-yielding, two (2)-  or four (4)- inch-diameter wells, temperature increases
that do not stabilize may result.  If this is observed, a field decision must be made to either discontinue
or continue with LFPS.  If all other WQIPs have stabilized, then collecting the sample and qualifying
the water-quality data accordingly  may be acceptable.  If the temperature increase continues and
eventually exceeds 40% of the initial recorded temperature (Celsius) and other WQIPs have not
stabilized, sampling should be discontinued.  Turning the pump off and on to control overheating is
not acceptable. Always keep in mind that elevated temperature has a direct relationship with dissolved
oxygen, specific conductance and, to a lesser degree, pH measurement.  Higher temperatures may also
reduce the concentrations of volatile organic compounds in groundwater samples due to their
relatively high Henry’s Law constants.  If  sampling with submersible pumps continues to result in
elevated water temperature, other sampling alternatives should be discussed with the appropriate
regulatory program.

When using some submersible pumps in large-diameter wells (six inch and greater), overheating of
the motor, followed by mechanical shutdown and possible motor damage, may occur.  This is the
result of water being drawn to the pump intake in a more horizontal flow pattern which diminishes the
design feature that normally moves cool water vertically across the motor (stator) housing.  The use of
specially designed shrouds may overcome this condition.

b). Control of Pump Speed

In order to achieve the high turning speeds, low-speed startup torque is generally lacking in some
submersible pumps including the Grundfos Redi Flo 2 pump.   When attempting to control initial
drawdown and/or sample flow rates, it is possible for the pump to cease pumping.  Then, if a check
valve has been installed, the pump may not have enough torque to overcome the head pressure when
attempting to restart it.   Sometimes, turning the pump to the highest speeds will overcome this
situation or sometimes the pump may have to be pulled from the well and reinstalled.   Neither of
these corrective measures is conducive to LFPS.  To avoid this scenario, make sure the control box
comes equipped with a "ten turn pot" frequency adjustment knob. This will allow significantly greater
control over pump speeds and the risk of losing pump flow will be reduced.

c). pH

Monitoring for stabilization of pH in groundwater is relatively straightforward and rarely requires
serious troubleshooting.  When calibrating for pH, do a two-point calibration, at a minimum.   The
calibration range should bracket the anticipated pH.  If the pH is unknown, then a three-point
calibration must be made.  The temperature of the buffer solutions should be as close to the
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temperature of the groundwater as possible.  If the probe does not calibrate properly, check to make
sure that the probe's electrical contact points are dry.  As with preventative maintenance of any probe,
make sure that the pH probe is rinsed with distilled/deionized water between use and cleaned
periodically per the manufacturer's specifications.  Overnight storage generally requires placement of
the probe into a 2-molar (M) solution of potassium chloride.   This solution may cause an unwanted
build up of salt, therefore, frequent rinsing is necessary.

d). Temperature of Calibration Solutions

Correct field measurement of dissolved oxygen, conductivity and pH requires tight control over
calibration solution temperature.  Proper calibration calls for solution temperatures of these parameters
to be the same as the groundwater being measured.  This may be difficult to achieve when field
sampling well-to-well as groundwater temperature can vary between wells based on depth, local
setting (asphalt vs. open field) and other atmospheric and hydrogeological factors.  In addition, it is
logistically difficult to bring solutions to groundwater temperature at the point of pump intake without
first installing the pump, collecting purge water and allowing sufficient time to bring calibration
solutions to appropriate temperatures.

For the purposes of LFPS in New Jersey, calibration solution temperatures and the flow-through cell
itself must be maintained at approximately 54° F (12° C ± 2° C) during calibration.  When ambient
conditions warrant, this will require the suspension of the solutions and flow-through cell in a
container/bucket of water at the aforementioned temperature.  When calibrating for dissolved oxygen,
always make sure the cell is vented to the atmosphere by attaching short pieces of tubing to the inlet
and outlet fittings while the cell is submerged.

During the purge phase, record the difference between the stabilized temperature and the temperature
of the calibration solutions.   This information must be presented to the end user.  If the sampling
event is extended for two or more days, appropriate adjustments can then be made to more accurately
reflect the groundwater temperature during calibration.

16. Low Flow Purging and Sampling for Low Yielding Wells

The principal focus of water supply well installation is well yield.  In contrast, the principal focus of
monitor well installation is water quality; well yield is of secondary importance.  In an attempt to
locate and delineate groundwater contamination, monitor wells are frequently installed in low-yielding
water-bearing zones.

Low-yield wells present challenges with respect to representative groundwater sample collection.  The
removal of water by bailers draws down the water level in the well by slug- type increments.
Peristaltic pumps draw water out of the well by vacuum (negative pressure) which may result in
degassing and VOC loss.  The operation of variable-speed, submersible pumps at low flow rates may
result in heating of the sample as it flows around and through the pump, which may also lead to
degassing and VOC loss.
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Wells that yield less than 0.1 l/min (100ml/min) frequently incur significant drawdown during well
purging.  If drawdown occurs across the screened interval or open borehole of a well, VOC loss may
result.  The increased stress on a well caused by significant drawdown may also result in an increase in
water turbidity. In an effort to facilitate the collection of a representative groundwater sample from
low-yielding wells, NJDEP will allow special sampling procedures to be used.  This may include
sample collection without regard to monitoring WQIPs associated with well stabilization.

At a minimum, water-quality data, well-construction data, water-level data, and accurate well-yield
data for each low-yielding well will need to be submitted to the Department prior to the  development
of an acceptable sampling procedure.  Since sample collection may begin almost as soon as purging is
initiated, it is imperative that the exact interval where the sample will be collected along the screen be
predetermined.  Aside from the considerations for monitoring drawdown and WQIPs, all other LFPS
considerations discussed above apply here as well.  The owner of the well shall also propose possible
explanations for the low yield of the well(s).  Once the aforementioned information has been received,
the Department will work with the well owner to formulate an acceptable sampling plan.  The
sampling plans will be approved on a case-by-case basis and will be well-specific.  Implementation of
any special sampling procedure or use of any special sampling equipment shall not be performed
without prior NJDEP approval.
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LOW FLOW SAMPLING
DATA SHEET

SHEET _____ OF _____

SITE: CONSULTING FIRM:
DATE: FIELD PERSONNEL:
WEATHER:

MONITOR WELL #: WELL DEPTH: SCREENED/OPEN INTERVAL:
WELL PERMIT #: WELL DIAMETER: inches

PID/FID READINGS (ppm): BACKGROUND: PUMP INTAKE DEPTH: ________ ft below TOC
BENEATH OUTER CAP: DEPTH TO WATER BEFORE PUMP INSTALLATION : ________ ft below TOC
BENEATH INNER CAP:

pH
(pH units)

SPECIFIC
CONDUCTIVITY

(mS/cm)

REDOX
POTENTIAL

(mv)

DISSOLVED
OXYGEN

(mg/l)
TURBIDITY

(NTU)
TEMPERATURE

(degrees C)

TIME P
U

R
G

IN
G

S
A

M
P

LI
N

G

READING CHANGE* READING CHANGE* READING CHANGE* READING CHANGE* READING CHANGE* READING CHANGE*

PUMPING
RATE

(ml/min)

DEPTH TO
WATER

(ft below
TOC)

NA NA NA NA NA NA

COMMENTS:

*INDICATOR PARAMETERS HAVE STABLIZED WHEN 3 CONSECUTIVE READINGS ARE WITHIN: ± 0.1 for pH; ± 3% for Specific Conductivity and Temperature;
± 10 mv for Redox Potential; and ± 10% for Dissolved Oxygen and Turbidity
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NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION
FIELD INSTRUMENT AND CALIBRATION DATA

SITE:____________________________________________________________________
DATE: ____________________
FIELD PERSONNEL:____________________________________________________________
START TIME:____________STOP TIME:_________________

METER PROBE
DO ______________ ______________
PH ______________ ______________
SPEC. COND.______________ ______________
ORP _______________ ______________
TURBIDITY _______________ ______________

DISSOLVED OXYGEN TURBIDITY ORP
Standard Reading

Water Temp________ D.I. Water ______________ Standard Temp.________
Baro. Pres.   ________ ___________________            Standard Conc._________
Saturation        ________            ________            _______       Initial Reading   ________
Init. Mtr. Rd.   ________            ________            _______       Meter reset to     ________
Mtr. reset to    ________            ________            _______
O2 Satur. %     ________            ________            _______

SPECIFIC CONDUCTANCE

Initial Meter
                       Conc.         Reading Reset to       Temperature    Lot # and Exp. Date

Standard#1 _______   _________    _________   ____________   ___________________
Standard#2 _______   _________    _________   ____________   ___________________
Standard#3 _______   _________    _________   ____________   ___________________
Standard#4 _______   _________    _________   ____________   ___________________

pH CALIBRATION
                                 Initial                            Meter
 Buffer    Temp.    Reading        mV          Reset To                   Lot # and Exp. Date
   4          ______   _______    _______    __________            ________________________
   7          ______   _______    _______    __________            ________________________
 10          ______   _______    _______    __________            ________________________
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