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monitoring wells) including the completion and filing of "Well Completion
Report Forms" (see Figure 4.4-1). A copy of the DEM "Manual on Well Driller
Registration and Filing of Monitoring Well Completion Reports" can be found in
the Appendix of this Supplement.
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SECTION 4.5  WELL DEVELOPMENT (Revised)

4.5-1  Purpose

Well development is a necessary step in the completion of most groundwater
monitoring well installations.  Development of a monitoring well helps to
remove sediment and enhance the hydraulic connection between the well and the
aquifer.  Regardless of which conventional well installation method is used,
all cause some alteration or rearrangement of the fill or natural soil or rock
material in which the well screen is installed. Such alteration or
rearrangement is minimal when Small Diameter Driven Well (SDDW) techniques are
used. Since monitoring wells are installed to collect physical and chemical
data indicative of in-situ aquifer conditions, the methods of drilling and
installing wells should minimize the disturbance of aquifer materials which
adversely impact the quality of the data collected.  Wells not intended for
sampling, such as piezometers and observation wells, may not require
development.

The objective of well development is to enhance the hydraulic connection
between the well screen and the natural formation or fill by removing fine
soil materials or drill cuttings and subsequently rearranging the natural or
artificial sand filter pack around the well.  Well development may increase
the hydraulic conductivity in the vicinity of the well screen.  This should be
considered when in-situ hydraulic conductivity tests are planned.  Appropriate
mechanical rearrangement of the sand or gravel pack (i.e. development) will
allow the groundwater to move through the sand pack more easily and reduce the
amount of fines that enter the well.  Since groundwater in most New England
aquifers travels at velocities too low to retain suspended material, any
turbidity associated with monitoring wells is likely to be an artifact of the
well installation process.  Well development can reduce this turbidity and,
therefore, reduce the chance of chemical alteration of groundwater samples
caused by suspended sediments.  In addition, it can remove fluids introduced
during drilling or installation.  In this discussion, well development
involves preparation of the well for collection of hydrologic and chemical
data.  If samples are collected for chemical analysis, the well must be purged
prior to sample collection (See Section 6.0 Sampling of Monitoring Wells in
Standard References for Monitoring Wells , January 1991).

In this discussion, well development involves preparation of the well for
collection of hydrologic and chemical data.  In order to obtain hydrologic and
chemical data that is representative of the aquifer, the hydrologic conditions
in the vicinity of the well screen should be restored to their natural state
as much as possible. If samples are collected for chemical analysis, the well
must be purged prior to sample collection (See Section 6.0 Sampling of
Monitoring Wells in Standard References for Monitoring Wells , January 1991).

Use of development methods that introduce additional water into the formation
or that cause significant alteration of the natural materials in the vicinity
of the screen may be undesirable for some groundwater monitoring applications.
If additional water is introduced during development to flush the screen, this
volume of water must be removed as part of the development process and may
require storage and disposal as a hazardous waste.

The purposes of well development are:

! to reduce the amount of fine grained material entering the well
from the surrounding formation; and
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! to improve the hydraulic connection between the well and
surrounding formation

The following section on well development methodology will specifically
address the development techniques for SDDWs.  Aquifer conditions and
constraints, especially permeability and depth to water table, will dictate
the specific applicability of any of these methods.  It is expected that
variations and combinations of these methods will probably be required at some
sites.  It should be noted that all equipment placed in a monitoring well for
development, purging or sampling should be decontaminated. Decontamination
methods are presented in Section 3.3 and Section 6.5 of Standard References
for Monitoring Wells, January 1991.

4.5-2  Methodology

SDDWs can use many of the same well development techniques that conventional
monitoring wells use. However, SDDWs are usually designed and installed to
obtain samples of formation groundwater without introducing fluids during
drilling or disturbing subsurface conditions.  These sampling points usually
require minimal development.  As with conventional wells, the primary reasons
to develop a SDDW are to remove fine grained sediments and increase water
flow.  The well development methods usually employed for SDDW development
include:

! Over-pumping
! Mechanical surging
! Water jetting
! Purging

Bailing is a technique that is not recommended for well development because it
is slow and ineffective in adequately removing suspended sediment.  Bailing is
generally used for groundwater sampling and often for purging wells prior to
sampling.

4.5-2.1  Over-pumping (Revised)

Over-pumping a well involves pumping at a rate faster than the well would
normally be pumped or purged for sample collection.  This is one of the
easiest and most common methods of well development.

Over-pumping increases the hydraulic gradient near the well by drawing the
water level down.  The steepened hydraulic gradient increases the velocity of
the groundwater moving through the screen into the well.  The increased
velocity entrains fines into the well and clears the screen of this material.
Care must be taken not to introduce air into the formation around the screen
during development. 

Over-pumping is best suited to aquifers comprised of sands and gravels with
shallow water tables.  The suction line, pump or check valve is lowered into
the well and water is removed.  If the permeability of the formation is
sufficiently high, repositioning of the intake line within the screen may pull
material into the well.

Typical problems encountered using this method are the lack of pumping devices
that will fit within smaller diameter (less than 2") monitoring wells and
produce satisfactory pumping rates.  Above-ground peristaltic or centrifugal
pumps are effective when the water level is less than 25 feet from the ground
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surface.  If the groundwater contains hazardous constituents, pumping large
volumes of contaminated water may pose disposal problems.

4.5-2.1.1  Advantages and Disadvantages

(a) Advantages

! Useful in wells with shallow water-levels (less than 25 feet
deep) where a suction line can be used.

! Relatively simple procedure.

(b) Disadvantages

! If the permeability is quite high or quite variable, only a
section of the screened zone may actually be developed. This
is especially true of wells with long screens.

! Over-pumping may compact fine sediments in the formation
around the well screen, restricting groundwater flow into
the screen.

! Over-pumping may produce a large volume of contaminated
water that must be disposed of as a hazardous waste.

(4.5-2.2: See Standard References for Monitoring Wells, January 1991)

4.5-2.3  Mechanical Surging

Another method which can be used to develop SDDWs is surging.  This technique
employs a tool called a surge block.  This device forces water in the well
through the well screen and out into the formation, and then pulls the water
back through the screen into the well along with fine soil or rock particles.
A typical surge block construction detail and application can be found in
Figures 4.5-1 and 4.5-2 in Standard References for Monitoring Wells , January
1991.

The surge block is typically attached to a drill rod, drill stem, or line that
has sufficient weight to allow the surge block to rapidly drop through the
water column.  The surging action should start at a slow pace, near the water
level within the well and progress to a faster pace near the well screen. 
Surging action can be carried out within the well screen if adequate measures
are taken to clean out accumulated silt or material prior to surging. 
Otherwise, the fines may be forced out through the well screen into the
surrounding formation.  Accumulated material may also bind or lock the surge
block in place if precleaning is not performed.  Periodic bailing or pumping
of the soil or rock particles is necessary regardless of the location of the
surging within the well.

A typical surge block has a small clearance between the flexible leather or
rubber discs and the inside of the well casing. Violent or too rapid surging
in a well situated in a low permeability formation may damage the well. 
Variations in surge block construction involve the addition of flap valves to
allow some water and silts to pass through the block rather than between the
block and wall of the well.  Additionally, check valves can be added to the
surge block to allow removal of development water and associated silts.  After
surging, additional development can be performed, if desired, using the
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rawhiding or backflushing technique described in Section 4.5-2.2 in Standard
References for Monitoring Well, 1991.

4.5-2.3.1  Advantages and Disadvantages

(a) Advantages

! Gentle surging combined with gentle pumping through the
center of the surge block has been very successful for
development in formation containing a considerable amount of
fine material.

! Inexpensive and relatively simple tool.

! Effective in wells installed in highly permeable homogenous
formations.

! Does not require the addition or withdrawal of substantial
volumes of discharge water except for flushing.

(b) Disadvantages

! Vigorous surging may damage non-metallic well screens.

! May cause the formation around the screen to become clogged
by pushing fines back into the formation, reducing flow into
the well.

! If the surge block fits the well too tightly it can damage
the well screen.

! May remove sufficient formation material outside and above
the well screen causing the seal to collapse, resulting in
infiltration of overlying aquifer material.

(4.5-2.4: See Standard References for Monitoring Wells, January 1991)

4.5-2.5  Water Jetting

High velocity water jetting is a rarely used but effective technique for
development of conventional monitoring wells and, in even rarer instances,
Small Diameter Driven Wells.  Jetting consists of the discharge around the
well screen of horizontal jets of water under high pressure.  The water jets
act to dislodge soil particles near the well screen and break up any dense
soil resulting from installation.  Unless removed, this layer can alter the
natural permeability of the aquifer.  In order to be effective in developing
the well, water jetting must be accompanied by pumping to remove the fines. 
This development method should be used with caution to avoid damaging the
screen or developing voids in the filter pack surrounding the screen.

4.5-2.5.1  Advantages and Disadvantages

(a) Advantages

! Effective in highly stratified, unconsolida ted formations.

! Entire section of screened zone can be developed.
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(b) Disadvantages

! Introduces water into the formation.

! Requires equipment which may not fit SDDWs.

! More time consuming than other methods.

4.5-2.6  Purging (New Section)

In addition to well development, which is typically conducted at the time of
installation, SDDWs are purged immediately prior to obtaining groundwater
samples.  Purging is the process of removing water from within the SDDW and
from the aquifer around the SDDW.  Well purging is typically conducted using
sample collection tools such as check valves and peristaltic or centrifugal
pumps.  Purging assures that the water to be sampled is a true representation
of current conditions of the local groundwater. This is important since
groundwater at the sampling site may not be representative of the overall
groundwater due to variable environmental conditions, such as
oxidation/reduction near the well, which may differ from conditions in the
surrounding water-bearing formation.

As with conventional monitoring wells, the length of time required to
adequately purge the SDDW is dependent on many factors including the
characteristics of the SDDW, hydrogeologic nature of the aquifer, type of
sampling equipment used, and parameters being sampled.  It is recommended that
the SDDW be purged until the groundwater has cleared of most fine sediment or
at least 3 well volumes have been removed. 

4.5-2.6.1 Advantages and Disadvantages

Advantages

! Ensures samples are representative of groundwater at the sampling
site.

Disadvantages

! Requires additional time during sampling.

! Creates purge water which may require handling as a hazardous    
waste.
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SECTION 4.6  DECOMMISSIONING OF MONITORING WELLS (Revised)

4.6-1  Purpose

Any monitoring well that is no longer in use or that is unfit for its intended
purposes should be decommissioned.  Plugging the well and surface restoration
are the central features of the decommissioning process.  For conventional
monitoring wells, plugging consists of constructing a low permeability
cylinder or plug within that portion of the subsurface occupied by the well
and its annulus, including both the uncased portion of bedrock well and the
cased portion. For Small Diameter Driven Wells (SDDWs), bentonite grout pumped
into the drive rods will provide an adequate plug.  Surface restoration
consists of the removal of the upper three to four feet of the well and
backfilling the area with an effective seal.  An abandoned monitoring well is
defined in Standard References for Monitoring Wells , January 1991 (SR) as "a
well whose use has been permanently discontinued;" as used in this Supplement
it includes any Small Diameter Driven Well that is no longer suitable or
needed for its original intended purpose such as for water-level measurements,
water quality sampling, soil sampling or soil gas sampling.

Proper plugging of such wells will:

! Eliminate physical hazards

! Prevent groundwater contamination

! Conserve the yield and hydrostatic head of confined aquifers

! Prevent the intermingling of potable and non-potable groundwater,
and,

! Prevent the migration of contamination through a confining layer
separating aquifers.

It should be noted that the objective in Massachusetts differs markedly from
the goal established by the American Water Works Association and the statutes,
regulations, or guidelines of most other states.  Many documents contain the
following language: "The basic concept of proper sealing of abandoned wells is
restoration, as far as feasible, of the controlling hydrogeological conditions
that existed before the well was drilled and constructed. If this restoration
can be accomplished, all the objectives of plugging wells will be adequately
fulfilled."  To accomplish this goal some states have suggested the placement
of sand and gravel opposite the more permeable subsurface zones and clay
opposite the less permeable zones.  While that goal is an admirable one, it is
also one which, in DEP's opinion, may be unattainable in practice.  In order
to meet the objectives of proper decommissioning, DEP has tried to develop a
simple, workable approach that will solve the existing and potential problems
from unsafe abandoned wells.

Some examples of the types of unsafe wells that may cause problems include:

! Buried uncapped wells:  contaminants may enter the well through
the buried top of the casing, travel down the well casing, and
enter the aquifer through the well screen and wall of the annulus;

! Wells with cracked or corroded casing:  surface water may enter
the well;
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! Improperly constructed wells:  an unsealed or improperly sealed
annular space around the outside of a well casing or between an
inner and outer casing may serve as a channel for surface water to
migrate into an aquifer and/or groundwater may be transferred from
one aquifer to another;

! Open hole wells in bedrock:  may serve to interconnect aquifers in
different formations;

! Unplugged abandoned flowing artesian wells:  this can result in
loss of water, reduction of regional artesian head and localized
surface flooding; and

! Uncovered and unplugged abandoned wells with large inside
diameter:  these may represent a physical hazard to human beings
and animals, as well as a disposal receptacle for contaminants,
waste and debris.

(4.6-2: See Standard References for Monitoring Wells, January 1991)

4.6-3  Plugging the Well

(4.6-3.1 through 4.6-3.3: See Standard References for Monitoring Wells,
January 1991)

4.6-3.4  Decommissioning Small Diameter Driven Wells (New Section)

Small Diameter Driven Wells can be decommissioned by extracting the casing
material or, if feasible, by in-place abandonment.  If the SDDW needs to be
extracted, extra care should be taken to ensure that the remaining hole is
completely filled and sealed with grout.  Plastic tubing may be used to pump
grout into the hole as the SDDW is removed.

If the SDDW is to be abandoned in-place, grout should be pumped into the drive
rod or casing material to plug it. As with conventional well decommissioning,
if the SDDW is removed, care must be taken to reduce the possibility of
borehole collapse, voids, and contaminant migration through a preferential
pathway.

Abandonment of SDDWs should be conducted using general protocols outlined for
conventional monitoring wells presented in Sections 4.6-2.1 through 4.6-3.3 in
Standard References for Monitoring Wells , January 1991.
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SECTION 6.2  SAMPLING TECHNIQUES (Revised)

(6.2-1 through 6.2-3.4: See Standard References for Monitoring Wells, January
1991)

6.2-3.5  Sampling Techniques for SDDWs (New Section)

6.2-3.5.1 Groundwater Sampling Methods and Equipment

Groundwater samples can be collected at any desired depth in the aquifer
through the screened interval of the SDDW as it is being advanced or
withdrawn.  SDDWs should be purged prior to sampling to reduce turbidity and
obtain more representative samples of groundwater.  SDDWs advanced to obtain
samples at increasingly greater depths should be purged between sampling
intervals to remove stagnant water in the well.

There are generally two approaches used to obtain groundwater samples while
advancing the SDDW (Figure 3.2-15).  Groundwater samples can be obtained
through slotted screen at the lead end of the SDDW or through a screened
groundwater sampler with a retractable sleeve.  Regardless of whether slotted
screen or a screened retractable sleeve SDDWs are used, groundwater sampling
can be accomplished using either a small diameter bailer, peristaltic pump, or
an inertial pump system.  Sampling with bailers and peristaltic pumps is
discussed in Sections 6.2-3.1 and 6.2-3.3 of Standard References for
Monitoring Wells, January 1991.

Inertial pump techniques use a check valve assembly attached to the bottom of
a tubing section that is lowered through the water column (Figure 6.2-3.1 in
Standard References for Monitoring Wells , January 1991).  When the tubing is
pushed in a downward motion, water is allowed to enter into the check valve,
pushing the ball up and away from the bottom of the check valve. When the
tubing is moved in an upward motion, the ball is forced to the bottom of the
check valve where it forms a water tight seal. In higher yielding formations,
an oscillating up and down motion can be used to pump groundwater and sustain
flow at the surface.  In subsurface soil with low permeability, the inertial
sampler can also be used as a bailer and retrieved to the surface to obtain
the sample. Some advantages and disadvantages of the inertial tubing system
are listed below.

Advantages

! Tubing and check valve assemblies are commercially available in
various material types for any size SDDW.

! Inertial sampler is easily assembled and used in the field.

! Inertial sampler may be dedicated and stored inside a permanent
SDDW for subsequent reuse eliminating the need for
decontamination.

! New or dedicated sampling equipment minimizes potential for cross-
contamination.

Disadvantages
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! Fine-grained sediment can clog the check valve assembly causing
the ball to stick and reducing or eliminating flow.

! Not economically feasible to reuse tubing.

! In low yielding formations air can enter the tubing which may
purge VOCs from groundwater.

6.2-3.5.2 Soil Sampling Methods and Equipment

For soil sampling applications, either an open tube or closed piston sampler
is used at the lead end of the SDDW equipment. The open tube sampler is used
in stable, compact or cohesive soils and the piston sampler is used in loose
soil conditions. 

To obtain an open tube soil sample, a SDDW drive point or preprobe is driven
to desired sampling depth and subsequently withdrawn.  The drive point is
removed and the open tube sampling device is attached to the drive rods.  The
drive rods are then reinserted into the existing hole to obtain a soil sample.
 Open tube sampling devices are typically used in compact soil which can be
retained within the tube.  Excessive penetration of the sampler under the
weight of the rods may occur in very soft or loose materials and prevent
accurate measurement of penetration depth. Excessive penetration may also
disturb underlying material. Sample loss is possible upon retraction of the
sample tube.

Advantages

! Simple to use.

! Commonly available.

! Easy to decontaminate sampler.

! Short amount of time required for sampling.

Disadvantages

! Disturbed and intermixed soil materials from the bottom and sides
of the borehole may enter the tube as it is lowered into position.

! Total or partial sample recovery is difficult without a
supplemental retention system. Catchers are available for some
samplers.

! Hydrostatic pressure may disturb the sample during penetration and
interfere with collection of a complete sample.

A closed piston sampler is typically used in areas where the subsurface soils
are unstable and may collapse as the probe is withdrawn. The closed piston
sampler is designed so that the piston tip of the sampler fits into the drive
shoe of the SDDW equipment.  The drive point or preprobe is driven to depth
immediately above the desired sampling interval and then withdrawn. An open
hole remains after withdrawal and the closed piston sampler is reinserted. 
Extension rods are inserted down the drive rods or casing to unlock the piston
tip and lift it to the upper portion of the piston sampler.  The sample barrel
is then driven deeper into the soil while the piston point remains stationary.
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The tight seal on the piston creates a vacuum which aids in sample retention
(see Figure 3.2-17). 

Advantages

! Sample device is sealed during installation preventing
contaminated soil and water from entering and corrupting
analytical results.

! Reduced potential for sample disturbance in comparison to open
tube sampling.

! Improved sample recovery in unstable soils.

! Application commonly available.

Disadvantages

! More mechanically complex than open tube sampling.

! Piston requires maintenance of o-rings or leaks may result.

! Requires more time to sample than open tube sampling.

! More parts to decontaminate.

6.2-3.5.3 Soil Gas Sampling Methods and Equipment

SDDWs can be used for obtaining soil gas samples by advancing the SDDW into
the vadose zone below the ground surface.  Soil gas samples are obtained by
creating an air-tight surface seal around the SDDW and applying a negative
pressure or vacuum to promote movement of soil gas to the ground surface for
sample collection.  Four of the more common soil gas sampling methodologies
are illustrated in Figure 3.2-18.  These soil gas sampling tools include: an
exposed screen sampler, an expendable tip sampler, a retractable tip sampler
and a packer or cased system.

When taking soil gas samples, the use of probe tips with a larger diameter
than the SDDW rods is discouraged. Larger tips may increase the likelihood of
"short circuiting," the mixing of surface air with the contaminated
atmosphere, which could dilute soil gas contaminant concentrations.

6.2-3.5.3.1 Exposed Screen Samplers

The exposed screen sampler is the simplest form of soil gas sampling
equipment. It consists of a drive point, a slotted intake assembly and drive
rods. The drive point is attached to the lead end of the slotted intake
assembly which is in turn connected to a series of drive rods. The device is
driven to the desired sampling depth and a soil gas sample is collected
through the slotted intake ports using negative pressure. The slotted intake
ports allow the passage of soil gas into the drive rods for sample collection
at the ground surface.
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Advantages

! Allows rapid sampling of multiple intervals.

! Minimal equipment required.

Disadvantages

! Screen is exposed to contaminants as SDDW is advanced into the
subsurface.

! Screen may become smeared or clogged with fine grain soil during
advancement.

! Decontamination is required after each use.

! Soil gas may be collected from intervals other than the targeted
zone if the rod joints are not air-tight.

! Extraction of rods using a retrieval jack can be difficult and
time consuming.

6.2-3.5.3.2 Expendable Tip Samplers

Expendable tip samplers use a steel or aluminum tip that is held in place by a
tip holder as the soil gas assembly is advanced. Flexible tubing for sample
collection runs the entire length of the drive rods and is attached to the
tip.  Slotted intake ports are found at the base of the tip.  The assembly is
driven into the ground until the desired sampling depth is reached. The drive
rods are then retracted and the tip is separated from the tip holder, exposing
the soil interval for sampling.  Soil gas is drawn in through slotted intake
ports at the base of the drive point and up through the flexible tubing.  The
tubing is typically 3/16-inch O.D. and is made of polyethylene, silicon or
Teflon. 

If long-term monitoring is required, the well should be completed using
conventional techniques.  Specifically, a permeable packing material such as
silica sand or glass beads is recommended to be set in the annular space
around the intake ports of the expendable tip.  A bentonite seal is set above
the packing material to eliminate the potential for drawing air from intervals
other than the targeted zone.  The remaining annular space around the flexible
tubing should be backfilled and compacted with native soil.  A surface seal is
also necessary for long-term monitoring.

Advantages

! Screened intake ports are protected while probe assembly is
advanced, eliminating the potential for soil clogging.

! When properly completed the likelihood of drawing air from areas
other than the targeted interval is minimal.

! Purging volume and sampling time are reduced.

Disadvantages
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! More equipment required.

! More expensive.

! More time consuming.

6.2-3.5.3.3 Retractable Tip Samplers

Retractable tip samplers are similar to expendable tip samplers except that
the tip is attached to a screen which is held in the tip holder during
advancement.  As with the expendable tip sampler, the retractable sampler is
advanced to the desired depth and the drive rod is retracted to expose the
screen.  Unlike the expendable tip assembly, soil gas samples are collected
directly though the drive rods when a vacuum is applied. When sample
collection is completed, the tip is retrieved along with the drive rods.

Advantages

! Retractable screen sampler is not exposed to soil during
advancement, eliminating potential for soil clogging.

! Easy sampling of sequential intervals.

Disadvantages

! Does not allow grouting of borehole during retraction.

6.2-3.5.3.4 Cased Samplers

Cased sampling devices for SDDWs are seldom used in Massachusetts. Cased
samplers use an inflatable packing device to establish an air-tight seal
within the well casing.  The SDDW is driven to depth and the packing device is
lowered into the casing for soil gas sampling. Flexible tubing runs down the
casing, next to the inflatable packer, and protrudes past the end of the
packing device. Soil gas samples are collected through the flexible tubing
using a vacuum.

Advantages

! Results in less compaction of the soils

! Enables multiple level sampling

Disadvantages

! Slower than exposed rod SDDW soil gas samplers.
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