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Dear Reader:

St andard References for Monitoring Wlls (WG 310-91) was published in April,
1991 to provide guidance on locating, drilling, installing, sanpling and
deconm ssioning nonitoring wells. The prinmary objectives of this volune are to
hel p ensure that nonitoring wells are installed properly, and that sanpling
data obtained fromthemis valid and can be interpreted consistently.

As anticipated, nunerous technol ogi cal advancenents have occurred in the field
of groundwater nonitoring since the initial publication of Standard References

DAVID B. STRUHS
Commissioner

for Monitoring Wlls. Specifically, Small Dianeter Driven Well (SDDW

t echnol ogy has evolved to the point where it can be used as a cost effective
conpl ement to conventional nmonitoring wells. |In many situations, SDDW can
al so be used independently for purposes of site assessnent or site

remedi ati on.

The Departnment has noted an increasing demand for this type of technol ogy over
the past few years. As a result, we have devel oped a Supplenent to Standard
Ref erences for Monitoring Wells specifically for Small D aneter Driven Wlls.
As wth Standard References for Mnitoring Wlls, many people both inside and
out si de DEP were involved in devel oping these revisions. Their contributions
are greatly appreciated.

Thi s SDDW Suppl ement represents the DEP's current understanding of this ever-
changi ng technol ogy. It should be noted that we have deliberately chosen not
to include certain types of technologies that could foreseeably fall under the
headi ng of "Snall Dianeter Driven Wells," (e.g. cone penetroneters).

W& wel cone suggestions for future updates to Standard References for
Monitoring Wells and wel conre comments on this Suppl enent on Snall D aneter
Driven Wlls. W hope that you find this Suppl enent a val uabl e tool.

Very truly yours,

Deirdre C. Menoyo
Assi stant Commi ssi oner
Bureau of Waste Site d eanup
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SECTION 1.1 FOREWORD ( Revi sed)

1.1-1 Purpose

Thi s Suppl ement to Standard References for Mnitoring Wlls (Suppl enent)
covers the technical aspects of locating, installing, sanpling and

deconm ssioning Small D ameter Driven Wells (SDDW). These revisions have
been prepared by the Departnent of Environnmental Protection (DEP) to provide
gui dance to enpl oyees of the Department, consultants, well installers, and
nenbers of the regul ated conmunity.

The use of SDDW for site assessment and site renediation activities has
significantly increased since the initial publication of Standard References
for Monitoring Wlls (SRs) in 1991. This Supplenent was prepared at the
request of DEP staff and other interested parties who routinely use SDDV.
Avail abl e research indicates that the use of "direct push" technology for site
assessment can provide quality sanpling data conparable to conventional well
installations, often at a |ower cost. In addition, SDDW can be used for site
remedi ation activities such as air sparging and nutrient injection for

bi or emedi ati on.

As with any type of well installation there are potential problens resulting
frominproper installation and/or poor sanpling procedures. Results from
improperly installed wells are not reliable and shoul d not be used for
environnental nonitoring purposes. SDDWwell installers are encouraged to use
t hi s gui dance docunment to circunvent potential installation and sanpling

pr obl ens.

1.1-2 O der of Presentation

Thi s Suppl enment incorporates both revisions to existing SRs and new sections
that are pertinent to SDDWtechnol ogy. Rather than nodifying the entire
docunent, placehol ders have been used to link sections in this Supplenent to
sections in the original SRs. These are bold italicized for ease of use. In
addition, simlar subjects in this Supplenent are cross-referenced to rel ated
sections in SRs. Due to the conplexity of the subject matter and the format,
it is strongly recommended that this Supplenent be used in conjunction with
St andard References for Monitoring Wlls, January 1991

Thi s Suppl ement foll ows the same basic format as Standard References for
Monitoring Wells. For editorial sinplicity, the figures follow the text
rather than being inserted into the section where they are di scussed.

Ref erences for each revised section of the Supplenent are found at the very
end of the docunment. Each new subsection has been assigned its own uni que
nunber. Each page contains a header with a reference to "SDDW Suppl enent, "
t he subsection nunber, the page nunber, and date of publication.

It should be noted that this Supplenment was not intended to be an exhaustive
description of current SDDWtechnol ogy. Instead, the DEP has opted to portray
basi ¢ SDDWt echni ques conmonly used in the field. Were possible, the
Depart nent has chosen to provide figures of "generic" sanpling devices.
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SECTION 3.2 DRILLING TECHNI QUES (Revi sed)

3.2-1 Purpose

Prior to selecting a well installation technique for a specific project, the
obj ectives of the field investigation programnust be established. The program
obj ectives may include any or all of the follow ng:

o Soil or rock evaluation - if undisturbed or representative
sanples are required, the well installation technique nust
be able to accommbdate the appropriate type of sanple
col | ecti on.

° Characterization of hydrogeol ogic conditions - the well
installation technique should allow for the characterization
of each stratigraphic zone, water |evel measurenent, and
wat er sanple collection

o Eval uati on of soil or groundwater contanination - the well
installation technique nust provide the appropriate sanple
col l ection nethods, nust not introduce contam nants or
otherwi se alter the existing soil or groundwater chem stry,
and should not result in subsurface cross-contam nation
during or after installation.

° Installation of nonitoring wells - installation method nust
permt appropriate well construction and mnimze the
di sturbance to the borehol e.

Choice of a specific installation technique for an investigation will inpact
t he schedul e, cost, and technical quality of a field investigation. The
quality and representativeness of the soil and groundwater sanples can be
significantly affected by the well installation technique enpl oyed. Severa
itens nust be taken into consideration to determ ne the nost appropriate well
installation nethod. One of the best resources for selecting an appropriate
well installation technique is an experienced contractor. Itens that should
be considered in the selection process include the foll ow ng:

° CGeol ogi ¢ Condi ti ons:

- unconsol i dated or consol i dat ed

- type of material, including fill materia
- presence of boul ders or cobbl es

- depth to bedrock

() Site Access:

- property ownership

- terrain and vegetative cover

- wet | ands and surface water

- size of working area

- equi pnent wei ght and si ze

- need for |arge equipnent

- road access

- | ocation of water source if using conventional drilling
equi pnent
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o Seasonal Conditions Effecting Access:

- effect of freezing tenperatures, nmud, and snow on
instal l ati on progress

- need to add antifreeze to punps when in use under
freezing conditions

- hi gh water conditions

() Exi stence of Contam nati on

- utilize decontam nation protocols

- m ni m ze di sturbance and cross contam nation

- m nimze inpact on site chem stry

- control drilling discharge, if using conventiona
installation techni ques

- reduce vol ume of contam nated spoils, if using conventiona
installation techni ques

- sanpling requirenents

- mnimze crew s exposure to potential site hazards

- follow appropriate health and safety procedures (See Section
2.3 Health and Safety Plans in Standard References for
Monitoring Wells, January 1991 for nore infornation)

° Requi red Hol e Size and Pl unbness:
- single-level or multiple-level well installations (See
Section 4.0 Piezonmeters, Observation Wlls and Mnitoring
Vel | s)

- smal | diameter driven wells
- | arge dianeter wells
- installation of instrunents and down-hol e equi prent

- availability of well installation equi pnent
- for conventional wells and sone SDDWs, adequate annul ar
space for well installation

- use of packers

o Cost of Installation: There are generally two different cost
bases used for well installation contracts. One basis is time and
materials required for the installation. The other is cost basis
(i.e., unit price per foot of soil or rock of well installed).

Cost, or availability of equi pment should not be the determining factor in
choosing the proper well installation technique. An evaluation should be nade
of the inpact of the well installation method on the integrity of the

subsurface soil and groundwater sanple to be obtained in the investigation

Costs for chemical anal yses can be high and noney should not be wasted on

anal ysis of unrepresentative sanples. Also, analyses and renediation based on
faulty data frominproperly installed wells could ultimately be quite costly,
greatly exceeding the cost of a well-conceived field investigation program

Several well installation techniques that are commonly enployed in

envi ronnmental investigations are described in Standard References for
Monitoring Wells, January 1991. Basic installation techniques and their
advant ages and di sadvant ages, are described for the follow ng nethods:

[ Cabl e Too
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Drive and Wash

Spun Casi ng

Solid Stem Augers

Hol | ow St em Augers

Mud Rotary

Air Rotary/Air Hammer

ODEX

Smal |l Dianeter Driven Wlls (this suppl enent)

Included in Tables 3.2-1 through 3.2-8 and Appendix A in Standard References
for Monitoring Wells, January 1991 is sonme useful information on conventiona
nonitoring wells including standard casing di aneters, casing volunes, dril
bits and term nol ogy. Additional information pertinent to Snall Dianeter
Driven Wlls is included in this Supplenent.

(3.2-2 through 3.2-10: See Standard References for Mnitoring Wlls, January
1991)

3.2-11 Snall Dianmeter Driven Wlls (New Secti on)

3.2-11.1 Ceneral Considerations

Smal | Dianeter Driven Wlls (SDDW) can be used for environnental assessnent
and for remediation of groundwater and soil. Depending upon site conditions,
SDDW may be used alone or in conjunction with conventional nonitoring well
installations. SDDW are typically hollow steel rods advanced using a
percussive force (a powered hamrer) and driven directly into unconsoli dated
soil or fill. There are two basic types of SDDW. One is a single rod system
and the other is a dual tube or cased system The single rod systemuses a
sequence of rods or steel pipes (gas pipe) to advance the drive point or
sampler. Driven wells using a single rod systemare generally capabl e of
driving 10 foot to 21 foot |ong sections of piping. Single rod systens are
often used for long termnonitoring and are rarely extracted fromthe ground.

The cased systemutilizes two sections, an outer drive rod and an inner
sanpling tube. Depending upon the sanpling objectives, the inner sanpling
tube can be inserted into the drive rods during driving or inserted through
the entire length of the drive rods after the desired sanple depth has been
reached (see Section 6.1 Sanpling Techniques). Drive rods used with the dua
tube or cased systemare usually nmade from an expensive hi-grade steel alloy
and are retracted after sanpling. Drive rod Il engths for the dual tube system
can be obtained in sizes varying from1l foot to 4 foot.

The type of advancenent SDDW use is commonly referred to as "direct push.”

Vi bration, created fromthe hamrering, nobilizes soil particles around the
casing and creates a "thixotropic" or fluidized zone next to it. The
resulting fluidized zone has a | ow bearing capacity that reduces resistance to
penetration and allows the drive rods to be advanced rel atively easily.
Attached to the leading end of the drive rod is a tapered netal "drive point."
This drive point is also referred to as a "tip" when used in soil gas
sampling. Drive points are conmonly advanced using hydraul i c percussion

equi pnent. Qther percussion installation nethods use electric or pneumatic
devi ces.

SDDW of fer several advantages over conventional nonitoring wells. One
significant advantage is mnimal installation tine. The soil's reduced
resistance to penetration created by the percussive force allows for rapid
advancenment of the drive point. Penetration rates vary by vendor and geol ogic
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conditions, but typically range between 10 to 50 feet per hour. Penetration
depths of over 100 feet nay be obtai ned under ideal conditions.

In addition, SDDWwel | devel opnent is generally not as intensive as
conventional well devel opment. Mbst commercially avail able SDDW do not use
drilling fluids or produce drill cuttings. As a result, tine and noney spent
on managenent of drilling waste is negligible. Mst SDDW installed for
sanpl i ng purposes do not create an annul ar space that would require the use of
a seal or filter pack. These features reduce installation tinme and allow a
greater nunber of SDDW to be installed and sanpl ed per day in conparison to
conventional nonitoring wells. Available information indicates between 6 and
12 wells consisting of total of 200 to 300 feet of pipe can be installed per
day. However, installation rates vary dependi ng upon the specific SDDW

t echni que used, staff resources, and geol ogi cal conditions.

Anot her advantage of using SDDW is nobility. Specially outfitted trucks,
vans, all terrain vehicles (ATVS) or utility vehicles provide greater nmobility
than conventional drilling rigs. Such vehicles can access renote |ocations
and their conpact size minimzes site disturbance. ATVs or simlar utility
vehicl es are capable of functioning in rough terrain. This style of vehicle
is well suited for exploration in soft ground or wetland areas. Hand-held
installation techniques, such as vibratory drills or rotary hamer drills, are
portabl e and can be used inside buildings or other confined | ocations which
may be inaccessible to vehicles.

The nmaterial used for drive rods is typically carbon steel. Drive rods can
al so consi st of stainless steel, galvanized steel, PVC (rarely) or other
suitable and conpatible materials. SDDW have an inside dianeter generally
rangi ng between 0.5 and 1.5 inches, although |arger inside dianmeters are
currently available. The size of the SDDWis usually determ ned by its use.
For exanple, snmaller inside dianeters are often used for soil gas sanpling or
pi ezoneters. Larger inside dianmeter SDDW may be used for soil sanpling or
groundwat er nonitoring wells.

Dependi ng upon site assessnment goals, SDDW can be installed for long term
nonitoring or as tenporary sanpling points. SDDW can be used to collect
sanmpl es from groundwater, soil or soil gas using several types of specialized
sanmpling tools. Goundwater sanpling in the single rod systemis acconplished
using a slotted wellpoint section. G oundwater sanples are obtained by

| owering a sanpling device down the rods and col |l ecting a sanple near the
slotted well point. The dual tube system nay use a screened drive point
sanpl er which is driven to the desired sanpling point and then exposed to
groundwater by lifting the outer sleeve or jacking the casing back. The dua
tube system nmay al so be used to install long termnonitoring wells using
prepacked well screen. Figures 3.2-15 and 3.2-16 illustrate sonme types of
groundwat er sanpling devi ces.

Representative soil sanples can be obtained by advanci ng either an open tube
sanmpl er or a closed piston sanpler. Soil gas sanples can be obtained using
speci al i zed probes or slotted pipe and a vacuum punp. Figures 3.2-17 and 3. 2-
18 depict a closed piston soil sanpler and typical soil gas sanpling tools.

SDDWs can al so be used as air sparging points, vacuum pressure nonitoring
points, and heat injection nonitoring points. Wen used for air sparging,
SDDW may be equi pped with specialized inplants or screens used as conduits to
punp air into the saturated zone either below or within the contam nated area.
The injected air strips the volatile organi c conpounds (VOCs) fromthe
groundwater allowing themto mgrate into the vadose zone where the

contam nants are usually drawn into a soil vapor extraction system
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SDDW can be used to nonitor subsurface vacuum or pressure by advancing a
predeterm ned screen interval to the desired depth and placing an air-tight
surface seal around the piping. A cap or plug with tubing is then installed
into the top of the SDDWto al |l ow pressure nonitoring.

When used for heat injection, SDDW are advanced to the desired depth and
conpleted with an air-tight surface seal. The SDDWis used as a conduit to
inject heat into the subsurface. Either steamor hot air can be injected into
t he subsurface through an injection point. Due to the potential for

corrosion, stainless steel construction should be considered for SDDW used
for heat injection and air sparging applications.

There are potential limtations when using SDDW. SDDW net hods can be
ineffective or technically infeasible in areas where the overburden consists

of very dense till, silt, clay, coarse gravel or boulders. Al of these
materials nay affect sanpling ability. CQurrent SDDWtechnol ogy does not allow
confirmation of bedrock by coring. As with any nonitoring well installation

SDDW advancenent through confined or sem -confined aquifers may create a
pat hway for contam nant nmigration. Potential contam nant mgration nust be
addressed using proper installation and deconm ssioni ng techni ques.

3.2-11.2 Methodol ogy

3.2-11.2.1 Advancenent Techni ques

As previously described, SDDW are typically advanced using a percussive force
to hamer rods or piping into the ground. This type of advancenent is
conmonly referred to as direct push. The vibration resulting fromthe
hamreri ng nobilizes soil particles creating a fluidized zone around the rods.
This fluidized zone has a | ow bearing capacity. Resistance to penetration is
reduced and the well can be advanced relatively easily.

There are 4 basic types of direct push advancenent. The npbst compn is a
hydraulic vibratory hammer. Qhers include an electric or pneunatic powered

i mpact driver (hamer) and nanually driven "slambars.” Wth the exception of
the nmanual ly driven tools, all advancenent equi pnent is generally available as
a tower unit or as a hand held hamer drill. However, there are sone basic

differences in their application. Pneumatic and hydraulic hamers tend to be
nore powerful than electric hamers. Hand-held hamer drills and nmanual "slam
bars" are nore portable than tower units.

Hydraulic installation equi pnment uses a collapsible tower unit that is nounted
on a vehicle. Typically the vehicle is a pick-up truck although vans, ATVs,
and utility vehicles are also used. Al hydraulic units are powered by either
an auxiliary engine or by the vehicle engine. Al use a drive-hamer as the
percussive force to advance the rods. One vendor has a hydraulic systemthat
uses both the dynanic force of the hammer as well as the static force of the
vehicl e's weight to advance the rods.

The el ectric vibratory technique is also used with a vehicle nmounted tower.
The drive hamer, attached to the top of the collapsible tower, applies
percussi on and hi gh frequency vibrations to advance the SDDW The el ectrica
vi bratory techni que needs an el ectrical source or generator. Electric hammers
are not as powerful as hydraulic and pneunatic techni ques.

Pneumatic installation units are al so vehicle nmounted. This technique is
simlar to the electric vibratory nethod except the drive hamrer is operated
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by an air conpressor and the drill tower is typically operated with an
electric notor. D sadvantages of the pneumatic technique are |onger set-up
tinme and the need for additional equipnent such as an air conpressor and
generator.

In sone situations, the use of a hand-held rotary hamrer drill may be
preferred. Rotary hammers are usually electric but hydraulic and pneunatic
drills are also available. Hamrer drills are nmuch snaller than tower nounted
units and are typically used inside buildings or where space is limted.

Hand- hel d hanmer drills can al so be used in areas not readily accessible by
vehicles. Their snmall size facilitates nmanual operation but also creates sone
limtations. Advancenment or retrieval of rods at depths greater than a few
feet may be difficult.

Simlarly, manually driven slam bars provi de many of the sane conveni ences as
hand- hel d hanmmer drills. They are portable and can be used in tight or
confined locations. No power source is needed for their operation. Slambars
also have limtations. Depths greater than a few feet may be difficult to
achieve. Likew se, extraction of the rods may be difficult.

One comercially avail able SDDW application is installed using a direct push
net hod of advancenent but the well is conpleted using conventional nonitoring
wel | techniques (see Figure 3.2-16). Individuals enploying such installations
should refer to Section 3.2-6 in Standard References for Mnitoring Wlls,
January 1991 for guidance on well conpletion techniques.

3.2-11.3 Advantages and D sadvant ages

3.2-11.3.1 Advantages

° Drilling fluids are usually not required

° No drill cuttings are produced.

° In favorabl e geol ogi ¢ conditions, advancenent rates are typically
faster than conventional drilling techniques.

° Representative groundwater samples can be collected at discrete or
sequential intervals.

° Hand- hel d equi pnent provides accessibility to | ocations where site
conditions limt vehicle and/or equi pnent size.

° SDDW et hods al | ow for sanpling of soil, groundwater, or soi
vapor.

3.2-11.3.2 D sadvant ages

° Difficult to use in dense geol ogic conditions or coarse grave
wi th cobbl es and boul ders.

) G oundwat er sanpling may be affected by fouling of screen
openi ngs.

o During install ation, SDDW nay be defl ected by subsurface

obstacles and drift fromvertical

° Cannot confirm bedrock refusal by coring.
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° Poor recharge of soil vapor or groundwater may result fromtight
soi|l formations.

[ ) Potential for cross contam nation or introduction of a
preferential mgration pathway exists if installed inproperly.

3.2-11.4 Problens and Possi bl e Sol utions

3.2-11.4.1 Subsurface (bstacl es

When installing SDDW in areas with difficult subsurface conditions, obstacles
may i npede well advancenent. For areas where obstructions are encountered,
installation should be attenpted at a | ocation close to the original sanpling
poi nt that meets sanpling requirements. Alternatively, a |larger dianmeter SDDW
and a nore powerful hammer may facilitate well installation where subsurface
obstacl es are found.

3.2-11.4.2 Surface Seals

Surface seals nay be needed on SDDW to reduce the possibility of well

contam nation. SDDW can be contam nated by surface water run-off into open
drive rods which can effect sanple quality. Simlarly, anbient air can dilute
soil gas sanples by "short circuiting," the mxing of air in the contam nated
zone with aboveground air. Surface seals may be used to avoid well

contam nati on by surface water run-off and help to mnimze the introduction
of above ground air into the well during soil gas sanpling. To avoid the
possi bl e introducti on of other volatile contam nants, surface seals should be
prepared using bentonite or non-VCC containing material s.

3.2-11.4.3 Chemcal Interference in Small D aneter Driven Wlls

There is evidence that groundwater quality neasurenents may be inpacted by
steel used for well construction. Stainless steel may be a possible source of
el evat ed ni ckel and/or chrom um concentrations when installed in acidic (pH

| ess than 4.0) groundwater. A thorough job of well purging should m ninmze
this effect.

PVC has al so been a source of debate for chenmical interference. In sone cases
PVC has been shown to adsorb and desorb | ow | evel s of organi c conpounds.

There is al so concern that PVC nmay react with sone ketones, al dehydes, and
chlorinated solvents which may limt its durability. To mnimze possible
interference with these chenicals, only PVC that is listed by Nationa

Sani tation Foundati on (NSF) should be used. NSF-listed PVC is essentially
free of readily | eachabl e plasticizers and does not exceed the Nationa
InterimPrimary Drinking Water Standards in | each tests.

3.2-11.4.4 Failure of G oundwater Sanpling Equi pnent

Inertial check valves may jamwhen trying to obtain a groundwater sanple from
an SDDW This is caused by snall particles that are able to pass through the
slots of the screen. Failure nmay be avoi ded by cl eaning the check val ve nore
frequently.

3.2-11.4.5 Vertical Drift
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As with conventional drilling techniques, SDDW may drift fromvertical during
installation. Vertical drift may occur if the well point encounters a rock
that cannot be fractured and conpensates by deflecting the SDDW As the
dianeter and rigidity of the drive rod decreases, vertical drift is nore

likely to occur. The use of l|arger dianeter SDDW and nore powerful drive
hamrers may reduce the occurrence of vertical drift.
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SECTION 3.3 BORI NGS I N CONTAM NATED AREAS (Revi sed)

3.3-1 Purpose

A fundanment al aspect of nobst contam nation investigations is the delineation
of the extent of contamination in soil and groundwater. Both the horizontal
(areal) and vertical distribution of the contam nation nust be defined.

Geol ogi ¢ heterogeneities, variations in hydraulic conductivity, and

contam nant characteristics will significantly influence the subsurface

di stribution of the contami nants. Accurate eval uation of contam nant
mgration and distribution requires the isolation and sanpling of specific
zones wWithin an aquifer. To ensure the collection of representative sanples
and to prevent cross-contam nation of soils and groundwater, specia
installation techniques may be required. |In sonme cases, additiona
precautions nust be taken during well installation to prevent contam nation of
near by existing or potential water supplies. Protection of the health and
safety of workers at contami nated waste sites is discussed in Section 2.3,
Heal th and Safety Plans in Standard References for Mnitoring Wlls, January
1991.

For the purpose of this Supplenent, "contam nated areas" are defined as highly
contam nated source areas (i.e., oil and hazardous materials spills,
landfills, waste |agoons, or zones of highly contam nated groundwater). The
contam nation nay occur in either the saturated or unsaturated zones or both,
dependi ng on the |l ocation of the source and length of tine since the rel ease
occurred. In these areas, well installation nmay alter or nmask the existing

di stribution of contam nants by bridgi ng contam nati on between aquifers. Sone
well installation techniques are better suited than others for investigations
in contam nated areas. Conventional well installation methods using nud-
rotary and air-rotary drilling techniques are undesirable in contani nated
areas, due to the problem of inadequate control of fluids and cuttings in the
borehol e and at the surface (see Section 3.2 in Standard References for
Monitoring Wells, January 1991). The nore suitable conventional well
installation nethods for contam nated areas enploy casing, either in single or
multiple, to seal off the overlying strata during drilling. Snall D aneter
Driven Wlls (SDDWs) use a percussive force that reduces the potential for

i ntroducing a preferential nigration pathway when conpared to conventiona
nonitoring wells because the vibration created during the well installation
forms an effective seal around the drive rods. However, the potential to
puncture an aquitard may be increased if continuous or frequent soil sanpling
is being perforned. The basic considerations for selecting an appropriate

well installation nmethod at a contanminated site are as foll ows:

o To prevent cross-contam nation or migration of contamnants

® To obtain accurate and representative sanples of formation
materi al s and cont ani nants.

o To introduce a mni mum anmount of water or fluid into the aquifer
preferably none at all

° To minimze the potential for introducing a contaminant mgration
pat hway when a nonitoring well is installed.

o To minimze safety hazards to the work crew, field personnel

workers at the site and residents of abutting properties.

3.3-2 Reconmended Drilling Methods
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Because each site is unique in terns of geologic nmaterial, groundwater
characteristics, and types and properties of potential contam nants, the
devel opnent of the subsurface exploration program may require nodification of
standard, generally accepted, well installation nethods. It is always
advisable to plan a well installation programso that the installation
progresses fromthe cleaner areas to the nore contam nated areas. Methods
generally recommended for application in contam nated subsurface conditions
are briefly described in the subsections bel ow.

(3.3-2.1 and 3.3-2.2: See Standard References for Mnitoring Wlls, January
1991)

3.3-2.3 Smull Dianeter Driven Wll Applications (New Section)

Smal | Dianeter Driven Wll nethods can be utilized when obtaining subsurface

soil, soil gas, or groundwater sanples in contanminated areas. The risk of
exposure to subsurface contanmi nants by on-site workers is dimnished since
spoils are not created or brought to the surface during the well installation

process. Due to the small well dianeter, the quantity of fluids generated
during well devel opnent and purging requiring special handling and disposal is
| ess than the quantity generated during devel opment or purging of standard
nonitoring wells. Reductions in fluid volume and handling nay provide
significant cost savings when conpared to conventional well installation

t echni ques.

Advant ages

° No drill cuttings.

° Drilling fluids are usually not required.

° Limted fluids generated during devel opnent and purgi ng.

° Li mted waste disposal costs.

) Can be used for site characterization or post renedia
confirmatory sanpling.

° Can be used for sone renedial actions including air sparging.

° Reduced potential for cross contam nation within the well since

vibration during installation creates an effective seal around the
drive rods.

° Smal | dianeter driven well installations can reach depths simlar
to hol | ow stem augers

D sadvant ages

o Difficult to advance when cobbl es and boul ders are present.

° Potential depth limtations based on site geology, installation
t echni que, and well size.

° Vertical drift may occur if drive point gets deflected.
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(3.3-3 and 3.3-4: See Standard References for Mnitoring Wells, January 1991)
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SECTION 4.1 MONI TORI NG WELL NETWORK DESI GN (Revi sed)

4.1-1 Purpose

The foll owi ng section presents guidelines for the design of monitoring well
networks. Monitoring wells are installed for a variety of reasons including:

o To determ ne horizontal and vertical hydraulic gradients
that influence the direction of groundwater fl ow

° To nonitor changes in water quality over tine.

o To define the two- or three-dinensional distribution of

contam nation in an aquifer
® To evaluate the effectiveness of remedi al neasures.

Frequently, not enough attention is given to the design of well networks
during the devel opnent of a field investigation program |f the network is
not properly designed, inportant features relating to both the hydrogeol ogy
and chem cal conposition of the water within an aquifer may not be identified.
If this occurs, one might reach erroneous conclusions about conditions at the
site. This could result in inadequate definition of potential receptors and

i mproper design of remedi al measures.

The design of a monitoring well network is site-specific. It is inportant to
understand that the conditions at each site are unique and, therefore, site-
specific factors affecting groundwater flow and contam nant migration nust be
consi dered when designing an appropriate nonitoring well network. It also
nakes a difference whether the network is being designed to define a plume of
contam nation mgrating froma known source or to identify a source froma
downgr adi ent point or area of contamination. Design of a network requires

i nput from experienced individuals famliar with the interrelationships of
geol ogy, hydrol ogy, and groundwater chem stry, as well as the suitability of
various well installation methods.

This section will focus on designing snall dianmeter driven well networks.
Qui dance on the design of punp test nonitoring systens for conventiona
nonitoring wells is available fromthe DEP, Bureau of Resource Protection
Drinki ng Water Program

(4.1-2 through 4.1-3: See Standard References for Mnitoring Wlls, January
1991)

4.1-4 Met hodol ogy

Designing a nonitoring well network involves synthesizing information about
site geol ogy, hydrol ogy, groundwater and contam nant chem stry, and human
activities affecting the area being investigated. Mnitoring well network
design requires that the followi ng steps be carried out:

o Conpi | ati on of avail abl e background dat a.

o Profiling all areas.

() Determ nati on of the nunber and | ocation of the wells.
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o Determ nati on of the nost suitable well type, size and
construction material s.

Many innovative small diameter driven well installation techni ques have been
devel oped over the past few years as a result of the |arge nunber of site
i nvestigations being undertaken. Wl |l installation technology is continually
i mproving. One of the best resources for deciding on the feasibility of a
specific well design is an experienced well installation contractor. Oten an
experienced contractor can make hel pful suggestions on nodifications to a
design that will inprove the quality of well installation

(4.1-4.1 through 4.1-4.2: See Standard References for Mnitoring Wlls,
January 1991)

4.1-4.3 Selection of Wll Type

(4.1-4.3.1 through 4.1-4.3.3: See Standard References for Mnitoring \Wells,
January 1991)

4.1-4.3.4 Snall Dianeter Driven Well Network Design (New Section)

The term Smal |l Dianeter Driven Wll (SDDW is used to describe a tenporary or
per manent groundwater sanpling point, usually up to 1.5 inches in inside
dianeter, that is installed using one of several direct push techniques.

These points can be used to obtain sanples of groundwater, measure water-

I evel s, or serve as injection points for air sparging and/or nutrient
injection for in-situ biorenediation. SDDW can be conpleted to obtain
groundwat er sanples fromdiscrete intervals or used to obtain sequentia
sanples to deternmine the vertical distribution of contam nants. They can al so
augnent existing nmonitoring well networks to conpl ement contamn nant
delineation efforts.

Sel ection of a SDDW net hod shoul d be based on the requirenents of the project,
purpose of the investigation, and data quality objectives. In selecting the
nost appropriate SDDW applications for a characterization or nonitoring
program one nust bal ance the benefits of tenporary vs. permanent SDDW and

di screte sanpling vs. vertical profiling data.

Al so, selection of well dianeter nust be based upon the site assessnent goals.
Smal | er dianeter driven wells may limt accessibility of nore sophisticated

el ectroni c neasuring equi pnent requiring installers to use neasurenent
techniques like oil paste on wire to neasure NAPL. Typically, SDDW wth
outside dianeters less than 0.5 inch are used for soil gas sanpling or as

pi ezoneters. Larger outside dianeter SDDWs (.82 to 1.5 inches) are used for
soi | sanpling or groundwater nonitoring.

Entire nonitoring networks of SDDW can be installed as a cost effective
approach to delineate a groundwater plunme. SDDW networks al so all ow
del i neation of non-aqueous phase |iquids (NAPL).

Advant ages

) Can be a cost-effective alternative to conventional nonitoring
wel | s under favorabl e geol ogi c conditions.

) Allows network installation in sensitive areas (e.g., wetlands)
with mninmal inpact.
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° Representative groundwat er sanples can be inmediately collected
fromdiscrete or sequential intervals in the aquifer

) Ability to performvertical profiling to define distribution of
cont am nati on

° Generates fewer spoils, no soil cuttings and | ess purge water

o Advancenent rates are typically faster than conventiona

techni ques in favorabl e geol ogi ¢ conditions.

Di sadvant ages

] SDDW may have di ameters which may be too small to allow the use
of some equi pnent, such as electronic interface probes and
subner si bl e punps

o Absence of a filter pack on SDDW may result in groundwater
sanples with el evated turbidity.

o Smearing of well screens when advanci ng through silts and cl ays
may limt water flow into SDDWand affect groundwater sanple
qual ity.
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SECTI ON 4.2 SELECTI ON OF WELL CONSTRUCTI ON MATERI ALS (Revi sed)

4.2-1 Purpose

One purpose of this Standard Reference Supplenent is to provide gui dance on
sel ecting the nobst econom cal and chemically inert small dianmeter nonitoring
wel | construction materials. Wile there are many simlarities with the
process of selecting materials for water wells and conventional nonitoring
wells, there are also differences which nay be significant, especially in a

hi ghly contam nated environnment. Mnitoring well casing, SDDWdrive rods and
wel | construction materials should be selected to neet the following criteria:

° The materials should be resistant to deterioration resulting from
| ong-term exposure to natural or synthetic chem cal constituents
in the groundwater at the site.

° The materials nmust have sufficient strength to ensure the
structural integrity of the well during installation and |ong-term
noni t ori ng.

() The materials should be selected to mnimze their interference
with the nmeasurenent of the specific chemcal paraneters expected
to be found at the site.

) The rod di aneter should be | arge enough to accommobdat e
comercially avail abl e down-hol e instrunentation or sanpling
equi pment (e.g. oil/water interface probe).

° The rods should be water-tight.

o The wel | nmust be able to be secured agai nst vandalism | eakage,
and inadvertent danage.

° The screen and filter pack, if used, nust be appropriately sized
to provide representative data on hydraulic conductivity and
groundwat er quality.

This section provides guidance for the selection of materials comonly used in
nonitoring well installations and di scusses the advantages and di sadvant ages
of each. The selection of well construction materials should be site
specific. Proper selection requires consideration of project objectives,
conpliance with regulatory requirenents, avail able data about the site

geol ogy, water chem stry, and the project budget. New well materials, filter
packs and seal ants are continually being devel oped. Individuals involved in
wel |l design and installation should be aware of recent devel opnents in
nonitoring well technol ogy.

4.2-2 Casing Materials

4.2-2.1 Conposition

There are a nunber of commercially available well casing materials. The
advant ages and di sadvantages of only a few of the nost commonly used naterials
are described below. For conventional nmonitoring wells, it is possible to
conbine different nmaterials as long as they are conpatible. There is

consi derabl e debate over the significance of the adsorption and desorption
potential of many well casing nmaterials. However, adequate purging of the
well prior to sanpling reduces or elinmnates the potential for this to have a
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significant inpact on sanple chemstry. |If in doubt about the suitability of
a particular casing material for the intended application, it is advisable to
consult chem cal conpatibility charts or the equi pnment manufacturer for
additional information. The significance of adsorption-desorption nust be
eval uat ed based upon nonitoring well program objectives, sanpling and

anal ytical requirenents, and the contam nant concentrations one is trying to
neasur e.

4.2-2.1.1 Polyvinyl Chloride (PVQ

Pol yvinyl chloride (PVC) is the nost common well casing material used in
conventional nonitoring well construction. PVCis used to a much | esser
extent in SDDWwel |l installations. A limted nunber of SDDWinstallers use
PVC for screens or riser (casing material). Such wells are usually
constructed in the same nmanner as conventional wells but they are smaller in
di aneter; generally ranging 1.0-1.5" OD. SDDW nmay al so use PVC with

pi ezoneters for stream gaugi ng and wetlands nonitoring. |In this type of
application, PVC casing material is usually driven 2-5 feet into the soft
ground with sl am bars.

PVC is the thernoplastically nol ded casing conposed of rigid, unplasticized
pol ynmer. PVC casing material offers a conbination of chem cal resistance
durability, availability, and | ow cost. There is considerabl e debate over the
reaction of PVC well casing with sonme ketones, al dehydes, and chlorinated
solvents. In sone cases, PVC has been shown to adsorb and desorb | ow | evel s
of organi c conpounds.

Fl ush-t hreaded or coupl ed PVC casing nmaterials should be used for nonitoring
wel |l construction. If flush-threaded casing is used, ASTMt hread

speci fications should be used. Under NO circunstances shoul d sol vent cenent be
used to join casing sections together. PVC solvent cenents have been shown to
contribute significant quantities of organic contam nants to water sanples
collected fromcenented PVC wells. Generally flush-threaded casing is
preferred due to the ease of installation and because, if properly joined, it

provi des a water tight seal

For all nonitoring well applications where PVC is selected, only PVC wel |
casing listed with the National Sanitation Foundation (NSF) shoul d be used.
These products are essentially free of readily | eachable plasticizers and do
not exceed the National InterimPrimary Drinking Water Standards in | each
tests.

Advant ages

) Excel | ent chem cal resistance to weak al kali es, al cohol s,
al i phatic hydrocarbons, oil and grease.

) Cood chenical resistance to strong mneral acids, strong
oxi di zi ng acids, and strong al kal i es.

) Readi | y avail abl e.

) Li ght wei ght .

) | nexpensi ve.

o Two wal | thickness’ comonly avail able (Schedul e 40 and 80)

provi de a choi ce of strengths.
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Di sadvant ages

) May adsorb and desorb | ow | evel s of sone organic
constituents fromthe groundwater. This may not be a
problemif the well is adequately purged prior to sanpling.

o Poor chem cal resistance to concentrated ketones, esters,

and sone aronatic hydrocarbons.

) Weaker, less rigid, and nore tenperature-sensitive than
netal lic casing materials.

4.2-2.1.2 Stainless Stee

Stai nl ess steel provides an excellent casing material where corrosion

resi stance and strength are inportant. The strength provided by stainless
steel may be essential when installing conventional wells in deep borehol es
(over 300 feet deep) due to the potential for other casing materials with

| ower strengths to collapse. Simlarly, the use of stainless casing materia
or drive rods in Snall Dianeter Driven Wl (SDDW applications nmay be
preferred when driving in difficult geol ogic conditions.

Stainless steel is resistant to nost chemcals and is suited for nonitoring
many types of contaminants. Long periods of exposure to highly corrosive
groundwat er conditions may result in | eaching of chrom umor nickel from
stainless steel well casing. Therefore, if the pH of the groundwater is |ow
(4 or less), stainless steel is not recommended for |ong-termnonitoring of
inorgani c constituents. Stainless steel is available in a variety of types,
each with a slightly different conposition. The basic conposition and
suggested applications for various types of stainless steel and other netals
for well casing and screens is presented in Table 4.2-1 in Standard References

for Monitoring Wlls, January 1991. As with PVC, stainless steel casing
shoul d have threaded, flush joints to assure waterti ght connections.

Two types of stainless steel alloys are available for SDDW construction: 304
and 316. Both alloys resist corrosion and oxidation. There is little to no
performance difference between SDDW constructed from 304 or 316 stainless
steel alloy. SDDW constructed fromstainless steel are typically constructed
fromthe 304 alloy since it is significantly |ess expensive than the 316

al | oy.

Advant ages

() Excel l ent resistance to corrosion and oxidation; will not
adsorb or desorb organi c contam nants.

° H gh strength, rigidity.
o Suitabl e for wi de range of tenperatures.
o Readi | y avail abl e.

D sadvant ages

° Suscepti ble to gal vanic and el ectrochemni cal corrosion

° Heavy; | arger dianeter casings used in conventional wells
may require additional equipnent to | ower down borehol e.
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° May | each chromi um and/ or nickel in acidic waters.

o Moderate to high cost.

(4.2-2.1.3: See Standard References for Mnitoring Wlls, January 1991)

4.2-2.1.4 Carbon Steel (New Section)

Carbon steel (gas pipe) construction is a conmon SDDW construction materia

due to its relatively |low cost, excellent durability, and chem cal resistance.
Carbon steel is stronger than stainless steel and therefore is preferred in
applications in difficult geologic conditions. Due to the potential for
corrosi on, carbon steel nay not be appropriate in long-termnonitoring, vadose
zone, or sparging/injection applications.

Advant ages
o nore rigid than stainless steel
o i nexpensi ve conpared to stainless stee

Di sadvant ages

o potential for corrosion in vadose zone or sparging/injection
applications

4.2-2.1.5 Gal vani zed Steel (New Section)

Gal vani zed steel is not commonly used as a SDDWnaterial. However, gal vanized
steel was fornerly used in hand-driven well points at a tinme when the
selection and availability of materials was not as diverse. SDDW constructed
from gal vani zed steel may still be available from sone vendors.

Advant ages

° | nexpensi ve

° H gh strength

Di sadvant ages

° Susceptible to corrosion

4.2-2.1.6 Joining Casing Materials and Drive Rods (New Section)

SDDW are advanced into the ground by joining individual drive rods or
sections of casing materials. The sections are joined by either threading,
crinping, or welding. Threaded joint connections are a comon joini ng nmet hod
for direct push applications. Threaded drive rods are joined by screwing two
drive rods together. Care nust be taken during installation since the threaded
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portion may be thinner than the rest of the drive rod and may bend or break
under extrene stress or if deflected.

SDDW drive rods can al so be connected by crinping. Two drive rods are
connected together by a external steel sleeve. The sleeve is secured in place
by pinching with a hydraulic crinper. The integrity of the seal can be

i ncreased by crinping the sleeve in several |ocations.

Wel ding is another technique that can be used to join drive rods. In this
techni que, the ends of two drive rods are connected by a netal sleeve that is
wel ded in place. The wel ding technique requires additional tine and equi pnent
on-site but provides a strong joint which can facilitate SDDW advancenent in
deep or difficult areas. Al SDDWjoints should be visually inspected in the
field to ensure proper joining.

(4.2-2.2: See Standard References for Monitoring Wlls, January 1991)

4.2-2.2.1 Size Selection for Snall Dianmeter Driven Wl ls (New Section)

When constructing a Snall Dianeter Driven Well, both the wall thickness and
the inside dianmeter (ID) of the drive rods or casing material nust be
considered. The wall thickness determ nes the strength of the casing
material. The thicker the casing, the stronger the drive rod. Selection of
SDDW di aneter is typically limted by the materials available to the well
installation contractor. However, the followi ng factors shoul d be consi dered
in selecting a SDDW di anet er.

° Subsurface conditions may linmt the ability to drive smaller
dianeter SDDW. Difficult driving conditions nmay inpede or break
smal | er di ameter SDDV§.

° G oundwat er sanpling will require a SDDWw th a dianmeter |arge
enough to acconmpdate the desired sanpling equi pnent.

° For groundwat er el evation or product thickness measurenment, the
SDDW shoul d be of sufficient size to allow insertion of the
requi red neasurenent equipnent.

° Larger dianeter drive rods or thicker casing naterials provide
greater strength and are nore resistant to deflection.

o Smal | er SDDWs are | ess costly and easier to handle in renote
| ocati ons.
o For renedial applications, SDDW should be sized to allow for the

needed fl ow requirenents.
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(4.2-3 through 4.2-6: See Standard References for Mnitoring Wlls, January
1991)

4.2-7 Protective casings (Revised)

A protective well casing is recommended for all SDDW used as nonitoring wells
to protect it fromdamage, |eakage, tanpering, or vandalism Protective well
casings are generally constructed of steel and have a | ocking cap. Two basic
types of protective casings are used in all nmonitoring well installations: an
above-ground casing and a flush-nmount casing, or road box (see Figures 4.2-4
through 4.2-5 in Standard References for Mnitoring Wlls, January 1991).

Sel ection of the protective casing is based on the physical conditions of the
area. |In areas of vehicular or pedestrian traffic, it may be desirable to
conceal the SDDW by using a flush nounted conpletion and roadbox. Flush
nount ed conpl etion construction is slightly nore expensive than stickup
construction since it involves the addition of a roadbox. Above-ground and
fl ush-mount ed casing constructi ons shoul d be sealed at the surface (See
Section 4.3-5.2.3 in Standard References for Mnitoring Wlls, January 1991).

4.2-7.1 Above-ground Protective Casing

Above- ground SDDW conpl etions are typically constructed using a portion of the
SDDWrod as the protective casing. This type of protective casing is
constructed by welding or crinping a netal tab to the top of the SDDWdrive
rod. A locking cap is then inserted over the top of the SDDWand | ocked
through the netal tab to secure the well. The prinary purpose of this
construction is to ensure the integrity of the SDDW

4.2-7.2 Flush-nount or Road-box Casing (Revised)

Fl ush- nount protective casings for SDDW nust be conpleted flush or slightly
bel ow ground surface. They are primarily used in high traffic areas such as
roadways, parking lots, and sidewal ks. Typically, flush nount construction
uses a roadbox, of which nmany standard varieties are comrercially avail abl e.
I ndi vi dual vendors may al so offer custonmi zed roadboxes which nmight vary in
di aneter or depth. Flush-nounted SDDW can al so be constructed utilizing
nmanhol e covers. |In order to avoid infiltration of surface water into the
SDDW r oadboxes or manhol e covers usually include a rubber gasket. Water
tight caps are placed on the top of the SDDWrod. Ganular nmaterial is
usual |y pl aced inside the roadbox or manhol e cover systemto enabl e drai nage
of water that nay have entered.
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SECTI ON 4.3 WELL | NSTALLATI ON PROCEDURES (Revi sed)

4.3-1 Purpose

The proper installation of nonitoring wells is an essential part of al

hydr ogeol ogi ¢ investigations. The proper installation depends upon good
communi cati on and cooperation between the well installer and field personnel
Quality well installations require thoughtful consideration of severa
interrelated topics including the objective(s) of the well installation
program selection of the appropriate installation method, network design, and
wel | construction materials. Information and technical guidance on these
aspects of nonitoring well construction are contained in other sections of

St andard References for Monitoring Wlls, January 1991 (SRs) and in this

Suppl emrent on Small Dianeter Driven Wells (SDDW. Specific sections on
construction include: Section 3.2 Drilling Techni ques, Section 4.1 Network
Design and Section 4.2 Selection of Wll Construction Mterials. The reader
shoul d refer to these sections in both Standard References for Mnitoring

Wl I's, January 1991 and this Supplenent prior to specifying well naterials and
installation procedures.

The techni ques described in the followi ng subsections are some of the comon
and effective nethods that can be used to install SDDW. Oher nethods nmay be
utilized provided that the perfornance and integrity of the well conponents

are nai ntained. A contractor experienced in nmonitoring well installation can
of fer many hel pful suggestions on both standard and i nnovative wel |
installation nethods. Discussions of a proposed well installation program

with a contractor prior to undertaking the field programis strongly
reconmended.

Improperly installed nonitoring wells can have seri ous consequences. Data
obt ai ned from such wells can be incorrect and/or msleading, resulting in
erroneous interpretati ons and concl usi ons concerni ng potentionetric head
conditions, extent of contam nation, contam nant concentrations, and the
source or receptor of contamination. Adequate attention nust be given to the
proper preparation and installation of nonitoring well seals. Inadequately
seal ed wells can serve as conduits for the vertical novenent of contam nants
i nto uncontani nated portions of an aquifer or into a confined aquifer. A
detail ed di scussion of the preparation and installation of nonitoring well
seals is contained in Standard References for Mnitoring Wlls, January 1991
and revisions contained within this docunent.

4.3-2 Conponents of the Installation

See Standard References for Mnitoring Wlls, January 1991, for conventiona
nonitoring well installation conponents.

4.3-2.1 Conponents of SDDW Installation (New Section)

SDDW are driven with percussive force directly into unconsolidated
formations. SDDW nay be used as pernanent or tenporary nonitoring points of
soil, groundwater, and soil gas. At this time, SDDWtechnology is not capable
of installation into consolidated bedrock.

The two primary types of SDDW are the single rod system consisting of a drive
poi nt and slotted screen with riser pipe or rods and the dual tube or cased
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system consi sting of renpovable drive casing with interior sanpling assenbly.
The fol |l owi ng system conponents are discussed within this Suppl enent:

Single Rod with Sl otted Screen

Drive Casing with Retractable Screen Sanpl er
Drive Casing with Permanent Sanpling Assenbly
SDDW Soi | Sanpl er

A surface seal, road box, and/or protective casing may be included if any of
t he above systens are constructed as pernmanent sanpling points for soil gas or
gr oundwat er

4.3-2.1.1 Single Rod with Slotted Screen

Conponents of a single rod SDDWw th an exposed or m |l slotted well screen
i ncl ude:

() Drive Point
() MIIl Slotted Screen
o Drive Rods or Riser Pipe

This is the sinplest and nost common SDDWinstallation for groundwater and
soil gas sanpling (see Figures 3.2-15-"Slotted Sanple Point” and 3. 2-18-
“Exposed Systeni). The single rod systemis driven to the desired depth and
sanpl es of groundwater or soil gas are drawn through the exposed screen and
col l ected at the ground surface.

Vertical profiling of groundwater and soil gas may be conducted by driving the
exposed screen assenbly to the intended depth, collecting a sanple of
groundwat er or soil gas, and then advancing the SDDWto subsequent sanpling
depths. Care nust be taken to avoid cross-contanmi nation of sanples. Over-
punpi ng or excessive purging of the well is perhaps the nost conveni ent nethod
to avoid cross-contami nation and obtain a representative sanple (see Section
4.5-2.1 in Standard References for Munitoring Wlls, January 1991).

Single rod SDDW are generally constructed of readily avail able and af fordabl e
materials such as carbon steel. This type of single rod SDDWis rarely
renoved and is generally infeasible to extract even when |ong-term nonitoring
is not anticipated. Mre expensive drive rods such as stainless steel and
hardened steel alloys are typically used when the SDDWis to be retrieved.

Due to the inability of this well installation nethod to retrieve soil sanples
for exam nation, caution nust be exercised not to perforate confining |ayers.
When installing a single rod SDDWsystemin contam nated areas, it nmay be
useful to obtain soil sanples to determine soil stratigraphy using an
alternative nethod (see Section 3.2-6 in Standard References for Mnitoring
Wl l's, January 1991).

If constructed as a pernmanent nonitoring point or renedial well such as a
vapor extraction well or sparging point, a surface seal, road box, or other
protective casing should be constructed after driving the SDDWto the desired
dept h.

4.3-2.1.2 Drive Casing with Retractabl e Screen Sanpl er

Conponents of a retractable screen sanpl er assenbly include:

o Drive Casing



SDDW Suppl enent
Page 33
January 1999

Ext ensi on Rod

Pi ston Rod

Expendabl e Drive Point
Retract abl e Screen

The SDDW retractabl e screen sanpler is used as a tenporary sanpling point for
groundwat er and soil gas sanpling (see Goundwater Figure 3.2-15-"Expendabl e
Poi nt and Screen Sanpler” and Soil Gas Figures 3.2-18-“Retractable Tip”). The
assenbly consists of an expendable drive point and retractabl e screen which is
connected to extension rods and a piston rod within the drive casing. Once the
sanpl er is advanced to the desired sanpling depth, the |eading end of the
drive casing is retracted while the extension rod holds the exposed screen in
pl ace. Goundwater or soil gas sanples are drawn through the screen section
and collected at the ground surface. The SDDW assenbly is then retrieved from
t he subsurface for further use. The expendabl e drive point is left behind
after retrieval of the assenbly. Decontanmi nation of the retractable screen
sanpl er assenbly is necessary before reuse.

4.3-2.1.3 Dbual Tube or Cased Systemwi th Permanent Sanpling Assenbly

A dual tube or cased system SDDWinstalled as a pernmanent groundwater sanpling
assenbly is a nore recent advancenent in small diameter well technol ogy. Wlls
installed using this technique are driven to the desired sanpling depth but
wel | conpl etion invol ves using conventional nonitoring well methods including
the addition of grout and sand (see Figure 3.2-16-"Schematic of Dual Tube
System wi th Permanent Sanpling Assenbly”).

Conponents of the drive casing with permanent sanpling assenbly include:

Dual Tube Drive Casing
Expendabl e Tip

Prepacked Screen Sections
PVC Ri ser

Bentoni te Sea

Protective Well Cover

The objective of this procedure is to install a pernmanent snall dianeter
groundwat er nonitoring well that can be used to collect water quality sanples,
conduct hydrol ogi ¢ and pressure neasurenents, or performany other sanpling
event that does not require |large anounts of water at any given tine.

To install a permanent sanpling assenbly SDDW the drive casing and expendabl e
tip is advanced to a desired depth. Once the drive casing is set at depth,

t he prepacked screens are |owered through the drive casing as additional PVC
riser is added to the well assenbly. The prepacked screens are attached to an
expendabl e anchor point by a | ocking connector threaded to the bottom of the
prepacked screens. Wen the prepacked screens are | ocked into the anchor
point the drive rods are retracted. As the rods are retracted above the
screens, either the natural formation collapses or a fine-grain sand is

i ntroduced to forma barrier above the prepacked screens. This sand or

natural formation barrier prevents bentonite grout frompenetrating into the
screened interval. Ganular bentonite or a bentonite slurry is then installed
in the annul ar space to forma well seal. A protective well cover is then
installed at the ground surface to conplete the SDDW permanent sanpling
assenbl y.
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4.3-2.1.4 SDDW Soil Sanpl er

The SDDW Soil Sanpler is used to obtain discrete, stratigraphic soil sanples.
Conponents of a SDDW Soil sanpl er incl ude:

Drive Casing

Ext ensi on Rod

Pi ston Rod

Sanpl er Tube, Sanpler Sleeve, or Sanpler Barrel
Cutting Shoe

Drive Point

The SDDW Soi | Sanpler is driven to a point above the desired sanpl e depth.
Extension rods are inserted within the drive casing to engage the piston rod
by unlocking a retaining pin. The sanple barrel is driven into the

undi sturbed soil beneath the drive point and the soil sanple is retrieved from
the borehol e (see Figure 3.2-17-"Schenmatic of SDDW Soil Sanpler”).

(4.3-3 through 4.3-4: See Standard References for Mnitoring Wlls, January
1991)

4.3-5 Seals
(4.3-5.1: See Standard References for Mnitoring Wlls, January 1991)

4.3-5.2 Types of Wll Seals

(4.3-5.2.1 through 4.3-5.2.2: See Standard References for Mnitoring Wlls,
January 1991)

4.3-5.2.3 Surface Seals

4.3-5.2.3.1 Surface Seals for SDDW (New Secti on)

Above- ground and flush-nmounted casing constructions should be sealed at the
surface to prevent surface water fromentering the SDDWand to prevent short-
circuiting of air in soil gas sanpling applications.

In general, sealing of the SDDWi nvol ves hand grading of the area to elimnate
col l ection of standing water around the SDDW Bentonite or concrete seals are
installed in an excavati on around the base of above-ground stickup or roadbox.
The surface of the seal should be contoured to divert surface water runoff
away fromthe SDDW Care should be taken to avoid inadvertent spillage of
seal material into the SDDWduring installation. A surface seal is not
required if the SDDWis fitted with a | ocking cap.

(4.3-5.3 through 4.3-5.3.2(c): See Standard References for Mnitoring Wlls,
January 1991)

4.3-6 Protective Casing and Surface Seal (Revised)

4.3-6.1 Ceneral Considerations
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The purpose of a protective well casing is to provide a water-tight, tanper-
resi stant sleeve around the nmonitoring well to protect it from accidenta
damege, infiltration, and vandalism Protective well casings are generally
constructed of steel or cast iron and have a | ocking cap. The two basic types
of protective casings used in nmonitoring well installations are the above-
ground casing and the flush-nount casing or road box. For information on

sel ection of the appropriate protective casing see Section 4.2-7 Sel ection of
Wel | Materials - Protective Casings in Standard References for Mnitoring
Wells, 1991.

Inportant elenments in the installation of a protective casing are the inside
di aneter of the protective casing, the depth of the protective casing, and the
installation of a concrete surface seal

Per manent SDDW are al so conpl eted with above-ground and road-box protective
casings, simlar to conventional nonitoring wells. For sonme steel SDDW, the
wel | casing may be used as the protective casing, provided a |ocking cap is
present. For other SDDWinstallations, the inside dianeter of the protective
casing should be sufficiently large to permt easy access to the SDDW and
renmoval of any caps or plugs.

(4.3-6.1.1 through 4.3-7.7: See Standard References for Mnitoring VWells,
January 1991)
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SECTION 4.4 AS-BU LT NOTES AND RECORDS

4.4-1 Purpose

The purpose of an As-built record is to conpile permanent information about
the actual |ocation and construction of a specific nmonitoring well, including
t he subsurface geology at the well location. There are several reasons for
conpi | i ng such information:

() To ensure that the m ni mum constructi on standards have been
nmet, and that the installation is suitable for the site
condi ti ons.

° To provide a historical database of information on existing
nonitoring wells, subsurface materials, and water quality.

° To enable others to assess the integrity of the well installation
so as to be able to evaluate the validity of the environnental
data obtained fromthe well

° To nmeet the requirenments for well drillers by Massachusetts

General Law Chapter 21 Section 16 and the Departnent of
Envi ronnment al Managenent regul ati ons 313 CVR 3. 00.

(4.4-2 through 4.4-3: See Standard References for Mnitoring Wlls, January
1991)

4.4-4 Small Dianeter Driven Well Conpletion Report Informati on (New Secti on)

For the installation of any SDDW a report docunenting the conpletion and
results should be prepared. At a minimum the following infornmation is
recommended:

(1) Proj ect nane and Cient;

(2) Site/well |ocation description

(3) Vel |/ boring nunber

(4) Drilling contractor and equi prent;

(5) Site supervisor/geol ogi st;

(6) Drilling nethod, SDDW devel opnent equi pnent, and sanpl er description

(7) Total depth and water table depth;

(8) Start date and finish date;

(9) Screen and riser type, length, depth, and SDDW di aneter;

(10) Soil classification (Section 3.5) or sanple description, if appropriate;
(11) Field testing results; and

(12) SDDW abandonnent description, if appropriate.

(13) Advancenent rate (ft/mn)

(14) Well devel opnent

A separate form should be conpleted for each SDDWinstallation or application.
Exanpl es of well conpletion reports and as-built forns can be found at the end
of Section 4.4 in Standard References for Mnitoring Wlls, January 1991

Readers should note that the Departnent of Environnental Managenent (DEM
revised regul ations on "Registration of Well Drillers and Filing of Wl
Conpl etion Reports" (313 CMR 3.00) in May of 1997. The new regul ati ons have
several requirenments related to the installation of nonproductive (i.e.
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monitoring wells) including the completion and filing of "Well Conpletion
Report Forns" (see Figure 4.4-1). A copy of the DEM "Manual on Well Driller
Regi stration and Filing of Mnitoring Wll Conpletion Reports" can be found in
t he Appendi x of this Suppl enent.
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Department of Environmental Management/Division of Water Resources
WELL COMPLETION REPORT
Y/ELL LOCATION GEOGRAPHIC DESCRIPTION L'CBS
Aadress N S E W o
(o) {catw)
City/Town PTION | prees
Well owner (rosal TV of
N S E W of
Aadress {me n temns) {crTae) Tp‘nou
Board of Health permit obtaine:  yes (] no [ | iersect. w/ Troma Lw of W ot
WELL USE WELL DATA
Oomestic ] Public (J Industnai (]| Totaiwelidapth _______ _ ft
Mormtonng (] Other Depthtobedrock .. f#t W of
Water-beanng rock/unconsolidated matenal:
Maethod drilled o \ption
Data drilled Water-beanng zones: -
CASING 1) From To pai:
Type 2) From To
Length . Oia(.D.) in.] 3)From To na:
Length into bedrock ft. | Gravei pack weii: dia. I ’
Protectve well seal: dia.
Scraen:
Grout (] Other Slot# length from o
STATIC WATER LEVEL (all weils)
Static water {avel beiow land surtace ft. Date - I
WELL TEST (production wells)
Drawdown ft.  after pumping hr. min. at gpm i
How measured Recovery ft. after hr. mun. B 0 _—
LOG of FORMATIONS | COMMENTS p R
Matenals From| To § 1
H -
Drifler 3
Fm § .
- § =
Clty/Town BN §
Supervising Driller Reg.# [ 1§
Sionanse ot Suoemsng reqstered wed criller - B
Ploase prve fimiy —
DRILLER COPY B
Signature of SUDSVISING reqstered wed antier poe
Please pra firmty
BOARD OF HEALTH COPY
Signansre of SUDEMENG reaSINred wed driller
Plsase oryx trmiy
STATE COPY
‘ Figure 4.4-1
Source: MA Department of Environmental Management Well Completion Report Form.

L
;

P
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SECTION 4.5 WELL DEVELOPMENT (Revi sed)

4.5-1 Purpose

Wl | devel opnent is a necessary step in the conpletion of nost groundwater

nonitoring well installations. Developrment of a monitoring well helps to
renove sedi ment and enhance the hydraulic connection between the well and the
aqui fer. Regardless of which conventional well installation nethod is used,
all cause sone alteration or rearrangenent of the fill or natural soil or rock

material in which the well screen is installed. Such alteration or
rearrangenent is mnimal when Small Dianmeter Driven Well (SDDW techniques are
used. Since nonitoring wells are installed to collect physical and chem cal
data indicative of in-situ aquifer conditions, the nmethods of drilling and
installing wells should minimze the disturbance of aquifer materials which
adversely inpact the quality of the data collected. WIIls not intended for
sanpling, such as piezoneters and observation wells, may not require

devel oprent .

The objective of well devel opment is to enhance the hydraulic connection

bet ween the well screen and the natural formation or fill by renoving fine
soil materials or drill cuttings and subsequently rearranging the natural or
artificial sand filter pack around the well. Well devel opnent nmay increase

the hydraulic conductivity in the vicinity of the well screen. This should be
consi dered when in-situ hydraulic conductivity tests are planned. Appropriate
nmechani cal rearrangenent of the sand or gravel pack (i.e. devel opnent) will

all ow the groundwater to nove through the sand pack nore easily and reduce the
amount of fines that enter the well. Since groundwater in nost New Engl and
aquifers travels at velocities too lowto retain suspended material, any
turbidity associated with monitoring wells is likely to be an artifact of the

well installation process. Wl devel opnent can reduce this turbidity and,
therefore, reduce the chance of chenical alteration of groundwater sanples
caused by suspended sedinents. In addition, it can renove fluids introduced
during drilling or installation. |In this discussion, well devel opnent

i nvol ves preparation of the well for collection of hydrol ogic and chem cal
data. |f sanples are collected for chenical analysis, the well nust be purged

prior to sanple collection (See Section 6.0 Sanpling of Monitoring Wlls in
St andard References for Monitoring Wlls, January 1991).

In this discussion, well devel opnent involves preparation of the well for

coll ection of hydrologic and chem cal data. 1In order to obtain hydrol ogic and
chemical data that is representative of the aquifer, the hydrol ogic conditions
in the vicinity of the well screen should be restored to their natural state
as much as possible. If sanples are collected for chem cal analysis, the wel
nmust be purged prior to sanple collection (See Section 6.0 Sanpling of
Monitoring Wells in Standard References for Mnitoring Wlls, January 1991).

Use of devel opnent nethods 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 sone groundwater nonitoring applications.
If additional water is introduced during devel opnent to flush the screen, this
vol ume of water must be renoved as part of the devel opnent process and may
require storage and di sposal as a hazardous waste.

The purposes of well devel opnent are:

® to reduce the anmount of fine grained naterial entering the well
fromthe surrounding formation; and
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o to inprove the hydraulic connection between the well and
surroundi ng formation

The foll owi ng section on well devel opnent net hodol ogy will specifically
address the devel opnent techniques for SDDW. Aquifer conditions and
constraints, especially perneability and depth to water table, will dictate

the specific applicability of any of these nethods. It is expected that
variations and conbi nati ons of these nmethods will probably be required at sone
sites. It should be noted that all equi pment placed in a nonitoring well for

devel oprment, purging or sanpling should be decontam nated. Decontam nation
net hods are presented in Section 3.3 and Section 6.5 of Standard References
for Monitoring Wlls, January 1991

4.5-2 Met hodol ogy

SDDW can use nany of the sane well devel opnent techni ques that conventional
nonitoring wells use. However, SDDW are usually designed and installed to
obtain sanples of formation groundwater w thout introducing fluids during
drilling or disturbing subsurface conditions. These sanpling points usually
require mni mal devel opment. As with conventional wells, the prinmary reasons
to develop a SDDWare to renove fine grained sedi ments and increase water
flow. The well devel opnent nethods usually enpl oyed for SDDW devel opnent

i ncl ude:

Over - punpi ng
Mechani cal surgi ng
Water jetting
Pur gi ng

Bailing is a technique that is not recomended for well devel opnent because it
is slow and ineffective in adequately renovi ng suspended sedinent. Bailing is
general |y used for groundwater sanpling and often for purging wells prior to

sanpl i ng.
4.5-2.1 COver-punpi hg (Revi sed)

Over-punping a well involves punping at a rate faster than the well would
nornal |y be punped or purged for sanple collection. This is one of the
easi est and nost comon net hods of well devel opnent.

Over - punpi ng i ncreases the hydraulic gradient near the well by draw ng the
wat er | evel down. The steepened hydraulic gradient increases the velocity of
t he groundwater noving through the screen into the well. The increased
velocity entrains fines into the well and clears the screen of this nmaterial
Care must be taken not to introduce air into the formation around the screen
duri ng devel opnent.

Over-punping is best suited to aquifers conprised of sands and gravels with
shal | ow water tables. The suction line, punp or check valve is |lowered into
the well and water is renoved. |If the perneability of the formation is
sufficiently high, repositioning of the intake Iine within the screen may pul
material into the well.

Typi cal problens encountered using this nethod are the |ack of punping devices
that will fit within snaller dianmeter (less than 2") nonitoring wells and
produce satisfactory punping rates. Above-ground peristaltic or centrifuga
punps are effective when the water level is less than 25 feet fromthe ground
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surface. |If the groundwater contains hazardous constituents, punping |arge
vol umes of contam nated water may pose di sposal probl ens.

4.5-2.1.1 Advantages and D sadvant ages

(a) Advant ages

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

o Rel ati vely sinple procedure.

(b) Di sadvant ages

] If the pernmeability is quite high or quite variable, only a
section of the screened zone may actually be devel oped. This
is especially true of wells with |ong screens.

o Over - punpi ng may conpact fine sedinments in the formation
around the well screen, restricting groundwater flow into
t he screen.

o Over - punpi ng may produce a | arge vol ume of contani nated
wat er that nust be di sposed of as a hazardous waste.

(4.5-2.2: See Standard References for Mnitoring Wlls, January 1991)

4.5-2.3 Mechani cal Surging

Anot her net hod which can be used to devel op SDDW is surging. This technique
enpl oys 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 Mnitoring Wlls, 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
wat er colum. The surging action should start at a sl ow 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 neasures
are taken to clean out accunulated silt or material prior to surging.

O herwi se, the fines may be forced out through the well screen into the
surroundi ng formation. Accunulated material may al so bind or |ock the surge
bl ock in place if precleaning is not performed. Periodic bailing or punping
of the soil or rock particles is necessary regardl ess of the |ocation of the
surging within the well.

A typical surge block has a small clearance between the flexible |eather or
rubber discs and the inside of the well casing. Violent or too rapid surging
inawll situated in a |ow perneability formati on nay danage the well.
Variations in surge block construction involve the addition of flap valves to
all ow sone water and silts to pass through the bl ock rather than between the
bl ock and wall of the well. Additionally, check valves can be added to the
surge block to all ow renoval of devel opment water and associated silts. After
surging, additional devel opnent can be perforned, if desired, using the
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rawhi di ng or backfl ushi ng techni que described in Section 4.5-2.2 in Standard
Ref erences for Mnitoring Wll , 1991

4.5-2.3.1 Advantages and D sadvant ages

(a) Advant ages
o Gentl e surging conbined with gentle punping through the
center of the surge bl ock has been very successful for
devel opment in formati on contai ning a considerabl e amount of
fine materi al
o | nexpensive and relatively sinple tool

° Effective in wells installed in highly perneabl e honmbgenous
formations.

° Does not require the addition or w thdrawal of substantia
vol umes of discharge water except for flushing.

(b) Di sadvant ages

o Vi gorous surging may danmage non-netallic well screens.

] May cause the formation around the screen to become cl ogged
by pushing fines back into the formation, reducing flowinto
the well.

° If the surge block fits the well too tightly it can damage

the well screen
° May renmove sufficient formation material outside and above
the well screen causing the seal to collapse, resulting in
infiltration of overlying aquifer nmaterial.
(4.5-2.4: See Standard References for Mnitoring Wlls, January 1991)

4.5-2.5 Water Jetting

H gh velocity water jetting is a rarely used but effective technique for
devel opment of conventional nonitoring wells and, in even rarer instances,
Smal | Dianeter Driven Wlls. Jetting consists of the discharge around the
wel | 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 frominstallation. Unless renoved, this layer can alter the
natural permeability of the aquifer. |In order to be effective in devel oping
the well, water jetting must be acconpani ed by punmping to renove the fines.
Thi s devel opnent nethod should be used with caution to avoid danmagi ng the
screen or devel oping voids in the filter pack surroundi ng the screen

4.5-2.5.1 Advantages and D sadvant ages

(a) Advant ages
° Effective in highly stratified, unconsolidated fornmations.

° Entire section of screened zone can be devel oped.
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(b) Di sadvant ages

° I ntroduces water into the formation
) Requi res equi pment which may not fit SDDVs.
] More tinme consum ng than ot her nethods.

4.5-2.6 Purging (New Section)

In addition to well devel opnent, which is typically conducted at the tinme of
installation, SDDW are purged i mediately prior to obtaining groundwater
samples. Purging is the process of renoving water fromw thin the SDDW and
fromthe aquifer around the SDDW Well purging is typically conducted using
sanpl e collection tools such as check valves and peristaltic or centrifuga
punps. Purging assures that the water to be sanpled is a true representation
of current conditions of the local groundwater. This is inportant since
groundwat er at the sanpling site may not be representative of the overal
groundwat er due to variable environmental conditions, such as

oxi dation/reduction near the well, which may differ fromconditions in the
surroundi ng wat er-bearing formation.

As with conventional nonitoring wells, the length of time required to
adequately purge the SDDWis dependent on many factors including the
characteristics of the SDDW hydrogeol ogi ¢ nature of the aquifer, type of
sanpl i ng equi pment used, and paraneters being sanpled. It is reconmmended that
t he SDDW be purged until the groundwater has cleared of nost fine sedi ment or
at least 3 well volumes have been renoved.

4.5-2.6.1 Advant ages and D sadvant ages

Advant ages

° Ensures sanples are representative of groundwater at the sanpling
site.

Di sadvant ages

° Requires additional tinme during sanpling.

° Creates purge water which may require handling as a hazardous
wast e.
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SECTION 4.6 DECOVM SSI ONI NG OF MONI TORI NG VELLS (Revi sed)

4.6-1 Purpose

Any monitoring well that is no longer in use or that is unfit for its intended
pur poses shoul d be decommi ssioned. Plugging the well and surface restoration
are the central features of the decomm ssioning process. For conventional
nonitoring wells, plugging consists of constructing a | ow perneability
cylinder or plug within that portion of the subsurface occupied by the well
and its annul us, including both the uncased portion of bedrock well and the
cased portion. For Small Dianeter Driven Wells (SDDW), bentonite grout punped
into the drive rods will provide an adequate plug. Surface restoration
consists of the renoval of the upper three to four feet of the well and
backfilling the area with an effective seal. An abandoned nmonitoring well is
defined in Standard References for Mnitoring Wlls, January 1991 (SR) as "a
wel | whose use has been permanently discontinued;" as used in this Suppl enent
it includes any Small Dianeter Driven Wll that is no |onger suitable or
needed for its original intended purpose such as for water-|evel neasurenents,
water quality sanpling, soil sanpling or soil gas sanpling.

Proper plugging of such wells will:

) El i m nat e physi cal hazards

° Prevent groundwater contam nation

° Conserve the yield and hydrostatic head of confined aquifers

o Prevent the interm ngling of potable and non-potabl e groundwater,
and,

° Prevent the migration of contam nation through a confining |ayer

separating aquifers.

It should be noted that the objective in Massachusetts differs markedly from
the goal established by the American Water Wirks Associ ation and the statutes,
regul ations, or guidelines of nbst other states. Many docunents contain the
foll owi ng | anguage: "The basic concept of proper sealing of abandoned wells is
restoration, as far as feasible, of the controlling hydrogeol ogical conditions
that existed before the well was drilled and constructed. If this restoration
can be acconplished, all the objectives of plugging wells will be adequately
fulfilled." To acconplish this goal sone states have suggested the placenent
of sand and gravel opposite the nore perneabl e subsurface zones and cl ay
opposite the | ess perneable zones. Wile that goal is an adnirable one, it is
al so one which, in DEP' s opinion, may be unattainable in practice. |n order
to neet the objectives of proper deconm ssioning, DEP has tried to develop a
simpl e, workabl e approach that will solve the existing and potential problens
from unsaf e abandoned wel | s.

Sone exanpl es of the types of unsafe wells that nay cause probl ens incl ude:
o 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 annul us;

o Wells with cracked or corroded casing: surface water may enter
the well;
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o I mproperly constructed wells: an unsealed or inproperly seal ed
annul ar space around the outside of a well casing or between an
i nner and outer casing may serve as a channel for surface water to
mgrate into an aqui fer and/or groundwater may be transferred from
one aqui fer to another;

° Open hole wells in bedrock: nay serve to interconnect aquifers in
different formations;

° Unpl ugged abandoned flowing artesian wells: this can result in
| oss of water, reduction of regional artesian head and | ocalized
surface flooding; and

° Uncover ed and unpl ugged abandoned wells with | arge inside
dianeter: these may represent a physical hazard to human bei ngs
and animals, as well as a disposal receptacle for contam nants,
waste and debris.

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

4.6-3 Plugging the Wl

(4.6-3.1 through 4.6-3.3: See Standard References for Mnitoring Wlls,
January 1991)

4.6-3.4 Deconmmissioning Snall Dianmeter Driven Wl ls (New Section)

Smal | Dianeter Driven Wlls can be deconm ssioned by extracting the casing
material or, if feasible, by in-place abandonnent. |f the SDDW needs to be
extracted, extra care should be taken to ensure that the remaining hole is
conpletely filled and sealed with grout. Plastic tubing may be used to punp
grout into the hole as the SDDWis renoved.

If the SDDWis to be abandoned in-place, grout should be punped into the drive
rod or casing nmaterial to plug it. As with conventional well deconmm ssioning,
if the SDDWis renoved, care nust be taken to reduce the possibility of

bor ehol e col | apse, voids, and contam nant mgration through a preferentia

pat hway.

Abandonment of SDDW shoul d be conducted using general protocols outlined for
conventional nonitoring wells presented in Sections 4.6-2.1 through 4.6-3.3 in
St andard References for Monitoring Wlls, January 1991
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SECTI ON 6.2 SAMPLI NG TECHNI QUES (Revi sed)

(6.2-1 through 6.2-3.4: See Standard References for Mnitoring Wlls, January
1991)

6.2-3.5 Sanpling Techniques for SDDW (New Section)

6.2-3.5.1 G oundwat er Sanpling Methods and Equi pnent

G oundwat er sanpl es can be collected at any desired depth in the aquifer
through the screened interval of the SDDWas it is being advanced or

wi thdrawn. SDDWs shoul d be purged prior to sanpling to reduce turbidity and
obtain nore representative sanples of groundwater. SDDW advanced to obtain
sanpl es at increasingly greater depths should be purged between sanpling
intervals to renove stagnant water in the well

There are generally two approaches used to obtain groundwater sanples while
advancing the SDDW (Figure 3.2-15). Goundwater sanples can be obtained
through slotted screen at the |l ead end of the SDDWor through a screened
groundwat er sanpler with a retractable sleeve. Regardless of whether slotted
screen or a screened retractable sl eeve SDDW are used, groundwater sanpling
can be acconplished using either a small dianeter bailer, peristaltic punp, or
an inertial punp system Sanpling with bailers and peristaltic punps is

di scussed in Sections 6.2-3.1 and 6.2-3.3 of Standard References for
Monitoring Wells, January 1991.

Inertial punp techniques use a check valve assenbly attached to the bottom of
a tubing section that is |owered through the water colum (Figure 6.2-3.1 in
St andard References for Monitoring Wl ls, January 1991). When the tubing is
pushed in a downward notion, water is allowed to enter into the check val ve,

pushing the ball up and away fromthe bottom of the check val ve. Wen the

tubing is noved in an upward notion, the ball is forced to the bottom of the
check valve where it forns a water tight seal. In higher yielding formations,
an oscillating up and down notion can be used to punp groundwater and sustain
flow at the surface. In subsurface soil with |ow perneability, the inertial

sanpl er can al so be used as a bailer and retrieved to the surface to obtain
t he sanpl e. Sonme advantages and di sadvantages of the inertial tubing system
are listed bel ow

Advant ages

o Tubi ng and check val ve assenblies are comercially available in
various material types for any size SDDW

o Inertial sanpler is easily assenbled and used in the field.

o Inertial sanpler nmay be dedicated and stored inside a permanent

SDDW f or subsequent reuse elimnating the need for
decont ani nati on.

o New or dedi cated sanpling equi pment mnimnizes potential for cross-
cont am nati on

D sadvant ages
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o Fi ne- grai ned sedi ment can clog the check val ve assenbly causi ng
the ball to stick and reducing or elimnating flow

o Not econonmically feasible to reuse tubing.

o In low yielding formations air can enter the tubing which may

purge VOCs from groundwat er

6.2-3.5.2 Soil Sanpling Methods and Equi pnent

For soil sanpling applications, either an open tube or closed piston sanpler
is used at the | ead end of the SDDW equi pnent. The open tube sanpler is used
in stable, conpact or cohesive soils and the piston sanpler is used in |oose
soi|l conditions.

To obtain an open tube soil sanple, a SDDWdrive point or preprobe is driven

to desired sanpling depth and subsequently withdrawn. The drive point is
renmoved and the open tube sanpling device is attached to the drive rods. The
drive rods are then reinserted into the existing hole to obtain a soil sanple.
Open tube sanpling devices are typically used in conpact soil which can be
retained within the tube. Excessive penetration of the sanpler under the

wei ght of the rods may occur in very soft or |oose materials and prevent

accurate neasurenment of penetration depth. Excessive penetration may al so

di sturb underlying nmaterial. Sanple |oss is possible upon retraction of the

sanpl e tube

Advant ages

° Sinple to use.

° Comonly avai |l abl e.

° Easy to decontam nate sanpler.

° Short armount of tine required for sanpling.

Di sadvant ages

[ ) Di sturbed and internmi xed soil materials fromthe bottom and sides
of the borehole may enter the tube as it is lowered into position

) Total or partial sanple recovery is difficult without a
suppl enental retention system Catchers are available for sone
sanpl ers.

) Hydrostatic pressure may disturb the sanple during penetration and

interfere with collection of a conplete sanple.

A closed piston sanpler is typically used in areas where the subsurface soils
are unstabl e and may col | apse as the probe is withdrawn. The cl osed piston
sanpler is designed so that the piston tip of the sanpler fits into the drive
shoe of the SDDWequi pnent. The drive point or preprobe is driven to depth

i mredi atel y above the desired sanpling interval and then w thdrawn. An open
hol e remains after withdrawal and the cl osed piston sanpler is reinserted.

Ext ensi on rods are inserted down the drive rods or casing to unlock the piston
tipand lift it to the upper portion of the piston sanpler. The sanple barre
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 vacuumwhich aids in sanple retention
(see Figure 3.2-17).

Advant ages
° Sanpl e device is sealed during installation preventing

contam nated soil and water fromentering and corrupting
anal ytical results.

o Reduced potential for sanple disturbance in conparison to open
t ube sanpling.

° | nproved sanpl e recovery in unstable soils.

° Application commonly avail abl e.

Di sadvant ages

o More nechani cal |y conpl ex than open tube sanpling

° Pi ston requires mai ntenance of o-rings or |eaks may result.
o Requires nore time to sanple than open tube sanpling.

o More parts to decontam nate.

6.2-3.5.3 Soil Gas Sanpling Methods and Equi prent

SDDW can be used for obtaining soil gas sanples by advancing the SDDWi nto
t he vadose zone bel ow the ground surface. Soil gas sanples are obtained by
creating an air-tight surface seal around the SDDW and applying a negative
pressure or vacuumto pronote novenent of soil gas to the ground surface for
sanpl e collection. Four of the nore common soil gas sanpling nethodol ogi es
are illustrated in Figure 3.2-18. These soil gas sanpling tools include: an
exposed screen sanpler, an expendable tip sanpler, a retractable tip sanpler
and a packer or cased system

When taking soil gas sanples, the use of probe tips with a larger dianeter
than the SDDWrods is discouraged. Larger tips may increase the |ikelihood of
"short circuiting," the mxing of surface air with the contam nated

at nosphere, which could dilute soil gas contam nant concentrations.

6.2-3.5.3.1 Exposed Screen Sanpl ers

The exposed screen sanpler is the sinplest formof soil gas sanpling

equi pment. It consists of a drive point, a slotted intake assenbly and drive
rods. The drive point is attached to the | ead end of the slotted intake
assenbly which is in turn connected to a series of drive rods. The device is
driven to the desired sanpling depth and a soil gas sanple 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 sanple collection
at the ground surface.
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Advant ages
o Allows rapid sanpling of nmultiple intervals.
o M ni mal equi prent requi red.

Di sadvant ages

o Screen is exposed to contam nants as SDDWis advanced into the
subsurf ace.

o Screen may become snmeared or clogged with fine grain soil during
advancenent .

) Decontam nation is required after each use

® Soil gas may be collected fromintervals other than the targeted

zone if the rod joints are not air-tight.

o Extraction of rods using a retrieval jack can be difficult and
time consum ng.

6.2-3.5.3.2 Expendable Tip Sanpl ers

Expendabl e tip sanplers use a steel or alumnumtip that is held in place by a
tip holder as the soil gas assenbly is advanced. Flexible tubing for sanple
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 assenbly is
driven into the ground until the desired sanpling depth is reached. The drive
rods are then retracted and the tip is separated fromthe tip hol der, exposing
the soil interval for sanpling. 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 nade of polyethylene, silicon or
Tef | on.

If long-termnonitoring is required, the well should be conpl eted using
conventional techniques. Specifically, a permeable packing material such as
silica sand or glass beads is recommended to be set in the annul ar space
around the intake ports of the expendable tip. A bentonite seal is set above
the packing material to elimnate the potential for draning air fromintervals
other than the targeted zone. The remaining annul ar space around the flexible
t ubi ng shoul d be backfilled and conmpacted with native soil. A surface seal is
al so necessary for |long-term nonitoring.

Advant ages

° Screened intake ports are protected while probe assenbly is
advanced, elimnating the potential for soil clogging.

° When properly conpleted the |ikelihood of drawing air from areas
other than the targeted interval is mninal.

° Pur gi ng volunme and sanpling tine are reduced

D sadvant ages
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° Mor e equi pnent required.
o Mor e expensi ve.
o More time consuni ng.

6.2-3.5.3.3 Retractable Tip Sanplers

Retractable tip sanplers are simlar to expendable tip sanplers except that
the tip is attached to a screen which is held in the tip holder during
advancenent. As with the expendable tip sanpler, the retractable sanpler is
advanced to the desired depth and the drive rod is retracted to expose the
screen. Unlike the expendable tip assenbly, soil gas sanples are collected
directly though the drive rods when a vacuumis applied. Wen sanple
collection is conpleted, the tip is retrieved along with the drive rods.

Advant ages

° Retractabl e screen sanpler is not exposed to soil during
advancenent, elimnating potential for soil clogging.

° Easy sanpling of sequential intervals.

Di sadvant ages

° Does not allow grouting of borehole during retraction

6.2-3.5.3.4 Cased Sanpl ers

Cased sanpling devices for SDDW are sel domused in Massachusetts. Cased

sanpl ers use an inflatabl e packing device to establish an air-tight sea
within the well casing. The SDDWis driven to depth and the packing device is
| owered into the casing for soil gas sanpling. Flexible tubing runs down the
casing, next to the inflatable packer, and protrudes past the end of the
packi ng device. Soil gas sanples are collected through the flexible tubing
using a vacuum

Advant ages
° Results in | ess conpaction of the soils
° Enables multiple |l evel sanpling

Di sadvant ages

° Sl ower than exposed rod SDDW soil gas sanpl ers.
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