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Standard Practice for

Design and Installation of Ground Water Monitoring Wells 1

This standard is issued under the fixed designation D 5092; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

€' Note—Editorial changes were made throughout in June 2004.

1. Scope 1.5 The values stated in inch-pound units are to be regarded

1.1 This practice describes a methodology for designing an@S standard. The values in parentheses are for information only.
installing conventional (screened and filter-packed) ground- 1.6 This standard does not purport to address all of the
water monitoring wells suitable for formations ranging from S&féty concerns, if any, associated with its use. It is the
unconsolidated aquifers (i.e., sands and gravels) to granul&@Sponsibility of the user of this standard to establish appro-
materials having grain-size distributions with up to 50 % Priate safety and health practices and determine the applica-
passing a #200 sieve and as much as 20 % clay-sized materRiity of regulatory limitations prior to use. _
(i.e., silty fine sands with some clay). Formations finer than this 1.7 This practice offers a set of instructions for performing
(ie., silts, clays, silty clays, clayey silts) should not be©ne or more specmc_ operations. This document cannot repl_ace
monitored using conventional monitoring wells, as representa€ducation or experience and should be used in conjunction
tive ground-water samples, free of artifactual turbidity, cannotVith professional judgment. Nat all aspects of this practice may
be assured using currently available technology. Alternativé@ applicable in all circumstances. This ASTM standard is not
monitoring technologies (not described in this practice) shouldntended to represent or replace the standard of care by which
be used in these formations the adequacy of a given professional service must be judged,

1.2 The recommended monitoring well design and installanor should this document be applied without consideration of
tion procedures presented in this practice are based on tifeProject's many unique aspects. The word “Standard” in the
assumption that the objectives of the program are to obtaijfitle of this document means only that the document has been
representative ground-water samples and other representati@gProved through the ASTM consensus process.
ground-water data from a targeted zone of interest in th% Referenced Documents
subsurface defined by site characterization. '

1.3 This practice, in combination with proper well develop- 2:1 ASTM Standards?

C 150 Specification for Portland Cement

ment (D 5521), proper ground-water sampling procedures -C ,
(D 4448), and proper well maintenance and rehabilitation C 294 Descriptive Nomenclature of Constituents of Natural
Mineral Aggregates

(D 5978), will permit acquisition of ground-water samples free : i _

of artifactual turbidity, eliminate siltation of wells between D 421 Practice for Dry Preparation of Soil Samples for
sampling events, and permit acquisition of accurate ground- Particle Size Analysis and Determmauon of Soil Co_nstants
water levels and hydraulic conductivity test data from the zone D 422 Test Method for Particle Size Analysis of Soils
screened by the well. For wells installed in fine-grained DFGIii'o:jSTermlnology Relating to Soil, Rock, and Contained

formation materials (up to 50 % passing a #200 sieve), it is ] ) o )
generally necessary to use low-flow purging and sampling P :452 I;rapnce for Soil Investigation and Sampling by
uger Borings

techniques (D 6771) in combination with proper well design to ) .

collect turbidity-free samples. D 1_586 Method for Penetration Test and Split-Barrel Sam-
1.4 This practice applies primarily to well design and _Pling of Soils _ _ _

installation methods used in drilled boreholes. Other Standards, D 1587 Practice for Thin-Walled Tube Sampling of Soils

including Guide D 6724 and Practice D 6725, cover installa- D 2113 Practice for Rock Core Drilling and Sampling of

tion of monitoring wells using direct-push methods. Rock for Site Investigation _ ,
D 2217 Practice for Wet Preparation of Soil Samples for

Particle Size Analysis and Determination of Soil Constants

1 This practice is under the jurisdiction of ASTM Committee D18 on Soiland ————————————
Rock and is the direct responsibility of Subcommittee D18.21.05 on Design and ? For referenced ASTM standards, visit the ASTM website, www.astm.org, or

Installation of Ground-Water Monitoring Wells. contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM
Current edition approved Jan. 1, 2004. Published March 2004. OriginallyStandardssolume information, refer to the standard’s Document Summary page on
approved in 1990. Last previous edition approved in 2002 as D 5092 — 02. the ASTM website.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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D 2487 Practice for Classification of Soils for Engineering
Purposes (Unified Soil Classification System)

D 2488 Practice for Description and Identification of Soils
(Visual-Manual Procedure)

D 3282 Practice for Classification of Soils and Soil Aggre-
gate Mixtures for Highway Construction Purposes

D 3441 Test Method for Deep, Quasi-Static, Cone and
Friction Cone Penetration Tests of Soil

D 3550 Practice for Ring Lined Barrel Sampling of Soils

D 4220 Practice for Preserving and Transporting Soil
Samples

D 4700 Guide for Soil Sampling from the Vadose Zone

D 4750 Test Method for Determining Subsurface Liquid
Levels in a Borehole or Monitoring Well (Observation
Well)

D 5079 Practices for Preserving and Transporting Rock
Core Samples

D 5088 Practice for Decontamination of Field Equipment
Used at Nonradioactive Waste Sites

D 5254 Practice for Minimum Set of Data Elements to
Identify a Ground-Water Site

D 5299 Guide for Decommissioning of Ground-Water
Wells, Vadose Zone Monitoring Devices, Boreholes, and
Other Devices for Environmental Activities

D 5434 Guide for Field Logging of Subsurface Explora-
tions of Soil and Rock

D 5518 Guide for Acquisition of File Aerial Photography
and Imagery for Establishing Historic Site Use and Surfi-
cial Conditions

D 5521 Guide for Development of Ground-Water Monitor-
ing Wells in Granular Aquifers

D 5608 Practice for Decontamination of Field Equipment
Used at Low-Level Radioactive Waste Sites

D 5730 Guide to Site Characterization for Environmental
Purposes with Emphasis on Soil, Rock, the Vadose Zone,
and Ground Water

D 5753 Guide for Planning and Conducting Borehole Geo-
physical Logging

D 5777 Guide for Using the Seismic Refraction Method for
Subsurface Investigation

D 5781 Guide for Use of Dual-Wall Reverse-Circulation
Drilling for Geoenvironmental Exploration and Installa-
tion of Subsurface Water-Quality Monitoring Devices

D 5782 Guide for Use of Direct Air-Rotary Drilling for
Geoenvironmental Exploration and Installation of Subsur-
face Water-Quality Monitoring Devices

D 5783 Guide for Use of Direct Rotary Drilling with
Water-Based Drilling Fluid for Geoenvironmental Explo-
ration and Installation of Subsurface Water-Quality Moni-
toring Devices

D 5784 Guide for Use of Hollow Stem Augers for Geoen-
vironmental Exploration and Installation of Subsurface
Water-Quality Monitoring Devices

D 5787 Practice for Monitoring Well Protection

D 5875 Guide for the Use of Cable Tool Drilling and
Sampling Methods for Geoenvironmental Exploration and
Installation of Subsurface Water-Quality Monitoring De-
vices

D 5876 Guide for the Use of Direct Rotary Wireline Casing
Advancement Drilling Methods for Geoenvironmental
Exploration and the Installation of Subsurface Water-
Quality Monitoring Devices

D 5978 Guide for Maintenance and Rehabilitation of
Ground-Water Monitoring Wells

D 5979 Guide for Conceptualization and Characterization
of Ground-Water Systems

D 6001 Guide for Direct-Push Water Sampling for Geoen-
vironmental Investigations

D 6067 Guide for Using the Electronic Cone Penetrometer
for Environmental Site Characterization

D 6167 Guide for Conducting Borehole Geophysical Log-
ging

D 6169 Guide to the Selection of Soil and Rock Sampling
Devices Used With Drilling Rigs for Environmental In-
vestigations

D 6235 Practice for Expedited Site Characterization of
Vadose Zone and Ground-Water Contamination at Hazard-
ous Waste Contaminated Sites

D 6274 Guide for Conducting Borehole Geophysical
Logging—Gamma

D 6282 Guide for Direct-Push Soil Sampling for Environ-
mental Site Characterization

D 6286 Guide to the Selection of Drilling Methods for
Environmental Site Characterization

D 6429 Guide for Selecting Surface Geophysical Methods

D 6430 Guide for Using the Gravity Method for Subsurface
Investigation

D 6431 Guide for Using the Direct Current Resistivity
Method for Subsurface Investigation

D 6432 Guide for Using the Surface Ground Penetrating
Radar Method for Subsurface Investigation

D 6519 Practice for Sampling of Soil Using the Hydrauli-
cally Operated Stationary Piston Sampler

D 6639 Guide for Using the Frequency Domain Electro-
magnetic Method for Subsurface Investigations

D 6640 Guide for Collection and Handling of Soils Ob-
tained in Core Barrel Samplers for Environmental Inves-
tigations

D 6724 Guide for the Installation of Direct-Push Ground-
Water Monitoring Wells

D 6725 Practice for the Installation of Prepacked Screen
Monitoring Wells in Unconsolidated Aquifers

D 6771 Practice for Low-Flow Purging and Sampling for
Wells and Devices Used for Ground-Water Quality Inves-
tigations

F 480 Specification for Thermoplastic Well Casing and
Couplings Made in Standard Dimension Ratios (SDR),
Schedule 40 and Schedule 80

3. Terminology

D 5872 Guide for the Use of Casing Advancement Drilling 3.1 Definitions:

Methods for Geoenvironmental Exploration and Installa-
tion of Subsurface Water-Quality Monitoring Devices

3.1.1 annular space; annuldsthe space between two con-
centric strings of casing, or between the casing and the
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borehole wall. This includes the space(s) between multiple 3.1.15 detection monitoring-a program of monitoring for
strings of casing in a borehole installed either concentrically othe express purpose of determining whether or not there has
adjacent to one another. been a contaminant release to ground water.

3.1.2 artifactual turbidity—particulate matter that is not  3.1.16 d-10—the diameter of a soil particle (preferably in
naturally mobile in the ground-water system and that ismm) at which 10 % by weight (dry) of the particles of a
produced in some way by the ground-water sampling processparticular sample are finer. Synonymous with the effective size
May consist of particles introduced to the subsurface duringr effective grain size.

drilling or well construction, sheared from the target monitor- 3.1.17 d-60—the diameter of a soil particle (preferably in
ing zone during pumping or bailing the well, or produced bymm) at which 60 % by weight (dry) of the particles of a
exposure of ground water to atmospheric conditions. particular sample are finer.

3.1.3 assessment monitorirgan investigative monitoring 3.1 18 flush joint or flush couplee-casing or riser with ends
program that is initiated after the presence of a contaminant ifhreaded such that a consistent inside and outside diameter is
ground water has been detected. The objective of this progragjaintained across the threaded joints or couplings.
is to determine the concentration of constituents that have 3 1 19 gravel pack—common term used to refer to the

contaminatgd the ground water gnd to quantify the rate a”ﬂrimary filter pack of a well (seprimary filter pach.

extent of migration of .these constltuents. . 3.1.20 grout (monitoring wells}-a low-permeability mate-
3.1.4 ballast—materla_ls use_d to provide s_tablhty to a buoy- rial placed in the annulus between the well casing or riser and

ant object (such as casing within a water-filled borehole). the borehole wall (in a single-cased monitoring well), or
3.1.5 borehole—an open or uncased subsurface hole, geNpepyeen the riser and casing (in a multi-cased monitoring

erally circular in plan view, created by drilling. well), to prevent movement of ground water or surface water
3.1.6 borehole log—the record of geologic units penetrated, \yithin the annular space.

drilling progress, depth, water level, sample recovery, volumes,

and types of materials used, and other significant facts regar

ing the drilling and/or installation of an exploratory borehole orAquifers and confining units are types of hydrologic units

well. Boundaries of a hydrologic unit may not necessarily corre-

3.1.7 bridge—an obstruction within the annulus that may gnqnq ejther laterally or vertically to lithostratigraphic forma-
prevent circulation or proper placement of annular fill materi-;; s

als.

. : - . . L 3.1.22 multi-cased weHl-a well constructed by using suc-
3.1.8 casing—pipe, finished in sections with either threaded.cessively smaller diameter casings with depth.

connections or beveled edges to be field welded, which is 3.1.23 neat cement-a mixture of Portland cement (Speci-
installed temporarily or permanently either to counteract cav;, =~ P
Bcatlon C 150) and water.

ing, to advance the borehole, or to isolate the zone bein o ) )
3.1.24 packer (monitoring wells}-a transient or dedicated

monitored, or any combination of these. dovi lnced | Il that isol | - fth
3.1.9 casing, protective-a section of larger diameter pipe evice placed in a well that isolates or seals a portion of the
ell, annulus, or borehole at a specific level.

that is placed over the upper end of a smaller diametel’ ) . '
monitoring well riser or casing to provide structural protection 3-1.25 piezometer-a small-diameter well with a very short

to the well, to prevent damage to the well, and to restricSCreen that is used to measure changes in hydraulic head,
unauthorized access into the well. usually in response to pumping a nearby well. Synonymous

3.1.10 casing, surface-pipe used to stabilize a borehole With observation well. N
near the surface during the drilling of a borehole that may be 3.1.26 primary filter pack—a clean silica sand or sand and
left in place or removed once drilling is completed. gravel mixture of selected grain size and gradation that is
3.1.11 caving; sloughing—the inflow of unconsolidated ma- installed in the annular space between the borehole wall and

terial into a borehole that occurs when the borehole walls loste Well screen, extending an appropriate distance above the
their cohesiveness. screen, for the purpose of retaining and stabilizing the particles

3.1.12 cement—commonly known as Portland cement. A from the adjacent formation(s). The term is used in place of
mixture that consists of calcareous, argillaceous, or othePravel pack o .
silica-, alumina-, and iron-oxide-bearing materials that is 3-1.27 PTFE tape—joint sealing tape composed of polytet-
manufactured and formulated to produce various types whicFafluoroethylene.
are defined in Specification C 150. Portland cement is consid- 3.1.28 riser—the pipe or well casing extending from the
ered a hydraulic cement because it must be mixed with watewell screen to just above or below the ground surface.
to form a cement-water paste that has the ability to harden and 3.1.29 secondary filter pack-a clean, uniformly graded

3.1.21 hydrologic unit—geologic strata that can be distin-
juished on the basis of capacity to yield and transmit fluids.

develop strength even if cured under water. sand that is placed in the annulus between the primary filter
3.1.13 centralizer—a device that assists in the centering of pack and the overlying seal, or between the seal and overlying
a casing or riser within a borehole or another casing. grout backfill, or both, to prevent intrusion of the seal or grout,

3.1.14 confining unit—a body of relatively low hydraulic or both, into the primary filter pack.
conductivity formation material stratigraphically adjacent to 3.1.30 sediment sump-a blank extension of pipe or well
one or more aquifers. Synonymous with “aquiclude,”™ aqui-casing, closed at the bottom, beneath the well screen used to
tard,” and “aquifuge.” collect fine-grained material from the filter pack and adjacent
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formation materials during the process of well developmentmotes the development of a conceptual hydrogeologic model

Synonymous with rat trap or tail pipe. prior to monitoring well design and installation.
3.1.31 single-cased wel-a monitoring well constructed 4.2 A properly designed and installed ground water moni-
with a riser but without an exterior casing. toring well provides essential information on one or more of

3.1.32 static water level-the elevation of the top of a the following subjects:
column of water in a monitoring well or piezometer that is not 4.2.1 Formation geologic and hydraulic properties;
influenced by pumping or conditions related to well installa- 4.2.2 Potentiometric surface of a particular hydrologic
tion, or hydraulic testing. unit(s);

3.1.33 tamper—a heavy cylindrical metal section of tubing ~ 4.2.3 Water quality with respect to various indicator param-
that is operated on a wire rope or cable. It either slips over théters; and
riser and fits inside the casing or borehole annulus, or fits 4.2.4 Water chemistry with respect to a contaminant release.
between the riser and annulus. It is generally used to tBMB  gita Characterization
annular sealants or filter pack materials into place and to" ) .
prevent bridging or break bridges that form in the annular 5-1 Generai—A thorough knowledge of site-specific geo-
space. logic, hydrologic and geqch.emlcal condlfuons is necessary to

3.1.34 target monitoring zone-the ground-water flow path Properly apply the monitoring well design and installation
from a particular area or facility in which monitoring wells will Procedures contained within this practice. Development of a
be screened. The target monitoring zone should be an interv§PNceptual site model, that identifies potential flow paths and
in subsurface materials in which there is a reasonable expef1€ farget monitoring zone(s), and generates a 3-D picture of
tation that a monitoring well will intercept ground water contaminant distribution and contaminant movement path-

moving beneath an area or facility and any migrating contami¥V&ys, is recommended prior to monitoring well design and
nants that may be present. installation. Development of the conceptual site model is

3.1.35 tremie pipe—a small-diameter pipe or tube that is accomplished in two phases -- an initial reconnaissance, after

used to transport filter pack materials and annular seal mateffYNich @ preliminary conceptual model is created, and a field
als from the ground surface into an annular space. investigation, after which a revised conceptual model is for-

3.1.36 uniformity coefficient-the ratio of d-60/d-10, where mulated. When the hydrogeology of a project area is relatively

d-60 and d-10 are particle diameters corresponding to 60 gincomplicated and well documented in the literature, the initial

and 10 % finer on the cumulative particle size curve, res,pecr_econnaissance may provide sufficient information to identify

: flow paths and the target monitoring zone(s). However, where
tively. limited background dat ilabl here th
3.1.37 uniformly graded—a quantitative definition of the IMmited or no background dala are avafiable or where the

particle size distribution of a soil that consists of a majority 0f$23§gg t'f]ecﬁrggggés fclilr?c:an;)\iﬁ;l%:iitgogxgl be required to
rticl ing of roximately th me diameter. A granul - . ) '
particles being of approximately the same diameter. A granula 5.2 Initial Reconnaissance of Project Areal' he goal of the

material is considered uniformly graded when the uniformity. itial . f th iact is to identi d
coefficient is less than about five (Test Method D2487).:2'(:';6r?ﬁggena;‘:’;ir;c%ro refee rzrncijigf fli\rsa lasthv(\)/al senV\;iftBL iﬂe
Comparable to the geologic terwell sorted P P y

. . greatest potential to transmit fluids from the project area.
0n3t'c1)b3§f\/§]rgerig?p_a cap with a small hole that is installed Identifying these flow pathways is the first step in selecting the
3.1.39 weep hole-a small-diameter hole (usuallys in) ‘29t ground-water monitoring zone(s).

drilled into the protective casing above the ground surface th 5.2.1 Literature Search-Every effort should be made to
> P g 9 ollect and review all applicable field and laboratory data from
serves to drain out water that may enter the annulus betwe

; . . epﬂevious investigations of the project area. Information such as,
the riser and the protective casing.

3.1.40 well letion di d that illustrat but not limited to, topographic maps, aerial imagery (see Guide
~-40 Well completion diagram-a recor at nlustrates 5518), site ownership and utilization records, geologic and
the details of a well installation.

: _ ) hydrogeologic maps and reports, mineral resource surveys,
3.1.41 well screer—a device used to retain the primary or \ater \well logs, information from local well drillers, agricul-
natural filter pack; usually a cylindrical pipe with openings of o soil reports, geotechnical engineering reports, and other
a uniform width, orientation, and spacing. engineering maps and reports related to the project area should
o be reviewed to locate relevant site information.

4. Significance and Use 5.2.2 Field ReconnaissaneeEarly in the investigation, the

4.1 This practice for the design and installation of ground-soil and rocks in open cut areas (e.g., roadcuts, streamcuts) in
water monitoring wells will promoté€l) efficient and effective  the vicinity of the project should be studied, and various soil
site hydrogeological characterizatiof2) durable and reliable and rock profiles noted. Special consideration should be given
well construction; and3) acquisition of representative ground- to soil color and textural changes, landslides, seeps, and
water quality samples, ground-water levels, and hydraulicsprings within or near the project area.
conductivity testing data from monitoring wells. The practices 5.2.3 Preliminary Conceptual ModetThe distribution of
established herein are affected by governmental regulatiorthe predominant soil and rock units likely to be found during
and by site-specific geological, hydrogeological, climatologi-subsurface exploration may be hypothesized at this time in a
cal, topographical, and subsurface geochemical conditions. Treliminary conceptual site model using information obtained
meet these geoenvironmental challenges, this practice prdn the literature search and field reconnaissance. In areas where



A8 D 5092 — 04<2
“afl

the geology is relatively uniform, well documented in the based on the first three steps. Monitoring wells should only be installed
literature, and substantiated by the field reconnaissance, furthgjth sufficient understanding of the geologic, and hydrologic and
refinement of the conceptual model may not be necessargﬁo‘:hem'cal conditions present at the site. Monitoring wells often serve as
. . . o art of an overall site investigation for a specific purpose, such as
unless {inomalles'are. discovered in the ngl df'”'”g ;tage. determining the extent of contamination present, or for predicting the
5.3 Field Investigatior—The goal of the field investigation effectiveness of aquifer remediation. In these cases, extensive additional

is to refine the preliminary conceptual site model so that thgeotechnical and hydrogeologic information may be required that would
target monitoring zone(s) is (are) identified prior to monitoringgo beyond the Section 5 Site Characterization description.

well installation.

5.3.1 Exploratory Borings and Direct-Push Methods
Characterization of the flow paths conceptualized in the initiag
reconnaissance involves defining the porosity (type an
amount), hydraulic conductivity, stratigraphy, lithology, grada-
tion and structure of each hydrologic unit encountered benea
the site. These characteristics are defined by conducting al
exploratory program which may include drilled soil borings
(see Guide D 6286 for selection of drilling methods) and

; a
direct-push methods (e.g., cone penetrometers [see Te
Method D 3441 or Guide D 6067] or direct-push machine ggepage, free water, and water levels should also be noted. The

: : . : .~ “boring logs should be accompanied by a report that includes a
using soil sampling, ground-water sampling and/or electrica

. ! escription of the area investigated; a map illustrating the
conductivity measurement too!s [see Gm_des D 6282 an@ertical and horizontal location (with reference to either North
D 6001]). Exploratory soil borings and direct-push holes

American Vertical Datum of 1988 [NAVD 88] or to a stan-

should be deep enough to develop the required engineering alai%rdized survey grid) of each exploratory soil boring or test pit,

hydrogeologic data_ for_ determining the preferential flow path'or both; and color photographs of rock cores, soil samples, and
way(s), target monitoring zone(s), or both.

. . . exposed strata labeled with a date and identification.
5.3.1.1 Sampling—Soil and rock properties should not be . _ .
predicted wholly on field description or classification, but 2-3-2 Geophysical Exploratioa-Geophysical surveys may

should be confirmed by laboratory and/or field tests made oR€ US€d to supplement soil boring and outcrop observation data
samples or in boreholes or wells. Representative soil or rocRNd t0 aid in interpretation between soil borings. Appropriate
samples of each material that is significant to the design of thg!"face and borehole geophysical methods for meeting site-
monitoring well system should be obtained and evaluated by §PECific project objectives can be selected by consulting Guides
geologist, hydrogeologist, soil scientist or engineer trained ani 8429 and D 5753 respectively. Surface geophysical methods
experienced in soil and rock analysis. Soil sample collectiorpUCh @s seismic (Guide D 5777), electrical-resistivity (Guide
should be conducted according to Practice D 1452, Tesp 6431), ground-penetrating radar (Guide D 6432), gravity

Method D 1586, Practice D 3550, Practice D 6519 or PracticéGuide D 6430) and electromagnetic conductance surveys
D 1587, whichever is appropriate given the anticipated charlGuide D 6639) can be particularly valuable when distinct

acteristics of the soil samples (see Guide D 6169 for selectioflferences in the properties of contiguous subsurface materials
of soil sampling methods). Rock samples should be collecte@"® Indicated. Borehole methods such as resistivity, gamma,
according to Practice D 2113. Soil samples obtained fo@Mmma-gamma, neutron, and caliper logs (see Guide D 6167)

evaluation of hydraulic properties should be containerized an§a" be useful to confirm specific subsurface geologic condi-
identified for shipment to a laboratory. Special measures t§oNS: Gamma logs (Guide D 6274) are particularly useful in

preserve either the continuity of the sample or the naturafXisting cased wells.
moisture are not usually required. However, soil and rock 5.3.3 Ground-Water Flow Directionr-Ground-water flow
samples obtained for evaluation of chemical properties ofteflirection is generally determined by measuring the vertical and
require Specia] field preparation and preservation to prevemoriZOﬂtal hydraulic gradient within each conceptualized flow
significant alteration of the chemical constituents during transpathway. However, because water will flow along the pathways
portation to a laboratory (see Practice D 6640). Rock sample@f least resistance (within the highest hydraulic conductivity
for evaluation of hydraulic properties are usually obtainedformation materials at the site), actual flow direction may be
using a split-inner-tube core barrel. Evaluation and logging oPblique to the hydraulic gradient (within buried stream chan-
the core samples is usually done in the field before the core i€ls or glacial valleys, for example). Flow direction is deter-
removed from the core barrel. mined by first installing piezometers in the exploratory soil
5.3.1.2 Boring Logs—Care should be taken to prepare andPorings that penetrate the zone(s) of interest at the site. The
retain a complete boring log and sampling record for eaciflepth and location of the piezometers will depend upon

exploratory soil boring or direct-push hole (see Guide D 5434)anticipated hydraulic connections between conceptualized flow
o o ~ pathways and their respective lateral direction of flow. Follow-
data for the installtion f round water montoring wells can vary greaty "9 Ca/eful evaluation, it may be possible to utize existing
due to the availability of reliable site data or the lack thereof. The generaPVate O public wells to obtain water-level data. The construc-
procedure would be as followg1) gather factual data regarding the tON integrity of SL!Ch wells should be verified to ensure that the
surficial and subsurface condition@) analyze the data3) develop a  Water levels obtained from the wells are representative only of

conceptual model of the site conditior(d) locate the monitoring wells  the zone(s) of interest. Following water-level data acquisition,

Boring logs should include the location, geotechnical data
that is, penetration rates or blow counts), and sample descrip-
ion information for each material identified in the borehole
either by symbol or word description, or both. Description and
identification of soils should be in accordance with Practice
2488; classification of soils should be in accordance with
ther Practice D 2487 or Practice D 3282. Identification of
rock material should be based on Nomenclature C 294 or by an
propriate geologic classification system. Observations of
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a potentiometric surface map should be prepared. Flow patlef the well screen (see 6.4.3) must be done in concert with the
ways are ordinarily determined to be at right angles, or nearlglesign of the filter pack. After development, a monitoring well
S0, to the equipotential lines, though consideration of complexvith a correctly designed and installed filter pack and screen
geology can result in more complex interpretations of flow combination should produce samples free of artifactual turbid-
5.4 Completing the Conceptual ModelA series of geo- ity.
logic and hydrogeologic cross sections should be developed to 6.3.2 Materials—The primary filter pack should consist of
refine the conceptual model. This is accomplished by firsin inert granular material (generally ranging from gravel to
plotting logs of soil and rock observed in the exploratory soilvery fine sand, depending on formation grain size distribution)
borings or test pits, and interpreting between these logs usingf selected grain size and gradation that is installed in the
the geologic and engineering interrelationships between othehnulus between the well screen and the borehole wall. Washed
soil and rock data observed in the initial reconnaissance or withnd screened silica sands and gravels, with less than 5 %
geophysical techniques. Extrapolation of data into adjacenton-siliceous materials, should be specified.
areas should be done only where geologically uniform subsur- g 3 3 Design—The design theory of filter pack gradation is
face conditions are known to exist. The next step is to integratg§ased on mechanical retention of formation materials.

the geologic profile data with the potentiometric data for both 6.3.3.1 1 For formation materials that are relatively coarse-

vertical and horizontal hydraulic gradients. Plan view andg:ained (i.e., fine, medium and coarse sands and gravels), the

cross-sectional flow nets should be constructed. Following th rain size distribution of the primary filter pack is determined

analysis of these_data, conclusions can be made as to V\.’h' y calculating the d-30 (30 % finer) size, the d-60 (60 % finer)
flow pathway(s) is (are) the appropriate target monitoring

zone(s) siz_e, and the_d-lO (10 % f_iner_) siz_e of the_ filter pac_k. The first
’ point on the filter pack grain-size distribution curve is the d-30
Note 2—UUse of ground-water monitoring wells is difficult and may Size. The primary filter pack is usually selected to have a d-30
not be a reliable technology in fine-grained, low hydraulic conductivity grain size that is about 4 to 6 times greater than the d-30 grain
f_ormatio_n materials with primary _porosily because(bf the dispropor- _size of the formation material being retained (see Fig. 1). A
tionate influence that microstratigraphy has on ground-water flow '”multiplication factor of 4 is used if the formation material is

fine-grained strata(2) the proportionally higher vertical flow component . . . .
in low hydraulic conductivity strata; an(8) the presence of indigenous relatively fine-grained and well sorted or uniform (small range

metallic and inorganic constituents in the matrix that make water-qualitjn grain sizes); a multiplication factor of 6 is used if the

data evaluation difficult. formation is relatively coarse grained and poorly sorted or
non-uniform (large range in grain sizes). Thus, 70 % of the
6. Monitoring Well Construction Materials filter pack will have a grain size that is 4 to 6 times larger than

6.1 General—The materials that are used in the construc-the d-30 size of the formation materials. This ensures that the
tion of a monitoring well that come in contact with water filter pack is coarser (with a higher hydraulic conductivity)
samples should not alter the chemical quality of the sample foihan the formation material, and allows for unrestricted
the constituents being examined. The riser, well screen, an@found-water flow from the formation into the monitoring
annular seal installation equipment should be cleaned immevell.
diately prior to well installation (see either Practice D 5088 or The next 2 points on the filter pack grain-size distribution
D 5608) or certified clean from the manufacturer and deliverecurve are the d-60 and d-10 grain sizes. These are chosen so
to the site in a protective wrapping. Samples of the riser anthat the ratio between the two grain sizes (the uniformity
screen material, cleaning water, filter pack, annular seakoefficient) is less than 2.5. This ensures that the filter pack has
bentonite, and mixed grout should be retained to serve aa small range in grain sizes and is uniform (see technical Note
quality control until the completion of at least one round of5). The d-60 and d-10 grain sizes of the filter pack are
ground- water quality sampling and analysis has been consalculated by a trial and error method using grain sizes that are
pleted. close to the d-30 size of the filter pack. After the d-30, d-60 and

6.2 Water—Water used in the drilling process, to prepared-10 sizes of the filter pack are determined, a smooth curve is
grout mixtures and to decontaminate the well screen, riser, andrawn through these points. The final step in filter pack design
annular sealant injection equipment, should be obtained from i to specify the limits of the grain size envelope, which defines
source of known chemistry that does not contain constituentthe permissible range in grain sizes for the filter pack. The
that could compromise the integrity of the well installation. permissible range on either side of the grain size curve is 8 %.

6.3 Primary Filter Pack The boundaries of the grain size envelope are drawn on either

6.3.1 General—The purposes of the primary filter pack are side of the filter pack grain-size distribution curve, and filter
to act as a filter that retains formation material while allowingPack design is complete. A filter medium having a grain-size
ground water to enter the well, and to stabilize the formation tgistribution as close as possible to this curve is then obtained
keep it from collapsing on the well. The design of the primaryfrom a local sand supplier.
filter pack is based on the grain-size distribution of the 6.3.3.2 In formation materials that are predominantly fine-
formation material (as determined by sieve analysis—see Tegtrained (finer than fine to very fine sands), soil piping can
Method D 422) to be retained. The grain size distribution of theoccur when a hydraulic gradient exists between the formation
primary filter pack must be fine enough to retain the formationand the well (as would be the case during well development
but coarse enough to allow for unrestricted movement ofind sampling). To prevent soil piping in these materials, the
ground water into and through the monitoring well. The desigrfollowing criteria are used for designing granular filter packs:
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d-15 of filter <4105 and d-15 of filter SI=4105 6.3.3.3 The limit of mechanical filtration for monitoring
d-85 of formation d-15 of formation wells is defined by the finest filter pack material that can be

The left half of this equation is the fundamental criterion for Practically installed via a pre-packed or sleeved screen—silica
the prevention of soil piping through a granular filter, while theflour with a grain size of 0.003 in. (200 mesh), encased within
right half of the equation is the hydraulic conductivity crite- & Vvery fine mesh screen of stainless steel or other suitable
rion. This latter criterion serves the same purpose as mu|t|p|ymater|al This fine a filter paCk material will retain formation
ing the d-30 grain size of the formation by a factor of betweerrnaterial as fine as Silt, but not Clay. Formations with a small
4 and 6 for coarser formation materials. Filter pack materialdraction of clay (up to about 20 %) can be successfully
suitable for retaining formation materials in formations that arémonitored, as long as the wells installed in these formations are
predominantly fine-grained are themselves, by necessity, rel&roperly developed (see Guide D 5521). For mechanical filtra-
ti\/e|y fine_grained (e_g_’ fine to very fine Sands), presentingion to be effective in formations with more than 50 % fines,
several problems for well designers and installers. First, welthe filter pack design would have to include silt-sized particles
screen slot sizes suitable for retaining such fine-grained filtei the filter pack in order to meet the design criteria, which is
pack materials are not widely available (the smallest commerimpractical, as placement would be impossible and screen
cially available slotted well casing is 0.006 in. [6 slot]; the mesh fine enough to retain the material is not commercially
smallest commercially available continuous-slot wire-wound@vailable. Therefore, formations with more than 50 % passing
screen is 0.004 in. [4 slot]). Second, the finest filter packd #200 sieve, and having more than 20 % clay-sized material,
material practical for conventional (tremie tube) installation isshould not be monitored using conventional well designs.
a 40 by 70 (0.008 by 0.018 in.) sand, which can be used WitpNterne_ltive monitoring technologies should be used in these
a well screen slot as small as 0.008-in. (8 slot). Finer graineéPrmations..
filter pack materials cannot be placed practically by either nore 3—when installing a monitoring well in” solution-channeled
tremie tubes or pouring down the annular space or dowmmestone or highly fractured bedrock, the borehole configuration of void
augers. Thus, the best method for ensuring proper installatiospaces within the formation surrounding the borehole is often unknown.
of filter packs in predominantly fine-grained formation mate-Then_afore, the installation of a filter pack becomes difficult and may not be
rials is to use pre-packed or sleeved screens, which amRessible.
described in detail in Practice D 6725. A 50 by 100 (0.011 by Note 4—This practice presents a design for monitoring wells that will

0.006 in.) filter-pack sand can be used with a 0.006-in. slot Sizge effective in the majority of formations. Applicable state guidance may
) ’ ' | iffer from the designs contained in this practice.

pre-packed or sleeved screen, and a 60 by 120 (0.0097 byNOTE 5—Because the well screen slots have uniform openings, the
0'0045 in.) filter-pack sand can be used Wlth_a 0.004-in. (4 SIOt%Iter pack should be composed of particles that are as uniform in size as
slot size pre-packed or sleeved screen. Filter packs that afgpractical. Ideally, the uniformity coefficient (the quotient of the 60 %
finer than these (e.g., sands as fine as 100 by 120 [0.006 Ryssing, D-60 size divided by the 10 % passing D-10 size [effective size])
0.0045 in.], or silica flour as fine as 200 mesh [0.003 in.]) carof the filter pack should be 1.0 (that is, the D-60 % and the D-10 % sizes
only be installed within stainless steel mesh sleeves that can Iséould be identical). However, a more practical and consistently achiev-
placed over pipe-based screens. While these sleeves, or tAlle uniformity coefficient for all ranges of filter pack siz_es is 2.5. This
space between internal and external screens in a pre-packégue of 2.5 should represent a maximum value, not an ideal.
well screen may be as thin as 1/2-in. (1.27 cm), the basis forrg}g;'i ?;3:2‘80‘3%"in”;ta;‘ac‘i’rzgﬁirr‘]‘;e?h :?N:ﬁair;\dzrr?e pgﬁgggeéfoxg;‘k a
mechanical retention 'dlctgtes that .a filter-pack thICknF"SS (gherefore, the filter pack materials must be ordered and delivered to the
only two or th_ree grain _d'ameters is needed to contain an rill site before soil samples can be collected. In these cases, the suggested
control formation materials. Laboratory tests have demonwell screen slot size and filter pack material combinations are presented in
strated that a properly sized filter pack material with aTable 1.
thickness of less than 1/2-in. (1.27 cm) successfully retains Note 7—Silica flour can alter water chemistry, particularly for transu-
formation particles regardless of the velocity of water passinganics, and its use should be evaluated against the monitoring program
through the filter pack. analytes

6.4 Well Screen

6.4.1 General—The purposes of the well screen are to

provide designed openings for ground-water flow through the

3 (1) Driscoll, F.G., 1986, Groundwater and Wells, Johnson Division, St. Paulwell, and to prevent migration of filter pack and formation
MN, pg.443

TABLE 1 Recommended (Achievable) Filter Pack Characteristics for Common Screen Slot Sizes

Size of Screen Slot No Sand Pack Mesh 1 % Passing Size Effective Size, 30 % Passing Size Range of Uniformity Roundness (Powers

Opening, mm (in.) ’ Size Name(s) (D-1), mm (D-10), mm (D-30), mm Coefficient Scale)
0.125 (0.005) 54 100 0.09 to 0.12 0.14 to 0.17 0.17 t0 0.21 1.3t0 2.0 2t05
0.25 (0.010) 10 20 to 40 0.25t0 0.35 0.4t0 0.5 0.5t0 0.6 11to 1.6 3to5
0.50 (0.020) 20 10 to 20 0.7t0 0.9 1.0to 1.2 1.2t0 15 11to 1.6 3to6
0.75 (0.030) 30 10 to 20 0.7t0 0.9 10to 1.2 1.2t015 11t01.6 3to6
1.0 (0.040) 40 81to 12 12to 14 16to 1.8 1.7t0 2.0 11to 1.6 4106
1.5 (0.060) 60 6t09 15t 1.8 2.3t02.8 2510 3.0 11lto1.7 4106
2.0 (0.080) 80 4t08 20to 2.4 2.410 3.0 2.6t03.1 11to 1.7 4106

A A 5-slot (0.152-mm) opening is not currently available in slotted PVC but is available in Vee wire PVC and Stainless; 6-slot opening may be substituted in these cases.
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material into the well. The well screen design is based on eithgoreferably 99 %, of the primary filter pack materials. The
the grain-size distribution of the formation (in the case of amethod for determining the primary filter pack design is
well with a naturally developed filter pack), or the grain-sizedescribed in 6.3.3.

distribution of the primary filter pack material (in the case of a 6.4.5 Prepacked or Sleeved Well Screensn alternative to
filter-packed well). The screen openings must be small enoug#esigning and installing filter pack and well screens separately
to retain most if not all of the formation or filter-pack materials, is t0 use a pre-packed or sleeved screen assembly. A pre-
yet large enough to maintain ground-water flow velocities packed well screen consists of an internal well screen, an
from the well screenffilter pack interface back to the naturafXternal screen or filter medium support structure, and the filter
formation materials, of less than 0.10 ft/s (0.03 m/s). If wellMmedium contained between the screens, which together com-

screen entrance velocities exceed 0.10 ft/s (0.03 m/s), turbuleRfiS€ an integrated structure. The internal and external screens
flow conditions can occur, resulting in mobilization of sedi- 2 constructed of materials compatible with the monitored

ment from the formation and reductions in well eficiency. ~ €nvironment, and are usually of a common slot size specified
6.4.2 Materials—TThe well screen should be new by the well designer to retain the filter pack material. The filter

hi lotted : i d wi ack is normally an inert (e.g., siliceous) granular material that
machine-siotied casing or continuous wrapped WIre-woungy,s 5 grain-size distribution chosen to retain formation mate-

screen composed of materials compatible with the monitoringiais - A sleeved screen consists of a slotted pipe base over
environment, as determined by the site characterization proghich g sleeve of stainless steel mesh filled with selected filter
gram. The screen should be plugged at the bottom (unless Regia is installed. Pre-packed or sleeved screens may be used
sediment sump is used), and the plug should generally be of thgy any formation conditions, but they are most often used
same material as the well screen. This assembly must have thghere heaving, running or blowing sands make accurate
capability to withstand well installation and developmentplacement of conventional well screens and filter packs diffi-
stresses without becoming dislodged or damaged. The lengtlt, or where predominantly fine-grained formation materials
of the well screen open area should reflect the thickness of there encountered. In the latter case, using pre-packed or sleeved
target monitoring zone. Immediately prior to installation, thescreens is the only practical means of ensuring that filter pack
well screen should be cleaned (see either Practice D 5088 omaterials of the selected grain-size distribution (generally fine
Practice D 5608) with water from a source of known chemistryto very fine sands) are installed to completely surround the
if it is not certified clean by the manufacturer, and delivered,screen.

and maintained in a clean environment at the site. Note 9—The practice of using a single well screenf/filter pack combi-

nation (e.g., 0.010 in. [0.254 mm]) well screen slot size with a 20/40 sand)
{Rr all wells, regardless of formation grain-size distribution, will result in
Qiftation of the well and significant turbidity in samples when applied to
formations finer than the recommended design. It will also result in the
loss of filter pack, possible collapse of the screen, and invasion of

6.4.3 Diameter—TThe minimum nominal internal diameter ©Verlying well construction materials (e.g., secondary filter pack, annular

. al materials, grout) when applied to formations coarser than the

of the W?” screen ?hO‘,“d be chosen based (,)n fa(?tors specific i§commended design. For these reasons, the universal application of a
the particular application (such as the outside diameter of thgngie well screenffilter pack combination to all formations is not
purging and sampling device(s) to be used in the well). Welkecommended, and should be avoided.

screens as small as 1/2-in. (1.27 cm) nominal diameter are g 5 Riser

available for use in monitoring well applications. 6.5.1 Materials—TThe riser should be new pipe composed
6.4.4 Design—The design of the well screen should be of materials that will not alter the quality of water samples for
determined based on the grain size analysis (per Test Methdte constituents of concern and that will stand up to long-term
D 422) of the interval to be monitored and the gradation of theexposure to the monitoring environment, including potential
primary filter pack material. In granular, non-cohesive forma-contaminants. The riser should have adequate wall thickness
tion materials that will fall in easily around the screen, filter and coupling strength to withstand the stresses imposed on it
packs can be developed from the native formation materia|s_during well installation and development. Each section of riser
filter pack materials foreign to the formation are not necessaryghould be cleaned (see either Practice D 5088 or Practice
In these cases of naturally developed filter packs, the slot siZ@ 5608) using water from a source of known chemistry
of the well screen is determined using the grain size of thémmediately prior to installation.
materials in the surrounding formation. The well screen slot Nore 10—Risers are generally constructed of PVC, galvanized steel or
size selected for this type of well completion should retain astainless steel.
least 70 % of formation materials—the finest 30 % of forma- 6.5.2 Diametee—The minimum nominal internal diameter
tion materials will be brought into the well during develop- of the riser should be chosen based on the particular applica-
ment, and the objectives of filter packing (to increase hydrauligion. Risers as small a¥z-in. (1.25-cm) in diameter are
conductivity immediately surrounding the well screen, and toavailable for applications in monitoring wells.
promote easy flow of ground water into and through the screen) 6.5.3 Joints (Couplings)-Threaded joints are recom-
will be met. In wells in which a filter pack material of a mended. Glued or solvent-welded joints of any type are not
selected grain size distribution is introduced from the surfacesecommended because glues and solvents may alter the chem-
the screen slot size selected should retain at least 90 %, amstry of water samples. Because square profile flush joint

Note 8—Well screens are most commonly composed of PVC or
stainless steel. Stainless steel may be specified based on knowledge of
occurrence of microbially influenced corrosion in formations (specifically
reducing or acid-producing conditions).
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threads (Specification F 480) are designed to be accompanied6.9 Annular Sealants-TThe materials used to seal the
by O-ring seals at the joints, they do not require PTFE tapingannulus may be prepared as a slurry or used un-mixed in a dry
However, tapered threaded joints should be PTFE taped tpellet, granular, or chip form. Sealants should be selected to be
prevent leakage of water into the riser. compatible with ambient geologic, hydrogeologic, geochemi-
6.6 Casing—Where conditions warrant, the use of perma-cal and climatic conditions and any man-induced conditions
nent casing installed to prevent communication between wate(e.g., subsurface contamination) anticipated during the life of
bearing zones is encouraged. The following subsections adhe well.
dress both temporary and permanent casings. 6.9.1 Bentonite—Bentonite should be powdered, granular,
6.6.1 Materials—The material type and minimum wall pelletized, or chipped sodium montmorillonite from a commer-
thickness of the casing should be adequate to withstand theal source, free of impurities that may adversely impact the
forces of installation. All casing that is to remain as awater quality in the well. Pellets consist of roughly spherical
permanent part of the installation (that is, in multi-cased wellsunits of moistened, compressed bentonite powder. Chips are
should be new and cleaned to be free of interior and exteriolarge, irregularly shaped, and coarse granular units of bentonite
protective coatings. free of additives. The diameter of pellets or chips selected for
Note 11—The exterior casing (temporary or permanent multi-cased) ism.omtormg well COI’lStI’UCtIO_n Shou.ld be less than one fifth the
idth of the annular space into which they are placed to reduce

generally composed of steel, although other appropriate materials may B ; oM . .
used. the potential for bridging. Granules consist of coarse to fine

6.6.2 Diameter—Several different casing sizes may be re_particles of unaltered bentonite, typically smaller than 0.2 in.

quired depending on the geologic formations penetrated. Tr;rgﬁ.o mm). It is recommended that the water chemistry of the

diameter of the borehole and the well casing for conventionall ormation in which the bentonite is intended for installation be
filter packed wells should be selected so that a minimu valuated to ensure that it is suitable to hydrate the bentonite.

annular space of 2 in. (5 cm) is maintained between the insid ome Water-qu_allty condmo_ns (e.g.,_ high chloride content,
diameter of the casing and outside diameter of the riser t igh concentrations of certain organic solvents or petroleum

provide working space for a tremie pipe. For naturally devel- ydroparbon.f,) may inhibit the hydration of bentonite and result
oped wells and pre-packed or sleeved screen completions, tH@gg |2n<éffect|ve sEeaI.h ¢ h liahtly diff
annular space requirement need not be met. In addition, the ~~" ement-Each type of cement has slightly difterent
diameter of the casings in multi-cased wells should be selecte aracterlgtlcs that may be appropriate under various phys.|cal
so that a minimum annular space of 2 in. (5 cm) is maintaine nd chemical conditions. Cement §hou|_d be one O.f the five
between the casing and the borehole (that is, a 2-in. [5 ¢ ortland cement types that are specified in Specification C 150.

diameter screen will require first setting a 6-in. [15.2 cm] he use ogqglfck-settmg cerrren_ts Conﬁ"’}'n'??l iqd't'xzz.;s not
diameter casing in a 10-in. [25.4 cm] diameter boring). recommendedfor use in monitoring wetl Instaflation. lives

may leach from the cement and influence the chemistry of
Note 12—Under difficult drilling conditions (collapsing soils, rock, or water samples collected from the monitoring well.
cobb!e_s), it may be necessary to advance temporary casing. Under theseg 9 3 Grout—The grout backfill that is placed above the
conditions, a smaller annular space may be maintained. bentonite annular seal and secondary filters (see Fig. 1) is
6.6.3 Joints (Couplings)-The ends of each casing section ordinarily a thick liquid slurry consisting of either a bentonite
should be either flush-threaded or beveled for Weldlng (powder or granu|esy or both) base and water, or a Portland
6.7 Sediment SumpA sediment sump, a length of blank cement base and water. Often, bentonite-based grouts are used
pipe, generally of the same diameter and made of the samghen it is desired that the grout remain workable for extended
material as the riser and well screen -- may be affixed to th@eriods of time during well construction or flexible (that is, to
bottom of the screen, and capped with a bottom plug, to colleGiccommodate freeze-thaw cycles) during the life of the well.
fine-grained material brought into the well by the process ofcement-based grouts are often used when filling cracks in the
well development. A drainage hole may be drilled in thesurrounding geologic material, adherence to rock units, or a
bottom of the sump to prevent the sump from retaining watefigid setting is desired.
in the event that the water level outside the well falls below the 6.9.3.1 Mixing—The mixing (and placing) of a grout back-
bottom of the well screen. Because the sediment that collects ﬁ" should be performed with precise|y recorded We|ght5 and
the sump may harbor geochemistry-altering microflora and,olumes of materials, and according to procedures stipulated
reactive metal oxides, this sediment must be removed periodpy the manufacturer that often include the order of component
Ca”y to minimize the pOtential for Sample chemical alteration.mixing_ The grout should be thorough]y mixed with a padd|e_
6.8 Protective Casing type mechanical mixer or by recirculating the mix through a
6.8.1 Materials—Protective casings may be made of alumi- pump until all lumps are disintegrated. Lumpy grout should not
num, mild steel, galvanized steel, stainless steel, cast iron, ®je used in the construction of a monitoring well to prevent
structural plastic pipe. The protective casing should have a ligyridging within the tremie pipe.
capable of being locked shut by a locking device or mecha-
nism.
6.8.2 Diameter—The inside dimensions of the protective
casing should be a minimum of 2 in. (5 cm) and preferably 4 6.9.3.2 Typical Bentonite-Based GrettWhen a bentonite-
in. (10 cm) larger than the nominal diameter of the riser tobased grout is used, bentonite, usually unaltered, should be
facilitate the installation and operation of sampling equipmentplaced in the water through a venturi device. A typical

Note 13—Lumps do not include lost circulation materials that may be
added to the grout if excessive grout losses occur.
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6in. (152 mm)
CLEARANCE
FOR SAMPLER

TOP OF RISER 3 ft. (1.0 m)
ABOVE GRADE \
SLLOPE BENTONITE/SOIL

MIXTURE OR 4in (101mm) THICK
CONCRETE PAD AWAY FROM CASING

g

PROTECTIVE COVER
WITH LOCKING CAP

WELL IDENTIFICATION LABELED
INSIDE AND OUTSIDE THE CAP

VENTED CAP

WASHED PEA GRAVEL OR COARSE SAND MIXTURE

PROTECTIVE CASING

1/4 in. (6.3 MM) WEEP HOLE
AT 6 in. ABOVE GROUND LEVEL

SLOPE GROUT AWAY FROM
CASING ORRISER TO
PREVENT 'NFILTRATION, BUT
DO NOT CREATE A MUSHROOM
FOR GROUT WHICH WILL BE
SUBJECT TO FROST HEAVE

NEAT CEMENT GROUT

DRY BENTONITE

MINIMUM 2 in. (50 mm) 1D RISER WITH
FLUSH THREADED CONNECTIONS

CENTRALIZERS
AS NECESSARY

BOREMOLE WALL

CENTRALIZERS
AS NECESSARY

PLUG

7

3ft -5 1t (1.0 to 1.5 m) EXTENDED
PROTECTIVE CASING
DEPTH TO BELOW FROST LINE

GROUT LENGTH VARIES

6in. -1 ft. {152 mm to 304 mm)
FINAL SECONDARY
FILTER PACK

A
|
\

3ft. -5ft (1.0to 1.5 m) BENTONITE SEAL

1ft. -2 ft (303 mm to 608 mm) FIRST SECONDARY
FILTER PACK WI{ERE CONDITIONS WARRANT

EXTEND PRIMARY FILTER PACK 20% OF SCREEN

LENGTH OR 2 ft. (608mm) ABOVE SLOTTED WEI.L
SCREEN, UNLESS CONDITIONS WARRANT 1.ESS

SEDIMENT SUMP (AS APPROPRIATE)

FIG. 1 Monitoring Well Design—Single—Cased Well

unbeneficiated bentonite-based grout consists of about 1 to 1.251b (0.57 kg) of unaltered bentonite to each 1 gal (3.8 L) of

10
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water. 100 % bentonite grouts should not be used for monitorfrom the well and the surrounding formation during the well
ing well annular sealants in the vadose zone of arid regiondevelopment process. It is recommended that if an air com-
because of the possibility that they may desiccate. This coulgressor is used, it should be equipped with an oil air filter or oil
result in migration of water into the screened portion of thetrap to minimize the potential for chemical alteration of
well from zones above the target monitoring zone. ground-water samples collected after the well is installed. 8.

Note 14—High solids bentonite grouts (minimum 20 % by weight with Monitoring Well Installation

water) and other bentonite-based grouts may contain granular bentonite p Monitoring Well Installation

increase the solids content and other components added under manufac-
turer's directions to either stiffen or retard stiffening of the mix. All 8.1 Stable Borehole-A stable borehole must be constructed

additives to grouts should be evaluated for their effects on subsequeftfior to attempting the installation of monitoring well screen

water samples. and riser. Steps must be taken to stabilize the borehole before
6.9.3.3 Typical Cement-Based GrowtA typical cement- attempting installation if the borehole tends to cave or blow in,

based grout consists of about 6 gal. (23 L) of water per 94-Ibor both. Boreholes that are not straight or are partially

(43-kg) bag of Type | Portland cement. Though not recom-Obstructed should be corrected prior to attempting the instal-

mended because of the chemical incompatability of bentonitétion procedures described herein.

with cement (2, 3), from 3at8 % (by dry weight) of unaltered ~ 8.2 Assembly of Well Screen and Riser

bentonite powder is often added after the initial mixing of 8.2.1 Handling—TThe well screen, sediment sump, bottom

cement and water to retard shrinkage and provide plasticity.Plug and riser should be either certified clean from the

6.10 Secondary Filter Packs manufacturer or steam-cleaned or high-pressure hot-water

6.10.1 Materials—A secondary filter pack is a layer of washed (whichever is appropriate for the selected material)
material placed in the annulus between the primary filter packising water from a source of known chemistry immediately
and the bentonite seal, and/or between the bentonite seal aRHOr to assembly. Personnel should take precautions to assure
the grout backfill (see Fig. 1 and Fig. 2). that grease, oil, or other contaminants that may ultimately alter

6.10.2 Gradation—The secondary filter pack should be the water sample do not contact any portion of the well screen
uniformly graded fine sand with 100 % by weight passing theand riser assembly. As one precaution, for example, personnel
#30 U.S. Standard sieve, and less than 2 % by weight passi@ould wear a clean pair of cotton, nitrile or powder-free PVC
the #200 U.S. Standard sieve. (or equivalent) gloves while handling the assembly..

6.11 Annular Seal and Filter Pack Installation Equipment ~ 8.2.2 Riser Joints (Couplings)Flush joint risers with -
The equipment used to install the annular seals and filter pacgjuare profile (Specification F 480) threads do not require
materials should be cleaned (if appropriate for the selecteBTFE taping to achieve a water tight seal; these joints should
material) using water from a source of known quality prior tonot be taped. O-rings made of a material of known chemistry,
use. This procedure is performed to prevent the introduction o$€lected on the basis of compatibility with contaminants of

materials that may ultimately alter water quality samples. ~ concern and prevailing environmental conditions, should be
used to assure a tight seal of flush-joint couplings. Couplings

7. Drilling Methods are often tightened by hand; however, if necessary, steam-
7.1 The type of equipment required to create a stable, opeiwjeaned or high-pressure water-cleaned wrenches may be
vertical borehole for installation of a monitoring well dependsutilized. Precautions should be taken to prevent damage to the
upon the site geology, hydrology, and the intended use of ththreaded joints during installation, as such damage may pro-
data. Engineering and geological judgment and some knowknote leakage past the threads.
edge of subsurface geological conditions at the site is required 8.3 Setting the Well Screen and Riser Assemflyhen the
for the selection of the appropriate drilling method(s) utilizedwell screen and riser assembly is lowered to the predetermined
for drilling the exploratory soil borings and monitoring wells level in the borehole and held in position, the assembly may
(see Guide D 6286). Appropriate drilling methods for investi-require ballast to counteract the tendency to float in the
gating and installing monitoring wells at a site may include anyborehole. Ballasting may be accomplished by filling the riser
one or a combination of several of the following methods:with water from a source of known and acceptable chemistry
hollow-stem auger (Guide D 5784); direct (mud) rotary (Guideor, preferably, using water that was previously removed from
D 5783); direct air-rotary (Guide D 5782); direct rotary wire- the borehole. Alternatively, the riser may be slowly pushed into
line casing advancement (Guide D 5876); dual-wall reversethe fluid in the borehole with the aid of hydraulic rams on the
circulation rotary (Guide D 5781); cable-tool (Guide D 5875); drill rig and held in place as additional sections of riser are
or various casing advancement methods (Guide D 5872added to the column. Care must be taken to secure the riser
Whenever feasible, it is advisable to utilize drilling proceduresassembly so that personnel safety is assured during the
that do not require the introduction of water or drilling fluids installation. The assembly must be installed straight and
into the borehole, and that optimize cuttings control at grounglumb, with centralizers installed at appropriate locations
surface. Where the use of water or drilling fluid is unavoidable (typically every 20 to 30 ft [6 to 9 m]). Difficulty in maintain-
the selected fluid should have as little impact as possible on thieg a straight installation may be encountered where the weight
water samples for the constituents of interest. The chemistry aff the well screen and riser assembly is significantly less than
the fluid to be used should be evaluated to determine ththe buoyant force of the fluid in the borehole. The riser should
potential for water quality sample alteration. In addition, careextend above grade and be capped temporarily to deter
should be taken to remove as much drilling fluid as possiblentrance of foreign materials during final completion.
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PROTECTIVE COVER

6 in. (152 mm) WITH LOCKING CAP
CLEARANCE i § e
FOR SAMPLER WELL IDENTIFICATION LABELED

INSIDE AND OUTSIDE THE CAP

VENTED CAP

TOP OF RISER 3 ft. (1.0 m)
ABOVE GRADE —
SLOPE BENTONITE/SOIL ‘

MIXTURE OR 4 in (101mm) TIICK
CONCRETE PAD AWAY FROM CASING ~__|

WASHED PEA GRAVEL OR COARSE SAND MIXTURE

PROTECTIVE CASING

4— 1/4in. (6.3 mm) WEEP HOLE

SLOPE GROUT AWAY FROM
CASING ORRISER TO
PREVENT INFILTRATION, BUT
DO NOT CREATE A MUSHROOM
FOR GROUT WHICH WILL BE
SUBJECT TO FROST HEAVE

N 3ft.-5ft (1.0 1o 1.5 m) EXTENDED
é PROTECTIVE CASING
» . .
'Y/ DEPTH TO BELOW FROST LINE
STEEL CASING INSTALLED AND W

STABILIZED AT A MINIMUM 2 ft (608 mm)
INTO CONFINING LAYER

NEAT CEMENT GROUT [ 5]7"

DRY BENTONITE

MINIMUM 2 in. (50 mm) ID RISER WITH ——
FLUSH THREADED CONNECTIONS

GROUT LENGTH VARIES

CENTRALIZERS
AS NECESSARY

BOREHOLE WALL/

6in. -1 ft. (152 mm to 304 mm) ~
FINAL SECONDARY

d / FILTER PACK

1

3ft -5 ft. (1.0to 1.5 m) BENTONITE SEAL
|

'1

X

PRI
L Yok Beat 4

X 1 ft. - 2 ft. (303 mm to 608 mm) FIRST SECONDARY
‘ FILTER PACK WHERE CONDITIONS WARRANT

)
i
]
:

EXTEND PRIMARY FILTER PACK 20% OF SCREEN
LENGTH OR 2 {t. (608mm) ABOVE SLOTTED WELL
SCREEN, UNLESS CONDITIONS WARRANT LESS.

CENTRALIZERS - ————» |
AS NECESSARY

WELL SCREEN LENGTH VARIES

| A

PLUG / SEDIMENT SUMP (AS APPROPRIATE)
FIG. 2 Monitoring Well Design—Multi-Cased Well
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8.4 Installation of the Primary Filter Pack 8.5 Placement of First Secondary FiltetA secondary filter

8.4.1 Volume of Filter Pack-TThe volume of filter pack Pack may be installed above the primary filter pack to prevent
required to fill the annular space between the well screen anidpe intrusion of the bentonite grout seal into the primary filter
borehole should be calculated, measured, and recorded on tRack (see Figs. 1 and 2). To be effective, a measured and
well completion diagram during installation. To be effective, recorded volume of secondary filter material should be added
the filter pack should extend above the screen for a distance & extend 1to 2 ft (0.3 to 0.6 m) above the primary filter pack.
about 20 % of the length of the well screen but not less than S with the primary filter, a secondary filter must not extend
ft. (0.6 m) (see Figs. 1 and 2). Where there is hydraulicdnto an overlying hydrologic unit (see 8.4.1). The well designer
connection between the zone to be monitored and the overlyingfould evaluate the need for this filter pack by considering the
strata, this upward extension should be gauged to prevegfadation of the primary filter pack, the hydraulic heads
seepage from overlying hydrologic units into the filter pack_petween adjacent units, and the potential for grout intrusion

Seepage from other units may alter hydraulic head measurdlto the' primary filter pack. The secondary filter material is
ments or the chemistry of water samples collected from th@oured into the annular space through a decontaminated, flush
well. threaded, 1-in. (25-mm) minimum internal diameter tremie

. . pipe lowered to within 3 ft (1.0 m) of the placement interval.
le'd's'gr:(la??smsrr:cgg:grE;%;g?ﬁ; F;ic_:zzgﬁgg /(zn;nocj t:oe Water from a source of known and acceptable chemistry may

. : : be added to help deliver the filter pack to its intended location.
more than 10 % of the primary filter pack into the bottom of the.l.he tremie pipepor a weighed Iinepcan be used to measure the
borehole using a decontaminated, flush threaded, 1-in. (2

o it i ter tremie pipe. Alt tively. th op of the secondary filter pack as work progresses. The
mm) minimum internal diameter tremie pipe. Alternatively, € elevation (or depth below ground surface), volume, and gra-

filter pack may be added directly between the riser pipe and th8ation of the secondary filter pack should be recorded on the
auger or drive/ftemporary casing and the top of the filter pacl§ve” completion diagram.

located using a tamper or a weighted line. The well screen and

. . . : 8.6 Installation of the Bentonite SealA bentonite pellet or
riser assembly is then centered in the borehole. This can be . .
a slurry seal is placed in the annulus between the borehole and

done using one or more centralizer(s) or alternative centerinE_Ie riser pipe on top of the secondary or primary filter pack (see
devices located not more than 10 ft (3 m) above the bottom o igs. 1 and 2). This seal retards the movement of cement-based

fhe \;veijll_sctrheen (ﬁee Figs. _Il_hand 2). _C_entral_|zers Sf.TtOUId nokt_b out backfill into the primary or secondary filter packs. To be
ocated in the well screen. The remaining primary Ter pack 1S.q tive  the bentonite seal should extend above the filter

then placed in ingrements as the tremie i_s gradually raised or cks approximately 3to 5 ft (1.0 to 1.5 m), depending on local
the auger or d_nve/temporary casing 1S removed from th onditions. The bentonite slurry seal should be installed using
bore_hole_. As primary filter pack material is poured into thea positive displacement pump and a side-discharge tremie pipe
tremie pipe, water from a source of known and acceptablg,areq to the top of the filter pack. The tremie pipe should be
chemistry may be added to help deliver the filter pack t0 thg,iseq siowly as the bentonite slurry fills the annular space.
|_ntended interval in the borehole. The tremie pipe or a_We'ghe@entonite pellets or chips may be poured from the surface and
line can be used to measure the top of the primary filter pack;o\veq to free-fall into the borehole. As a bentonite pellet or
as wqu progresses. If_ bridging of_ the primary filter paCkchip seal is poured into the borehole, a tamper may be
material occurs, the bridged material should be broken mepecessary to tamp pellets or chips into place or to break bridges
chanically prior to proceeding with the addition of more filter formed as the pellets or chips stick to the riser or the walls of
pack material. The elevation (or depth below ground surfacelne water-filled portion of the borehole. If the bentonite seal is
volume, and gradation of primary filter pack should be re-jnstalled above the water level in the borehole, granular
corded on the well completion diagram (see Fig. 2 for anpentonite should be used as the seal matetbentonite pellets
example). or chips should not be used in the unsaturated z@ranular
8.4.3 Withdrawal of the Temporary Casing/Augertf bentonite should be poured into the borehole and installed in
used, the drive/temporary casing or hollow stem auger idifts of 2 in., then hydrated with water from a source of known
withdrawn, usually in stipulated increments. Care should behemistry. The tremie pipe or a weighed line can be used to
taken to avoid lifting the riser with the withdrawal of the measure the top of the bentonite seal as the work progresses.
temporary casing/augers. To limit borehole collapse in stabl&ufficient time should be allowed for the bentonite pellet seal
formations, the temporary casing or hollow stem auger igo hydrate or the slurry annular seal to expand prior to grouting
usually withdrawn until the lower-most point on the temporarythe remaining annulus. The volume and elevation (or depth
casing or hollow stem auger is at least 2 ft (0.6 m), but no moréelow ground surface) of the bentonite seal material should be
than 5 ft (1.5 m) above the filter pack for unconsolidatedmeasured and recorded on the well completion diagram.
materials; or at least 5 ft (1.5 m), but no more than 10 ft (3.0 8.7 Final Secondary Filter Pack-A 6-in. to 1-ft (0.15 to
m), for consolidated materials. In highly unstable formations,0.3-m) secondary filter may be placed above the bentonite seal
withdrawal intervals may be much less. After each incrementin the same manner described in 8.5 (see Figs. 1 and 2). This
it should be ascertained that the primary filter pack has nosecondary filter pack will provide a layer over the bentonite
been displaced during the withdrawal operation (using @eal to limit the downward movement of cement-based grout
weighed measuring device). backfill into the bentonite seal. The volume, elevation (or depth
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below ground surface), and gradation of this final secondargasing, it should be installed in a pre-drilled borehole. After the

filter pack should be documented on the well completionborehole has penetrated not less than 2 ft. (0.6 m) of the first

diagram. targeted confining stratum, the outer casing should be lowered
8.8 Grouting the Annular Space to the bottom of the boring and the annular space pressure

8.8.1 General—Grouting procedures vary with the type of grouted.. Pressure grouting requires the use of a grout shoe or
well design. The following procedures will apply to both Packer installed at the end of the outer casing to prevent grout
single- and multi-cased monitoring wells. Paragraphs 8.8.2 anfjom moving up into the casing. The grout must be allowed to

8.8.3 detail those procedures unique to single- and multi-case@'re and form a seal between the casing and the borehole prior
installations, respectively. to advancing the hole to the next hydrologic unit. This

8.8.1.1 Volume of Grout-An ample volume of grout should procedure is repeated as necessary to advance the borehole to

be mixed on site to compensate for unexpected losses to tABE desired depth. Upon reaching the final depth, the riser and
formation. The use of alternate grout materials, including groufC"€en should be set through the inner casing. After placement
containing gravel, may be necessary to control zones of high! the filter packs and bentonite seal, the remaining annular
grout loss. The volume and location of grout used to backfillSPace is grouted as described in 8.8.2 (see Fig. 2).

the remaining annular space is recorded on the well completion Nore 15—When using a packer, pressure may build up during grout
diagram. injection and force grout up the sides of the packer and into the casing.

8.8.1.2 Grout Installation Procedures-The grout should be 8.9 Well Protectior—Well protection refers specifically to
pumped down hole through a side-discharge tremie pipe usingstallations made at the ground surface to deter unauthorized
a positive displacement pump (e.g., a diaphragm pump, moynéntry to the monitoring well, to prevent damage to or destruc-
pump, or similar pump) to reduce the chance of leaving voidsion of the well, and to prevent surface water from entering the
in the grout, and to displace any liquids and drill cuttings thatannulus. The methods described in Practice D 5787 should be
may remain in the annulus. In very shallow wells, groutingused for well protection.
may be accomplished by gravity feeding grout through a tremie 8.9.1 Protective Casing-Protective casing should be used
pipe. With either method, grout should be introduced in onéor all monitoring well installations. In areas that experience
continuous operation until full-strength grout flows out of thefrost heaving, the protective casing should extend from below
borehole at the ground surface without evidence of drillthe depth of frost penetration (3 to 5 ft [1.0 to 1.5 m] below
cuttings, drilling fluid, or water. grade, depending on local conditions), to slightly above the top

8.8.1.3 Grout Setting and Curing-The riser should not be of the well casing. The protective casing should be initially
disturbed until the grout sets and cures for the amount of timplaced before final set of the grout. The protective casing
necessary to prevent a break in the seal between the grout asdould be sealed and immobilized in concrete placed around
riser. The amount of time required for the grout to set or curéhe outside of the protective casing above the set grout. The
will vary with the grout mix and ambient temperature and protective casing should be stabilized in a position concentric
should be documented on the well completion diagram. with the riser (see Figs. 3 and 1). Sufficient clearance, usually

8.8.2 Specific Procedures for Single-Cased Wels 6 in. (0.15 m) should be maintained between the lid of the
Grouting should begin at a level directly above the finalprotective casing and the top of the riser to accommodate
secondary filter pack (see Fig. 1) if used, or above the bentonitgampling equipment. Aa-in. (6.3-mm) ddiameter weep hole
pellet, chip or slurry seal. Grout should be pumped using @hould be drilled in the protective casing approximately 6 in.
side-discharge tremie pipe to dissipate the fluid-pumping15 cm) above ground surface to permit water to drain out of
energy against the borehole wall and riser, reducing théie annular space between the protective casing and the riser.
potential for infiltration of grout into the primary filter pack. In cold climates, this hole will also prevent water freezing
The tremie pipe should be kept full of grout from start to finish, between the protective casing and the well casing. Dry bento-
with the discharge end of the pipe completely submerged as fiite pellets, granules, or chips should then be placed in the
is slowly and continuously lifted. Approximately 5 to 10 ft (1.5

installation and before the grout begins to set. If casingz ® R
removal does not commence until grout pumping is completed;
then, after the casing is removed, additional grout may be J

periodically pumped into the annular space to maintain a ‘: % "

o IR I 00

to 3.0 m) of tremie pipe should remain submerged until 1.5, Standard Sieve Number

grouting is complete. For deep installations or where the joints T T I e T T : o

or couplings of the selected riser cannot withstand the collapse = | 0

stress exerted by a full column of grout as it is installed, a 2

staged grouting procedure may be used. If used, the drive} » — o 8

temporary casing or hollow-stem auger should be removed i@ & © 9

increments immediately following each increment of grout z *ij; i * 5
%

continuous column of grout up to the ground surface. T PN o R A Ll

8.8.3 Specific Procedures for Multi-Cased Wel# the Conties | S | pe — SitorClay
outer casing of a multi-cased Wel! cannot be driven to form a Fig. 3 Example Grading Curve for Design of Monitoring Well
tight seal between the surrounding stratum (strata) and the Screens
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annular space below ground level within the protective casingtained when turbidity readings stabilize and the water is
Coarse sand or pea gravel or both should be placed in thdasually clear of suspended solids. The minimum duration of
annular space above the dry bentonite pellets and to just aboveell development will vary with the method used to develop
the weep hole to prevent entry of insects. All materials chosethe well. The timing and duration of well development and the
should be documented on the well completion diagram. Theurbidity measurements should be recorded on the well
monitoring well identification number should be clearly visible completion diagram.

on the inside and outside of the protective casing. 9.4 Well Recovery TestA well recovery test should be
8.9.2 Completion of Surface InstallatienThe well protec- performed immediately after and in conjunction with well
tion installation may be completed in one of three ways: development. The well recovery test provides an indication of

8.9.2.1 In areas subject to frost heave, place a soil owell performance and provides data for estimating the hydrau-
bentonite/sand layer adjacent to the protective casing sloped tic conductivity of the screened hydrologic unit. Readings
direct water drainage away from the well. should be taken at intervals suggested in Table 2 until the well
8.9.2.2 In regions not subject to frost heave, a concrete padhas recovered to 90 % of its static water level.

sloped slightly to provide water drainage away from the well, Note 16—If a monitoring well does not recover sufficiently for

should be placed around the installation. . sampling within a 24-hr period and the well has been properly developed,
8.9.2.3 Where monitoring well protection must be installedihe installation should not generally be used as a monitoring well for

flush with the ground, an internal cap should be fitted on top otietecting or assessing low level organic constituents or trace metals. The
the riser within the manhole or vault. This cap should beinstallation may, however, be used for long-term water-level monitoring if
leak-proof so that if the vault or manhole should fill with water, measurements of short-frequency water-level changes are not required.
the water will not enter the well casing. Ideally, the manhole10

cover cap should also be leak-proof.. ) . .
8.9.3 Additional Protectior—In areas where there is a high ~ 10-1 General—The vertical and horizontal position of each

probability of damaging the well (high traffic, heavy equip- monitoring well in the monitoring system should be surveyed
ment, poor visibility), it may be necessary to enhance thénd subsequently mapped by a licensed surveyor. The well
normal protection of the monitoring well through the use of!ocation map should include the location of all monitoring
posts, markers, signs, or other means, as described in Practi¥g!ls in the system and their respective identification numbers,
D 5787. The level of protection should meet the damage thre&evations of the top of riser position to be used as the reference

Installation Survey

posed by the location of the well. point for water-level measurements, and the elevations of the
ground surface protective installations. The locations and
9. Well Development elevations of all permanent benchmark(s) and pertinent bound-

9.1 General—Well development serves to remove fine- ary marker(s) located on-site or used in the survey should also
grained material from the well screen and filter pack that maype noted on the map.
otherwise interfere with water quality analyses, to restore the 10.2 Water-Level Measurement Referen€ghe water-level
formation properties disturbed during the drilling process, andneasurement reference point should be permanently marked,
to improve the hydraulic characteristics of the filter pack andor example, by cutting a V-notch into the top edge of the riser
hydraulic communication between the well and the hydrologidPipe. This reference point should be surveyed in reference to
unit adjacent to the well screen. Methods of well developmenthe nearest NAVD reference point.
vary with the physical characteristics of hydrologic units in 10.3 Location Coordinates-The horizontal location of all
which the monitoring well is screened and with the drilling monitoring wells (active or decommissioned) should be sur-
method used. veyed by reference to a standardized survey grid or by metes
9.2 Development Methods and ProceduréBhe methods and bounds.
and procedures for well development described in Guide 10.4 Borehole Deviation SurveyA borehole deviation sur-

D 5521 should be followed to ensure a proper well completionvey, to determine the direction and distance of the bottom of
9.3 Timing and Duration of Well DevelopmenrtVell devel-  the well relative to the top of the well and points in between,
opment should begin either after the riser, well screen and filteshould be completed in wells deeper than 100 feet and in wells

pack are installed and before the bentonite seal and grout aiestalled in dipping formations.

installed (the preferred time), or after the monitoring well is .
completely installed and the grout has cured or set. In th&l' Monitoring Well Network Report

former case, the installer may add filter pack material to the 11.1 TTo demonstrate that the goals set forth in the Scope
borehole before the bentonite seal is installed to compensaft@ve been met, a monitoring well network report should be
for settlement that typically occurs during the developmentrepared. This report should:

process. This allows the installer to maintain the desired

separation between the top of the screen and the bentonite SeBABLE 2 Suggested Recording Intervals for Well Recovery Tests

In the latter case, the possibility exists that settlement of the Time Since Starting Test Time Interval
filter pack may result in the bentonite seal settling into the top 010 15 min 1 min
of the screen. Development should be continued until repre- 15 to 50 min 5 min
sentative water, free of the drilling fluids, cuttings, or other 50 to 100 min 10 min

. . . . . 100 to 300 min (5 h) 30 min
materials introduced or produced during well construction, is 300 to 1440 min (24 h) 60 min

obtained. Representative water is assumed to have been o=
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11.1.1 Locate the area investigated in terms pertinent to the 11.1.3 Include the well installation survey.
project. This should include sketch maps or aerial photos on 11.1.4 Describe and relate the findings obtained in the initial
which the exploratory borings, piezometers, sample areas, andconnaissance and field investigation (Section 5) to the design
monitoring wells are located, as well as topographic itemsand installation procedures selected (Sections 7-9) and the
relevant to the determination of the various soil and rock typessurveyed locations (Section 10).
such as contours, streambeds, etc. Where feasible, include al1.1.5 This report should include a recommended decom-
geologic map and geologic cross sections of the area beingissioning procedure that is consistent with those described in
investigated. Guide D 5299 and/or with applicable regulatory requirements.
11.1.2 Include copies of all well boring test pits and
exploratory borehole logs, initial and post-completion waterl2. Keywords
levels, all laboratory test results, and all well completion 12.1 aquifer; borehole drilling; geophysical exploration;
diagrams. ground water; monitoring well; site investigation
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