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1. Introduction

This Field Sampling arid Analysis. Flan (FSAP) has been prepared for the supplemental
field investigation of Operable Unit 7 (OU-7) of thus Avtex Fibers Superfund site (Avtex
site), as described in Section. 6 of the Feasibility Study (FS) Work Plan; Exponent. 2000).
Operable Unit 7 includes viscose basins 9, 10, arid 11, site eroundwater, and surfacec t * r i_ >

water, as defined in the Consent Decree between the U.S. Environmental Protection
Agency Region IH (EPA) andFMC Corporation. (FMC; U.S. EPA 1999a). The site
background is detailed in Section 2 of the FS Work Plan—-including a site description:, an.
overview of historical operations at the site; a summary of the site's regulatory and
environmental history; arid a discussion of the climate, hydrology, and surface-water
hydrology at the site. This FSAP covers the collection and analysis of groundwater
samples from 16 monitoring wells identified as the monitoring well network for viscose
basins L-8 and the new landfill (OU-10).

This field investigation is being conducted to fill the data gaps identified in Section 5 of
the FS Work Plan for OU-7. Four primary activities will be performed during the
supplemental field investigation: 1) groundwater monitoring well and temporary
wellpoint installation, 2) sampling of aqueous and solid media, 3) collection of synoptic
water-level measurements, arid 4) field testing. These activities, will be conducted in two
phases, as discussed in Section 6 (summarized in Table 6-1) of the FS work plan. The
Phase I investigation will focus on characterization of site groundwater, arid will include:

• Installation of groundwater monitoring wells

• Installation of Geoprobe" temporary wellpoints

• Groundwater sampling of existing and proposed wclls/wellpoints

• Performance of a well survey.

The second phase of the field investigation will focus on the chemistry and hydrology of
viscose basins 9, 10, and 11, arid wil l include:

» Installation of boreholes arid temporary wellpoints in viscose basins 9,
10, and 11 using a hollow-stem auger drill rig

• Installation of overburden temporary wellpoints adjacent to viscose
basins 9, 10, and 11 using a hollow-stem auger dri l l rig

« Infiltration-rate testing on the surface of viscose basins 9, 10. and 11

• Single-well pumping tests in overburden and waste viscose temporary
wellpoints
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• Site-wide measurement of groundwater levels

• Geologic mapping

• Collection of waste viscose samples; arid laboratory testing of these
materials

« Collection of pore-water samples from temporary wellpoints in viscose
basins 9, 10, and 11

• Installation of deep bedrock monitoring well 343, if necessary (see
Section 3.4.4).

This FSAP presents the monitoring well and well point locations arid installation
techniques, the sampling locations and procedures for aqueous and solid media, the field
sand laboratory testing procedures, and the analytical methods that will be used during the
investigation. All field work arid laboratory work will be conducted per the Quality
Assurance Project Plan (QAPP) Supplement for the Rem.edi.al Investigation/Feasibility
Study, Avtex Fibers Site, Front Royal, Virginia (ERM 1999), the Site-wide Health and
Safety Plan (HASP), Avtex Fibers Superfund Site, Front Royal,, Virginia (FMC 1999),
and the HASP addendum for implementing this FSAP (Attachment A-l), unless
otherwise specified in this document,

ry.VsapMsap July finat.a'vc
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2. Objectives

Detailed sampling objectives for the supplemental field investigation are presented in
Sections 5 and 6 of the FS Work Plan. The following is a general summary of the
objectives for each of the primary activities to be performed during the investigation,
including the data quality objectives.

2.1 Groundwater Monitoring Well and Temporary Wellpoint Installation

A total of 8 or 9 groundwater monitoring wells, 14 Geoprobe temporary wellpoints, and
14 viscose basin and overburden temporary wellpoints will be installed during the
supplemental field investigation The groundwater monitoring wells and Geoprobe'
wellpoints will be installed to meet the following objectives:

* Characterize potential sources of groundwater contaminants in the
plant area

• Characterize groundwater quality downstrike of viscose basins 1-8
and the new landfi l l .

• Provide additional background water quali ty data

• Characterize the downstrike extent of the plume.

The viscose basin arid overburden temporary wellpoints, will be installed to meet the
following objectives:

• Provide water levels wi thin the basins, and in the overburden adjacent
to viscose basins 9, 10,, and 11

• Characterize pore water within viscose basins 9, 10, arid 11

• Provide estimates of horizontal hydraulic conductivity in the waste
viscose in the basins

• Improve estimates of horizontal hydraulic conductivity in the
overburden

• Collect samples of viscose basin pore water for laboratory
experiments.
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2.2 RSampling Aqueous; and Solid Media

The supplemental field investigation will include collection of samples of
groundwater/pore water and viscose basin solids. A total of 75 groundwater monitoring
wells, 14 Geoprobe® temporary wellpoints, and 9 viscose basin temporary wellpoints will
be sampled during the supplemental field investigation, These efforts will provide data to
meet the following objectives:

• Characterize potential sources of groundwaler contaminants in the
plant area

• Characterize pore water from viscose basins 9, 10, and 11

• Provide additional background water quality data

• Characterize groundwater quality downstrike of viscose basins 1-8
and the new landfill.

• Determine the current spatial extent and magnitude of groundwater
contamination

• Characterize the downstrike extent of the plume

• Collect samples of groundwater for laboratory experiments

• Quantify parameters that will affect the transport and fate of site
chemicals (e.g., density of the DAPL)

•» Quantify parameters to evaluate the feasibility of various remediation
technologies (e.g., identify chemicals; that could cause well fouling).

Samples of waste viscose and of the overburden material underlying the basins will be
collected from viscose basins 9, 10, and 11 to provide data to meet the following
objectives:

« Characterize hydrologic parameters for use in estimating recharge
rates to the viscose basins

» Obtain data to improve the understanding of the vertical hydraulic
conductivity of the waste viscose arid overburden

«» Obtain data to evaluate the potential for compaction (i.e., settling) and
release of pore water from the 'waste viscose that may result from
placement of an engineered cap over the viscose basins

« Characterize the concentrations of site chemicals currently wi thin the
waste viscose material that could be released to groundwater

« Collect samples for use in laboratory treatability tests to evai uate the
efficacy of chemical oxidation, vermiculture, and direct electrical
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resistance heating (ERH) treatment technologies, as well as; the use of
physical and. chemical techniques to improve waste viscose handlingt j . 1 1 < — '

characteristics.

2.3 Field Tests

Two field tests will be performed during the supplemental field investigation:
infiltrometer tests and. single-well pumping tests, These tests will provide data to me'
the following objectives:

« Provide estimates of horizontal hydraulic conductivity in the waste
viscose of the basins

• Improve estimates of horizontal hydraulic conductivity in the
overburden adjacent to viscose basins 9, 10, and 11

• Characterize hydrologic parameters for use in estimating recharge
rates to the viscose basins.

2.4 Data Quality

Data quality objectives (DQOs) are qualitative and quant i ta t ive statements, established
prior to data collection, that specify the quali ty of data required, to support project-
specific activities. General DQOs for the supplemental field investigation sampling
activities are summarized in Sections 2.1 through 2.3, above. These sampling objectives
identify the type and quantity of data to be collected, the conditions under which the data
will be collected, and the intended end uses of the data. The data generated during this
supplemental field investigation, along with historical data, will be used to determine the
extent of contamination as well as make remedial decisions. As required by the site-wide
QAPP (ERM 1999), critical data quality indicators (DQIs) were developed for the
supplemental field investigation. These quantitative DQIs are summarized in Section 7.2
and in Tables A-8 through A-15 for this phase of the investigation.

Five analytical levels., identified as Target Analytical Options 1 through V (ERM 1999)
have been identified in previous FSAPs for site activities. These Target Analytical:
Options are identified as:

• Target Analytical Option I - Field screening using screening kits or
portable field instruments. Results are often not compound specific or
quantitative.

• Target Analytical Option I! - Field screening using more sophisticated
portable instruments, including mobile onsitc laboratories.
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« Target; Analytical Option III - Analyses performed in an offsite
analytical laboratory that may or may riot use Contract Laboratory
Program (CLP) analytical procedures. Complete documentation
packages are not generated by the laboratory for Option HI.

• Target Analytical Option IV - Routine analytical services where all
analyses are performed in offsite analytical laboratory following
SW846 analytical protocols. Complete documentation packages; as
specified in the CLP Statements of Work (SOWs) are generated by the
analytical laboratory for Option IV',. The data packages will include
the Items specified in Appendix A of the U.S. EPA Region IE
Superfund Data Validation Policy.

• Target Analytical Option V - Analyses; by non-standard methods that
are performed by offsite analytical laboratories where method
development or method modification may be required for specific
constituents or detection limits.

The Target Analytical Options for the analyses; conducted for the supplemental field
investigation are included in Tables A-8 arid A-9 for the analyses that will be conducted
in offsite laboratories, Field parameters, (temperature, pH, specific conductance,
turbidity, Eh,, dissolved oxygen, arid iron speciation) collected using field portable
instruments will be considered Target Analytical Option II.

As required by the QAPP, the analytical results generated during the supplemental field
investigation will be subject to data validation and assessment. The four data validation
levels identified, in the QAPP are as follows:

« Level 1 consists of 100-percent validation and assessment and includes
review, cross-checking, arid recalculation of all values, arid
qualification, of results that do not meet the DQls.

«> Level 2 consists of reviewing all reporting forms,, calibrations,, and QC
results. The raw data are included in the laboratory data package to
allow the data validator to recalculate at least one sample for each
method of analysis (i.e., metals by 1C'?, arsenic by GFAA, etc.).
Qualifiers are applied to the data by the validator for results that do not
meet the DQIs.

• Level 3 consists of reviewing all summary forms but does not include
a review of the raw data. Qualifiers are applied to the data by the
validator for results that do not meet DQls.

• Level 4 consists of reviewing the data summary forms for the samples
and the blanks, Qualifiers are applied to the data by the validator for
selected results that do not meet DQIs.,
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The data validation level for each of the analyses is listed in Tables A--8 arid A-9. The
field parameter data will not be subject to validation. The analytical laboratories that
generate the data will be required to submit data packages that are sufficient to conduct
the designated level of validation (i.e., complete data packages with raw data for Level 2;
validation and summary forms only for Level 4). The data generated for the project will
be compared to the task-specific DQls to assess the usabil i ty of the reported data.
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3,. Groundwater Monitoring 'Well and Temporary Wellpoint
Installation

This section addresses the specific procedures for drill ing, installing, arid developing
viscose basin and overburden temporary wcllpoints, Geoprobe" temporary weilpoints,
overburden monitoring wells., and bedrock monitoring wells, as outlined in the FS work
plan. Ail wells/temporary weilpoints wil l be constructed by a drilling company that holds
a registered contractor's license in the State of Virginia.

3.1 Monirtoring Well and Wellpoint Locations

A total of 8, and possibly 9, new groundwaler-monitoring wells are proposed to address
data gaps in the existing site groundwater database. The locations of the proposed
monitoring wells are indicated in Figure A--1. Two overburden wells, five shallow
bedrock wells,, and one intermediate bedrock well are proposed for Phase 1 of the field
investigation. A ninth monitoring well (343) may also be completed in the deep bedrock
aquifer zone, depending on the review of analytical data for offsite wells, located, west of
the Shenandoah River (as described in Section 6.2.1.4 of the FS Work Plan). These wells
wi l t be sampled during the supplemental groundwater investigation (Section 4), and. 1.1
decision regarding instal lat ion of wel l 343, arid the construction of this well , wi l l be made
in conjunction with U.S. EPA. Installation of well 343, if necessary, wi l l be executed.
during Phase IT of the field invest igat ion.

Fourteen Geoprobe® temporary weilpoints are proposed for installation in the overburden
downgradient of the plant area during Phase 1 of the field investigation. The proposed
locations for the Geoprobe temporary weilpoints are shown in Figure A-l. These
locations may be adjusted in the field based on site conditions arid the need to
accommodate limitations of field installation equipment and/or underground utility
locations, In the event that the locations of any temporary weilpoints are adjusted, the
actual locations will he recorded on a copy of Figure A-l to aid sampling personnel
during subsequent sampling and 'water-level monitoring efforts.

A total of 14 temporary weilpoints are proposed for installation at the Avtex site during
Phase 0 of the field investigation using hollow-stern auger drilling techniques. Of these
14 temporary weilpoints, nine wi l l be installed in viscose basins. 9, 10, arid 11 (three per
basin), arid five will be installed in the overburden adjacent to the basins,, The
approximate locations of these temporary weilpoints are indicated in Figure A-2. These
locations may be adjusted in the field based on site conditions and the need to
accommodate limitations of f ie ld installation equipment. In the event that the locations
of any temporary weilpoints are adjusted, the actual locations will be recorded on a copy
of Figure A-2 to aid sampling personnel during subsequent sampling and water-level
monitoring efforts.
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3:2 Subsurface; Utilities Identification

Before drilling begins, an underground utility check will be performed by reviewing
available util i ty maps and plant photos, and through discussions with the FMC manager
of site remedial activities. Public utilities will be located by the uti l i ty agencies. A
private utility-locating company may also be used,, if necessary.

3.3 Equipment Decontamination

Prior to drilling the boreholes for monitoring well or temporary wellpoint installation, all
drilling tools (e.g., augers, steel casing, arid drill equipment) arid well completion
materials will be decontaminated using a hot-water pressure washer,. Other equipment
(e.g., water-level indicators) will be washed in a solution of Liquinox, rinsed with water,
and rinsed with deionized water before being placed in a borehole or well. Waste
materials (e.g., water and cuttings) w i l l be contained and disposed of as described below
in Section 7.6.

3.4 Monitoring Wo 11 and Wellpoiint: Installation

This section describes the procedures that will be followed during the installation of
monitoring wells

3.4.1 Geoprobe Temporary Wellpoints

Boreholes wi l l be created at each of approximately 14 locations in the overburden along
the western boundary of the plant area using a Geoprobe rig. The boreholes will be
advanced to the overburden/bedrock contact. No soil sampling or logging will be
included in this scope of work. FED measurements of material being removed from the
boreholes will be taken and recorded in (he field logbook. Groundwater samples wi l l be
collected from the overburden by advancing a Geoprobe® borehole to the appropriate
depth,, pulling the probe rods,., and installing a prepacked Geoprobe® well screen. The
well screen wil l be placed immediately above the bedrock/overburden interface such that
the temporary wellpoint will be screened over the lower 5 ft of the overburden. One
groundwater sample will be collected from each borehole. Figure A--3 presents a
schematic of a Geoprobe® temporary wellpoint. Soil cores produced during the
Geoprobe® wellpoint installation w i l l be screened for organics using a photoionization
detector (FID).

On completion of each Geoprobe"1' borehole., the temporary wellpoint will remain in place
for surveying (Section 3,6) and site-wide 'water-level measurements (Section 5). Water-
level measurements wi l l be made after water levels in the temporary well points have
been allowed to return to static levels,, After the water-level measurements have been

10
|!IR30 900



made, the temporary wellpoint will be removed, arid the borehole will be backfilled w i t h
a dry bentonite seal (granules) and hydrated with water or, alternatively, with a bentonite
grout mixed to the manufacturer's recommendations. The driller will calculate the
borehole volume to ensure that the proper volume of grout is placed in the annulus. The
subcontractor will obtain permission from Exponent prior to selection and purchase of
seal materials.

3.4.2 Viscose Basin Temporary Wetlpoints

Two to three boreholes; will be advanced at each of the three locations indicated in
Figure A-2 for each of viscose basins 9, 10, and 11 (a total of nine locations) to collect
waste viscose samples and to install temporary wellpoints. The in i t i a l borehole at each
location will be advanced using hollow-stem auger drilling methods to the bedrock
beneath the waste viscose in each basin (up to approximately 25 ft total depth below
ground surface). Samples of waste viscose from the initial borehole at each location (i.e.,
the borehole used for installation of the temporary wellpoint) will be collected
continuously over the total depth of each borehole using a 2-in.--diameter stainless steel
split-spoon sampler for visual description and for collection of a composite sample for
laboratory testing. The second, and. th i rd boreholes will be installed using hollow-stem
auger drilling methods at a distance approximately 10 ft away from the temporary
wellpoint borehole,, to collect waste viscose samples at specific depth intervals for testing
of hydrologic parameters, consolidation, shear strength, electrical resistivity., and
chemical characterization as described in the FS work plan and in Section 4.2. These
boreholes will be backfilled,, as necessary, with bentonite following completion of the
sample collection activities.

The boreholes will be advanced using an ATV-mounted, track-mounted, or skid-mounted
hollow-stern auger drilling machine. The existing fly-ash roads on the viscose basins w i l l
be used, to the extent possible, to access the wellpoint and borehole locations. Plywood,
Marshall Matting®, or other suitable surface stabilization methods may be used, as
necessary, to facilitate access to the borehole locations. The ini t ia l boreholes will be
advanced to the bedrock beneath the waste viscose in each basin (up to approximately 25
ft total depth below ground surface [bgs]). The second and third boreholes wil! be
advanced to the depth necessary to achieve the sampling objectives.

Temporary wellpoints will, be installed in the initial viscose basin boreholes at each of the
nine locations to collect samples of pore water for laboratory analysis, measure water
levels, arid conduct single-well pumping tests, which will be used to estimate the
hydraulic conductivity of the waste viscose material, Before installing temporary
wellpoints,, any portion of a borehole that extends below the base of the viscose basin in to
overburden and/or bedrock wi l l be backfilled with bentonite. A minimum of 1 ft of sand
will he placed on top of the bentonite to prevent migration of bentonite into the
temporary wellpoint screen interval.

Temporary wellpoints will he installed inside the hollow-stern augers fol lowing
completion of the boreholes described above. The temporary wellpoints wi l l be
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constructed of 2-in. Schedule 40 PVC casing with threaded couplings. A 10-ft section of
0.010-in. mill-slotted PVC welt screen with an end plug will be placed at the bottom of
the temporary wellpoirit at the base of the waste viscose. Blank PVC casing will extend
from the top of the screen to the ground surface. Stainless-steel centralizers will be
attached at the top and bottom of the well screen.

The annular space will be backfilled with No. 10-20 Colorado silica sand or equivalent to
approximately 1 ft above the top of the screen,. To prevent caving, all annular f i l l
materials wi l l be added to the borehole while the augers are slowly being removed.

A 2- to 3-ft-thick bentonite seal will be placed on top of the sand pack. The bentonite
seal will be hydrated with clean water and allowed to set for sufficient lime to ensure a
proper seal. High-solids bentonite grout or bentonite chips will be placed from the
bentonite seal to within 2 ft of the ground surface. The driller will calculate the volume
of the annular space to ensure that the proper volume of grout is placed in the annulus.
The temporary surface completion will consist of an aboveground protective casing and
locking cap. Typical construction details are shown on Figure A-4.

.4.3 Overburden Temporary Wellpoints

Temporary wellpoints will also be installed, in overburden at five locations in the vicinity
of viscose basins. 9, 10, and 11 (Figure A-2). The purpose of these temporary wellpoints
is to measure water levels in the overburden adjacent to the viscose basins arid to conduct
single-well pumping tests to provide additional estimates of horizontal hydraulic
conductivity in the overburden. The boreholes will be advanced using hollow-stem auger
drilling methods to the overburden/bedrock contact,. Boreholes wi l l be advanced and
temporary wellpoints installed in a manner similar to that described above for the viscose
basin temporary wellpoints. The overburden temporary wellpoints will be screened over
the lower 10 ft of the overburden (Table A-la). Surface completion may be modified
from the viscose basin temporary wellpoints completion by constructing either an
aboveground monument with steel protective riser or a flush-mounted watertight
monument. Typical construction details are shown on Figure A-4.

.4.4 Overburden Monitoring Well

Two monitoring wells will be installed in the overburden at the approximate location
indicated in Figure A-l to assess background overburden groundwater quality. A
borehole will be drilled using hollow-stern auger and/or air rotary methods to the
overburden/bedrock contact at an approximate depth of 20-25 ft bgs (Table A-lb).

Soil samples will be collected from the borehole with a split-spoon sampler at a minimum
of 5-ft intervals for lithologic characterization. The sampler will be driven 18 in. by ;a
140-lb weight falling a vertical distance of approximately 30 in. (i.e., standard penetration
test [SPT]). The number of vertical drops (blow counts) needed to advance the sampler
each 6-in, increment will be indicated on the borehole log.

12
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The overburden groundwater monitoring wells will be constructed of 2-in. Schedule-40
PVC casing with flush-threaded couplings. A 10-ft section of 0.010-in. mill-slotted PVC
well screen with an end plug will be placed at the bottom of each well, with the upper 3-
4 ft of the screen interval above the vadose-zone/groundwater interface. Blank PVC
casing will extend from the top of the screen to the ground surface. Stainless-steel
centralizes will be attached at the top and bottom of the well screen.,

The annular space will be backfilled with No. 10-20 Colorado silica sand or equivalent to
approximately 1 ft above the top of the screen. To prevent caving, all annular f i l l
materials will be added to the borehole while the augers are being slowly removed.

A 2- to 3-ft-thick bentonite seal wiH be placed on top of the sand pack. The benlonite
seal will be hydrated with clean water and allowed to set for sufficient time to ensure a
proper seal. High-solids bentonite grout or bentonite chips will, be placed from the
bentonite seal to within 2 ft. of ground surface. The driller wil l calculate the volume of
the annular space to ensure that the proper volume of grout is placed in the annul us. The
surface completion will consist of either an aboveground monument with steel protective
riser or a flush-mount watertight monument. Typical construction details are shown in
Figure A-4.

3.4.5 Bedrock Monitoring Wells

This section addresses the specific procedures for drilling,, install ing, and. developing six
bedrock ground water monitoring wells at the Avtex site. Five of the wells (at locations
128, 129, 130,, 131, arid 132, Figure A-l) wil l be completed in a water-bearing zone
within the shallow depth zone of the bedrock aquifer,, to monitor the Interval between 35
and 45 ft bgs, with a total well depth of 45 ft bgs, as indicated in Table A-lb. The s i x t h
bedrock well (at location 232, Figure A--1) will be completed within the intermediate
depth zone of the bedrock aquifer, to monitor the interval between 120 and 140 ft bgs, as
indicated in Table A-lb. In addition to the five shallow bedrock wells and one
intermediate bedrock well, a deep bedrock well (well 343) may be installed to an
approximate depth of 330 ft at a location southwest of the site during Phase II of the field
investigation (Figure A--1). As described in Section 6 of the FS Work Plan, installation of
this well is contingent on the results of ground water sampling in off site wells located
west of the Shenandoah River (wells 115, 136, 137, 162, 177, 181, 185, 215, GM2A,
GM2B, arid 315). Installation of t h i s well may require additional procedures such as
construction of a rough access road and a concrete drilling pad. If this well is determined
to be necessary, an addendum to this FSAP, describing additions and modifications to
these bedrock well installation procedures that will be required for well 343, wil l be
prepared arid submitted to EPA.

Bedrock well installation w i l l include setting the surface casing in the overburden, and
advancing the borehole to the 'target depth using air rotary or hollow-stem auger methods,
with casing advance, Tubex®, or other equivalent methods; and instal lat ion of a 2 -ur i . -
diameter PVC monitoring well, screened over the depth interval to be monitored. The
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length of the interval to be monitored in the shallow bedrock is 10 ft, and in the
intermediate bedrock is 20 ft. Groundwater grab samples will be collected periodically as
the borehole advances, to assess the potential presence of site chemicals. Field
measurements of specific conductance and pH may provide indications of site chemicals
in groundwater.1 The ground water grab samples will be extracted from the well during
the air-rotary drilling process.. Specific conductance and temperature wil l be measured
using the appropriate meter, which will be calibrated daily (per Standard Operating
Procedure [SOP] 56) arid operated in accordance with the manufacturer's instructions,
with data to be recorded in the field logbook.

3.4.5.1 Installation of Surface Casing

Surface casing will be set and grouted in place before the borehole is drilled into the
bedrock. The purpose of the surface casing Is to seal off the well from any potential
contaminants from the surface,, as well as to seal: off groundwater in the overburden from
the bedrock. Surface casing will be installed as follows:

Steel surface casing will be advanced through the unconsolidated overburden material
and driven approximately 1-4 ft into the competent bedrock. Final selection of init ial
casing size will be made in consultation with the lead hydrogeologist arid a qualified
drilling contractor.The cuttings will be removed from the casing, arid a bentonite seal
(minimum of 2 ft thick) will be placed in the bottom of the borehole. The bentonite seal
wil l be hydrated arid allowed to set a minimum of 1 hour before drilling operations
continue.

3.4.5.2 Bedrock Monitoring Well Construction

A schematic for the bedrock well design is presented in Figure A-5; it is constructed as
follows:

« After surface casing is set through, the overburden and the bentonite
seal is hydrated, the borehole will be advanced into bedrock by the air
rotary drilling method. Steel casing will be advanced as the borehole
progresses (using an under-reamer or casing shoe). If the Tubex®
system is used,, the pilot bit arid eccentric reamer creates a hole
sufficiently large for a casing tube to slide down behind the reamer.
Flush-jointed casing is then advanced through the under-reamed
borehole. Either of these methods wi l l provide a better evaluat ion of
groundwater flow and subsurface lithology than conventional air--
rotary methods without casing advance,,

' Ground water wi th in the dense carbon diisulflde plume typically had ia specific conductivity c
>5.,000 /js/crri and pH of >9 during the 1994 sampling event
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* After the water-bearing target zone in the bedrock aquifer has been
reached, temporary casing will be installed to the bottom of the
borehole. The drill string will be removed, and the monitoring well
will be constructed inside the temporary casing as specified below.
The temporary casing will be removed following well installation.

The groundwater monitoring wells will be installed inside the temporary casing, in
accordance with all applicable laws, regulations, and guidelines. The groundwater
monitoring wells will be constructed of 2-in. Schedule 40 PVC casing with threaded
couplings. All wells deeper than 100 ft will be constructed using Schedule 80 PVC
casing. A 20-ft section of 0.010-in. mill-slotted PVC well screen with a threaded end cap
will be placed at the bottom of the well. Blank PVC casing will extend from the top of
the screen to above the ground surface. Stainless-steel central izers will be attached at the
top and bottom of the well screen. The annulus between the well and temporary casing
will be backfilled with No. 10-20 Colorado silica sand or equivalent to approximately
1-2 ft above the top of the screen. All annular fill materials will be added to the borehole
via a tremie pipe as the temporary casings are removed.

A 2- to 3-ft-thick bentonite seal will be placed on top of the sand pack. The bentonite
seal will consist of bentonite chips or pellets specifically designed to be emplaced in the
saturated zone. The bentonite seal will be hydrated with formation water or by the
addition of clean water and allowed to set for sufficient time to ensure a proper seul.
High-solids bentonite grout will be placed with a tremie pipe from the bentonite seal to
within 2 ft of the ground surface. The driller will calculate the volume of the annular
space to ensure that the proper volume of grout is placed in the annulus. A concrete
surface seal approximately 1-2 ft thick will be placed on top of the bentonite grout to the
surface level. The surface completion will consist of an aboveground monument with
protective steel casing that extends at least 2 ft above grade and has a lockablc cap. The
protective steel casing will extend at least 3 ft below the surface and will be at least 2 in.
above the PVC casing.

Figure A-5 illustrates the design of bedrock monitoring wells with stickup protective
casing. If a flush-mount protective wellhead is necessary, the stickup protective casing
shown in Figure A-5 will be replaced with a heavy duty metal valve box or locking vault
with a watertight seal installed at grade.

3.5 Temporary Wellpoint and Monitoring Well Development

Following temporary wellpoint (both the Geoprobe® and viscose basin welipoints) and
monitoring-well construction and a minimum 24-hour bentonite/grout stabilization
period, each temporary wellpoint or monitoring well will be developed to remove fine-
grained materials from within and around the sand pack. Development will be achieved
by pumping and surging with a non-dedicated positive-displacement pump, stainless steel
or PVC bailer, surge block, centrifugal or positive-displacement bladder pump, or
combination of these technologies. The temporary wellpoint or well will be alternately
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surged and overpumped until the discharge water is clear of fine materials (fines) or a
minimum of 10 casing volumes have been removed. Water quality parameters (pH,
temperature, and specific conductance) will be monitored periodically during
development. Water quality meters will be calibrated daily in accordance with
manufacturer's specifications (SOP 56). Following well development, a two-week
stabilization period will be allowed prior to conducting any groundwater sampling.

3.6 Survey

Following installation, a professional land surveyor will survey the locations of the new
wells, the Geoprobe® temporary wellpoints, and. the viscose basin and overburden
temporary wellpoints to a horizontal accuracy of 1.0 ft. The reference elevation w i l l be
determined to an accuracy of 0.01 ft. The location will be referenced to the appropriate
state plane coordinate system arid U.S. Geological Survey (USGS) datum,,

3,7 Borehole and Well Data Reporting

Field activities w i l l be documented in the field logbook and logged on field data sheets as
appropriate in general accordance with methods described in the QAPP (ERM 1999).
Field forms that will be used to document borehole lithology and well completion details
are provided in Attachment A-2.

A lithologic log will be prepared for each borehole, The borehole log wi l l include
information on soil types, rock types, color, texture, odors, water levels, dri lling
conditions, and any other pertinent information,, Soils will be classified in accordance
with the Unified Soil Classification System, as described in ASTM method D 2488-93
(Attachment A-3). Rock types will be classified using standard geological nomenclature.
Solid samples will riot be collected during the installation of the Geoprobe® temporary
wellpoints, and therefore, a lithologic log will not be prepared for these wellpoints.

3.8 Management of Investigation -Derived Waste®

Investigalion-derived wastes generated at the Avtex site (e.g., drilling water,
decontamination water, development water, arid drill cuttings) wi l l be managed according
to the procedures described in Section 7.6.
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4, .Aqueous and Solid Media Sampling

This section describes; the locations of and procedures for collection of samples of
ground water, viscose basin pore water, and viscose basin solids during the supplemental
field investigation.

In addition to the data produced by the work described herein, the FS w i l l also
incorporate data from other site activities. Specifically, in support of the FS for OU-10 at
the Avtex site, seven overburden monitoring wells , seven shallow bedrock monitoring
wells,, and two intermediate bedrock monitoring wells will be sampled during the Phase I
investigation. The samples will be analyzed for TCL VOCs and SVOCs, TAL melals,
and ammonia nitrogen. These data will also be used in the evaluation of OU-7.

4.1 Groundwater and Pore-Water Sampling Procedures

Groundwater/pore-water samples will be collected from selected wells and temporary
wellpoints to characterize site water quality and to provide samples for use in laboratory
testing. The following sections identify the locations, of the wells/wellpoints to be
sampled and summarize the sampling procedures. The required equipment for t h i s
sampling effort is listed in Attachment A-4,

4.1.1 Sampling Locations

A total of 75 groundwater-monitoring wells (8 proposed and 67 existing)2, 14 Geoprobe®
temporary wellpoints, and n ine viscose basin temporary wellpoints, (temporary wellpoints
WP01-WPQ9) wi l l be sampled to characterize the current groundwater and viscose basin
pore-water quality at the Avtex site. The locations of the monitoring wells and the
temporary wellpoints are indicated in Figures A-6a through A-6d and A-2, respectively.

In addition, seven replicate groundwater or pore-water samples will be collected for use
in laboratory testing of carbon disulfide hydrolysis at each of the following monitoring
wells/temporary wellpoints: 116, 205, 216, 316, WP<)[, WP04, and WP07. Each
replicate sample will consist of three VOA vials. In addition, five 500-mL septum-sealed
amber glass bottles will be filled at each of the wells/wellpoints. Three of the replicate
samples and three of the 500-mL glass bottles from each well wi l l be spiked with 0.2, 2.0,
and 4.0 mL of 30 percent hydrogen peroxide. Preservative wi l l not be used for the
remaining samples. The locations of the monitoring wells arid temporary wellpoints are
shown in Figures A-6a through A-6d. and. A-2, respectively.

2 Because installation of well 343 is contingent on the Phase I sampling results , it was not
included in the count of proposed wells.
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Samples of viscose basin pore water from temporary wellpoints WP01, WP04, and WP07
wil l be collected for use in laboratory testing of static electrical conductivity. The
locutions of these temporary wellpoints are shown in Figure A--2.

4.1.2 Sample Collection Procedures

This section, presents procedures that will be used to measure water levels and to purge
and sample monitoring wells and temporary wellpoints.

4.1,2.1 Static Water-Level Measurements

Static water-level measurements will be performed immediately prior to
purging/sampling individual monitoring wells and temporary wellpoints. Water levels
w i l l be measured using an electronic water-level instrument following procedures in
SOP 19 (Attachment A-5). Water-level measurements will be recorded on a groundwater
Held data form (see Attachment A-6) to the nearest 0.01 ft. A complete survey of site
water levels will be performed after the completion of groundwater sampling arid field
act ivi t ies , as described in Section 5.

4.1.2.2 Groundwater Well/Temporary Wellpoint Sampling

This section summarizes the procedures that will be used to purge and sample
groundwater monitoring wells arid temporary wellpoints at the Avtex site. Prior to
purging, a groundwater-leve! measurement will be taken and recorded on the
groundwater sampling field data form. After measuring the groundwater level, and prior
to sampling, each monitoring well/temporary wellpoint will be purged. The purging
technique and the type of equipment used to purge each well will differ based on well
type, well yield, well diameter, the depth to water, arid the amount of pump submergence
possible. Due to the complexity of the purging process, decision trees and: supporting
tables have been provided in Attachment A-7 to assist field personnel in selecting the
appropriate purging protocols at each well/wellpoint.

The low-flow purging arid sampling techniques described in U.S. EPA Region HI
Technical Bullet in Number QAD023 (Attachment A-8; U.S. EPA 1999), will be used, lo
the extent possible,, for the overburden wells and. the viscose basin wellpoints. These
techniques are not appropriate for open-borehole wells,, wells of large diameter, or wells
wilh large intervals, to be monitored (U.S. EPA 1999),, Most of the bedrock wells at the
site are 4- or 6- inch diameter open boreholes, and many have large open intervals.
Pumping rates, however, will be minimized to the extent reasonably possible when
purging and sampling the bedrock wells and Geoprobe* wellpoints, to minimize
drawdown. To the extent possible, the water level in the wells wil l not be allowed to fall
below the top of the screened interval or the open borehole in the bedrock wells.
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Because groundwater has not been sampled at the site for six years, it is possible that
some of the existing wells will require re-development prior to purging and sampling.
Re-development of these wells will be accomplished according to the procedures outlined
in Section 3.5. All purge and development water will be contained and, transported to the
the digester that contains the viscose leachate, as; described in Section 7.6.
Decontamination procedures for purging pumps and bailers are described in Section 7.5.

*Overburden Well, Videos*! Basin Wellpolnt, and Geoprobe Wellpoint Purging and
Sampling — - The overburden wells, viscose basin wellpoints, and Geoprobe^ wellpoints
that will be sampled at the Avtex site will be purged according to the protocols provided
in Attachment A-7. If sufficient submergence is; possible (i.e., >5 ft), the wells/wellpoints
will be purged arid sampled using a Teflon®~lined bladder pump equipped with new
Vi-inch, Teflon®-lined tubing, The pump will be lowered slowly to the center of the
saturated screen section of the well/wellpoint. Once the pump is in place, the water level
in the well/wellpoint will be measured and the pump wil l be started at the lowest flow
possible (e.g., approximately 100 mUmin).3 If the water column in the well does not
provide sufficient submergence to permit the use of a bladder pump, a peristaltic pump
with new 14-inch, Teflon®-lined tubing, and new medical -grade silicon tubing (used for
the pump head) will be used for purging, A peristaltic pump will also be used for purging
all of the Geoprobe® wellpoints, because these wells do not have sufficient diameter to
accommodate the bladder pump. Before purging, the intake tubing will be lowered
slowly into the v^ater column to minimize agitation and loss of VOCs, to a depth of I ft
below the water level.

The water level in the well will be measured continuously during purging to ensure that
drawdown in the well/wellpoint does riot exceed 0.2 ft— the maximum drawdown
specified by QAD023 (Attachment A-8; U.S. EPA 1999). The pumping rate may be
increased, provided that drawdown of the water level remains less than 0.2 ft. Purging
will continue until field parameters are stable, as described below., In the event that
drawdown in the well/wellpoint cannot be stabilized at less than 0.2 ft while purging at
the lowest pump setting, the water level will be allowed to lower to a maximum depth of
90 percent of the initial saturated screen interval at the start of purging (i.e., 10 percent of
the ini t ia l ly saturated screen interval is de watered).4 If the water level stabilizes at or
above this depth, the well will be purged (with the option of increasing the pumping rate
if it does not cause the water level to drop below 90 percent of the initial saturated
monitoring interval) until the field parameters are stable, and then the well will be

3 Note: Technical bulletin QAD023 recommends that the pump be placed in the well 12 to
48 hours prior to purging/sampling,, However., this action is impractical at the Avtex site., given
the number of wells being sampled. As a result, care will be taken to lower the pump iirito the
well as slowly as possible immediately prior to pinging, in an effort lo minimize disturbance of
the water column.

This value was selected as a reasonable limit to minimize cascading effects and potential loss of
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sampled as described below. If the water level cannot be .stabilized at or above this
depth,, the recharge rate for the well and the volume of water remaining in the well
(Volumei) will be calculated. If three Volumei can be purged at the calculated recharge
rate in three hours, then the pumping rate will be adjusted to do so, and sampling w i l l be
conducted once three Volume] are purged and field parameters are stable. If three
Volume] cannot be purged., then an evaluation w i l l be made as to whether one Volume]
can be purged in three hours. If one Volume i can be purged, then this will be done., and
sampling will ' be conducted after field parameters. iave stabilized,. If one Volume] cannot
be purged, then as much water as possible will be purged from the well , and the well will
be sampled within 24 hours.

Field parameters wi l l be measured by directing the pump outflow through a flow-through
cell equipped with probes for measuring pH, specific conductance, Eh, dissolved oxygen,
temperature, and turbidity (following the methods for assembly of the flow-through cell
and calibration of field instruments described in SOP-56 and SOP-424). To monitor
turbidity, a T-valve wi l l be placed in line on the purge tubing in front of the flow-through
cell. This valve will allow for filling of the turbidity meter cuvettes at the same time that
the other field parameters are measured. The field parameters will be monitored and
logged on the groundwaler field data form approximately every 5 minutes during
purging, Purging wi l l continue u n t i l the parameters are alt stable. The criteria for
determining stabilization will be three successive readings are within ±0.1 units for pH,
±3 percent for specific conductance arid temperature, ±10 mV for Eh, and ±10 percent for
turbidity and dissolved oxygen. However, if the turbidity drops below 5 NTUs (i.e., does
not s t ab i l i ze above 5 NTUs),, then the turbidi ty criterion, will become obta in ing three
successive measurements with a turbidity less than 5 NTUs. These turbidity
measurements wil l be at least 5 minutes apart. In the event that turbidity starts at less
than 5 NTUs, the turbidity criterion will be that a consistent downward trend in turbidity
is riot observed—-that is, an increase in turbidity needs to be observed in one reading.
After parameter stabilization, all six field parameters will be recorded in the data section
of the groundwater sampling field data form, arid a plastic beaker will :>e fi l led from the
T-valve for determination of iron speciation per SOP-61.

Upon completion of the iron speciation measurement, the discharge tubing wi l l be cut
upflow of the in-l ine T-valve, arid the discharge from the tubing w i l l be collected for
laboratory analyses. Care shall be taken to ensure that the discharge tubing does riot
come in contact with the ground or equipment after it is cut, Groundwaler samples wi l l
be collected in general accordance with ASTM Standard 4448-85a (1992) (Attachment
A-3). Table A-3 and Figure A-6a. summarize the parameters to be evai uated in each
well/temporary wellpoint to characterize site groundwaler/pore-water quality. Sample
containers arid preservatives for specific parameters and laboratory tests are indicated in
Table A--4. At each well/temporary wellpoint, the necessary sample containers wil l be
filled in the order presented in Table A-5.

All sample bottles will be filled directly from the pump discharge tubing. The discharge
tubing will not be allowed to contact any of the sample bottles during f i l l ing , to minimize
potential cross-contamination. VGA vials will be filled to overflowing, capped, and then
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inverted and tapped to ensure that no air bubbles are present. If an air bubble is observed,
the process will be repeated with a new bottle until no air bubbles are evident. Past
sampling experience at the site suggests that turbidity of the groundwater in the
overburden wells may be high. As a result, filtered samples will be collected from the
overburden wells, for TAL inorganics analysis after all of the other sample bottle!! have
been filled. A filtered sample for TAL inorganics will not be collected from the
Geoprobe® wellpoints, because these samples are for screening-level purposes. To
collect the filtered TAL inorganics sample, unfiltered groundwater will be collected in a
clean, unpreserved 1-LHDPE sample bottle. Once sampling is completed at the well, the
water in the l-L HDPE bottle will be passed through a 0.45-jum, high-volume, in-line
groundwater filter using a peristaltic pump arid new Teflon®--lined tubing.
Approximately 200 mL of the water will be pumped to rinse the filter prior to sample
collection, and then a pre-preserved sample bottle for metals analysis will be filled
directly from the filter discharge port. In the case of wells/wellpoints being sampled with
a peristaltic pump., once all but the VOA vials for VOC analysis have been, filled, the
pump intake tubing will be removed, slowly from the vvellpoint, and a disposable., bottom--
discharge Teflon® bailer w i l l be lowered slowly into the wellpoint for collection of the
VOC sample. The bailer wil l then be raised out of the wellpoint, and a low-now
discharge tube will be attached to f i l l the VOA vials used for VOC sample collection.
This process will continue unt i l each VOA vial is filled, with no air bubbles present.

Bedrock Well Purging and Sampling —• A low-flow, submersible centrifugal pump with
new '/2-inch Teflon '--lined tubing wil l be used to purge arid sample the bedrock wells.
Shallow, intermediate, and deep bedrock wells each require different purging procedures;
Attachment A-7 provides detailed methods that will be used for purging each type of
bedrock well. Before purging., the submersible pump will be lowered slowly into the
water column to minimize agitation and loss of VOCs, to the midpoint of the saturated
open-borehole interval. The pump wil l be started at the three-hour purge rate (see Table
I of Attachment A-7), and water levels will be monitored continuously. At this point, the
prescribed purging procedures for shallow, intermediate, and deep bedrock wells are all
unique, and Attachment A-7 must be consulted to establish the corret purging procedure,
based on bedrock well depth.

The methods for measuring the field parameters,, evaluating parameter stabilization,, and
collecting groundwater samples are the same as those described in the above section
(Overburden Well, Viscose Basin Wellpoint, and Geoprobe* Purging and Sampling). A
filtered sample will riot be collected from the bedrock wells, because these wells do not
have a history of containing groundwater with high turbidity. Table A-3 and Figures A-
6b through A-6d summarize the parameters to be evaluated in each well to characterize
site groundwater quality. Sample containers and preservatives for specific; parameters
and laboratory tests are indicated in Table A-4. At each well, the necessary sample
containers will be fil led in the order presented in Table A-5.
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4.1.2.3 Fit;Id duality Control Samples

Quality control samples to be incorporated into the sampling program include trip blanks,
field blanks, equipment rinsate blanks (both unfiltered arid filtered, as necessary), and
field duplicates. A trip blank for VOCs will be included in every cooler containing VOC
samples that is sent to the analytical laboratory. Field duplicates will be collected at a
frequency of 1 each per 20 site samples and analyzed for all analytes at the Target
Analytical Option used for the native samples of that type. Field blanks and equipment
rinsate blanks wi l l be collected arid submitted at a rate of I each per 20 site samples or 1
each per week—-whichever is more frequent. However, these quality control samples
wil l be analyzed only for the TCL VOCs, TCL SVQCs, TAL inorganics, PCBs,
organochlorine pesticides, or analytes that must meet Target Analytical Option IV data
qual i ty objectives, The analytes IDS, alkalinity., chloride, silica, and sulfate need to meet
Target Analytical Option 10 data quality objectives, and will serve only as indicators of
overall water quality. However, these analytes will also be included in the analyses
performed on the field blanks and equipment rinsate blanks.

4.1.2.4 Laboratory Quality Control Sam plies

During sample collection activities,, field staff wi l l collect the appropriate volume., so thai
the analytical aboratory can perform the matrix, spike/matrix spike duplicate analysis at a
1:20 frequency, as specified in the QAPP (ERM 1999).

4.;? Sampling Solid Media in Viscose Basins 9, 110,, and 11

Samples of waste viscose and overburden .soils wi l l be collected from within/below
viscose basins 9, 10, and 11 to characterize the physical arid/or chemical properties of
these materials. Table A-6 summarizes the viscose basin sampling arid analysis program,
including sample location, anticipated sample depth, sample identification number,
sample matrix, analyses to be performed, and the laboratory that wil l perform the
analyses. Samples w i l l be submitted to Lancaster Laboratories, Inc. (LLI)., GeoSyntec
Consultants (GSC), Applied Hydrology Associates, Inc. (AHA), or Smart Worm, Inc.
(SWI) for the appropriate analyses. Addresses for these laboratories are provided in
Table A-7. This sampling effort w i l l be coordinated with the temporary wellpoint
installation described in Section 3.6. The required equipment for this sampling effort is
listed in Attachment A-4.

4.2.1 Sampling Locations.

Samples of waste viscose and/or overburden will be collected from three locations in
each of viscose basins 9, 10, and. 11 (Figure A-2). At each of these locations, an in i t ia l
borehole wi l l be advanced into the waste viscose to ins ta l l the temporary wellpoint, to
collect samples of waste viscose for visual description, and to collect a depth-integrated
composite sample of waste viscose for laboratory testing. At two or three locations in
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each basin, a second borehole wilt be installed approximately 10 ft away from the
borehole installed for the temporary wellpoint, to collect samples for physical and
chemical analyses and for use in laboratory testing. A third borehole will be installed at
one of these locations to collect samples for consolidation and shear testing.

4.2.2 Sample Collection Procedures

Sampling of viscose basin and overburden material will be coordinated with the
previously described temporary wellpoint installation. The drilling methods that will be
used during the viscose basin sampling are described in Section 3.5. The boreholes used
to collect all viscose basin samples will be collocated with the temporary wellpoints that
are being installed in viscose basins 9,10, and 11. An initial borehole will be advanced
at each location to the bedrock beneath the waste viscose in each basin (up to
approximately 25 ft total depth below ground surface) using hollow-stem auger drilling
methods. Samples of waste viscose from the initial borehole at each location (i.e., the
borehole used for installation of the temporary wellpoint) will be collected continuously
over the total depth of each borehole using a 2-in.-diameter stainless steel split-spoon
sampler. A visual description of the color, texture, and consistency of the waste viscose,
as well as any other relevant parameters, will be recorded on a borehole log for the entire
sample length. The waste viscose from throughout the borehole (excluding the crust
layer and any overburden) will be combined in a 3.5-gallon high-density polyethylene
(HDPE) bucket to create a single composite for each of the three temporary wellpoint
locations in each viscose basin. Pore water from the corresponding temporary well point
will be pumped into the bucket to eliminate the headspace.

A second borehole will be installed at two selected viscose basin temporary wellpoint
installation locations per basin, and a third borehole at one selected location per basin
will be installed using hollow-stem auger drilling methods at a distance approximately 10
ft uway from the temporary wellpoint borehole, to collect waste viscose samples at
specific depth intervals. Specific sample depths and laboratory testing and analyses are
summarized in Table A-6. Specific-depth-interval samples from the second borehole at
two selected locations will be collected using a 2-in.-diameter split-spoon sampler. The
samples will be placed into sample containers and submitted for hydrological
characterization, chemical characterization analyses, and direct electrical resistance
heating tests. Additionally, in one selected second borehole in each viscose basin, a
sample from the top of the overburden material (confirmed to be present on the basis of
the temporary well point installation borehole) underlying the basin will be collected and
submitted for laboratory analysis of saturated vertical hydraulic conductivity. The third
borehole will use a 3-in.-diameter Shelby tube (2 ft long) to collect samples of sufficient
size for the consolidation and shear testing (Table A-6). Following sample collection, the
second and third boreholes at each location will be backfilled, as necessary, with
bentonite.

Upon removal, each split spoon (hydrogeological characterization and direct electrical
resistance heating tests) will be opened, and the stainless steel sleeves will be sealed
immediately on both ends with caps and Teflon tape. Shelby tube samples will be capped
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immediately on both end's and sealed with Teflon tape. The outside of each sample will
then be wiped clean with a paper towel arid a sample label will be attached to the sleeve.
The sleeve wi l l then be wrapped in aluminum foil and placed inside a Ziploc bag. The
sample will then be placed on ice in a sample cooler at 4° C. To aid in recording the
samples on the chain-of-custody/sample-analysis-request (COC/SAR) form (Attachment
A-9), the tag number of each sleeve wil l be written on the outside of each Ziploc bag.

At depth intervals where samples for chemical characterization are being collected, the
stainless steel sleeve will be eliminated. Upon retrieval, the split spoon will be opened
and the solid samples for VOCs will be collected as quickly as possible. After the VOC
samples are processed,, one 16-oz. glass jar will be filled from each split-spoon sampler
for analysis of inorganics, conventional parameters, and moisture content, Sampling of
VOCs will be performed! following the procedures in SW846 Method 5035 using the
EnCore™ sample collection device. Samples for both low- and high-level analysis will1

be collected for each sample (i.e., three 5-g Encore™ samplers for each sample),, At the
laboratory,, one of the 5-g Encore1 M samplers will be used for high-level VOC analysis,
and the remaining two samplers wil l be used for low-level analysis, if necessary. These
analyses wi l l be subject to a 48-hour holding time. A field test will be performed on six
samples of viscose waste to assess the effervescence caused by the addition of sodium
bisulfate as a preservative (testing conducted during Phase I groundwater sampling, July
2000),, Results from this testing will be provided to Lancaster Laboratory to assist them
with establishing the appropriate sample-handling procedures,

If sufficient sample material is not recovered from the second or third boreholes,
additional sample material will be collected from an additional borehole installed
adjacent to the boreholes,

Lithologic logging of any overburden or bedrock materials collected from the boreholes
will be performed in accordance with ASTM method D 2488-93 (Attachment A--3).

4.2.3 Held QuaNty Control Samples

Quality control samples to be collected during sampling of solid media will include one
field blank,, one equipment rinsate blank, arid one field duplicate for chemical
characterization analysis to meet the Target Analytical Option IV data quality objectives.
The field duplicate sample will be collecled by sinking a borehole Immediately adjacent
to a selected borehole used to collect a chemical characterization sample and. removing a
sample from the corresponding depth interval. Field quality control samples for
rnaterial'/geotechnical properties and laboratory testing for Target Analytical Option III
data quality objectives will riot be collected.

4.3 Sample Designation

Sample designation will follow the general format specified in Section 3.3.1,6 of the
QAPP (ERM 1999). Each aqueous and solid sample collected in the field will be
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assigned a sample number, a unique tag number,, and a unique sample identification
number (Sample ED). To ensure that the analytical lab is analyzing samples blind, the
sample ID will be recorded only in the field logbook and will not be placed on any
sample bottle or COC/SAR form sent to the analytical laboratory. The sample Til) will be
entered into the site database upon receipt of the data from the analytical lab to aid in
subsequent data identification and analysis. All samples being sent to the analytical
laboratory will be identified with a sticker sample label containing a unique sample
number, the site name,, the date, the time, the sampler's initials, the sample preservative,
and a unique tag number. An example tag is provided in Attachment A-9. A description
of the sample number, tag number, and sample ID number is presented in the following
sections.

4.3.1 Sample Numbers

The sample number will contain six digits, including a two-digit media code and a four-
digit number. For this field investigation, the following media codes will be used for
sample numbers:

* SS -surface soil

* BH - subsurface soil or bedrock from borehole

* VM - viscose basin material

* GW - ground water/pore water.

The last four digits of the sample number will start at 000' 1 and will increase
consecutively for each medium (e.g., for groundwater samples: GW0001,
GW0002, etc.)- Field sampling crews will be assigned sample number blocks,, if
needed, to avoid using duplicate sample numbers.

4.3.2 Tag Numbers

The tag number is a unique 5-digit number that is pre-printed on the bottom of each
sample tag (Attachment A-9). Numbered blocks of sample numbers will be given to
sampling crews to ensure that sample blocks have consecutive tag numbers.

4.3.3 Sample ID Numbers

The Sample ID number will be noted in the field logbook for inclusion into the database
at a later date. Descriptions of the derivation of the Sample ID number for aqueous arid
solid media samples are presented below.
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4.3.3.1 Ground water/Pore Walter

The sample ID for groundwater and pore-water samples will consist of a combination of
the following codes., each separated by a hyphen: a site code, a management uni t code, a
well series code, a well ID code,, and a QC code (for field QC samples only), The
following describes each code:

"• Site code - A two-letter identifier, AV, representing the Avtex site.

• Management unit code - A two-letter identifier representing
groundwater (GW) or pore water (PW).

• We1// series code - A two-letter ident i f ie r indicating that the sample is
from an onsite (ON) well, an off-site (OF) well, or a temporary
wellpoint (WF).

« Well ID code - A unique, three-digit number wi II be assigned for the
new monitoring wells, where the first digit indicates the well depth
zone,, and the second and third digits indicate the well location. For
example, the four wells in the well nest at location 01 would have the
designations of 001 for the overburden well, 101 for the shallow
bedrock well, 201 for the intermediate-depth well, and 301 for the
deep-bedrock well. Existing wells will retain the same well ID code
used in previous studies. For the new temporary wellpoints, the well
ID code will be a unique two-digit number that wi l l indicate the
temporary wellpoint location,,

• Quality control (QC) code - A single-letter code indicating tha t the
sample is a VOC wuter trip blank (A), u field blank (B), an equipment
rinsate blank (C), or a field duplicate (D). The first three codes (i.e.,
A, B, or C) will be followed, in parentheses, by the month, day, and
year that ihe sample was collected [e.g., B(08/22/00) for a field b lank
collected on August 22,, 2000]. No hyphen will be used between the
well ID code and the "D" QC code.

Examples of Sample ID numbers are as follows. For a groundwater sample collected
from the intermediate-depth bedrock well at onsite location Oi l , the tracking number
would be AV-GW-ON-201. The tracking number for a duplicate sample from this
location would be AV-GW-ON-201D. The tracking number for a trip blank for sampling
onsite groundwater on 24 August 2000 would be AV-GW-ON-A(8/24/00).

4.3.3.2 Solid Medici Samples

The sample ID for solid samples will consist of a combination of the following codes,
each separated by a hyphen: a site code, a management unit code, a media code, a
borehole ID code, a depth code, and a QC code (for field QC samples only). The
following describes each code;
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• Site code - A two-letter identifier, AY, representing the Avtex site.

• Management unit code - A two-letter identifier, VB, representing the
viscose basins.

• Media code - A two-letter code indicating that the solid sample is,
viscose basin material (V1VI) or a subsurface sample of soil or bedrock
(BH).

» Borehole ID code - A unique location code, including two letters and
a two-digit number. The borehole ID for specific-depth-interval
samples from boreholes collocated with a given temporary wellpoint
will be the same as the temporary wellpoint ID (e.g., WP01). If
composite samples are collected from multiple boreholes, they will be
identified by basin (e.g., VB09, VB 10, or VB 11)

« Depth code - A two-digit number code representing the depth at which
the sample was collected. The code will use the depth of the top of the
sampling interval (for example, the depth code for a surface sample
collected from 0 to 0,5 ft would be 00, and the depth code for a sample
collected at a depth of 12 to 14 ft below the surface would be 12). For
composite samples that include multiple depths, the letters CS will be
used for the depth code. Field and rinsate blank samples will use a
depth code of 00.

•> Quality control (QC) code - A single-letter code indicating that the
sample is a field blank (B), a rinsate blank (C), or a field duplicate (D).
The first two codes (i.e., B or C) wi l l be followed by the month, day,
and year that the sample was collected in parentheses [e.g.,
8(08/22/00) for a field blank collected on August 22, 2000]. No
hyphen will be used between the depth code arid the "D" QC code.

For example,, a sample of waste viscose collected from the sixth viscose basin temporary
wellpoint boring at a depth of 15 to 17 ft would be AV-VB-VM-WP06-15. The sample
number for a field duplicate at this location would be AV-VB-VM-WP06- L5D. A
composite sample collected for laboratory testing from temporary wellpoint boreholes
WP01, WP02, arid WP03 in viscose basin 9 would be AV-VB-VM-VB09-CS.

4.4 Sample Handling and Analysis

This section describes sample-handling procedures and analytical methods that wil l be
used for analysis of groundwater and solid samples.
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4,4.1 Sample Handling and Shipping

All samples collected dining this field investigation wi l l be subjected to strict sample-
handling procedures, as outlined in Section 3.3 of the QAPP (ERJVI 1999), to ensure that
the investigation data quality objectives are achieved. Standard operating procedures for
sample packaging and shipping are described in Section 5 of the QAPP (ERM 1999) and
are summarized below.

Immediately after collecting each sample, the sample container, labeled with a completed
sample tag, w i l l be sealed, in an individual plastic bag and placed immediately into an
insulated cooler chilled to less than 4° C. Exponent COC/SAR forms will be completed
at the time of sample collection arid will accompany the samples inside the cooler for
delivery to the analytical laboratory. A list of laboratory shipping addresses is presented
in Table A-7. All shipments w i l l be logged into the field logbook with reference to the
COC/SAR form numbers contained in each sample lot. Copies of all COC/SAR forms
wi l l be submitted to the Field Team Leader (FTL) for inclusion in the field
documentation files for the project.

Rel inquishment of samples w i l l be indicated on the COC/SAR form by the sampling
team, and these forms wiil be sealed in a Ziploc bag before being placed in the cooler to
protect them against moisture. Each cooler will contain sufficient ice and/or ice packs to
ensure that proper temperature is maintained, and wi l l be packed in a manner to prevent
damage to sample containers. A member of the f i e ld team will then comp etc two
custody seals and place a seal on opposite comers of each sample eooler. Examples of
Exponent's Sample Tag, COC/SAR form, and Custody Seal are provided in Attachment
A-9.

4.4.2 Groundwater/Pore-Water Analytical Methods

Groundwater arid pore--water samples collected during the field, investigation, or resulting
from the laboratory testing, will be analyzed for part or ail of the following parameters,
depending on the sampling or laboratory testing objectives:

« Target Compound List (TCL) VOCs

« TCLSVOCs

• PCBs

• Organochlorine pesticides

• TAL inorganics

• Hcxavafent chrome

• Arsenic +3/+5 speciation

• Anions (alkal ini ty , chloride, sulfate,, and s i l i c a )
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• TDS

• Ammonia nitrogen.

• Chemical oxygen demand

• Density

• Field-me as LI red parameters—pH, dissolved oxygen, Eh, temperature,
specific conductance, iron speciation and turbidity (to be measured
during purging).

The majority of the groundwater and pore-water samples will be submitted to Lancaster
Laboratories, Inc. (LLI)., Lancaster, Pennsylvania, for analysis using the analytical
methods listed in Table A-8. Ground water arid pore-water samples for arsenic speciation
analysis will be submitted to Frontier Geosciences, Inc., Seattle, Washington,, The
shipping addresses for LLI arid Frontier Geosciences are listed! in Table A-7. The
specific analyses for groundwater and pore-water samples collected from monitoring
wells and temporary wellpoints to characterize site water quality are summarized in Table
A-3. The analyses to be performed on samples derived from laboratory testing are
summarized below.

4,4.3 Laboratory Testing Methods for Aqueous Sample;;

Groundwater and/or pore--water samples will be collected during the supplemental field
investigation for use in carbon disulfide hydrolysis laboratory testing and electrical
resistance heating laboratory testing/characterization. The following summarizes the
procedures for these tests.

4.4.3.1 Carbon Disulfide Hydrolysis Tests

Seven samples of groundwater/pore water, each consisting of three; VOA vials, will be
collected from the wells/temporary wellpoints cited in Section 4.1.1 for use in carbon
disulfide hydrolysis testing. In addition,, six 500-mL septum-sealed amber glass bottles
will be filled from each of the welIs/temporary wellpoints. Prior to collection of the
samples, three of the VOA sets and three of the 500-mL bottles will be spiked with 0.2,
2.0, and 4.0 mL of 30 percent hydrogen peroxide. Once all of the sample bottles have
been filled and sealed, they will be placed in a cooler (at 4"C) and shipped to Columbia
Analytical Services (CAS) in Kelso, Washington., A.t the laboratory, the VOA vial sets
that were spiked with hydrogen peroxide, as well as one VOA vial set that was not spiikec
with hydrogen peroxide, will be analyzed for carbon disulfide. In addition., the three 500-
mL bottles that were spiked with hydrogen peroxide, and one 500-mL bottle that was not
spiked, will be analyzed for TAL inorganics, alkalinity,, chloride, sulfate, silica., and pH.
The samples from each well wi l l be stored at the laboratory in the dark at a constant
temperature similar to that of the site groundwater. Theremaining VOA vial sets, w i l l be
analyzed after 1, 3, and 6 months for carbon disulfide,. One of the remaining 500-mL
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bottles will be analyzed for TAL inorganics, alkalinity, chloride, sulfate, silica, and pH
after 6 months. Analytical methods are summarized in Table A-7. Groundwaterin the
final 500-mL bottle will be filtered through a 0.45-/jm filter. If sufficient precipitate is
collected (0.5 g), it will be evaluated by x-ray diffraction (XRD) to identify any
crystalline compounds (particularly metal sulfides) that precipitated during the hydrolysis
experiment. Powder XRD analysis will be conducted using a Scintag PAD 5 x-ray
diffractometer at the Department of Geological Sciences, University of Colorado at
Boulder (sec Attachment A-10).

4.4,3.2 Electrical Resistance Heating Tests

To evaluate electrical resistance heating (ERH) as a potential remedial technology,
viscose basin pore-water samples wi l l be collected from temporary wellpoinis WP01,
WF04, and WP07 (three samples total) for static electrical conductivity analyses. These
analyses will be performed under the direction of Applied Hydrology Associates, Inc.
(AHA), of Denver, Colorado. A summary of the testing is contained fn
Attachment A-11. The pore-water samples will be sent to McMillan-McGee (MC2)—
AHA's subcontract laboratory—in Calgary, Albertu, Canada a! the address shown in
Tabfe A-7.

4.4.4 Viscose Solid Media Analytical and Laboratory Methods

This section discusses the chemical and physical evalualion of solids samples collected
from viscose basins 9, 10, and 11 that will be performed as part of the supplemental field
investigation.

4.4.4.1 Chemical Characterization

To determine chemical characteristics of the waste material in the viscose basins, a total
of 18 samples wil l be collected and submitted to LU for analysis for TCL VOCs, TCL
SVOCs, TAL inorganics, pas!c pH, unions (chloride, silica, and sulfate), ammonia
nitrogen, and percenl solids using the analytical methods presented in Table A-8. All
samples wi l l be submiltcd to LLI at I he address shown in Table A-7.

4.4.4.2 Hydro I ogle Parameters

To determine hydrologic properties of the waste material in the viscose basins, 12
samples wi l l be submitted to GeoSyntec Consultants (GSC) in At lanta , Georgia for
analysis of field capacity, wil t ing point, vertical hydraulic conductivity, porosity,
moisture content, and bulk density. In addition, three samples of overburden wi l l be
submitted to GSC for measurement of vertical hydraulic conductivity. Methods for t
analyses are presented in Table A-9. All samples shall be submitted to GSC ul the
address shown in Table A-7.



4.4.4.3 Consolidation and Shear Testing

To gain an understanding of the consolidation properties arid shear strength of the waste
viscose material, nine; undisturbed core samples (Shelby tubes) will be submitted to GSC
for consolidation tests using ASTM method D2435-96 arid Vane Shear tests using ASTM
method D4648-94 (Table A-9; Attachment A-3). To obtain additional information on the
amount of water released from the waste viscose during consolidation pressures, GSC
will be requested to record the amount of water expelled from the test apparatus during
each pressure increment. All samples collected for testing by GSC shall be submitted to
the address shown in Table A-7.

During selected consolidation tests, samples of the pore water released at each successive
loading increment will be collected for analysis of TCL VOCs, arid a composite of the
water released over the duration of the test will be collected for analysis of TAL,
inorganics, alkalinity, pH, TDS, sulfate, chloride, and silica, lit is possible that the
samples may require dilution to produce sufficient water for these analyses. In addition,
samples of the waste viscose will be collected following the completion of the testing and
submitted to the analytical laboratory for the chemical characterization analyses
described, in Sections 4.4.4,1 and 4.4.4.5. The results of these chemical analyses will
provide an indication of the potential for chemicals to be released from the waste viscose
under compressive force. All of'the sample chemical analyses will, be performed by LLI,
with the exception of the quantification of free and bound carbon disulfidc, which wil l be
performed by CAS.

4.4.4.4 Electrical Re si stance Heating Tests

To evaluate electrical resistance heating as a potential remedial technology, a total of nine
undisturbed cores of viscose waste material will be collected (Table A-6) from temporary
wellpoints WP01, WP04, and WP07 (three samples from specific depth intervals in each
borehole). The results of the electrical resistivity laboratory tests will be evaluated by
Applied Hydrology Associates, Inc. (AHA)., of Denver. Colorado. A summary of the
testing that will be performed by AHA is contained in Attachment A-11. AHA uses a
subcontract laboratory—McMillan-McGee (MC2) of Calgary, Alberta, Canada—to
measure the electrical resistance of the samples., Therefore, the nine cores will be
shipped to MC2 at the address shown in Table A-7, and MC2 will perform the
measurements under the direction of AHA.

4.4.4.5 Quantification of Free and Bound Carbon Disulfide in Waste Viscose

A sequential extraction procedure will be used to quantify the concentration of carbon
disulfide in waste viscose that is present in free and bound forms. The sequential
extraction procedure will be performed by Columbia Analytical Services (CAS)
following the procedures in Attachment A-12. All leachates will be analyzed using
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purge-and-trap (EPA method 5050A) and GC/MS analysis (EiPA method 5030B), In
addition, splits of each sample will be analyzed, both prior to and following the sequential
extraction by Fourier transform infrared spectroscopy (FTIR) at R J. Lee Group, Inc. in
Monrocville, Pennsylvania. These analyses will provide a semi-quantitative analysis of
the relative abundance of carbon disulfide bound to the cellulose matrix (i.e.., present, as
cel'Julose xanthate) before and after extraction. Specific methods for conducting the
FTIR analysis are provided in Attachment A-13.

4.4.4.6 Waste Viscose Hydroxide Liberation Tests

Laboratory tests will be conducted to quantify the extent to which the viscose basins
represent a source of hydroxide ions to ground water, as well as the acid requirements to
neutralize the waste viscose. A total of nine waste viscose samples will be collected
during the supplemental field investigation and shipped to Exponent's Boulder, Colorado
laboratory for these: tests. The procedures for th i s test are presented in Attachment A-14,,

4.4.4.7 Waste Viscose Laboratory Treatability Studies

Laboratory treatability studies (Section 6,3 of (he FS Work Plan) that are intended to
evaluate line effectiveness of various remedial technologies or actions will be performed
using (he composite waste viscose samples collected from each basin. The composite
sample buckets will be shipped to Exponent's Boulder, Colorado testing laboratory
(Table A-7), Prior to the sampling effort, a Laboratory Testing and Analysis Plan
(LTAP) that provides detailed experimental and quality control procedures will be
prepared and submitted for approval.

Proposed laboratory t reatabi l i ty studies include the following:

• Waste viscose chemical oxidation tests

« Waste viscose vermiculture treatment tests

« Testing of physical and chemical techniques to improve the handling
properties of the waste viscose.
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5. Synoptic Static 'Water-Level Measurement and Geologic
Mapping

A synchronized measurement of the static water levels will be made in on- and off site
wells and temporary wellpoints to characterize the; groundwater potentiomethc surface in
the overburden and bedrock geologic units. These measurements will be completed a
mini mum of two weeks after sampling and field testing of all monitoring wells and
temporary wellpoints to allow the groundwater levels to stabilize across the site.
Equipment requirements are listed in Attachment A-4.

In addition,, the orientation of cleavage arid bedding planes in bedrock outcrops southwest
of the Avtex site wi l l be mapped by a geologist.

5.1 Synoptic Static Water-Level Measurement

Groundwater levels wil l be measured in all proposed and accessible existing
onsite/offsite wells (potentially a total of 109 wells) and all 28 temporary wellpoints.
Figure A-7 provides the locations of the 9 proposed wells arid the 100 existing wells in
the onsite/offsite monitoring well network. The locations of the 14 Geoprobe* temporary
wellpoints are shown in Figure A-l . The approximate locations of the nine proposed
viscose basin temporary wellpoints arid the five proposed overburden temporary
wellpoints are indicated in Figure A-2.

Static water levels will be measured using an electronic water-level instrument following
the procedures in SOP 19 (Attachment A-5). Water-level measurements wil l be recorded
to the nearest 0.01 ft in the field notebook. Decontamination of depth-to-water meters is
described in SOP 1.9. Monitoring well/wellpoint IDs for the 137 synoptic water-level
measurements are listed in Tables A-l a, A-lb, and A-2.

Geologic Mapping

A geologist, using a Brunton compass will map the orientation of cleavage and bedding
planes in bedrock outcrops southwest of the Avtex site. In addition to mapping outcrops
in the hi l ls southwest of RiVermont Acres, an effort will be made to map outcrops that are
exposed above the surface of the Shenandoah River during low flow. The strike and dip
of the stnj.ct.ural features in the outcrops wil l be used to understand the cleavage and the
orientation and folding of beds, particularly with respect to the anticline that appears to
provide important structural control on the movement of the dense carbon disulfide
plume.
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6. Field Tests

Two field tests will be performed during the supplemental field investigation: single-well
pumping tests; arid infiiHrometer tests,, These tests are summarized below.

6.1 Single-Well Pumping Tests

Single-well, constant-rate pumping and recovery tests will be performed in three
temporary wellpoints installed in the viscose basins (one each in basins 9, 10, and 11) and
in four selected, overburden monitoring wells/temporary wellpoints,, to provide estimates
of horizontal hydraulic conductivity. Specific test locations will be determined after the
new monitoring wells and temporary wellpoints have been installed and developed. The
pumping tests will be performed in general accordance with SOP 36, modified for the
lower pumping rates tha i are expected to be required for these tests. Equipment
requirements are presented in Attachment A-4.

6.1.1 Pre-Test Monitoring

Before conducting each constant-rate test, groundwater elevations in the test well will be
monitored, continuously for a period of 24 hours. Barometric pressure wi l l also be
measured throughout the 24-hour pre-test monitoring period, as well as throughout the
constant-rate test and the recovery period. These data will allow barometric pressure
effects on groundwater levels to be distinguished from those induced by the pumping test.

6.1,2 Pumping Test

A 4-hour (minimum) constant-rate aquifer pumping test will be conducted at each of
seven selected, temporary wellpoint locations,.. Pumping rates will be selected based on
the sustainable pumping rates from each location observed, during development of the
temporary wellpoints. It is. anticipated that the sustainable pumping rates may be very
low (e.g., less than 1 gpm). The pump inlet will be set at a depth of approximately 5 ft
above the bottom of the temporary wellpoint. The water surface elevation in the
temporary wellpoint will be monitored continuously throughout both the pumping and
recovery portions of the test using pressure transducers and automatic electronic dala
loggers, as described below.

Submersible pumps, a power supply., and discharge piping and valves will be necessary
for the constant-rate pumping tests. The purnps and plumbing wil l be installed and
operated according to the general configuration indicated in Figure A-8. Depending tin
the required flow rate, either a peristaltic pump or a submersible pump will be used for
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each test. All plumbing will be located where it does not interfere with, or could be
damaged by, other activities at the site.

The discharge rate arid volume from the pumps will be monitored using a calibrated, in-
line flow meter and totalizer,, and the discharge rate from the pump wi l l be maintained
using either a variable-speed pump or a gate valve (or equivalent) to check flow (Figure
A-8). Flow rate will be monitored, and if necessary, adjusted at 1-, 10--, arid 30-minute
intervals during the 0-10, 1:0-30, and! 30-240 minute periods of the test, respectively.
Flow rate wi l l be recorded in the field logbook or pumping test f ield forms for each of
these time intervals.

6.1.3 Recovery Test

Following the constant-rate pumping period, the pump wi l l be shut off, and the
ground water elevations will continue to be recorded for an additional 4-iour (min imum)
water-level recovery period, or until the groundwaler elevation in. the pumping well
returns to its pre-test elevation.

6.1.4 Water-Level Measurement and Recording

The water level in the temporary wcllpoint will be monitored throughout the pre-test
monitoring period,, constant-rate pumping test, and recovery test using pressure
transducers connected to data loggers,. Transducers will be installed approximate ly 1 ft
above the top of the pump inlet. The transducer will be connected to an electronic dala
logger. The frequency of data collection wil l decrease with time during both the
pumping and recovery phases of the test, as, discussed in SOP 36. Backup measurements
wil l be taken using an electronic water-level indicator at a frequency appropriate for the
degree of change in water level during the test, in accordance with SOP 19.

6.1.5 Discharge and Treatment of Water Produced During Aquifer Testing

Water pumped from each temporary wellpoint during the tests wil l be discharged to a
trailer- or truck-mounted storage container (or other appropriate container) with sufficient
capacity for the total volume of water produced! during each test. The discharge water
will then be transported to the viscose Jeachate digester (see Figure 2-5 of the FS Work.
Plan), from which it wil l be transferred to the onsite waslewater treatment p lan t (WWTP)
for treatment.

6.1.6 Documentation

Groundwater elevations arid barometric pressure wi l l be recorded electronically using an
automatic data logger. Tie monitoring point location, relative benchmark for depth
measurements, equipment used, and test identification number used in the data logger
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will be noted in the log book. Measurements of the flow rate and method of
measurement, and any manual water-level measurements, will be recorded in the
logbook, At the end of each test, the data stored in the logger will be downloaded to a
laptop computer and. placed on a backup floppy disk. The supervising hydrogeologist
will also document all field activities, including local weather conditions, personnel on
site, arid any deviations from this work plan.

6.1.7 Data Evaluation

Drawdown arid recovery data wi l l be analyzed to estimate aquifer properties using
standard aquifer test analysis techniques (e.g., the methods of Theis, Cooper and Jacob,
Hantush, and. Neumann; SOP 36). Because the applicability of these solution techniques
is highly site specific, the method: to be applied during this investigation wil l be selected
based on aquifer conditions at the site and a preliminary review of the pumping test data.

6.2 Infiltrometer Tests

In-situ infiltrometer tests will be conducted in viscose basins 9, 10, and 11 to characterize
the macro-scale infiltration properties of the basins. The infiltromeler tests wil l be
performed in general accordance with ASTM Method D3385-94-—Standard test method
for infiltration rate of soils in field using double-ring infiltrometer {provided in
Attachment A--3). This method; will be modified to use large--diameter (0.5 to 2 rri),
single-ring tests, because double-ring tests tend to overestimate the infiltration rate
(Bouwer/>r Wilson et al. 1995). A total of nine tests wil l be performed—-three tests in
each of viscose basins 9, 10., and 11—to account for heterogeneity wi th in the basins.
Specific test locations will be selected in the field after completing a visual examination
of the surface of each basin.

6.2.1 Test Procedures

The ring diameter for each test will be chosen to be large enough to incorporate
variability in surface characteristics but not so large as to require an unreasonable amount
of water to perform the tests, Testing procedures will follow ASTM D3385-94, except
that only a single ring wil l be used. In the event that the ring cannot be driven to a
minimum of 6 inches below the bottom, of the surficial crust layer of the viscose basins,
the crust layer will be removed prior to testing. Mariotte tubes will be used to maintain a
constant head in the infiltrometer. An equipment list for this test method is provided in
the ASTM method.

Field installation procedures will be documented in the logbook. Time., water level in the
ring, and water supply rate will be documented in accordance with the data sheet format
in ASTM methodD3385-94. The volume of fluid that infiltrates during each measured
time interval will be converted to an incremental infiltration velocity using the equations
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in the ASTM method, Results from each test will be evaluated and used to calculate a
mean and standard deviation for the infiltration rate at each test location.
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7. Supplement to the Quality Assurance Project Plan

This section presents information that supplements the QAPP (ERM 1999). The
information presented here is specific to this investigation and thus is not addressed in
detail in the QAPP. References to specific QAPP sections are provided, as necessary.

7.1 Project/Field Team Organization

This section describes the organization of project and field teams for this field
investigation (Section 2.1 of the QAPP). An organizational chart is presented in Figure
A-9. All on site activities will be conducted under the direction of the Field Team Leader
(FTL). A designated Field Task Manager (FTM) reporting to the FTL will be designated
for each sampling team and will be responsible for performing the specific sampling
tasks and related activities in accordance with the QAPP and this FSAP. The Site Safety
Officer (SSO) will be responsible for ensuring, compliance with the Exponent Health and
Safety Plan (HSP).

Two-person teams of experienced environmental sampling technicians will conduct the
ground water/pore-water sampling. Each sampling team wil] have a designated FTM
responsible for implementing the requirements of the QAPP and th is FSAP, including the
sampling activities (sample collection, identification, labeling, handling, packaging,
documentation and shipping), and for maintenance of a bound field notebook that
provides the FTL with daily reports of field team activities. Under the SSO's direction,
the FTM wil l also be responsible for ensuring that the team implements the appropriate
health and safety procedures at each sampling location.

The viscose basin borehole and temporary' we M point installation will be performed by a
drilling company with a registered contractor's license in the State of Virginia, under the
direction of a two-person Exponent team consisting of a hydrogeologist and a sampling
technician. The Exponent team wil l perform all sampling. The hydrogeologist will serve
as the FTM and wil l be responsible for conducting the investigation in accordance with
its stated objectives, completing the boring logs and field log book, and conducting health
and safety monitoring during sampling activities under the direction of the SSO or
designee. The sampling technician wi l l assist the FTM in sample collection,
identification, handling, packaging, and documentation.

7.2 Critical Data Quality Indicators and Associated Performance Criteria

This section presents critical data quality indicators (DQIs) required per Section 2.5 of
the QAPP. Table A-8 presents a summary of analytical methods by matrix and includes
DQTs for bias, precision, and completeness. Quantification limits for the methods for
VOCs, SVOCs, PCBs, TAL inorganics, and conventional analytes are presented in
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Tables A--10 through A--15. Criteria for all other investigation DQIs not presented in this
document are contained in the QAPP.

7.3 Sample Containers and Preservatives

All sample containers with preservatives, as appropriate for specific analyses, will be
provided by the analytical laboratory (i .e., LLJ). Table A-4 summarizes the types and
sizes of sample containers, preservative requirements, and holding times for the anaJytes
for this field investigation.

To address the majority of the DQOs presented in Section 2.2, 100 percent of the samples
for analysis of Target Level IV analytes wi l l be collected. Broken or lost samples w i l l be
replaced. Furthermore, if a well cannot be sampled due to damage, the well will be
repaired or replaced, or an alternative, representative well will be selected (in conjunction
with the EPA) and sampled. Exponent will evaluate well conditions during the week of
June 19, 2000.

7.4 Documentation of Field Activities

A record of field activities w i l l be maintained using bound, weatherproof field notebooks
and/or numbered field data forms in accordance with the procedures described in Section
3.3.1 of the QAPP (ERM 1999). The f ie ld notebooks and fielo data forms w i l l be
maintained by the FTL or designee. All field records, data, f ie ld notebook pages,
COC/SAR forms, drilling logs, and other reports wi l l be sent to the Project Manager at
the completion of field activities for inclusion in the project files.

The FTL or designee, us appropriate, w i l l maintain a record of field activities in a bound,
weatherproof field notebook(s). All appropriate information related to sampling
activities must be recorded in the field notebook.

At the end of each day, the FfLor designee w i l l review the documentation for accuracy
and completeness. If problems are noted, the appropriate FTM(s) will be directed to
address them. Tn addition, the SSO w i l l complete a daily field safety meeting to discuss
and address pertinent health and safety issues. As specified in Section 4 of the QAPP
(ERM 1999), a single field audit will be completed hy the FTL. This Acid audit wi II
occur during the groundwater sampling event.

7.5 Decontamination

Prior to mobilizing to the site to conduct ground water sampling, all bailers will
decontaminated off site at Exponent's laboratory in Boulder, Colorado using the
following procedure:

* Potable water rinse
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• Liquinox detergent wash

• Potable water rinse

• 10 percent nitric acid solution rinse

• Distilled or deionized water rinse

• Methanol rinse

• Deionized water rinse

• Air dry

• Butcher paper wrap.

All purging arid sampling equipment to be used at multiple sampling locations will be
decontaminated in the field prior to beginning purging and sampling activities, after use
in each monitoring well, and before leaving the Avtex site. All decontamination fluids
will be contained and transported, to the viscose Icachate digester (see Figure 2-5 of the
FS Work Flan) for disposal (water), or will be disposed of according to local regulations,
(acetone and hexane).

Purging and sampling equipment will be decontaminated using procedures appropriate
for the type of equipment being decontaminated (e.g.. steam cleaning,, hand wash and
rinse with appropriate materials, etc.). The probes and cables of the depth-to-water
meters wi l l be decontaminated per SOP 19.

Submersible pumps w i l l be decontaminated by pumping a Liquinox solution through the
pump arid scrubbing the exterior of the pump with the Liquinox solution and a bristle
brush. The pump will then be rinsed with tap water, followed by pumping tap water
through the pump. Distilled water will then be pumped through the pump, completing
the decontamination procedure.

Any equipment that cannot be decontaminated or is designated, for one-time use (e.g.,
tubing) will be properly packaged and disposed of, as described below. Health and safely
monitoring instruments will be decontaminated by wiping with a damp cloth. If gross
contamination of health and safety monitoring instruments is likely, the instruments wil l
be wrapped in plastic bags prior to use.

All sampling personnel will pass through a Contamination. Reduction Zone that will be
established for each monitoring well or well nest. The level of personal decontamination
required will depend on the level of protection necessary to complete sampling activities
at each location. Details are provided in the site-wide health and safety plan (FMC
2000), and the health and safety plan addendum (Attachment A-1).

The drilling rig arid drilling and sampling tools (split-spoon samplers, Shelby tubes.
continuous-driven samplers, etc.) will: be decontaminated by initially washing with high-
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pressure steam. The equipment will be decontaminated after each boring, and before it
;aves the site. Decontamination wil l be performed at a temporary decontamination pad,

located near the drilling rig. Water generated from decontamination will be contained
and staged in a designated area.

Sampling equipment such as split-spoon samplers., Shelby tubes, continuous-driven
samplers, soil scoops., stainless steel bowls, and trowels will be decontaminated in
accordance with the procedures outlined in the first paragraph of this section.

7..S Management of Investigation-Derived Wastes;

All water generated during well purging and equipment decontamination wi II be
collected in an appropriate container., and transported and! discharged to the viscose
Icachate digester. Large volumes of water (e.g., drilling fluids, and development/purge
water) will be collected in a truck-- or trailer-mounted containment system (e.g., a Baker
lank), which will be periodically drained to the viscose leachate digester. A contractor
certified for the transport of hazardous materials will transport any water generated
during development, purging, and/or sampling of offsite monitoring wells. Any free-
phase liquids other than water tha t are derived from any well/wcllpoint wi l l be
appropriately contained, and labeled for temporary onsite storage u n t i l the material can he
identified arid disposed of properly.

Contaminated personal protective equipment (PiPB) arid disposable sampling equipment
will be contained in double plastic bags, which will be sealed with duct tape and marked
to indicate the date, contents, and sampling location. PPE must be separated from
disposable sampling equipment. All double-bagged and labeled PPE and disposable
sampling equipmenl wi l l be stored in the designated onsite storage area unt i l it is properly
characterized and disposed of offsite,. Solid! wastes generated during the investigation
(e.g., paper towels and PPE) wi l l be cleansed of any gross soil accumulation or
contaminants and will be placed in plastic garbage bags and double-bagged for disposal
at a municipal l andf i l l .

Waste viscose arid soil generated during the drilling in viscose basins 9, 10, and 11 wi l l
remain where it is generated (i.e., on the surface of the basins), Upon completion of each
borehole., the solids wi l l be spread out over the basin surface, such that the surface w i l l be
returned to pre-drilling contours. Soils and rock generated during the installation of wells
and temporary wellpoints (those outside of the viscose basins) will be contained at the
well/wellpoint arid transported and deposited on the surface of viscose basin 9, 10, or 1 I.

7.7 Site Health and Safety Procedures

Specific health and safety procedures for this f i e ld investigation are presented in a site-
wide health and safety pian (FMC 2000) and a heal th arid safety plan addendum
(Attachment A-1). All f ie ld staff wi II be supplied with copies of both documents arid w
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receive onsite training on the existing hazards and safety procedures before the field
activities begin.

43 A R 3 D I 9 3 3



44

fl R 3 0 I 9



8. References

Bouwer, H. 1995. Estimating the ability of the vadose zone to transmit liquids. In:
Wilson, L.G., L.G.Everett, and SJ. Cullen (Eds.). Handbook of vadose zone
characterization arid monitoring. Lewis Publishers, Chelsea, MI (pp. 177-188).

ERM. 1999,. Quality assurance project plan (QAPP) supplement for the Remedial
Investigation/Feasibility Study, Avtex Fibers site, Front Royal, Virginia, revised 30
September. Prepared forFMC Corporation. Environmental Resources Management,
Annapolis, MD.

Exponent. 1999 (in prep..). Feasibility Study work plan: Avtex Fibers Superfund site,
Front Royal, Virginia. Prepared forFMC Corporation,, Exponent, Boulder, CO.

FMC. 2000. Site-wide health and safety plan, Avtex Fibers Superfund site, Front Royal,
Virginia , FMC Corporation, Philadelphia,, PA. Revised February 2000 (version 2).

U.S. EPA. 1999a. Consent decree between U.S. Environmental Protection Agency and
FMC Corporation, Avtex Fibers Superfund site. Front Royal, Virginia.. The U.S. District
Court for the Western District of Virginia.

U.S. EPA, J 999b. Recommended procedure for low-flow purging and, sampling of
groundwater monitoring wells. U.S. EPA Region III Bul le t in No. QAD023, June 16,
1999.

45
D 3 0 I 9 3 S



Figures

/ I R 3 0 I 9 3 6



w\m\

mb\&^.\^. ̂  \ ^^^C^'r^^
^HB^^??^^1'^- x ; - v " ' ' \V^'"

PK \.:"<".-"-f \\ f Xm\^ • -/ ixiiiii/f:--::// A^•kVFX-^

To during P'hww II ff iitMiewis

D Proposed Overburden Qeoprobe
Sampling Localkxi ((3il3l()1l • GP14)

A Proposeidi (>/Etirlb«jrdiB4i Well
ilk F'ropciiHudl JSriBillicnHr BiadincMik Vi/elll
A\i l:in3(>cHioid IrnennENJiBitiS E)EHJrocJ( W«JI
JL P'l-opcuMud I]'»Ei|p> (3wcliiD<^k. Woll

._-,^..___

Cl iiCH) 100K) F:0€il:

F:ic|iir<2 A-1. Locations ol
groundwater 'monitoring
arid Gooprobe sampling

n'diCH îS'i0""!
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/'o=--\

F:ull

l;Litl
v

°008

" lrM;lucli9ft tfItwnad l
ifcarnploii Ibr TA1. ir

O EKiistliii

lltoy
Full £4Jil:o -

Wiatl, mol en- i

Ca, rr«t,3lB, F^^Elia, and

lillililp1 //'
Wii^M

hs 0o5|lllil̂ IiK:;l\k
^^i^^^^^.>i^=.^f.^-..L'i ^V,-.-•• - :"- • • •" ' \ \ .::-•:• -^•• •.,

'Full SUitei'

i >>i-3 t<Mr lull! anailylit list ^LL^L

vwttnkte) | ovtf.ti.nkm \ i:\tt

50:
Figure A-6a, Anal^sies in existing and
pro|:>o;5,<=d O'w^nttLirdon wells and proposed

lin locations.



US^\V_^3

^fim^^^iiK^
f Sf^^S^^^^^^Xi

fpll!
/./" \

VOCB, SVCs , nwUtls.
coriv. & <dfMniilty

rwiiM;' w!P;M>««»-.«ft-? .• TOWw -VIllilik

~ VOK&, S'vO'C^G.. nniilUlls, IPi:»<»,, find piMtbckien>
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Table A-7. Laboratory shipping addresses

Contact! Information

Exponent Testing Laboratory
Attention: Lainry Petesirson
4940 Pearl East Circle,
Suite 300
Boulder, CO 80301
(303) 444-7270

University of Colorado
Attention: John Drexler
Bensori Earth Sciences Builcliing
2200 Colorado Avenue
Boulder. CO 80309
(303) 492-5251

McMillJan-McGee
Attention: Bruce McGee
Star Building
3504 64th Avenue, S.E.
Calgary, Alberta, Canada T2C 1P4
(403) 686-7186

GeoSyn1.ec Consultants
Attention: Paul Sabatini
1100 Lake Hearn Drive,
Suite 200
Atlanta, GA 30342
(404) 705-9500

Smart worm Technology, Inc.
Reg Renaud
28281 Silverado Canyon. Road
P.O. Box 792
Silverado, CA 92676-0792!
(714)583-9676

Columbia Analytical Sen/ices
Attention: Joe Wiegel
1317 South 13th Avenue
P.O. Box 479
Kelso, WA 98626
1-800-695-7222

Frontier Geosciences
Attention: Dirk Wallschlaeger
414 Pontius North
Seattle, WA 98109
(206) 622-6960

Lancaster Laboratories, Inc.
Attention: Kay l-lower
2425 Holland Pike
Lancaster, PA 17601
(713) 656-2308 Ext. 1528

RJ Lea Group, Inc.
350 Hochberg Road
Monroeville, PA 15146
(724) 325-1776

LO
UD

CO
cc:

z:\\projedfi\A20. Front Royal\projed docijrnenls\Tablei5\lab..contacts xls Sheelt 7/1 Si/00 9 55 PM
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Table A-9. Methods for materials/geotechnical properties testing, chEi
characterization testing, anicl laboratory treatablHty testing

Target Analytical
Test Typo Option

Mateiials/G&oltechnical P report! as
Field capacity HI
Wilting poinl 111
Vertical hydraulic conductivity III
Specific gravity (particle density) III
Porosity III
Moisture content III
Bulk density III
Consolidation tests0 III
Vane shear test III

Chemical Source Characterization
Free and bound CS2 analysis III
Hydroxide liberation tests III

Laboratory Treatabiilily Tasting
Chemical oxidation tests 111
Verrnicullure treatment tests Ml
Direct electrical resistance heating tests HE
Handling improvement tests III

Matrix

Viscose
Viscose

Viscose/O v e rb u rd en
Viscose
Viscose
Viscose
Viscose
Viscose
Viscose

Viscose
Viscose

Viscose
Viscose
Viscose
Viscose

Data Validation
Level

4
4
4-
4
4
4
4
4
4

4
4

4
4
4
4

Method

ASTM D5298
ASTM D5298
ASTM D5084
ASTM D854
Calculation"

ASTMD2216
ASTM D2937

ASTM D2435-96
ASTM D4648-94

Attachment 9
Attachment 10

LTAP
LTAP

Attachment 4
LTAP

Lab"

GEO
GEO
GEO
GEO
GEO
GEO
GEO
GEO
GEO

CAS
EEL

EBL
EBL

AHA/MC2
EBL

Note: With Ihe exception of the consolidation test samples, which will be collected with a 2-ft Shelby Tube,
all samples will be collected using G-in. or 12-in. stainfess steel split-spoon sampler liners.

All samples, will be sealed with plastic end caps arid Teflon tape.
LTAP - procedures wil be developed and presented in a Laboratory Testing and Analysis Plan

a Lab abbreviations are as follows:
AHA Applied Hydrology Associates, Inc.
CAS Columbia Analytical1 Services
EBL Exponent Boulder Lab
GEO GeoSyntec Consultants
MC2 McMillian-McGee

b Porosity- 1-(bulk density/particle density)
c 3-inch diameter core

bOLltfer\projecf:sM20_Fron1 Royal\Data\Tables_Round2\ sampling xls Methods 6/'i2/00 8:57 PM
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Tat bio A-10. Quantitatfon limits for volatile organic compound;;

Analyle

Acetone
Benzene
Brorriodichloromethane
Brornoforrn
Brornomethane
2-Butanorie
Carbon disulfide
Carbon tetrachloride
Chloirobenzene
Chloroethane
Chloiroforrri
Chloro methane
cis -1 ,3-Dich.loropropene
trans -1 ,3-Dichloroproperie
Dibroimodniloromethane
1,1-Dichloroethane
1 ,2-Dichloroe thane
1,1-Dichloroethene
1,2-Dichloroethene (total)
1,2-Dichloropropane
Ethy (benzene
2-Hexanorie
Methylene chloride
4- Me t h y I - 2-pe nta none
Sty irene
1,1,2,2-Telrachloroelhane
Tetirachloroethene
Toluene
1,1,'l-Trichloiroethane
1,1,2-Trichloiroethane
TrichlcH'oethene
Vinyl chloride
Xylenes (total)

Note: MDL - method detection
MRL - method reporting

Water
MDL

0/g/L)
6
1
1
1
3
3
3
1
1
3
1
3
1
1
2
2
2
1
2
1
2
7
2
5
1
2
1
2
1
2
1.
2
1

limit
I i mil

Water Soil Sc
MRL MDL MF

(,;c)/L) (j/g/kg) rj/g/

20 7 2\
5 1 r
5 ? r
5 1
5 3

10 7 ir
5 3
5 1
5 1
5 3
5 1
5 ?
5 1
5 1
5 1
5 1
5 ?
5 ?
5 2
5 3
5 1 f

10 3 If
5 2

10 3 11
5 1 r
5 1
5 1
5 1
5 1 r
5 2
5 1
5 2 i
5 1 f

il
L

g)

"

•
•

•
•
•

•
•
•

boii!dertyrojeci:s\A20_ Front Royal\Project Docurnents\Tables\FMC SAP tbis )(ls A-1C' E/ia'OO 8-39 PM
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Table A-111. Quantitation limits for semi-volatile organic compounds

Water
MDL

Analyle (j'0/'-)

Aceriaphthene 1
Acertaphthylene 1
Anthracene 1
Benzo(a)anthra.ceinie 1
Benzo(b)fluoranthene 1
Ben;:o{k)fl'Lioranthene 1
bis(2-€hloroel:hoxy) methane 1
bis(2-ch)oroethyl)ether 1
bis(2-ethylhexyl)phthalate 2
4-Bromopheriyl-phenylether 2
Butylbenzylphthalate 2
di-n-Butylphlhalate 2
Carbazole 3
4-Chloroaniline 1
4-C h lo ro-3- m ethy Ip he n of 1
2-Chloronaphlhalene 1
2-Chlorophenol 1
4-Chlorophenyl-phenyl ether 1
Chirysene 1
Dibenzofuran 1
1,2-Dichlorobenzene 1
1,3-Dichlorobenzene 1
1,4-Dichlorobenzene 1
3,3-Dichlorobenzidine 2
2,4-Dichlorophenol 1
Diethylphthalate 2
2,4-Dirnelhyfphenol 1
Dimethylphlhalate 2
4,6-Dinil:ro-2-mel:hylpheinol 5
2,4-Dinitrophenot 20
2,4-Dinitrotoluene 1
2,6-Dinitrotoluene 2
Fluorantherie 1
Fluorene 1
Hexachlorobenzene 2
Hexachlorobutaclierie 2
Hexachlorocyclopentadierte 5
Hexachloroethane 1
I sop ho rone 1
2-Melhylnaphthalene 1
2-Methyphenol 1
4-Methylphenol 3
Naphthalene 1
2-Nilroanilirie 2
3-Nil.roaniiline 2
4-Nitroanilirie 2
Nitrobenzene1 1
2- Nil.ro phenol 1
4- N it ro phenol 10
ri-Nil.roso-di-n-piroplyamine 1
n-Mitroso-diphenylarnlne 1
di-n-Octylphthalal:e 2

Wetter
MRL

(j/g/i-)
10
1C)
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
25
60
10
10
10
10
10
10
25
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10

Soil
MDL

fag/kg)
33
33
33
33
33
33
67
33
•67
33
67
67
33
67
67
33
33
33
33
33
33
33
33
67
67
67
67
67

170
670

33
33
33
33
33
67

170
33
33.
33
33.
67
33.
67
67
67
33.
67'

170
33
33
67

3Joct DocurnentsYTablesVFMC
fl

Soil
MRL

W<g)
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
330
670
330
330
330
330
830

2000
330
330
330
330
330
330
670
330
330
330
330
330
330
330
330
330
330
330
830
330
330
330

i WJI?ls,Jils M 1 6/12/008:39 PM
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Table A-11. (cont.)

Artalyte

2,2-Oxybis (1-chloroprOipane)
Pentachlorophonol
Phenanthrene
Phenol
Pyronet
1 ,2 ,4-Trich llo robenzen e
2,4,5-Trichloroplhienol
2,4,6-Trichloroplhienol

Note:: MDL • method detection limit
MRL - method reporting limit

Water
MDL

OJ<J/L.)
1
3
1
1
1
1
2
2

Water
MRL

I)JQ'L)

10
25
10
10
10
10
10
10

Soil
MDL

OVkg)
33

1 70
3:31
67
33
33
67
67

Soil
MRL

fc/g/kg)
330
330
330
330
330
330
330
330

>yal\Project DocurnentsVratflMifflMQ aMp fcl!<3|ls"](-11 e^1 a't» 8:39



Table A-12. Quantltation limits for PCBs

Compound

Aroclor* 1016
Aroclor® 1221
Aroclor® 1232
Aroclor* 1242
Aroclor* 1248
Aroclor* 1254
Aroclor* 1260

Water Water
MDL MRL

OJQ/L) Cyg/L)
0.1 i
0.1 i
0.1 i
0.1 i

0.1 i
0.1 i
0.1 i

i. 5
i. 5
i. 5
i.5
|.5
L5

.5

Note: MDL. - method deled ion limit
MRL. - method reporting limit
PCB - polychlorinated biphenyl

OsJ
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TEIhie A-13. Quantitation limits for organochlorine pesticides

Compound

Aldrin
a-BHC
P-BHC
Y-BHC
5-BHC
tt-Chloirclane
Y--ChlordEine
p'p'-DDE
p'p'-DDT
p'p'-DDT
Dieldrin
EndosulHan 1
Endosulfan II
Endosulfan sulfate
Endrin
Endrin aldehyde
Endrin ketone;
Hoptachlor
Heptachlor op oxide
Methoxychlor
Toxaphene

Note: MDL •• method clelection limit
MRL - method reporting limit

Water
MDL

GAJ/L)
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.004
0.004
0.004
0.004
0.004
0.002
0.004
0.004
0.004
0.004
0.002
0.002

0.02
0.2

Water
MRL

ttyg/L)

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0,02
0.02
0.02
0,02
0,02
0.01
0,02
0,02
0.02
0,02
0.01
0.01
0.1

1

CO
r-^
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Table A-14. Quantitatlon limits for TAL inorganics

Analyte

Aluminum
Antimony
Arsenic:
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Cyanide;
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Water
MDL.

(mg/L)

0.077
0.0084 a

0.00115 b

0.0022
0.0019

0.00031 a

0.044
0.0017 a

0.0066
0.0035

0.004 c

0.011
0.0079 a

0.08
0.0026
0.0001 d

0.0066
0.199

0.0044 a

0.0056
0.109

0.0092 a

0.0034
0.0047

Water
MRL

(mg/L)

0.2
0.01 a

0.010 b

0.1
0.011

0.0015 a

0.2
0.003 a

0.05
0.025
0.005 c

0.1
0.01 a

0.1
0.01

0.0002 d

0.05
0.5

0.01 a

002
0.6

0,02 a

0.02
0.025

Soil
MDL

(r Tig/kg)

2,. 6
0,54
0.25
0.19
0.13
0.76

5
0.084

0.63
0.32
0.18 c

1,9
0.53

6.7
0.25

0.015 e

1.7
22

0.46
0.23

7.4
0.63
0.18

1,3

Soil
MRL

(mg/kg)

3i3
1
1

10
0.5
0.1
30

0.5
5
4

0.5 c

20
1

25
2

0.1 e

5
50

1
2

100
2
2

10

Note: TAL. •• target analyle list
8 By ERA Method 601 OB Trace
"By ERA Method 7060A
cBy ERA Method 335.2
d By ERA Method 7470A
a By ERA Method 7471A

en
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Table A-15. Mo 1:hod reporting find detection limits for conventional analytes

Analyte

Alkalinity
AmrnoniEi nitrogen
Chloride
Sulfate
Silica
Total dissolved solids
Percent solids
Specific gravity (density)
Hexavalent ch romJum
Arsenic (til 1 V)
COD

Method

EPA 31 0.1
EPA 350.2
ERA 300.0
EPA 300.0
EPA 370.1
EPA 160.2
EPA 160.3

ASTM 1429-95
EPA7196A
EPA 1 632A
EPA 41 0.4

Water
MDL

(rrig/L)

0.37
0.15

1.5
1.5

0.024
6.14

0.003
.00001 / .00002

6.41

Water
MRL

(rrig/L)

1
I
p
5

0.1
30
--
--

0.01
.00005 /. 0001

50

Soil
MDL

(nig/kg)

5.2
15
15

a

0.13

Soil
MRL

(rrig/kg)

--
20
20
50

a

--

--

--

1

-

--

Mote: - - not applicable
COD - chemical oxygen demand
EPA - U.S. Environmental Protection Agency
MDL - method detection limit
MRL - method repenting limit

a Limit depends on amount of sample used in analysis.
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r-
en

CD
CO

},Front Royal\Projed Documents\Tables\FMC SAPtbls.xls A-15 6/13/OD 12:49 AM



Attachment A-l

Health and Safety Fllan
Addendum

A R 3 0 I 9 7 6



Health and Safelty Plan Addendum
to the

Site-Wide Health and Safelty Flan for the Avtex Fibers
Superfund Site, Front Royal, Virginia

Introduction

This document is a health and safety plan (HASP) addendum to the site-wide HASP for
the Avtex Fibers Superfund Site (Site), Front Royal, Virginia, dated September 1999.
The Site-Wide HASP was prepared by FMC Corporation and presents site information,
including the location, contacts, background., scope of work, site visitor requirements,
chemical and physical hazards, medical surveillance requirements, site and emergency
control, work zones,, personal protective equipment, air monitoring, decontamination
procedures, and general safety and emergency procedures, Site workers w i l l be required
to conform to the requirements of the Site-Wide HASP and the additional task-specif ic
requirements contained in this addendum,,

This addendum was prepared to address health and safety issues for field work outlined
in the Exponent Field Sampling arid Analysis Plan (FSAP), to which t h i s , HASP is
appended. The following field activities are covered by this addendum:

• Monitoring well installation in overburden (hollow-stern auger
drilling) and bedrock (reverse-circulation air-rotary drilling)

« Groundwater sampling down gradient of the plant area using a
Geoprobe® rig

• Site-wide groundwater sampling arid collection of water level
measurements

• Wellpoint installation arid pore-water sampling; and collection of solid
samples within viscose basins 9, 10, and 11 using a hollow-stern auger
drill rig

<• Hydrological testing (single-well pump tests and infiUrometcr tests) at
viscose basins 9, 10, arid 11.

Task Hazard Analysis

The chemical hazards present at the site were evaluated, using data from 1994. A list of
chemical hazards and permissible exposure limits is presented in Table 1, along with the
range of concentrations observed in groundwater, viscose basin pore water, and viscose

1 fl O O ("I ( ("i "T T
/tooMwVfa.'&Te;roups/'proc!iictian&8SOC'e20.002 '" - ' - • ' / '
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waste material. Chemicals that will be used onsite to decontaminate equipment and
preserve samples are listed in Table 1.

The significant chemical hazards present (inhalation and skin/eye contact) are carbon
disulfide, acetone, methylene chloride, and hydrogen sulfide. Other chemicals that pose a
hazard for incidental ingestion include bis(2-ethylhexyl) phthalate, polychJorimated
biphenyls (RGBs; plant area only),, metals, and cyanide. The risk of chemical exposures
for workers performing field activities within viscose basins 9, 10, arid 11 is greater than
for those performing work outside the basins, due to the potential for prolonged contact
with the waste viscose, For this reason, requirements for use of personal protective
equipment (PPB) are different for workers in the basins and those outside the basins. The
procedures that will be used to minimize physical hazards are presented in the following
sections,

Potential physical hazards of site activities include heat stress, slips within the viscose
basins, soft ground properties within the viscose basins, arid hazards associated with
working around a drill rig and Geoprobe" rig.

He EI I 111 arid Safety Personnel Responsibilities

The site safety officer (SSO) or the SSO's assistant is responsible for frequently
observing drilling operations for compliance with all health arid safety procedures. The
SSO or assistant will also survey all dri l l ing locations prior to the start of drilling to
ensure that the drilling can be conducted safely. The SSO or assistant shall ensure that
field activities are performed in accordance with the HSAP, and shall alert the
appropriate site personnel in the event of an emergency. The SSO or assistant shall
conduct a field safety meeting prior to or at the end of each day's field work to
communicate and address safety concerns.

The task-specific field team leaders (FTL) will be responsible for ensuring that workers
under their direction conform to the health and. safety procedures contained in this
document. The FTL is responsible for conducting and recording the results of all air
monitoring for site chemical hazards. Monitoring shall be conducted at the start of each
day, when ;a new borehole is started, or when a new groundwaler well Is sampled. Air
monitoring shall be conducted at a frequency that ensures an appropriate level of personal
protection.

Site Communication::.

The SSO and FTLs will have two-way radios or cell phones available on site. If two-way
radios are used, radio checks initiated by the SSO will be performed at the beginning of
each day and periodically throughout the day. Radio checks wi l l be documented, in the
SSO's site logbook.

UOIFrontRo'/al/HASPadcteFKlufJi/'FMGHSPaddenduFn j\ |H( ,j (J [ *j| / H'



Work Zones

Exclusion zones will be established with stakes, flagging, and/or cones so that a 10-foot
perimeter is created around all sampling activities. In the viscose basins, a barrier may be
placed on the access roads leading to the work area. A contamination reduction zone will
be marked with stakes, flagging, and/or cones, and wi l l be placed immediately adjacent to
the exclusion zone. The support zone wi l l consist of all areas outside the exclusion and
contaminate reduction zone.

Heal: Stress

PPE requirements for this field investigation and the likelihood that the sampling will
occur in the summer makes heat stress a significant physical: hazard for all field activities.
Heat stress wi l l be monitored using the employee's heart rate arid body temperature,
following the procedures in SOP 420 (attached). In an effort to prevent heal; stress, shade
tarps wi l l be used where feasible to sh ie ld workers from the sun.. If needed, cool vests
may be used underneath PPE coveralls.

An important: factor in preventing heat, stress is ensuring that workers are drinking
enough water to replenish body fluids lost through sweating. Too ensure that employees
working within the exclusion zone can drink water without risking contact with
contaminants, a cooler will be provided containing small volume single-use water
containers. The single-use water bottles can be accessed after workers remove their
contaminated gloves and don clean latex gloves. After removing a bottle from the cooler,
the bottle should be consumed in its entirety arid discarded. All partially consumed water
bottles wi l l be discarded and should not be placed back into the water cooler.

Personal Protective Equipment

The following section presents task-specific PPE that will be used; in addition to the
equipment specified in the Site-Wide HASP (Section 7).

Personal Protective Clothing

The modified level D and level C equipment lists for all field activities, excluding sample
handling arid decontamination, will include rubber safety-toed boots, polyethylene-coated
Tyvek® QC coveralls (hooded), arid outer Protector™ nitrile/natural rubber gloves, with
inner latex gloves. Drillers will 'wear outer work gloves (to be disposed of at the end of
drilling) over outer nitrile gloves (6 mil) with inner latex gloves, All employees working
within viscose basins 9, 10, and 11 will wear 4H" booties, inside their rubber safety-toed
boots. All wrist and ankle joints will be sealed and secured with duct tape.

Onsite personnel who will be handling samples ( including staff recording information
into logbooks) and performing onsite decontamination wil l use the equipment described

//boulder l/tiata''graui)s/f)i'iaducticn&'86QOa20-002 / J R 3 0 I 9 7 9



above, with the exception of the gloves. Personnel handling samples will use outer nitrile
gloves (6 mil) with inner latex gloves. Staff involved in decontamination activities will
use North SilverShield*1 gloves.

Respiratory Protection

Modified level D protective equipment is expected to be used for all sampling activities,
Air monitoring will be performed, and if it is necessary to upgrade to Level C, full-face
air-purifying respirators will be available for each employee. The full-face respirators
will be equipped with organic vapor/acid gas/P95 particulate filter cartridges. Upon.
finalization of the project schedule and selection of the project field team, a memo will be
attached to this addendum outlining the specific respirator models and. cartridges that will
be used during the field activities,. The memo will also provide specific change schedules
for all cartridges,,

Level B work is riot expected nor covered by this HASP addendum. If air monitoring
indicates that Level B work is needed, and engineering controls (i.e., fans) are not
effective in reducing concentrations to Modified D or C action levels, then the area wi l l
be vacated and an alternative plan will be developed to safely complete the work activity.

Personal Aiir Monitoring

The following items will be used to monitor chemical exposure onsite. Action levels for
site activities are presented in the following section.

Items used to monitor chemical exposure onsite

Site Chemicals Monitoring Instrument

Carbon disullide, Photovac MioroTip HL-2000 (10.6 ev lamp) photo ionization
acetone, and minor detector (PID) calibrated to 100 ppm isobutylene gas and
organic corn pounds programmed to a response factor (RF) of 1.4 (car Don
present onsite disulfide). Mote: acetone RF = 1.2, hydrogen sulfide F1F = 3.7

Hydrogen sulfide and Industrial Scientific Corporation ATX612 multi-gas monitor
combustible gases (02, lower explosive limit or LEL, H2S, CO)

Total dust (assumed to MIE miniram
be equal to total
respirable dust for this
project); BEHP, PCBs
arid metals present in
dust

Hydrogen sulfide and Sensidyne® gas sampling system with chemical-specific
methylene chloride detector tubes

Carbon disulfide Drager pump and detector tubes
Carbon disulfide and Chroma ir™ color metric badges (8-hr TW A concentrations)

en sulfide
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Action Levels

The following section presents action levels that will be used onsite to guide the selection
of PPE levels,, The photoionization detector (PUD), multi-gas meter, arid MIE minirarn
will be used for the initial determination of airborne chemicals, Depending on the results
of this screen, other sampling methods may be required to select the appropriate level of
PPE. All workers wil l be outfitted in i t ia l ly with modified level D apparel. Exceedances
of action levels will cause employees to upgrade to level C or to vacate the work area.
The action levels are summarized in the following table, along with procedures lo address
action-level e*ceedances. The action level for respirable dust has been lowered to
4 mg/m3 (OSHA PEL = 5 mg/m3), because this is the concentration of dust in air where
lead concentrations would exceed the PEL for lead, assuming that concentrations in
waste viscose would be similar to concentrations in dust generated from the waste
viscose.

D r i l l i n g Operations

The onsite drill team leader shall visually inspect all drill rigs at the start of the day to
ensure that equipment is in good working condition, If repairs are needed,, they will be
performed prior to restarting the drilling program, All drill rigs shall be equipped with a
Class ABC fire extinguisher., and field staff shall be aware of the fire danger that the field
equipment poses to vegetation. Utility clearances wil l be performed for all drill holes
prior to the start of the field investigation. Drill rigs and. field sampling act ivi t ies shal l be
situated such that the borehole is located downwind of all staff. This will minimize the
potential for chemical exposure and will direct volatile?, and gases away from workers.

In an event of a drill rig collapse,, the drill rig operator wi l l shut down the drill rig (if it
can be performed safely) and the field staff will contact the SSO, The SSO wil l inform
the site manager and ini t ia te emergency response procedures., if required.

When drilling in the viscose basins, plywood or some other type of material may be
needed under the tires of the drill rig to keep the rig from sinking. If this is required, the
rig shall be placed in park while boards are maneuvered in front of it. The rig shall
remain in park until the operator can visually account for all field staff, who wi l l
assemble on the driver's side of the rig.

14Q1Frwif>oyab'HASPfi(fd9nc!iiir:/f:MCHSP « R 3 0 I 9 8



Action loyeliSi to guide the sttloctiioin of PPE [eve Is

Monitoring Compound Action Level
Instrument

Response

ti-gas meter
(set alarm at 10
PPITl)

Multi-gas meter
(set alarm at 10%
of LEL)

Hydrogen
sulfide

>1 0 pplTI

ti-gas meter
(set alarm at 10%
of LIEIL)

Combustible 10%-20%of LEL
gas (applicable
to drilling only)

Combustible >20% of LEL
gas (applicable
to drilling only)

MIE miniram

MIE miniram

PID

Dust

Dust

Carbon
d is LI If i de

>4 mg/mc

5:400 mgMV

>10 ppm

Draegertubes

Sensidyne® lubes

Chromair™
colorimetric badge

Carbon
disulfide
Methylene
chloride
Carbon
disulfide

Chromair™ Hydrogen
colorimetric badge sulfide

>60 ppm

>25 pprn

>10ppm
concentration
<8 hours

>10 ppm
concentration
<8 hours

Leave area (go upwind) arid
attempt to ventilate work area, (f
still greater than 10 pprn, then
leave work area arid contact site
safety officer.

Use non-sparking tools and
continue lo monitor.

Shut down drill rig and leave area
(go upwind). Attempt to ventilate
the work area. If concentrations
do not dissipate, slay clear of the
work area and contact the SSO.

Upgrade to Level C.

Leave site and contact SSO.

Use a detector tube to determine
the concentration of methyl me
chloride and carbon disulfide. If
carbon disulfide is between
10 ppm and GO ppm arid
methyfene chloride is less than
25 ppm, then upgrade to Level C
and continue working.
Leave site and contact the SSO.

Leave site and contact the SSO.,

Upgrade to level C for the
remainder of the task work activity.

Leave site for the day and contact
the SSO.

6
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Standard Operating Procedure

sat Stress Prevention And Monitoring
SOP 420

Introduction

Heat stress poses a serious threat to the health of workers conducting hazardous material
or chemical, investigations at industrial and other facilities. This threat is increased for
workers wearing chemical protective clothing or personal protective equipment (PPE)
because the impermeable clothing does not allow sweat to evaporate arid cool the body,
Depending on ambient conditions., the work being performed, and. other factors, heal:
stress may affect workers, at temperatures as low as 70C'F (adjusted for humidity and.
sunlight; see Monitoring for Heat Strew, below) arid can occur rapidly, wi th workers
suffering acute symptoms in less than 15 minutes. Even relatively minor symptoms of
heat stress can result in impaired functional ability, threatening the safely of the worker
and his or her companions. Thus, heal: stress can present as great a health risk to workers
as chemical hazards or traditional physical hazards such as falling objects and. confined
spaces. This SOP presents information on heat-related illnesses, factors that influence
heat stress, monitoring for heat stress, and heat stress prevention.

Heat-ReIated 11II nesses

A common factor in heat-related illnesses is the failure of the worker to recognize the
symptoms of heal: stress. All personnel should become familiar with the symptoms of
heat stress and appropriate first aid precautionary measures.

Table 420-1 provides information on the types of heat-related disorders and procedures
for treating them. Heat stress can result in minor symptoms such as heat rash, heat
cramps, discomfort, and drowsiness. Prolonged heat stress can result in more severe
effects, such as heat exhaustion and heat stroke. Heat rash is a relatively minor form of
early heat stress that results from prolonged contact with wet clothing. Heat rash can be
prevented, by allowing the skin to dry completely during rest periods and by showering as
soon as possible at the end of the work day. Although heat cramps and drowsiness are
generally of minor concern, these symptoms may also result in impaired functional
ability, which in turn may threaten the safety of the individual and coworkers.

Heat cramps, heat syncope, heat exhaustion, arid heat stroke all result from excessive loss
of body fluids and electrolytes. The symptom of heat cramps is spasms in the abdomen or

420-1
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TABLE 420-1. HEAT DISORDERS

Disorder

Heat rash

^ause Treatment

Heat syncope

Heal cramps

Heat exhaustion

Heat stroke

Heavy sweating, drinking
large volumes of water
without replacing salt loss

Lack of acclimatization,
pooling of blood in the
legs
Heavy sweating, drinking
large volumes of water
without replacing salt loss

Sustained exertion in
heat, lack of
acclimatization, failure to
replace water arid/or sail

Sustained exertion in
heat, excessive exposure
to heat, lack of physical
fitness, alcoholism and
drug abuse, dehydration,
cardiovascular disease

Profuse* tiny raised
vesicles, prickly skin

Fainting while standing,
immobile in heat

Painful spasms of
muscles used during
work; cool, moist skin

Fatigue, nausea,,
headache, moist and
clarnrny skin, pale
complexion, delirium,
diarrhea, cramps
Headache; rapid pulse;
dizziness; nausea;
confusion; convulsions;
flushed, dry skire; high
body temperature; loss
of consciousness; coma

Remove from source of
heat; allow skin to dry
completely during rest
periods; shower as soon
as possible after work
day

Remove to cooler area

Provide fluids that
replace salts and protein;
allow 1-3 days of rest,
depending on the
severity of the attack

Remove to cooler area;
provide cool water and
salted fruit or protein
drinks

Call emergency medical
services (often 911)
immediately; place the
worker in a cool, shady
area; remove their
clothing, then sprinkle
their entire body with cool
water; also cool by

: r e ao

limbs. Heat syncope is a pooling of blood in the lower extremities, which may result in
fainting when the worker stands up suddenly or has been immobile. Heat exhaustion,
caused by more: severe dehydration, has the following symptoms: pale, clammy skin;
profuse sweating; weakness; headache; and nausea. Heat stroke (sometimes called
sunstroke) is a life--threatening condition that occurs when the body's; temperature-
regulating system no longer functions properly. Heat stroke requires immediate medical
attention. Symptoms of heat stroke include hot, dry skin; a high fever (often 106°F or
more); dizziness; nausea; rapid pulse; and unconsciousness. Brain damage and. death
may follow if the body temperature is not reduced.

'Workers must learn to recognize that dizziness, nausea., headaches, skin rashes, muscle
cramps, and pale or clammy skin are symptoms of heat stress and act promptly when suf-
fering these symptoms. Workers may not realize the risk they face by ignoring these
symptoms and staying in the work area until overcome by heat stress or suffer other inju-
ries of heat stress-related impairment. Critical factors in the prevention of heat stress

420-2!
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include a proper work regimen and. the intake of adequate replacement fluids and electro-
lytes.

Factors Influencing Heat Stress

Many factors determine an individual's susceptibility to heat stress. Environmental
factors include the ambient temperature, humidity, and presence or absence of cooling
breezes or shade. The nature of the work being performed, including the level of
physical activity, the degree of permeability and the number of layers of protective
clothing, and. the time of day that the work is being performed, affects the level of heat
stress.

Some workers are predisposed towards suffering heat stress. Factors that could increase
;j worker's susceptibility to heat stress, include degree of physical fitness,., lack of
acclimatization, age, dehydration, obesity, alcohol and drug use, infection, sunburn,
diarrhea, and chronic disease.

Workers who have acclimated to working in hot climates or in PPE wi l l be ess likely to
suffer heat stress, Acclimated individuals typically have lower heart rates and body
temperatures than nonacdirnated workers;,. Acclimated workers also sweat sooner and
more profusely than those not acclimated to high temperatures or the use of PPE
(acclimated individuals may sweat more profusely when wearing PPE than
nonacclimated workers,, thus increasing their risk of dehydration). The National Ins t i tu te
of Occupational Safety and Health (NIOSH) recommends a progressive 6-day regimen to
allow a worker to acclimate to work in a hot environment, especially when wearing PPE
(this program begins with 50-percent exposure, then lengthens the staying time by 10
percent each subsequent day), A individual 's capacity to work in hoi environments
generally decreases with age. According to NIOSH, however, an older person in peak
physical condition may have a greater work capacity than a less f i t , younger worker.
Thus, physical fitness is a more significant factor than age when determining an
individual ' s work capacity. Weight is usua l ly a significant factor when determining the
ability of an individual to work in a heated environment because overweight people have
a lower surface area to mass ratio and, thus, can not dissipate heat as well as slimmer
people. Weight is not as significant a factor when wearing PPE, as the impermeable
garments impede the dissipation of body heal, regardless of the individual ' s weight.

Monitoring For Heat Stress

To ensure the safety of workers wearing impermeable or semipermeable encapsulating
PPE, NIOSH recommends tha t heat, stress monitoring be implemented at temperatures
above 70°F, using an "adjusted temperature/' The adjusted temperature is calculated by
determining the ambient temperature (using a standard thermometer,, shielded from heat)
and adding the total of 13 x the percentage of sunshine (complete overcast = 0 percent
sunshine and no cloud cover = 100 percent sunshine). For example, for an ambient
temperature of 80°F and 80 percent sunshine, the adjusted temperature would be 90.4°F

420-3
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(80+[ I3x0.80]=90.4). The effect of heal: stress on the body may be monitored using the
techniques described below. Recommended intervals for physiological monitoring when
wearing permeable or impermeable work clothes are shown in Table 420-2.

TAB LIE. 420-2. SUGGESTED FREQUENCY OF PHYSIOLOGICAL MONITORING
FOR FIT AND ACCLIMATIZED WORKERS"

justed Air Temperature11 __ Noi]pal_\j\[ork^sei7ibje^__ _ _ __JmEe[meable Ensemble

90°F or above After each 45 minutes of work After each 15 minutes of work
(32.2CC)

87.5°-9Q°F After each 60 minules of work After each 30 minules of work
(30.83-32.2°C)

82.5<J-87.5°F After each 90 minutes of work After each 60 minutes of work
(28.1°-30.8CC)

77.5C-82.5°F After each 120 minutes of work After each 90 minutes of work
(25.3°-28.1°C)

72.5°--77.5°F After each 150 minutes of work After each 120 minutes of work

Source: NIOSH (1985).
a For work level of 250 kilocalories/hour (moderate work activity).
b Calculate the: adjusted air temperature {ta ad]) by using this equation: t£t adj °F = ta °F + (13 x
percent sunshine). Measure air temperature (ta) with a. standard, mercury-in-glass thermometer, with
the bulb shielded from radiant heat. Estimate percent sunshine by judging what percent of time the
sun is not covered by clouds that are thick enough to produce a shadow (100 percent sunshine = no
cloud cover arid sharp, distinct shadows; 0 percent sunshine = no shadows).

c A normal work ensemble consists of cotton coveralls or other cotton dothing with long sleeves and
pants.

Heart Rate

To monitor the effect of heat stress on the worker using the heart rate method, the worker
musl measure his or her heart rate over a 30-second period as_sopjLas_£ossible at the
beginning of each rest break. The pulse should be taken at the radial (wrist) artery, not
the carotid (neck) artery. When monitoring heurt rate, the following guidelines apply:

<» If the worker's heart rate does not exceed 110 beats/minute, proceed as
before

420-4
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• If the worker's heart rate exceeds; 110 heats/minute at the beginning of
the rest period, shorten the next work cycle by one-third and keep the
rest period the same

* If the worker's heart rale exceeds 110 beats/minute at the beginning of
the next rest period, shorten the next work cycle by another one-third.

Exponent re com me rids the use of heart rate monitoring as the minimum, heal stress
nionitoring technique.

Body Temperature

To monitor the effect of heat stress on the worker using the body temperature method, the
worker should use a cl inical thermometer (3 minutes under the tongue) or a ear
thermometer at. the end of each work period, but before taking a drink. When monitoring
body temperature, the following guidelines apply:

• If the body temperature does not exceed 99.6°F, no action is needed

• If the body temperature exceeds 99.6°F at the beginning of the rest
period, shorten the next work cycle by one-third and keep the rest
period the same

• If the body temperature exceeds 99.6°F at the beginning of the next
rest period, shorten the following work period by one-third

•• If the body temperature exceeds 100.6°F at the beginning of any rest
period, the worker should not be permuted to wear impermeable
clothing.

Body Wtiter Loss

To monitor the effect of heat stress on workers by measuring body water loss, the
workers must weigh themselves with a scale accurate to wi th in 0.25 Ib at the beginning
and end of each work day, Their weight for the beginning and the end of the work shift
should be taken while '^earing similar clothing or, for greatest accuracy, when nude.
Fluctuations in weight (between the beginning of the shift and end of the shif t) indicate
the gain or loss of body fluids., thus revealing if fluid replenishment has been effective.
Body weight loss in a work, day should not exceed 1.5 percent, of total body weight.
Where such weight losses occur, more attention should be given to fluid replacement
during subsequent work shifts.
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Electronic Monitors

Electronic monitors that constantly monitor a worker's heart rate arid core temperature
have recently been developed., These devices utilize sensors that are held in place on the
worker's chest with an elastic band and are programmed to account for the worker's age
and type of protective clothing. The worker's heart rate and core temperature are
monitored,, and lights illuminate on a small pad (worn on the outside of the PPE) to
indicate one of the following conditions: the worker may continue as before, the worker
has only a limited amount of work time left, or the worker should exit the work area
immediately. These devices also include audible alarms and can be set to download heat
stress data to a printer at the end of a shift.

Other electronic monitors are designed to measure adjusted (ambient) temperatures and
can be programmed to account for the level of worker activity and type of protective
clothing. These devices can calculate stay times (the amount of time the workers in the
area may remain in that area at: the current activity levels) and can also log conditions
encountered,. These devices do not actually monitor the effects of heat stress on the
workers, but may be used to implement heat stress prevention measures.

Beat Stress Prevention

Several means are available to decrease or prevent the effects of heal: stress.

An effective means of preventing heat stress is to schedule work in the cool parts of
day—-early mornings, evenings, or at night,, if the heal: source is mechanical (e.g., caused,
by a power plant or production equipment), it may be possible to schedule the 'work
during hours when the facility is inoperative.

Engineering methods may be used to cool workers regardless of the time of day. These
methods frequently involve the use of cool vests (ice packs worn under PPE in a special
vest), circulating air (often associated with powered air-purifying respirators that utilize
hoods rather than sealed facepieces), or in extreme cases, circulating liquids through
specially designed suits, Other engineering controls to prevent, heat stress include
erecting a shelter to protect 'workers from direct sunlight or the circulation of air through
the work place,, In some instances.., deluge showers, can be constructed within the
exclusion zone or in the decontamination area that allow workers wearing fully
encapsulating PPE to stand under a shower of cold water. The deluge shower is an
efficient means of providing relief to the worker without requiring the worker to proceed
through decontamination arid exit from the work area,

A critical element in an effective heat stress prevention program is to ensure that workers
maintain a normal level of fluids within their bodies. To prevent heat-related illness, the
worker's intake of fluids must approximate the amount of fluid lost (e.g., the worker must
drink 8 oz of water for every 8 oz decrease in body weight). T]ie_jejTsajipji_oljWT^tjsjiot
ajejiableJrjdicjtpxofJlujoUoss._When heavy sweating occurs, it is essential that workers
increase their fluid intake, The following guidelines may be useful;

420-6
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* Provide fluid replenishment beverages at the work site, cooled to
50-60°F (appropriate beverages include water and diluted fruit juices
or Gatorade®)

* Have workers drink 16 oz of fluid prior to working in a hot environ-
ment

* Encourage workers to drink 8-16 oz of liquids every 15-20 minutes,
or at each rest break, NIOSH recommends that workers consume a
total of 1-1.5 gal of fluids/day, although a greater quanti ty may be
required.

Scheduling rest periods to break up work periods is essential to prevent heat-related
illnesses. It is difficult to establish a rigid schedule that spells out the staying time and
rest breaks based on temperature alone because other factors, such as the level of physical
activity and the type of protective equipment, play a significant role in determining an
individual ' s susceptibility to heat stress. The recommended course of action is to use the
guidelines for physiological monitoring provided in Table 420-2 to schedule the ini t ia l
work period, then vary the length of the break arid the next work period based on the
physiological, responses of individual workers to the work load. If the workers are
engaged in strenuous act ivi t ies , are not acclimated to the work environment, or are not in
peak physical condition, the work interval should be shortened s igni f icant ly , and
monitoring continued.

Individual Responsibilities

In preventing heat stress, it is essential that the individual monitor his or her own
symptoms and promptly take steps to remedy any signs of heat stress, Such steps include
notifying coworkers of his. or her condition and taking whatever measures may be
necessary to a l l ev ia te the symptoms by taking a break, increasing the intake of fluids,
instituting environmental controls (such as the use of cool vests or circulating air),
assuming less strenuous duties,, or implementing appropriate first-aid procedures as
indicated, in Table 420-1. No field monitoring program can substitute for the individual 's
sense of their own health and physical limits.

Reference

NIOSH. 1985. Occupational safety arid health guidance manual for hazardous waste site
activities. Prepared by the National Inst i tute for Occupational Safety and Health,
Occupational Safety and Health Administration, U.S. Coast Guard,, and U.S.
Environmental Protection Agency. U.S. Department of Human and Health Services,
Public Health Service, Public Health Service, Centers for Disease Control, National
Institute for Occupational Safety arid Health, Washington, DC.
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3*ponent"
Heat Stress Monitoring Record:

Project Title/Number _________________________________

Site Name/Location ________________________________..__

Time Work Started ___________________ In i t i a l Temperature .___

Adjusted temperature at hour: [= Ambient air temp + (13 x % sunshine')|
% sunshine = estimate b.as.ed on: 100% = no cloud cover, distinct shadows; 0% := no shadows

1. Time of break
2. Heart ran/body temperature
3. i.e., break lengthened, cool vests worn, etc.

Data collected by _________________
Print name Signature

Monitoring GuiclHimes

1. Head: rate-monitor the radial pulse (v/rist) as. soon as possible at i.he beginning of the test period.

If I he rale exceeds I 10 beats per rn inule , shorten I he next work cycle by one-(bird and keep the rest period the
same.

If the head, rate s t i l l exceeds 1 10 heals per minute at the next rest period, shorten (he following \vork one-third.

2. Body temperature-use a clinical thermometer for 3 minutes under the tongue 1.0 measure oral
temperature or an car thermometer immedia te ly fol lowing the work period (before d r i n k i n g ) .

If the temperature exceeds 99.6° F (37.6° C), shorten ihe next work cycle by one-third wi thout changing (.he rest
period.

[f oral temperature s t i l l exceeds 99.6° F (37.6° C), at the beginning of the next rest period, shorten ihe following,
work cycle by one-third.

If the temperature exceeds 100.6° F (38. l°C), do not permit the worker to wear an impermeable garment

A R 3 0 I 9 9 6
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Example Borehole Log and
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FIELD BOREHOLE LOG REPORT Exponent
Sltw/Lc

Location Skatdi
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MONITORING WELL
CONSTRUCTION DIAGRAM

Exponent"

Project Name ________________________. Contract No._______________

Well Locaition _______„__________________. Monitoring Well No. .____. Etoning Mo. ._

Installed By.____________. Observed By ______. Installation: Date _____. Mm& .........

Method of Installation ._„____„_._„-„——_______________ Total Depth (ft) .„„...„.„.„„„„................

Screened Interval.________. Completion Zone - Aquifer .________________________

Me-i»i_remeri1 Fiber
(jiboveytujlcw) Ground

(fl:, MSI.)

ID/Type of !iinf£K?3 Casing
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—
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....
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«>- ——— Depth of Seal (ft)

-— — — Depth rflbp of Filler Pee* (ft)
———— FJerptlti of Top of SWreen (fl:)

ICliTyina cif Elcneen
Screen Slot Size
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Designation: D 3385 - 94

Standard Test .Method for
Infiltration Rale olf Soils in Field Using
lnfiltrometerf

Tim standard is issued under the fixed designation D 3385; the numbci iimmediately following the donation indicates, the year of
ordinal adoption or, in ihc case of rt:vi.s,iam, the year of last revision. A number in ixmcnlhi:;^ indicant's [he year of toil reapprovaf. A
superscript cpttloii (0 indicates, an editorial change since the las.t revision en reapproval.

This stomiard has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for She specific year of issue whicft has been adopted by the Depanmem of Defense.

jj.'Scop*
1.1 This 'test method describes .a. procedure for field

measurement of the rate of infiltration of liquid (typically
wtter) into soils using double-ring infiltrometer.

1.2 SoiJs should to: regarded as natural occurring fine or
coarse-grained soils or processed materials or mixtures of
natural soils and processed! materials, or other porous
materials, *md which are basically insoluble and are in
accordance with requirements of 1.5.

1..3 This test method is particularly applicable to relatively
uniform fine-grained soils, with an absence of very plastic
(fai) days and gravel-size particles and with moderate to low
resistance to ring penetration.

1.4 This test method may be conducted at the ground
surface or at given depths in pi is, and. on bare soil or with
vegetation Ifl. place, depending on the: conditions for which
moltiation rates are desired. However, this test method
cannot be conducted when: the test surface is beilow the

miind water table: cur perched! water table.
1.5 This itesil: method! is difficult to use or the resultant

data may be unreliable., or both, in very pervious; or
impervious soils (soils with a hydraulic conductivity greater
than about I0~2 cm/s or less than about 1 x I0""s cm/s) or in
dry or stiff soils that most likely will fracture when the ring;;
arc installed. For soils with, hydraulic conductivity less than 1
x HT6 cm/s refer to Test Method D 5093.

1.6 This test method cannot be used directly to determine
tfcc hydraulic conductivity (coefficient of permeability) of the
soil (see 5.2).

I ..7 The values stated in SI units are to be regarded as the
standard.

This .standard does no: purport to address ait of the
concerns,, if any, associated with its use. ft is the

'expansibility of (he user of this standard to establish appro-
bate safely and health practices and determine the applica-
bility of regulatory limitations prior to use.

*• Referenced Documents
2-l ASTM Standards:

_
"

si method is under the jurisdiction of ASTM Committee 1CMIS <on Soil!
k and ij the direct responsibility of Subcommittee- I>1H,04 on Hlvdrolofsic
e» of Soil MM! Rock.

,'-*n*iu edition approved Sept. 15, ,I9W. Published November 1994. Originally
•to as D J3SJ _ Tj, Last previous edition D 3385 -- 88.

D653 Terminology Relating to Soil, Rock, and Contained
Fluids2

D 1452 Practice for Soil Investigation and! Sampling by
Auger Borings2

D2216 Method far Laboratory Determination of Water
(Moisture) Content of Soil, Flock, and Soil-Aggregate
Mixtures2

D2488 Practice for Description arid Identification of Soils
(Visual-Manual Procedure)2

D5093 Test Method for Field Measurement of Infiltration
Rate Using; a Double-Ring Infiltrometer With a Sealed
Inner Ring3

3..1 Definitions:
3..1.1! incremental infUtrali&n velocity— ihe quantity of

How per unit area over an increment of time. It has the: same
units as the infiltration rate.

3.1.2 infiltration— i\\t downward entry of liquid into the:
soil.

3.1.3 infiltration rate—a selected rale, based on measured
incremental infiltration velocities,, at which liquid can enter
the soil under specified conditions, including the presence of
an excess of liquid. It has the dimensions of velocity (that is,
cm3cm~2 h"1 «* cm h"1).

3.1.4 infiltrometer—^ device for measuring the rate of
entry of liquid into a porous body,, for example, water into
soil.

3.1.5 For definitions of other terms used in this test
method,, refer to Terminology D653.

4. Sunnmsury of Test Method
4. 1 The double-nog infiltromeiter method consists, of

driving two open cylinders., one inside the other, into the
ground, partially filling the rings vvith water or other liquid,
arid then maintaining the liquid ait a constant level. The
volume of liquid added to the inner ring,, to maintain the
liquid level constant i<; the measure of the volume of liquid
thai infiltrates the soil. The volume infiltrated during timed
intervals is converted to an incremental inf i l t ra t ion velocity,
usually expressed in centimetre per ho>ur or inch per hour
and plotted versus elapsed time. The maximum-steady stale
or average incremental! infiltration velocity, depending; on
the purpose/application of the test is equivalent to the
infiltration rate.

Annual Book of ASTM Standards, Vo\ 04.0*1.

3.31
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1=1(5. 1 InlfirtroiTielor Construction

5. Significance and Use
'i.l This test method is useful for field measurement of the

infiltration rate of soils. Infiltration rates have application to
such studies as liquid waste disposal, evaluation of potential
septic-tank disposal fields;, levelling Bind drainage efficiencies,
iinigation requirements,. witeir spreading and recharge, and
canal or reservoir leakage, among other applications.

5.2 Although ttie units of iiufiyitralion irate and hydraulic
conductivity of soils are similar, there is; a distinct difference
between these two quantities. They cannot be: directly relabel
unless the; hydraulic boundary conditions an: known, !iiun;h as
hydraulic gradient and the extent of lateral flow of water, or
can be: reliably estimated.

5.3 The purpose of the: outer ring is to promote one-
dimensional,, vertical flow beneath the: inner ring.

5.4 Many factors affect the infiltration rate, for example
the: soiJ structure, sioil layering, condition of the soil surface,
degree of saturation of the: soil, chemical smd physical nature
of the: soil and of the applied liquid, head of the applied
liquid, temperature of the liquid, arid diameter and depth of
embedment of rings.3 Thus, tests made at the same site are
not likely to give identical results and the rate measured by
the lest method described in this standard is primarily for
comparative us«.

:5.-> Some aspects of the test, such as the length of time the
tests; should be conducted and the head of liquid l:o be
applied,, must depend upon the experience of the: user, the:
purpose: for testing, and the kind of information that is
sought.

6. Apparatus
6. 1 Infiltrometer Rings— Cylinders approximately 500

JPiscu!aiioii of factors affecting, inlillrsilicii rate is con tain «J :iu the faJlowng
reference: Johnson, A. I, A Field Method for Measurement ojf Infill rai ion, U.S.
OolQgicil Survey Water-Supply Paper 1544-F, 1963, pp. 4-9.

mm (2i) in.) high and. having diameters of about 300 and 1551
mm (12 arid 24 in.). Larger cylinders may t« used, provide,
the iraiio of the outer to inner cylinders is; about tm
Cylinders; can be made of 3-mm (Mr-in,),, hard-alloy, afe
mirtum sheet or other material sufficiently strong to w^
stand hard driving, with the bottom edge bevelled (se«
1), The bevelled edges shall be kept .sharp, Stainless ste^
strong plastic rings; may have: to Ibe used when working win
corrosive fluids.

6,7 Driving Caps—-Disks of 13-ram (W-in.) thick hint
alloy aluminum with centering pins around the: edge, o,
preferably having a recessed groove about .5 mm (0.2 in.)
deep with a width about 1 mm (0.05 in.) wider than U(
thickness of tlae ling. The diameters of the disks should l<
slightiy la;r;g;cr than those: of the mfiltroinetcr rings.

(5.3 Driving Equipment—-A S.5-kg (12-lb) mall or !>Ied#
and, a 600 or 900-mm (2 cur 3-ft) length of wood appro^
mately 50 by 100 mm or 100 by 100 mm (2 by 4 in. o r 4 b j
4 in.), or a jack and reaction of suitable size.

6.4 Depth Gage—-A hook gage, steel tape cur rule, or lengfli
of steel or plastic rod pointed on one: end, for use: tii
measuring and controlling the depth of liquid (head) in tli?
infiltrometer ring, when either a graduated Mariotte tube a
automatic flow control system is not used.

6.5 Splash Guard--Several pieces of rubber sheet a
burlap 130 mm (6 in.) square.

6.6 Rule or Tape—Two-metre (6-ft) steel tape or 300-ma
( l - f l ) steel rule.

(5.7 Tamp—Any device: that is basically rigid, has a. baulk
not lew than 550 mm (22 in.) in length, and has a tampiq
foot with an .area ranging from 650 to 4000 mm2 (1 to 6 iin.*|
and a maximum dimension of 1.50 mm (6 in.). ' ' ' '

6.8 Shovels—One long-handled shovel! and one trench1"
spade,.

6.9 Liquid Containers:
6.9.1 One: 200-L (55-gal) barrel for the main liquid

supply, along with a length of rubber hose to siphon liquid
from the barrel to fill the calibrated head tank;; (see 6.9.3).

6.9.2 A I3-L (12-qt) pail For initial filling of the
infiltrometers.

6.9.3' Two calibrated head tanks for measurement of
liquid flow during the test. These: may be either graduated
cylinders or Mariotte tubes having a mini mum voiluim:
capacity of about .3000 rnL (see Notes 11 arid 2 and Fig. 2).

Noil- 1-—111 is useful to have one head lank with a capacity of itbiw
time;, that ofihe other because the areai of1he annular space between tin
rin^> is about three times that of the inner ting.

NOTE 2— In many aises, the volume: capacity of these calibrated head
units must be significantly larger ulian 3000 ml,, especially if the tesi IKB
to coDitinue overnight, Capacities ofabouil .50 L. (13 |jaJ) would not I*
uncommon!.

6.10 Liquid Supply—Wn\trt or preferably, liquid of the.
same quality and temperature as; that involved in the
problem being examined. The liquid used must be chemi-
cally compatible with the infiltrometer rings and other
equipment used to contain the liquid.

NOTE 3--To obiuiiin maximum Infiltration rate*, the liqiuid should 1>:

irtt fmm su:>|pe'ndbJ soltids and! Uic tcmptrrature of Ihc Liquid should I*
higher iJiari the isoil ti^rnipenituit:, 'Iliis will! tend to avoid î dludioi) ^
in III [ration from blockage of voids by particles or gases conning out of
SOltltiiODl. te
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NOTE—-Coiistanl-l«vel float valves; have been EdiiriinzilwJ to- slrnplHicatton of the' illustration
FIO. :? Fling InsUi Illation and Ma Hollo Tube Details,

6.11 Watch, or Stopwatch—-A stopwatch would only be
required for high in fill ration rates.

6.12 Level—A, carpenter's level or bull's-eye (round) level.
6.13 Thermometer—With accuracy of 0.5"C and capable

of measuring; ground temperature:.
6.14 Rubber Hammer {made!.)..
6.15 pH Paper, in 0,5 increments.
6.16 Recording Materials—Record books and graph

paper, or special forms with graph section (sec Fig. 3 and Fig,.
4).

6.117 Hand Auger—-Orchard-type (band-type) auger with
7.5-mei (3-in.) dianieter,, 225-mm (9-iin.) long barrel and a
rubber-headed lire hammer for knocking; sample out of the
auger. Tfciiis apparatus is optional.

6.18 Float Valves—-Two constant level float valves (car-
bjretors or bob-float types) with support stands. This appa-
ratus is optional.

6.19 Covers and Dummy Tests Set-Up—Tor long-term
tests, in which evaporation of fluid from the infil tration rings;
and unsealed reservoirs can occur (see 8.2.1).

"'•• Calibration
7-1 Rings:
7 - 1 . 1 Determine the area of each ring; arid the annular

space between rings before ini t ial use and before reuse alter
anything has occurred, including repairs, which may affect
the test results significantly.

7.1.2 Determine the area using a measuring technique
*hat will provide an overall accuracy of I %.

'•'.3 The area of the annular space between rings; is equal
l° the internal area of the 600-mini (24-in.) ring minus; the
Eternal area of the 300-rnrri (12-in.) ring.

7.2 Liquid Containers—For each jgraduated cytirider or
graduated Mariotte tube, establish the relations hip between
the change irt elevation of liquid (fluid) level and change in
volume of Ifluld. This relationship shall have an overall
accuracy of 1 %.

8. Procedure
8.1 Test Site:
8.1.1 Establish the soil strata to be tested from the soil

profile determined by the classification of soil samples from
an adjacent auger hole.

NOTE 4—For the test results t« be valid! for soils Mow the lost: zone,
the soil directly below the lest zone rriusl have equal or greater flow rales
than the test zone..

8.1.2 The test requires an area of approximately 3 by 3 rn
(10 by 10 ft) accessible by a truck.

8.1.3 The test site should be nearly level, or a level surface
should be prepared,

8.1.4 The lest may be set up in a pit if infiltration rates are
desired at depth rather than at the surface.

8.. 2 Tech n ica I Preca n t ions:
8.2.1 For long-term tests, avoid unattended sites where

interference with lest equipment is possible, such as sites
near children or in pastures with livestock. Also,, evaporation
of fluid from the rings and unsealed reservoirs can lead to
errors in the measured infiltration rate. Therefore, in such
tests., completely cover the top of the rings and unsealed
reservoirs with a relatively airtight material, but vented to the
atmosphere through a small hole or tube. In addition,, make
measurements, to verify that the rate of evaporation in a
similar test configuration (without any infiltration into the

333
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soil) is less than 20 % of the infiltration rate being measured.
8.2.2 Make provisions to protect the lest apparatus arid

fluid from direct sunlight and. temperature variations that are:
laj-ge enough to affect the slow measurements significantly.,
especially for test durations, greater than a few hours or those
using a Mariotte tube. The expansion or contraction of the
air in the Maiiotte tube: above the water due to temperature
changes may cause changes in the rate of flow of the liquid
from the lube which will result in a f luctuating water level in
the inliltrometeir rings.

8.3 Driving Infiltration Rings with a Sledge:
NOTE !>—Driving rings with a jack is preferred; sec: 8.4.

8.3., I Place the driving cap on the outer ring arid center it
thereon. Place the wood black (see 6.3) on the driving cap.

8.3.2 Drive the outer ring into the soil with blows of a
heavy sledge on the wood Mock to a depth that will (a)
prevent the test fluid from leaking to the ground surface
surrounding the: ring, and (b) be deeper than the depth to
which the inner ring wiJ] be driven, A depth of about 150
mm (6 in.) is, usually adequate. Use blows of medium force
to prevent fracturing of the soil surface. Move the wood

Teitl

'block around the edge of the: driving cap every one or1 two
blows so that the ring will penetrate the soil uniformly. A
second person standing on the wood block acid driving caip I dwlc
will usually facilitate driving the ring, and reduce vibrations I 8.4..
and disturbance. U|ldl(* o

8.3.3 Center the smaller ring inside the larger ring and I 8.5
drive to a depth that will prevent leakage of the test fluid to 8.5.
the ground surface surrounding the ring., using the same ncig(s)
technique aw in 8.3.2,. A depth of between about 50 and 100 wcessi
mm (2 and 4 in.) is usually adequate. technit

8.4 Driving Infiltration Rings with Jacks: 8.5.:
8.4.1 Use a heavy jack under the back end of a truck to nng(s)

drive rings as an alternative to the sledge method (see 8.3). adjacei
8.4.2 Center the wood block across the driving cap of the soil LS ;

ring. Center a jack on the: wood block. Place the top of the 8.6
jack and the assembled items vertically under the previously 8.6.1
positioned end of a truck body and apply force to the ring by stant h
means of the jack and truck reaction. Also, tamp near the space I1

edges or near the center of the ring with the rubber mallet, as liquid,
slight lumping arid vibration;; will reduice hang-ups acid Mariot
tilting of the ring,

8.4.3 Add additional weight to ithe truck if needed

A R 3 0 2 0 0 if
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develop sufficient force to drive the ring.
S.4..4 Check the rings with the level, correcting the alti-

tude of the ring;; to be vertical, as needed.
8.3 Tamping Disturbed Soil:
8.5.1 If the surface of the soil surrounding the wall of the

riing(s) is excessively disturbed (signs of extensive cracking,
excessive heave, and the Hike), reset the ring(s) using a
technique that will minimize such disturbance.

8.5.2 If the surface of the soil sunrounding the wall of the
ring(s) is, only slightly disturbed, tamp (he disturbed soil
adjacent to the inside and outside wall; of the ririg(s) until the
soil is as, firm as it was prior to disturbance.

8.6 Maintaining Liquid Level:
8.6.1 Then: are basically three ways to rnaJnUm a con-

stant head (liquid! level) within the inner ring and annular
spaa; between the two rings: manually controlling the flow of
liquid, the use of constant-level float, valves., or the use of a
Maiiotle tube.

8.6.2 When manually controlling the flow of liquid., a
iepith gage is required to assist the investigator visually in

maintaining a constant head. Use a, depth gage such -as a steel
tape or rule for soils having a relatively high permeability; for
soils having a relatively low permeability use a hook gage or
simple point gage.,

8.6.3 Install the depth gages, constant-level valves, or
Mariolte tubes, as shown in Fig. 2, and :in such a manner that
the reference head will be at least 25 mm (1 in.) and not
greater than 150 mm (6 in.). Select the head on the basis, of
the permeability of the soil, the higher heads being required
for lower permeability soils, Locate the depth gages; near the
center of the center ring and. midway 'between the two rings;.

8.6.4 Cover the soil surface within the center ring and
between, the two rings 'with splash guards (I50-mm (6-in.)
square pieces; of burlap or rubber sheet) to prevent erosion of
the .soil when the initial liquid supply is poured into the
rings.

8.6.5 Use a pail to fil.1 both rings with illiquid to the same
desired depth in each ring. Do not record this initial volume
of Liquid. Remove the splash guards.

8.6.6 Start flow of fluid from the graduated cylinders or
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Mariotte: tubes. As soon as the fluid level becomes basically
constant, determine: the fluid depth in the inner ring and in
the annular space to the nearest 2 nun (Vie In.) using % ruler
or1 tape measure. Record these: depths. If the depths between
the inner ring and annular space varies more than 3 mm (Vi
in.), raise: the depth gage, constant-level float valve, or
Mariotte lube having the shallowest depth,

.8.6.7 Maintain the liquid .level ait the selected head in both
the inner ring and annular space between rings as near us
possible throughout the test, to prevent flow of fluid from
one ring to the other.

Norn 6—- 'This mew Jiicely will require dlhcr a continuing adjust-
ment of the flow control valve on, the graduated cylinder, or iJie its: of
constant-level float valves. A rapid change in Ecmpeniitureimjiyelitinhiiite
use of Ihe MaiioRe tubs.

8.7 Measurements:
8.7. 1 Record the ground temperature at a depth of about

.300 mm (12 in.), or at the mid-depth of the: test zone.
8.7.2 Determine and record the volume of liquid that is

added to maintain a, constant head in tihc inner ring and
aonuJar space during each timing interval by measuring the
change in elevation of liquid level in the appropriate
graduated cylinder or Mariotte tube. Also, record the tem-
perature: 0>f the liquid within the iinner ring.,

IS. 7.3 For average soils, record the volume of liquid used
at intervals of 15 min for the first hour,, 30 min for the
second hour, and 60 min during the remainder of a period of
at least 6 h, or until after a relatively constant rate is
obtained.

8.7.4 The appropriate schedule of readings may be deter-
mined! only through experience. For ttigh-peranieabilJly mate-
rials, rcadlings may be more frequent, while for itow-perme-
ability materials, the reading interval may be 24 b or more.
In any event, the volume of liquid used in any one reading
interval should not be: lies* than approximately .2:5 cm3.

8.7.5 Place the driving; cap or some other covering; over
the rings during the interval!:; between Liquid measurements
to minimize evaporation (see 8.2.1}.

8.7.6 Upon completion, of the test, remove Ihe rings from
the soil,, assisted lt>y lijght hammering on the sides, with a.
robber hammer.

9. Calculations
9.1 Convert the volume of liquid used during each

measured time interval into an incremental in fill rat ion
velocity for both the inner ring and annular space using the
following; equation;;:

9. 1 , 1 For the inner ring calculate as follows:

i\t ••=' time interval, h.
9.1,2 For the: annular space between rings calc

ilolllows;
late

where;
- inner ring incremental inifiiltr.ai.ion velocity, crn/h,,
:=- volume of liquid used during time interval to

maintain constant head in the inner ring, cm3,
==: internal area of inner ring, cm2,, and

where:
V --

AA

--- annular space incremental infiltration vei_^y, )a
h,

== volume of liquid used during lime interval
maintain constant head In the annular space
tween the rings, cm3, and

--• area of annular space between the: rings, cm2.

10. Kopon!
10.1! Report the folio wring information, in the ireporfg

field records, or both:
1 0. 1 . ! Location of test site.
10.1.2 Dates of test, start and finish.
10.13 Weather conditions, start to finish.
II). 1.4 Name('s) of te'Chnidan(s).
10.1.5 Description of test site, including boring profile, s»

10. 1. 11..
10.1.6 Type of liquid used in the test, along with

liquid's ,pH. If available, a full analysis of the liquid
should be: recorded.

10. 1 .7 Areas of rings and! the annular space between ri
10.1.8 Volume constants; for graduated cylinder; y

Mariotte tubes.
I O.I. 9 Depth of liquid in. Inner ring and annular space.
I0.il. 10 Record o:f ground and .Liquid temperatures, iooi!-

mental volume measurements, and incrcmeniLaJ iafiliratioi
velocities (inner ring and annular space) versus elapsed lime.
The rate of the inner ring should be the value used if th '«
fcur inner ring aad annular space differ. "The cliflen, ji
raites is due to divergent flow.

10.1. II If available;, depth to the water table: and a
description of the soils found between the rings and the water
table, or to a depth of about 1 m (3 ft).

IO..IJI2 A plot of the incremental infiltration rate versus
total elapsed time (see Fig.. 4),

lfl',2 An example field records form is given in Fig. 3.
10.3 Sec Appendix X I for information on the determina-

tion of the moisture pattern.

M. Precision and Bias
1 1.1 No statement on precision and! bias can be made due

to the variability in soils tested arid in the type:;; of liquids
that might be used in this test method.. Because of the nia,ny
factors related to the soils, as well as the liquid:; that ma)1

alTeci: (he results, the recorded infiltration rate should be
considered only as an index valoe.

]IZ. Keywords;
12.1 coefficient of permeability; hydraulic conductivity;

iriifiiihtiration rate.; infiltrorrieter; in-situ testing; Mariotte tube1
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APPENDIX

(Noiiiiiiianda to ry Irifoirrrialion)

XI. DETERMINATION OF MOISTURE PATTERN

XI. I Although not considered a required part of the test
method, the determination of the moisture pattern in the
moistened soil beneath the infiltration rings commonly
provides information useful in interpreting the: movement of
liquid through the soil profile. For example, horizontal! liquid
movement may be caused by lower-permeability layers arid
will be identified by a lateral spreading of the wetted zone.,
Thuit,- the exploration of the soil moisture pattern below an
infiltration test in am unfamiliar area may identify subsurface
conditions that rnaiy have affected the test and later applica-
tions of the data.

XI. .2 If the Investigator wishes; to make such a .study., dig a
trench so that one wall of the trench passes along the center

line of the former position of the rings. Orient the trench so
that the; other wall is illuminated by the sun, if the day is
sunny, If feasible,, dig the trench large enough to include all
of the newly moistened area,. Collect samples from the
shaded wall of the trench for determination of water• content.
If preferred, an auger, such as the orchard barrel type,, may
be used to determine the approximate outline of the moist-
ened area below the rings and to collect samples for water
content.

X 1.3 Plot the visibly moistened area on graph paper or on
the cross-section part of the report form (see Fig. 4). If
wimples 'were collected and water contents were determined,
contours of water content also can be plotted on the graph.

The American Society lot Testing ami Materials takes no position respecting the validity of any potent rights asserted in connection
wKh iliy item mentioned In this standard. Users of this standard are Btyv&ssty advised that determination of the validity of any such
patent r/jrftits, and1 the- risk of infringement of such rights, are entirety their own responsititity.

This standard is subjtKt to revision st any time by Una- responsible ItKfm'ca! committee anil must be revi&wed every live years and
il not .naviserf, either rtiopproved or withdrawn. Your comments tire Invited either lor revision of this starufard or ten additional standards
end srmtil bti tnic'iw&ed to ASTM Headquarters, Your comments wit! receive careful consideration at a meeting ol th& responsible
technical committee, which you may Mlend. If yov lextt that your comments have not /eeeh'ea' t\ fair hearing you should make yew
vhws krwn to trw ASTM Committee on Standards, ISIS Ftaca St., Pftil&delpriia, PA T9103.
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Designation: D 24138 - 93

Standard Practice for
Description and Identification of Soils (Visual
Procedure)1

anual

This, standard, is issued under the fixed designation I) 2483; the number immediately following iri<: 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 ofhisil reapprovaL A
sup«ncript epsikiri («) indicates an «liitoriaJ change: sin«: the last revision c>t reapproval.

T'Afj; jMtriia'flrrf Aos btfffl approved for use by agencies of (he Department of Defense. Consul! the DoD Index of Specifications and
Standards! for the specific year of issue which lias bt-en adopted by iht- Department of Defense.

1. Scope
1.1 This practice coven; procedures for the description of

soils for engineering purposes.
1.2 This practice also describes a procedure for identifying

soils, at the option of the: user, baised on the: classification.
system described in Test Method D 2487.. The identification
is based on visual examination and manual tests, It must be
clearly stated in reporting an identification that it is based on
visual-manual procedures.

1.2.1 When precise classification of soils for engineering
purposes is required, the procedures prescribed in Test.
Method D 2487 shall be: used

1.2.2 In this practice, the identification portion assigning
a group symbol and name is limited to soil particles smaller
than 3 in. (73 mm).

1.2.3 The identification portion of this practice is limited
to naturally occurring soils (disturbed and undisturbed).

NOTE li—- This, practice may be used as .a descriptive system applied
to such materials as shale., claystone, shells, crushed rock,, etc. (See
Appendix X2).

1.3 The descriptive information in this practice may be
used with other soil classification systems or for materials
other than naturally occurring soils.

1.4 Tkis standard does not purport to address all of the
safety problems, if any, associated with its use. ft is the
responsibility of the user of this standard to establish appro-
priate safety ami health practices and determine the applica-
bility of regulatory limitations prior to use. For specific
precautionary statements see Section 8,

1.5 The values; stated in inch-pound units are to be
regarded as. the standard,.

2. Referenced Documents

2.1 ASTM Standards:
D 653 Terminology Relating no Soil, Flock, and Contained

Fluids2

DI452 Practice for Soil Investigation and Sampling by
Auger Borings2

D 1:586 Test Method for Penetration Test and Split-Barrel
Sampling of Soils2

1 This practice i;j. under the jurisdieiiioin of ASTM Committee D-18 on. Sioi] mil
Rode and ii;. ihe 'direct responsibility of Su'bconi mittcc DlS.0'7 on Identification
and Gasification of Soils.

Current edirion approved Sept. 1!S, 19')3. Published November 1993. Originally
published as, D 241)8 - 66 T. Last previous Million D 2488 - 90.

:! Annual Book of ASTM Standards, Vol 1)4.08.

D 1587 Practice for Thin-Walled Tube Sampling of Soil
D2113 Practice for Diamond: Core Drilling for Si

Investigation2

D2487 Classification of Soils For Engineering Purpos
(Unified Soil Classification System)2

D408.3. Practice for Description of Frozen Soils (Visu;;
Manual Procedure)2

3,, Terminology
3.1 Definitions:
3.1,1 Except as listed below, all definitions are in acco

dance with Terminology 11)6:51
NOTE 2—-For particles retained oia a 3-iin. (75-m:ni) US siaiida

sieve,, Uic following ckrfiinitions are suggested:
CwW'/er—pZLitidtti of rod; Lha't will pass a 12-iia. (300-mrn) squa

openimg and be retained! on a 3-in. {73-mrni) sitvc, ;and
Boulders—particlksi of rock that vnlll not jiass a 12-in. (30^-mi

square opening.
3.1.1.2 clay—-soil passing a No. 200 (75-nm) sieve th

can be made to exhibit plasticity (putty4iike propisitk
within a range of water contents, and that exhibits considle
able strength when, air-dry. For d.assifi,catiion, 31 clay is
fine-grained soil, or the: fine-grained portion of a soil, with
plasticity indent equiaJ to or greater than 4,, and the plot
plasticity index versus liquid limit falls on or above the 'V
lirie (see Fig. 3 of Test Method D 2-187).

3.1.1.3 gravef— particles of rock that will pass a 3-n
(75-mra) .sieve and. lb« retained on a No. 4 (4.75-mm) sie1

with the following subdivisions:
coarse--passes; a 3-in. (75-imm) sieve and is retained on

Vi-in. (19-rnrri) sieve.
fine—-passes a Vi-in. (19-rnrn) sieve and is retained on

No. 4 (4.75-ntm,) sieve..
3.1.1.4 organic clay—z clay with sufficiemi organic co

tent to influence the soil, properties. For classification, i
organic clay is a soil that would be classified as a clay, exce
than its liquid, l imit value after oven drying i;; less than 75
of its liquid limit value before oven drying.

3.1.1.5 organic silt—a silt wiih sufficient organic conte
to influence the soil pro pert ies. For classification., an organ
silt is a soil that would be classified as a silt except that i
liquid limit value after oven drying is less than 75 % of i
liquid limit value before oven drying.

3.1.1.6 peat—-& soil composed primarily of vegetable tiss
in various stages of decomposition usually with an orgai
odor, a dark brown to black color, a spongy consistency, ant
texture ranging; from fibrous to amorphous,

3.1.1.7 sand— particles of rock that will pass a No.
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GROUP SYMBOL GROUP MAMIE

MIL-

Cl

|_(,M1 gĵ .
|.i«n cltiy vrttlli urxi
Liim i:l»v whth i

ffV O0% lalui: Hoi. aWQ' ..«==:::---—w- <IBK f'ku ISo. 200 —————————————————
_„,--'** "~1-*. JEWISH |p|ui]l p(oi. 200 -•=:;;"——*• % «M«I 2:% omvitll -----

CL <:C """*"•" *>|M|<:* i"wit|1 —
"*" £>30% plum Ho,. ZOCl-c^"^ """—*». ;»1!>X ((innri! •—————

—-ik. i^ Mlllj .-[î  jugful —..-------———|. <u>% uiodl ------————••• (iritvullY Itwt cliy
"•• i>18% Hindi ———————•- (juiwtlllvrumilllv ltixi cLiy wfrh. mid

Mo. 200 --B;=~«;™™——«•• <HS% p>tui» No, 2W ————————————————————————^••S^illt
""**• 'IS-3'!»% (iliui Mo. ;fCW--«e;~;———•• >» wiintt ^>% flrimil ————*•• Slilt wiiii iui«

~~""'ifc- % wnrtd <% gr>vrl ————*• Silt wriith <>ir;i
wnn<l

N<D.;Z(N)

'301% fiu i HO. :;co

>30% pllui IMo. 2

i He.. 2l

wiral ;% grivill —«;=;;—————H»-<IS%

"~"""—-*- >is%

—»• <1!>'X>{|riiy«l———————*H>S!jiinclv wilt
""*- >18% |ir»w«l ———————••• S îincly milt winh

!K> imxd •———————••• Cin«;lly ijlht wM> iimd

-•• <151» plmi No. 2CN)—————————————————————————»-F»t d«v
-••• lii-^S'X, pllui No. JtlBCI—«=:::;-——»-•'* >»'*d .>*• fl''***' ————•••Fat ei:»y with w

-»• % mind <% {p-iiytl •————•- F«i[ cliiy wijitli 9F «i[ diiy wijitli »,r,i«(tl

• '»i lunncl i|fi«il «==:::——*• <1'S% *m<i •——————»- Gr,
"*••;> 11 !S% *in<l •———————»•• GI-,

fit cwv
Gniy«lly fitcwy

ili>. It'00 -———————————————————————-»- Elutk will
. 2I>D — «s;;———•!•• '*• *i'nl £:% iir»mil————H>* lEIwtk wilt whth

~"—-i..«(, Mnd <;«)(,
idl >% of '"•>••> ———————•»• «'^(l

Eliitic iiiilt

XttHt plus NO. 200-«::;___
O» |

«l —«!=;~———*• <1IS% ijr.i»«:l •——————*• iiifwlv ftljfll'ie: »ilHt
~~~~*- ^>1I!»% i)n»i) -———————•!»• JlirkJv ill Hie (illt! wilhi gnn»«l

—==;;;————*-<l!5ft lunncl———————*• (3HUM
~*'2>T5ft Mind —————————JB- Grinnt

i: nilt
artH: nilt wiih u

Kjes airei txascwl on cailin-iatiog amounts of fines, !j.ar<( find gireivol tci tho rHjareiil 5< %.
FIG. In Flo»' Chant loir Iliionilifyirngi truaijjBinJ: fiiiie-Ginaiinnsel Soil (EM J> on1 more Ifinew)

(4.75-mm) .sieve and be retained on a No. 200 (75-jim) sieve
with the fol lowing subdivisions:
. coarse— passes a No. 4 (4.75-mm} sieve arid! is retained on

•a No. 10 (2.00-mm) sieve.
mo/ftim— passes a No. 10 (2.00-mm) sieve and is; retained

on a No. 40 (42;5-jj,m) sieve.,

of'Practicf!
4.1 Using visual cxamiimlion and simple: mariu.aJ t^jts,

Ijiiji practice: givi:s< :st3tiai(J«Lrdizec[ cirite:ri;a and pnctcediujts for
(lesc:nilbiii(; ;a.n<i iclcntiiyirijg, swils;.

4.2 The soil can be given an identification by assigning a
group symbol(s) and name. The flow charts, Figs, la and Ib

fine—•passes a No. 40 (425^un) sieve and is retained on a for flne-grained soils, and Fig;. 2, for coursie-gynaiined soils, can
No. 200 (75-)im) sieve. be; used to assign the appropriate group symbols) and name.

3.L1.8 5f'/r—soil passing a No. 2(30 (75-tim) sieve that is If the soil has properties which do not distinctly place it into
nonplastic or very slightly plastic and that exhibits little or no a specific group, borderline symbols may be: used, see
strength when air dry. For1 classification, a silt is a fine- Appendix XI.
grained soil, or the fine-grained portion of a soil, with a
plasticity index less than 4, or the plot of plasticity index synAols MA borderline symbols^
v«rsu;s liquid limit faJls below the "A" line (see Fig. 3 of Test
Method D 2487)-

i: :i— It h suggwlcd that a cliitdnction be made l*:\fwetn dual

Dual Symbol—A, dual symbol i:i two symlbols wpicunated by a hyphen,
for example, GF'-CiM, SW-SC, CL-ML Uiied lo Indicate1 that the soil has
b<M:tii identified ;i;s haivirac Ihc pn>F>erti« of a cIsL-HiifK^iitiori in aawnhncv
vrinh Test Mie'thcHl I) 2.487 where two symbols are required!. Two
isyinboil;; are: r^qu.br<:<d! when the soil has lbcMv«:n-5 and 112 % Emeu o>r

SYMBOL GROUP NAME

OL/OH
>:iO%plyi Mo. ;J

—•• <1S% plt»» Nlo, 3ID01 *———————————————————————————*•• Or(Muni<e in>il
"lh- IB-2S% plum No. ?CX) -•B~~———*• 14 'UHKl J>?1 \i\nntt-—————•<•• Qi(ionic iM)il with miiicl

""""*"" 14 :ki»i"<l *''t j)iNi»tl ————••«• O'nnini"; iioil whih t|iriivt-l
„.»•• Vt MHttll 2;lt |)rnytl •™«5;;~—————*"• <1S%{|Niwi1l •——•—————•>»• JJirnl^ Dfgurntt M)il

~"~~"~*fc-;;l!i%iiiivii|l ————————•• !Jir<ly or(iiiiM; WM! with ||ir«Ml

""*• ;>1!t'l iifnJ-———————•• Grii'iil'ly oroiinic iwai1! with HIM!
E-~Perc^'iitagKis ana bwBd <NI estimating enictuits or Ilinciii,, sjmdl. arid gravd to the r«!iiiri:st 5'(.

RG. lib Flovir Chart (or Ideintil̂ inj) Orc|<an!c Fine-Gimined !>oil <[5() % or rnora lineit)
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GROUP SYMBOL GROUP HAM! IE!

£&%1in«--—————i»-Wi!ll]f*dtd ——————————————————————————————"

Poorly gr.nitd—————————————————————————————•

< 15% i-rMl ————-i- W*»Hiu*l«l gn.tl
>l'5\ un«l ———---«•• Wiilll-Aiidocl gn>*l i

% irnwwl > i————•-1<>'* 'ri-*i<^
% Lund \ ~~~~^.

«* *^ i-. l:**' *
""*- I'irwi-CI. at CM ———————i" GVIH.lC -.—--——*• OIS'X, i

\ "•"Pixirlv gr*lnd—-=r™———————•*• ilin.i-ML or I

'**' fin.i-Ct. e» (

until ————*- Poculr ffiMlwl B'i»»l
until ————*- Poorly ((iKlinl gruel wnifi I.JTH)

nd •————*- Wirll jn»dnil gr,i<>nl willi till
nd •————•- Wiill.fi»d«di jnrntl with nit iimi i
nd •————•' Wi!l|.gr.d*d gnuxrl with clir
nd-————•- Wdl-gitd.d <|>'ii»«l«>i'l<ic'.ir «"<]

rvd •————». Pijorly giitdwl1 gr»m>l i»i(lt )rll iin
IT.,) .————,„ |>(>orly gr»did griiiml mirth cl.iy

V

i.d -————•- I'oof y graded igimrirl wnh c1.lv inn] i

—•- firtti-ML or M'H -———————*• G M —_——--—————*- < 1 «i'H Vint •———f Sidy ||f-««l
——*-;>1<i'*'Hii.i-————•- !>il 'ty (in».l mmtl umil

—-*» >i;;% miiw] -————»• Cliyny grtril with !Unn)

f* ~*tF'[KMl¥ (IN

-*. S W _-_=_--_-———* < II,% ,,,,.v,l -—-- W.N.rMM »r.l
——*»;>l!iU irni'ii •——!•• »Vtri-ii'iKti("i »r<i,

-i- S F*—™±=~--——————•• <1S% (|n«l -———*• Poorly ,timl,ft un
• Poorly !)«!•)* J

/ _____—r fi««i:"Mt. of MH -———————--S W* SM -==;;———•• <15% (I'ml -——-H-- W<i<IH|iKlml until ».1fi nit
^ ^.r Wtll-oi'Mli-l -'̂ ---I-"," »•> III i e« -i '"""-»• ;;15% !ir».«I ———-I"' VMHii'Mlml »»nrf with ult .imiJ \\i ml

S1AMO / ,''*'' ~ ——*" limrn-'CL >Br CM ——————••O'Vl " *>{_• --s;;———»- <15% |if*»et ———•••• W«l̂ (ii«l«l *»nd with city

HipTin^i S ~^ .̂,̂  ___.vfirHhi-Ml. of MH-—————•-SP"SM— c--;-——H- < I'Sli giicvel ———<• Po«nty \\<K\txt until wiiHi liill
\ """"*'f'ewi I ̂  i|iKl«l—=-"_!!" ~"fc-_;rs% g»»»«l ———••«•• Poculy i|ii<l«l until wiih nPi mid i|ii>t

I ———-"IPoofty (|ri<JI«l iind nirll (111-«nd ̂ n

;>1SWIfin«-
-H»- rini!i.»ML ot MH———————--SM —=—---——————-i. <;-|ji% grixl ———•- Silt* MITX!

--"•• •lm«i=c:i. i" CH -——————if- J>C —_——--—————»^ c;:ni'X, (r.i»Eii •———•- Cliiyny anl
—-•* ,>:!„% •- Clinrifr ijr*l n.iitl

Noire—-l3€ffMsitajf(js are1 based on estimir-ng luiwunte of firn}:s, sand, awi gravel to the nearest _• 9i..
f:IGi,, :.! Flow C;iN«mt for Identifying Coartte-Griiiinecl Soillii (liens than 510 % fines)

when iJie liquid limit and plasticity index vaJues p*1o'l in the CL-ML ajwi
ofihe plastidity chaji.

Borderline Symbol—-A fcwrdleriiiw synnbal is tv^ci symbols :a:pi;Lrate<I
by a slash, for example,, CL/CH, GM/SM. CL/ML. A tKjrclerline symbol
should be used to iodicale: idiait. Uie iioil 'hiu; t<«ri identiile^ aui Ibavitij*
propirrties that do not distinctly place the Mil Into a specific group (see
Appendix X3).

5., Significance Md Use
'».! The descriptive infonnatioa re^uirod in this practice

can be used to describe a soil to aid in the evaluation of its;
significant properties for engineering use.

5.2 The descriptive information required In this praclice
should be used to supplement the classification of a soil as
determined by Test Method D 2437.

5..3 This practice may fc<; used in identifying soils using the
classification group symbols and names as prescribed in Test
Method D 2-487. Since the names arid! symbols used in this
practice to identify the soils are the same as those used in
Test Method D 2487, it shall be clearly stated in reports and
all other appropriate documents, that the classification
symbol and name are baised on visual-manual procedures.

5.4 This practice is to be used not only for identification
of soils in the field, but also in the cilice, laboratory, or
wherever sail samples sure inspected and described.

5.3 This praclice has particular value in grouping similar
soil samples so that only a minimum number of laboratory
tests need be mri for positive soil classification.

NOTE 4—The ability ID describe and identify soils correctly is learned
more readily under the guidance of experienced personnel, but it may
also be: acquired systematically by comparing, numerical laboratory test

results for typical soils of each type with theiif visual and manual
characteristics.

5.6 When describing; and. identifying, soil samples from a
given boring;., test pit, or group of borings or pits, it is not
necessary to follow all of the procedures in this practice for
every sample. Soils which appear to be similar can be
grouped together; one sample completely described and
identified with the others referred to as similar based on
performing only a few of the descriptive and identification
procedures described, in this practice.

5.7 This practice may be used in combination with
Practice D4083 when working with frozen soils.

6. AppairaUis
6.1 Required Apparatus:
6.1.1 Pockci Knife or Small Spatula.
6.2 Useful A imliaty Apparatus:
6.2.1 Small Test Tube and Stopper (or jar with a lid).
6.2.2 Small Hand Lens.

7. Reagents
7.1 Purity of Water—'Unless otherwise indJcated, refer-

ence:; to water shall be understood to mean water from, a city
water supply or natural source, including ri cm-potable water.

7.2 Hydrochloric Acid—A small bottle of dilute hydro-
chloric acid, HC1, one part HC1 (10 Ar) to three pails water
(This reagent is optional for use with this practice). Sec
Section 8.
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I'b.l Anguilar

•(c) Swbrouniiod (.1) Subenigular
FIG. 3 TypiiCBil Angularity olF Bulky I3irai.ni!!

8. Safety Precautions
8.1 When preparing the dilute: HCI solution of one part

concentrated hydrochloric acid (10 N) to three parts of
distilled water, slowly add add into water following necessary
safety precaution!;. Handle with caution and store safely. If
solution comes into contact with the skin, rinse thoroughly
with water.

8.2 Caution—Do not add! water to acid.

9, Sampling
9.1 The sample shall be considered to be representative of

the stratum from which it was obtained by an appropriate,
accepted,, or standard procedure:.,

NOTE 5—Preferably, thu; sampling procedure should be identified as
having been (ttnductnl in .accordance with Practices D 1452, D 1587, or
D 2113. or Method D 1586.

9.2 The simple shall be carefully identified as to origin.
NOTE (i—Fteiriarks as to the origin may itake the form of a boring

number and! sample: number in conjunction with a job number, a
Eicologic stratum, a pedologic horizon or ;a locailioin description with
respect to a permanent monument, a grid system or a station number
and offset with resect to a sifted cenitcrlime and a dcplli or elevation.

9.3 For accurate description and identification,, the rniin--
irnium amount of the specimen to be: examined shall be in

TABLE: 1 Criteria for Describing Angularity oil Coarse-Grained
Pair-Hides f>eo Flig. 3}

accordance with the ifollowing schedule:

Angular

Subant|u!ar

Particles have sharpi etigtni and rfHatively plmnei sides with.
LinpciJi!>lie<t iiiJfilaC'Bi,

Particiles are sifnileU' tci aiigmlsir clcscripiic*) taut have
rounid€!<J edges

SutM'OurxJed Particles have nearty plane1 skies t)ut have well-rCKjncl»J
comers and edges

PanicJes have srncothly cur/e<l sides iancl rws edges

Maximum Pajlicle Size,
Sieve OF*:ninj;
4.75 mm (No. 4)
9.5 mm \[Vt in.)
19.0 mm (V« in.)
:)8.) mra ( I V t i i i . )
75.0 mm (3 in . )

Minimum Spaamem Si
Dry Weight
l(»gi[IUSllb)
2(M) ii .;i).:S :t>(
i.c ^c:.:^)
8.0 ^(I l l l l i l
tOJO k|(l 32 Ib)

NOTE 7— If niEidom: isolated pauitiides aiv, eciooiimtered tlhiit are
significantly larger than the ffii.it ides ici Ac <>oil rniatru, tbic soil iciiitrLi
cam lb<; ztccinnately dti<nnibe<l iirid identified in ac*:oidanc«: with the

9.4 If the field sample or specimen being examined is
smaller than the minimum recommended, amount, the
report shall include an appropriate remark.

;10. Descriptive Information for Soils
10.1 Angularity— Describe the angularity of the sand

(coarse sizes only), gravel, cobbles, and boulders, as angular,
subarigular, subrounded, or rounded in accordance with the:
criteria in Table; 1 and Fig. 3. A range of angularity may be
stated,, such EL;: subrounded to rounded.

10.2 iSAa/ie— Describe the; shape of the gravel, cobbles;,
and! boulders as flat, elongated, or flat arid elongated if they
meet the criteria in Table: 2 and Fig. 4. Otherwise, do not
mention the shape. Indicate the fraction of the particles that
have the shape, such as: one-third of the; gjravel pailidcs are
flat.

10.3 Color— Describe the color. Color is an important
property in identifying organic soils, arid within a given

TABLE 2 Criteria for Describing Particle Shapit ([HIM l-\g. t\)
Th«! pMili:k» jJiapxt j.haJI be> cl«;jcrit>ecl i\s lc*k)^fis wltsr

to th<! igre:ail»st, initefrn€Kli.al:(>.. line! leiist diTHjnEic

Flat Partietes with wMtlfi/ihfck/njss > 3
Elc*ioaitei(l PaMfctes with terfliih,̂ ri(H*i > 3
Flat arid ekwigattx) Pcirlictes meet criteriai tc» t-olli Hat .

,and
is -ot e\ [xirticii,
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PARTICLE SHAPE:
W = WIDTH
T-THICKNESS
L = LENGTH

'S'1

FLAT; W / T > 3
ELONGATED: L/W >3
FLAT AMD ELONGATED:

-meets both criteria
FIG. '1 Criteria if or Particle Shap«

TABLE: Cl CrilNjria (or Describing Moisture Condition
Description Cn'tena

Dry
Moist
W«t

Absences of moisture', dusty, dry to the touch
Damp but t*D visible water
Visible free water,, usually so* is below water tabte

locality iit may also be useful in identifying materials of
similar geologic origin. If the sample contains; layers or
patches of varying colors;, this shall be rioted and all
representative colors shall be described. The color shall be
described for moist samples. If the color represents a dry
condition, this shall be staled in the report.

10.4 Odor—Describe the odor if organic or unusual. Soils
containing a significant amount of organic material usually
have a distinctive odor of decaying vegetation. This is
especially apparent in fresh samples, but if the samples are
dried, the odor may often be revived by healing a moistened
sample. If the odor is. unusual (petroleum product, chemical,
and the like), it shall be described.

10.5 Moisture Condition—Ttescnbe the moisture condi-
tion as dry,, moist, or wet, in accordance with the criteria in
Table 3.

1.CU5 HCl Reaction—Describe the reaction v/ith HCl as
none, weak, or strong;, in accordance with the critera in
Table 4. Since calcium carbonate is a common cementing
agent, a report of its presence on the basis of the reaction
with dilute hydrochloric acid is important

TAB LIE 41 Criteria foe Describing the Fie action With HCl
Description Criteri.)

None Mo visiWe reaciSoo
Weak Etonw reaction, with bubbles foniiing slowly
Strong Vio*9nt .reactran. w/ith btibbtes tonincig i

TABLE 5 Criteria for I3«s<:ribiini<] Consistency
Description Criteria.

Ve*y soft Thumb v»ill p<snetrate soil mars Unsn 1 in. (25 rnrr:)
Solt Thumb' v^ill txwelrate soil about 1 h. (25 ITIITI]
Firm Thumb1 will indent soil about V« in. [15 ITMTI}
Hard Thumb will not indent »ail but readly ir«>srite<l mtli tnumbi
VefV hard Thumlbriiii) wSII no* Merit soil

10.7 Consistency— Fov Iniact ifiine-^rained swil, clesci
the consistency as very soft, soft, firm, hard, or very hard
accordance with the criteria In Table !i. This observatioi
inappropriate for soils with significant amounts of gravel

10.8 Cementation— Describe the cementation of inl
coarse -grained soils as weak, moderate, or strong, in accc
arice with the criteria in Table 6.

10.9 Structure— Describe the structure of intact soils
accordance with the criteria in Table 7,

10.10 Range of Particle Sizes— For gravel and sand co
ponents,, describe the range of particle sizes within e;
component as defined in 3.1.2 and 3.1.6, For example, abi
20 % fine to coarse gravel, about 40 % fine to coarse sam

10.. 11 Maximum 'Panicle Size— Describe: the maxim t
panicle size found in the sample in accordance with '
following infonnraation:

10, 11.1 Sand Size— -If the maximum particle size i:
sand siz.e, describe as fine., medium, or coarse as defined
3.1.6. For example: maximum particle size, medium sant

10.11.2 Gravel Size— If the maximum particle size i:
gravel size, describe the maximum particle size as 1
smallest sieve opening that the panicle will pass. 1:
example, maximum particle size, I'/z in. (will pass a I1/;:--
square opening but riot a V-i-iin. square opening).

10.1 1 .3 Cobble or Boulder Size— If the maximum parti.
size is a cobble or boulder size, describe the maxima
dimension of the largest particle. For example: maximu
dimension, 18 in. (430 mm).

10.12 Hardness— Describe the hardness of coarse sa
arid larger particles as hard, or .stale what happen:* when i
particles are hit by a hammer, for example, gravel-si
particles fracture with considerable hammer blow, sou
gravel-size particles crumble with hammer blow.. "liar
means panicles do not crack, fracture, or crumble undei
hammer blow.

10.13 Additional corn merits, shall be :noied,, such as I
presence of roots or root holes, diff icul ty in drilling
angering, hole, caving of trench or hole, or the presence
mica.

10. 14 A local or commercial name or a geologic interpt

TAEIILI: IS Criteria Ifor Describing C ĵ
Description

Weak Cirumb*BS. « txeuks vnith handling or lillle fing(ji' F
^'1cKJef^lt€! C;njmb*ss en t»eal-;s with cioosidefaWfi1 firwjer preE:
Stfongi VV'ifl not crurnMe c* tfeal* with firifjer |>ressure
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TABLE 1' Oriitorln
Description Criteria

Stratified

Fiasiuredi

Blocky

tensed

Homogesneatis

Alternating layoini of varying rrmluxleJ or cc4or wiith layers i\\:
Iwist iB mm thick; not« thitekras«

Alternating layiini oil. wiylng rnniltwlaj or ooHor wtth the
layers loss than 6 mm Uitek; note> thickness

[freaks along <iafr>it6 pluntKt of Iteidtuins wiifli Ittle
resistance to fracturing

Fracture1 plants aptpsiu1 polished or gk>ssy, sometime*
striated

Cohesive soiil tliat can b« broken clown into Sirruill angular
lumps which resist further ttruakdowm

Inclusion of small pockets cit cNrilwunt soils, such as small
tenses cil sancl ;>cattef(d through ji mass of clay; note
thickness

Sam*; color and app^arartoa throughout

taiion of the soil, or both, may be added if Identified as; such.
10.15 A classification or Identification of the soil in

accordance with other classification systems; may be added if
identified as such.

11. Identification of Peal:
l i l , ! A sample composed primarily of vegetable tissue in

various stages of decomposition that has a fibrous to
amorphous texture, usually a dark brown to black color, and
an organic odor, shall be designated as a highly organic soil
and shall be identified as peat, FT, and not subjected to the
identification procedures described hereafter.

ill, PTepEmltiion for Identification
12.1 The soil identification portion of this; practice is

based on the portion of the soil sample that will pass a 3-in.
(73-nHii.) sieve. The larger than 3-in. (75-nrai) particles must
be removed, manually, for a loosw simple,, oir mentally, for
an intact sample before classifying the soil.

12.2 Estimate and note the: percentage of cobbles arid the
percentage of boulders. Performed visually, these estimates
will, be; on the baais of volume percentage.

NOTE 8™Since: the perceintaBCft of itltic particle-size distribution lin
Test Method! D 2487 are by dry weight, and! the estimates' ol* percentages
for gravel, Kind, and limes, in this practice ains by dry weight, it is.
recommended thai the report state that the percentages of cobbles arid
boulden; an: by volume.

12.3 Of the fraction of the soil smaller than 3 in. (73 mm),
estimate and note the percentage, by dry weight, of the
gravel., sand, arid fines (see Appendix X4 for suggested,
procedures).

MOTE 9—Sine*: the particle-size coiripomcfliUi appear visually on the
basis, of volume:, considerable experience is required to estimate the
percentages on the 'basis of dry weight. Frequent comparisons with
laboratory pautide-siize analyses should tx: rn.ade.

12.3.1 The percentages shall be estimated to the closest
-* %. The percentages, of gravel, sand, and fines must add up
to 100 %.

12.3.2 If one of the components is present but not in
sufficient quantity to be considered 5 % of the smaller than
J-iin. (7.5-rara.) portion, indicate its presence by the term
trace, for example,, trace Qif fines. A trace is. not to be
considered in the total of 100 % for the components.

^'- Preliminary Identification
l^'.l The soil \$/lne grained If it contains 50 % or more

fines. Follow the procedures for identifying fine-gnu oed soils.
of Section 14.

1 3.2 The; soil is coarsegrained if it contains less than 50 %
fines. Follow the; piroceduitts for identifyirijg, cozurse-ignmieid
soils of Section 15.

14. I'roceduire for IJenirifyirrE; ]F1ine-<CiniiiiEil Soils
14. 1 Select a representative sample of Ac material for

examination. Remove particles larger than the No. 40 sieve:
(medium sand and larger) until a specimen eiquivEiknt to
about a hamdful of material is available. U:^ ttiii:> specimen
for performing the dry strength, dilatancy, and toughness
tests.

14.2 Dry Strength:
1 4,2 . il From the specimen, select enough material to mold

into a ball about 1 in. (2:5 mm) In diameter. Mold the
material until! it has the consistency of putty, adding water if
necessary,

14.2.2 From the molded material, make at least three test
specimens. A test specimen shall! be a ball of material about
\/2 in. {12 mm) In diameter. Allow the test specimens to dry
in air, or sun,, or by artificial means, as long its 1h<:
temperature does not exceed 6Q"G

14.2.3 If the test specimen contains natural dry lumps,
those that are about V: in. (12 mm) in diameter may be used
in place of the molded, ballls.

NOTE 10— The process of molding and <lr)iri;g uisuaJly pinDd'ut^JS
hiighier stasrigihs than UK fiaiiiic! in natural dry lu:inp« of iwil.

14.2.4 Test the strength of the dry balls cur lumps by
crushing between the fingers. Nole the strength as none, low,
medium, hig;]b!, or very high in accorance with tih.e ariteiia in
Table: !J. If natural dry lumps are used, do not use: the results
of any of the lumps that arc found to contain pajtiicles of
coarse wind.

14.2.5 Tie pHresenee of high-strength water-soluble ce-
menting materials, such as calcium carbonate, may cause
exceptionally high dry strengths. The presence of calcium
cairt>onate can usuaJIy to; detected from the intensity oil" the
reaction with dilute hydrochloric acid (see 10.6).

14.3 Dilatancy:
1 4.3. 1 From the: specimen, select enough material to mold

into a ball! about '/; in. (12 mm) in diameter. Mold the
material, adding water if necessary, until it has a soft, but not
sticky, consistency.

14.3.2 Smooth the soil ball in the palm of one hand with
the blade of a knife or small spatula. Shake horizontally,
striking the side of the hand vigorously against the other
hand several! times. Note the reaction of waiter appearing on

TABLE Gi Criteria lor ICKsiicriMmg E>iry Strength
Criteria

The thy spe*»n*Bn crunibkts inilo powder with ntuns FNft^siirif
QI| liarKlliitg1

!"!•» dr^ ;;|>BCiiTMsiri ounilbtijs intoi powder vvtffli w>i>a linensr
pfe*:>une

The1 cli>' s^aciiTMai bcejjts ifriUi piKoes Oi- «ijn-*bl-»s vvtltt

None

Low

Me<lii.irri

High Tile1 dr^ !i|je<inwni cannot tint tiroken with
S4>ecii)i?n vfiM ttvik irilt) ]>*na»s txiin^fN^n thtHTil) and a Ih^ud
surface

Ver^ high The! dry s{N»ciirM!n carrioi I>e lbrc*:isn iwMweKMi the' thwnb and a
hard surfjios
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TABU: 19 Criteria for Describing Oilataincy

Description Criteria
None
Stow

Rapid

No visible changes in the specimen
Water appears stowly on tlhei surface oil the specimen duringi

shaking) find does not 'disappear of di&ii>p«ws slowly upon

Water appears quickly on the surface of the specimen
shaking find disappears quickly upon squee.zing

TABLE: 10 Criteria for DesoiriitaiTiijj Touglines!!

Description Criteria
Low Onily slight pressure is required ici roll the: thread near the

plastic limit., The1 thread and lr« lump are weak and soft
Medium Medium pfMsisure: is required to re* 'the thread ID' near Una

plastic limit.. The thread and the lurnp haw rwluirn stittnesss
High ConsicleraWe pressure iii enquired to roll the thread to near trie

plastic limit. The thread artdi tiiet lump have very Wgh
stiffness

the: surface of the soil. Squeeze the sample by closing the
hand or pinching the soil between the fingers, arid note the
reaction as none., slow, or rapid in aceordain.ce1 with the
criteria in Table: 9. The reaction is the: speed with which
water appears while shaking, and disappears 'while squeezing.

1I4..4 Toughness:
14.4.1 Following the completion of the dilatancy test, the

test specimen is shaped into an elongated pat arid rolled by
hand on a smooth surface or between the palms into a. thread
about VB in. (3 mm) in diameter. (If the sample is too wet to
roll easily,, it should be spread into a thin layer and allowed
to lose some water by evaporation.) Fold the sample threads
and rerotl repeatedly until the thread crumbles at a diameter
of about Vs in. The thread will crumble at a diameter of Vs
in. when the soil is; near the plastic limit. Note the pressure
required to roll the thread near the plastic limit. Also, note
the strength of the thread. After the thread crumbles, the
pieces should be lumped together and kneaded unt i l the
lump crumble:-. Note the toughness of the material during
kneading.

14.4.2 Describe the toughness of the thread and lump as
low, medium, or high in accordance with the criteria in
Table 10.

14.5 Pi'asflcity—On the basis of observations made during
the toughness test, describe the plasticity of the material in
accordance with the criteria given in Table 11.

14.6 Decide whether the soil is an inorganic or an organic
fine-grained soil (see 14..8). If inorganic., follow the steps
given in 14.7.

114,1 Identification of Inorganic Fine-Grained Soils:

TABLE 111 Criteria for Describing Plasticity

14.7.1 Identify the soil as a lean day, CL, if the: sc
niediiiimi to high dry strength, no or slow dilatancy
medium toughness and plasticity (see Table 1.2)..

14.7.2 Identify the soil as a fat day, CH, if the so
high to very high dry strength, no dilatancy, and
toughness and plasticity (see Table 12).

14.7.3 Identify the soil as a silt, ML, if the soil has
low dry strength., slew to rapid dilatancy, and low toug
and plasticity, or is noriplastic [see Table 12).

14.7.4 Identify the soil as an elastic silt, MH, if the sc
low to medium dry strength, no to slow dilatancy, arid 1
medium toughness and plasticity (see Table 12).

NOTE 11—These properties are sirmilair to those for a, tear
However, live stilt will dry qulckJy on the hand and have i snuooit
fed when dry. Sonic soil:* thai! would classify ss MH in accordant:
the criteria in Test Method D 2487 a«r visually difTicullt: to disu;
from lean clays,, CL. It may be riec«u»iry l.o pxjirfiDnn laboratory 1
for ppQipei identification.

14.8 Identification of Organic Fine-Grained SOL'S:
14.8.1 Identify the soil as an organic soil, OL/OH, .

soil contains enough organic particles to influence tin
properties. Organic soils usually have a dark brown to 1
color and may have an organic odor. Often, organic soiil
change color, for example, black to brown, when expos
the air. Some oiganic soils will lighten in color signific
when air dried, Organic soils normally will not have a
toughness; or plasticity. The thread for the toughness lies
be spongy.

NOTE: 12—In some awes, •ilhrou&h, practice and cxperiena:,, it :nr
po^iibh: to further identify the oirgaink soils ;is oinganic iilu or 01
clays, OL or OH. CoiTdatioris l>etvk-e<:ii tlhe cliilauincy, <Ir>( stn
louj^tiess 'tests, and laboratory tests can lb<: made to identify or^itii.<
in certain deposits of similar materials ol"l;novm geoU>.Eic origin.

14.9 If the soil is estimated to have 15 to 25 % win
gravel, or both, the words "with wind" or "with gn
(whichever is more predominant) shall be added to the g
name. For example: "lean clay with sand, CL" or '"silt
gravel, ML11 (see Figs, la arid Ib). If the percentage of sa
equal to the percentage of gravel, use "'with sand..1"

14.10 If the soil is estimated to have 30 % or more sar
gravel!, or both, the words "sandy" or "gravelly" shal
added to ihe group name. Add the word "sandy" if t
appears to be more sand lhan gravel. Add the \
"•gravelly1" if ihere appear;; to be more gravel, than sand.
example: "sandy lean clay, CL'", "gravelly fat clay, CH"
"sandy silt, ML" (see Figs, la and Ib). If the percentaj
sairtd is equal to the perceni: of gravel, use "'sandy.'"

15. Procediune for Ident i fying Coarse-Grained Soils ((
tains; less than 30 '7c fines)

1.5.1 The soil is a gravel if the percentage of gravi
Description Criteria

Nonplasilic A Vs-in. (3-mm) thread cannot be1 rcfcd at any water content
Low The thread can barely be rolled end trie lump cannot: b€(

termed when drier than the piastk: lirrtfi
Medium The thread is easy to riotl and not much !iiTw> ii$ requinsd tc>

reacli Itie plastic liiTtit. The ltir«ael (-unror txj revolted a'hei'
reacriirif) the1 pla:iiic: limit. Trie lump c/LiTible'Ei 'Alieni drier
than tlhci plai!i!:ic ifiimut

High lit takes consWesratole time rollimg and kneading to readi the'
plastic: limit The thread can be rercJItid several time*; »ll€t
reaching Ihe plastic limit. The1 lump* {am 'be1 formed without
crumbling when elder than the piasiic frmit

esnmatei

TAB LIE

Symbol
Ml.

CL
MH
CH

;i to ne more than trie percentage or sano.

U! ldonlific£i(tioni of Inorgariiic Fine-Grainod So l-i Ifn:
Filliinual TefistJi

[)in^ Strerijjilh

MQf Mf tO lOM

F^etliitiTi k> tiicjh
L.<>" U> irnfijiuni
High 'to very high

I3ila teirn;y

'ElO'W to r£p>i'd

lMon«! tc> stow
None to slow
None:

Toughness:*

Low •or thread cann
formed

Maiium
Lov/ W medium
High
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15.2 The: scull is a sand if the percentage of gravel is
estimated to be equal to cur less than the percentage of sand.

15.3 The soil is a clean gravel or cfeon jam/ if the
percentage of filler is estimated to IN; !> % or less.

15.3.1 Identify the soil as a well-graded gravel, GW, or as
a well-graded sandt SW, if it has a wide range of particle sizes
• ml substantial]! amounts of the: intermediate particle sizes.

15.3.2 Identify the soil as; a poorly graded gravel, GP, or as
& poorly graded sand, SP, if it consists predominantly of one
size (uniformly graded), or it has a wide range of sizes with
some intermediate sizes obviously missing (gap or skip
graded).

15.4 The soil is either a gravel with fines or a sand with
fines if the percentage of fines is; estimated to It* 1!) % or
more.

15.4.1 Identify the soil as a clayey gravel, GO, or a clayey
wmi, SC, if the fines; are clayey as determined by the
procedures in Section 14.

15.4.2 Identify the soil as a .silty gravel, CM, or a silly
;and, SM, if the fines are silty as determined by the
procedure:!! in Section 14.

15.5 If the soil is estimated to contain 10 % fines, give the
,jj] a dual identification using two group symbols.
' 113., 1 The first group symbol shall correspond to a clean

jravel or sand (GW, GP, SW, SP) and.the second symbol
,.haLl correspond to a jgravel or sand with fines; (GC,, GM, SC,
JM).

15.5.2 The: group name shall correspond to the first group
.ymbol. plus the words "'with clay1" or "wi,l;h silt1* ito Indicate
he: plasticity characteristics of the fines. For example:
'well-graded gravel with clay, GW-GC" or "poorly graded
and with silt, SP-SM" (see Fig. 2).

15.6 If the specimen is predominantly wind or gravel but
ontains an estimated 115% or more of Ac other coarse-
jained constituent, the words "with gravel" or "with sand"
ball'be added to the group1 name. For example: "'poorly
jaded gravel with sand, GP" or "clayey sand with gravel,
>Crh (see Fig. 2).

15.7 If the field sample contains any cobbles or boulders,
-r both, the words "with cobbles'"' or "'with cobbles and
'Guldens'" shaJll be added to the group name. For example:
silty gravel with cobbles, GM."

T.ABIL1: cilf !i

i. Report
16.1 The report shall

id the items indicated
include the information as; to origin,
in Table 13.

NOTE 1.1—Example; Oayey Gravel witk Sand and Cobbles, GC-—
bout 50 % line to coanc, subroundcd to sulbiinj;ulai gravel; abomi 30 %
ue to tt>ai«:,, s;u brou in tied wind; about 20 % lines with medium
'asticity, high dry strength:, no diilatanicy, inediium tougjiness; weak

1. Gnaup iiBfiwi
2
3
4
5

A, crt
F'uroenl: c>1 or fln<«, or iill \t»t#3 \lrf dry

lu iriinc|<}:
'Girnvel — lino, ccui
™ (iriw,, rntNikim,,

angulfirity: an{|ul»r, stilsanijLilar, iiub*tHjn<k»di, i
F'iirttckj :shii(>e: (W Eippfci|>ri4il:«]i flfi!:, BbrK^itecl, flail aixi
MajuniLirri fwifiSclu W.\) or
HanJrn!:ss cf cctfin^J samd artti l
Plasticity cil fifMss: i^Dfiplasti<;, kyw, rnwJium l̂igt1
Diy iiiTwigthi; ncw*8. low, madtLirri, high, wiry higih

: none, sk?*", f£i|><)
tow, rr«sdiuni, tKjIi

iCoikM' (in moijst cs>nclition)
ChJc<r [iiwjntion cf)ly ilUN^ariic Cf
Maiiitura: dry, irK>i«l:, wet
Reaction with HCI: ncfie, weak,
infacf -sa/n^««:
Consistericy (finis-graimesl soils; only): very sofl, soft, fwrn. hard, vwy hard
Structure: sualMed, laminated, issured, siichenisictaJ. l«ise<l,, lurnct-

uinusiiiill)

strarig

k, ntc<lerate', strong

23. Acklntioniiil ol' icxjts CM' KM3t holc^t,
io
in

<rf iriicii.
or

rcaction with HO; original field sample1 had ii'bouit: 5 % (by volume)
Mitirouiidccl co'bbln, rnawmuim dimension, 150 mm.

]In-P!lacc Coniditioii*—Fllrai, IbonaogaieDiui, dry; brown
GeolOigic Interpretation—Alluvial fiari
NOT.E 14-Oliher exainiplles of soil, desciiptions and ideniificaiiion sin;

given in Afipeiidtixes XII and X2.
NOTE 15--4f deairal, Ubc pen^eiitigiet of'g^uvd, sand, and finwi may

tx: sbite<l iin teniis iodicatliij; a. ningi: cifpierc^iiatagcs; zs, follow!:
TroiM1-—Pajiiclcsi are pmtsent but estirtiuited to tx: less itlnaua 5 %
ftw—5 to 1036
Iitt/p—15 to 25 56
5cwiie--30 to 4.5 %
Atostlr-SQ to 100 %
16,2 If, in the will description,, the 50:111:> identified! using 21

classification jgroup :>y'jnaib«l and name: ;aj> (le^ciib<;cl in Tetf:
Method D 2487,, it must be distinctly and dearly stated in log
forms, surmnatiiy tables, reports,, and the like, that the symbol!
and name arc based oti visual-manual!! procedures.
17. Precision and Bias

17.1 This; practice provide;; qualitative information only,
therefore, a precision and bias statement is not applicable.
18. Keywords

13.1 classification; clay; gravel; organic soils; sand; sill;
soil classification; soil description; visual classification
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(|j|]|| Design.*ignation: D 4418 - 85a (Reapproved 1199;?)

Standard Guide for
Sampling Groundwater Monitoring Wells
This; standard til issued Hinder the fixed dcaigjianioT) D 4^48; the number immediately following the designation indicates ihc year of
original adoption or,, in the case of revision, the year ofllasl1 revision. A number in parentheses indicates the year of last reapprovaJ. A
!iup<rscripi epsilon (i) indirate ;in editorial change since (he last revision or ireapprmal.

. Scope
1.1 This guide covers procedures for obtaining valid,

epresentative samples from groundwater monitoring we]Is..
'he scope is limited to sampling and "in the field'" preserva-
on and doe:; not include well location, depth, well develop-
lent, design and. const ruction, screening., or analytical
rocedures.

1.2 This; guide is only intended to provide a review of
any of the most commonly used methods; for .sampling
on rid water quality monitoring wells and is not intended to
rve as a ground water monitoring plan far any specific
'plication. Because of the large arid ever increasing number

options available, no single: guide can be viewed! as;
mprehensive, The practitioner must make every effort to
sure that the method:; used, whether or not they are
dressed in this guide, are adequate to satisfy the moni-
iing objectives, at each site.
1.3 This .standard does noi purport to address all of the
ety problems, if any, associated w'tth its use, ft is the
ponsibility of the user of this standard to establish appro-
""" safely and health practices and determine the applica-

f regulatory limitations prior to use.

Summary of Guide
.1 The equipment and. procedure!; used for sampling a
litoring well depend on many factors. These include, but
riO'l: limited to, the design and construction of the: we.ll,,

of groundwater How, and the chemical species of
rest. Sampling procedures; will be different if anally;:!rig
trace organics, volatile:;, oxidizable specie:;, or trace
ils i,s needed. This guide considers all of these factors; by
.issing equipment and procedure options at each stage of
sampling sequence, For ease of organization, the sarn-
; process can be divided into three steps: well flushing,
ile withdrawal, and field preparation of samples.
I Monitoring wells must be flushed prior to sampling so
the groundwater is sampled, not the stagnant water in
-••ell casing. If the well casing can be emptied, this may be
although it may be necessary to avoid o.xygen contact
the groundwater. If the well cannot be emptied,

•dures must be established to demonstrate that the
le represents groundwater. Monitoring am indicative
neter such as pH during Hushing is; desirable if such a
idler can be identified.

guide is under (he jijrisdic'tion of ASTM Committee D-.34 on Wastf
•i| and is the direct re'!.pofisibil.iiy c'/'Subcomnriitee D34.0.I 0,1 Satripling
ring.

.,1 edrlion approved Aug. 23 .art) Oci. 25, 191)5. Published May 1986

2.3 The types; of species that are to be monitored as well as;
the concentration levels are: prime factors for selecting
sampling devices: (1., 2).2 The sampling device and all
materials and devices the water contacts must be constructed
of materials; that will not introduce contaminants or alter the
analyte chemically in any way..

2.4 The method of sample withdrawal can vary 'with the
parameters of interest. The ideal sampling scheme we-'-'
employ a completely inert material,, would not subject
sample to negative pressure and only moderate posi
pressure, would not expose the sample to the atmosphere
preferably, any other gaseous; atmosphere Wore conveyir
to the sample container or flow ceil! for on-site analysis.,

2.5 The degree and type of effort and care that goes in
sampling program is always dependent on the cherr
species of interest arid the concentration levels of interest
the concentration level of the chemical species of anal y
interest decreases, the work and precautions necessary
sampling are Increased. Therefore, the sampling objec
must clearly be defined ahead of time,. For example
prepare equipment for sampling for mg/L (ppm) level ... «.
Total Organic Carbon (TOC) in water is; about an order of
magnitude easier than preparing to sample for ,u.g/L (ppb)
levels of a trace organic like benzene, The specific precau-
tions to foe taken in preparing to sample for trace orgatiiics are
different from those to be taken In sampling for trace metals,
No Una! Environmental Protection Agency (EPA) protocol is
available for sampling of trace organics. A short guidance
manual, (3) and an EPA document (4) concerning moni-
toring well sampling, including considerations; for trace
organics are a VEUI liable.

2.6 Care must be taken not to cross contaminate samples
or monitoring wells with, sampling or pumping devices or
materials. All samples, sampling devices, arid containers
must be protected from the environment when not in use.
Water level measurements should foe made before the well is
flushed. Oxidation- reduction potential, pH, dissolved ox-
ygen, and temperature measurements and filtration should
all be performed on the .sample in the field, if possible. All
but temperature measurement must foe done prior to any
significant atmospheric exposure., if possible.

The sampling procedures roust be well! planned and
.sample containers must be prepared ;and labeled prior to
going to the ficl'd.

3. Significance and Use
3.1 The quality of groundwater has; become an issue of

national concern. 'Groundwaler monitoring wells are one of

; The bold lace rRj
this guide.

•ntwrre in paremhesfs rcfei ID a list of references ar ihc end of
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TABLE: '1 Typical Co milliner and Presorwtion Requirements; I'or a Ground- Water Monitoring Program

Sample and Mea.S'iireirnenl

MciUils As/Ba/Ccl/Cr/Fe PbfSef
Afi/Mn/Hsi

Mercury

Radioactivity alpha/beta/radium

Phenolic:

Miixdlaricous
FlLionklt
Chloride
Sul fate
Nitrate:
C'olifann
Conductivity
PH
Turbidiily

'Total oirjpmiic carbon (TOQ

Pesticides, herbicides and total
organic tuilc^M (TOX]i

IE* tractable organic:

Organic ]jurj;«ilb!e;
acroleifl/aayloflitiriJe

Volume
Ftifquiircd

(rnl-l
IC>(>3-;!00<t

200-300

4000

500-1000

1000-2000
300-500
30-200
1 00-500
100-250

UK)
too
100
ICO

25-100

1000-4000

1000-2000

25-120

Container P— •
F'ollycilhylenf

P/G (spe cisl acid
cleaning)

P/Ci (spscial aod
cleaning)

f*/G (sfNK'tal! acid
cliunimi;)

t}

P
P1

P/O
P/G
iP/(j
P/G
P/G
P/G
P/G
P/G

G/TFIi-ilHioro-
cartxm limsJ
cap1 scilvcnt
rinsed

GrTFE-fluoio-
airlbcin-linnJ
nip sol veri il

G/vial
'I1rE-fluor<>:ar-

t>on:-Iiiied s<|»-
tuiri

Phi«<:n'iiilivc Holding.

Njji purify niliric 6 moirti
acid to ;pH <2 '""'

hitfi purity ifii'lnc .28 dav:i
acid :[o pH <:!!
+0.05 ft

high purity nitric 6 months
add 1.0 pH <2

cool, 4'C 28 day-;
H3SiO4 10
pH <2

cool, 4"C 21( days
21! d,ays
2ft (Lays
4ft houn
6 hi
•on jjte/24 h
on siie/6 h
4$ h

ccwil, 4*Cor 24 hi
cool. 4'C HCI
or H;tSO,» no '.'.& day's
p>l <2

cool, 4*C "' diys/e>,lra(r|jcni 1
diXS/ariiilly!U5

ojol, 4"C 7 diiys/icxtractiori -t
(ibt;fs/nniil>ijs

cool. 4'C 14 days
3 daiv.i

the more important tools for evaluating the quality of
groundwater, delineating contamination plumes, and estab-
lishing the integrity of hazardous; mate rial manage rnent
facilities.

3.2 The goal in sampling groundwater monitoring wells is
to obtain samples that are truly representative of the aquifer
or groundwater in question. This guide discuses the advan-
tages and disadvantage:; of various well flushing, sample
withdrawal, and sample preservation techniques. It reviews
the parameters that need to be considered in developing a
valid sampling plan.

4. Well!! Finishing (Purging)
4.1 Waiter that stands wi th in ;a monitoring 'well for ia long;

period of time may become unrepresentative of formation
water because chemical or biochemical change may cause
water quality alteration:; and even if it i:; unchanged from the
time it entered the well, the stored water may not be
representative of formation water at the time of sampling, or
both. Because the representativeness, of stored water is
questionable, it should be excluded from samples collected
from a monitoring well.

4.2 The surest way of accomplishing this objective is; to
remove all stored water from the casing prior to sampling.
Research with a tracer in a full scale model 2 in. PVC well (5)
indicates that pumping 5 to 10 times the volume of tlhe well
via, an inlet near the free water surface is sufficient to remove
all the stored! water in the casing. The volume ofthe well may

be calculated to include the: well screen and any gravel! p
if natural How through these i:; deemed insufficient to !k;
them flushed out.

4,3 In deep oir large diameter wells having a volume
water so large as to make removal of all the waiter irripii
lical, it may be feasible to lower a pump or pump inlet
some point well below the water surface, purge only
volume below thai: .point then withdraw the sample fron
deeper level. Research indicates this approach should av.
most contamination associated with stored water (5, 6,t
Sealing the casing above the purge poini with a packer n
make this approach more dependable by preventing mig
tiori of stored water from above. Buit the packer must
above the top of the screened zone, or stagnant water fn;
above the packer will How into the purged zone through i
well's gravel/wind pack.

4 ..4 In low yielding well:;, the only practical way to re me
all standing water may be to empty the casing, Since it is i
always possible to remove all water, lit may be advisable to
the well recover (refill) and empty it again at least once.
introduction of oxygen into the aquifer may be of concern
would be best not to uncover the screen when perform ing i:
above procedure:;,. The main disadvantage of methods c
signed lo remove all the stored water is that large volurn
may need to be pumped in certain instances. T' »ia
advantage is; that the potential for contamination oi .pi
with stored wateir is minimized.

24
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NOTE—Talcen from Ref (15).
FIG. 1 Siinyle Check Valve Bailer

4.5 Another approach to well flushing is l;o monitor one
or more Indicator parameters such as pH, temperature., or
conductivity and consider the well to be flushed when the
indicator(s) no longer change. The advantage of this method
is that pumping can be done from any location 'within the
casing and the volume of stored water present has no direct
bearing; on the volume of water that must be pumped,,
Obviously, in a low yielding! well, the well may be emptied
before the parameters stabilize. A disadvantage of this
approach is that there Is no assurance in all situations; that
the stabilized parameters, represent formation 'water,, l!f signif-
icant drawdown has occurred, water from some distance
away may be pulled into the screen causing a steady
parameter reading but not a representative reading,, Also, a
suitable indicator parameter arid means of continuously
measuring it in the field must be available.

4.6 Gibb (4, 8) has described a time-drawdown approach
using a knowledge of the well hydraulics to predict ihe
percentage of stored 'water entering a pump inlet near the top
of the screen at any time after flushing begin:). Samples are
taken when the percentage is; acceptably low. As before, the
advantage is that well volume has no direct effect in the
duration of pumping. A current knowledge of the well's
hydraulic characteristics is necessary to employ this ap-
proach. Downward migration of stored water due to effects
other than drawdown (for example density differences) is not
accounted for in this approach.

4.7 In any flushing approach,, a withdrawal rate that
minimizes, drawdown while satisfying time constraints
should be used. Excessive drawdown distorts the natural flow
patterns around a well and can cause contaminants that wen:
not present originally to be drawn into the well.

3. Materials iindl Manufacture
5.1 The choice of materials used in the const ruction o

sampling devices should be based upon a knowledge of'wha
compound!; may be present in the sampling erivjronmem
and how the sample materials may interact via leaching
adsorption, or catalysis. In some situations,, PVC or some
other plastic may be sufficient. In others, an all glas;
apparatus may be necessary.

5.2 Most analytical protocols suggest that the devices used
in sampling; .and storing samples for trace organics analysis
(jjg/L levels) must be constructed of glass or
TFE-fluorocaibon resin, or both. One suggestion advanced
by the EPA is that the monitoring well be constructed so thai
only TFE-fhjorocarbon tubing be used in that portion of the
sampling well thai: extends from a few leei above the water
table to tlhe boitom of the1 borehole. (3., 5) Although this type
of well casing is now commercially available, PVC well
casing;:; are currently the most popular, if adhesivcs are
avoided, PVC well casings are acceptable in many cases
although their use may still lead to some problems if trace
organic;, are of concern. At present, the type of background
presented by PVC and interactions; occurring, between PVC
and ground water are not well understood. Tin, in the form of
an orgsinotin stabiliser added to PVC, may enter samples
taken from PVC casing. (9)

5.3 Since the most significant problem encountered in
trace organics sampling, results from the use of PVC
adhesives in monitoring well construction, threaded! joints
might avoid the problem {3, 3). Milligram per litre (parts per
million) level;; of compounds such as tetrahydrofuran,
rnelhyl-elhyi-ketorie, and toluene are found to leach into
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NOTE-—Taken from Ref (17).

i6|g||,;.̂ .̂: j

FIG. 2 Acrylic Point Source Bailer

groundwaier samples from-monitoring well casings sealed
with PVC solvent cement. Pollutant phthalate esters (8, 10)
are often .found in water samples at ppb levels; i,he EPA has
found them on occasion an jppm levels in their samples. The
ubiquitous presence: of these phthail'ate esters; is unexplained,
except to say that they ma> be leached from plastic: pipes,
sampling-devices, and containers.

5.4 TFE-fluoroearbon resins; are highly inert arid have
sufficient mechanical strength-to permit fabrication of sam-
pling devices and well casings. Molded pans are exposed to
high temperature during fabrication which destroys any
organic contaminants. The evolution of fluorinated com-
pounds can occur during fabrication,, will cease rapidly, and
does not occur afterwards unless the resin is heated to its
melting-point.

3.3 Extruded tebing of TFlE-fluorocarbori for sampling
.may contain surface 1 races.-of-an organic solvent extrusion.
aid. This can be removed easily by the fabricator and, once

removed by flushing, should not affect the sample. TF
fluorocarbori FE:P and TFlE^riuorocarbon PFA resins.do r
require iihils extrusion aid and may be suitable for sarnj
tubing as well. Unsiimtered thread-sealant tape of TF
ifluQrocarbon is available in an "oxygen service" grade a;
contains no extrusion aid arid lubricant.

5.6 Louneman, ei al. ( ] l l l ) alludes to problems caused !b>
lubricating oi! used during THMluorocarbon tubing e:O:r
sion. This reference also presents evidence1 that a fluoiinat"
ethylene-propylene copolyrner adsorbed acetone taa degr
that later caused containniiination of a gas sample..

5.7 Glass; and stainless steel are two other matenii:
generally considered inert in aqueous environrnents. Ghu>s
probably among.the best choices though it is not inconcei
able it could adsorb some constituents; as well as release oth
contarriirianls (for example., Na, silica:te, and F:e). Of •••ours
glass sampling equipment must be "handled careful t,l
field. S tail rules.;; steel is strongly anid easily inmachiim^d i

—- 26
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Mo? (--Taken from Fief (!!t).
FIG.. 3 Schematic cilf the lnv«rted Syringe Sampler
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fabricate equipment. Unfortunately., it is; not totally immune
to corrosion thai: could release metallic contaminants. Stain-
less steel contains various alloying metals., some of these (for
example Mi) are commonly used as catalysts for various
reactions.. The alloyed constituents of some stainless steels,
can be solubilized b;y the pitting action of nonoxidizirig
anions such ais chloride, fluoride, and in some instances
sullate, over a range ofjpH conditions. Aluminum, t i tanium,
polyethylene, and other corrosion resistant materials have
t«en proposed by some ;is acceptable materials, depending
on ground water quality arid the constituents of interest.

5.8 Where temporarily installed sampling equipment is
used, the sampling device that is chosen should be non-
plastic (unless TFE-ifluorocarbon), definable of trace or-
ganics, and must be cleaned between each monitoring well
use in order to avoid cross-con 1 ami rial ion of wells arid
samples. The only way to ensure that the device is indeed
"clean" and acceptable is to analyze laboratory water blanks
arid field water blanks that have: been soaked in and passed
through the sampling device to check for the background
levels that may result from the sampling material;; or from
field conditions. Thus, all samplings for trace materials;
should be accompanied by samples which represent the field
background (if possible), the sampling equipment back-
ground, and the laboratory background.

•» 9 Additional samples are often taken in the field and
spiked (spiked-field samples) in order to verify that the
sample handling procedures are valid, The American Chem-

ical Society's committee on environmental improvement h
published guidelines for data acquisition and dam evaluatk
•which should be useful in such environmental evaluatio
(10, 12).

6. Sampling Equipment
6..1 There is; a fairly large choice of equipment present

available for groundwater sampling from single screeru
wells and well clusters. The sampling devices can be categ.<
rizedl into the following eight basic types.

6 .1 .1 . Down-Hole Collect ion Devices:
6 .1 .1 .1 Bailers, messenger bailers, or th ief samplers (I.

114) are examples of down-hole device;; that probably pro vie
valid samples once the well h;a<; been flushed. They are m
praclical for removal of large volumes of water. The;
device;, can be consirucled in various shapes arid! sizes from
variety of materials. They do not subject the sample t
pressure exlrcmes.

6.1 ,,1.2 Baits PS do expose pa it of the sample to th
atmosphere during wilhdrawal. Bailers used for sampling c
volatile organic compounds should have a simple cock c
draft valve in or near the'bottom of the sampler allowin
withdrawal of a sample from the well below the expose-
surface of the water or the first few inches of the sampl
should t* discarded. Suspension lines for bailers and o'the
samplers should be kept olf the ground and free of othe
contaminating materials that could be carried into the well
Down-hole devices are not very practical for use in deej
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wells. However, potential sample: oxidation during transfer of
the sample into a collection vessel and time constraints for
lowering and retrieval for deep sampling are the primary
disadvantages.

6.1. .1.3 Three down-hole device!; arc the single and double
check valve bailers; arid thief samplers. A schematic of a
single check valve unit is illustrated in Fig. 1. The bailer may
be threaded in the middle so thai: additional length:; of blank
casing may be added to increase the sampling volume.
TFE-fluorocarbon or PVC are the most common materials
used! for construction (15).

6.1.1.4 In operation, the single check valve bailer is
lowered into ihe well., 'water enters the chamber through the
bottom, and the weight of the 'water column close;; the check

valve upon bailer retrieval. The specific gravity of ihe ;

should be about 1.4 to 2.0 so that the: ball almost sits on
check valve seat during chamber filling. Upon bailer w
dniwal, the; ball will immediately seat without any samjf
loss through the check valve. A similar technique invol
lowering a sealed sample container within a weighted bo
into the well. The stopper is then polled from the bottle vi
line and the entire assembly is retrieved upon filling of
container (14,16).

6,1.1.5 A double check valve bailer allows point sou
sampling at a specific depth (15,17). An example is shown
Fig. 2. In this double check valve design, water flows throu
ihe sample chamber as the unit is lowered. A ventuni tapeit
inlet and outlet ensures that water passes freely through i

NOTE—-Taken Irofn Fief (41).
5 PneurfiJilic VViiteii' Saiiplor With Internal T
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lit. When a depth where the sample is to be collected is;
* cached., the unlit Is retrieved,. Because the difference between
each ball and, check valve seat is maintained by a pin that
blocks vertical movement of the check ball, both, check
valves close: simultaneously upon retrieval. A drainage pin is
placed into the bottom of the bailer to drain the sample
directly into a collection vessel to reduce the possibility of air
oxidation. The acrylic model in. Fig.. 2 is threaded at the
mid sect ion allowing the addition, of threaded casing to
increase the sampling volume.

6,1.1.6 Another approach for obtaining point source sam-
ples employ'; a weighted messenger or pneumatic: change to
"trip" plugs at either end of an open tube (for example., tube
water sampler or thief sampler) to close the chamber 018).
Foe ret, Kem merer, and Bacon samplers are of this variety
(14,, 17,. 19). A simple and inexpensive pneumatic sampler
•was recently described by Gillharri (20). The device (Fig. 3)
consists of a disposable 30 mL plastic syringe modified by
sawing off the plunger and the finger grips,, The syringe is
then attached to a gas-line by means of a rubber stopper
assembly. The gas-iine extends to the surface, and is used to
drive the stem-Jess plunger, and to raise and lower the syringe
into the hole. When the gas;-line is pressurized, the rubber
plunger is held at. the tip of the syringe. The sampler is then
lowered into the installation., and when the desired depth is
reached, the pressure in the gas-line is reduced to atmo-
spheric (or slightly less) arid water enters the syringe. The
ampler is then retrieved from the installation arid the

.yringe detached from the gas-line, After the lip is; scaled, the
syringe is used as; a short-term siorage container. A number

of thief or messenger devices are available in various
materiail!; and shapes.

6.1.2 Sttcilon Lift Pumps:
6.1.2.1 Three types of suction lift pumps are the direct

line, centrifugal, and peristaltic. A major disadvantage of any
suction purnp is; that it is limited irt its ability to raise water
by the head available from atmospheric pressure. Thus, if the
surface of the waiter is more than about 25 ft below the
purnp, water may not be withdrawn. The theoretical suction
limit is about 34 ft, but most suction pumps are capable of
maintaining a water lift of only 25 ft or less.

6.1..2.2 Many suction pumps draw the water throug.li
some sort of volute in which impellers,, pistons, or other
devices operate to induce a vacuum. Such pumps are
probably unacceptable for most sampling purposes because
they are usuadly constructed of common materials such as
brass or mild steel and may expose samples to lubricants.
They often induce very low pressures around rotating vanes
or other such parts such that degassing or even cavitation
may occur. They can mi,3i aiiir with the sample via small, leaks
in the casing;, arid they are difficult to adequately dean
between uses. Such pumps are acceptable for purging of
wells, but should not generally be used for sampling.

6.1.2.3 One exception to the above statements is a peri-
staltic pump. A peristaltic purnp is a self-priming, low
volume suction purnp which consists of a rotor with ball
bearing roller. (21). Flexible tubing is inserted around the
pump rotor and squeezed by heads as they revolve in a
circular pattern around the motor. One end of the tubing is
placed into the well while the other end can be connected
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directly to a receiving vessel. As the rotor moves;, a reduced
pressure is created in the well tubing and an increased
pressure (<40 psi) on the tub: leaving the rotor head. A drive
shaft connected to the rotor head am be extended so thai
multiple rotor heads can t« attached! to a single drive shaft.

6,1.2.4 The peristaltic pump moves the liquid totally
within the sample tube. No part of the pump contacts the
liquid. The sample may .still be degassed (cavitation is
unlikely) but the problems due to contact with the pump
mechanism arc eliminated. Peristaltic pumps do require a
fairly flexible section of tubing within the: pumphead itself. A
section of silicone tubing is commonly used within the
peristaltic pumphead, but other types of tubing can be used
particularly for the: sections extending into the well or from
the pump lo the receiving container. The National Council
of ithe Paper Industry for Air and Stream Improvemient (22)
recommends using medical grade silicone tubing for organic
sampling purposes as the standard grade uses an organic
vulcanizing agent which has been shown to leach into
samples,. MedicaJ grade silicone tub; is, however, limited to
use over a restricted range of ambient temperatures. Various
manufacturers offer tubing lined with TFE-fluorocarbon or
Vltoir1 for use with their pumps;. Gibb (1, 8) found little
difference between samples withdrawn by a peristaltic pump
and those taken by a bailer.

6,. 1,2.5 A direct method of collecting a sample by suction
consist;; of lowering one end of a length of plastic tubing into
the well or piezometer. The opposite end of the tubing is
connected to a two way stopper bottle and a hand held or

3i Viion is ;i trademark of E. 1. d<u Pont dc Neniours & Co.., Wilrningro'n, DE
19898 and has been found suilablk: lor this purpose.

mechanical vacuum pump i!j attached to a second tubing
leaving the: bottle.. A check valve is attached between the: 'wo
lines to maintain a constant vacuum control. A sampl
then be drawn directly into the; collection vessel witn«4t
contacting the pump rncchianism (5,. 23,, 24).

6.1.2.6 A centrifugal pump can be attached to at length of
plastic tubing that is lowered into the well. A foot valve is
usually attached to the: end of the well tubing to assist in
priming the tube. The maximum lift is about 4.6 m (15 ft)
for such an arrangement (23, 25, 26).

6.1.2.7 Suction pump approaches; offer at simple sample
retrieval method for shallow monitoring. The direct line
method is extremely portable though oorasiiderabl'e oxidation
and mixing may occur during col lection. A centrifugal pump
will Eigitate; the: sample to a;ni even greater degree although
pumping rate;; of 19 to 1151 Lpm (5 to 40 gpm) can be
attained. A peristaltic puirnp provides a lower sampling rate
with less agitation than the other two pumps. The with-
drawal rate of peristaltic pumps can be: carefully regulated by
adjustment of the rotor head revolution,

6.1.2.8 AH three systems, cam be specially designed so that
the water sample contacts only the TFE flourocarbori or
silicone tubing prior to sample bottle entry. Separate tubing
is; recommended, for each well or piezometer sampled.

6.1.31 Electric Submersible Pumps:
6.1.3.1 A submersible pump consist'; of a sealed electric

motor that powers a piston or helical single thread worm at a
high rpm. Water is brought to the: surface through an access
tube. Such pumps have been used in the water well industry
ifbr yean and many designs exist (5, 26),.

6.. 1.3.2 Submersible pumps provide relatively high o ,
charge rates for waiter withdrawal at depths beyond suction
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lift capabilities. A battery operated uni t 3.6 cm (1.4 in.) 'n
diameter and with a 4.5 Lprn (I..2 gpra) flow rate at 33.5 mm
(110 ft) has been developed (27),. Another submersible purrijp
has an outer diameter of l\A cm (4.5 in . ) and can pump
water from 91 m (300 ft). Pumping rates vary up to 33.0
Lpm (14 gpm) depending ujpon the depth of the pump (28).

6.1.3.3 A submersible pump provides higher extraction
rates than many other methods. Considerable sample agita-
tion results, however, in the well and in the collection tubs1

during transport. The possibility of introducing trace metals
into the wimple from pump materials also exists;. Steam
cleaning of the unit followed by rinsing with unchlorinated,
deionized water is suggested between sampling when analysis
for organics in the pails per million (pprri) or parts per billion
(ppb) range is required (29).

6.1.4 Gas-Li ft Pumps:
6.1.4.1 Gas-lilt pumps use compressed air to bring a wate

sample to the surface. Water is forced up an eductor pip
that may be ihe outer casing or a smaller diameter pip
inserted imo the well annulus below the water level (30, 31

6.1.4.2 .^similar principle is used for a unit that consist
of a small diameter plastic tube perforated in the lower em
This tubs is placed within another tube of slightly large
diameter. Compressed air is Injected into the inner tube; th
air bubbles through the perforations, thereby lifting the wate
sample via the annulus between the outer arid! inner tubin
(32). In practice, the eductor line should be submerged to
depth equal to 60 % of the total submerged eductor lengt
during pumping (26). A 60 % ratio is considered optirm
although a 30 % submergence ratio is adequate.

31
f lR 302021*



D 4448

Outflow

Piston
Pump

rTh
••••••••Ml

Jii:

Suction ,

Exhaust
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6.1.4.3 The source of compressed gas. may be a hand
pump for depths generally less than 7.6 m (25 ft). For greater
depths;, air compressors, pressurized air bottles, and air
compressed from an automobile engine have been used.

6.1.4.4 As; already mentioned, gas-lift methods result in
considerable sample agitation and mixing within the well,
and cannot be used for samples which will be tested for
volatile organic?. The eductor pipe or weighted plastic tubing;
is EI potential source of sample contamination. In addition,,
Gibb (8) uncovered difficulties in sampling for inorganics.
These difficulties; were attributed to changes in redox, pH,

arid! species transformation due lo solubiilily constan
changes; resulting from stripping, oxidation, and pressure
changes.

6.1 ,.:5 Gas Displacement Pumps:
6.1..5.1 Gas displacement or gas drive pump;; are distin-

guished from gas-lift pumps by the method of sample:
transport. Gas displacement pumps force a discrete column
of water to the surface ™ mechanical lift, without extensive
mixing of the pressurized gas and water ass occurs with "Ifi
equipment. The piiniciple is shown schematically in ^ 4,
Water fills the chamber. A positive pressure is applied to the
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:iî f>5___̂ _;:;:::::=E:::::::
i\-i— *\
••""" __„. 3mm Plastic Tubing

. ——— No. 6;i Rubber Stopper

. ———— . 2.&rin Bicycle Tubing

__ _ „. Irnm Ai r Holes

..,_____„ 4i]mi PVC Pipe

——— . 1mm Air Holes

......... nOg Weight

NOTE—Taken from Ref (53).
FIG. HiD Packet Pump Arramgenieinl

oust an t
>ressure

• etostin-
sample
column
ctensive
i"' 'I:ift

4.
1 to the

gas line closing the sampler check valve and forcing water up
the sample line. By removing the pressure the cycle can !:e
repeated. Vacuum can also be used in conjunction with the
gas (30). The device can be permanently installed in the well
(33, 34, 35) or lowered into the well (36, 37).

6.1.5.2 A more complicated two stage design constructed
of glass with check valves made of TFE-fluorocairbon has
been constructed (38., 39). The unit was designed specifically
for sample testing for trace level organiics. Continuous How
rates up to 2.3 Lprn (0.6 gprn) are possible with a 5 . . I cm (2
in.) diameter unit.

6.1.5.3 Gas displacement pumps have also been devel-
oped with multiple functions. The water sample in Fig, 5
provides piiezometric data measurements with an inlemally
mounted transducer (40). A sample with its transducer
exposed externally for piezonielric measure men ts is illus-
trated in Fig. 6 (411). The sensor can activate the gas source at
the surface to cause sample chamber pressurizatiori at the
predetermined depth. Another design can be used as a water
sampler or as a tool for injecting brine or other tracers Into a
well (42).

6.1..5.4 Gas displace me rut pumps offer reasonable poten-
tial, for preserving sample integrity because l i t t l e of the
driving gas comes in contact with the sample as ihe sample is
conveyed to the surface by a positive pressure. Then: is,
however, a potential loss, of dissolved gasses or contamina-
tion from the driving gas and the housing materials.

6.1.6 Bladder Pumps:
6.1.6.1 Bladder pumps, also referred to as gas-operated

squeeze pumps, consist of a flexible membrane enclosed by a
rigid housing. Water enters the membrane through a check
valve; In the vessel bottom; compressed gas injected Into the
cavity be 1 ween the housing and bladder forces the sample
through a check valve at the top of the membrane and into a
discharge line (Fig. 7). Water is, prevented from re-entering
the bladder by the top check valve. The process is repeated to
cycle the water 1o the surface. Samples taken from depths of
30.5 m (100 ft) have been reported.

6.1.6.2 A variety of design modifications arid materials
are available (43, 44). Bladder materials include neoprene.,
rubber, ethylene propylene terpolymer (E.P.T.), nitiile, arid
the fluorocarbon Viton.J A bladder made of TFE-fluoro-
carbon is; also under development (45). Automated sampling
systems have been developed to1 control the time between
pressuiization cycles (46).

6.1.6.3 Bladder pumps provide an adaptable sampling
tool clue primarily to the number of bladder shapes that are
feasible.. These devices have a distinct advantage over gas
displacement pumps in that there is no contact with the
driving gas. Disadvantages Include the large gas volumes
required, low pumping rates, ;and potential contamination
from many of the bladder materials, the rigid housing, or
both.

6.1.7 Gay Driven i'Y.v/tw
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6.1.7.1 A simple and inexpensive example of a gas. driven
piston pump is a syringe pump (47). The pump (Fig. 8) is
constructed from a 50 rriL plastic syringe with plunger stem
removed. The device; is connected to a gas line to the surface
arid the sample passes through a check valve: arrangement to
a sampling container at. the surface. By successively applying
positive and negative pressure to {he gas-line,, the plunger is
activated driving waiter to the surface.

6.1.7.2 A double piston pump powered by compressed air
is i l lus t ra ted in Fig. 9. Pressurized gas enters the chamber
between the pistons; the alternating chamber pre5S.uriza.tion
activates Ihe piston which allows water entry during the
suction stroke of the: piston and Forces the sample to the
surface during Ihe pressure stroke (48). Pumping rales
between 9.5 arid 30.3 L/hr (2.5 to 8 gal/hr) have been
reported from 30.5 m (100 ft). Depths in excess of 457 m
(1 500 ft) are possible.

6.1.7.3 The gas piston pump provides continuous sample
withdrawal at depths greater than is; possible with inmost other
approaches. Nevertheless, contribution of trace elements
from the stailnless steel arid! brass is a potential, problem and
the quanti ty of gas used is significant.

6.1,8 Packer Pump A rrangemeni:
6.1.8.1 A packer pump arrangement provides a means by

which two expandable "packers" isolate a sampling unit
between two packers within a well,. Since the hydraulic or
pneumatic activated packers are wedged against the casing
wall or screen, the sampling unit will obtain water samples
only from the isolated well portion. The packers are deflated
for vertical movement within the well and inflated 'when the
desired deplh Is attained. Submersible, gas lift , and suction
pumps; can be used for sampling. The packers, are usually
constructed from some type of rubber or rubber compound
(48, 49, 50, 51). A packer pump unit consisting of a vacuum
sampler positioned between two packers is illustrated in Fig..
10 (52).

6.1.8.2 A packer assembly .allows the isolation of discrete
sampling points wiitibiira a 'well,. A number of different
samplers can tie situated between the packer; depending
upon the analytical specifications for sample testing. Vertical
movement of water outside the well casing during sampling
is possible' with packer pumps; bunt depends upon the
pumping rate and subsequent disturbance. Deterioration of
Ihe expandable materials will occur with time with the
increased possibility of undesirable organic contaminants
contributiling to the -water sample.

7. Sample Containers nod Preservation
7.1 Complete arid unequivocal preservation of samples,

whether domestic wastewaner, industrial wastes, or natural
waters, is practically impossible. At best, preservation tech-
niques only retard the chemical and biological changes that
inevitably continue after the sample is. removed from the
source. Therefore,, insuring the timely analysis of a sample
should be one of the foremost considerations in the sampling
plan schedule. Methods of preservation are somewhat lim-
ited and are intended to retard biological action., retard
hydrolysis; of chemical compounds and complexes, and
reduce the volatility of constituents. Preservation method:;
are generally limited to pH control, chemical addition,
refrigeration and freezing. For water samples, immediate

refrigeration just above freezing (4"C in wet ice) is often the
best preservation technique available, but it is not the only
measure nor is it applicable in all cases.. There may be S'pedaj
cases where it might be prudent to include a irecr""trng,
thermometer in the sample shipment to verily the ma m
and minimum temperature to which the samples -flTen:
exposed. Inexpensive devices for this purpose are available.

7.2 All bottles and containers must be specially p re-
cleaned, p re-label led, and organized in ice-dbests (isolating
samples; arid sampling equipment from the environment)
before one goes into the field. Otherwise, in any comprehen-
sive program utter chaos usually develops in the field or
laboratory. The time in the field is very valuable and should
be spent on talking field notes;, measurements, and in
documenting samples,, not on labelling; and organizing sam-
ples. Therefore, the sampling plan should include clear
instructions to the sampling personnel concerning the infor-
mation required in the field data record logbook (notebook),
the information needed on container labels for identifica-
tion, Ihe chain-of-custody protocols, and the methods for
preparing field blanks and spiked samples. Example of
detailed plans and documentation procedures have been
published (14, 53).

7.3 The exact requirements for the volumes; of sample
needed and the number of containers; to use may vary from
laboratory to laboratory. This; will depend on the specific
analyses to be performed, the concentration levels of interest,
and the Individual laboratory protocols;. The manager of the
sampling program should make no assumptions about the:
laboratory analyses. He should discuss the analytical require-
ment;; of the sampling program in defciil with the laboratory
coordinator beforehand.. This is especially the case- 'e
some: analyses and preservation measure! must be perk _, ji
at the laboratory as; soon as possible after the samples arrive.
Thus, appropriate arrangements must be made.

7..4 There: an; a number of excellent references; available
which list the containers and preservation techniques appro-
priate for water and soils (13, 14, 50, 54, 55, 56). The
"Handbook for Sampling and! Sample Preservation of Water
and Wastewater'1' is an excellent reference and perhaps; the
miO'Sit comprehensive one (14). Some of this information, is
summarized in Table I.

7.5 Sample containers for trace organic wimple;; require
special cleaning and handling considerations (57). The
sample container for purgeable organic! consist of a screw-
cap vial (25 to 125 :rni.L) fitted with a TFE-llourocarbori faced
sillicorie septum. The vial is; sealed in the laboratory immedi-
ately after cleaning; and is. only opened in the Held just prior
lo pouring sample into It. The water sample then must be
sealed into the vial headspace free (no air bubbles) and
immediately cooled (4"C) for shipment. Multiple samples
(usually about four taken from one large sample container)
are taken because leakage of containers may cause losses,
may allow air to enter the containers, arid may cause
erroneous analysis of some constituents. Also, some analyses;
are best conducted on independent protected wimple;;.

7.6 The purgeable samples must be analyzed by the
laboratory within 14 days after collection., unless they are to
be analy2:ed for acrolein or acrylonitrile (in which case 1|lfliey
are to be analyzed within 3 days). For samples for ;>- it
extractions (extractable orgariiics-base neutrals, acids ««id
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pesticides), the sample bottles are narrow mouth, screw cap
quart bottles or half-gallon bottles that have been precleaned,
rinsed with the extracting organic solvent and oven dried at
105"C for at least .1 ihi. These bottles must be sealed with
TFE-fluorocarbon lined caps (Note). Samples for organic
extraction must be extracted within 7 days and analyzed
within 30 days after extraction. Special pre-c'learted, solvent
rinsed arid oven-dried stainless steel beakers (one for each
monitoring well) may be used! for transferring samples from
the sampling device to the sample containers.

NOTE—-When collecting, samples, ihe hollies should not be overfilled
or preririsedl with sample before f i l l i n g because ail and other ma te r i a l s
may .remain in the bottle. This can: cause erroneously high results.

7.7 For a number of groundwater pararrielers, the mosl
meaningful measurements are those made in the fie!!d at the
lime of sample collection or at least at an on-silc laboratory.
These include the water level irt [he well and parameters that
sometimes can change rapidly wi th storage. A discussion of
the various techniques for measuring the water level in the
well is contained in a NCAS1 publication (5) and detailed
procedure;; arc outlined in a U.S. Geological Survey publica-
tion (58).. Although a discussion of these techniques is
beyond the scope of this guide, it is important to point out
thai, accurate measurements must be made before a well is
flushed or only after it has had sufficient time lo recover.
Parameters that can change rapidly with storage include
specific conductance, pM, turbidity, redox potential, dis-
solved! oxygen, and temperature. For some of the other

parameters, the emphasis in groundwater monitoring is on
the concentration of each specific dissolved component, not
the total concentration of each. Samples for these types of
measurements should be: filtered through 0.45 um mem-
brane filters ideally in the field or possibly at an oil-site
laboratory as soon as possible. Analyses often requiring
filtered samples include all metals, radioactivity parameters,
total organic carbon, dissolved orihophosphate (if needed),
and lotal dissolved phosphorous (if needed) (13, 14). If
melals are to be analyzed, filter the sample prior to acid
preservation. FbrTOC organic;;, the filter material should be
tested to assure than it does not contr ibute to the TOC. The
type or size of the filter to be used is not well understood.
However, if results of metal , TOC or other parameters that
could be effected by solids are to be compared, the same
fil tering procedure must be used in each case. Repeated
analytical results; should slate -whether the samples were
filtered and how they were filtered.

7.8 Shipment and receipt of samples must be coordinated
with the laboratory to minimize time in transit. All samples
for organic analysis (arid many other parameters), should
arrive at the laboratory within one day after it is shipped and
be maintained at about 4"C with wet ice. The best way to get
them to the laboratory in good condition is to send them in
sturdy insulated ice chests (coolers) equipped 'with boltle
dividers. 24-h courier service is recommended, if personal
delivery service is not practical.

REFERENCES

(1) Cibb, J. P., Schuller, R M,, Griffin, R. A., Monitoring Weft (112)
Sampling and Preservation Techniques, EPA-600/9-80-IOI, 1980,

(2) Pcttyjohn, W. A., Dunlap, W. J,, Cosby, R. L-, Keeley, J. W.,
"Sampling Ground 'Water for Organic Contaminants," Ground (13)
Water, Vol 19, (2), March/April 1981, pp. 180-189.

(3) Duolap, W. J., McNabb, J. F., Scalf, M. R., Cosby, R. iL, Sampling (M)
for Organic Chemicals ami Microorganisms IN (he Subsurface,
EPA-600/2-77-176, NT1S PB 276 679, August 1977,, :i5 pp.

(4) Scalf, M. R.. McNabb, J. 1-., Dunlap, W. J., and Cosby, R. L., (15)
Manual of Ground Water Quality Sampling Procedures, Nat ional
Water Well Associalion. NT1S PB-82 103 04.5, 198!. (16)

(5) "A Guide 1o Groundwater Sampling.," NCctSf Technics! Bulletin,
No. 36.2, January 1982.

(6) HumenJck, M. J., Turk, L. J,, Coldrin, M., '"Methodology for (117)
Monitoring Ground Water at Uranium Solution Mines," Ground
Water, Vol 18 (3), May-June 1980', p. 262. (18)

(7) March, J. M., and Lloyd, J. W., "Details of Hydrcdiemical
Variations in Flowing Well;;," Ground Water, Volume 18 (4), (19)
July-August 1980, p. 366.

(8) Gibb, J. P., Schuller, R. M., Griffin, R. A., "Collection of
Representative Water Quality Data from Monitoring Wells,"
Proceeding of the Municipal Solid Waste Resource Recovery (20)
Symposium, EPA-60D/9-8I-002A, March 1 9 8 1 .

(9) Boeltner, E. A., Gwendolyn,. L. Et., 2 'andl, H., Aquino, R,, Organic (21)
and Organotin Compounds Leached from PVC and CP^'C Pipe,
NT1SP8 82-108 333. 1982. " (22)

(10) Junk, G. A., Svec, H. J., Vick, R. D, A very, M. J., " Co ri lami-
nation of W;i|i;r by Synthei ic Polyrncir Tube:?,"1 Emironmenwi
Science and Technology, Vol 8 (13) I100 h December 197^. (23)

II) Lounernan, W. A , Bufa l in i , .1. J., Kun lz , R L., and Meets, S. A.,
"Contaminat ion from Fluoroairbon Frilrns," Environmental Sci-
ence and Technology, Vol 15 (I1)., January 1981. (24)

ASC Committee on EnvironmeiiLa] [mprovercicnl, "Guidelines for
Data Acquisition and IData QuaJity Evaluation In Environmental
Chuni$toy~ Analytical Chemistry, Vol .52,, 1980, pp. 2242-2249.
Procedures Manual for Gr&und Water Monitoring af Solid Waste
Disposal Facilities, EPA/530/SW-611, August 1977.
Handbook for Sampling and Sample Preservation of Water and
Wasiewater, US. Dept. of Commerce NTIS PB-259 946, Sep-
teinber 1I9'76.
Tinnco Manufacturing Co., Inc., "Variable Capacity Hauler," Timeo
Geotecknicaf Catalogue, Prairie dui Sac, WI, 1982,
deVera, E., Sirnmons, B., Stephens, R., Slorrm, D,, Samplers and
Sampling Procedures for Hazardous Wash? Streams, Environ-
mental Protection Agency, EPA-600/2-8O018, 1980. p. .51.
Morrison, Ft.,, Ground Water Monitoring Technology, Timco
Manufacturing Co., 1982, p. 276.
Eijelkarnp, "'Equipment for Soil Research,"* General Catalogue,
Ceisbeek, The Netherlands, 1979, pp. 82-83.
Wood, W., "Guidelines for Collection arid Field Analysis of
Ground- Water Samples for Selected Unstable Constituents," Tech-
niques of Water- Resources Investigations of [he United States
Geological Survey, Chapter D2, 1976,. p. 24.
Gilharn, R. W., "'Syringe Devices for Ground \viiter Monitoring,'™
Ground Water Monitoring Review, Vol 1 (2), Spring 198;!, p. 36.
Master II ex., Masterflejc Pwnp Catalogue, Barnaul! Corp'.,
Barrington. IL, 1 9 8 1 .
"Guidelines for Contracting Sampling and Analyse:;; for Priority
Pollutants in Pulp and Paper ln.dus'!ry EflTuents," NC'AS!
Improvement Technical Bulienn. Na. 335, August 1980.
Allison, L., "A 5>inip]e Device for Sampling Ground
Auger Holes," Soi! Science Society of America frfxei
844-45. 1 9 7 1 .
V/illard'sori, L., Meek. Ft., H« her, M.. '"A Flow Path Grrnmd Water

n
35:

35 fl R 3 0 •'n0 2 8



0 4448

Sampler,"1 Soil Science Society of America Proceedings 36: 965-66,
1972.

(25) Witson, L., Monitoring in the Vadose Zone: A Review of Technical
Elements and Methods, U.S. Environmental Protection Agency,
EPA-60017-80-134, 1980, p. ISO.

(26) Ground Wafer and Wells, Johnson, E E., Inc., St. F'aul, MN, 1.980,
p. 440.

(2:7) Keck,, W. (3. and Associates, New "Keck" Submersible Water
Sampling Pump for Groundwater Monitoring, Kedk, W. G. and
Associate!;, East Lansing, Ml, 1981.

(28) McMillio:n, L,., and Keeley,, J. W., "Sampling Equipment for
Ground-Water Investigation,'" Ground Water, Vol 6, 1968, pp.
9-11.

(29) Industrial and Environmental Analysis, Inc., Procedures ami
Equipment for Groundwaler Monitoring., Industrial and Environ-
menial Analysts, Inc., Essex. Junction, VT,, 1981.

(.30) Trescott, P., and Finder, G., "Air Pump for Sirial'1-Diiannei.er
Piezometer;;;1 Ground Water, Vol 8, 1970, pp. 1 0 - 1 5 .

(.311) Sammerfeldl, T., a.nd Campbell, D., "A Pneumatic System to
Pump Waler From Piezometers," Ground Water, Vol 13, p. 293..

i[32) Smith, A., "Water Sampling Made Easier with New Device," The
Johnson Drillers Journal, July-August 1976, pp. 1-2.

(33) Mormon, R., and Ross,, D.., "Monitoring for Groumdwatcr Con-
tamination at Hazardous Waste Disposal Sites;" Proceedings of
1978 National Conference on Control of Hazardous Material Spills,
April 13, Miami Beach, FL, 1968, pp. 281-286.

{34) Monisom, R.,, and Brewer, P. "Air-Lift Samplers for Zone-of-
Saturation Monitoring," Ground Water Monitoring Review, Spring
1981, pp. 52-54.

(35) Monison, R., and Tinnmons, R., "Groundwater Monitoring; II,"
Groundwater Digest, Vol 4, 1931, pp. 21-24.

(36) Biarichti, W.. C, Johnson, C., Haskell,. E.,, "A Positive Acitloni Pump
(or Sampling SmaJl Bore Holes,1* Soil Science Society of America
Proceedings, Vol 26, 1961, pp. 86-87.

(37) Timmons, R.,, Discussion of "An All-Teflon Bailer and An
Aiir-Driven Pump for Evacuaiting; Srnalli-Diaimeicr Ground-Water
Wells" by D. Buss and K. Bandt, Ground Water, Vol 19,1981, pp.
666-667.

(38) Timco Manufacturing, Co.,, Inc., "Gas Lift Teflon Pump," Timco
Geofecttnical Catalogue, Prairie dm Sac, WI, 1982.

(39) Tomson, M,,, King, K.., Wau'd, C-.,, "A Nitrogen Povirered Comtin-
uouis Ddi.very,, All Glass Teflon Pumping System for Giroundv/atcr
Saimpliirijg from Below/ 10 Meters," Ground Warn; Vol 18, 1980,
pp.444-446.

(4fj) Pneumatic Water Sampler, Slope Inidicalor Co., Seattle, WA, 1982.

(41) Pelur Instruimerit Co., Inc., Petur Liquid Sampler, Petuir Instru-
ment Co.,, Inc., Seattle, WA, 1982.

(42) Idler, C3., "Modification of an Electronic Downhole Waler Sam-
pler,- Ground Water, Vol 18, 1980, pp. 532-535.

(413) Remote Sampler Model 200, MarkJaml Specialty Engjinecri,;
Ltd., Etobicoke, Ontario, Bulletin 200/78, 1978,

(44) Middleburg, R., "Methods for Sampling Small Diameter Wells for
Chemical Quality Analysis," Presented at the National Cmference
on Quality Assurance of Environmental Measurements, Nov.
27-29, Denver, CO, 1978.,

(45) Air Squeeze Pump, Leonard Mold and Die Works, Denver, CO,
1982.

(.4.6) Automatic Sampler Controller: Markland Model 105 and 210.5,
Maryland Specialty Engineering, Ltd.., Etobicoke, Ontario, Bulletin
105/78, 1981 .

(47) Gi.Hr.iam, R. W., and Johnson, P. IE., "A Positive Displacement
Ground-Water Sampling Device," Ground Water Monitoring fa-
view, Vol 1 (2), Summer 1981 , p. 33.

(•4(0 Signer, [>., "Gas-Driven Pump for Ground-Water Samples," US.
Geological Surrey. Water Resources investigation 78-72, Open
File Report, 1978.

(•49) Tigre Tierra H.X Pneumatic Packer, Tigre Ticrra, Inc.,, Puyallup,
WA, 1981.

(50) Cherry, R., "A Portable Sampler for Collecting Water Sannpiles
from Specific Zones in Uncased or Screened We'll!!;,™ U.S. Geolog-
ical Survey, Prof. Paper 25-C, 11965, pp. 214-216.

(531) Grisalc, G.. Menitt, W., Williams,, D., "Fluoinide Borehole Dilution
Apparatus Par Groundwater Velocity Measurements,," Canadian
GeotechnicalJournal, Vol 14, 11977, pp. 554-561.

(52) Galgowski, C., Wright, W., "A Variablc-Depthi Ground-Water
Siampler," Soil Science Society of America Proceedings, Vol 4*1,
198:0, pp. 1120-1121 .

(53) Samplers and Sampling Procedures far Hazardous Waste Stream*,
USEPA MERL Laboratory, Cincinnati, OH, EPA-600/2-SO-018,
January 1980.

(54) Methods for Chemical Analysis of Water and Wastes, EPA-6OQI/4--
79-020, USEPA EMSL Laboratory, Cincinnati, OH, March 197
Federal Register, Vol 44, No. 244, Dec. 18, 1979, M,
75050-75052.
Standard! Methods for the Examination of Water and W<a$iewatffr,
APAA, 14lh eel., Washington, DC, 11976, pp. 38-45.
Handbook for Analytical Quality Control in Water and Wastewater
Laboratories, EPA-600/4179-019, USEPA EMSL Laboratory, Cin-
cinnati, OH, March 1979.

(58) U.S. Department of Interior, "Grouindvrater," Chapter II., National
Handbook of Recommended Methods fur Water Data Acquisition,
19.80,,

The American Society for Testing and jWareriafe taltes no position res-pectin;} tne validity D/ aiy patent rights assert&d in connection
with any Hem rnenlionad in this standard. Users of (his standard are expressly advised that determination of trie validity of any such
patent rights, and the risk of inf.rfnijer.nenf of such fights, are entirely their own responsibility.

This standard is subject to re-vision at any time by the responsible technical coriimittee and must be revi&ved every live years sind
if not .revised, either rmapproved or withdrawn Your comments are invited either for revision of Fhis standard or tor additions! sfancfards
and stwld ht< aildrosse'd to AST\I He&dquwtees. Your corrvmenfs will receive careful consideration al a meeting ol the responsible
technical Kornnitteti, which you may ci!Ten</. K you feei that youi comments have not received a fair hearing you sfmald make your
viaws known to tho ASTM Comenitteo on Standards, i'9/6 flace Sf, Philadelphia, PA 19103

36

fl R 3 0 2 0 2 9



Designation: D 121488 - 93

Standard Practice lor
Description and Identification of Soils (Visual-Manual
Procedure)1

This standard is issued under the fixed designation D 2488; (the number immediately following ihe designation indicate the year of
original adoption en, in the, case of revision, the year of last levis.ion A number in parentheses indicates the year of last reapprovjil, A
superscript epsiilon (<) indicates an editorial change since the last revision or reapproval.

This standard has been approved far use by agencies of she Department of Dtfenie Consult the DoD SnJex of Specifications and
Standards for the specific year oj issue which has been adopted by the Oepanrnens of Defense.

1, Scope
1.1 This practice coveins procedures for Ihe description of

soils for engineering purposes.
1.2 This practice also (describes a procedure for identifying

soils,, at the option of the user, based on the classification
system described in Test Method D 2487.. The identification
is based on visual examination and manual tests;. It must be
clearly stated in reporting an identification that it is based on
visual-manual procedures.

1.2.1 When precise classification of soils for engineering
purposes; is required, the procedures; prescribed in Tent
Method D 2487 shall be used.

1.2.2 In this practice,, the identification portion assigning
a group symbol and name is limited to soil particles smaller
than 3 in., (75 ram).

1.2.3 The identification portion of this; practice is limited
to naturally occurring soils (disturbed! and undisturbed).

I— This practice iraaiy te nosed as 3 descriptive system appllkxl
to su.db materials us shale, daystomc,, shellls, crushed rock, etc. {See
Appendix X.2).

I. ,3 The descriplive in formation. in this; practice may be
used with other soil classification systems or for materials
other than naturally occurring sails.

1 .4 This standard does not purport to address all of the
safety problems, if any, associated with its use, U is the
responsibility of the user of this standard (o establish appro-
priate safety and health practices and determine the applica-
bility of regulatory (imitations prior to use. For' specific
precautionary statements see Section 8.

I ,.5 The value:; stated in inch-pound units are to be
regarded as the standard,

2. Referenced! Documents

2. 1 ASTM Standards:
D653 Terminology Relating to Soil, Rock, and Contained

Fluids2

D 1452 Practice for Soil Investigation arid Sampling by
Auger Borings2

D 1 586 Test Method for Penetration Test and Split-Barrel
Sampling of Soils''

1 This practice is under (.he jurisdiction of ASTM Committee .CM 8 on Soil arid
Rock and is the direct responsibility of Subcommittee D18.07 OH Jdenlification
.arid Classifies ion of SoiJs,.

Current edition approved S;pt. il .5, 1993. Published November 1993. Originally
published as D 2488 - 66 I. Last previous edition D 2488 - W

2 Annual'Book of ASTM Standards, Yd 0AM.

D 1:587 Practice for Thin-Walled Tube Sampling of Soils'
D2I !3 Practice for Diamond Core Drilling for Site

Investigation2

D2487 Classification of Soils, for Engineering Fuirposies
(Unified Soil Classification System)-1

D4083 Practice for Description of Frozen Soils (Visual-
Manual Procedure)2

3. Teircmiinology '
3.1 Definitions;
3.1.1 Except as listed below., all definitions are in accor-

dance with Terminology D 653.
Noil; 2—-For particles retained on a 3-in.. (75-mm) US standard

sieve, the following definition:? are suggested:
Cabbies— particle* of rock tliai: will pass a 12-iin. (30Q*-inna) sqaarK

0[«ning; and be reUiiinexl on a 3-in. (75-ninn.) sieve, and
BouJders— particles; of rack that mil not fuiss « 112-iri. (3(WLrDim)

square opening ;

3.1.1.2 day—soil passing a No. 200 (73-firn) sieve: that
can bt: made: to ejihibit plasticity (putly-like properties)
within a range of water contents, arid that exhibits consider*
able strength when air-dry. For classification, a clay is a
fine-grained soil, or the fine-grained portion of ai soil, Math a
plasticity index equal to or greater than 4,, and the plot of
plasticity index versus liquid limit :fiaJIs; on or above the "A"
line (see Fig. .3 of Test Method D2487).

J.J.I.3 gravel—-particles of rock that will pass a 3-in.
(73-rrirn) sieve arid be retained on a No. 4 (4.75-:mm) sieve
with the following subdivisions:

coarse—passes a 3-in. (75-mni) sieve and is retained on a
3/i-in. (19-rnm) sieve.

./me-—passes a 3/»-iri. (19-mrri) sieve arid is retained on a
No. 4 (4.75-mm) sieve.

3.1.1.4 organic day—a clay with sulTicieni organic con-
tent to influence the soil properties. For classification, an
organic clay is a soil that would be classified as ;a clay, except
that its liquid l imil value after oven drying is less than 75 %
of its liquid l imit value before oven drying.

3.1..1.5 organic silt—-a silt with sufficient organic: content
to influence the soil properties. For classification, an organic
silt is a soil that would' be classified as a si l l except that its
liquid limit value after oven drying is less than 75 % of its
liquid limit value before oven drying.

3.LI.6 pea!.~-ii soiil composed primarily of vegetable tissue
in various stages of decomposition usually wilh .an organic
odor., a dark brown to black color, a spongy consistency, arid a
texture ranging from fibrous to amorphous.

3.1.1.7 sand— -particles of rock that will pass a No. 4
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GRQUP_SYMBOL GROUP NAME

>r Ofl% plus IMo. 2CN) -==~~——i- <1I5% plui N.D. 200 ————————————————————————•" Uin clay
^*'''f'' ~~*- 1IS-2S% ft In I Nl». 200 —=:;;-——•- »1 wmdl ;>W <grat'«l< ————»• t.itiri cla.y with u>i>d

OIL '*••••... "li" * wpm*<:-* 'irniil1 ———•• t.inn clay with ;iuiyel
"̂ --.̂  __-P* It 'him! >% of ur»v«lt-•«5~™———"• <15% gravel •——————-»- Stoutly H»»n cliy

"*' >30% ptui No. 2(W)-=:;^ ""*" ;>'!&% fimwil •——————•*- Sfricly Hun eUy with gnvd
~~~~~»- % Kind <% ijravcil —==::;;-——-*• <15% stnd ———————-»- Grnrlly t.ean clay

"*->1S% tarxd —————————'•- GnvHty lean c:l»v with Hiitd

_.,,. <30% () us Mo. SCO --==--———»- <15% plus IMo. 20*0 ————————————————————————————*- Silt
^,*''*' ~~~~*" 15-25% plux Nn. 21)0—=~~———->•' % Mind >% gra»el •————•- Sill with urid

IV)![,.<'' ~~~1"~-1*'-% MUM! <% (jrawel ————•- Sil't with, grinni\
"""----..̂  __-.»' % Mine) >% of g r a v e l —=™~———-)•-<'!5% gravel————————•- Sarvdy *ilt

*'>30% phit No. ;>W)-=C^ "~~--*. >;|5,% gra,Vi>|————————»- Saivdy i.ilt with gravel
~~~~ '̂- % !,;>ndl <% t|i ;t»el --.=—--—————-).- < 'I S% tarMi •—————————•- Griivelly nit

—-—1«. >T5% isniJ-—————————». Gravelly nit w i th wtnd

,̂r- <30% pki<! No. 200 «=-—————»- < l&% plu:i No. 200'————————————————————————————*- fa\, cla.y
,,--''' "~~^—-i». 1&-?S% plui, No. 2tW—==;————•*-'<• *and>% ;ir.»vel -————»- Far clay with u.nd

CH ^"i, "H*'w "rM* <% «n"Bl'————""" Fa* day with siiixnel
^""---̂  _-w- % Mnvd >% o'f »r«»*l~™c=~:;———*""<'1'5* !|r.»»el ———————-»- Sarwly fur etay

~*' >Mi% pliMt No 200-e;:;̂ "" "" -«»->15» gnvc) ———————H.- jjar,dv (3) ctay with g.sn-itl

"~~^ '̂1*- % umd <% 5iiiiv»l — -==:::;;———i"<;-15*» 1Hm<1 •———————H" Gravelly 1'at clay
-*->1S% wnicl -———————H»-GravelHy *at clay wiih wintil

fj,r <3Q% pi Ji No. 2(KD -==;:;;——•" <'15« plum file.. 2:00> ———————-———————————————-)•- lEIaitk !»lt
^,,''''' ~~"- 1G>-2!>K phm Mo. 2(M)—B;;~———I" % :«r«( ;>% gnaif<tl————*- I: In lie iiilt with u.i>dl

IVIH '̂  ~~~—•-• % *m<l <% giriii'itl ————*• I: IK tic nil! with gravel
^~---^__ __v. % *arnl >% off gravel ~«B~--———i-- <;i!»Si {)inirci •———————i-- StrnJy elutk (iiilt

~*fc >;M)% iDlun, No. 2'OQi -=;:̂ "" "~~~—*•• ;>1S% !|irii«l -——————«•- JUr<ly elastic silt wiith nirawel
"•-• % sarMJ <% gravel —•=——————v <18% wmdl ———————•!•• (Jrs vislly «lain:ic: «llt

"-•••<>t5% uii>dl —————————»••- Grain-l|y (-IsiCTk: *illi: with urid

MOTE—PtHta*ntai£(«s are IXWB<\ on ejlinmtffMj amc*ints of fine;, ttincl. arKJ graves) to tl>a ntfii'ust 5 :i,
FIB. IBI F;|lovir Chart fctir Identifyinig lnorgiJiriic IFirnB-(3ntii«Nd J>M( i[5(l % ai1 more IfineK)

(4.75-mm) sieve and be retained on a No. 200 (75-ujn) sieve 4. Summary of Pi
with the following subdivisions: 4.1 using visual examination and simple; manual tote,

.ouwe^passes a No. 4 (4.75-mm) sieve and is retained on this practice gives standardized criteria and procedures for
a No. 10 (2.00-mm) sieve.

medium—passes a No. 10 (2.00-mm) sieve and is retained
OB a No. 4CI (425-um) sieve.

leficiibmg and identif yiimg, soils
4.2 The soil can be: given an idenliliea.lion by a^sigping &

group symbol(3) and name. The flow charts, Figs, la and Ib
fine—-passes a No. 40 (425-um) sieve: and is; retained on 21 For fine-grained soils, and Fig. 2, .for coarse-grained soils,, can

No.'200 (75-um) sieve,. be used to assign the appropriate group symbol(s) and name.
3.1.1.8 silt—-soil passing a No. 20CI (75-um) sieve that is If the soil has properties which do not distinctly plaice it into

nonplastic or very slightly plastic and that exhibits little or no a specific group, borderline symbols may be used, see
strength when aJr dry. For classification, a silt is a fine- Appendix X3.
grained soil, or the fine-grained portico of a soil, with a NOTE 3' — 11 iis suggested that « disiJnction be: maide1 1beh««m
plasticity index less than 4, or the plot of plasticity index symbols and borderline symbols.^
versus liquid limit falls below the "A" line (see Fig. 3 of Test
Method D 2487).

Dual Symbol— A. dual iynibD'l iu two symbols 'icpanited by a h)phie:n,
for exiimpk., GP-GM, SW-SC, CL-ML used to indKSite that the soiil has
bee:n idcntifibd ant haTing;thi: jp'n)F^:intii<a» of 'a clai;aalici!ib«ci in ;ic(s>rdljiBi(^s
with TttBI Melliiod D2487 where two. irymbote itns req'uinxl. Two
synibois an: rt»itu"it^J when t^l^: soil has. between - .5 and 1.2 % fanes- or

GROUP SYMBOL GROUP NAME

OL/OH

jf <30% plui IM'n. 200 •

% plut Wo. 200

<15% plut No. ?00 •

• % wind <;>i uiii

NOTE—Percentages are based cm estimating eimounts <il tines;, SEJKJ, and gravel to the neairesl! Ei %.

F:IIGi., 1b Flow Chart Ifor Iclentifyiinci Organic Fiine-firBiined Soil (50 % or more lines)

• Orjiniiii: noil cr.iih unvd
OrjinoH: noil wiilh jii'ii^tl
Si rely iQrgunin: i« I
!tindy <o>g.imi<; Mitt with
Griviilly cnjiiinii; noil
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GROUP SYMBOL GROUP NAME

——»-GiW- _.=------——4-<i5%»i,t| ————,_ WMI grtd*d <|i'jiv»l
lf\ ———... Wull^ftded iji-imt i

*i>0f ly gr M -GP. —*-<15.%«nel ————•- Poorlvi*»ded i|r»i«l
""*•;> 15% uritl ————*» ifoorlv Jir»d(d flfiivil wtlh i.9>r>d

GRAVEL

% land

jrWdl-gr»[)fd-«;;;——————————H-"[in«i'ML of MH———————*'CaW'(-1 P^l — s;~———1»<15%M
-.'-''' ~~""~"~-—-.^ - -,,-, ~"~~<- ;> 15.% i j

<^ "~* 'lin«=CI. or CH-———————»-(jiW-GC -«==;————*»<15%!Hi

^"k-Poorlv grpde[l-=-~———————--1- linti=ML or MH———————»-GP"GIVl—==-—-——*-< 15%

"^fcl fir « »- C:L or CH '———————»" Gi P" G C —==————•- < 15.%
~~*- >1S% an

______———*- 1m«t-ML ot MM ———— ---•• GM! —===-———-—-r~ <15% »r
"--===="-=""""" ' ., r, ——*-;>i5%»n

-CL iw-CH————————i..GO ——

————•- Wrl I-graded griiicl with lit
————,.. Wvll-grided i)ri'itl with lilt m<
————•- Wi'll-grided ignitl with, cluy
————•» Wi-ll-grided igniel with, cljiy «r
————*- Poor IV J'»ded ijrjml with n.|i
————*. Poorly j'»ded i|iiml wilh ii.lt i
————-I- Poorly g'*dfd gi's.nl wilh clay
————•• Poorly gr»dtd igii.itl wilh clay

———•- Sitty jir*vel
————*~ Ij.illy yttil «ith uifid
————,. Cliiy.iv snivel
————». ciiiyi'V ai'»»tl witli und

"•1'^orlva.Bde.d- -*SP
——•• -:i51i jmvtl ———»- Wf!l-gr.idBd larirl
——*.;>151! (IIIVEI ———•- Wtll-gr-nleid i-)f<l with ipu
——•-<151l (ifj.el ———»- Poorliy flr».dfrd l.ir«l
^--«.;i]5i; grj.el ———•- l'i>orl:y 9i.»dt.d untl with i

w-SW'SIVI -„ l ——— *" W«HI-»riM*Bi un ith i.ill

SAND
K.ur»d> (—————»-10%ficvn-

4i

___„-i-iinei'ML or MH—

————<- ilin«j-CI. or CH -———————••£> W'SC -==————•- <15% J*»rel ———*- Wtlll^riHtrf uiwl witihi <:ljy

____-^fin«-ML ur MH ———————»-£»F I>l\1—«^™————!•- <15Xgrtril ———»" l'i>Drl'V gr.MiH uric! with nili
~""' I'oorly jr*Jfrd-«=~""~" ~~"""~'-;>151ign»'ill-———»• Pomrlr (rinJuJ ur*l writh nil) .

——^l'in«=CI. en CH———————>-SF*"SC—==;————••<l5%grn.ell———»" IN»rlv Br*J*i umtl with i:l*y

nd [

~~-*-;;15% griv.cli-———•• Pfwrlv ar.nJ.Bj ijr«l with cl.y ;

-,- 1 inci-ML or MH ———————->- SM -«=—----—————->- <|bn. grlr,ii ———»_ Slil'ly *ind
———-- ;-15% gnrt ———••Winy *»nd wuh sinvfl

———"-;:I5% grind: ———•- Cliyi'V Mnd wilh jr....

Not E-—Perceniages a-e based on estirnatingi amounts c< fines,, sand, and gravd to the nearest 5 *.
FIG. 2 Flow Chart loir Identifying Octane-Gmiined Soiils i[llesi» tlhmm !>0i % fines)

when the liquid iiimiit and plasticity index values plot in the CL--ML area
of the prlartiidly chart.

Borderline Symbai—A borderline symbol is two symbols separated
by a slash,, for example, CL/CH, GM!/SM, CL/ML A borderline symbol
should be used to indicate that the swill hais lb*e:n identified an; having
prropwrties that do not distinctly place the soil into a specific: group (see
Appendix X3).

5,, Significance and Use
3.1 The descriptive information required! in this practice

can be used lo describe a soil to aid! IE the evaluation of its
significant properties for engineering use.

3.2! The descriptive information required in this practice
should be used to supplement the classification of a soil, as
determined by Test Method D 2437.

5.3> This practice may be used in identifying soils using the
classill cation giro up1 symbols and names; as prescribed in Test
Method II) 2487. Since the names arid symbols used in this
practice to identify the: soils are the same as; those used in
Test Method D 2-487, it shall be clearly stated in reports arid
all other appropriate documents, that the classification
symbol arid name are based on visual-manual procedures.

5.4 This practice is to be used not only for identification
of soils; in the field, but also in the office, laboratory, or
'wherever soil samples are inspected and described,.

5 ...5 This practice has particular value in grouping similar
soil samples so that only a minimum number of laboratory
tests need be run for positive soil classification..

NOTE 4— The ability to describe and identify soils correctly is learned
more readily under the guidance of experienced personnel, hut it may
also lie acquired systematically by comparing numerical laboratory test

results for typical soils of each type witih their visual and :m
characteristics.

5.6 When describing, and identifying soil samples fr<
given boring,, test pit, or jgroup of borings or pits, it i;
necessary to follow all of the procedures in this practic
every sample. Soils which appear to be similar cai
grouped together; one sample completely described
identified with the other;; referred to as. similar base*
performing only a few of the descriptive arid identifies
procedures described, in this practice..

5.7 This practice may be used in combination
Practice D 4083 when working with frozen soils.

6, Apparatus
6.1 Required Apparatus:
6.1 „ 1 Pocket. Knife or Small Spatula.
6.2 Usefuf Auxiliary Apparatus:
6.2,. 1 SmaU Test Tube and Stopper (or jar with a lid)
6.2.2 SmaU Hand Lens.

1.. Reagents.
7.1 Purity of Water—-Unless otherwise indicated, r

ences to water shall be understood to mean water from a
water supply or natural source,, including non-potable w

7.2 Hydrochloric Acid—h. small bottle of dilute h>
chloric acid, HCl, one part HC1 (10 N) to three parts; v
(This reagent is optional for use with this practice).
Section 8.
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i1 it) Rounded (b) Angular

l.c) Suibroundcd (d) Subangulaj

FIG. 3 Typical Amjularitty oil Bulky Gruiimst

8. Safety Precautions
8.1 When preparing the dilute: HC1 solution of one part

concentrated hydrochloric add (10 N) to three parts of
distilled 'water,, slowly add acid into water following necessary
safety precautions., Handle: with caution and store safely,, If
solution comes; into contact with the skin, rinse thoroughly
with water.

8.2: Gitirion-—Do not add water to add.

9,. Sunniplins!
9, 1 The sample shaJl be: considered to 'be representative of

the stratum ifirom which it was obtained by an appropriate,
accepted, or standard procedure.

Noil! 5-—Preferably,, the sampling procedure should be identified as
having been conducted ini accordance with Practices P I1452,13! 3.87, or
D 2113 , or Method D 1586.

9.2 The sample shall be carefully identified as to origin.
NOTE 6—Remarks ju> 10 the origin may talke Elbe: form of a boring

number and simple number in conjunction with a job number, a
.geologic: stratum, a. jpcdoliogic horizon or u location description with
respect to a permanent naonijiriernt,, a grid system or a station number
Hid cilTs<:it \\iih ix^;p<^;t no ai i^itecl ceiiiterlinK: ;und a cleplJi en* dc

accordance: with the following schccluile:

9,3 For accurate description and Identification, the min-
imum amount of the specimen to be: examined shall be in

TABLE- 'I Ciri'leria tor Describirigi Angularity of Coarse-Grained
Particles (see Fig. 3]i

Description Criteria

Angular Particles; have sharp edges arid .relatively plane sides with
unpolished surfaces

Subangular Particles; are similar to angular description but have
rounded edges

SubroLindetl ('articles; have nearly plane sides; bill: have welJ-'ountiecl
corners and edges

Particles; have stmoothly curved sides; and no edges

e Sze,
Sieve; Opening

Minimum Specimcni Site,
Dir^ V/eight

4.75 rnin (Ho. 4) I.DO'g. (0.25 Ib)
9.5 mm (X iia.) 2DO g {0.5 lib)
19.0i rnin (% in.) 1.0 lqj{2.2 Ib)

75.0) rum (3 im.) (M).O Kg (137 Ib)
NOTE. 7—If random isolated ]?aii1Jc:l(Sf are encoimitered 'tlh.at are

sigjiifiicanllly largwr idtKua lint f»irticli;s in IJie sail maliiji, the soil iciatrli
am b: actnj«il:i:lly d«sw:ri1b<sJ IIIHJ identified ici SMjccunJauict: nith IJie

9.4 If thie f ield sample o:r sfNSciimien teing; e^ a mi net! is
smaller than the minimum recommended arrioiiMil; the

sliall! include1 an Ei]ppropiiate; remark,

ID. Descripiiive Infoirmialion fc»ir Soiillis
10.1 Angularity— Describe the angularity of the sand

(coaras sizes ooaJy), gravel, cobbles, and houlden:., asi angular,
subangulair, subroiicudled, oir rounded in ficcoindliinc^; -with the
criteria in Table: 1 and Fig;,. 3. A range of angularity may to:
stated, such as: subrouridlecl to rounded.

10.2 Shape-— Describe the shap: of IJie gnivel, cobbles,
and boulders as flat, elongated, or flat and elongated if they
meet the criteria in Table 2 and Fig. 4. Otherwise, do not
m&nlion the :5hap«. Indicate the fraction of the: particles; Uiat
have the shape,, such as: one-third of the gravell particles are
flat

10.3 Color— Describe the: color, Color is an important
property in identifying .organic soils, and within a given

TABLE: £ Grille risi for 'Deucribimgi Shaft® (sn»«t Fig).
The particte :ih£i|>e shijill tie described as follows wNsre daricjth, v/i<lith, ami
thickness refer 10 the' cjreates.t. intennetjia'te, iincl legist: cSrncso'stans, of a particle.
respectively.

Flat f'articles, v»ilti widtlh/tiMtneiis > 3
Elongated1 F'arlides, v/ilh (erKfth/mclth > 3
Flat find elongated F'articles, rne*tl[ crteiai faf both Ili5l and e\cnga\ed

231
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PARTICLE SHAPE

W-WIDTH
T = THICKNESS
I.-LENGTH

TABLE: 4 Criteria for Describing the Reaction With HCI

Deserip'tion Criteria

/"" X"
.X' .JQ?° /-''

FLAT: W / T > 3
ELONGATED: L/W >•;
FLAT AND ELONGATED:
-meets both criteria

FTO. 4 Criteria for Particle Shape

TABLE: 3 Criteria fen- Describing P/loi:stinns Coindiltiont
Description Criteria

Dry
Moist
Wet

Absence of moisture, dusty, dry to the touch
Damp ibul no "is;ibte water
Visible freei waiter, usually soiii is below water table

locality il may also be useful in identifying materials; of
similar geologic origin. If the: sample contain;; Layers or
patches; of varying colors, this shall be noted and all
representative colors shall be described. The color shall be
described .for moist samples;. If the color represents a dry
condition, this shall be stated in the report.

10.4 Odor-— Describe the odor if organic or unusual. Soils
containing a significant amount of organic material usually
have a distinctive odor of decaying vegetation. This is;
especially apparent in fresh samples, but if the samples are
dried, the odor may often be revived by heating a moistened
sample. If the odor is unusual (petroleum product, chemical,
and the like), it shall be described..

10..5 Moisture Condition— Descn.be the moisture condi-
tion as dry, moist, or wet, in accordance with the criteria in
Table 3,,

H3.6 HCI Reaction-— Describe the reaction with HCI as
none,, weak., or strong, in accordance with the crilera in
Table 4. Since cglc.iu.nn: carbonate is a common cementing
agent, a report of its presence on the basis of the reaction
with dilute hydrochloric acid is important.

None
Weak
Strong

No visible: reaction
Some reaction, with bubbles forming sltowty
Viotent react ion, with bubbJes forming irnmetlii

TAE3LE 5 Criteria for Describing Consistency
Description Criteria

Very soft Thumb //ill penetrate soil more than 1 .m. (2$ mm)
Sori Thumb will penetrate soil about 1 in. (25 mm)
Finn Thumb will indent soil about '/,, in. j(i mrr)
Hard Thumb will not indent soil but readily indented wiiri thumbr
Very tuard Tlluiritonail will not indent soil

10.7 Consistency—For intact line-grained soil, descr
the consistency as very soil, soft, linn, hard, or very hard,
accordance with the criteria in Table 5. This observatior
inappropriate for soils with significant amount!; of gravel.

10.8 Cementation—Describe the cementation of ml
coarse-grained soils as weak, moderate, or strong, in acco;
ance with the: criteria in Table 6,

10.9 Structure—-Describe the structure of intact soils
accordance with the criteria in Table 7.

10.10 .Range of Particle Sizes—For gravel and wind coi
pone ruts, describe: the range of particle sizes within ea
component as defined in 3.1.2 and 3.1.6 For example, abo
20 % fine lo coarse gravel, about 40 % line to coarse: sand

10.11 Maximum Particle ^r'ztf—-Describe the
particle she found in the sample in .accordance with "fl
lollcwing information:

10.11.1 Sand 'Size—-If ' the maximum particle size is
sand size, describe as fine,, medium,, or coarse as defined
1.1.6. For example: maximum particle size, medium sand,

10., 11.2 Gravel Size—If the: maximum particle size: is
gravel size, describe: the maximum particle size: as tl
smallest sieve opening thai the particle will pass. F<
example,, maximum particle: size,, I '/a iin. (will pass; a il '/z-ii
square opening but not a 3A-in. square opening;).,

10.11,3 Cobble or Boulder Size—\f tfie maximum particl
size i;; a cobble or boulder size, describe the rriajtirrurr
dimension of the largest particle. For example: maxim u:r
dimension, 18 in.. (4:50 mm).

10.12 Hardness-—Describe the hardness of coarse san-
and larger particles as, hard, or slate what happens when th
panicles are hit by a hammer,, for example., gravel-si;'
particles fracture with considerable hammer blow, sorri
gravel-size particles crumble vvith hammer blow,. "Hard
means particles do not crack, fractuire, or crumble: 'under ;
hammer blow.

10.13 Additional com men ts shall be noted, such, as Iht
presence of roots or root holes, difficulty in drilling o
angering hole, caving of trench or hole, or the presence o
mica.

10.14 A local or commercial name or a geologic mterpre-

TABLE: (> Criteria foir Describing Cementalion
Dfi»;nplion Criteria

VX'eak Cannbles or breaks with handling or litlle1 finger pressure
Moderate Crumbles or breaks with considerable finQer pressure
Strong W\\\ nol crumble or break with finger pressure

c 3 k
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TABLE: 7 Criteria tor Describing Structure

Description Criteria

fissured

Siiekensicted

Bloeky

Lensed

Homogeneous

Altssmating leiyeirs of varying: maitwlal (*• colon1 with laym at
least G' mm thick; nota thtckmfiss

Ailterriatirxi layers of. varying material or color wiiih the
layers less tai <> mm thick;. note Hhjcknetss

EJ.rea.fcs atonQ definite plEines of fracture: with tittto
resistance to fracturing

Fracture planes appusar polished or glossy, sometimeis
striated

Cohesive soil 1ha( can l>a broken down into small angular
lumps, vtrtiich resist further breakdown

Inclusion oil small pockets of differerri soils, such as small
lenses of sand scattered through a mass of day; notet
thickness

Same color arid appearance1 throughout

tation of the soil., or both, may be addled if identified as such.
10. 15 A classif icat ion or identif icat ion of the soil in

accordance w i t h other classification systems; may be added if
identified as such.

111. Identification of'Peaiit
1 I.I A sample composed primarily of vegetable tissue in

various sieges of decomposation that has a fibrous to
amorphous texture, usually a dark brown 1;o black color, and
an organic odor, shall te designated as a nighty organic soil
aiad shall! be identified as peal, FT,, and not subject ed to the
identification procedures described! hereafter.

12. Preparation for IrJemitiiiFiattion
12.11 The soil iideritifi cation portion olF itihdis practice is

. based on the: portion of the soil sample that will 'pass a 3-in.
V(75-mm) sieve. The larger than 3-in. (75-mm) partides must

l« removed, manually, for a loose sample, or mentally, for
ajj , intact sample before classifying; itihii: ;«il.

V1.2 Estimate and note: the percentage of cobbles and the
> 'percentage of boulders. Performed visually, these estimates

wi\\\ be on the basis of volume percentage.
NOTE 8— - Since the pen^ntigt^ of the poirticlc-sizt: dlisliittuticm in

< T<sit Mi:thiodl I> 2487 are t>y diy M'i::i|;hil:, andL the estimates o>l' percentage;:
fi>r jjitvel, Jiiind, ajid fiin^i in thib pinidJcx: zun; b)p cliff fl'cii^ilL, ill: i::
nMO'iiiiaieii'dlfaj thtitt itlie: n^port istate: that thu; ptcrceinages of cobbles <uacl
bonldeni sji: IBy v>Q'luime.

12.3 Of the fraction of the soil smaller than 3 in. (75 rnrrt);,
estimate and note the percentage,, by dry weight, of the
gravel, wind, and fines (see Appendix X4 for suggested
procedures).

NOTE 9— -Since the paitide-siize cotaponents at]Dpn:aj' visuiiJtly on tlht:
basis of volurne,, considranable experience is retiuiirtaj 1:0 <s>tiimate: the
perceiitiig;«i ciia die: teiiis of dry weight Fireqiuent cO'mF«uri!»iis witb
IsihDraiioirt' fKirtide-ffiie .anialyj^ss slhouJd be made.

•12,3.1 The percentages shall be estimated to the closest
-1 %. Tlit; percentages of gravd, sand, and fines must add up
to 100%.

12.3.2 If one of the component!! i<; present but not in
sufficient quantity to be considered 5 % of the smaller than
-'-in. (VS-mm) portion, indicate its presence by Ihe term
troce, for example, trace of fines,, A trace is, not to be
considered in the total of 100 % for the components.

-'• Preliminary Identification
1 3.1! The soil is fine grained if it contains 50 % or more

fines,. Follow the: procedures for identifying fine-grained soils
of Section 14.

1! 3 ,.2 Hie $oij is; coarse grained if it contains Hess tllum 50 %
fines. Follow the procedures for Identifying coairse-gniiticd
soils of Section 15.

M. ProceduirE: for il.detitifyin^; fine-Grnbed Soiills
14.1 Select at representative sample of the: material for

examination,. Remove particles, larger than the No. 40 sieve
(medium sand and larger) un t i l a specimen equivalent to
about a haodful of material is; available. Use this, specimen
for perform ing the dry strength., dilatancy, and toughness
tests.

14.2 Dry Strength:
1 4.2. 1 From the specimen., select enougji material to mold

into a ball about 1 in. (25 mm) in diameter. Mold the
material u n t i l it has the consistency of putty., adding water if
necessary.

14.2.2 From the molded material, make at least three test
specimens. A test specimen shall be a ball of material about
"/;; in., (12 mm) in diameter. Allow the test specimens to dry
in air, or sun, or by artificial means;, as; long as Ihe
temperature does not exceed i50°C.

14.23 If the: test specimen contains natural dry lumps,,
those that arc abouit V;>. In. ( II 2 mm) in, diameter may be: us»d
in place of the molded balls,

NOTE 10— -The process of molding, and drying usually producxs
higher strengths than arc found in natural >dliy lumps, of soil

14.2.4 Test the: strength of Ihe dry balls or lumps by
crushing between the fingers. Note the strength ais none, low,
medium, hi^bi, or very hi^b in acco ranee 'with the criteria in
Table 8. If natural dry lumps are used, do not use the: results
of any of the lumps that are: fcmedl to'contain particles of
coan;e sand,,

14.2.5 The pnssience c»f Ihigh-stren^Ji water-soluble ce^-
ine:]ailin;g maiateiriaJ;;,, siiclbi B« <;aJ<:iurci caurlbN^na'te:,. maiy cacuse:
exceptionally high dry strengths. The: presence of caldiumai
carbonate can, usually be deitecitccl from, itibn; intensity of the:
reaction with dilute hydrochloric acid (see 10.6).

14.3 Dilatancy:
14.3. 1 from the specimen, select enough material to mold

into a hill abouit V:\ in. (12 trim) jin diameter, JVfold the
material, adding water if necessary, until it rtaj; a soft, but not
sticky, consistency.

14.3.2 Smooth the soil ball in the palm, of one kind with
the blade: of a knife or small! spatula;. Shake: horizontally,
striking the: side of the hand vigorously against the oltfaer
hand several times. Note: the reaction of waiter apftearing on

TABLE: El CritEMriii iFor [>E!!!Clib!n(| Chry Eil

Nonet

Low

Medium

Hie dry i5p€K;irneft cnjrnt*es into pcuvcks' wth
•of haridllingi

The drf specJnien. crurnWes into powder w/ithi some (iifMjer
pressuns

The dry specimen t»eaks into pte«si or crumbles "t'itli
ccfisklerabJe irmgisr pnjssure

Highi The <ln^ specimen, cannot foe broken with finger pf€MiSure.
3p«3iomen will tfeal* into pieces* between thumb' eirnd a: te'd
surface

Very high Thu dry specimen canrtot be tfolcen biitiween trin: IhunilD ar«J ;i
hard surface

233
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TABLE 9 Criteria for Describing: Dilataincy

Description Criteria

Mane1 No' visibki change in ihe specimen
Slow Water appears slowly cfi the surface of the specimen during

shaking arid does not disappear or disappears slowly upon
squeezing

Rapid VYaler appears quickly cm Ihe surface of the specimen during
shaking and disappears quickly upon squeezing

TAEIILI: 10 Criteria for Describing Toughness
Jescnptwri Criteria

Lew Only slight pressure i:; required to roll the thread near the
plastic limit. The1 thread and the lump are weak and soft

Medium Medium pfessure is, required to roll the thread to near 'tins
plastic limit Tlie thread and the lump, have mecliufri stiffness

Hk)h ConsideraDle pressure is required to roll tri« thread to near the
plastic; limit. The thread and Irie lump have very high
stiffness

the surface of the soil. Squeeze the sample by closing the
hand or pinching the soil between the fingers, and note the
reaction as none, slow, or rapid in accordance with the
criteria in Table 9. The reaction is the speed with which
water appears while; shaking, arid! disappears 'while; squeezing.

14.4 Toughness:
14.4.1 Following the completion of the- dilatancy test, the

test specimen is shaped into an elongated! pat arid rolled by
hand on a smooth surface or between the palm;; into a thread
about '/s in. (3 mm) in diameter. (If the sample is too wet to
roll easily., it should! be spread into a thin layeir and allowed.
to lose some waiter by evaporation.) Fold the sample threads
and reiroill repeatedly until the; thread crumbles, at a diameter
of about Vis in. The thread will crumble at a diameter of Va
in. when the soil is near the plastic limit. Note the pressure
required to roll! ihe thread near the plastic limit. Also, mote
the strength of the thread. After the thread crumbles, the
pieces should be .lumped together .and kneaded until the
lurrijp crumbles. Nate the toughness of the; material during
kneading.

14.4.2 Describe the toughness of the thread and lump as.
low., medium, or high in accordance with the criteria in
Table 10.

14.5 Plasticity—On the basis of observations made during
the toughness lest, describe the plasticity of the material in
accordance with the criteria given in Table 11.

14.6 Decide whether the soil is an inorganic or an organic
fine-grained soil (see 14.8). If inorganic, follow Ihe steps;
given in 14.7..

14.7 Identifies!ion of Inorganic Fine-Grained Soil's:

TABLE: 111 Crileria for Describing Plasticity
Description Cri'leria

Nonplastic A* Ve-in. (S-mnii thread cannot be rolled at any water content
Low The thread can barely be rolled arid the: lump cannot be

formed when drier than the plastic limit
Medium The thread is easy to roll and not much time is required to

reach the plastic limit. The thread cannot tx; rerolled after
reaching Ihe pl'aslic limit. The lump crumbles, when dner
Ihain the1 plaslic limit

High It takes considerable lime rolling and Kneading to reach the
piastre limit. The thread can be recoiled1 several times alter
reaching, the pl'astic limit. The lump can be formed1 without
crumbling when drier than the plastic limit

14.7.1 Identify the soil as a lean clay., CL, if the s
medium to hijeji dry strength, no or slow dilalaiic
medium toughness and plasticity (see: Table 12).

14.7.2 Identify the soil as a fat day, CH, if the si
high to very high dry slrengitihi,. no dilataiicy, am:
toughness arid plasticity (see Table 12).

14.7.3 Identify the soil as a silt, ML, if the soil has
lew dry strenjglh, slow to rapid dilatancy, and low touj
and plasticity, or is nonplastic (see Table 12).

14.7.4 Identify the soil as an elastic si/t, MH, if the s<
low to medium dry strength, no to slow dilatancy, arid '.
medium toughness .and plasticity (see Table 12).

NOTE II—-These properties are similar to those for .a Jeai
However, the silt will dry quickly on ihe hand and have ii snnootj
feel when dry. Some soils that would classify ai MH in accordant
the criteria in Test Method D 2487 are visually difficult to disti
from lean clays., CL. It rnay be necessary to perform laboratory
for proper identification.

14.8 Identification of Organic Fine-Grained Soils:
14.8.1 Identify the soil as an organic soil, OL/OH,.

soil: contains enough organic particles to influence tin
properties. Organic soils usually have a dark brown to 1
color and may .btave an oirganic odor. Often., organic soil
change color, for example,, black to brown, when expos
the: air. Some oirganic sculls will IJ^hiten in color siigJiific:
when aiiir dried. Organic soils nomiaLly wllil not have a
toughness or plasticity. The thread for ihe toughness tesi
t« spongy.

NOTE 12—In some (^isesi, through practice and cxpeiience, it ra
poiiiiiihle to ifijither idlcintify iJie orgiiinic; ante ;is on;anic alts or or
days; OL oir OH.. Coii^Jatians bet\v««;:a the dilalaincy, dry stin:
(ou^bnes^; tests, annj laboratory tests cam lb<: made lo identify o:r;g2ink
in certain deposiilj; of siimilar rn.a'lcrials on^no'^a f;wlc>];ic oiifjii.

14.9 If the soil is. estimated to have ] 5 to 25> % san<
gravel,, or' both., the words "vrilh sand'" or "with gra
(whichever is; more praJominant) shall tM: added to the gr
ri;amc. For example: "lean day with wind, CL" or "silt i
gravel, ML" (sos Fi^>. la and Ib). If the percentage of SHE
equaJ to the pisrcenlagje of gravel, use "with sand.'"

14.10 If the soil is estimated to have 30 % or more sam
gravel, or both, the words "sandy" or "gravelly" shall
added to the group name,, Add the word "sandy" if tt
appears to be more sand than gravel. Add the w
'"gravelly1" if there appears to be more gravel than sand.,
example: "sandy lean clay, CL"1, "gravelly fat clay,, CH'".
"sandy silt, ML'" (see Figs, la and Ib). If the percentage
sand is equal 1.0 the percent of gravel, use '"sandy."

15. Procedure for identifying Coarse-Grained Soils (G
tains; less; than 50 % fines)

15.1 The soil i:; a grave! if the percentage of gravel
estimated to be more than the percentage of sand..

TABLE: "12 Identification olf Inorganic I:ine-Grainiocl Soils ifrorr
Manual TeslliS

Dry StrengthSoil
Symbol

ML None to taw

OL. Medium to high
MH Low lit) medium
CH High to very high

Toughne

Low or tlveacl
lomed

Mont; to slow Mtsjium
Mone to slew Low lo rr<;diijm
None Hiqh

f l R 3 0 2 0 3 6
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15.2 The soil is a sand if the percentage of gravel is
estimated to be equal to or less than the percentage of sand.

15.3 The soil is a dean gravel or dean sand if the
percentage of lines is estimated to be :5 % or less;.

15.3, 1 Identify the soil as a weU-graded gravel, GW, or EUJ
ai well-graded sand, SW, if it has a wide range of particle sizes
and substantial amounts of the intermediate particle sizes.

15. .3. 2 Identify the soil as & poorly graded gravel, GP, or as
a poorly graded sand, SP, if it consists predominantly of one;
si;;e (uniformly graded), or it has a wide: range: of sizes wit.hi
some intermediate' sizes obviously missing (gap or skip
graded).

]5.4 The so;il is either a gravel with fines or a sand with
fines if the perceniage of fines is estimated to be 15 % or
more.

1.5.4.1 Identify the soil as a r/tfj't'ji' grave!., GC, or ;3 c/arev
sand, SC, if the lines are clayey 35; determined by the
procedures in Section J4,

15.4.2 Identify the soil as a sifty grave/, GM, or a sidy
sand, SM, if the fine;; are silty as determined by the
procedures; in Section 14.

• 13.5 If the soil is estimated to contain 10 % fines, give the
soil ai dual identification -using two group symbols.
'1 15.5.1 The first group symbol shall correspond to a clean
.gravel or sand (GW, GP, SW, SF) and the: second symbol
jihaJ] correspond to a grave! or sand with fines (GC, GM,, SC,
SM).

1:5.5,2: The group name shall correspond to the first group
symbol plus the words "with clay™ or "with silt" to indicate
the plasticity characteristics of the fines. For example:
£m;lit»grade<i gravel with clay, GW-GC* or "ipoorly graded
and with silt, SP-SM" (see Fig.- 2).
|v!5.6 If the specimen is predominantly sand, or gravel but
contains an estimated 15 % or more of the other coaise-
jrabed .constituent, the words "with gravel" or "with sand**
ibafr'te, added to the group name. For example: "poor!)'
traded gravel with sand, OP" or "clayey wand with gravel,
«T (see Fig. 2).
|-':il5.7 If the field sample contains any cobbles or1 boulders,
or both, the 'words "with cobbles" cur "with cobbles and
boulders" shall be added to the; group name. For example:
"alty gravel with cobbles, GM."

K. 'Report
16.1 The report shall include the information as to origin,

and the items indicated in Table 1 3.
.1* Nora 13 — Example: Clayey Gravel'- with Sand and Cobbles, CO—
About 50 % Hue to coarse,, sulbroiunded to subanigulsu: graveil;. about 30 %
WHJ to -coarse, 'iubroiunded jaitid; abtout 20% iGines with medium
Plasticity, high dry strength, no cliilataney, medium toughness.; weak

TABLE: 131 ChesckHist (or Descripltioini of Soihi
1. Group narner
2. Group 8/mbol
3:. Percent cil cobbles or •botJcfeirs, or twth pay volume)
A. F'lsrcerrt1 of gravel1, sand, or Jiruss, or ill fflmsB psy clry v^eijh*)
5. fiidfckj-ijiizo rEU>g«t:

(Srawsl—fin*!,,
Siiiincl—ftm, fnwJNini,

(3. Particle iingiilsFiitif1 anguiJar. !iijb£ti>giilair, sutirouncted, rounded
7. F';ii1ii;l« lihapM; (II appropriate) fl;it. elarKjatett, flcil: airxj etonc|ii'l<»d
8. Maximum particle Eiize cw dimension
9. Hardnessji of coarse sanc\ ;utd Ijirger pautietes

10. Plastidty of lines: nonpilastic., \tyit, medRxn, high
11 Dry strength: none, tow, medium, high, very high
12. Di'citancy: none, slow, rapid
1CI. ToughTiess: low, imediurn. high
14. Colw (in rnciist ccriditwri)
15. COor (mention only if organic or unusual1)
16. Moisture: dry. moist, wet
17. Reaction wild HCI: none, weak, strong
Fcr tnsac! samples-
18. Consistency [fine-grainiMJ soils. on.'y): very soli, soft, firm, hard, very hard
19. Structure: stratified, laminated, fissured, slickensMed, tensed, homo--

gene«us
20. Cemeritafton: weak, moderate, strong
?.\ L.o;al name1

22. Clac*DC|ic iriitd-pretatiion
23. Addiijorsii. oonnments: fKt!:>onica} of rooias or rcolt l>3lus. preswiMi of micai,

.. surfactt cxxitiritjs on ctxirsehgitiir*wj particiBji, i;a\*ng c«
auger hohi or Uc«>;hi sides, cBfiftcutt'c iri aijgtuitgt w excavating,

etc.

reaction with HO; original field samprfle had about 5 % (by volume)
!;ul>ro u nded cobbler, rnajtiraurni dinnciasioia, 1 3D mm.

Iio-Place CoradiitioDiii— • IFinni, homof̂ meo'us, diy,,
Geol!o;gic IriterF«wtiition--AlluviaJ lam
N'Dir.E \4 — CMJier eytaiiiples; ofjwil <

^3 vert in A\pp>ti\dix.cs XI and X2.
None IS— If desiiPBcl, the [N::rcenta.̂ «

tx: suited in tarai indLicsiLijni; a irjirigc c»lf pen»nibijge^ au; I
T'race--Piirticles a«; picseni. but caiiiiuitcd to t«
/w_5 to 10 96
£/f//e^-J5lo25%
Some— 30 to 45 %
Mostly— 50 to 100 'Si
] 6.2 [f, in i:he soil descriptioB,, the soil is identified usinf; a

classification group symbol and name .a:: described in Test
Method ][) 2487, it must be dlisti:nictJy and deady slated in Jog
forms., summary tables, reports;, arid the like, that the symbol
arid name are baa:d on visual-man u;aJ procedure.
117, JPV'edsioini and Biais

I'M Tliis jpractice provides qualitative information only,
therefore., a precision arid bias statement is not applicable.
18. Keywords

18,1 classification; clay; gravel; organic soils; sand; silt;
soil classification; soil descripxtion:; visual classification

pndl iclcclificailjoin am;

il,. SSUIK!,, and £ha«i may
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APPENDIXES

(Noiinnmidliitory Information)

XI. EXAMPLES OF VISUAL SOIL DESCRIPTIONS

Xl.l The following examples show how the information
required in 16.. 1 can be reported. The information that is
included in descriptions should be baised on individual
circumstances arid need.

XI. LI Well-Graded Gravel with Sana' (GW)~--About
75 % fine to coarse, hard, subangular gravel; about 2:5 % fine
to coarse, hard, subangular sand; trace of fines; maximum
size,, 7:5 mm, brown, dry; no reaction with HCI,

XI. 1.2 Silly Sand with Grave/ (SM)—-About 60% pre-
dominantly fine sand; about silty fines Math low
plasticity, low dry strength, rapid dilatancy, and low tough-
ness; about 15 % fine, hard, subrounded gravel, EL few
gravel-size particles fractured 'with hammer blow; maximum
siaie, 2.5 mm; no reaction with HCI (Note—-Field! sample size
sinalller than recommended).

fn-Place Conditions—Firm, stratified acid contains leases;
of silt 1 to 2 in. (25 to 50 mm) thick, moist, brown to gray;

in-p!;ace density 106 lb/ft3;. in-place moisture 9 %.
XL 1.3 Organic Soil (OL/OH)—Mx>u\. 100% Hi

low plasticity,, slow dilatancy, low dry strength, j
toughness; wet, dark brown, organic odor; weak
with HCI.

X I. II .4 Sttty Sand with Organic Fines (SAf)-Mm
fine to coarse., hard., subangular reddish sand; abai
organic arid salty dark browrj noriplastic fines with
strength and slow dilatancy; wet; maximum size,
sand; weak reaction -with HCI.

X 1,1.5 Poorly Graded Gravel with Silt, Sand, Cobl
Boulders ' (GP-GM)—Mx>\A 75% fine to coarse
subrounded to subangular gravel; about 1:5 % fine
subrounded to subangular sand; about 10 % silty noi
fines; moist, brown; no reaction with HCI;; origin
sample had about !> % (by volume) hard, subr
cobbles and a trace of hard, subrounded boulders,
maximum dimension of 18 in. (450' mm).

A2. USING THE IDENTIFICATION PROCEDURE AS A DESCRIPTIVE SYSTEM FOR SHALE, CLAYST<
SHELLS, SLAG, CRUSHED ROCK, AND THE LIKE .

X2..1 The identification procedure may be used as a
descriptive system applied to materials iJiat exist in-s;i.tu as
shale, claystone, sandstone, siltstone, mudstone, etc., but
convert to soils; after field or laboratory processing (crushing,,
slaking, and the like).

X2.2 Materials such as shells,, crushed rock, slag, and the
like:,, should Itx: identified as such.. However,, the procedures
used iin this practice for describing the particle size and
plasticity characteristics may t« used in the description of the
material. If desired., an identification using a group name and
symbol according to this practice may be assigned to aid in
describing the material.

X2.3 The group syrnbol(s) and group nannies; should be
placed in quotation mark;; or .noted with some1 type of
distinguishing; symbol. See examples.

.X2.4 Examples of how group names; and symbol;; can be
incororated into a descriptive system far materials that are
not naturally occurring soils are as. follows:

X2.4.1 Shale C/nmfa---Retrieved as 2 to 4-in. (50 to

IflO-mm) pieces of shale from power auger hole, dry, \
no reaction with HCI. After slaking in water for
material identified as "Sandy Lean Clay (CL)"; abou
fines with medium plasticity, high dry strength, no dih
and medium toughness; about 35 % fine to medium
Kind; about '> % gravel-size pieces of shale.

X2.4.2 Crushed Sandstone—Product of comn
crushing operation; "Poorly Graded Sand with Sil
SM)":; about 90 % line to medium sand; about
noin.pla.stic lines; dry, reddish-brown, strong react io;r
HCI.

X2.4.3 Broken 5^/5—About 60% gravel-size b
shells; about 30 % sand arid wind-size shell piece?;;.
10 % fines;. "Poorly Graded Gravel with Sand (GP)."

X2.4..4 Crushed Rock—-Processed from grave! and
bles in iF'nt No. 7; "'Poorly Graded Gravel (GP)"; about
fine,, hard, angular gravel-size particle;;:; about 10 % o
hard, angular sand-size particles; dry, tan.; no reaction
HCI.

X3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITH TWO1 POSSIB
IDENTIFICATIONS.

X3.1 Since this practice is based on estimates of particle possible basic gjoups, a borderline symbol may bs used
size distribution and plasticity characteristic;;,, it may be the \:wo symbols separated by a slash. For example: SC/C
difficult to clearly identify the soil as belonging to one CL/CH.
category. To indicate that the soil may fall into one of two X3.I.J A borderline symbol may be used when

A R 3 0 2 0 3 8
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ritage of Hues is estimated to be between 4:5 and 55 %.
symbol should be for a coarse-grained soil with lines
he other for a fine-grained soil. For example: GM/ML
;,/sc.
U.2 A borderline symbol may be used when the
rntage of sand and the percentage of gravel are estimated

about the same. For example: GP/SP, SC/GC, GM/
't is practically impossible to have a soil that would have
derJtne symbol of GW/SW.
..1.3 A borderline symbol may be used when the soil
! be either well graded or poorly graded. For example:
GP, SW/SP.
.1 .4 A borderline symbol may be used 'when the soil

either be a silt or a clay. For example: CL/ML,
,IH, SC/SM.
.1.5 A borderline symbol may be used when a fine--

grained soil has properties that, indicate tin at it is at the
boundary between a soil oflow compressibility and a soil of
hig[)hi compressibility. For example: CL/CII, MH/ML.

X3.2 The order of the borderline symbols should reflect
similarity to surrounding or adjacent soils. For example: soils
in a borrow area have been Identified as CM. One wimple i:;
considered to have a borderline symbol of CL and CH. To
show similarity, the borderline symbol should be C.H/GL

X3.3 The group name for a soil with a borderline symbol
should be the group name for the first symbol, except for::

CL/CH lean to fat day
ML/CL clayey silt
CL/ML silly clay

X3,'4 The use of a borderline symbol should not be used
indiscriminately. Every effbn: shall be made to first place the
soil into a single group.

X4. SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAGES OF GRAVEL, SAND,,
AND FINES IN A SOIL SAMPLE

U Jar Method—The relative percentage of coarse- arid
grained material may be estimated by thoroughly
rig a mixture of soil and water in a test tube or jar, arid!
allowing the mixture to settle. The coarse particles will:
o the bottom and successively finer particles will be
•iltecl with increasing lime; this wand sizes -will fall out of
;nsion in 120 to 30 s. The relative: proportions can be
ial:ed from the: relative volume of each size separate.
method! should be: correlated to particle-size laboratory
minaltions.
1.2 Visual Method—Mentally visualize the gravel size
::les placed limi a sack (or other contaiimier) or sack:;. Then,
e same wfltfa the sarndl size pailicles and the fines,. Then,
.ally compile the number of sacks to estimate: the
•ntage of plus No.. 4 sieve size and minus No., 4 sieve size

present. The percentages of sand and fines in the minus sieve
size No. 4 material can then be estimated from the wash test
(X4.3).

X4.3 Wash Test (for relative percentages of sand and
fines)—Select and moisten enough minus No. 4 sieve sizs
material to form a 1-in (2,5-mm) cube of soil. Cut the cubs in
halfi set one-half to the side, and place the other half in a
small dish. Wash and decani the fines out of the male rial in
the dish until the wash water K clear and then compaire the
two samples arid estimate this percentage of sand and lines.
Remember that the: percentage is based oci weight, not
volume. However, the volume comparison will provide a
reasonable indication of grain size percentages.

X4.3., I While; washing, lit may be necessary to break down
lumps of fines with the: liinger to get the correct percentage!}.

X5. ABBREVIATED SOUL CLASSIFICATION SYMBOLS

•.I In some caises, because of lack of space, an abbrevi-
system may be useful to indicate the soil classification
'ol and name:. Examples of such cases would be graph-
ogs, databases, tables, etc..
••2 This abbreviated system is not a substitute: For the
iame and! descriptive information but can be used in
lementaury presentations when the complete description
erenced.
'.3 Tihe abbreviated system should consist of the soil
•fication symbol based! on this standard with appropriate:
i" case letter prefixes and suffixes as:

Prefix:
s — Kindly
g =1 &rm!ly

S'jfFbi:
s== with, sand
il == mth yiivel
c -- with cobbles
b ~ vriih l>DLilctcn>

X5..4 The soil classi Haiti on symbol is to be enclosed in
parenthesis,. Some examples would be:

AbbiwatMtGroup Symbol and Full Name
CM, Sandy lisin cliy
SP-SM, Poorly ^inkdl sand wth silt and gravel
GP, pooiriy (jraded gjavcll with :-nridl, cobbles, and boulders
ML, gravelly sill v/iiih sand and cobb'ks

{SP-SM)g
(GP)»:b

'
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X6. RATIONALE

Changes in this version from the previous; version,
D 2488 - 90, include the addition of X5 on Abbreviated Soil

Ctassi: ficatio n. Symbols.

The American Soci&ty for Testing and Materials takas no position respecting tr/o validity of any patent rights asserted in connection
with dry item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and trie risk of infringement o! such rights, are entirely their own responsibility

This standard is subject to revision in any time by the rssponsitfe technical committee and must be reviewed evoiy live years and
it not revised, either reapproved Of withdrawn. Yoi't comments are /nv/feo' either for revision of this standard or tor additional standards
ana' should ba addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting ot the responsible
technical committee, which you nay attend. II yen tee/ that your comments have nvt received & tail- hearing you should make your
views known to the ASTM Co/wrottes on Standards, 'S'l'iS Race St.. Philadelphia, PA 19103,

Illlllin
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Designation:: 0 2435 - %

Standard Test Method for
One-Dimensional Consolidation Properties of Soils1

'Tliis standard is iiiisued under the lUecl designation D 2435; the 01101130 immediately following the designation indicates the ycai of
original adoption 01, in the case of re vision, the year of last revii«.ion. A number in parentheses indicates the year of last mapiprovaJ. A
superscript epsilon (0 indicate a.n editorial change since ilie \mA revision, or rcapproval.

1. Scope*
U This l.esl method coven; procedures for determining

the magnitude and rate of consolidation of soil when it is
restrained laterally arid drained axially whi le subjected to
mcrementally applied controlled-stress loading. Two alterna-
t ive procedures are provided as follows:

1 .1 .1 ll'st Method A— -This test method is performed w i t h
constant load increment duration of 24 h, or multiples
thereof. Time-deformation readings are required on a min-
im mm of two load increments,.

1.1.2 Test Method B—-Time-deformation readings are
required on all load increments. Successive: load increments
are applied after 100 % primary consolidation is reached., or

" at constant time increments as described in Test Method A.
Non: 1—The determination of the rate and magnitude of consolida-

tion of soil when it is subjected to con trolled strain loading is covered by
Test Method D41B6.
; 1.2: This test method is; most commonly perform^ on

i undisturbed samples; of fine grained soils naturally
* i:'mented in water, however, the basic test procedure Is
k icable., as; well, to qpedinoieiis. of compacted soils and

undisturbed samples of soils formed by other processes such
, as weathering or chemical alteration. IE-valuation techniques
specified in this test method arc generally applicable to soils

i naturally sedimented in water. Tests performed on other
soils such as; compacted and. residual (weathered or cherni-

«cally altered) soils may require special evaluation techniques.
|:. 1.3' It shall be lUbe responsibility of the agency requesting
* this tesd; to specify the rnaignitude and sequence of each load
^ uicreiDieiit, iiiGicIuding. the location of a rebound cyclic, if

required, and, for Test Method A,, the load increments, for
which tirrieHJe formation readings arc desired.

NOTE .2—TifatHJelbrEDiiition residinijjs aji; reci'uireti to delcrniirie the
b'De: Ibir compleitiioci of piiinary coiisoilidatiom acid Ibr evaluating the
WtfFirient of consoliidailioin, ct. Since cv varies, with stress level and load

-, otcremnit (losidlin,g or tiDJ(*a£biin(;;i, the load inciements with 'Limed
reading roust Ibc stlwrted with iipedJIc refeirenoe to the indljviidua!

-j» ^°Jec^ AJtemativelly, llic- reqiwsfLung agency may speofy Test M(^JKNJ B
"' ^lwsiia 'tl«; tinacHiefornaatioci readings aji: lUilcen, tun all load iiiicn::nie:iits.

i '-4 The values; stated in SI units are to be regarded, as the
f standard. The values; stated in inch-pound uni t s are approx-

te and given for guidance only,, Reporting of test results

'"'5 ta;1 method is Hinder the jurisdiction of ASTM Commnttec D-18 on Soil
-t Ktxr'( and is the direcl. rtsiwnsibilily of subcommitlee I D I S . D i on Slmciural

rent edition approved1 Jlune ID, 1996. Fhjblishec! August ]')96. Originally
-as D 2435 - 65T. Last previous i^itioin D 2435 - 90.

in units other than SI shall not be regarded as noncoinfor-
mance: with this test method.

1.4.. 1 In the eri|jnecring profession it is customary prac-
tice to use, imerchangeably. units reprcsenling both rnass
and 'force, unless dynamic calculations (F = -I/a) are
involved. This implicit ly combines two separate systems of
units, th ,J t is, the absolute syslern and the gravimetr ic system.
It is scientifically undesirable to combine1 two separate
systems within a single standard, This test method has been
written using SI units; however, inch-pound conversions are
given in the gravimetric system,, where the pound (Ibf)
repreasnts; a unit of force (weight).. The: use of b£illana:s. or
scaJes recording pounds of mas;; (Ibm), or iJ^e recording of
density in Ib/ft* should not t« regarded as; nonconfomiacice
with this test method.

1.5 This standard does not purport to address ail of (he
safely concerns, if any, associated with its use. If is (he
responsibility of the user of this standard to establish appro-
priate safety and health practices ami determine the applica-
bility of regulatory limitations prior to use.

2. IRelereEicftdl Documents;
2.1 ASTM Standards:
D422 Method, for Particler-Size; AtiaJysis of Soils2

D653 Terrniciollogv Relating; to Soil, IPLock, and Contained
Fluids2

D&54 Test Method for Specific Gravity of Soils2

D1587 Practice For Thin-Walled Tube Geotechnical
Sampling, of Soil:;2

D22116 Test MeslJbiod for LatonatoPi' Cteterrnitiation of
Water (Moisture) Content of Soil and Rock2

D2487 Classification of Soils for Engineering Purposes2

D2488 Practice for Dsa:ription and Jder.it ideation of Soils
(Visual-Manual Procedure)2

D3530 Practice for Ring-Lined Barrel Sampling of Soils2

D3740 Practice for Minimum Requirements, for Agencies
Engaged in the Testing or Inspection, or both, of Soil
and Rock: as Used in Engineering. Design, and Con-
strudion2

D4186 Test Method for C>ne-Dirnensional Consotidition
Properties of Soils Using Conl:roUed-Straii;ii Loading2

D4220 Practice for Preserving and; Transporting Soil
Samples"

D4318 Test Method for Liquid Limit, Plastic Limit, and
Plasticity Index of Soils2

D 44*)2 Methods for X-R;ay Radiography of Soil Samples2

Annual Bcvk of ASTM Standards, Voil 04.03.

A Smniimiry ofClianges seclifm appears, nil the tnd of this test iriet)iii>d.
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D4546i Test MelJiods for One-Dim erisiormJ SweU or
Settlement Potential of Cobesive S

3..1 Definitions — -The; defitiiticms of terms used iiia itlhis test
method ishEilO! be in accordance with T'erminok»gy D653.

4. SuBDumttry of j'KS\
4,1 In this test mel;bod a soil ;;pedmeri is

1'ateraJJy Euani loaded a^iatl;y i^i'tlb tC'tal s1in»u; ]i:cicn;iti'E:nl2i,. Bidhi
:?tresis iocreicnicnt ii:s niai[itaiJiiai<:cl until excess pcune: v/aitisr
pressures are completely dissipated. IDiiiing the
]:ro<^e;H, mEasureineimits are: miia.dc c>f change in
height and thei« data are usiod to dc:^;ii]]ine the: i-elatioiaiiflbiiip'
between ihe effective stress amid! void ratio or strain, and the
rate at which consolidation can occur by evaluating the

of consolidation.

^JH:<E and Ust
5.1 The data from the: consolidation test are used to

estimate the: magBiituidle .anad. rate of both cliff ensntial and total
settlement of a stiucture or eairthfill. Estimates of this type
are: of key importance in. ithe design, of engineered structures
arid the evaluation of their performance.

5.2 The test result;; can be greatly affected by sample
disturbance. Careful selection and preparation of lest speci-
men:; is required, to minimize; disturbance,

Nora 3—Notwi'tlbsUiiadtDg the wtatemernt on pn^ision and! bias
cocitiLiued in tbjsi stancUircl,, thi; pi^;i:;:ion of this lest nociJicMJ is dependent
cm the conapetencc of tbx; pcin&cunel ip<:infiDiinm^ the: \cs\l aciij siciuibilitf
of ihe equiprneuit and facilities used. Agencies thai mee1 the criteria of
Pnadia; D 3740' jgenerally are considered cafNablle of a>caipetent a ad
c>bjecii\'<: testing. Usen; of ttm lest metbod ;ait: cautioned tlbnf ccinipili-
anc« wit!b F'nidic*: D 3740 does, not as,siunt njliiatJe; t'estiBijj, Kdiahle
testicijj depencbi on many fsiCloK, and! Practice I> 37^10 F'ro\T(les a icicans
orevahuition some of these ifiidoins.

5.3 ConsoHdation test results arc dependent upon, the
magnitude of the load increments,. Traditionally, the load is
doubled! for each increment resulting in ;a load-increment
ratio of 1. For undisturbed samples, this load procedure has

provided data from which estimates of the precon:
pDHisiire: also rc:fein;d to as; the i^ajarni^i past prt^s
'^^jblistiEaj cvaluaticiD techniques, compare dire
field measurement. Ol-her Icuid :ic:h(>cliuJlesi inai;y t>i
mcdel partiauJar field, conditions cur meet iipscnia
ments. For example, it may be desirable to inui
lead the: specimen in 3crordanc« vvitJi the 'netting i
Ipuittern ex]px;cted in the field m order to Ibest, sin
::«;;-«njx;. Smaller Uuin f^jiidauncl ICKK! jjicreiment in;
Itw <de5uj^a.ble: for soiLi thaill arc highly seia^itivi;
iDEiqp«ns« is highly dependent on strain rate. "~ " t«s
sfMjoijfiied to eslimate: \hv ]pinE«cncwci][ii(Jatiori ]pm ^c \
ffiiiDtplle loctanique: ito verify that one »:t. of itJiifiBii: re*
taken • after the pmconfwlidaDon pressure. Seve
evaliiaticiici l:<;c:]b.]]j<]iic^ exist arid! may yield deferent
of the pneconsolliidition pn:siiun:. Therefore., the; i
agency sciay ^^ecify ;aji alternate te^hmquie to cwt
p'reaMMralidaticrai prcsature.

5.4 CousolicLalion test results are -:!epE:ndent
duration of each load increment Traditionally,
duration is Ihe same: ~or eac;b iiini<;re:rni;»t and equa
For some soils, the: rate: of consolidation is s
complete consolidation (dissipation of excess pore
will roqiuire more than 24 h. The apparatus in ge
does Diot have provisionis for iforrcuaJ veiificatior
pi(*ss;urc dissipation. It Is neice^saury to use auni iritci
technique which Indirertly determines! thai, consol
compjete. This test method s;pi:cifies two itechmiiiqi
ever the requesting agency may specify an adltenaa
nique and still be in conformance with this test n«

:>.!) The: apparatus in general use for this test mei
not have provisions for veiiJicaitiion of satunati*
undisturbed, samples taken from below the water 1;al
saturated. However, the time rate of defbrmatio
sensitive to degree of sallunation and caution
exercised rejearding estimates; for duration of »:
vvhen partially saturated conditioias prevail. The
which partial siitunition influents! the test results
part of the test evalhjation arid may irichic' oli
theoretical models other than conventions. _,ons
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eory,. Alternatively, the lest may be performed using an
iparatus equipped to saturate line specimen.

Iliis test method uses, conventional consolidation
based, on Tearzagbj's consolidation equation to com-

jite the coefficient, of consolidation!!,, <:„. The analysis! is based
x>n the following assumptions:

5.6.1 The soil is; saturated and has; homogeneous proper-
;s:;

5.6.2 The flow of pore: waiter is in the vertical direction;
5.6.3 The compressibility of soil particles and pore water
negligible compared to the compressibility of ihe soil

;detori;
5.6.4 The stress-strain relalionshiip ,is linear over the load

icre merit;
5.6.5 The ratio of soil permeability to soil compressibility

.constant over Ih;: load increment; and
5.6.6 Darcy's law for [low through porous media applies.

. Apparatus
6.1 Load Device— A suitable device for applying vertical

oads or total stresses) to the specimen. The device: should be
apable: of mamlaiiining specified loads fo;r long periods of
ime with aci accuracy of ± 0.5 % of lJb.e applied load and
ihould permit quick application of ai given load Increment
vithouit significant impact.

NOIK 4-—Load application geiieraJly should lb<: completed in a Lime:
Mrrcspondiiiij to 0.01 r,00, or less. For soils when: primary cornwlidatJon,
is completed in 3 fain, load application! should be less; than 2 s.

.6.2 Consolidorneter—-\ device to hold the specimen in a
r "kit. is either fixed to the 'trass or floating (siippoited by

is. on pearlphety olf specimen) with porous disks on each
Ike,of the specimen; The inside diameter of the ring shall be
determined, to at tolerance of 0.075 mm (0.003 in.).. The
cpiniijolidorneter shall also provide a means of submerging the
spedmeiai, for transmitting the: concentric vertical load to Ihe:
porous disks, and for measuring the change in height of
specimen.
r 6.2.1 .Minimum Specimen Diameter—The minimum
specimen diameter shall be: 50 mm (2.00 in.).
'•' 6.2:2 Minimum Specimen Height—-The minimum iurutial
specimen height shall be 11 mm (0.5 in.), but shall be not less
than ten, times the maximum partide diameter.

NOTE 5—ITlEirge pajlicle*; are: found in the specimen after Kaiiting,
include in the nefwit.thiis visual observation or itlie: results, of a particle
size ajialysiii iiii accoirdance with Method D 42:2 (except the minimum
sample size. iM^uirerattint shall be: waived).

_ 6.2.3 Minimum Specimen" Diameter-to-Heigfrt Ratio—
Hie minimum specimen diainete-ito-faeigjht ratio shiall be

2.5.
s Nan; (,.—-Tie: use of greater diametcr-to-height ratios is recom-

mended To minimize the effects of friction 'between tfcie sides of the
specimen and ring, a diarrieter-tolieiglht ratio grealeir iJian four is,
Preferable.

6.2,4 Specimen .Ring Rigidity-—'Yti<z rigidity of the ring
shall be such that, under hydrostatic stress conditions in the:
specimen, the change in diameter of the ring will not exceed.
^ ^ % of the diamelcr under the greatest loud applied..

'•5 Specimen Ring Material—-The ring shall he made of
^••laterial thai is noncorrosive in relation to the soil tested.,
'he inner surface shiall be highly polished or shall be coated

a low-firictioii material. Silicone greas« or molybdenum
disulfide is recommended; polytetrafluoroethylene is recom-
mended for nonsandy :>oiJs.

6.3 Porous Disks— The porous dfoks shiall t« of silicon
carbide, aJuminum oxide, or similar noncorrosive material.
The grade of the disks shall be fine enough to prevent
intrusion of J»iJ into the poines. If necessary,, a filter paper (see
Note 7) may \.»z used to prevent iutiusiion of the soil into the
dli.sk:;; however, the permeability of the: disks., and filter
paper, if used, must be at least one order of magnitude higher
than that of the specimen.

fo'jndl to meetNOTE 7— Whatman ^°- ^ ^":ir PaPer 'las ^
requirements for permeability and durability.

6.3, 1 Diameter— The diameter of the top disk shall, be 0.2
to 0,5 mm (0.0 1 to 0.02 in.) less than Ihe inside diameter of
the ring. If a floating ring is used, the bottom disk shall have
the same diameter as the lop disk.

NOTE 8 — The use of tapered disks, is recommended, with the larger
diameter in contact with the soil.

6.3.2 Thickness— •Thiickriejs of the disks shall be suJTident
1.o prevent breaking. The top disk shall be: loaded through a.
corrosion-resistant plate of sufficient rigidity to prevent
breakage of the disk,.

6.3.3 Maintenance— The disk si shall be: clean and free;
from cracks, chip;;,, and nonurdforcciities. New porous disks
should be boiled for at least 10 minute;; and left in the water
to cool to ambient temperature before 'use. Immediately after
each mise, clean the porous, disks ^^^[1Jb! a nonabrasive brush
and boil to remove day particles that may reduce their
pwm (ability. It is; recomiraended thailt poroua disfe be stored
in ;a; jar with deatrei waiter between tests-.

6.4 Specimen Tnmming Device— A. teimmiBg. turntable
or a cylindrical culling ring may be used for trimming the
sample down to the inside: diameter of the; consolidometer
ring wiltfa a minimum of disturbance. A cutter hawing the
Kirct'E: inside diameter ajj the specimen ring shall attach to or
t>e imtegrEill will] the spetijiieri ring,. The; cnatter shall have a
sharp edge., a highly poHshed siuurfia.oe: and be coated with a
low-friclioii material. Alternatively, a turatoble or trimming
lathe may be msed. The; cutting tool must 'be properly aligned
to form a specimen of the same diameter ,au> that of the ring.

6.') Deformation Indicator— -To measure change iti spec-
imen height, with a readability of 0.0025 mra (0.0001 m.).

6.6 Miscellaneous Equipment— Including timing device
with 11 s readability, distilled or1 deimneraJized waiter, spat-
ulas, knives, and wire saws, usied in preparing the specimen.

6.7 Balances, in accordance with Method D 221(5.
6.8 Drying Oven, in accordance: with Method D 2216.
6.9 Water Content Containers, in accordance with

Method D 22 16,
6,, 10 Environment—Tests shall be performed in an envi-

ronment where temperature fluctuations are less than ± 4°'C
(± 7°r) and there is; no direct exposure to sunlight.

7. Calibratioin
7.1 The measured vertical deformation!; must be cor-

rected for apparatus flexibility whenever the calibration
correction determined in 1.A exceeds 5 % of the measured
deformation and in all tests where filter paper disks are used.

7.2 Assemble the consol id o meter with ,a copper or hard
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steel disk of approximately the same heijght. as. the test
specimen and 1 mm (0.04 in.) smaller in diameter than the
ring, in place of the sample. Moisten the porous disks. If
filter papers are to t»c used (sec 6.3), they should be
moistened and sufficient time (a minimum of 2 mm.)
allowed for the moisture to foe squeezed from them during
each Increment of the calibration process.

7.3 Load and unload the consolidometer as in the test arid
measure the: deformation for each load applied.. 'When filter
papers are used it is imperative that calibration be: performed!
following the exact loading; acid unloading schedule to be
used. This is due to the inelastic defoiraatioci characteristics.
of filter paper.. Recalibration for tests without filter paper
need be done only on an annual basis;, or after replacement
and reassembly of apparatus components..

7.4 At each load applied, plot or tabulate the corrections
to be applied to the measured deformation of ihe test
specimen. Note that the metal disk will deform also*; haw-
ever, the correction clue to this deformation will be negligible
for all but extremely stiff soils. If necessary, the compression
of the metal disk cam be computed and applied to the
corrections.

8. Sample];
8.1 Practices D 1387 and D 3550 cover procedures; and

apparatus that may be used to oblain undisturbed samples
generally satisfactory for testing. Specimens may also be:
trimmed from liaise nudisturbodl block samples, fabricated.
and soled in the field, IFiicially, reinaoldedl specimens; may be
prepared from bulk wimples to density and mculture condi-
tions stipulated by the agency requesting the test

8.2 Undisturbed samples; destined for testing in accor-
dance with this; lest method shall be; preserved, handled, and
transported in acou-dance with ithe practices for Group C
and D samples iin Practices D 42.20. Bulk samples for
rein eddied specimens should be handled andl transported! in
accordance with the practice for Group B saiciples.

8.3 Storage-—Storage of sealed samples should be such
that no moisture is lost during storage, that is, no evidence of
partial drying of the ends of the samples oir shrinkage, Time
of'storage should be: minimized, particularly when the: soiiJI or
soil moisture Is expected to react with the sampJe tubs;;,

8.4 The quality of consolidation test results diminishes;
greatly with sample disturbance. It should be recognized that
BO sampling procedure can ensure completely undisturbed
sample:!. Therefore., careful examination of the sample is
essential iin selection of specimens for testing..

NOTE 9h-—Examination for sample disturbance, stones;, or other
inclusions, acid selection of specimen location is greatly •facilitated by
x-inay radiography of the samples (see Methods D 4452).

'). Spedimeni Preparation
9.1 All possible precautions, should be taken to minimize

disturbance of the soil or change;; in moisture and density
during; specimen preparation. Avoid 'vibration, distortion,
and compression.

9.2 Prepare test specimens in an environment where soil!
moisture change: during preparation is minimized.

NOT); I'D1—A .high humidity environment is. usually used for Lhus
purpose.

9.3 Trim the specimen and insert it into the consolidation

ring, When specimens come from undislurbecl soil colic.
using; sample tubes, the inside diameter of the tub: shall 1:
least 5 mm (0.25 in.) greater than the iiiusiide dianielenr o][
consolidation ring, except ;a<; noted in. 9.4 anr' ~ '>. j
recommended that either a trimming tuneable o. ndi
•cutting ring; be used to cut the soiil to the proper ̂ 3iarn«
When using a trimming turntable, make a complete pa
eter cut,, reducing the specimen diameter to the in:
diameter of the consolidation ring. Carefully insert
specimen into the consolidation riling, by the: width of the .
with a minimum of force. Repeat until the spedi:
protrudes from the bottom of the ring. When uanj
cylindrical cutting ring, trim the soil to a gentle taper in ft
of the cutting edge. After the taper is formed, advance
cutter a small distance to form Ihe final diameter. Repeat
process until the specimen protrude;; from the ring.

9.4 Fibrous; soils, such as peat., and those soils, that
easily damaged by trimming, may be transferred diro
from the sampling tube to the ring, provided lhat the ring
the: same diiameter sts the sample: tube.

9.5 Specimens; obtained using a ring-lined sampler ma)
used without prior ijimmlng, provided they comply with
requirements of Ractice D 3550 and this teart method. ^

9,, 6 Trim the; specimen flush with the plane ends of
ring. The specimen may be recessed sliightly below the: i:oj:
the nng, to facilitate centering of the top stone," by par
extrusion arid trimming of the bottom surface.. For soft
medium soils, a wire saw should be used for iri
top and bottom of tlbie s^HzcrixDien to mmvmizt
'^raiJightedge with a fJjaip cutting ^ige: may be usojl for-1

Hnal trim ztifter the ex:ce:ss soil has: Jijist be«n relieved '^iti
wire saw. For stiff soils, a sharpened straightedge • ^ n
be! u*»d fcur trimming the top acid tiotto™. If a snii. ,-.ajt
is encountered in any SUI^K^ Ibeini; trimmeNJ!, rt should
icmovoi and Uie resulting void'fiJledl wiilh mft from i

iiE 1! 1— If, at any sUigc oftJie tes^ ttic !!jp<s:iia]e:n swttts I
ioltial ihdfilht, '\hc nsquLrcriicriit of Liteniil nsrlnainit of the <x>il! <Iii:taksi
ui>» of .a r«a*ssctl :!]p<!«;i]n3e:ia oir ilfoe use: of :i SF^cimcia ritqj
an eKttnsicii coftsn- of'dbc iuirnn; Imnsrdiiameta- us thi« jii
:no litEic <;]iciul'dl tbic i;]5e<inien extend beyond ilhit: spcciiEicci iiri|f
exlcosion colJ^ur..

9.7 I>:tennine the initial wet mass of the specimen, M
in. the consolidation ring by measuring the mass oJ" the ri
with specimen arid subtracting the tare mass of the ring;.

9.8 Determine the initial height, H0,, of the specimen
the nearest 0..023 rnrri (O.TOl in.) by takjng the avemge of
least four evenly spaced measure men 1;; over the top ai
bottom surfaces of the specimen using a dial comparator
other suitable -measuring device.

9.9 Compute the initial volume, T0, of the specimen
the: nearest 0.2,5 cm3 (0.01:5 in..3) from, the diameter oft
ring; and the initial specimen height.

9.10 Obtain two or three natural water content deteni
nations, of Ihe soil in accordance with Method D 2216 fro
material trimmed adjacent to the test specimen if sufiide
material is available.

9., 1 1 When index properties are specified by the i
questing agency, store the remaining trimmings taken fro
around the specimen arid determined to Ibc similar 'en
in a sealed container for determination as dest. -.1
Section 10.
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Soil hade* Property Deteirrniihiiations
J0.1 The determination of index properties is an impor-

Dt adjunct to but not a requirement of the consolidation
;t These determinations, when sjped.fied by the requesting

should b« made on the most representative material
e. When testing uniforra materials, ail index tests may

ibe performed on adjacent trimmings; collected m 9.11. When
'samples are heterogeneous, or Irinamrngs. are: In short supply,
index tests should be performed on material from the test
•specimen su; obtained in 11..6, plus representative trimmings
collected in 9.11.

10..2 Specific Gravity-—The; specific gravity shall 'be deter-
mined in accords no; with Test Method D 854 on material
tiro in the sample as specified in 10.1, The specific gravity
from another sample judged, to be similar to that of the test
specimen may be used For calculation in 12.2.5 whenever an
accurate void ratio is riot needed.

10.3 Atterberg Limits—-The: liquid limit, plastic limit and
plasticity Index shall be determined in accordance with Test
Method D 43118 using material from the sample as specified
ID 10.1. Determination of the Atlerberg limits are necessary
for proper material classification but arc: not a requirement
of this test method.

10.4 Panicle Size Distribution—The particle size distribu-
tion shaili! be determined in accordance; with Method D 422
(except the minimum sample size requirement shall be
waived) on a portion of the test specimen as obtained in
11.6. A particle size analysis may be helpful when visual
inspection ibaidi.ca.tes. that the specimen contains a substantial
fraction of coarse grained material but is not a recriuremenit
of this test method.

11. Procedure
1 LI PtepaunalJon of the: porous disks and other apparatus

will depend on the specimen being, tested. The
corisoliidometer musk be assembled in such a manner as to
prevent ;a change in water content of the specimen,. Dry
porous disks and filters must be used with dry, highly
expansive soils and may be used for all other soils,, Damp
disks may be; used for partially saturated soils. Saturated
disks may be used when the specimen is saturated and
known to have: a low affinity For water. Assemble the ling
with specimen, porous disks, filter disks (when needed) and
consolidomeler. If the specimen will not be inundated
shortly after application of the seating load (see 11.2), enclose
the consolidorneier in a loose fi t t ing plaslic or rubber
membrane to prevent change in specimen volume due to
evaporation.

NOTE 12—EDI order 1:0 meet the stated objectives of this, test method,
'he specimen must nol be allowed to swell in excess af its initial height
Prioir to being. loaded beyond its preconsolidation pressure. Deiailed
procedures for the determination of'one-dimensional swell or settlement
Potential of cohesive soils is. covered; by Tesl Method D 4546

1 1 . 2 Place; the consolidometer in the loading device and
apply a seating pressure of 5 kPa (100 Ibf/ft2). Immediately
after application of the seating load, adjust the deformation
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indicator and record the initial zero reading, da. If necessary,,
add additional load to keep the specimen from swelling;.
Conversely, if It is; anticipated that a load of 5 kPai (100
Ibf/nv2) will cause significant consolidation of the specimen,
reduce the seating pressure to 2 or 3 kPa (about 50 Ibf/fPl or
less;.

11.3 If the lest is performed on an intact specimen that
was either saturated under field conditions or obtained below
the water table, inundate shortly after application of the
seating load. As inundation arid specimen wetting occur,
Increase the toad as required to prevent swelling. Record the
load required to prevent swelling arid the resulting deforma-
tion reading. If specimen Inundation i<; to be delayed to
simulate specific conditions, then inundation must occur at a
pressure that is; sufficiently large to prevent swell. In such
cases, apply the required load and inundate the specimen.
Take time deformation readings during the inundation
period as; specified in 1 !..:>. In such cases, note In the test
report the pressure at inundation and the resulting changes
in height.,

11 ..4 The specimen is to tw; subjected to increments of
constant total stress. The duration of each increment shall
conform to guidelines specified in 11 .5 . The specific loading
schedule: will depend on the purpose of the test, but should
conform to the following guidelines, lithe slop: and shape of
a virgin compression curve: or determination of 'the
precori soli elation pressure is required, the final pressure shall
be equal to or greater than four times the preconsoliclation
pressure. In the cast of overconsolidateid. clays, a better
evaluation of recompression parameters may to: obtained by
imposing an raJoadnreload cycle after the prcconsiolidailjion
pressure has been defined Details regarding location and
extent of an unload-reload cycle is; the option of the agency
requesting the test (see 1.3), however, -uiiloading shall always.
span ait least two decrements of pressure..

11.4.1 The standard loading schedule shall consist of a
load increment ratio (IJR) of one which is obtained by
doubling the pressure on the soil to obtain values of
approximately 12, 25, 50, 100, 200, etc. kPa (250,, 500, 1000,
2000, 4000,, etc. Ibf/ft2).

11.4.2 'I1h,e standard rebound or unloading schedule:
should be selected by halving the pressure on the soil (thai: is.,
use the same incrernenls of 11.4.1., but In reverse order).
However, if desired, each successive load can be only
one-fourth as; large as the preceding load, that is, skip a
decrement.

11.4.3 An alternative loading., unloading, or reloading
schedule may be employed, that reproduces the construction
stress changes or obtains better defini t ion of some part of the
stress deformation (compression) curve, or aids in inter-
preting the Held behavior of the soil.

NOTE 13—Small increments may be desirable on highly compress-
ible specimens or when iil: is desirable to determine the preconsolidla'Lion
pressure with more precision. It should! be cautioned, however, that load
increment ratios less man 0.7 an.d load, mcrenaemts very close to the
preconsoljdation pressure may preclude evaluation for the coefficient of
consolidation, cr, and the end-of-primary corisolidlation us discussed in
SwrLion 12.
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11.3 Before each pressure increment is applied, recoil the
height or change in height, djf, of the specimen. Two
altenaative procedures are available that specify the time:
sequence of readings and the required minimum load.
duration. Longer durations are often required during specific
load increments to define: the slope of thus characteristic
straight: line secondary compression p»oi1ion of the deforma-
tion versus log of time graph., For such increments, sufficient
readings should be taken near the end of the pressure
increment to define this straight line portion. It Is not
necessary to Increase the duration of other pressure incre-
ments during the least.

11.5.1 Test Method A—-"\"\\c standard load! increment
duration shall be 24 h. For at least two load increments,
including at least one load Increment after the
precorisolidatioei pressure has been exceeded, record the
height or change iln height., d, at time intervals, of approxi-
mately 0.1 „ 0.23,, 0.5, 1, 2, 4, 8, 15 and 30 min, and 1, 2, 4, 8
and 24 h (or 0.09, 0.25, 0.49, 1, 4, 9 min etc. in using 12.3.2
to present time-defonnsition data), measured from the time
of each incremental pressure application. Take sufficient
readings near the end of the pressure increment period to
verify that primary opnsoldlation is completed. For1 some
soils, a period of more than 24 h may be required to reach
the end-Hjf-praaaiy consolidation (as determined in 12.3.1.1
or 12.3.2.3). In such cases, load Increment, durations greater
than 24 h arc; required. The load increment duration for
these tests is usually taken at some multiple of 24 h and
should be the standard duration for. all k>a<l increments of
liie test. The decision to use a time: interval greater than 24 'h
is usually based o;ni cxpaisnce with parlicular types of soiik..
If, however, there is a question as to whether a 24 h period is
adequate, a record of height or change in height with time
should be made for the initial load increments, in order to
verily the; adequacy of & 24 lh. period, Loiad increment
durations other than 24 h shall be noted in the report For
pressure increments when: time; versus; deformation data ait:
not required,, leave the load on the specimen for the same
length, of timer as; when time: versus diefbnriaitiia>n readings are
taken.

i 1.5.2 Test Method B—For each increment, record! the
height or change: in height, d, at time intervals of approxi-
mately 0.1, 0.25, 0.5, 1, 2, 4, 8, 15, 30 min, arid 1, 2,4, 8 and
24 h (or 0.09, 0.25, 0.49, 1, 4,, 9, min, etc. if using .12.3.2 to
present time deformation data), measured from the time of
each incremental pressure application. The standard load
increment duration sib all exceed the time required for
completion of primary consolidation as determined by
12,3.. 1.1, 12.3.2.3 or a criterion set by the requesting agency,.
For each increment where it is impossible: to verify the end of
primary consolidation (for example, low LIE or rapid
consolidation), the load increment duration shall be cicii3sta.nl
acid exceed the time required for primary consolidation of an
increment applied after the pmxmsolidatioD pressure and
along the virgin compression curve. Where secondary com-
pressioin, must be: evaluated., apply pressures for longer
periods. The report shall contain the load increment dura-
tion for each increment.

Nora M—The suggested time: interval!:; for recording .ho
change iti height arc: for typical soils and load iincreoieinis. It i:
dcsiiniible: to chacige tins reading freqiJCQCy to improve ir* ~*m-ta
iht data. Mow rapid consolidation will rcqmiic mom ifh me;
IP'oir most sails, primary consolidation during 'the ]5nS: U^.^^itxan:
will be complete iin less time (typically one-tenth) thaii won

fen* ai loud i:Di(:n:inti;:al along; ttic vv^tn cocaprcsiicua
r, at very low stresses the :n;N3iuncI time cjna tw longer.

11.6 To* minimize swell during disassembly, reboun
specimeoi back to the seating load (5 kPa). Once ti
changes have ceaa;d (usually overnight), dliisrnanlJe (jn
.aJ^er releasing the final smaJJ loaid. on the: specimen. Ren
the specimen and the ring from the consolidometer and.
any free water from the ring and! specimen. Determin
mass C'lfthe specimen in the ring arid! subtract the lame
of the ring to obtain the final wet specimen mass, MT .
most accurate determination of the specimen, dry' mass
water content is found by drying the entire specimen a
end of the: test. If the soil satraiple ;us homogeneous
sufficient trimmings aure available for the specified ii
testing (i«e; 9.11 )„ then determine the final 'water content
in aicc:ordlanc« ^-iî hi !Me:ldhio(l D 2216 aicidl dry mass of sc
Ma>, using the entiii; specimen. If the »c>ij is; lH;itie
more insiteiial 'is re^iujj-ed fcwr the sp«:ifie^! index
dlcteirmiine 1J]<: final water content, w^, in.
Method D 2:216 using a small wodjge'shaped ;^cdon ioJ:

specimen. The rerriawing undrie»i rEiaterifil sJioulcl be n
for lJb,e .specified index testing.
111. GileiuJ t̂ioiai

12.1 <*!alCMjJatiotLs a<> jJiouia sure: based on the: use o
units. Other uniU; ,aune: ]p<;nnisfable, ipifcividenj. itibi<;' 'fi
convenrion fartcuns are used to maintain oDin.iaij»tenv,^>dF u
throughout the calculations. See 1.4.1 for additional a
ments; on tlie nw of inch-pjund units,

12.2 Specimen Properties:
12.2.1 Obtain the dry mass of the total specimen, Md,,

direct measurement or for the: case where part of
<:pecime:[]i ii;i used Ifor iindiex 'tewtiiinig, csilc^Jlate the dry maw
foLlov/s.:

Md «

where:
My. ~- moist mass of total specimen after test, g or Mg, a
wjf ~ waiter content (decimal form) wedge of specirr

taken after test.
12.2.2 Calculate the initial and final: water content,,

percent, .a:; follows:
MTiinitiaJ wa'ter content:

final water content: wf-~

d '•< \00

r-Md i f
—*-•-———-—- >_ 100

v/here:
Md ~ dry mass of sipecaimen, g or Mg, and
MTa - nioisl raass of specimen before test, g or Mg.

12.2..3 GilcuJate the initiaJ dry densiiity of the sf>ecimen
folio ws:
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•void ratio before test:
f t

void ratio after to/.- ef.~ —i

Tius-ittfotMATtaMniiivf.inioM OATH rovro
CClMWMATlaH AT TIM - « MINITIE1

EXTEND™ .QFMHAI- UHIJIII rriirncK1 OF CUIVE
eanENHIC*l OF treenail UMlEAHFaK-IlOM CiFCUnviE

«„ DCPDKI.IAIION nT iwraisec-nc'M or imiyi e *M<
i,. aa J.o«. want IN TIME

IIETWEE* IIMEI i, vjiti
r IBJLML TO in

Ft<Gi, 2! Tlrnie-C^eiormiitiion Curve from L.OJJ ID! Tinief IVIettiwl

/)j === di7 density of specimen, ^cm3 or Mg/m3, and
Y(, •-= initial volume of specimen, cm3 or mi3.

12.2.4 Calculate the dry unit weigjil: of the s;pe:ime;ni as

Trf " 9.8 x pj, in kN/m3

Yd == 62.4.3 x ,>flS in Ibf/ft3

2.2.5' Compute the volume of sollids ia<; ifoUows:

where:
6' ~ specific gravity of the solids, and
/>,,, ~ density of water, 1.0 g/cm3 or Mg/m3

12.2.6 Sino: the cross- sec lion a I area of the specimen is
constant throughout the lest, it is convenient for subsequent
calculations; to introduce the terra "equivalent height of
solid:;," defined as follows:

where:
A ~ specimen areai, cm2 or m2.

12.2.7 Calculate -void ratio before and after test as follows:

Hs

where:
H0 == initial specimen height, cm or rn, and
Hf == final specimen height, era or rn.

12.2.8 Calculate the degree of saturation, in percent,
before and after test as follows:

- - - , , r , A/r - MHinitial, degree: of saturation: ,5',, == • —— -J!- —— --- x KM)
^Jt'/o-//,)

final clegje: of Kituration: 5L.== —— -J- —— --- >- IQQ
' APJ,Hf- //,)

12.3 Time-Deformation Properties— Fmm those incre-
ments of load where time-deformation readings are obtained,
iwo alternative procedures (see 12.3.1 or 12.3.2) are provided
to present the dam, determine the end-of-primary consolida-
tion .and compute the rate of consolidation. Alternatively,
the requesting agency may specify a method of its choice and
still be in conformance with this test method. The deforma-
tion readings may be presented BIS measured deformation,
deformation corrected for apparatus compressibility cur con-
verted to strain (see 12.4).

12.3.1 Referring to Fig. 2, plot the deformation readings,
d, versus the log of time (normally in minutes) for each
increment of load.

12.3.1.1 First draw a straight line through the points;
representing the final readings which exhibit a straight line
trend and constant slope (C). Draw a second straight tine
tangent to the steepest part of the deformation-log time curve:
(D). The intersection represents the deformation, dlw, and
time, tjgfr corresponding to 100 % primary consolidation
(E). Compression in excess of the above estimated 100 %
primary consolidation is; defined as secondary compression.

12.3.1.2 Find the deformation representing 0 % primary
consolidation by selecting arty two points, that have a time
ratio of 1 to 4. The deformation at the larger of the two limes
should be greater than 'A, but less, than "/;; of the total
deformation for the load increment. The deformation corre-
sponding to 0 % primary consolidation is; equal to the
deformation at the smaller lime, less the difference in
deformation for the two selected times.

12.3.1.3 The deformation, rfj£h corresponding to 50%
primary consolidation is equal lo the average of the deforma-
tions corresponding to the 0 arid 100 % deformations. The
time, t50, required for 50 % consolidation may be found
graphically from the deformation-log lime curve by ob-
serving the time that corresponds to 50 % of the primary
consolidation on the curve.

12.3.2 Referring to Fig. 3, plot the deformation reading:?,
J, versus the square rod of time (normally in minutes) for
each increment of load.
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; (MINUTE!)

A rntE-DETORMATOH't am vis FROM DATA fCUNTS
B ii,, ExTEracN cr wiriAi. LDnnjn i>oii r«>n or CHIVE A. n TIME - u MINUTES.
c mNsnvcnoto \uiif. WITH ajum •> i.u TIMES IKIHAI. LDOiAUKwnoHcircuBvii A
ID ii,, oePDiuiA'niQjf AT Foronr UIIEKE CURVE A aioipa; :UCMI; c

li i,,,1im. AmHXT'ftTaau-CltlL'/lE A CRCBSES IJHI C

FTO. ;3: TfiniwHDfflfoirniaili'OFi Curve F:irom !54]ti»rct Root of Time
Method

123..2.1 First draw ;3 straight line: through the: ipoinls
reprejienting the: initial reading; I hat exhibit .a straight line:
trend.. Extiapctote the tine back to / =» 0 and obtain the:
deibmiatioDi ordinaite ;re:]pn:i««ting 0 % piimary (xraisolidbi-
tion.

12.3.2.2 Draw a second straight line through the 0%
ordinate so that the abscissa of this line is 3.15 times the
atxstiissai of the finat istiai,gjit Ene throiigj] \hc cLala. The
intersection of this; second! Mrae wiiltJhi the deforcciation-s^uare
nx)t of time: ciuurve ibi lie dcfbnnatioiai, c^^ and time:, r(W,

«n(Jin|; 1:0 90 ^> primeury consolicLalion.
2.3.2.3 The delbmiatiori at 100% consolidation is; l/9

than the dliiJftrena: ii:ci deformation between 0 and 91) %
consolicLalion, The time of primary consolidation, ,f/£W, may
be taken at the intersection of the defonnniatiori-squaire root of
time curve and this; deformation ordinate:. The deformation,
tillh corresponding to 50 % consolidation is equal to the
deformation ;al % of the difference between 0 and 90%
consolidation.

12.3.3 Compute the coefficient of consolidation for each
increment of load using the following equation and values
appropriate to the chosen method of interprelation:

where;
T == a ditnensionless time factor:

For method J 2.3.1 use 50 % consolidation with T

for method 12.3..2 use 90 % consolidation with T
------ 7's-o = 0.848,

H

- time: corresponding to the particular degri
consolidation, s or rain;;

for method 12.3.1 use /' === t5lh
for method 12.3.2 use / =~ t90l and

== length of the drainage path at ,50 % consolh*
cm or in
for double-j;iid!od drainage Hr> fa half the spec.

'c jL ;H>height at the appropriate: increment and for
sided! drainage HDi (is the full specimen

12.4 Laad-Deformation Properties:
12.4.1 Tabulate the deformation or change in deform!

tion,. djf, readings; cairesponding to Ihe end of each iner^
merit and, :if using Test Method B, comssponding to itli;
end-of-prirriiary consoUdation, dsf)0.

12.4.2 Calculate the change in height, AH ~ d ~ dai
relative to the iniitlaj specimen .height for each residing. If
necessary, conrect the defbrrtialJion for the apparatus, flew.
bility by subtnactirig the calibration value: obtained In Section,
9 from each readiiog. ..«

12..4.3 Represent the deforaiation resuJts in one of the
following formats. .,

1 2.4.3,. 1 Gilculate the void! natio as follows: ;i

i? => e, AH

12.4,3.2 Altercua.lively, calculate the veiticai
percent, ;3<; follows:

strain,

12.4.4 Calculate the vertical stress ss follows:
P

17, == —1 A
where.:
P ~ appJied load in N
ov == vertical! stresss in kPa.. ;i

12.4.5 Referring to Fig. 4, plot the deformation resold
(void ratio cur stniin) corresponding to the end of each

and, if using Te«t .Mei:]b:o<i B, cwiTe^ip^ndirrg; to the
consolidation versus; the logarithm of the,

pressure.
NOTE 15—-Hn some: cases,, ii may b*: preferable lo piracm: tt*1

toad-<JefcimialicMi curve in ajithimelic scute.

.12.4.6 Referring to Fig. 4, determine the value of Ihe
preconsolidation pressure: using Ihe following procedure.

NOTE 16—Any oliher recpgiiited mcUbodl of
pKHWiisolicbt-ioii pressuin: (sec .reference:;} may aim be used, provided
tbet iriethodl is ideotified in tlbe report.

12.4.6.1 fistimate: the point of maximum curvature on the
consolidation curve: (It).

12.4.6.2 Draw the tail gem t to the consolidation curve at
this point (C), and a horizontal tine through the point (D),
both extended towards increasing vaJlues on the: abscissa.

1I2..4.6.3 Draw the tine bisecting the angle between these
lines. (E).

12.4.6..4 Extend the tangent lo the sterep, linear portion of
the canjolidation cunrve (virgin coinpre;s,sion branch) Or*
upwards to intersection with the bisector line (E).
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vnrncu. EFFECTIVE siwsis, (u^i

:muaa STRAW runvi: FROM DATA POINTS
JWT OF MAXIMUM CUII'/ATUM:
TANGENT LINE: TO CUM VE AT KICK! e
HOJUZDIVTM. IJNE THRowem I-OD-T i
1I1E IIISECTDIO AMOUE BETWEEN IJM3 C ."jro II

TAmiiEwr ™ UMEAII TORTION or cvrvK m VIRGIN OTMJUJSSIO.'J ILW»BE
TKAi. ErFECiivE STPJSS AT

o

FUG. livuluiition for Prcsjfuro Fi'orri

e (G) (abidswa) corresponding to ttiiis point ofiater-
s(dd;on is the eilimatoi pret»n!KJJdation pinesjure.
: 12.4.7 Complete evaluation often includes consideration
of information not generally aveiiillable to the laboratory
performing the test. F:ojr tttis reaara fuitiher evaluation 13!" the
tESl is not mandatory. Many recognized methods ofevalua-
tioni are described in the literature. Some of these arc
discussed ii:m the Refs. (1) through (8).3

13. Report
13,1 In add J lion to project name and location, boring

iwimber, sample number, arid depth,, report the following
information.

13.1.1 Description and classification of the soil m accor-
dance with Practice D 2488 or Test Method D2487 when
Atterberg limit data are available. Specific gravity of solids,
Atterberg limits and &ra.in size distribution shall .also be
rt'iMiled when available plus the source of such information
»other than measurements obtained on test spedmen. Also
note occiuirrera.ce and approximate siz.e of isolated large
particles.

n.l .2 Soil Condition:
'!3.1..2.1! Avenige water conlerit of trimmings,
'3.1.2.2 Imitial arid final water conlerit of specimen,
'3.1.2.3 Initial and final dry unit weijaJit of specimen,

[OilIJ" II >L ''oldfacc riuml«ra in pajnilhescs rc(i;r to a Jis1 of rEfi:r:n«s( at the end of

FKJ. !i E:x<irnp[<* of ConiiiDliclatJon Test Suiirnfjry Plolii

1.3.1.2..4 Initial and final void ratio of specimen,
13.1L2..5 Initial and f ina l degree of saturation of specimen,

and
13.1,2.6 PreconsoLidatioii pressure,
13.1.3 Test Procedure:
I3.1..3JI Preparation! procedure used relative to trimming;

state whether the specimen was trimmed using a uinanung
turntable, trimmed using at cutting she*, or tested directly in
a ring from a ring Lined sampler.

13,. 1.3.2 Condition of test (natural moisture or inundated,
pressure: at inundation).

13.1.3.3 Method of testing (A or B).
1.3.11.3.4 Test Method used to compute coefficient of

consolidation.
13.11.3.5 Listing of lew ding increments and decrement:;,

and Irad inCTement durBition, if differing from 24 h; end of
increment defoimatio:ni resute and, for Test Method B,
endHDf-piimaiy deformation results and ccNsflident of consol-
idation (see Fig. I).

113.1.3.6 All departures from the: procedure outlined., in-
cluding special loading sequences.

13.. 1.4 Graphical Presentations:
13.1.4.1 Graph of deformation versus log time (see Fig. 2)

or square root of time (sew Fig.. 3) for those load increment*;
where time rate readings were tsiken.

13.11.4,2 Graph of void ratio versus log of pressure curve
or percent compression versus log of pressure curve ('see Fie;.
4).

13.3,.4.3 In wises where time rate of deformation readings
have been taken for several load increments, jprepare a graph
of the log of coefficient of consolidation versus average void
ratio or average percem compression for the respective load
increments (see Fig. 5). Alternatively., a graph of coefficient
of consolidation or log of coefficient of consolidation versus
log of average pressure may It* used. If time rate readings
were obtained for only two load increments, simply tabulate
the value;; of cv versus the average pressure for the increment.

NOTE 17— -The average pressure between two load increments is.
chosen because in is a convenient coordinate for plotting, the .result.
Unless the rate of pore pressure dissipation is measured, r[ is not possible
to determine the actual efieciiive pressure at the time of 50 % consolida-
tion. Furthermore, some ambiguity may aria; in eases where the test has
been carried through one or more intermediate load-rebound cycles.
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[! M. Precision a.md Bii;a<; 14.2 Statement of Bias—There is no acceptable referc

ll§I 0 2435

14.
value for this test method, therefore., bias cannot be d<:M.I Statement of Precision—Due. to the nature of the soil - ,

materials tested by this; test method it is; either nol feasible or
too costly at this time to produce multiple: specimens, which
have uniform physical proipMati.es. Any variation observed in 15,. Keywords
the data is just as likely lo be due to specimen variation as to 15.1 compressibilily; compression curves; consotidat
operator or laboratory testing variation. Subcommittee consolidation coefficient; consolidation test; consolidomc
D18..05 welcomes; proposals that would allow for develop- preconsolidation pressure; primary consolidation:; rebov
merit of a valid precision statement. secondary compress ion; settlement; swelling
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SUMMARY OF CHANGES

This section identifies the: priricipeill changes to this test meithod that have twsen Incorporated
since the: last Issue:.

(][) Practice D 3740 has been added to the Section '1 on (2) A new Note 3 was inserted to Reference 1C) 3740,
Referenced Documents. all subsequent notes have been n:

Soctoty ftv Tmting <ncf Mt<tt*iati tt\l<as m< [nsR'icfi ret^scthitj ilia valktty c4 uny
with .any Item nmntimt*1 iri this stamlmw'. VstoW of ttiis slafxiafd tint oxpfeixty sHlvkwct tf,<t\t dotto'nnnai'fctt <x' C^ici niJW/iy of tar/ s
patent r\jhts, and tbtt itsk o/ Inftlngttmiwt of svcto rtstWs, are wrflrsly flieii- cnvrr ftxpofKMIily.

This iSt&mlnrd kt iii/b/Btf !<J nftisim til wry lime' ty ttm ntsponsiMo (e<:rtnwa/ commttte« and muM ,bo reviewed wary fivtr yitars ami
if not revismi, ttihtr mspprwwi or wHMrmw. few tMiwnrAs are> itwittxl ttithw hv rtvistw of this stsurianf of far iMitkuwt Spaniards
and Klwulci t>a acMmssxtd to ASTM M*Kb}utu1ew. Your octmntinta will octave twixM comM»itf.lon mF ir mmttr,y of tint ntspviKfaki
lecfirvlctJ coiranitfoa, wIMI yctt im\\f atfmcl If )t>u fast Unit your comnmnts have net iQCtwtxi a fair tearing yw shaM trutkB yew
vitnvs; known to Wn ASTM ConvrHnev on Stand&nJa, 100 Barr Hsrbof Drive,, West Cortsfwhocken, PA T9428.
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Table; 1., Field equipment for groundwater sampling

General Equipment
Field vehicle
Clipboard
Camera with time/date patch
Cofor slide film
First-aid kit
Sampling and analysis plan
Site-specific health and safety plan
Health & safety equipment listed in H&S Dlan
Sample tags and Sharpie peris
Logbook, indelible ink pens
Field Data Forms
Chain-of-custody/Sample analysis request forms
Shipping forms and labels
Chain-of-custody seals
Cellular phone
Rubber boots
Tool kit

i nation Equipment
Plastic tubs or coolers
Ten 10-gallon garbage bags;
Nitrile gloves
Butyl rubber gFoves
Beaker brush
Bristle brush
Water carboys
Deionized water from analytical laboratory
Tap water
Acetone
Hexane
1 0 percent nitric acid
Liquinox
Plastic squirt bottles
Aluminum foil or untreated butcher paper

Miscellaneous Equipment
Sample packaging materials/bubble wrap
Cellophane tape to cover sample tags
Strapping tape
Duct tape (2 rolls)
Fragile labels (if needed)
Rain gear
Utility knife
Paper towels

Sampling Equipment
Water-level indicator
Teflon bailers (with small and large
discharge lubes)
Stainless steel micro-bailer
Nylon cord
Sample bottles
5 Plastic beakers
2 pH/rnV meters, 2 pH electrodes
2 bollles electrode filling solution
pH 4.0, 7.0, and 10 calibration buffers

(2 bollles of each buffer)
Specific conductance meter
1,000 and 10,000 jA/IHOS/cm standards

(2 each)
Squill bottle
Peristaltic: pump with battery clips
Bennett submersible pump
Teflon-lined bladder pump
Portable generator (110V/220V)
2 plastic buckets, calibrated in 1 -L

increments.
0.45-jLfm filters
Teflon-lined tubing (1/4 in. ID, 3/8 in. Ihick)
Teflon-lined tubing (1/2 in. ID, 5/8 in. thick)
Black polyethylene tubing
Batteries for meters
Kirn wipes
25 It of silicorie tubing
Tape measure (25-ft metal)
50 quart-size Ziploc bags
50 gallon-size Ziploc bags
Ice chest ice or freezable cold packs
Latex gloves
Nitrile gloves
Parafilm
Pliers
Screwdrivers (regular and phillips head)
Turbidity meter (NTU)
Flow-through cell
Dissolved oxygen meter
EMF probe
ZoBell's solution
DR 100
Ferrover iron AccuVacs
Ferrous iron AccuVacs
T-valve
Hose barbs
Wrist watch or stop watch
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Table 2. Field equi pment for solids sampling

General Equipment
Field vehicle
Clipboard
Camera with time/date patch
Color slide film
First-aid kit
Sampling and analysis plan
Site-specific health and safety plan
Health & safety equipment listed in H&S plan
Sample? tags and Sharpie peris
Logbook, indelible ink pens
Chain-of-custody/Sample analysis request forms
Borehole logging forms
Shipping forms and labels
Chain-of-custody seals
Cellular phone
Rubber boots
Tool kit

Decontamination Equipment
Plastic tubs or coolers
Ten 10-gallon garbage bags
Nitrile gloves
Butyl rubber gloves
Beaker brush
Bristle brush
Water carboys
Deionized water from analytical laboratory
Tap water
Methane
10 percent: nitric; acid
Liquinox
Plastic squirt bottles
Aluminum foil or untreated butcher paper

Miscellaneous Equipment
Sample packaging materials/bubble wrap
Cellophane tape to cover sample tags
Strapping tape
Duct tape (2 rolls)
Rain gear
Utility knife
10-ft. metal tape measure
Paper towels

Sampling Equipment
50 gallon-size Ziploc bags
9 sis-gallon HOPE buckets with O-ring lids
Ice chest ice or freezable cold packs
Latex gloves
Nitrile gloves
Parafilm
Teflon Tape
Pliers
Screwdrivers (regular and phiDips head)
Stainless Steel Spoons
PIC)
2 in. diameter split core samplers (18 or 24
in. long)
3-in. diameter Shelby tubes (24 in. long)
2-in. diameter plastic end caps
3-in. diameter plastic end caps
2-in. diameter stainless steel core sleeves
Earth Colors soil collar chart
Samp e bottles
Encore samplers
Sodium bisulfide preservative

A R 3 0 2 3 5 3
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ARD OPERATING PROCEDURE

MEASUREMENT OF WATER LEVEL ELEVATION AMD
WELL CASING VOLI.J

SOP 19

This SOP presents the method to be used to measure water level elevation arid we
casing volume.

EQUIPMENT REQUIRED

•i Electronic water level indicator

n Distilled or deionized water

n Spare batteries.

FIELD PROCEDURES

1. Rinse water level indicator probe and cable with distilled, or deionized
water.

2. Holding cable reel atop casing, lower indicator probe gradually into
well un t i l tone and/or light indicates; contact with water surface.

3. Grasp cable exactly at the measuring point marked at the top of the
well casing with thumb and index finger. Pull cable out of well slowly
to read measurement.

4. Record measured depth to water surface to the nearest 0.01 ft as
indicated on graduated cable.

5. Withdraw cable several feet then lower and repeat Steps 2-4., If
readings differ by more than 0.2 ft, repeat until readings stabilize.

6. Remove cable and probe from well and rise with distilled or deionized
water.

a R 3 0 2 0 5 5
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MAINTENANCE

1. Carry spare batteries for the electronic water level indicator at all
times. Weekly during a sample run, check the circuitry of the
electronic water level indicator in the field laboratory by assembling
the apparatus and dipping the end of the probe into a beaker of water.

2. Clean the probe at the end of each day of sampling by rinsing with tap
water and wiping dry with paper towels. In addition, clean probe and
cable between wells,.

CALCULATIONS

Absolute water level elevation (feet MSL)

= Elevation of top of well casing (surveyed) -- average depth to water (from
top of well casing reference point)

Volume of'water contained in casing (gallons)

= (Diameter of well casing |:iri]/2)2x ,0217 x (depth to bottom of well [ft] -
depth to water [ft]) x 7.48

Refer to well construction specifications for depth to bottom of well.

September 1998, rev 06/00 -I O\..y Vtnau>'<ter1\a'ata\projvcls\a20jront ro>a!/l/s's/wi.s.B so epa



STANDARD -OPERATING PROCEDURE

MEASUREMENT OF FIELD PARAMETERS USIIMIG A
FLOW-THROUGH CELL

. SOP 56
niiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiimiiiiiiiiN

This SOP details the procedures for using a flow-through cell for measuring pH, KM]?',
dissolved oxygen, conductivity, and temperature in the field.

REQUIRED EQUIPMENT

Flow-through cell
Flow-through cell repair kit and extra gaskets of multiple sixes;
Tygon* or similar plastic tubing
Peristaltic pump (or cither pump capable of pumping a constant, relatively low flow rate)
Silicone tubing for the peristaltic pump discharge
Hose barbs and hose clamps to connect the plastic tubing; to the silicone tubing
pH meter and electrode
EMF (mV) meter and electrode
Dissolved oxygen/temperature meter and electrode
Extra dissolved oxygen probe membrane and filling solution
Specific conductance/temperature meter and electrode
Commercial pH buffers (4, 7, and 10)
ZoBell's solution;
Conductivity standard
Electrode filling solution (for an AgfAgCI electrode)
Platinum electrode polishing paper
Kimwipes*
Chart with saturated-air dissolved oxygen concentration.!! at various temperatures for the

elevation of the wels to be sampled
Deionized water

September 1 99£> 56-1
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CALIBRATION AND CARE OF METERS AND ELECTRODES

..jjini

Inspect the-pH electrode to ensure that lit is filled with electrode filling solution. The pH
meter should be calibrated using two pH buffers that bracket the expected pH of the sam-
ple. Follow the manufacturer's instructions for meter calibration. When not in use, the
pH electrode should be stored in electrode storage solution. If this is not available, pH 7
buffer solution is acceptable. At no time should the electrode be allowed to dry out.

EMF

Inspect the EMF (mV) probe to ensure that it is filled with electrode filling solution.
Rinse the electrode with deionized water and blot dry. Immerse the electrode iunt ZoBelTs
solution, and wait for the meter to stabilize. The EMF should be between approximately
200-and 250 mV. Record the EMF in the field logbook. Measure" the temperature of the
ZoBell's solution (the conductivity meter may be used to measure temperature), arid rec-
ord the temperature in the field logbook.

If the EMF reading is outside the specified range (200-250 mV), clean the electrode by
the following procedure. Eject the filling solution from the electrode by pushing line: epoxy

-casejoward line: top of the electrode; the filling solution will come out the bottom. Rinse
the electrode at least twice by filling it and then ejecting the solution. "Refill the electrode
with filling solution.- Rinse the outside of the electrode with deionized water, and measure
the EMF of the ZoBell's solution again. If the electrode response is still out of the speci-
fied range, carefully clean the platinum disk on the bottom of the electrode with a Kim-
wipe* orp with polishing paper that is provided with the electrode. When the electrode is
being; transported and stored, the platinum disk should be protected to prevent scratching.

Conductivity

To calibrate the conductivity meter, rinse the probe with conductivity standard, then
immerse the probe in the conductivity standard. Measure the temperature and the con-
ductivity of the standard. Record these measurements in the field logbook., along with the
expected conductivity of the standard.

Dissolved Oxygen

Inspect the dissolved oxygen probe for integrity. The membrane should be intact and
*unwrinkled and no air' bubbles should be present beneath the membrane. If the membrane
integrity has; been compromised, replace the membrane following manufacturer's instruc-

Septennber 1995 i:u*>
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tions. When replacing the membrane, it is imperative that no air bubbles are trapped
beneath the membrane. Different brands of dissolved oxygen meters are calibrated using
different procedures. Refer to the manufacturer's instructions for the specific dissolved
oxygen meter being used. Check the calibration by measuring dissolved oxygen in water-
saturated air and comparing the measured value against the saturated-air chart for the ele-
vation of the wells to be sampled. The dissolved oxygen probe should be stored in the
calibration sleeve, which should always be kept moist. If the calibration sleeve is not
available, the probe should be wrapped in a damp paper towel. At no time should the
membrane be allowed to dry cunt.

MEASUREMENT OF FIELD PARAMETERS

1. The well from which samples are taken should be purged (three casing
volumes) before irriea.suii.nig field parameters.

2. Calibrate the meters at each well (the dissolved oxygen probe usually
only needs to be calibrated once per clay), as described above.

3. Insert the probes into the flow-through cell. The gaskets should fit
tightly around the probes, and art)' flow-through cell openings that do
not contain a probe should be sealed with a plastic disc. The Mow of
the flow-through cell (the flow goes from bottom to top) should be
directed so that it. passes directly over the dissolved oxygen probe. If
the inflow is; not directed properly, a piece of Tygon* tubing arid a wire
(a paper clip will work) can be used to direct the flow. Insert the wire
into the tubing, and insert the tubing into the inflow opening at the
bottom of the flow-through cell. Bend the wire to direct the flow.

4. Connect the outflow from the pump to the bottom of the flow-through
cell. Pump water into the flow-through cell until the flow begins exit-
ing through the top. Loosen the fittings around the probes, and bleed
all air bubbles out of the flow-through cell.

5. Record the pH, EMF, dissolved oxygen, conductivity, and temperature
in the field logbook about every 5 minutes until the readings stabilize.

September 15)95 {SB-3 •,
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STANDARD OPERATING PROCEDURE

IRON SPECIATION IN GROUNDWATER
SOP 61

FIELD SAMPLING AND ANALYSIS

1. Collect the groundwater sample using a peristaltic pump, passing the
flow through an inline, 0.45-//m filter and depositing the sample
directly into a 300-mL glass beaker.

2. Allow the beaker to overflow twice its volume to avoid oxygenation of
the sample.

3. Collect the sample from the bottom of the beaker directly into a
HACH Accuvac* vial for both Fe*2 and total iron analyses;,

4. Zero the HACH DRIOO* spectrophotometer using groundwater col-
lected front the glass beaker.

5. Calibrate the HACH DRIOO* spectrophotometer by preparing and
analyzing standards at 1, 3, and 5 mg/L Fe+2, in accordance with the
manufacturer's operating instructions.

6. Analyze the sample for Fe*2 and total iron, and record the measure-
ments in the: field, notebook.

QUALITY ASSURANCE AND QUALITY CONTROL

Quality assurance and quality control samples, will consist of duplicates and blanks, both
collected at a frequency of 1 for every 20 samples,,

March 1995 61-1 c:\wincrows\wp\sap-ei.itoc

f lR302060



Note: SOP 19 cited within.

STANDARD OPERATINIG PROCEDU'RE

FIELD DETERMINATION OF TRANSMISSIVITY AND
HYDRAULIC CONDUCTIVETY USING A SINGLE

WELL/PIEZOMETER OR MULTIPLE WELLS AMID
CONSTANT PU Illl PING RATE

SOP 36

This test procedure is used to estimate the transmissivity of materials surrounding the
screen of a monitoring well or piezometer. The hydraulic conductivity of the material cart
be calculated if the length of the open interval is known. Testing procedures are provided
for single: well test and multiple well tests (test well and observation wells). The test is
performed by pumping the well or piezometer at a constant discharge rate and measuring
changes in the water level in the well or piezometer with time and in observation wells
located radially around the well. After the pump is shut off, the water level recovery is.
measured with time in all wells.

APPLICATION

The test method is generally applicable to materials exhibiting moderate to high hydraulic
conductivity (i.e., from 10 ft/day to 100 ft/day), unless well yield exceeds the pump
capacity.

INTERFERENCES

The accuracy of this test for a single well is affected by the degree that the tested well or
piezometer is developed. Tests conducted in poorly developed wells will generally
underestimate the value of hydraulic conductivity.

FIELD PROCEDURE

1. If a data logger is being used, install a decontaminated pressure
transducer and cable 1 ft above the top of the well screen in the test
well and observation wells, as applicable. Ensure that the transducer's

May 1994 36-1
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range will cover expected drawdown. If not, raise transducer until
expected drawdown is covered by the pressure transducer's range.

2. Install decontaminated pumping system in piezometer or well with
intake at least 10 fi: below static water level and at least 3 ft above the
top of the well screen. If the water level is below the top of the screen
or within ') ft of the top of the screen, install the pump near the bottom
of the screen.

3'., Install valve (preferably a gate valve) and flow meter system. Ensure
that the distance between the flow meter and any bend or constriction
in the discharge line is at least 10 times the diameter of the discharge
line. Ensure that discharge is directed away from the pumped well.

4. If time allows, da ermine pumping rate by pumping well beginning at
0.25 gal/minute for 10 minutes, and doubling the discharge rate in steps
every 10 minutes. Measure water levels (see SOP 19) with pumping
and set valve for rate that beings; water level within one-half of available
drawdown (static water level minus intake elevation). Otherwise! set
initial rate for 0.1 gal/minute/ft of available drawdown. Record
measurements made with electrical tape; on the aquifer test field
measurement form.

5. Allow water level to stabilize (±0.02 psi, ±0.05 ft over 1 minute) using
pressure transducer or electric water level measuring tape (SOP 19) for
measurements.

6. Turn on pump and measure discharge rate and water level changes; at
the following intervals:

;BEBBBBEEBBnBBa«BB*EHBBBBEEBBBBlHMinB!OEBMaEEBBaHEaEEEEEEBB>«BBBBBBBEEEBEBBB.|BBBBEBEEEBEBBBBMB.BBBBBBGIBHBBEEBBB

Time Since Pumping Started Time Intervals

Plumped Well
0-5 innifnutes 0.5 minutes;
5-60 iminijites 5 minuteis

60-120 minutes; 20 minutes
120 minutes-shut do vi/n of the pump 60 minutes

Observation Wells
0-15 minutes 1 minute
15-50 minutes 5 minutes
50-1001 minutes 10 minute:;
100 minutes-5 hours 30 minute:;
5 hours-48 hours 60 minute;;

48 homrs-6 days 3 times/day

May 1994 36-1' f:\tttM\ixixniw3f-
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The discharge rate is determined with a stopwatch and a graduated
container. Discontinue: pumping at the time indicated in the test plan or
if the water level comes within 1 in of the pump intake (whichever
comes first).

7. Measure water level recovery at the same: time intervals used during the
drawdown phase. Discontinue measurements when water level
recovers 90 percent of the drawdown.

8. Remove pumping system from well and piezometer. Replace well cap
arid lock well as applicable.

1394



PTI ENVIRONMENTAL SERVICES

AQUIFER TEST.MEASUREMENTS (FIELD)
OBSERVATION WELL

Piage ._olf

Obs. Well No. Project

Pump

Elov.it

ed Well No.
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Standard Operating Procedure

Measurement of Turbidity Using a Portable Turbidity Meter
SOP-424

The HF Scientific Turbidity meter model DRT-15CE is a portable unit that is approved
by the U.S. Environmental Protection. Agency for measuring the turbidity of potable •
water, waste water, arid some 'Other liquids. The HF meter provides a linear display of
turbidity throughout all ranges, reporting results in nephelometric turbidity units (NTUs)

Operating Procedure

The procedure for measuring turbidity is as follows:

1. Clean both the Reference Standard cuvette and the sample cuvette with
a lint-free wipe, such as a Kimwipe*.

2. Turn the turbidity meter switch to the " 10" range, and place the
Reference Standard into the optical well.

3. Turn the Reference Standard in the optical well until the reference ring
notch matches the white locator pin. If the reference ring is not on the
Reference Standard, turn the reference standard a full 36(3° and find
the area with the lowest reading. Place the reference ring over the lid
of the Reference Standard so that the notch will match with the locator
pin..

4. Using the "Reference Adjust" arrows on the meter, adjust the dis
until it reads 0.02 NTU. The instrument is now calibrated and ready
for use.

5. To measure turbidity in a sample, fill the sample cuvette with sample
to within !/2 inch of the top. Screw the cap on the cuvette and carefully
clean the outside of the cell with a lint-free wipe. Place the cuvette
into the optical cell.

6. Select the appropriate range for the sample (i.e., if the sample is
mostly clear, take the measurement at the 0-10 NTU range setting)
and take the reading from the display,. If the sample is; more turbid
than the instrument setting, an up arrow will appear in the display,,
indicating that the operator should change the range to the next higher
NTU range setting (Le,, 10-100 NTU).

November 1999
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Between samples, the sample cuvette should be rinsed out with
deionized water, However, if the sample contains solutes that
obviously do not wash out of the cuvette, follow Exponent SOP-3 A to
decontaminate the cuvette. It is imperative that the operator is carefiil
not to scratch cur chip the cuvettes.

Nownbwr 1S9B
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Attachment A--6

Example Ground/water
Sample Collection Form
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000001

GROUNDWATER SAMPLE COLLECTION FORI Exponent"
Sheet ____ of____

Station Identification______________________ Date Collected _______________________

Projecl Name ________________________. Contract No. ________________________

Purge Start Time _______________________. Sample Collection Start Time,_______________

Location___________________________. Weather Conditions _____________________

Sampling Personnel_______________________________________________________
Signature

Sample Collected with: Q Bailer Q GcundfosPump Q Peristaltic Pump [~]| Split Barrel (_~| Other.____

Made of: Q Stainless Steel Q PVC Q Teflon Q Olhei.________....

?*su?™ff*rs
PURGE DATA

Depth to Water (Top of Casing) „._„„.„„____________________„_„. Depth to Bottom of Well .„__„„_______—__—„_„_„_„„._..„__

Casing Diameter _______________________ One Casing Volume (gal)._________________

Purging Data

Start Time (Well Volume 1)__________ Volume Purged (gal) ._____.__.„„..„„.. turbidity (NTUs) ______

Start Time (Well Volume 2)_________ Volume Purged (gal) ._______„____.__,_.„ Turbidity (NTUs) _______

Start Time (Well Volume 3)________________ Volume Purged (gal) .„__.___.___________. Turbidity (NTUs) ___________

Time Required to Purge 3 Well Volumes .____________. Total Volume Purged (gal)

Description (color, texture, density, turbidity, etc.) ______________________________________

FIELD PARAMETER STABILIZATION

S.C. Temperature Eh D.O, Turbidity
Rep Time pH (junhos/cm @ 25*C) (*C) (rriV) (rrig/l.) (NTUs)

1 _______

2 ____„,„__

3 ______

4 _______

5 ________

Commerits __________________________________ „ ____________

!/ 4199 WA



Attachment A--7

Standard. Operating
Procedure for Purging and
Sampling Wells
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Introduction

This attachment has been prepared to formalize the methods by which overburden wells,
wellpoints, Geoprobe" and viscose basin wellpoints., and bedrock wells will be purged
and sampled at the Avtex site. When preparing to purge any well or wellpoint, the
sampling team shall consult the appropriate decision tree in this attachment:

« Figure 1: Overburden wells., wellpoints, and Geoprobe and viscose
basin wellpoints

• Figure 2a: Shallow bedrock wells

• Figure 2b: Deep bedrock wells arid intermediate bedrock wells, with
monitoring intervals less than 30 ft

• Figure 2c: Intermediate bedrock wells with monitoring intervals
greater than 30 ft.

The sampling team w i l l then follow the appropriate decision process unt i l it results in
sampling of the well. Table I of t h i s attachment provides the critical information on eacl
well to be sampled.

R R 3 0 2 0 7 0
rylMsap \a i/ac/iii • 7_ text Inl doc



« pa5- E-
(J ni !=i 53 -J
£- .CI £^ (ij t;

— CD 'at
| I 5
.̂ O ni

CL to "w ,E!

.1 I

(S ~° «w ;> Q:

o 'LJ

'? Ii O ?:ci "Si p cja *b g

t ID
;;n (5 1 1

i5 £ .-i

i*
'- iJ --s ^p I > ^
« « iii E,

s

<t < <

< < <

T- (J) 1"

c3 t Si9? .a) EE
\i at *»

CL CL

03 '1- -1'

CO UI (C
UI OI CM

0 <". CMco ,0 m

U> iK) |5

"- Tj

•ID ai iin
>P) Ui Cl
rr in r-«•- in •<!

(o v in
8) (Ji 03
•~ (CI ft

••-- (M 't

°> CM ft

if) S m

o -a ooi -1 «
in -3 N
•>-• CO *t

m co cu
III coi *

10 CD' T-

IM en Nin w in
ui CD *
•3' in m

3 3 3
b o o
•3' in '0)
O CD O

< < <

< < <

3 1 S

(ID ai -,-:

'- - r?!(i) 0 S"
S S 3
(0 (13 l»
03 111 J;

CI.

^r sr (Ci

03 'f) CO
cj oj in

m if) [Xi,

^ t: CM

T" Ci ( -!
ci3 ,„: 't
CO * ,-•

N o> r-to m r-
03 "- CDrr oi '-

IN ui r-
r- lfl CMI
•ID III 'J

IN at t~
to in K

if) {;! in

o in CD
I-- CIi CD
«) •- ClD•or CM '-

-., en r-• '. an CM

n *? °3

ri QJ
ri "3: §

D O O

-. -,» r-

< <c -a;;* ;: 2:

T- T- III

in BJ n)

jo '(3 ~nj
"in o "ui
iu o ni

CL Q. tl.

•>t rr -t

m «) ICI
CM CJ IM

01 CJ (El
CD if) (C|

CD CJ r-.
CO If) CC]
CF> h- cii

T- tf <CI

03 H) CCi

T- ^- CO

in in LI;

P) in P}

- S ^

» in en
3) (M 00
3) (CI 00

n (ii «-
•-- (ci r--- r-. i--

:» b 6

M CM CM

< < <

< <[ <2: ;f 2:

< % <

CD. N ^

rS '- -

* 8 Su» cD a]
& CD "15

CL

cD1 rj oi

ci m IT)
tin T- in

,_ ui "-:
T- OI

CM 'P '*!
" - !M

p S S
i,-i 'O •-
" 'P) •!]•

"•* ;" 3

Tr oj co

CJ If) 10

(0 7 «'

f,: oi CM

n. -I" CMI
S '» «'_; oi ci'sr in in

^r m CMN (£i iin
CM' iri CD
••- IM P}*c ifi in

1 ̂  1
:i o 6

CM r-
•" P S3

5- ;>

•a: «

*!' <2: ;

2: ;

a> o
cci '•j1 11

,
i5 •
m

CD D

CM t

CO LI
in r

CD' Cen' c
'i t-CM r

'J C
oq c
ud r

CO '3
oo ^
CD If

co i!
03 1-
w '?

(J3 1
03 C
o-) ;
C9 O

C3 C
03 C
^0 ^

'if Ii

a» -irj om if

03 h
N if
DJ -r
fj l>in if

3 :§
3 c

n a
C> II?• :=
5* ,35 :s

( <

t <* ;z'

: 2:

3 '31
r o)•) Ip)

k

5 'S
D III

1 OJ

T i/)
- If)

t Tl
» ^!
- III

) I--
3 IX)

) II>

f If)

) "~:- s

) IL!
> -g-

) O> o
1 «l
• 10

i <B.
• r-
1 CM
) LC'

. en.
I CMi: in
1 CM
1 LI}

' 6

k
-=

< cc ;3'

«: isr r~-

U '.£*. O

CO O) O
01 OJ (OT- oj cci

III
1 h -III

(D o] F
DD ill &

to

cj oi c^i

co in CMI
in in en

o '" r"

H -r- nL? 1^- oq

•" IM CD•in in CD
-~ lfl CD•P) — ft

'- (M ClD
If) (CI CD
•U) (M 03
CJ — CO

-~ (M ID
If) (O O
•-- o r-
CJ i- CM

0 ,n cj
^- "•' CJ

oi c;. C3n -t cj
:> 10 C3^> ••- m

n r- cjxi en. 03
n CD. f~î c3' inn in m

M in u)
ri eo :N
q- 'J '0)
M CD rrf) <if) nn

3, ;> <;
5h *> -J-
51 ^> **-
""1 C^ - %

- CM

£: IE

CM C) (CI

03 If) ["•T- o> r~.

ci ^ -a;
ci ci d

T- o> iri
ci if) m

(l> 4) 'I'
13 .O j=i
(5 S! iJli
O flj i»

IJ3 i/) CO

CJ OI ••-

C> O LI}
r-- i-- T

•ch •# uf)
.N «i P)rj ir) p]

rj ,,, un•q ,;| co
CJ ,ri CM
CJ ' ' T-

« 10 r~
•a) m f~
rf -1- ft

8> (ci r-
a> in r-
i?) CO C1)

» cci r-
I-- i- C1)
'ii r-- r-
OJ CM CJ

O <D C3
M '- CJ

t> C=. C3p-- in 03
JI CM «

:i o' '-
n m. »~
£1 CM1 Op?i in ^F

Ii CM tl)M cn IN
i-: CM 0)
CI CM iNfi in rr

E :> :sf
ci E: iiia oo 17}

M CO <tf
I' C3 O

CD a) in
»- IP) (M

ft >3> (CI

ci -rr (Ci
C3 ci di

ui <o <c!cj ^ ;a;m 'a ;:!

(P 4) 'Ci
a .0 j=i
iiS -ji -,7i
(5 ti) 'iii

1 1 1
in w) co

CJ •-•• i-

N if) in
U3 'q- -J

rj in en.
M in m
•ui iri coCJ in in

•B) III •-
If) IKI (.0

CJ •:]• •-

0) lfl CM
8) '* CT
•rr (ci "t
If) f-> CD

o> in CM
IP) <» CO
o> in *!•
•TI- eci ui

o) iri CM
iX) (O ft•it in 'i-

•-• 10 o
••• (M CM

:i o o3- coi o
>-• WJ 03f) r- 03

71 in1 03ri -t m
I, ,- T-

t in UD

ri £ 1
j! m ;-

E :> 3

O '- CJ

't 03 ir>
CO' Q3 C>

en N if.>co m oi
00 03 C>

m in iri
CD ci ci

un ci IKI
r- '« m
03 «) -I"

ID » m
JD n .0

ID o ai

5 « ™

01 a) in
Tf O) -3'

03 C) "-03 ••-- cn
ft if) -i:^r •* CM

v If) CO

cj oi -t
T- IT) i-

f- OI i-in if) r-.
m i1-. '»•m i-- -»•

U> lfl CM
nn i-- '*^h in c".'

If- ai 1-«) iri r-
.p) in tvi'

c> o ••-
CJ (M CM

I-- in '!•N r-. o
I) K CD

f) -1 »-
)C) (M CM
a ai CM
:> CM 03?> 10 tr

13 B «
8 ^! |fi in. T'

ci to ai
IH t(]' '03

3- en N

t~ as OJin co if)

CM 03 a>r-. f- ••--

CD' C3 ci

'* m cjr- 03 i--

IC' & 9
JD.. ii .0
<Z' ($ E!
iu q ci>

CC V) I/)

in IN if)
ft u> -a-

03 CJ III

03 .PJ (tico i?) (n

CM m, ...
fj i/) «J

g « «
?? OJ CO

P 2 JM

-~ o cr.
CJ oi ••-

o «c> ea.o ™-- en.
•••- (Xl Qif) in 'J

?j m en
N (M ,-

:> (ji ID
h in LS

f) m CD
X) (CI CD
3) iri "i
^J CH CDf) in in

!: i': :̂
ri cci E5
/) CO 00

X) CR. O
--- ••- CM

in n ^tIM en o

•3- T- p)(o co rr
(M CD C>

(O CO '-
(II '- T-

(ici ^ irj
in C3 'a;

'H ID «

•gi 'iS '15
.£i !u o

CO 00 ii/3

CM C3 CJ

If)r- m oj

'

co cj ;*en cj «»
cn 03 '2
CM: in 1'

,- p) IX)

cn f- o>

«o rr if)
nn ^ ifi

CM S3 iri
CO rr -1-

03 ..... lflr- " iti
CD SJ 6
T- '"* (M

ti3 oj in
CJ If) -1-

c- if) <i"
rr ,n. C_|

s? ,- s

» a s
S oi c>5? !§> 3

c-j oi en.r- m m
ni IKJ cn.
3> <r) CO

I] [Ci DDi
J1 Cfl CT

f) t^. CM

|̂ . -1 T-

C> i- C3

in -t n
Iii '- C3

•r- co n
•r-' CD' C3

!j! ;* r̂

01 1C (9
.Q JD .O
3i B ii
ci ID o

Ii J3 J5
(^ in M

r-- m IN
CCi '}• 'L»

CCi (J3 p

CO (J3 '̂

(M CD O
10 — C)
•1 03 OJ
CM CJ OJ

„,. 03 "$1 03 m
JE' 03 «)
<c r- --ar

,j 03 •<«•

'* 03 '3'

.+ 03 'q-1 03 <ri
Jn; N iri

Tj PJ -r-

c? IS o
03 S (Ci
03 ^* •=]•

'- T- in
T 0> (M
CD C> (Ci
CD O (M•̂ r if) in

b oj ci>
cri K cri
Cl> O) CM^r f» ir,t

ij iii to
M I/) CO

< C-]i

N 5 f

o :^

a)•w

IM
IX)

ill

O
OI
OI

01
.C)
UI

ai

":i</:>

lfl

CN
CN

CN

OJ
10

LO
h,

cn.
LO

s

11
;o

:o

03
CDft

;;
;3

C3
<^

^

«

S

C1
CD'

CD

1C

"PID
F
13

UI

CD
CI

CM

C3

03

s?
a>>
CJ

03

111

0)

C)c>
k)

»
' 3)

O)
<»

iiii/)
n
!-'

:si



ca
H-

-Q ? g, B- ?
o ra a JB -3
£ -fi a S i:

n CC

^i 2r 1P'

I IS;« .6 «

S.
CD !"•c: j^.

w IiiM ^

« 5

1 g i: „
i ^ ̂  =L
rn •" 0>

-= £5.
O

11
& £

cii;

ci js!
O jli

i. -=: •-- ,• \ *>
& '5 1 O g
R c>- « !::• -

J3 Sj E:•5 s *c1? j]] ::̂

5 fc i

(D 03 !5[
O (13 S[
cc' r- ,|i)

(M CM U)
Ci C3 O

OJ
' rtCCi (13 _i«> o ;i

•li 1C »
ja -ID is
'•35 'iii '«
Si iu o
E IE £.5 .p f5

c/ii in «

1C) C0< 03

in in UT

IK) (C' CM
If) CC' Cl)
ui cci ci

O (1 CM
HI to Ul
If) (C' (13

.,, •- CD"'. 10 r-
!» iri 6
• ' CM 03

"- CD
o in r-
OJ o CD

CM Ci3

'". In r-
;* in CMi- in

•<-- ci oa
•r- i- CM

*) (» "T

if) iri CD
OJ <M CO

CT in ,,~
<O (CI "J

••* -1- Tj

,-•) -a-
,-- — r*.
tO t~- CD'N r^. r-

] 1 ]
QJ (li CD
CO <fl (C1

•CD CI i-N N tsi
Q. (1. CL

!= i s
<» cn -,-,•a- CD pj

r-. cn TI-
•a- « ••-

-r- CO' -r-

•a~ "t PI•a- cn LO<» ID cj

ai <& CD
.Cl Jli 13
'Bi 'fa E5
ai 'E' ci)
E: F F
.0 .a J5
::> 3 :J
l/t tO 03

H) (Ci 03
C> O C3

0) iri r~

<b m ob
•w «i CD

U)

'^ <ri cr)

!~ r- CM
Oj '~ r-

|S: [-.. cn

7- "*

ifl .,, '-|V: .' °>.
OJ 1NI CM

cj in w

CJ O f-i
N 9 S
UJ II) .„

U> «> rn,
CJ HI "'
UJ T- &'aj ai ;;

m <B 0)'p> •>-• en.
nt '•" """
2? IJ) CD'
*f "3" "1

U3 ill (C'

35 iii cci

(13 ••-- 10
PI 00 CCi

u.i CM -n••-• cn mi

•a- CD oj
Ul •- N

171 co cj
T- - CJ

••-- en. •*
01 CO' C3
-q- CM U3i?) m PI

Q] <1. CD
.C) Jll li
'ui 'K' Ei

£: F1 F.ci j*i i5
(ft CO U)

h- cci to
oo CM CM

OJ O CD
O) r~- r-

o in 'i-
N Wi C3

I". «! 03

Ifl Ifl t-)

OJ 0 ,«
<•- IM "

OJ Ui CO
-~ N CM
IN iKi cn
OJ IKI CO

OJ Ul n
UJ !-• CM
rr iri in

rj ui cn
T~ K CM
rj oi T-
UJ III CD

LO HI carj oi CM

UD O CD'
CO h- IO
uj ixi r-
03 IX) CO'

0* T- PJ

ui if> CMIui if) in.

f- 01cj ••-• m
CD - f>i
Ul H) Ln
Ul If)

*r -q- -1

35 ill CCi

»- oj cri
CJ O Ci
CJ OJ (M

[-- cn ifl
ICI 00 i~

m CD Ni-- ca ^r
IK) CO •"
HI CD r'

IK) CD' PI
- T- CJ

IX) CO. ,,-j
H) -J ^

m -

a) «' CD
,C) JD li

fl) 'I' CD
£: IE (E
.C) Jll ID
D 3 :3
I/) C^i 03

o (d r--
•qr i-: CM

i» in r~
.3) •* (13

?* *'! OD.

'iJ? (Tl CM

Ifl J-, CM

i~ '"' CM

'UJ IKI CO•CD «-• r~
D) IM ud
OJ Ci 03

UJ ,.-, COLO :̂ : CM
i f ) ^; T t

UJ ,,. CTcj !;! r-
ai c' CD

N 01 CIrj oi CM

in ix) r,
CJ C) fn

UD OI ,j

T- If) CT

cj a CD
CJ IX) CDLO 'q- in

ui t~- ,_
03 ixi Jg
-:r -q: '*

QD ill CCi

LO o in
O r- .-
CM OJ CM

l£l CO UD

(Kl CM CJ
l£l '- UJ

HI CO UJ

HI cn N
-.- CD T-

HI CD CD
ixi r- cJ
IX) CD T-
Ol '- PI

ai '» (D
-O -Q 13
'oi 'i* 'c5
ai iii. CDc: p j:

,C) JD l5

I/) tO 03

O (O 03
•qr •,- T-

ici in
00 CM CM

jv. (J.h 111

:-,\ CM UT

o tc! CD.
N^ ':JTr 1^1

•» "- CT
•W o t3

,[.) tri ^
T-- if ^T

•C1) CD
•UJ j^| CD

CD <n ci
C-J !-• (D

S IM %i % a
N in in
OJ Ul CD
c-j IKI cnLO -a- 't

r-- ifi in
UJ IK) 'T
ui ui CDcj iKi cn
U) '̂  -t

tT -1- -J

:* £! :i:
Q] II) CD

•a; cci
(13 s-J ;i'
cj ;z :io c

ci T rr
Ul CM PI•a- ••* rr

in en T-
O "I rt
III CM P)
•a- -t ^r

(T) ,- T-

•r- i- T-

oi cc. -;r
|T( ,-• (13
IT) CD C3
01 CM CJ

Q> <I. (D
.C) Jll 13
'& "<?.' '(5

oi iE CD
E- F F
-t) j-i i5
I/) (0 03

<x) r-: 03
•r- (M -r-

ii) r-- ui

1-- co T-
o cii ^j-
oi «! ui
f O C3

ifl !̂ : CD
Ifl q. CiD
fs> (N, r-

oj <n ,P,.aj in *• .
•-1 ui !;2oj IM ;_

OJ m ft,LIJ m *-n
IN IKI r~

OJ (VJ

r: ,r; r-
TJ -a-

R -a- co*:: IKI co

CD Ci CD
CJ I?) i-
LO" ui cri
fj OI ••-

aj IK) ••-

oj ui m
03 Ul COr̂ 'a~ *t

UJ If) '-
T- CI CMi
OJ Iii *J
03 Ul CO'

35 (£> CD

ff II) t~
C3 O C|

O O Ci

(£1
l>|

inin
IM

-r-

'r--

•q-
IM'o
IM

fl>
.L)
ES
ai
F:
.£.)

3

co
r—

if)

'^)
o
r-

.3)
OJ
ci

P)io

UJ

0)

PJ
UJ

LO

OJ

CJ
CJ

PJ

N

UJ
C-J
LO

.̂.

OJ
^f

"
35

03
C3

O

•>t
CD

cnn
CD

CT
1-

CO'
cn>
CO1

CMI

«
Jll'IJil
!jj.
t:

CO

CC]
,—

LO

(Eic:
c\
<M

JM
(M

•a-

i
(M
Iji
Ul

•1'

ui

Ul
Ul

ci
cioiifi

'3"
!?!

HI
CI
If)
CIIf)

iri

o

O

•Nrj

N

^

CJ
PI

Ul
T-

CD
13
[5
o
1=ij
03

03
C3

111

r-

S
CM

CMr-

CM
CM
(3cn

CMr--
(4

CM

CD
CD
cd'

CMI

Mla
LG

CMI
10'
CD'

CD

CD

-;!
CL

cn

W'

;:
CMI
CO

cr.
tci
Ji
1];,-iii'.71is
1;
.3

<o
(II

in
•a-

(M

<NI

in
ICI
ci
IM

IM
K
Ul

IM
OI
Hi
III

,

oi
•f

CI

CI
C)
C)

13)

IX)
N
|3)

S

OJ
|Z)

a.

N
O
CJ

CD
N
C3
CJ

CJ
PI

C3
TJ-*
h^in

<i>j3
'<S
<L)f=JD

03
CD

UT

oo
CM
d
CT

CO

CD
CM

't

CT
(D

'Ir-
CD

'Jr-
cnm

CMI

CD'
CD'

mi

CC'

r-cr••*

-j
CD'
(Ccr
••*

<c

cci

c*;i
cii

Cl

Oi

C)

•1-
T*

**_

N

•qr
r-

<X)•ir

a)
.£)
Bi
cii
.£)

5

N..p)

OJ

K)o:
K)

C-J

in
UJ

'-

„

CJ
Lll

;:
CJ

CJ

r-

CJPI
CJ

CD
CJ

c>
Ul
CD*
(13
CJ

Ul
Ul

ri
(13
C!J

IO

"=r

IE
a

O
01

(M C3 iJ
<& r- .f:(r> CM '.

rT, r-- 'N
'-' ci) 'P
CCI (13 '*l
IT.' CM '.

cci r- r-
CM C3 'P3

CIl CO '-
(ci oo ^r
<EI CM 'LO
•1' *- KJ

in iu ej
.a JD ia
'!7i 'iii H
ii iu (5E; IE fE
-9 -!- P
if) in V)

to ca N
l>i CM CM

CI CD N
i~- r- U3

in o ci3

;si | i
OI <L CJ

if) Js! ^r
13) lu! t(-
oi fEl CM
CM ^ CM

If) (M Cl
ir) -3; to
OJ di CM
If) 0 CDoj c:i ci

If) CM CIir) cr> (J3
oj iri CM
•qf CTi CD
OJ CM CM

in CM a
IX) •:!• UD
OJ CM CM
IT) CCI 03
OJ CM CM

o r~. a
OJ CM CM

O CH CD•qc '-• "t
•r-' C\i 111
'D <M CDoj (":i CT

OJ CEi P)

i?) in ••-
«) (M C3i7) in in

i-- -a-*> <:; CD
o co C2
«) (M *r

i3) m

^r -a- -T

iii CI) CDi
Q Cl D

oj in iiG'
•CD Cl CD''!•) ir> c^.

in cn T"

-.- r-
(M '- "Zin cn

•a- -J o
"" CMI CD

I-- (C.
oi « n.•f m r-
oi -a

fl) .1.
C) jZi:u> '¥< <D
S; 'S1 ""S> 'i! ID
ci 'R -5

<7) to

IS. 0 <°

OJ -S: ^

1^- <Ci 03
<D tji r~

ii) -a-
h- -: ,-
OJ <M
•-- <M

!? o1 ". !£| CD

';!? <n

Ifl I-.
CD (TI „
•rr oi "lifl in CJ

OJ IM

Ifl !-•
IJI U) ,1

3 " °
OJ IM

Ifl I-"
•CJ Oi a
•p> oi JJ2
O4 01

-~ C) CD.
OJ oi i-

CJ O1[1> '-'. in.
•N O CMt
UJ H)
OJ OI

OJ h-

cj ix) !
CJ IM
'LO If)

OD «! ,
[-„ ]fl ;

S «

•^r "Or CM

35 iii :!;
C3 Q l-'

ui <LC) -;-
PI m o

'.?- LO ui

'* ,- ,-
!» ui ui

0 0 C3
C) O O

m -j- 'i-
K (M CM

._. _

« $ S3
'O ~j -g

« "Si "n
'̂  ai iu

Cl. CL

•LIJ in in
oj iri nrj•-- -a *t

DJ III CD

LO O CD
'- OI CM

° If) LR.

in Iri '111
OJ CM CM

i!-, "« '̂
OJ (M CM

(M CM

«> O 'p
••-- C\l CM

° if) 10

in if) in
CJ Ol CM

! ! !

1 ! !

CM •-- —

£ £ S:> s :i;
C3 O O

•-- (M
cy CD o
S !^; ̂

if) in in

if) in in

O (Ii CD
O O CD

"* "* T*
OJ (M CM

'55 'Si 'J5
ilJ (tl (IQ
S !s jstj 'u> 'n
CJ 0) IU
Q. 11. CL

LO If) 10
ui ifi io

CJ O CD

CJ C) CD'
CJ OI CM

uj if) in

if) in 'in
OJ (M CM

ifl in ui
OJ (SI CM
OJ (M CM

b o 'CD
OJ (M CM

m if) in

in if) in
CM OJ (M

! ! !

; ] |

:i 5 s
CD O O

cn w ifi
CD CD O
CL Q. (1.
O O O

if) m

ifl in

•C) O
•CD O

^r -a'
C-J IM

FS 'Si
lip (II
'rt "Si
75 "wi
Cl Q)
fl. 11.

Ul If)
Ul If)

CD q

C3 o
CJ OJ

uj m

i!t> In
OJ <M

!1» *o
oJ oi
OJ IM

OJ IM

Ul ifl

in »)
CM OJ

1 |

| ]•

O O

CD N
O CJCL a.



£ $ I... o

M -'" 11.

|5i

TJ*a -*s si
3- E?
» 11.

!= o a>
i! c -i
-£ $ 'S.5 •;/) >

II
« 1

o
JS P aj
,<:1 61 "«!
"" ci 3:i:

-id L ..-̂

j; «> O
a. « P
a :S" -'

---
•E a>

a w

£J ^
t: -E-o c:•«: ai•*- CL

U

? -

$1 |'
'c: r:

,c! ~:

1 £ '7

i it f-0

?.„ g
| I 1
-- Q~ ifi

•C) »

£ f

==:

:>

-S' "c"
JS 3
ID 1:

3^

cc: —
IE
o;

<i' "to"

1 <5
"3 «
-s pi

g» «
CL '£

?! (5
(?! (l)

" f —

JZ1

i;i> s=-
Hi i;.
::'

1 T
o

cc

c

5 3:
•0 ""
o

o
o

«•
O

i sj3 o
Q .i:ciS ™-

_t_1
•jg (j'

is --

a. ii

*~ *l

£
!:1 S-
(D ~"^
_J

|

i "o

0 1
g «

<: „
Q '5
13 £E
in "'

1 .-

<6 :="
ifi

s!
iC?

C3
~

1

ID m u)

ID HI U)

& ci o

CMI CJ D,

CQi iQJ fXl

1» w 'Bi
«' <0 0)

CL D. 11.

iiH HI If)
nd ui ir;

o c> c>

C3 C> CI

111 iiO If)

•fa 1^1 <\il

^LI> In '&J
CJ l̂ i <\iirj or t\ii

nt id »
O O <3
fS Of CM:

Ul If) IO

m if), ineu o* <\i

i ! !

t i i

** '5" 5*1

5 6 b

03 I3> O
O O i™
D. 11. CL
O 0 G

iri in no

in in i-o

p O O
0 0 0

(vi CJ 01

'iri '(B 'S
CD pi |ii
-3i -a '-a•:: 5 .$
w m a:

CL OL iS!

mi m if)
ini ui if)-.j •;(• it

(3' C3 C)
r- r-- K

o a o
CMI C-l CJ

w i« m

i'.."1!1. *'9 ft

11: ft \ ID
rj (M w
T4 IM (M

••• : «>• *L
;S iRi t\i

in if) tn

p:.i^) in

! ! !

i i i

;» :?• :>';» 5> *>•

o !:i b

- IN «i

L 11. CL
3 C) O

,0 3 3

in | J

Ci C3 CD

,a U") HO

csi § *

7=: 0 «
.5 J2 ,£]
SE-I 'IB •«

.Ii fi E
& w i5:

int 03 i»mi cj ,-,,'^' *

G ca o
r-: i-- i--

t3 Ki if)
(M CI i>)

C3 C)

'3 'S -J

ii I> . 10 :
^t O <-'
[J '* 'S^

1 si' a"
;> Ifl ID

m .̂ !;!

:«: "' •'§!

! !• i

! I !

=: | |
% iii tci
" W) (CI

t m ro
L OJ (SI
J

•d- -j rf •((••3- -i tl- IN

•r- •.- -- lf|•q- '* r̂ «»
•t "J T <M

IZl <3 0 Ci

in LH u) i-:
<c> CD 'U) in

I' <D 0) II
.ci j5 .£] ,£i
•Qt '!!! 'I! 'Si

E! E £= E

On co ii/3 «i

l~. oo i1-. (^!

(M o i-- r--
<ii r- ni tci

iri 113 «> Jrl
(*]l ^rj î r) *>'
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1
Is water level >5 ft above mid-

of screened interval?

RECORD WATER LEVEL

1
Is water level >0.2 Ft above

lop of screen?

,g||ll||||L 1 If .... 1
HmiiM 1 I ]f

Doint Is half the initial saturated
monitoring interval >5 fta?

H|||j:j|j|K-[ NO ]-. Hl!!EJi3l)J"l N0 j~|

Use bladder pump to Use peristaltic pump lo Use bladder pump to Use peristaltic pump to
purge well purge well purge well purge1 well

j
Start pump at lowest rate

possible

1
Continuously monitor

water level

1
Is drawdown stable at

fllijjjj]l> [ N0 ]~i
DO IlllSJert 2 Doeswate

i stabilize at
y above to

Purge until parameters screen
are stable îiliiti €11)

V, x Purge1 u
*-— ———— "'' parameter

stable

1

I
Start pump at lowest refe

possible

*
Con'tinuouisty monitor

water level

fs drawdown stable at
<0.2 ft 7

JF no I I- jil̂ SUMkh
1 1L I Huili)) 1
' , l(. Do Insert 2

i rwni r ——— i Does water level stabilize i
level '" NO — ----- -H»- at level above '90% of initial t

- - U__J saturated moniloring Purge until parameters
? interval? ' are stable

|
,.....—.4l!l3HM|k.J_.J iun 1-, J\ ^WiiiM' U:':'J ,..--!--,
{ | ('SAMPLE')

itjf ^® Insert 1 Calculate recharge rate and
s arp 1 adjusl purge rate.

Pni-ril* nnHi Fiecalculate volume ot water
paramelKar? stable in well (Volume f)

i 1
(^ SAMPLE*" ̂  f*-~—-—~-~^ Can Ihree Volume 1 te

Insert
Increase pump rate by .^ ——— _
increment specified in

Table 1

Continuously monitor
water level

Insert 2 Insert 1r~ ----J---"i
Is drawdown Does water level

stable at < 0.2 ft? ,slabl ''Zn
e
0,at £!v*! .above 90% ol initial

saturated monitoring
inten/al?

<iili>
Is purnp at maximum purge rate'' — NO

<n:ib

SAMPLfc f) 'recharge rate in three
^*- ———— -* hours?

f
1 ''Uliiil'' L 1
1 \

Purge 3 Volume 1 at Can one Volume t be
calculated recharge purged at the calculated

rate and1 stabilize recharge rate in three
parameters; hours?

\ \
jllHFS Mil J Jf ijn L

(J3AIVIPUE,;> | l™"'1 t-"J J

Purge 3 hours at the Purge as much water as
calculated recharge rate possible, Then, sample
arid stabilize parameters within 24 hours

1 i
(' SAMPLE s| ( SAMPLE s)

1
El Initial saturated monitoring interval = height of water in the
screened inten/al prior ta purging.

Figure 1 , Decision tree for purging of overburden wells, wellpoints, Geoprobe®,
and viscose basin wellpoints.
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RECORD WATER LEVEL

I
Install submersible puinrip
to middle of monitorinq
interval (i.e., middle of

saturated open
borehole}*

Start pump at 3-hour rate
(from Table 1)

Continuously monitor
water fevel

water level
stabilize above top of
monitoring interval at
the 3-hour purge rate?

Will water level
stabilize above 90%
of monitoring interval

Increase the purge rate
gradually untif the

maximum purge rate at
which the water level can
be maintained above the

top of the monitoring
interval is attained

1
Purge until a minimum
of f well volume has -«

been purged and
parameters are stabile

.iMIilh. I p—— i
ll j|HH NO """""]—— - i

'
/•'"' Calculate recharge rate

,x' and recalculate volume of
'' water remaining in well

(Volurnei). Set purge rate
equal to recharge rate.

I '
Can three Volume i

be purged at the
calculated recharge

Purge a minimum rate in three hours?
of! Volurnei at .iiiuin I r——-calculated recharge -t——~<(l[]]Mh—*-——-I NO

rate and until "" i—T~.
parameters stabilize

Purge 3 hours at
the calculated

recharge rate and *«
until stabilize
parameters

...-1-...
('s AIM PILE')

Can one Volurnei
b® purged at the
alculated recharge
a^e jn [nfee hours?

,-Hl!li) ----[]«]

Saturated open borehole =: height of v/aleir in the open sedion prior to pyrging.
Miininum sample volume height =: height of water column in well required to colled:

lii of the samples.

Purge at 3-hour fate
to minimum sample

volume heightb.
Then, sample within

24 hours

I
f,~ •.„

( SAMPLE )

Figure 2a. Decision tree for purging of shallow bedrock wells.
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RECORD WATER LEVEL
I

Install submersible pump to
middle of monitoring interval

(i.e., middle of saturated! open
borehole)a-b

I
Start pump at 3-hour rate

(from Table 1 )
I

Continuously monitor
water level

. I water level stabilize above the
point representing 50% of the

distance between the initial water
level and the top of the monitoring
intervi.1 at the 3-hour purge rate?

......... Will water level
NO [—*• stabilize above top—f NO |—-

L..———I f.f rnnnilnrinri L———J

Increase the purge rate
gradually until the

m ax inn i jm purge rate at
which the water level can
be maintained above the
point representing 50% of
the distance frormhe initial
water level to the top of
the monitoring interval

* '
Recalculate

remaining volume
of water in well

(Volume-))

Purge a minimum
of 1 Volume2 arid
until parameters

are stable
|

interval'''
Calculate recharge rate
and recalculate volume
of water remaining in
well (Volumie-|). Sel
purge rate equal to

recharge rale.

Can three Volurnei
be purged at. the

calculated recharge
rate in three hours?

SAMPLE; )

Purge a minimum of 1
Voluine-i at calculated
recharge rate arid until

parameters; stabilize
1

_ .̂.~- — „
( SAMPl E: s)^ ''

Purge 3 hours at
the calculated •*•

recharge rate and
stabilize

parameters

SAMPLE

NO

Can one Volumei
be purged at the

calculated recharge
rate in three hours?

Purge at 3-hour rate
to minimum sample

volume heights
Then,, sample within

24 hours
a Saturated open borehole -- height of water nn the open section prior to purging,
b For deep welts at which the pump is incapable} of pumping from the; middle oif the
monitoring interval, the pump shall be placed as dose ias possible to Ihe top of the
monitoring interval.
c Minimum sample volume height -- height of water column in well required to collect
all of the samples.

C SAMPLE")

Figure 2b. Decision tree for purging of deep bedrock wells and intermediate
bedrock wells with monitoring intervals less than 30 feet.

llSou,WBcf\Dala(Grei(/p.5iGra1ofi«.si/>,wj6C(sW?ClVnle^jediafe' & deep bedrock 1*8 080900 CO
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RECORD WATER LEVEL

I'
Install submersible pump
to middle of monitoring
interval (i.e., middle! of

saturated open
boreholej«

I
Start pump at 3-hour irate

(from Table 1)
I

Continuously monitor
water level

Will water level
stabilize above top of
monitoring interval at
the 3-hour purge rate?

,.----H(|[jlSSj|L---l--..rNo"|.---------------*. Will water level
V of monitoring interval

Increase the purge rate i
gradually until trie maximum ......___
purge rate at which the waiter ,d(!!=E?llr-̂ --| wo 1—---—-i
level can be maintained above s'" "mu" L——l

the top of the monitoring ,/ T
i nterval. fsff Calculate recharge rate

ffs' and recalculate volume
S of water remaining in

fs'' well (Volumei)'.
Recalculate /' Set purge rate equal to

volume of water .«—————••' recharge irate,
remaining in the I
well (Volume;?) X

| Can throe Volurnei

^nlil̂ ranamfitftrs1 Iale in three noui^?

stabilize

CSAMPLE^)
^-~~—'—"' Purge 3 Volumei at Can one Volumei

calculated be purged at the
recharge rate and calculated recharge
until parameters rate in three hours?

stabilize

'L
Purge 3 hours at Purge at 3-hour rate

the calculated to minimum sample:
recharge rate and volume heightb.
until parameters Then, sample within

stabilize 24 hours
J

Saturated open borehole -• height of water v
in the open secticm prior to purging. "
Miininum sample volume height := height of
water column in well required to collect
all olfthe samples.

Figure; 2c. Decision tree for purging of intermediate bedrock wells with
monitoring intervals greater than 30 feet.
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Bulletin No. QAD023 June 16, 1999

RECOMMENDED PROCEDURE FOR LOW-FLOW PURGING AND SAMPLING OF
GROUNDWATER MONITORING WELLS

1.0 OBJECTIVE AND APPLICATION

This directive provides a procedure for collection of ground-water samples in small- diameter
wells with short-screened intervals using low-flow purging and sampling. While these
procedures pertain to the Superfund program in Region IE, they were based on recommendations
presented in the EPA. Ground. Water Issue paper entitled ''''Low-Flow (Minimal Drawdown)
Ground-Water Sampling Procedures". The low-flow purging and sampling method is not
appropriate for USE: in all hydrogeologic regimes, and particular groundwater monitoring well
designs may make the method unsuitable (e.g. open hole and long screen monitoring wells in
bedrock and stratified sand and clay where the waterbearing zones have not been characterized).
Therefore, please confer with a Region 01 hydrogeologist or geologist before using these

procedures at a site.

2.0' BACKGROUND

Past scientific research (Barcelona ct al., 1983; Nielson and Yeates, 1985) and. EPA guidance
have discussed sampling devices in terms of their compatibility with contaminants being
sampled, and well construction, depth,, and diameter, Although some sampling devices have
been used in order to provide more representative groundwater samples in certain situations,
most of these incorporate high-volume withdrawal techniques (i .e. , in excess of the "natural"
recharge rate of groundwater flow through the well screen) for both purging and sampling.

Research conducted by Puls et al. (1992), Puls arid Powell (1992), arid Powell arid Puls (1993)
has shown that high-volume purging and sampling cause significant turbidity and suspended
particulate artifacts that can result in biased-high rnetals results. Additionally, purging can cause
pressure changes and bai l ing can cause aeration that can str ip VOCs from the sample (Pennine,
1988). The use of low-flow pumping devices (preferably dedicated) for purging and sampling
minimizes both the disturbance of water in well casing and the potential for mobilization of
colloidal material (Barcelona et al., 1994), Low-flow purging with maintenance of water level in
the well and stabilization of indicator parameters (especially turbidity) allows collection of
groundwater samples that are more representative of conditions without filtering (U.S. EPA,
1993; Backhus et al., 1993). In many cases, use of a low-flow pump to purge arid sample
monitoring wells decreases sampling time, reduces line need, to handle large volumes of purge
water and lowers the cost associated wi th its disposal, and allows collection of samples for
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inorganic analyses without filtering. This procedure is; designed to be used in conjunction with
groundwater sampling and analyses for the most common types of groundwater contaminants
(volatile and semi-volatile organic compounds, pesticides,, PCBs and inorganic compounds;).

3.0 EQUIPMENT

Adjustable rate,, positive displacement pumps (e.g. low flow-rate submersible centrifugal] or
bladder pumps constructed of stainless steel or Teflon). Low new-rate electrical!!
submersible pumps are recommended because (I) they are not subject to cyclical
flow/arrest and consequent potential for mobilizing fine;-grained material, and (2) they
may be less prone to operator error, thereby reducing potential error resulting from
application by different personnel. The pump should, be easily adjustable and capable of
operating reliably at lower flow rales. Peristaltic pumps may be used only for inorganic
sample collection. Bailers are inappropriate for use in this procedure.

Tubing: Tubing used in purging and sampling each well must be dedicated to the individual well.
Once properly located., moving the purnp in the well should be avoided. Consequently,

the same tubing should be used for purging and sampling. Teflon or Teflon-lined
polyethylene tubing must be used to collect samples for organic analysis. For samples
collected for inorganic analysis. Teflon or Teflon lined polyethylene, PVC, Tygon or
polyethylene tubing may be used. The tubing wall thickness should be maximized (3/8
to l/2 inch) and the tubing length should be minimized (i.e. do riot have excess tubing
outside of the well).

Polyethylene sheeting and sampling gloves.

Water level measuring device,, 0.01 feet accuracy, (electronic preferred for tracking water level
drawdown during all pumping operations).

Flow measurement supplies (e.g. graduated cylinder arid stop watch).

Interface probe, if needed.

Power source (e.g. generator, located, downwind; nitrogen tank., etc). The generator should not
be oversized for the pump.

In-line flow-through cell containing purge criteria parameter monitoring instruments for pH,
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turbidity, specific conductance, temperature, Eh arid dissolved oxygen (DO). The in-line
device should be bypassed or disconnected during sample collection.

Photoionization detector (FED), or equivalent.

Nylon stay-ties..

Decontamination supplies.

Logbook (s).

« Sample Bottles. It is recommended that preservatives are added to sample bottles prior to
field activities; to reduce potential error or introduction of contaminants.

• Sample preservation supplies (as required by the analytical method; see previous bullet).

• Sample tags or labels, chain of custody.

• Well construction data, location map, field data from last sampling event.

• Approved Field Sampling Plari/QA Project Flan.

4.0' PRELIMINARY SITE ACTIVITIES

1) Check the condition of the monitoring well for damage and evidence of tampering, arid record
pertinent observations,

2) In order to maintain a clean work area, lay out a sheet of polyethylene to place sampling and
monitoring equipment,

3) Remove well cap arid measure VOCs at the rim of the well with a FID or FID instrument and
record the reading in the field logbook.

4) If the well casing does not have a reference point (usually a V-cul or indelible mark in the well
casing) make one,

5) Measure and record the depth to water (to 0.01 feet) in all wells to be sampled before any
purging begins. Care should be taken to minimize disturbance to the water column and to any



paniculate attached to the sides; or at the bottom of the well. Consequently,, in order to avoid
disturbing any accumulated sediment and to prevent mixing of stagnant water with water in the
screened interval,, the total depth of a well should be measured well in advance (one to two
weeks) of purging and. sampling or after sampling is completed,, Obtain depth to bottom of well
information from the well construction log and calculate standing water volume as: depth of
water column times cross-sectional area of the well.

6) For wells where an Light Non-aqueous Phase Liquid (LNAPL) has been detected,, a stilling
tube should be inserted into the well prior to purging. Refer to Section 7.2.4 of EPA (1992) for
the procedure to follow. If the wells are constructed so that DNAPLs could accumulate,, their
detection and /or sampling should occur, at a minimum, a week before groundwater purging arid
sampling. Measurement arid sampling of potential DNAPL should be conducted as; a separate
event to minimize disturbance of any sediments which have accumulated in the bottom of the
well. A double check valve, bottom loading bailer is recommended for sampling. Light non-
aqueous phase liquid (LNAPL) measurement may be conducted (with an interface probe), with
care to avoid disturbance of the water column within the well.

5.0 PURGING AND SAMPLING PROCEDURES

The following describes the procedure for the low-flow purging arid sampling method.
Equipment calibration, logbook documentation, sample bottle filling and preservation, and
shipping will be conducted in accordance with the site-specific Quality Assurance Project Plan
(QAPjP). Personal protective equipment will be donned in accordance: with the requirements of
the site-specific Health and Safety Plan, Wells should be sampled in the order of least
contaminated to most contaminated,.

1) Attach and secure the polyethylene tubing to the low-flow pump. As the pump is slowly
lowered into the well, secure the safety drop cable., tubing, and electrical lines to each other using
nylon stay-ties.

2) Pump, safety cable, tubing and electrical lines should be lowered .slowly inlo the well to a
depth corresponding to the center of the saturated screen section of the well, or at a location
determined to either be a preferential flow path or zone where contamination is present. The
pump intake should be kept above the bottom of the well to prevent mobilization of any sediment
or DNAPL present in the bottom of the well. It is recommended that the pump be placed in the
well 12 to (preferably) 48 hours prior to purging/sampling to minimize the effects of turbidity
and mixing in the well from introducing the pump.
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3) Measure the water level again with the pump in the well before stalling the pump. Start the
pump at the lowest rate possible (100 mL/min) while measuring the drawdown continuously.
The pumping can only be increased as long as there is no drawdown. Avoid surging,. Observe
air bubbles displaced from discharge tube to assess progress of steady pumping until water
arrives at the surface,. The pumping rate should cause little or no water level drawdown in the
well (less than 0.2 ft) and the water level should stabilize. Water level measurements should be
made continuously. Precautions should be taken to avoid pump suction loss or air en train merit.
Pumping rates should, if needed, be reduced to the minimum capabilities of the pump to avoid
pumping the well dry arid ensure stabilization, of indicator parameters. If the recharge rate of the
well is very low, purging should be interrupted so as riot to cause the drawdown within the well
to advance below the pump intake but the operator should attempt to maintain a steady flow rate
with the pump to the extent practicable. In these low-yielding wells, where 100 mL/min exceeds
the entrance rate of groundwater into the well, it is important to avoid dewatering the well screen
interval. In these cases, the pump should remain in place arid the water level should be allowed
to recover repeatedly until there is sufficient volume in the well to permit collection of samples.
An alternative means of sample collection may be necessary under these conditions.

4) While purging the well, monitoring of in-line water quality indicator parameters should
include turbidity, specific conductance, pH, dissolved oxygen (DO), temperature and redox
potential (Eh) which must be collected every three to five minutes until all of the parameters
have stabilized. Stabilization is achieved when three successive readings are within +0.1 for pH,
+3% for conductivity and temperature, +10mv for redox potential (Eh), arid +10% for turbidity
and DO. A minimum subset of these parameters that can be used to determine stabilization
during purging in this procedure are pH, specific conductivity and turbidity or DO. Turbidity and
DO are typically the last parameters to stabilize. If the parameters have stabilized, but the
turbidity is not in the range of 5-10 NTU, then follow step 6.
5) Once stabilization has been documented, VOC and gas sensitive (e.g. Fe+2, CHi, H-^S/lrlS)
parameter samples should be immediately collected first and, directly into pre-preserved sample
containers. All sample containers should be filled by allowing the pump discharge to flow gently
down the inside of the container with minimal turbulence.

Samples requiring pH adjustment should have their pH checked to assure that the proper pH has
been obtained. For VOC samples, this will require that a test sample be collected to determine
the amount of preservative required to be added to the sample containers prior to sampling,

6) If the turbidity measurements do riot approach the range of that of natural groundwater (10
NTU), both filtered and unfittered samples should be collected for metals analysis. Filtered,
metal samples are to be collected with an in-line filter. A high capacity, in-line 0.45 micron
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participate filter must be pre-rinsed according to the manufacturer's recommendations, or with
approximately 1 liter of groundwater following purging and prior to sampling. After the sample
is filtered it must be preserved Immediately.

7) As each sample is collected,, the sample should be labeled as defined in the QAPjP. All
samples should be placed into a cooler with proper temperature control as outlined in the QAPjP.

After colled ion of the samples, the tubing from the pump should be properly discarded, or
dedicated to the well for re-sampling (by hanging the tubing inside the well).

8) Measure and. record well total depth.

9) Secure the well (close and lock it up).
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Attach in.ent A-9

Example Sample Tag, Sample
Seal, and Chain of Custody
Record/Sample Analysis
Request Form
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Attachment A-10

X-Ray Diffraction Amu lysis
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X-Ray Diffraction Analysis

Solid material collected upon f i l t ra t ion of the f lu ids from the carbon disulfide hydrolysis
studies wi l l he evaluated by x-ray diffraction (XRD) to identify any crystal l ine
compounds (particularly metal sulfides) that precipitated during the hydrolysis
experiment. Powder XRD analysis w i l l be conducted using a Scintag PAD 5 x-ray
diffractometer at the Department of Geological Sciences,, University of Colorado at
Boulder, according to the following procedure.

The sample will be lightly crushed in a clean mortar and pestle. The resultant powder
wil l be packed, into a Luciite sample holder to create a packed powder mount. The
Scintag PAD 5 x-ray diffractometer houses an x-ray tube with a copper target, arid the
rotating goniometer is calibrated against an alpha-quartz standard on a weekly basis.
Diffraction data on the sample wi l l be collected from 2 to 60 °0 at a scanning speed of
1 °8/mi.n. The instrument computer w i l l compare the diffraction pattern collected on the
sample against the known powder pattern library maintained by the International Center
for Diffraction Data (ICDD). The search-match program can successfully iden t i fy up to
seven components in an unknown pattern, The analyst will then provide visual
confirmation of any matches between the sample and potential sample components
identified by the instrument computer, The intensity of the diffraction peaks wi l l be uscc
to estimate the relative abundance of any mineral phases identified in the sample.
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Attachment A-ll

Scope of Work for ERH
Testing
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Scope of Work:
Feasibility Testing for Electrical Resistance Heating

Exponent will obtain representative, relatively undisturbed. 1 - or 2-inch-diameter, waste
material core samples. Samples will be 12 inches long, sealed and capped in moisture-
proof liners.

Samples wi l l be collected from three depths at a representative location in each viscose
basin. Target depths are 4 ft (middle of urisaturated zone, high CS;? level), 8 ft (bottom of
unsaturated zone, possible capillary fringe zone, high CS;j level), and 16 ft (saturated
zone, high €'82 level). Actual sample depths wi l l be field determined by Exponent
depending on site conditions.

Exponent wil l obtain three representative grab samples of water, one from each sample
location, collected from below the water table. Samples will be collected in 1 -L plastic
containers with no preservatives..

Exponent wi l l measure the actual undisturbed shallow groundwater temperature (or
determine the annual average air temperature at site ground level).

Exponent will ship the nine waste and. three water samples to AHA's Calgary lab.

AHA wil l test nine waste samples for static electrical conductivity (EC) at lab
temperature., and one for dynamic electrical conductivity, to determine EC as. a funct ion
of temperature.

AHA wil l test three water samples for static electrical conductivity at room temperature,
40 °C, and 80 CC.

AHA wil l test two of the waste samples for static thermal conductivity at room
temperature

If air and/or water permeability, bulk density, arid porosity have already been
characterized for the site, Exponent wi l l provide those data. If these parameters, have not
been determined, Exponent wi l l obtain six additional waste material core samples from
similar depths, to be tested for these parameters by Exponent.

AHA will perform preliminary modeling of the test area to determine vapor removal
potential,, power requirements, appropriate well and electrode spacing, and approximate
time for test-area cleanup. This effort will provide an initial: evaluation as to whether this
technology is technically feasible and cost effective, and will provide data for system
design.
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Preparation of a Remedial Desiqin Coslt EstimateI -il

Exponent will provide site characterization data, including:

• Map(s), preferably in AutoCAD R14, .showing the areas to be
remediated and the power line(s) adjacent to that area.

• Elevation contours for base of waste, top of waste., and water table.

• Existing groundwater remediation system (if any).

• Nature and hydraulic conductivity of material underlying waste.

Exponent will locate the desired pilot test area and indicate its approximate size (e.g.,
30x60 ft).

Exponent w i l l determine the desired remediation time for the entire project (e.g., 3 years).

Exponent w i l l determine the locations of buried underground electric cables, tclccom
lines, or metal conductors (e.g., gas or water pipes) in the areas to be remediated, if any.

Exponent w i l l determine the available power supply parameters as follows:

• Name of power company, and name and telephone number of contact
person

• Distance from power line to test area

• Power line voltage and available amperage

» Service configuration (delta, Y, etc.)

• An example of a current commercial power contract, if available.

Exponent wi l l provide costs for preparing d r i l l i n g access, dri l l ing 10-inch borings to the
base of the waste for electrode installation, and a rig hourly rate, including crew, for
electrode ins ta l l a t ion . Electrodes are approximately 25 ft long and weigh 200 Ib.

Exponent wil l indicate the avai labi l i ty of clean water supply for electrode cooling
(approx. 4 gprri for the test area), arid options for disposal of cooling water (appro*.
200 °F) and dewatering product (probably high CS:). If no onsite water treatment
faci l i t ies are avai lable for the pi lot test, APIA w i l l add th is element to the cost estimate.

AHA wi l l contact the power company to determine the cost of providing power to the test
area.
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AHA will prepare a cost estimate for performing a pilot test in the test area. This
estimate will include a breakdown of capital equipment (including power supply,
controller, electrodes, electrode cooling system, matrix dewatering, aqueous-phase
treatment., vacuum system,, and vapor-phase treatment),, installation, and pilot
operations/reporting,

AHA will also prepare a preliminary cost estimate for remediating the entire area in the
desired time. The estimate will be presented in dollars per calendar year ($/c.y.). This
estimate will be subject to modification in light of pilot test results, ongoing
characterization., and ongoing operational experience.
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Applied ,
Hydrology f j)
Associates, Inc. ij

I-, ———————————i
1200 S. Parker Rd.. Suite 100 Denver. CO 80231 • (303) 873-0164 •• F:aut (303) 873-611C) l,_'

Mike Ruby
Exponent
4940 Pearl Hast Circle. Suite 300
Boulder
CO 80301

October 7. 1998

UitSiiuJ2ifirJiialJ2fi3oiD^^
Dear Mike:

In, our 10/1/98 phone conversation you indicated that Exponent would like to pursue a joint
venture with Applied Hydrology Associates, Inc. (AHA). In this joint venture, a pilot section of a
semi-solid, viscose waste pond would be remediated using in-situ thermal desorption (ISTD) of
carbon disulfide using electrical resistance soil heating ((ERSH).

Carbon disulfide has a vapor pressure (297 mm) four times that of benzene, and' boils at 116 *F
(47 °C). As a rule of thumb, vapor pressure doubles for each 10 degrees C increase in
temperature. Therefore, increasing! temperature would! likely be effective in liberating CS2 from
the matrix, depending, of course, on the permeability of the viscose waste. You described it as
having permeability like tight clay,. It may be appropriate to apply a vacuum to the pond surface or
to vapor extraction "wells" in the waste.

Because of the hazardous nature of CS;.,, any heating project should be designed to .minimize the
risk of personnel exposure, fire, or explosion.

Before planning any pilot project, it is essential to perform tests on several undisturbed waste
core samples (or In situ) to determine line feasibility of ERSH. These tests include density,
electrical resistivity', thermal conductivity, and air permeability. Samples should be collected to the
base of the waste, both above and below the "water table", lo allow variations with depth and
moisture content to be determined. Determination of water permeability, porosity, and
compressive/tensile strength would also be very useful for design purposes,

AHA is in a strategic alliance wilh McMillan-McGee Canada Corp. (MM), of Calgary, Alberta to
offer ISTD services using ERSH. The president of MM, Bruce McGee, designed the ISTD system
for the Lawrence Livermore National Laboratory (ILLNL) demonstration project,, which remediated
800 barrels of gasoline from a sequence of alternating clays arid sands. Bruce is a former student
of Fred Vermeulen (University of Alberta), who pioneered electrical resistance heating for tar
sands and heavy oils in Canada. Dr. Vermeulen is an advisor to AHA-MM. MM has worked wilh
AHA since October 1897 lo develop and operate an electrical resistance soil remediation
program for the Turtle Bayou Superfund site in Liberty County, Texas, for ARCO Chemical
Company (AGO). MM designed and built the electrodes, power supply, and power control system.

551-1 Decker Drive Baytown. TX 77520 /(281} 424-1439 /Fax (?81) 4?2-4799
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AHA provided design input at several key stages, including site characterization. SVE system
design, soif parameter testing,, electrode testing, power supply testing, control1 system testing,
temperature control during operations, and overall heating operations.

System design uses TETRAD, a multi-phase 3-D electricity, heat, arid vapor flow simulation
model (the model costs about $100,000). The original TETRAD simulates single-phase power
(positive and negative electrodes) only. Dr. McGee has upgraded the model to simulate 3-phase
power (three phase electrodes and one or more neutral electrode) which has a slightly different
current distribution.

Electrical resistance soil heating plays an essential part in remediating soil "hot spots" at the
Turtle Bayou site. The most significant geological! features of the site are low-permeability soils
that overlie a shallow aquifer. The Beaumont clay (K [hydraulic] = 1x10"' to 1x10"6 cm/sec) could
be 'taken ;EIS an analog of the low-permeability VISCOSE* waste a): your candidate site. C hernias Is
(mainly benzene) have soaked into these day soils and could gradually leach into (he underlying
groundwater. The low clay permeability means that conventional remediation techniques, using
water or soil vapor as a chemical carrier, are not very effective. However, soil heating by electrical
resistance has greatly enhanced remediation efforts through the following synerglstic effects:

(1) healing significantly increases the vapor pressure of benzene,, causing benzene
mass to enter the vapor phase;

(2) soil moisture (which is high in clays) is converted to steam, setting up pressure
gradients which speed vapor migration;

(3) removal' of soil moisture causes the days to shrink and crack, allowing faster
vapor transport and removal.

In conjunction with the existing soil vapor extraction system (about 4 scfhn), ERSH resulted in the
areas of the test site where it was applied reaching cleanup criteria in 2-Yt months, as
demonstrated by soil borings. Without soft heating, it would probably have taken 2-3 years. Soil
heating resulted in considerable cost savings to line' project, Average soil temperature was raised
from 71 "Fto 'I'I (3 °F (415 deg F: or25degC)in 71 heating days, at an electricity cost of $0.13/deg
C/rn3. Soil temperatures measured In the field [see attached figure) corresponded almost exactly
with the TETRAD-predicted temperature distribution.

Soil heating was applied at a depth of 12-17 feet (10-15 feet bellow the original ground surface).
Excluding one anomalous result (to be re-tested), benzene concentrations reduced by an
average of 95.7% of the original concentration. By depth, benzene reduction was as follows:

Depth
8-10'
10-12'
12-14'

I Reduction
02.9%
95.7%
98.6%

Comments
2-4" above electrode
0-2' above electrode
top 2' of electrode

Benzenes reduction Is expected to be symmetrical across the electrode in synch with the
temperature and current density distribution. Note that heating can be "focused"' with ERSH (and
RF heating) whereas direct heating radiates spherically.

To date,, contaminated low-permeability media have posed an almost intractable problem for
remediation. The most common approach has been to excavate and replace with dean soils, or
to cap and contain within slurry walls. Electrical resistance soil heating provides an alternative
that minimizes site disruption and ecology, while still effectively safeguarding the public; health
and the environment,.
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At Turtles Bayou, alternative soil healing technologies were considered and rejected. Hot air,
steam, or hot water injection are impractical due to the lew clay permeability. Direct heating (e.g.,
Terratherm} would require a much larger number of heating wells (approximately 6 times more)
and 'would likely be less economic. Higher temperature:; can be achieved' with direct heating, but
these temperatures are not necessary for remediating typical volatile organic compounds that are
found at most Superfund sites in the United States. Radio frequency (microwave or RF) healing is
still at a very experimental stage and has licensing and health issues. Electrical re sis la nee soil

'heating does not have these drawbacks. In addition, it can be focused on specific soil depth
intervals for greater efficiency.

Pacific Northwestern Laboratories (PNL) have patented the six-phase ERSH system, which they
claim provides more even heating. 11: requires a fairly large (probably expensrve) phase-shifting
power supply and twice as much control. We use standard three-phase power with 'weekly
alternating of phase and neutral, which provides a fairly even heating pattern at lower cost.

We do, however, use a sophisticated programmable power control system, which was developed
specially for the Turtle Bayou project. This system automatically tests for changes in soil
resistance 12 times per second and adjusts the applied voltage to maintain current within power
supply specifications, It provides soft start and soft shutdown (to avoid arcing and excess staring
current draw), and ran be programmed to control electrode cooling and adjust power supply limits
to cabinet temperature (most power supplies de-rate at high ambient temperatures). It is
controlled by an EPROM, which can be reprogrammed to adjust for site-specific factors (e.g.,
enthusiastic operators setting the amperage above the capacity of the equipment).

The technique is best when used in combination with soil vapor extraction and surface vapor
treatment (e.g., thermal oxidation), a commonly used (and relatively Inexpensive) remediation
technology.

ERSH is; not advisable if there are buried metal conductor;; in the volume to be treated. ERSH
could also affect telecom transmission if applied to material in direct contact with telecom lines.

AHA and MMCC would like to work with Exponent on developing a pilot project for the viscose
waste pond To preserve some proprietary components of our work, our preference would be to
offer a turnkey bid arid operation under Exponent's overall project management. However,, other
arrangements are possible., Please review the information provided and call me at 303-B73-0164
(extension 107) if you would like to discuss the project further. I look forward to hearing from you.

Sincerely,

James A. M. Thomson
Senior Hydrogeologist
Partner, Applied Hydrology Associates

Attachment:

Soil Temperature conlours at E-17 test area, Turtle Bayou Superfund site (initially 71 °F)
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Free and Bound Carbon
Disulfide Testing
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Free and Bound Carbon Disulfide Testing

As discussed in the Feasibility Study (FS) Work Plan, carbon disulfide may be present in
the waste viscose both as carbon disulfide dissolved in pore water (i.e., "free" carbon
disulfide) or as carbon disulfide bound to cellulose as cellulose xanthate—referred to
herein as "bound" or "potential"'1 carbon disulfide,. The free and bound carbon disulfide
testing described here will determine the concentration of carbon disulfide present as
each of these two forms in the waste viscose..

This determination will be made using a three-step sequential extraction procedure. The
f i rs t step in the sequential extraction will involve the leaching of 4 g of the sample of
waste viscose in 10 mL of melhanol for 2 minutes, followed by analysis of carbon
disulfide using purge-and-trap (Method 5030B) arid GO/MS (Method 8260B) methods.
This is the standard approach for determining the concentration of carbon disulfide in
solid samples. The second: step in this procedure will involve particle si/,e reduction of
the 4-g waste viscose sample (from the above analysis) using a small coffee grinder (or
similar device), followed by re-extraction in 10 mL of rriethariol for 2 minutes. This
extract wil l also be analyzed for C$2 concentration by purge arid trap (Method 5030A)
and GC/MS (Method 8260B). The third, and final, step in this procedure will involve
solubili/ing the 4-g sample in 10 mL of concentrated sulfuric acid (in a sealed Teflon
bomb) heated to J60°F, and analysis of this extract for CS? concentration using the same
analytical methods as cited above for the first two extracts.
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:ourier Transform Infrared Spectroscopy Analysis

Before and after the extraction procedure to quantify the amounts of free and hound
carbon disulFide in the waste viscose (See Attachment 11), samples of the pre- and post-
extracted, material will be analyzed by Fourier transform infrared Spectroscopy (FTIR) to
provide a semi-quantitative analysis of the relative abundance of carbon disulfide bound
to the cellulose matrix (i.e., present as cellulose xanthate). These analyses wi l l be
conducted by R.J. Lee Group, Inc. in Monroeville, Pennsylvania.

Three subsamples of the waste viscose (one from each of viscose basins 9, 10, and 11)
that wi l l be subjected to the free and bound carbon disulfide extraction w i l l be submitted
to R.J. Lee Group for FTIR analysis. Each sample will be sheared in a coffee grinder,
and the resulting paniculate wil l be mixed with 1 percent potassium bromide and
mounted on three separate slides for analysis. Diffuse reflection spectra wil l be collected
for each slide mount using a Perkin Elmer 171.0 FTIR. The spectroscopist wil l examine
the spectra for peaks that indicate the presence of cellulose xanthute (i.e., the bond
between dithiocarbonic acid and. cellulose), and the carbon-sulfur bond of carbon
disulfide. Comparison of the three analyses for each of the three samples wi l l provide a
measure of the heterogeneity of the cellulose xanthate remaining in the waste viscose.
Subsequent to the extraction procedure for removing the hound carbon disulfide from
these three samples of waste viscose, the FTIR analyses will be repeated, to determine
whether all of the cellulose xanthate has been degraded..
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Waste Viscose Hydroxide Liberation Tests

These laboratory tests will be performed to quantify the extent to which the viscose
basins represent a source of hydroxide ions to ground water, as well as the acid
requirements to neutral ize the waste viscose. The first step of the test will be to reduce
the particle size of a 5-g split of each of the samples of waste viscose using a coffee
grinder (or similar device). Deionized (DI) water will then be added to each sample split
u n t i l the waste viscose is of a paste consistency. The pH of this slurry will then be
recorded (note: the pH meter wil l be calibrated according to the procedures presented in
SOP 19; Attachment A-5). The slurry will then be slowly titrated to pH 3 by periodic
addition of sulfuric acid. The slurry will be allowed to equilibrate for 5 minutes
following each addition of acid or until the pH of the slurry has stabilized, whichever is
longer. The pH of the slurry and the volume of acid added wil l be recorded after each
al iquot of acid solution is added. Following the completion of the titration, the slurry wil l
be filtered, arid the fil trate will be analyzed for Target Analytc List (TAL) inorganics,,
chloride, sulfate, and s i l i c a using the methods presented in Table A-7 of the FSAP.
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