Field Sampling and Analysis
Plan;

Avtex Fibers Superfund Site,
Operable Unit 7

Prepared for

EMC Corporation
Philadelphia, Pennsylvania

AR301883




“ponent’

Field Sampling and Analysis Plan:
Avtex Fibers Superfund Site,
Operable Unit 7

Prepared for

FMC Corporation

1735 Market Street

Phuladelphia, Penrsylvania 19103
Prepared by

Exponent

4040 Pear] East Circle, Suite 300
Boulder, Colorado 80301

July 2000

Doc. No.: BOO0AZ0.002 0501 0700 RN2S

AR3IO1E8Y



Contents

Page

List of Figures vi
List of Tables vit
1. [ntroduction 1
2. Objectives 3
2.1 Groundwater Monitering Well and Temporary Wellpoint Installation 3
2.2 Sampling Aqueous and Sohd Media 4
2.3 Feld Tests 5
2.4 Data Quality 5

3. Groundwater Monttoring Well and Ternporary Wellpoint Installation 9
3.1 Monitoring Well and Wellpoint Locations 9
3.2 Subsurface Utilities Identification 10
3.3  Equipment Decontamination 10
3.4  Monitoring Well and Wellpoint Installation 10
3.4.1 Geoprobe® Temporary Wellpoints 10

3.4.2 Viscose Basin Temporary Wellpoints 11

343  Overburden Temporary Wellpoints 12

344 Overburden Monitoring Well 12

3.4.5 Bedrock Monitoring Wells 13

3.5 Temporary Wellpoint and Monitoring Well Development 15
3.6 Survey 16
3.7 Borehole and Well Data Reporting 16
3.8  Management of Investigation-Derived Wastes 16

4. Aqueous and Solid Media Sarnpling 17
4.1 Greundwater and Pore-Water Sampling Procedures 17

ii
\houtder daia \grougs\productions 8600a20.002 0401 frat s Nal I l’l =
ryf\fsapifsap july final.dog ﬂ I-t ‘j [J M 1t u.)



4.
4.

4.2

i

3.1

5.2

6. F

6.1
b
6
6
b
f
)
A

6,2

4]

008

7.1

7.2

7.4

4
.4

1.1  Sampling Locations
1.2 Sample Collection Procedures

Sampling Solid Media in Viscose Basins 9, 10, and 11

2.1 Sampling Locations
2.2 Sample Collection Procedures
.2.3  Field Quality Control Samples

Sample Designation
3.1 Sample Numbers

1.3.2  Tag Numbers

3.3 Sample ID Numbers

Sample Handling and Analysis
1 Sample Handling and Shipping
2 Groundwater/Pore-Water Analytical Methods

A
A4

ynoptic Static Water-Level Measurement and Geologic Mapping

Synoptic Static Water-Level Measurement
Geologic Mapping
ield Tests

Single-Well Pumping Tests
1.5 Pre-Test Monitoring
1.2 Pumping Test
1.3 Recovery Test
1.4 Water-Level Measurement and Recording

1.5 Discharge and Treatment of Water Produced During Aquifer Testing

1.6 Documentation
1.7 Daca Evaluation

Infiltrometer Tests
2.1 Test Procedures

upplement to the Quality Assurance Project Plan

Project/Field Team Organization

Critical Data Quality Indicators and Associated Performance Criteria

Sample Containers and Preservatives

Documentation of Field Activities

\ibeutderldatalgroups \productions' 8603a20.002 04a7T tmt

ryfsaplfsap july final doc

3

3

-3 Laboratory Testing Methods for Aqueous Samples

L4 Viscose Solid Media Analytical and Laboratory Methods

S ]
b2

£ M
NS

[P I S S I 8 )
Lh Lbhn &

[ S o
e e |

SR
o o 0

[ % B O o
S W DB

WL L ) L W L
e N e - RV W

SERRIEY
<1

o) 5
o o

L2
D

40

AR30 1886



7.5  Decontarnination 40

7.6 Management of Investigation-Derived Wastes 42
7.7  Site Health and Safety Procedures 42
8. References 45
Figures
Tables

Attachment A-1 — Health and Safety Plan Addendum

Attachment A-2 — Example Borehole Log and Well Construction Diagram
Attachment A-3 — ASTM Methods

Attachment A-4 — Field Equipment Lists

Attachment A-5 — Exponent Standard Operating Procedures

Attachment A-6 — Example Groundwater Sarnple Collection Form

Attachment A-7 —— Standard Operating Procedure for Purging and Sampling Wells

Attachment A-8 — U.S, EPA Bulletin No. QAD023: Recommended Procedure for Low-
Flow Purging and Sampling of Groundwater Monitoring Wells

Attachment A-9 — Example Sample Tag, Sample Seal, and Chain of Custody
Record/Sample Analysis Request Form

Attachment A-10 —- X-Ray Diffraction Analysis
Attachment A-11 — Scope of Work for ERH Testing
Attachment A-12 — Free and Bound Carbon Disulfide Testing,

Attachment A-13 — Fourier Transform Infrared Spectroscopy Analysis

Attachment A-14 — Waste Viscose Hydroxide Liberation Tests

) ~ |’] | q ﬂ 7
v AR30 ! 8¢
Whouider Ndata\groupswoductions\8600220. 02 0407 frm
ryffsenr'fsap Ly hinal doc



'bouider1\datalgroups Productions| 86002 (L.002 0401 fmit
rylltsaplitsap iy final doc

W

AR301888



List of Figures

Figures are in a separate section following the text.

Figurc A-1  Lecations of proposed groundwater monitoring wells and
Geopr‘ol:'e@ sampling locations

-y

Figure A-2  Proposed locations for temporary wellpoint installation and
borehole core sampling

Figure A-3  Typical Geoprobe® temporary wellpoint design
Figure A-4  Typical overburden monitoring well or temporary wellpoint design
Figure A-5  Typical bedrock well design

_ L . - .
Figure A-6a  Analyses in existing and proposed overburden wells and Geoprobe™
sampling locations

Figure A-6b  Analyses in existing and proposed shallow bedrock wells
Frgure A-6¢  Analyses in existing and proposed intermediate bedrock wells
Figure A-6d  Analyses in existing and proposed deep bedreck wells

Figure A-7  Locations of existing and proposed groundwater rmonitoring wells

Figure A-§  Schematic of aquifer test pump plumbing configuration

Figure A-9  Project organtzation for the OU-7 FSAP

v AR301 889
howtder Ndatalgroup s productions\8600a.20.002 M40 frnt F 4

ryfsapitsap july final doc



List of Tables

Tables are in a separate section following the text and figures.

Table A-la Temporary wellpoint installation summary

Table A-1b Momnitoring well installation sumrmary

Table A-2
Table A-3
Table A4

Table AS

Table AG

Table A7

Table A-8

Takble A-9

]
Well construction details, Avtex site, Front Royal, Virginia
Well and wellpoints sampling and analysis plan
Sample containers, preservation, and handling procedures

Groundwater collection sequence for wells and wellpoints at the
Aviex site

Waste viscose and soil sample collection summary for viscose basin
boreholes

Laboratory shipping addresses

o

Summary of analytical methods and critical indicators for
groundwater and solids

Methods for materials/geotechnical properties testing, chemical
characterization testing, and laboratory treatability testing

Table A-10 Quantitation limits for volatile organic compounds

Table A-11 Quantitation litnits for semi-volatile organic compounds

Table A-12 Quantitation limits for PCBs

Table A-1

Quantitation lirnits for organochlorine pesticides

Table A-14 Quantitation limits for TAL inorganics

Table A-15

=

Method reporting and detection limits for conventional analvtes

Vil

\boulder 1z . 1gn ’ 7 " 7Y r - ‘- ™)
houlder !data\groups\sroductions\E&NIa2 0 GOZ LT l L 1 i I 1-; _l [ I
bt o

ryiifsap\isap july final doe



Introduction

This Field Sampling and Analysis Plan (FSAP) has been prepared for the supplemental
field investigation of Operable Unit 7 (OU-7) of the 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, and 11, site groundwater, and surface
water, as defined in the Consent Decree between the 1.5, Environmental Protection
Agency Region I (EPA) and FMC Corporation (FMC; US. EFA 1999a). The site
background 1s detailed in Section 2 of the FS Work Plan—including a site description: an
overview of historical aperations at the site; a summary of the site’s regulatory and
environmental history; and a discussion of the climate, hydrology, and surface-water
hydrology at the site. This FSATP covers the collection and analysis of groundwater
samples from 16 monitoring wells identified as the monitoring well network for viscose
basins 1-§ and the new landfill (O17-160).

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 ternporary
wellpoint installation, 2) sampling of aqueous and solid media, 3) collection of syroptic
water-level measurements, and 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 | investigation will focus on characterization of site groundwater, and will include:

v Installation of groundwater monitoring weltls

o Installation of Geoprobe® temperary wellpoints

o Groundwater sarmpling of existing and proposed wells/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, and will include:

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

&

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

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

e Single-well pumping tests in overburden and waste viscose termporary
wellpoints

P
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» Site-wide measurement of groundwater levels
o (Geologic mapping

o Collection of waste viscose samples and laboratory testing of these
rnaterials

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

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

This FSAP presents the monitoring well and wellpoint locations and installation
techniques, the sampling locations and procedures for aqueous and solid media, the field
and lahoratory testing procedures, and the analytical methods that will be used during the
investigation. All field work and laboratory work will be conducted per the Quality
Assurance Project Plan ((QAPF} Supplement for the Remedial Investigation/Feasibility
Study, Avtex Fibers Site, Front Royal, Virginia (ERM 1999), the Site-wide Health and
Safety Plan (HASP), Avtex Fibers Superfund Site, Front Roval, Virginia (FM(C 1999),
and the HASP addendum for implementing this FSAP (Attachment A-1), unless
otherwise specified in this document.
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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 1s a general summary of the
objectives for each of the primary activities to be performed during the investigation,

including the data quality ebjectives.

2.1 Groundwater Monitoring Well and Temporary Wellpoint Installation

A total of 8 or 9 groundwater monitoring wells, 14 GEO}_}I‘OI’K:@ 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 10 meet the following objectives:

@

+  Characterize potential sources of groundwater contaminants in the
plant arca

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

» Provide additional background water quality data
o Characterize the downstrike extent of the plume.

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

e Provide water levels within the basins and in the overburden adjacent
to viscose basins 9, 10, and 11

e Characterize pore water within viscose basins 9, 10, and 11

e DProvide estimates of horizontal hydraulic conductivity in the waste
viscose in the basins

¢ Improve estimates of horizontal hydraulic conductivity in the
overburden

o Collect samples of viscose basin pore water for laboratory
expertments.

u P p S R ,..w'
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2.2 Sampling Aqueous and Solid Media

The supplernental field investigation will include colection of samples of

groundwater/pore water and viscose basin solids. A total of 75 groundwater monitoring
wells, 14 Geoprobe® temporary wellpoints, and % 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 basing 9, 10, and 11
Provide additional background water quality data

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

Determine the current spatial extent and magnitude of groundwater
contarmination

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
chermicals (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 1o meet the following

objectives:

o Characterize hydrologic parameters for use in estimating recharge
rates to the viscose basins
o Obtain data to improve the understanding of the vertical hydraulic
conductivity of the waste viscose and overburden
o QObtain 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
o Characterize the concentrations of site chemicals currently within the
waste viscose material that could be released to groundwater
o Collect samples for use in laboratory treatability tests to evaluate the
efficacy of chemical oxidation, vermiculture, and direct electrical
4
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resistance heating (ERI) treatment technologies, as well as the use of
physical and chemical techniques to improve waste viscose handling
characteristics.

2.3 Field Tests

Two field tests witl be performed during the supplernental field investigation:
infiltrometer tests and single-well pumping tests. These tests will provide data to meet
the following objectives:

o Provide estimates of horizontal hydranlic conductivity in the waste
viscose of the basins

» Improve estimates of horizontal hydraulic conductvity in the
overburden adjacent to viscose basing 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 quantitative statements, established
prior to data cotlection, that specify the quality 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 (o determine the
extent of contamination as well as make remedial decisions. As required by the site-wide
QAPP (ERM 1999), critical data quality indicators (IDQIs) 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 [ through V (ERM 1999)
have been identified in previous FSAPs for site activities. These Target Analytical
Options are identified as:

v Target Analytical Option I - Field screening using screening Kits or
portable field instruments. Results are often not cormpound specific or
quantitative.

e Target Analytical Option IT - Field screening using more sophisticated
portable instrumenis, including mobile onsite laboratories.
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o Target Analytical Opticn 111 - Analyses performed in an offsite
analytical laboratory that may or may not use Contract Laboratory
Program (CLP) analytical procedures. Complete decumentation
packages are not generated by the taboratory for Option T

o Target Analytical Option IV - Routine analytical services where all
analyses are performed in offsite analvtical laboratory following
SWE46 analytical protocols. Complete documentation packages as

specified in the CLEP Statements of Wark (SOWs) are generated by the

analytical laboratory for Cption IV. The data packages will include
the items specified in Appendix A of the U.S. EPA Region I1I

Superfund Data Validation Policy.

¢  Target Analytical Option V — Analyses by non-standard methods that
are performed by offsite analytical 1laboratories 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
mvestigation are included in Tables A-8 and A-9 for the analyses that will be conducted
in offsite laboratories. Field parameters (temperature, pH, specific conductance,
turbidity, Eh, dissolved oxygen, and iron speciation) collected using field portable
instruments will be considered Target Analytical Option I1.

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 QAP are as follows:

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

o Level 2 consists of reviewing all reporting forms, calibrations, and QC
results. The raw data are inciuded 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 ICP, arsenic by GFAA, etc.).
Qualifiers are applied to the data by the validator for results that do not
meet the DQIs.

e Level 3 consists of reviewing all summary forms but does not include
areview of the raw data. Qualifiers are applied to the data by the
validator for results that do not meet DQIs.

o 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 DQls.
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The data validation level for each of the analyses is listed in Tables A-8 and 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 (1.e., complete data packages with raw cata for Level 2;
validation and summary forms only for Level 4). The data generated for the project will
be compared to the task-specific DQIs to assess the usability of the reported data.
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3.  Groundwater Monitoring Well and Temporary Wellpoint
Installation

This section addresses the specific procedures for drilling, installing, and developing
viscose basin and overburden temporary wellpoints, Geoprobe® temporary wellpoints,
overburden monitoring wells, and bedrock menitoring wells, as cutlined in the FS work
plan. All wells/temporary wellpoints will be constructed by a drilling company that holds
a registered contractor’s license in the State of Virginia.

3.1 Monitoring Well and Wellpoint Locations

Actotal of 8, and possibly 9, new groundwater-maonitoring wells are proposed to address

&
data gaps in the existing site groundwater database. The locations of the proposad
monitoring wells are indicated in Figure A-1. Two overburden wells, five shallow
bedrock wells, and one intermediate bedrock well are proposed for Phase [ of the field
investigation. A ninth monitoring well (343) may also be completed in the deep bedrock
aquifer zone, depending on the review of anaiytical data for offsite wells Jocated west of
the Shenandoah River (as described in Section 6.2.1.4 of the FS Work Plan). These wells
will be sampled during the supplemental groundwater investigation (Section 4), and a
decision regarding installation of well 343, and the construction of this well, will be made
in conjunction with U.S. EPA. Installation of well 343, if necessary, will be exccuted
during Phase IT of the field investigation.

Fourteen Geoprobs@ temporary wellpoints 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® tem porary wellpoints are shown in Figure A-1. These
locations may be adjusted in the field based on site conditions and the need to
accommodate limitations of field instailation equipment and/or underground utility
locations. In the event that the locations of any temporary wellpoints are adjusted, the
actual locations will be recorded on a copy of Figure A-1 to aid sampling personne
during subsequent sarnpling and water-level monitoring efforts.

A total of 14 temporary wellpoints are proposed for installation at the Aviex site during
Phase Il of the field investigation using hollow-stem auger drilling techniques. Of these
14 temporary wellpoints, nine will be installed in viscose basing @, 10, and 11 (three per
basin), and five will be installed in the overburden adjacent to the basins. The
approximate locations of these temporary wellpoints are indicated in Figure A-2. These
locations may be adjusied in the field based on site conditions and the need to
accomrnodate limitations of field installation equipment. In the event that the locations
of any temporary wellpoints 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.

9 A ) ri. r] i
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3.2 Subsurface Utilities ldentification

Before drilling begins, an underground utility check will be performed by reviewing
available utility maps and plant photos, and through discussions with the FMC manager
of site remedial activities. Public utilities will be located by the utility agencies. A
private utility-locating company may also be usad, 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, and driil equipment) and well completion
materials will be decentaminated using a hot-water pressure washer. Cther equipment
(e.g., water-leve] 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
rnaterials (e.g., water and cuttings) will be contained and disposed of as described below
in Section 7.6.

3.4 Monitoring Weli and Welipoint (nstaliation

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

341 G IE!IC)[]III'GI|L')(!!® Temporary Wellpoints

Boreholes will be created at each of approximately 14 locations in the overburden along
the western boundary of the plant area using a Ge()prolbe:® rig. The boreholes will be
advanced to the overburden/bedrock contact. No soil sampling or logging will be
included in this scope of work. PID measurements of material being removed from the
boreholes will be taken and recorded in the field logbook. Groundwater samples will be
collected from the overburden by advancing a (Z}-E:'cal;)_ro-be@ borehole to the appropriate
depth, pulling the probe rods, and installing a prepacked Ge()pn:'lb.s:® well screen. The
well screen will 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
schematicof a G eo-pv]robe® temporary wellpoint. Soil cores produced during the
Geoprobe®™ wellpoint installation will be screened for organics using a photoionization
detector (PID).

On completion of each Geoprobe® borehole, the temporary wellpoint will remain in place
for surveying (Section 3.6) and site-wide water-level measurements (Section 5). Water-
level measurements will 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
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made, the temporary wellpoint will be rermoved, and the borehole will be backfilled with
a dry bentenite 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 Wellpoints

Twao 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 insiall temporary wellpomts. The initial borehole at each
location will be advanced using hollow-stem auger drilting 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 tocation (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 third 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 complction of the
sample collection activities.

The boreholes will be advanced using an ATV-mounted, track-mounted, or skid-mounted
hollow-stem auger drilling machine. The existing fly-ash roads on the viscose basing will
be used, to the extent possible, to access the wellpoint and borehole locations. Plywood,
Marshall Iv][;an:ting®, or other suitable surface stabilization methods may be used, as
necessary, 1o facilitate access to the borehole locations. The initial 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 will 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, and 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 into
overburden and/or bedrock will be backfilled with bentonite. A minimum of 1 ft of sand
will be placed on top of the bentonite to prevent migration of bentonite into the
temporary wellpoint screen interval.

Temporary wellpoints will be installed inside the hollow-stem augers following
completion of the borcholes described above. The temporary wellpoints will be

11
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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 well screen with an end plug will be placed at the bottom of
the temporary wellpoint at the base of the waste viscose. Blank PV 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 1T above the top of the screen. To prevent caving, all annular fill
matenals will 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 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 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.

3.4.3 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 and 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 will be advanced and
temporary wellpoints installed in a manner similar to that described above for the viscose
basin temporary wellpoints. The overburden temperary 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 stegl protective riser or a flush-mounted watertight
monument, Typical construction details are shown on Figure A-4.

3.4.4 Overburden Manitoring Well

Two monitoring wells will be instailed in the overburden at the approxirnate location
indicated in Figure A-1 to assess background overburden groundwater quality. A
borehole will be drilled using hollow-stem auger and/or air rotary methods to the
overburden/bedrock contact at an approximate depth of 20--25 ft bgs (Table A-1b).

Soil samples will be collected from the borehole with a split-spoon sampler at a minimum

of S-ft intervals for lithologic characterization. The sampler will be driven 18 in. by a

140-1b weight falling a vertical distance of approximately 30 in. (i.e., standard penetration
[l

test [SPT]). The number of vertical drops (blow counts) needed to advance the sampler
sach 6-in. increment will be indicated on the borehole log.
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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
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 1o
approximately 1 ft above the top of the screen. To prevent caving, all annular fill
materials will be added to the borehele while the augers are being slowly 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 time to ensure a
proper seal. High-selids bentonite grout or bentonite chips will be placed from the
hentonite seal to within 2 ft of ground surface. The driller will calculate the velume of
the annular space to ensure that the proper volume of grout is placed in the annulus. 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, installing, and developing six
bedrock groundwater menitoring wells at the Avtex site. Five of the wells (at locations
128, 129, 130, 131, and 132, Figure A-1) will 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-1b. The sixth
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
incdicated in Table A-1b. In addition (o 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 1t 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 groundwater sampling in offsite wells located
west of the Shenandoah River {wells 115, 136, 137, 162, 177, 181, 185, 215, GM2A,
GM2B, and 315). Installation of this well may require additional procedures such as
construction of a rough access road and a concrete drilling pad. If this well is detcrmined
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, will be
prepared and submitted to EPA.,

Bedrock well installation will 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, Tu be.x®, or other equivalent methods; and installation of a 2-in.-
diameter PYC menitoring 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
measuremnents of specific conductance and pH may provide indications of site chemicals
in groundwater.” The groundwater grab samples will be extracted from the well during
the air-rotary drilling process. Specific conductance and temperature will be measurec
using the appropriate meter, which will be calibrated daily (per Standard Operating
Procedure [SOP] 536) and 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 o seal off the well from any potential
contarninants 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
angl deiven approximately 1-4 ft into the competent bedrock. Final selection of initial
casing size will be made in consultation with the lead hydrogeologist and a qualified
driliing contractor. The cuttings will be removed from the casing, and a bentonite seal
(minimum of 2 ft thick) will be placed in the bottom of the borehole. The bentonite seal
will be hydrated and allowed to set a minimum of | 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:

o 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 Tu bex®
system 1s used, the pilot bit and eccentric reamer creates a hole
sufficiently large for a casing tube to slide down behind the reamer.
Flush-jointed casing 1s then advanced through the under-reamed
borehole. Either of these methods will provide a better evaluation of
groundwater flow and subsurface lithology than conventional air-
rotary methods without casing advance.

' Groundwater within the dense carbon disulfide plume typically had a specific conductivity of
>5,000 psfem and pH of »9 during the 1994 sampling event.
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v After the water-bearing target zone in the bedrock aquifer has been
reached, temporary casing will be installed 1o the bottorn 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 consiructe d of 2-in. Schedule 40 PVC casing with threaded
couplx FIE’S 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 pldc ed at the bottomn of the well. Blunk PVC casing will extend from the top of
the screen to above the ground surface. Stainless-steel centralizers will be attached at the
top and bottorn of the well sereen. The annulus between the well and temporary casing
will be backfilled with No. 10-20 C-()I()l’:;l.d(]l silica sand or equivalent to approximately
1--2 ft above the top of the screen. All annular fill materials will bf: added to the borehole
via a tremie pipe as the temporary casings are removed.

A 2- 10 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 seal.
High-solids bentonite grout will be placed with a tremie pipe from the bentonite seal 1o
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 rmonument with
protective steel casing that extends at least 2 {t above grade and has a lockable cap. The
protective steel casing will extend at least 3 1 below the surfuce and will be at least 2 in.
ahove the PVC casing.

Figure A-5 illustrates the design of bedrock monitering wells with stickup pratective
casing, If a flush-mount protective wellhead 1s 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 rinimum 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, stainiess steel
or PVC bailer, surge block, centrifugal or positive-displacermant bladder pump, or
combination of these technologies, The temporary welipoint or well will be alternately
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surged and overpumped until the discharge water is ¢lear of fine rmaterials (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 Geol]_:'r()‘t)e® temporary wellpoints, and the viscose basin and overburden
temporary wellpoints to a horizontal accuracy of 1.0 ft. The reference elevation will be
determnined to an accuracy of 0.01 ft. The location will be referenced to the appropriate
state plane coordinate system and U.S. Geclogical Survey (USGS) datum.

3.7 Borehole and Well Data Reporting

Field activities will be documented in the field logbook and logged on field data sheets as
appropriate in general accordance with methods described in the QAPP (ERM 199%).
Field forms that will be used to document borehole lithalogy and well completion details

are provided in Attachment A-2.

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

3.8 Management of Investigation-Derived Wastes

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

This section describes the locations of and procedures for collection of sarnples of
groundwater, 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 will 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 |
investigation. The sarnples will be analyzed for TCL VOCs and SVOCs, IAL metals,
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 surnmarize the sampling procedures. The required equipment for this
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; ?, 14 Geoprobe”
temporary wellpoints, and nine viscose basin temporary wellpoints (tempoerary wellpoints
WPO1-WP09) will 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 disulf ldE‘ hy(lml ysis at each of the following monitoring
wells/ternporary wellpoints: 116, 205, 216, 216, WPOTL, WP04, and WP07. Each
replicate szrmple will consist of three VOA vials, In addi tion, five 500-mL septum-sealed

amber glass bottles will be filled at each of the wells/wellpoints. Three of the 1re'pli(‘u[f-
samples and three of the 500-mL glass bottles from each well will be spiked with .2, 2.0,
and 4.0 mL of 30 percent hydrogen peroxide. Preservative will not be used for the
remaining samples. The locations of the rnonitoring wells and temporary wellpoints are
shown in Figures A-6a through A-6d and A-2, respectively.

Because installation of well 243 is contingent on the Phase 1 sampling resulis, it was not
included in the count of proposed wells.

17

Vbouldar dala\graoups\ormductions BE00a20. 002 (401 it A R ‘." [‘l | (:' []’ .7'
ryf\fsapVsap july final doc W o [}



Samples of viscose basin pore water from temporary wellpeints WPOL, WP04, and WP07
will be collected for use in laboratory testing of static electrical conductivity. The
locations of these temnporary 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 indivicual monitoring wells and temporary wellpoints, Water levels
will be measured using an electronic water-level instrument following procedures in

SOP 19 (Artachment A-5). Water-level measurements will be recorded on a groundwater
ficld 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 and field
activities, 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 and temporary wellpoints at the Avtex site. Prior 1o
purging, a groundwater-level measurerment 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, and 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 and sampling techniques described in U.S. EPA Region IT1
Technical Bulletin Number QAIDO023 (Attachment A-8; U.S. EPA 1999), will be used, 1o
the extent possible, for the overburden wells and the viscose basin wellpoints. These
techniques are not appropriate tor open-borehole wells, wells of large diareter, or wells
with large intervals to be monitored (U5, EPA 1999), Most of the bedrock wells at the
site are 4- or 0-inch diameter open boreholes, and many have large open intervals.
Purping rates, however, will be menimized 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 will 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, 1t 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, Viscose Basin Wellpoint, and Geoprobe® Wellpoint P'lur?inq and
Sampling — The overburden wells, viscose basin wellpoints, and Geopr obe’ 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 and sampled using a Teflon®-lined bladder pump equipped with new
Va-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 will be started at the lowest flow
possible (e.g., approximately 100 mL/min)’ Tf the water column in the well does not
provide sufficient uﬂbrrneruznc.e to perrnit the use of a bladder pump, a peristaltic pump
with new Vi-inch, Teflon®-lined 1 ubing, 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
accommadate the bladder pump. Before purging, the intake tubing will be lowered
slowly into the water column to rinimize agitation and loss of VOCs, to a depth of 1 {t
below the water level,

The water level in the well will be measured continuously during purging to ensure that
drawdown in the wetl/wellpoint does not exceed 0.2 ft-—the maximum drawdown
specified by QADO23 (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 {t. 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 purp setting, the water level will be allowed 1o lower 10 & rmaximum depth of
90 percent of the initial saturated screen interval at [he- start of purging (i.e.. 10 percent of
the initially saturated screen tnterval is dewat tered).* 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 Lo drop below 90 percent of the initial saturated
monitoring interval) until the field parameters are stable, and then the well will be

? 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 Aviex site, given
the number of wells being sampled. As a result, care will be taken to lower the pump into the
well as slowly as possible bmmediately prior to purging, in an effort to minimize disturbance of
the water colurn.

T'his value was selected as a reasonable limit to minimize cascading effects and potential loss of
VOCs.
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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
(Volume,) will be calculated. [f three Volume, can be purged at the calculated recharge
rate in three hours, then the pumping rate will be adjusted to do so, and sampling will be
conducted once three Volume are purged and field parameters are stable. [t three
Volume, cannot be purged, then an evaluation will be made as to whether one Volume,
can be purged in three hours. If one Volume, can be purged, then this will be done, and
sampling will be conducted after field parameters have stabitized. 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 paramelters will be measured by directing the pump outflow through a flow-through
cell equipped with probes for measuring pH, specific conductance, Eh, dissclved oxygen,
temperature, and turbidity (following the methods for assembly of the flow-through cell
and calibration of field instruments described in SOP-536 and SOP-424). To monitor
turbidity, a T-valve will 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 meonitored and
logged on the groundwater field data form approximately every S minutes during

purging. Purging will continue until the parameters are ali stable. The criterta for
deterrmming stabilization will be three successive readings are within 0.1 units for pH,
+3 percent for specific conductance and 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 stabilize above 5 NTUs), then the turbidity criterion will become obtaining three
successive measurements with a turbtdity less than 5 NTUs, These turbidity
measurements will 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 not observed—that is, an increase in turbidity needs 1o 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, and a plastic beaker will be filled from the
T-valve for determination of iron speciation per SOP-61.

Upon completion of the iron speciation measurement, the discharge tubing will be cut
upflow of the in-line T-valve, and the discharge from the tubing will be collected for
laboratory analyses. Care shall be taken to ensure that the discharge tubing does not
come in contact with the ground or equipment after it is cut. Groundwater samples will
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 evaluated in each
well/temporary wellpoint to characterize site groundwater/pore-water quality. Sample
containers and preservatives for specific parameters and laboratory tests are indicated in
Table A-4. At cach well/temporary wellpoint, the necessary sample containers will be
filled in the order presented in Table A-5.

ATl 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 filling, to minimize
potential cross-contamination. VOA vials will be filled 1o 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 bottles 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 HDPE sample bottle. Once sampling is cornpleted at the well, the
water in the 1-L HDPE bottle will be passed through a 0.45 ,u m, high-volume, in-line
groundwater filter using a peristaltic pump and new Tef flon®-lined tubi Ing.
Approximately 200 mL of the water will be pumped to rinse the flter 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/wellpeints 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 frony the wellpoint, and a disposable, bottom-
discharge Teflon® bailer will be lowered slowly into the wellpoint for collection of the
VOC sample. The bailer will then be raised our of the wellpoint, and a low-flow
discharge tube will be attached to fill the VOA vials used for VOC sample collection.
This process will continue until each VOA vial is filled, with no air bubbles present,

Bedrock Well Pure Jing and Sampling — A low-flow, submersible centrifugal pump with
new Ya-inch Teflon®-lined tubing will be used to purge and sample the bedrock wells.
Shallow, intermediate, and deep bedrock wells each require different purging procedures;
Attachmment 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 will be started at the three-hour purge rate (see Table
1 of Attachment A-T}), and water levels will be monitored continuously. At this point, the
prescribed purging prou‘dm es for shallow, intermediate, and deep bedrock wells are all
unique, and Attachment A-7 must be consulted (o 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 de :.(_ru bed in the above section
(Overburden Well, Viscose Basin Wellpoint, and Geoprobe® Purging and Sampling). A
filtered sample will not 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 preservalives for specific parameters
and laboratory tests are indicated in Table A-4. At each well, the necessary sample
containers will be filled in the order presented in Table A-5.
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4.1.2.3 Field Quality Control Samples

Quality control samples to be incorporated into the sampling program include trip blanks,
field blanks, equipment rinsate blanks (both unfiltered and 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 will be collected and submitted at a rate of I each per 20 site samples or 1
such per week—whichever is more frequent. However, these quality control samples
will be analyzed only for the TCL VOCs, TCL §VQCs, TAL inorganics, PCEs,
organochlorine pesticides, or analytes that must roeet Target Analytical Option I'V data
quality objectives, The analytes TS, alkalinity, chioride, silica, and sulfate need to meet
Target Analytical Option I data quality objectives, and will serve only as indicators of
overall water quality. However, these aralytes will also be included in the analyses
performed on the field blanks and equipment rinsate blanks.

4.1.2.4 Laboratory Quality Control Samples

Duning sample collection activitics. field staff will collect the appropriate volume, so that
the analytical laboratory can performn the matrix spike/matrix spike duplicate analysis at &
1:20 frequency, as specified in the QAPP (ERM 1999).

4.2 Sampling Solid Media in Viscose Basins 9, 10, and 11

Samples of waste viscose and overburden soils will be collected from within/below
viscose basing 9, 10, and 11 to characterize the physical and/cr chernical properties of
these materials. Table A-6 summarizes the viscose basin sampling and analysis program,
including sample location, anticipated sample depth, sample identification number,
sample matnx, analyses to be performed, and the laboratory that will perform the
analyses. Samples will be submitted to Lancaster Laboratories, Ine. (LLI}, GeoSyntec
Consultants (GSC), Applied Hydrology Associates, Inc. (AHA), or SmartWorm, Inc.
(SWI) for the appropriate analyses. Addresses for these laboratories are provided in
Table A-7. This sampling effort will 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 initial
borehole will be advanced into the waste viscose (o install the temporary wellpoint, (o
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 will 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 basing 9, 10, and 11. An initial borehole will be advanced
at each location 1o 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
horehole used for tnstallation 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
sarnple 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 ternporary wellpoint
locations tn each viscose basin. Pore water from the corresponding temporary welipoint
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 approxirmately 10
ft away from the temporary wellpoint borehole, to collect wasie viscose sarnples at
specific depth intervals. Specific sample depths and Iaboratory testing and analyses are
summarized in Table A-G. Specific-depth-interval samples from the second borehole at
two selected locations will be collected using a 2-in.-diarneter split-spoon sampler. The
samples will be placed inte 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 ternporary wellpoint instaliation borehole) underlying the basin will be collected and
submitted for [aboratory analysis of saturated vertical hydraulic conductivity. The third
borehole will use a 2-in.-diameter Sheiby tube (2 £t long) to collect sampies 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
bentenite.

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 sarples will be capped
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immediately on both ends and sealed with Teflon tape. The outside of each sample will
then be wiped clean with a paper towel and a sample label will be attached to the sleeve.
The sleeve will then be wrapped in aluminum foil and placed mside 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 will be written on the outside of each Ziploc bag.

At depth intervals where sarnples for chemical characterization are being collected, the
stainless steel sleeve will be eliminated. Upon retriaval, 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
VOUCs will be performed following the precedures in SW846 Method 5035 vsing the
EnCore™ sample collection device. Samples for both low- and high-level analysis will
be collected for each sample (i.e., three 5-g Encore™ samplers for each sample). At the
laboratory, one of the 3- ;Elru::cnreTM sarmnplers will be used for high-level VOC analysis,
and the remaining two samplers will be used for low-level analysis, if necessary. These
analyses will be subject to a 48-hour holding time. A field test will be performed on six
samples of viscose waste 1o 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 estublishing the appropriate sample-handling procedures.

If sufficient sample material 1s not recovered from the second or third boreholes,
additional sample material will be collected from an additional borghole installed
adjacent to the boreholes,

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

4.2.3 Field Quality Control Samples

Quality control samples to be collected during sampling of solid media will include one
field blank, one equipment rinsate blank, and one ficld duplicate for chemical
characterization analysis to meet the Target Analytical Option IV data quality objectives.
The field duplicate sample will be collected by sinking a borehole immediately adjacent
to a selected borehole used to collect a chemical characterization sample and removing a
sarnple from the corresponding depth interval, Field quality control samples for
material/geotechnical properties and laboratory testing for Target Analytical Option (11
data quality objectives will not be collected.

4.3 Sampie Designation

Sample designation will follow the general format specified in Section 3.3.1.6 of the
QAP (ERM 199%). Each aqueous and solid sample collected in the field will be
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assigned a sample number, a unigue tag number, and a unique saraple identification
nurnber (Sample ID). To ensure that the analytical lab is analyzing samples blind, the
sample ID will be recorded only in the field loghook and will not be placed on any
sample bottle or COC/SAR form sent 10 the analytical laboratory. The sample 1D 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 unigue tag number. An example tag is provided in Attachment A-9, A description
of the sample number, tag number, and sarnple ID number 1s 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 thas field investigation, the following media codes will be used for
sample numbers:

s 58 - surface soil

« BH - subsurface soil or bedrock from borehole

+  ¥WM - viscose hasin material

v GW - groundwater/pore water.
The last four digits of the sample number will start at 0001 and will increase
consecutively for each medium (e.g., for groundwater samples: GWO0001,

GWO0002, 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 1D Numbers

The Sample ID number will be noted in the field logbook for inclusion into the database
at o Jater date. Descriptions of the derivation of the Sample ID number for aqueous and
solid media samples are presented below,

25

Whoulder 1dala\grups\oroduetions\ie00a 20, 002 0401 it ” -
ryffsapVsap july final cioe ‘. 9 ‘j| [ jl l! ‘9 I b



4.3.3.1 Grounclwater/Pore Water

The sarnple 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 unit code, a

well series code, a well ID code, and & QC code (for field QC samples only). The
following describes each code:

o Site code — A two-letter identifier, AV, representing the Aviex site.

v Management unit code - A two-letter identifier representing
groundwater (GW) or pore water ("W).

s Well series code — A two-letter identifier indicating that the sample is
from an onsite (ON) well, an off-site (OF) well, or a temporary
wellpoint (WIP).

o Well 1D code - A unique, three-digit number will be assigned for the
new monitoring welis, 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 lecation 01 would have the
designations of 001 for the overburden well, 101 for the shallow
bedrock well, 201 for the intermediate-depth well, and 30H for the
deep-bedrock well. Existing wells will retain the same well [D code
used in previous studies. For the new temporary wellpoints, the weli
[D code will be a unique two-digit number that will indicate the
temporary wellpoint location.

v Quality control (QC) code - A single-letter code indicating that the
sarnple 1s o VOC water trip blank (A), o field blank (B), an equipment
rinsate blank (C), or a field duplicate (By). The tirst three codes (1.e.,
A, B, or C) will be followed, in parentheses, by the month, day, and
year that the sample was collected [e.g., B(OB/22/00) for a field blank
collected on August 22, 2000]. No hyphen will be used between the
well ID code and the “]_)” QC code.

Examples of Sample ID numbers are as follows. For a groundwater sample collected
from the intermediate-depth bedrock well at onsite location 01, the tracking number
would be AV-GW-ON-20L. The tracking number for a duplicate sample from this
location would be AV-GW- 1)]\1 20D The tracki mp nurnber for a trip blank for sarmpling
onsite groundwater on 24 August 2000 would be AV-GW-ON-A(B/24/00).

o

4.3.3.2 Solid Media Samples

The sample [ for solid samples will consist of a combination of the following codes,
cach separated by o hyphen: a site code, a management unit code, a media code, a
borehole [D code, a depth cade, and a QC code (for field QC samples only). The
following describes each code:
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o Site code — A two-letter identifier, AV, representing the Avtex site.

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

o Media code — A two-letter code indicating that the solid sample 1s
viscose basin material (VM) or a subsurface sample of soil or bedrock
(BH).

o Borehole 1D 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 rmultiple boreholes, they will be
identified by basin {e.g., VBEO9, VE10, or VB11)

o 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.

o Quality control (QC) code - A single-letter cade indicating that the
sample is o field blank (B), a rinsate blank (C), or a field duplicate (D).
The first two codes (i.e., B or C) will be followed by the month, day,
and year that the sample was collected in parentheses [e.g.,

B(02/22/00) for a field blank collected on Avgust 22, 2000]. No
hyphen will be used between the depth code and the “D” QC code.

For example, a sample of waste viscose collected from the sixth viscose basin temporary
wellpoint boring at a depth of [510 17 ft would be AV-VB-VM-WP06-15. The sample
number for a field duplicate at this location would be AV-VB-VM-WF06-15D. A
cornposite sample collected for laboratory testing from temporary wellpoint boreholes
WPO1, WPO2, and WPO3 in viscose basin 9 would be AV-VB-VM-VB09-CS.

4.4 Sample Handling and Analysis

This section describes sumple-handling procedures and analytical methods that will be
used for analysis of groundwater and solid samples.
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4.4 Sample Handling and Shipping

All samples collected during this field investigation will be subjected to strict sample-
handling procedures, as outlined in Section 3.3 of the QAPP (ERM 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 4 completed
sample tag, will be sealed in an individual plastic bag and placed immediately into an
insulated coeler chilled to less than 4° C. Exponent COC/SAR. forms will be completed
at the time of sample collection and will accompany the samples inside the cooler for
delivery to the analytical luboratory. A list of Taboratory shipping addiesses is presented
in Table A-7. All shipments will 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
will be submitted to the Field Team Leader (FTL) for inclusion in the field
documentation files for the project.

Relinguishment of samples will be indicated on the COC/SAR form by the sampling
team, and these forms will be sealed in o Ziploc bag before being placed in the cooler 1o
protect them against moisture. Each cooler wili contain sufficient ice and/or ice packs to
ensure that proper lemperature is maintained, and will be packed in 2 manner to prevent
damage to sample containers. A member of the field team will then complete two

i)
custody seals and place a seal on opposite comers of each sample cooler. Examples of
Exponent’s Sarnple Tag, COC/SAR form, and Custody Scal are provided in Attachment
2-0
A

4.4.2 Groundwater/Pore-Water Analytical Methods

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

o Target Compound List (TCL) VOCs
e TCLSVQOCs

e PCBs

v Organochlorine pesticides

* TAL inorganics

»  Hexavalent chrome

»  Arsenic +3/+3 speciation

o Anions (aikalinity, chloride, sulfate, and silica)

i ~ -
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e TDS

e  Ammonia mitrogen

+ Chemical oxygen demand
¢«  Density

o Field-measured parameters-—pH, dissolved oxvgen, Eh, temperature,
specific conductance, iron speciation and turbidity (to be measured
during purging).

J

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. (;ml,u]ndw ater and pore-water samples for arsenic speciation
analysis will be submitted to Frontier Geosciences, Inc., Seattle, Washington, The
shipping addresses for LLI and 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 denved from laboratory testing are
summarized below.

4.4.3 Laboratory Testing Methods for Agueous Sarmples

Groundwater and/or pore-water sarnples 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 sarnples of groundwater/pore water, each consisting of three VOA vials, will be
collected from the wellsftemporary welipoints 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 wells/temporary wellpoints, Prior to collection of the
samples, three of the VOA sets and three of the 300-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. At the laboratory, the VOA vial sets
that were spiked with hydrogen peroxide, as well as one VOA vial set that was not spiked
with hydrogen peroxide, will be analyzed for carbon disulfide. In addition, the three 500-
mL bottles that were spiked with hydrogen peroxide, and one 300-mL botile that was not
spiked, will be analyzed for TAL inorganics, alkalinity, chloride, sulfate, silica, and pH.
The samples from each well will be stored at the Tuboratory in the dark at a constant
temperature similar to that of the site groundwater. Theremaining VOA vial sets will be
analyzed after [, 3, and 6 months for carbon disulfide. One of the remaining S00-mL
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bottles will be analyzed for TAL inorganics, alkalinity, chloride, sulfate, silica, and pHi
after 6 months. Analytical methods are summarized in Table A-7. Groundwater in the
final 300-mL bottle will be filtered through a 0.45-pm fileer. 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 § x-ray
diffractometer at the Department of Geological Sciences, University of Colorado at
Boulder {see Attachment A-10).

4.4.3.2 Electrical Resislance Heating Tests

To evaluate electrical resistunce heating (ERH) as a potential remedial technology,
viscose basin pore-water samples will be collected from temporary wellpoints WPO1,
WP04, and WPO7 (three samples total) for static electrical conductivily analtyses. These
analyses will be performed under the direction of Applied Hvdrology Associates, Inc.
(AHA), of Denver, Colorado. A summary of the testing is contained in

Attachment A-11. The pore-water samples will be sent to McMillan-McGee (MC2)—
AHA’s subcontract laboratory-—in Calgary, Alberta, Canada at the address shown in
Table A-7.

4.4.4 Viscose Solid Media Analytical and Laboratory Methods

This section discusses the chemical and physical evaluation of solids samples collected
from viscose basins 9, [0, und 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
ol 18 samples will be collected and submitted to LLI for analysis for TCI, VOCs, TCL
5VOCs, TAL inorganics, paste pH, anions (chloride, silica, and suifate), ammonia
nitrogen, and percent solids using the analytical methods presented in Table A-8. All
samples will be submitted to LLI at the address shown in Table A-7.

4.4.4.2 Hydrologic Parameters

To determine hydrologic preperties of the waste material in the viscose basins, 12
sarmnples will be submitted to GeoSyntec Consultants (GSC) in Atlunta, Georgia for
analysis of field capacity, wilting point, vertical hydraulic conductivity, porosity,
moisture content, and bulk density, In addition, three samples of averburden witl be
submitted to GSC for measurement of vertical hydraulic conductivity. Methods for these
analyses are presented tn Table A-9. All samples shall be submitted 1o GSC at the
address shown in Table A-7.
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4.4.4.3 Consolidation and Shear Testing

To gain an understanding of the consolidation properties and shear strength of the waste
viscose material, nine undisturbed core samples (Shelby tubes) will be submifted to GSC
for consolidation tests using ASTM method D2435-96 and Vane Shear tests using ASTM
method D4645-94 (Table A-9, Attachment A-3). To obtain additional information on the
amount of water released fmm the waste viscose during consolidation pressures, G3C
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-T.

During selected consolidation tests, samples of the pore water released at each successive
loading increment will be collected for analysis of TCL VOCs, and 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. It 1s 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 Jaboratory for the chemical characterization analyses
described in Sections 4.4.4.1 and 4.4.4.5. The results of these chemical drlalv es 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 disulfide, which will be
performed by CAS.

4.4.4.4 Electrical Resistance Healing 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 WPD1, WPO04, ana WPO7 (three samples from specific depth intervals in each
borehale). The results of the electrical resistivity laboratory tests will be evaluated by
Applied Hydrology Associates, Inc. (AHA). of Denver, Celorado. A summuary of the
testing that will be perforroed by AHA is contained in Atiachment A-11. AHA uses a
subcontract laboratory-— M{r Millan-McGee (MC2) of Calgary, Alberta, Canada-—t
measure the electrical resistance of the samples. ]hc’rt*furc the nine cores will b(:
shipped to MC2 at the 'l[ld[i ss 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 (EFPA rmethod 5050A) and GC/MS analysis (EPA method S030B). In
addition, splits of each sarnple will be analyzed both prior to and following the sequential
extraction by Fourier transform infrared spectroscopy (FTIR) at R.J. Lee Group, Inc. in
Monroeville, Pennsylvania. These analyses will provide a semi-quantitative analysis of
the relative abundance of carbon disulfide bound o the cellulose matrix (1.c., present as
cellulose 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 1o quantify the extent to which the viscose basing
represent a source of hydroxide ions to groundwater, 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
luboratory for these tests. The procedures for this test are presented in Attachment A-14.

4.4.4.7 Waste Viscose Laboratory Treatability Studies

Laboratory treatability studies (Section 6.3 of the FS Work Plan} that are intended to
evaluate the effectiveness of various remedial technologies or actions will be performed
using the composite waste viscose samples collected from each basin. The composite
sarnple buckets will be shipped to Exponent’s Boulder, Colorado testing laboratory
(Table A-7). Prior to the sampling effort, a Luaboratory Testing and Analysis Plan
{(LTAP) that provides detaited expertmental and quality control procedures will be
prepared and submiited for approval,

Proposced laboratory treatability studies include the following:
I ) 3 2

»  Waste viscose chemical oxidation tests
o Waste viscose vermiculture ireatment tests

o Testing of physical and chemical techniques to improve the handling
propertics 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 offsite
wells and temporary wellpoints to characterize the groundwater potentiometric surface in
the overburden and bedrock geologic units, These measurements will be completed a
minimum 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 acdition, the orientation of cleavage and bedding planes in bedrock outerops southwest
of the Avtex site will be mapped by a geologist.

5.1 Synoptic Static Water-Level Measurement

Groundwater levels will 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 and the 100 exist mg wells in
the onsite/offsite monitoring well network. The locations of the 14 Geoprobe” temporary
wellpoints are shown in Fi ;z,urc A-1. The approximate locations of the nine proposed
viscose basin temporary wellpoints and 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-3). Water-level measurements will be recorded
to the nearest 0.01 £t in the field notebook. Decontamination of depth-to-water meters is
described in SOP 19, Monitoring well/wellpoint JIDs for the 137 synoptic water-level
measurements are listed in Tables A-la, A-1b, and A-2

5.2 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 hills 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 structural features in the outcrops will 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
pumnping tests and infiltrometer 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 basing 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 accardance with SOFP 36, modified for the
lower pumping rates that are expected to be required for these tests. Equipment
requivements 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
maonitored continuously for a period of 24 hours. Barornetric pressure will 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 barometnc pressure
effects on groundwater fevels 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 | 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
ternporary wellpoint will be monitored continuously throughout both the pumping and
recovery portions of the test using pressure transducers and autornatic electronic data
loggers, as described below.

Submersible pumps, a power supply. and discharge piping and valves will be necessary
for the constant-rate pumnping tests. The pumps and plumbing will be installed and

operated according to the general configuration indicated in Figure A-8. Depending on
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 and volume from the pumps will be monitored using a calibrated, ir-
linc flow meter and totalizer, and the discharge rate from the purnp will be maintained
using either a variable- :‘.I)E’E‘d 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-, and 30-minute
intervals during the 010, 10-30, and 30240 minute periods of lthc test, respectively.
Flow rate will be recorded in the field loghook or pumping test field forms for each of
these time intervals.

6.1.3 Recovery Test

Following the constant-rate pumping period, the pump will be shut off, and the
groundwater elevations will continue to be recorded for an additional d-hour (minimum)
water-level recovery period, or until the groundwater 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 wellpoint 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 approximately 1 ft
above the top of the pump inlet. The transducer will be connected to an electronic data
logger. The frequency of data collection will decrease with time during both the
pumping and recovery phases of the test, as discussed in SOP 36, Backup measurernents
will 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 will be discharged to a
tratler- 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
wm then be transported to the viscose leachate digester (see Figure 2-5 of the FS Work

Plan), from which 1t will be transferred to the onsite wastewater treatment plant (WWTP)
for treatment,

6.1.6 Documentation

Groundwater elevations and barcmetric pressure will be recorded electronically using un
automatic data logger. The monitoring point location, relative benchmark for depth
measurements, equipment used, and test identification number used in the data logger
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6.1.7

will be noted in the log book. Measurements of the flow rate and method of
measurement, and any manual water-fevel measurements, will be recorded in the
logbook. At the end of each test, the data stored 1n 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, personne! on
site, and any deviations from this work plan.

Data Evaluation

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

6.2 Infiltrometer Tests

In-situ infittrometer tests will be conducted in viscose basins 9, 10, and 11 to characterize
the macro-scale infiltration properties of the basins. The infiltrometer tests will be
performed in general accordance with ASTM Method D3385-94—Standard test method
for infiltration rate of soils in field using double-ring infiltcometer {provided in
Attachment A-3). This method will be madified to use large-diameter (0.5 1o 2 m),
single-ring tests, because double- rng tests tend to overestimate the infiltration rate
(Bouwer in Wl]mn et al. 1995). A total of nine tests will be performed—three tests in
each of viscose basins 9, 10, and 11—to account for heterogeneity within the basins.
Specific test locations will be selected in the field after completing a visua] examination
of the surface of each basin

6.2.1 Test Procedures

The ring di arnc:tf-r‘ for each test will be chosen to be large enough to incorporate

wrmblln y 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 will 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 (o testing. Mariotte tubes will be used to maintain 2
constant head in the infiltrometer. An equipment list for this test method is provided in
the ASTM rnethod.

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 forrat
in ASTM methodD3385-94, The volume of fluid that infiltrates during each measured
time interval will be converted to an incrernental infiltration velocily using the equations
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in the ASTM methad. 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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Supplement to the Quality Assurance Project Plan

This section presents information that supplements the QAPP (ERM 1999). The
information presented here 1s specific to this investigation and thus is not addressed in
detail i the QAPP. References to specific QAPP sections are provided, as necessary.

7.1 Project/Field Team Crganization

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 onsite activities will be conducted under the direction of the Field Team Leader
(FTL). A designated Field Task Manager (FITM) reporting to the FTL will be designated
for each sampling team and will be responsible for performing the specitic sampling
tasks and related sctivities in accordance with the QAPP and this FSAF. The Site Safety
Officer (350) will be responsible for ensuring complhance with the Exponent Health and
Safety Plan (HSP).

Two-person teams of experienced environmental sampling technicians will conduct the
groundwater/pore-water sampling. Each sampling team will have a designated 1'TM
responsible for implementing the requirements of the QAPP and this FSAP, including the
sampling activities (sample collection, identification, labeling, handling, packaging.
documentation and shipping), and for maintenance of a bound field notehook that
provides the FTL with daily reports of field tcam activities. Under the 8S07s direction,
the FTM will also be responsible for ensuring that the team implements the appropriate
health and sufety procedures at each sarmpling location.

The viscose basin borehole and termporary wellpoint installation will be performed by a
drilhing company with a registered contractor’s license in the State of Virginia, under the
direciton of a two-person Exponent team consisting of a hydrogeologist and a sampling
technician. The Exponent team will perform all sampling. The hydrogeologist will serve
as the FTM and will be responsible for conducting the investigation in accordance with
its stated objectives, completing the boring fogs and field log book, and conducting health
and safety monitoring during sampling activities under the direction of the SSO or
designee. The sampling technician will 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
DQIs for bias, precision, and cormpleteness. Quantification limits for the methods for
VOCs, SVOUTs, 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 sarnple containers with preservatives, as appropriate tor specific analyses, will be
provided by the analytical laboratory (i.e., LLI). Table A-4 summarizes the types and
sizes of sample containers, preservattve requirernents, and holding times for the unalytes
for this field investigation.

To address the majority of the DQOs presented in Section 2.2, 100 percent of the samples
for anatysis of Target Level IV analytes will be collected. Broken or lost sammples will be
replaced. Furthermore, if a well cannot be sampled due to damage, the well will be
repaired ot replaced, or an alternative. represemtative 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 Docurmentation of Field Activities

A record of field activities will be maintained wsing 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 field notebooks and field data forms will be
maintained by the FTL or designee. All field records, data, field notebook pages,
SOCISAR torms, drilling logs, and other reports will be sent to the Project Manager at
the completion of field activities for inclusion in the project files.

The FTL or designee, us appropriate, will maintain a record of field activities i a bound.
weatherproof field notebook(s). All appropriate information related 1o sampling
activities must be recorded in the field notebook.

At the end of each day, the FTL or designee will review the documentation for accuracy
and completeness. If problems are noted, the appropriate FTM(s) will be directed to
address them. In addition, the SSO will 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 corapleted by the FTL. This field audit will
occur during the groundwater sampling event,

7.5 Decontamination
Prior to mobilizing to the site to conduct ground water sampling, all bailers will be
decontaminated off site at Exponent’s laboratory in Boulder, Colorado using the
fellowing procedure:
» Potable water rinse
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¢ Liquinox detergent wash

» Potable water rinse

s 10 percent nitric acid solution rinse

¢ Distilled or deionized water rinse

+  Methanol rinse

e Deionized water rinse

s Airdry

s Butcher paper wrap.
All purging and sampling equipraent to be used at multiple sarpling locations will be
decontarmninated in the field prior to beginning purging and sampling activities, after use
in each monitoring well, and before leaving the Aviex site, All decontarination fluids
will be contained and tran ,pot1:=d 1o the viscose leachate digester (see Figure 2-5 of the

FS Work Plan) for disposal (water}, or will be disposed of according to local regulations
{acctone 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 will be decontaminated per SOP 19

Submersible pumps will be decontaminated by pumping a Liquinox sclution through the
pump and scrubbing the exterior of the purmnp with the Liquinox solution and a bristle
brush. The purmp will then be nnsed 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 ts designated for one-time use {e.g.,
tubing) will be properly packaged and disposed of, as deseribed below. Health a ﬂul saf ety
monitoring instruments will be decontaminated by wiping with a damp cloth. 1f gross
contamination of health and safety monitoring instruments is likely, the instruments will
be wrapped in plastic bags prior to use.

All sampling personnel will pass through a Contamination Reduction Zone chat 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 :;amp]u ng 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 and drilling and sampling tools (spht-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
leaves the site. Decontamination will be performmed at a temporary decontamination pad,
located near the dnilling ng. Water generated from decontamination will be contained
and staged in a designated area.

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

7.6 Management of Investigation-Derivec Wastes

All water generated during well purging and equipment decontamination will be
collecred in an appropriate container. and transported and discharged to the viscose
leachate digester. Large volumes of water (e.g., drilling fluids and development/purge
water) will be collected in a tiuck- or trailer-mounted containment systemn (e.g., a Baker
tank}, which will be periodically drained to the viscose leachate digester. A contractor
certified tor 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 that are derived from any well/wellpoint will be
appropriately contained and labeled for temporary onsite storage until the material can be
identified and disposed of properly.

Contaminated persenal protective equipment (PPE) and disposable sampling equiprnent
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 lebeled PPE and disposable
sampling equipment will be stored in the designated onsite storage area until it 1s properly
characterized and disposed of oftsite. Solid wastes generated during the investigation
(e.g., paper towels and PPE) will 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 landfill.

Waste viscose and soil generated during the drilling in viscose basins 9, 10, and 11 will
remain where it is generated (i.e., on the surface of the basins). Upon completion of each
borehole, the solids will be spread out over the basin surface, such that the surface will be
returnad 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 and transported and deposited on the surface of viscose basin 9, 10, or 11,

7.7 Site Health and Safety Procedures

Specific health and safety procedures for this field investigation are presented in a site-
wide health and safety plan (FMC 2000) and a health and safety plan addendum
(Attachment A-1). All field staff will be supplied with copies of both documents and will
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receive onsite training on the existing hazards and safety procedures before the field
activities begin.
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Figure A-Gc. Analyses in existing
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Table A-7. lLaboratory shipping addresses

Contact information

Exponent Tesling Laboratory
Attention: Larry Peterson
4540 Pearl East Circle,

Suile 300

Boulder, GO 80301

(303) 444-7270

MeMillian-McGige
Abtantion: Bruce Mclhes
Star Building

3504 &4th Avenue, S.E.

Calgary, Alberta, Canada T2C 1F4

(403) 686-7186

Srmartworm Technalogy, Inc.
Reg Fenaud

28281 Silverado Canyon Road
P.O. Box 792

Silverado, CA 92676-0792
(714) 583-9676

Frontier Geostiences
Attenticn: Dirk Wallschlaeger
414 Pontiuz North

Seattle, WA 98109

(2086) B22-6960

RJ LLee Group, Inc.
350 Hochberg Fload
Monroeville, P& 15146
(724) 3251776

University of Colorado
Attention: John Drexler

Benson Earth Sciences Building
2200 Colorado Avenue

Boulder, CO 80209

(303} 4925251

GieoSyrtec Consulants
Atertion: Paul Sabatini
1100 Lake Heamn Drive,
Suite 200

MAlanta, GA 30342
(404) 705-3500

Columbia Anahtical Services
Attention: Joe Wiegel

1317 South 131h Avenue
P.C. Box 479

Kelso, WA 98626
1-800-605-7222

Lancaster Laboratories, Inc.
Attention: Kay Heower

2425 Holland Pike
Lancaster, P& 17601

(713) 653-2308 Ext. 1528

ZMprojects\A20 Front Royalproject documents\Tables'lab_contacts. xls Sheet! 7/13/00 9 55 PM
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Table A-9. Methods for materials/geotechnical properties testing, chemical
characterization testing, and laboratory treatability testing

Target Analytical Data Validation
Test Type Cyption IMtatrix Level Method Lab?
Materials/Geotechnical Properlies
Field capacity | Viscose 4 ASTM DE298 GEO
Wilting point il Viscose 4 ASTM Di529E GEQ
Vertical hydrautic conductivity 1l Viscose/Cverburden 4 ASTM D35084 GEO
Specific grawvity (particle densily) n Viscose 4 ASTM D854 GEC
Porosity mn Viscose 4 Calculation® GED
Moisture content i Viscose 4 ASTM D2216 GEO
Bulk density i Viscose 4 ASTM 02937 GEQ
Consolidation tests® ] Viscose 4 ASTM D2435-96 GEOQ
Vane shear tesl i Viscose 4 ASTM D4648-94 GEO
Chemical Source Characterization _
Free and bound C&, analysis 13 Viscose 4 Altachment 9 CAS
Hydroxide liberation tests ] Viscose 4 Attachment 10 EBL
Laboratary Treatabilily Testing
Chemical oxidation tests i Viscose 4 LTAP EBL
WVermicullure treatment tests n Viscose 4 LTAP EBL
Direct electrical resistance heating tests 1t Viscose 4 Attachment 4 AHA/MCZ
Handling improvement tests lit Viscose 4 LTAP EBL

Note: With the exception of the consolidation test samples, which will be collected with a 2-ft Shelby Tubse,
all samples will be collected using B-in. or 12-in. staintess stael split-spoon sampler liners.
All samples will be sealed with plastic end caps and Teflon lape.
LTAP - procedures wil be developed and presented in a Laboralory Testing and Analysis Plan

? Lab abbreviations are as follows:
AHS&  Applied Hydrology Associates, Inc.
CAS  Columbia Analytical Services
EBL  Exponent Boulder Lab
GEO  GeoSyntec Consultants
MC2  McMillian-McGee
P Porosity= 1-{bulk density/particle density)
¢ 3-inch diameter core

bouldenprojects A20_Front RoyahData\Tables_Round2y sampling xls Methods 6/12/00 8:57 PM
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Table A-10. Quantitation limits for volatile organic compounds

Water Water Soit Soil
MDL MRL MDL MRL
Anaiyle {rrg/l) (/L) (1r9/kg) (ug/ky)
Acetone 6 20 7 20
Benzene 1 5 1 5
Bromodichlgromethane 1 5 2 5
Bromatorm 1 5 1 5
Bromomethane 3 b 3 ]
2-Butanons 3 10 7 10
Carbon disulfide 3 5 3 5
Carbon tetrachicride ] 5 1 5
Chlorchenzene 1 5 1 5
Chloroethane 3 5 3 &
Chloroform 1 5 1 L]
Chloromethane 3 5 2 5
cis-1,3-Dichloropropene i 5 1 =]
trans -1, 3-Dichloropropene 1 5 1 5
Dibromochloromethane 2 5 1 5
1,1-Dichloroethane 2 5 1 5
1,2-Dichloroethane 2 5 2 5
1,1-Dichloreethene 1 5 2 5
1,2-Dichloroethene (total) 2 b 2 5
1,2-Dichloropropane i 5 3 5
Ethylbenzene 2 5 1 5
2-Hexanona 7 10 3 10
Methylene chloride 2 5 2 5
4-Methyl-2-pentancne 5 10 3 i0
Styrene 1 5 1 5
1,1,2,2-Tetrachlorosthane 2 5 1 5
Tetrachlorogthene 1 5 1 5
Tolueng 2 5 1 5
1,1,1-Trichlorcethane 1 5 1 5
1,1.2-Trichlorcethane 2 5 2 5
Trichlorcethene 1 5 1 5
Viny! chloride 2 5 2 5
Xylenes (tolal) 1 5 1 5

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

houtderprojects\A20_Front RoyalProject Docurnents'Tables\WMC SAF this xls A-10 BM12/00 8:39 FM
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Table A-11. Quantitation limits for semi-volatile organic compounds

Watar Waler Soil Soil
MDL MRL. M- MRAL.

Analyte (g/l) {rgr) (k) (tg'kq)
Acenaphthene 1 10 33 330
Acenaphthylene 1 10 33 330
Anthracene 1 10 a3 330
Benzo{alanthracene 1 10 33 330
Benzo(b)flucranthene 1 10 33 330
Benzo(k)fluoranthane 1 10 33 330
kis(2-Chloroethoxyymethane 1 10 &7 330
bis(2-chloroethyljether 1 10 83 330
bisi2-athylhexyl)phthalate 2 10 &7 330
4-Bremophenyl-phanylether 2 10 33 330
Butylhenzylphthalate 2 10 67 330
di-n-Butylphthalate 2 10 67 330
Carbazole 3 10 33 330
4-Chloroaniline 1 10 67 330
4-Chloro-3-methylphenol 1 10 67 330
2-Chloronaphithalene 1 10 33 330
2-Chlorophenol 1 10 a3 330
4-Chlorophenyl-phenyl ether 1 10 a3 330
Chrysene 1 10 a3 330
Dibenzofuran 1 10 33 330
1,2-Dichlorobenzene 1 10 33 330
1,3-Dichlorobenzene 1 10 a3 330
1,4-Dichlorobenzene 1 10 33 330
3, 3-Dichlorobenzidine 2 10 67 670
2 4-Bichiorophenaol 1 10 67 330
Digthylphthalate 2 10 67 330
2. 4-Dimzthylphenol 1 10 67 330
Dimethylprthalate 2 10 67 330
4,6-Dinitro-2-methylpheno! 5 25 170 830
2.4-Dinitrophenot 20 60 670 2000
2.4-Dinitrotoluene 1 10 33 330
2,6-Dinitrotoluene 2 10 33 330
Fluoranthene 1 10 33 330
Fluorene 1 10 KK 330
Hexachlorobenzane P 10 33 330
Hexachlorobutadiene z 10 67 330
Hexachlorocyclopentadiens 5 25 170 670
Hexachlorosthane 1 10 33 330
Isophiorone 1 10 33 330
2-Methylnaphthalene 1 10 33 330
2-Methyphenol 1 10 33 330
4-Methylphenol 3 10 67 330
MNaphthalene 1 10 33 330
2-Mitroaniline 2 10 a7 330
3-Nitroaniline 2 1¢ 67 330
4-Mitroaniling 2 10 67 330
Mitrabenzene 1 10 33 330
2-Nitrophenol 1 10 67 330
4-Nitrophenol 10 50 170 830
n-Nitroso-di-n-proplyamine 1 10 33 330
n-Nitroso-diphenylamine 1 10 33 330
di-n-Octylphthalate 2 10 67 330
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Table A-11. (cont.)

Water Walter Sail Soil
MDL MRL DL MRL

Analyts gL {gfL) (1g/kg) (k) -
2,2-Cybis {1-chlaropropane) 1 10 33 330
Pentachlorophenaol ) 25 170 330
Phenanthrens 1 10 a3 330
Phenol 1 10 67 330
Pyreng i 10 33 330
1,2,4-Trichlorobenzene 1 10 33 330
2,4.5-Trichlorophenol 2 10 &7 330
2,4,6-Trichlorophenol 2 10 &7 330

Note: MDL - method detection lirit
MRL - method reporting limit
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Table A-12. GQuantitation limits for PCBs

Water 'Water

MDL MRAL

Compound (g/L) (/L)
Aroclor® 1016 0.1 0.5
Aroclor™ 1221 0.1 0.5
Aroclor® 1232 0.1 0.5
Aroclor® 1242 0.1 0.5
Aroclor® 1248 0.1 0.5
Aroclor® 1254 0.1 0.5
Aroclor® 1280 0.1 0.5

Mote: MDL - method detection limit
MRAL - method reporting lirmit
PCB - polychlarinated biphenyl
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Table A-13. Quantitation limits for organochlorine pesticides

Water Water

MDL MRL
Compound {ug/ly (wg/Ly
Aldrin 0.002 0.01
o-BHC 0.002 0.01
B-BHGC 0.002 0.01
v-BHC 0.002 0.01
5-BHC 0.002 0.01
a-Chlordane 0.002 0.01
y-Chlordane 0.002 0.01
p'p-DDE 0.004 0.02
p'p’-DOT 0.004 0.02
p'p-DOT 0.004 0.02
Dieldrin 0.004 0.02
Endosulfan | 0.004 0.02
Endosulfan 1l 0.002 0.01
Endosulfan sulfate 0.004 0.02
Endrin 0.004 0.02
Endrin aldehyde 0.004 0.02
Endrin ketone 0.004 0.02
Heptachlor 0.002 .01
Heptachlor epoxide 0.002 .01
Methoxychlor 0.02 0.1
Toxaphene 0.2 1

Note: MDL - method detection limit
MRL. - method reporting limit
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Table A-14. Quantitation limits for TAL inorganics

Waler Water Soll Soil

ML MRL. MDL MRAL
Analyte (mgfL) {mg/L) (mo'kg) {mg/ke)
Alumirium 0.077 0.2 2.5 30
Antimony 0.0084 * 0.01 2 0.54 1
Arsenic 0.00115° 0.010° 0.25 1
Barium 0.0022 0.1 0.19 10
Beryllium 0.0019 .01 0.13 0.5
Cadmium 0.00031 ? 0.0015 ® 0.76 0.1
Calcium 0.044 0.2 5 30
Chrormiurn 0.0017 ° 0.003 ® 0.084 0.5
Cobalt 0.0056 0.05 0.63 5
Copper 0.0035 0.025 0.32 4
Cyaride 0.004 ¢ 0.005 © 0.18 © 05°
fron 0.011 0.1 18 20
Lead 0.0079 * 0o1? 0.53 1
Magnesium 0.08 .1 6.7 25
Manganese 0.0026 .01 0.25 2
Mercury 0.0001 ¢ 0.0002 ° 0.015 ° 0.1°
Nickel 0.0066 .05 1.7 3]
Potassium 0.199 0.5 22 50
Selenium 0.0044 ° 001 °® 0.45 1
Silver €.0056 0.02 0.23 2
Sodium 0.109 0.6 7.4 100
Thallium 0.0082 * 002 °® 0.63 2
Vanadium 0.0034 002 0.183 ¢
Zine 0.0047 0.025 1.4 10

Note: TAL - targst analyle list
2By EFA Method 60108 Trace
® By EFA Method 7060A

By EPA Method 335.2

4By EFA Method 7470A

°By EFA Method 74714
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Table A-15. Method reporting and detection limits for conventional analyles

Water Water Soil Seil
MDL. MRL MDIL MRL.

Analyte Method (mg/L) (rng/L) {mg/kg) (rmg/kg)
Alkalinity EFPA 310.1 0.37 i -
Ammania nitrogen EFA 350.2 015 1 5.2 20
Chloride EPA& 3000 1.5 2 15 20
Sulfate EPA 300.0 1.5 5 15 50
Silica EFA 3701 0.024 Q.1 2 - *
Total dissolved solids EFPA 160.2 6.14 30 --
Percent sclids EFA 160.3 -- -
Specific gravity (density)  ASTM 1429-95 - -
Hexavalent chromium EPA 7196A 2.003 0.01 013 1
Arsenic (Hl /7 V) EPA 1532A 00001 /.00002 00005 /7 .0001 -
CoD EFA 410.4 65.41 50 as
Note: -~ - not applicable

CCOD - chemical oxygen demand

EPA - U.S. Environmental Protection Agency
MDL. - method detection limit

MRL - method reporting limit

? Lirnit depends on armount of sample used in analysis.
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Health and Safety Plan Addendurn
to the
Site-Wide Health and Safety Plan for the Avtex Fibers
Superfund Site, Front Royal, Virginia

Introcluction

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 sile information,
including the location, contacts, background, scope of work, site visitor requirernents,
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 will be required
to conform to the requirements of the Site-Wide HASP and the additional task-specific
requirements contained in this addendum.

This addendum was prepared to address health and safery issues for field work outlincd
in the Exponent Field Sampling and Analysis Plan (FSAP), to which this HASP 1s
appended. The following field activities are covered by this addendum:

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

o  Groundwater sampling downgradient of the plant area using a
Geoq:nrobc:® g

o Site-wide groundwater sampling and collection of water-level
easurernents

o  Wellpoint installation and pore-water sampling; and collection of selid
samples within viscose basins 9, 10, and 11 using a hollow-stem auger
dnil rig

o  Hydvological testing (single-well pump tests and infillrometer tests) at
viscose basing 9, 10, and 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 I " (-n -
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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 tngestion include bis(2-ethylhexyl) phthalate, polychlorinated
biphenyls (PCEBs; plant area only), metals, and cyanide. The risk of chemical exposures
for workers perferming field activities within viscose basins @, 10, and 11 is greater than
for those performing work cutside the basins, due to the potential for prolonged contact
with the waste viscose. For this reason, requirements for use of personal protective
equipment (PPE) 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, and hazards associated with

. R - ® .
working around a drill rig and Geoprobe™ rig.

Health and 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 and safety procedures. The
SSO or assistant will also survey all drilling 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 S5O or assistant shall
conduct a field safety meeting pricr to or at the end of each day’s field work to
cormmunicate 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 contatned in this
docurnent. The FTL is responsible for conducting and recording the results of all air
monitoring for site cherntcal hazards. Monitoring shall be conducted at the start of each
day, when a new borehole is started, or when a new groundwater well is sampled. Air
monitoring shall be conducted at a frequency that ensures an appropriate level of personal
protection.

Site Communications

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 S50 will be performed at the beginning of
each day and periodically throughout the day. Radio checks will be documented in the
SS0’s site log book.

boulderl/dala/groLpsproductions 3500820, 002
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Worlk Zones

Exclusion zones will be established with stakes, flagging, and/or cones so that a 10-foor
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 will be placed immediately adjacent to
the exclusion zone. The support zone will consist of all areas outside the exclusion and
contaminate reduction zone.

Heat 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 will be monitored using the employee’s heart rate and body temperature,
following the procedures in SOP 420 (attached). In an effort to prevent heat stress, shade
tarps will be used where feasible to shield workers from the sun. If needed, cooi vests
may be used undemeath PPE coveralls.

An important factor in preventing heat stress 1s ensuring that workers are drinking
enough water to replenish body fluids lost through sweating. Too ensure that employces
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 botiles 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 and discarded. Al partially consumed waler
bottles will be discarded and should not be pluced back into the water cooler.

Personal Protective Equipment

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

Personal Protective Clothing

The modified level D and Tevel C equipment lists for all field activities, excluding sample
handling and decontamination, will include rubber safety-toed boots, polyethylene-coated
Tyvek® QC coveralls (hooded), and 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 will use the equipment described
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above, with the exception of the gloves. Personnel handling samples will use outer nitrile
gloves (6 mil} with i inner latex gloves. Staff involved in decontamination activities will
use North SilverShield® gloves.

Respiratory Protection

Modified level D protective equipment is expt‘c‘tt*d 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-purifving respirators will be available for each employee. The full-face 1 13:>pi1':3.l:c:nrs.
will be equipped with organic vapor/acid gas/P95 particulate filter cartridges. Upen
finalization of the project schedule and selection of the project field team, a memo will be
attached to this addendurn 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 not expected nor covered by this HASP addendum, 1If air rnonitoring
indicates that Level B work is needed, and engineering controls (1.¢., fans) are not
effective in reducing concentrations to Modified I} or C action levels, then the area will
be vacated and an alternative plan will be developed to safely complete the work activity.

Personal Air Monitoring

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

ems used O monitor chemical exposure onsite

Site Chemicals

Monitoring Instrument.

Carbon disuliide,
acetona, and rminor
organic cCompouncs
present onsite

Hydrogen sulfide and
combustible gases

Total dust {(assumed 1o
be equal to total
respirable dust for this
project); BEHP, PCBs
and metals present in
dust

Hydrogen sulfide and
methylene chloride

Carbon disulfide

Carbon disulfide and
hydrogen sulfide

Photovac MicreTip HL-2000 (10.6 ev lamp) photo ionization
detector {FID} calibrated to 100 ppn isobutylene gas and
programmed 1o a response fat.tor (HF) of 1.4 {carbon
disulfide). Note: acetone RF = 1.2, hydroger: sulfide RF = 3.7

Industrial Scientific Corporation ATX6E12 mulli-gas monitor
{02, lower explosive limit or LEL, H,S, CO)

MIE minirarn

Sensidyne® gas sampling system with chemical-specific
detector tubes

Drager pump and detector tubes

Chromair™ colorimedric badges (8-hr TWA concentrations)

Aoukiartilata/groups/productions 8800a20.002
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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 (PID), multi-gas meter, and MIE miniram
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 will be outfitted initially 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 surnmarized in the following table, along with procedures 1o address
action-level exceedances. The action level for respirable dust has been lowered to

4 mg/ m’ (OSHA PEL =5 mg/:rrf), because this is the concentration of dust in air where
fead 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.

Drilling 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 will be performed for all drill holes
prior to the start of the field investigation. Drill rigs and field sampling activities shall he
situated such that the borehole is located downwind of all staff. This will minimize the
potential for chemical exposure and will direct volatiles and gases away from workers.

In an event of a drill g collapse, the drill tig operator will shut down the drill rig (if it
can be performed safely) and the field staff will contact the S5O, The 55O will inform
the site manager and initiate emergency response proceduares, 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
rernain in park until the operator can visually account for all field staff, who will
assemble on the driver’s side of the rig.

. ) Y -
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_Action levels to guide the selection of PPE levels

Monitering Cempound Action Level Response

Instriknent

Multi-gas meter Hydrogen =10 ppm Leave area (go upwind) and
(setalarm at 10 stlfide attempt lo vertilate wark area.
pprn) still greater than 10 ppm, then

leave work area and contact site
safety officer.

Multi-gas rmetar Combustible 10%-—-20% of LEL Use non-sparking tools and

{setf alarm at 10% gas (applicable continue to monitor.

of LEL) to driliing only)

Multi-gas metar Combustible 220% of LEL Shut down drill rig and leave area

{set alarm at 10% aas (applicabla (g0 upwind). Attempt to ventilate

of LIEL) to drilling only) the work area. If concentrations
do not dissipate, stay clear of the

)

work ares and contact the S50,

MIE miniram st 24 mg/m® Upgrads to Level C,

MIE miniram Dust 2400 mg/m® Leave site and contact S80.

P10 Carbon =10 ppm Lse a detector tube 1o determine
disulfide the concentration of methylene

chloride and carbon disulficde. If
carbon disulfide is between

10 pprn and 60 ppm and
methylene chloride is less than
25 ppm, then upgrade to |.evel C
and continue working.

Draeger tubes Carbon 260 ppm Leave site ang contact the S50,
disulfide

Sensicyne® tubes Methylene 225 pprn Leave site and contact the 550,
chloride

Chromairm Carbon »10 ppm Upgrade to level C for the

olorimetric badge disutfide concentration in remaindar of the task work activity.

<8 hours
Chromair™ Hydrogen =10 pprn Leave site for the day and contact
colorimetric badge  sullide concentration in the S50,

«<8 hours
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Standard Operating Procedure

Heat Stress Prevention And Monitoring
SOP 420

Introduction

Heat stress peses a serious threat to the health of workers conducting hazardous material
or chemical mvestigations 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 and cool the body,
Depending on ambient conditions, the work being performed, and other factors, heat
stress may affect workers at temperatures as low as 70°F (adjusted for hurmidity and
sunlight, see Monitoring for Heat Stress, below) and can occur rapidly, with workers

suffering acute symptoms in fess than 15 minutes. Even relatively minor symptorns of
heat stress can result in impaired functional ability, threatening the safety of the worker
and his or her companions. Thus, heat stress can present as great a health risk to workers
as chemical hazards or traditional physical hazards such as falling ebjects and confined
spaces. This SOP presents information on heat-related iflnesses, factors that influence
heat stress, monitoring for heat stress, and heat stress prevention.

Heat-Felated llinesses

A common factor in heat-related 1llnesses is the failure of the worker to recognize the
syrmptoms of heat stress. All personnel should become familiar with the svmptorns 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
rarly 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, and 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

Cisorder

v v
Lause

Signs

Treatrment

Heat rash

Heal syncope

Heal cramps

Heat exthaustion

Heat stroke

Heavy sweating, drinking
large volumes of water
without replacing salt 1oss

LLack of acclimatization,
pooling of blood in the
legs

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

Sustained exartion ir
heat, laclk of
acclimatization, failure 1o
replace water andfor sall

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

Profuse tiny raisec
vesicles, prickly skin

Fainting while standing,
immahile in heat

Painful spasms of
rmuscies used during
worlg; cool, moist skin

Fatigue, nausea,
headache, moist and
clammy skin, pale
complexion, delirium,
diarrhea, cramps

Headache; rapid pulse;
dizziness; nausea;
confusion; convylsions;
flushed, dry skiry; high
hody ternperature; loss
of consciousness; coma

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

Rernove 10 cooler area

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

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

Call emergency medical
services (often 911)
immediately; place the
warker in a cool, shady
area; remove their
clothing, thern sprinkle
their entire body with cool
water; also cool by
fanning; treat for shock

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 rmedlical
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
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include a proper work regimen and the intake of adequate replacement fluids and electro-
Iytes.

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
a 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.

Waorkers who have acclimated to working in hot climates or in PPE will be tess likely to
suffer heat stress. Acclimated individuals typically have lower heart rates and body
temperatures than nonacclimated 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 Institute
of Occupational Safety and Health (NIOSH) recommends a progressive 0-day regiren 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 hot 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 fit, younger worker.
Thus, physical fitness is a more significant factor than age when determining an
individual’s work capacity., Weight is usually a significant factor when determining the
ability of an individual to work in a heated environment because overweight peopls have
a lower surface area to mass ratio and, thus, can not dissipate heat as well as shimrmer
people. Weight is not as significant a factor when wearing PPE, as the impermeable
garments tmpede the dissipation of body heat regardless of the individual’s weight.

Monitoring For Heat Stress

To ensure the safety of workers wearing impermeable or sernipermeable encapsulating
PPE, NIOSH recommends that 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, shiclded 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 AR301988
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(80-+[13x0.80]==90.4). The effect of heat 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.

TABLE 420-2. SUGGESTED FREGQUE
FOR FIT AND ACCLIMATIZ

NCY OF PHYSIOLOGICAL MONITORING
D WORKERS"

Adjusted Air Temperatu re” Normal Work Ensemble® Impermeabls Ensemble
90°F or above After each 45 minutes of work After each 15 minutes of work
(32.2°C)
87.5°--00°F After each 60 minutes of work After each 30 minutes of work
(30.8°-32.2°C
82 5 87 50F After each 90 minutes of work After each 60 minutes of work
{28.1°-30.8°C)
77.5%-82.5%F After sach 120 minutes of work After each 90 minutes of work
(25.3°-28.1°C)
72.55--77.5F After each 150 minutes of work After each 120 minutes of work

(22.5°--25.3°C)

Source: NIOSH (1985).

? For work level of 250 kilocalories/hour (moderate work activity).

" Caleutate the adjusted air temperature {ta adj) by using this equation: ta adj °F = ta °F + (13 x
percent sunshine). Measure air temperature {a) with a standard, mercury-in-glass thermometer, with

the bulk 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 sunshing = no

cloud cover and sharp, distinct shadows; O percent sunshine = ne shadows).

© A normal work ensemble consists of cotton coveralls or other cotton clothing with long sleeves and
pants,

Heart Rate

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

o [f 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 beats/minute at the beginning of
the rest period, shortten the next work cycle by one-third and keep the
rest period the same

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

Exponent recommends the use of heart rate monitoring as the minimum heat stress
monitoring technique.

Body Temperature

To monitor the effect of heat stress on the worker using the body temperature method, the
worker should use a clinical 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:

* [fthe 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
periad, shorten the next work cycle by one-third and keep the rest
periad the same

o [f the body temperature exceeds 99.6°F at the beginning of the next
rest period, shorten the following work periodt by one-third

o If the body temperature exceeds 100.6°F at the beginning of any rest
period. the worker should not be permitted to wear impermcable
clothing.

Body Water 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 within 0.23 |b 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 wearing sirnilar clothing or, for greatest accuracy, when nude.
Fluctuations in weight (between the beginning of the shift and end of the shift) 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.

420-5
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Electronic Monitors

Electronic monitors that constantly monitor a worker’s heart rate and 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 programuned 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 (wom 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
imrediately. 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
:an 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 rernain 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.

Heat Stress Prevention

Several means are available to decrease or prevent the effects of heat 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 heat 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.

Enginecring methods may be used to cool workers regardless of the time of day. These
methods frequently involve the use of cool vests (ice packs wormn under FPE 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 1o prevent heat stress include
erecting a shelter to protect workers from direct sunlight or the circuslation 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 1o 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 decontaminarion and 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). The sensation of thirst is not
a reliable indicator of fluid loss. When heavy sweating occurs, it is essential that workers
increase their fluid intake. The foltowing guidelines may be useful:

=i
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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 @
total of 1--1.5 gal of fluids/day, altheugh a greater quantity may be
required.

Scheduling rest periods to break up work periods is essential 1o 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 18 1o use the
guidelines for physiological monitoring provided in Table 420-2 to schedule the inital
work period, then vary the length of the break and the next work period based on the
physiological responses of individual workers to the work lead. If the workers are
engaged in strenuous activities, are not acclimated to the work environrnent, or are not in
peak physical condition, the work interval should be shortened significuntly, 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
notifving coworkers of his or her condition and taking whatever measures may be
necessary 1o alleviate 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 and health guidance manual for hazardous waste site
activities. Prepared by the National Institute 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,
Pubtic Health Service, Public Health Service, Centers for Disease Control, National
Institute for Occupational Safety and Health, Washington, DC.
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‘ponent’

Heat Stress Monitoring Record

Project Title/Numbet

Site Name/Location o

Tirme Work Started Initial Temperature o Fooe

Adjusted temperature at hour: [= Ambient air temp + (13 x % sunshine)|
% sunshine = estimate based on: 1007% = no cloud cover, distnct shadows; 0% = ng shadows

v

I.  Time of break
2. Heart rabbody (emperature
3. ie, break lengthened, coolb vests waorn, etc.

Data collected by

Print name Signature
Monitoring Guidelines
1. Heart rate-monitor the radial pulse Cwrist) as soon a5 possible at the beginning of the test period.

If the rate exceeds 110 beats per minute, shorten the next work cycla by one-third and keep the rest period the
same.

If the hear race still exceeds 110 heats per minate an the next rest period. shorten the following work one-third.

w9

Body tomperature--use & clinical thermometer for 3 minutes under the tongue to measure oral
temperature or an car thermameter wnmediately following the work period (hefore drinking).

If the temperature exceeds 99.6° F (37.6° C), shorten the next wiork cycle by ene—third withoul changing the rest
period.

If oral temperature still exceeds 99.6° F (37.6° C), al the heginning of the next rest period, shorten the tellowing
work cycle by one—third.

If the temperature exceeds 100.6° F (38.1°C). do not permit the worker o wear an impernmeable garnment.
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Example Borehole Log and

.

Well Construction Diagram
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MONITORING WELL
CONSTRUCT

Projact Name

ION DIAGRAM

Eponent

Contract No,

Well Location

Muonitoring Well No.

Installed By

Iethod of Installation

Instellation: Date _________ . YTime _____ .

Total Depth (/)

Screenad Interval

Weasuremant Rlisar --------- ‘

{abovesbielow) Ground
(R, MSL)

---------------------- Elevation e Ttnafnl‘VVEﬂll=ipn:

IDIMype of Surfaca Casing

Type of Suiface Seal

IDfType of Riser Pipe |

.

Type of BackAl/Quiantity

! bags

Type of Seal/Quantity

! bags

Canfrafizers at

Typo of Fitler Pack/Cuantily

f bags

Diameter of Boring

inches

Type/Depth of Bacikil/Seal
below Wall

Comments

L=l
Ground Elevation . ____ (ft, MSL)
Depth of Surface Seal __________ (R)
Depth of Seal __________ ()
Depti of Top of Filter Pack __________ (f
Depth of Top of Screen _________ ()
{0 Typea of Sereen ________
Screen SlotStze __________
I Type of Surface Casing
Depth of Botiom of Screen ________ (")
Depth of Botiom of Plugged
Blank Casing __________ (ft)
Depthof Boring __________ (M

MiA COMSTR. DIAGRAM.M7 V98 WA
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Standard Test Method for

Infiltration Rate of Soils in Field Using Double-Ring

infiltrometer?

This standard is issusd under the fixed designation 12 3385; the number immediately following the designation indicates the year of
original adoption or, iu the case of revision, the year off last revision. A nurnber in paneetheses indicates the vear of last reapproval. &
superscripn epsilon {e) indicates an editodial change since the last revision or reapproval.

This standard has been agproved for use by agencies of the Department of Defense. Consult the Do) Index of Specifications and
Standards for the specific year af (tsue which has been adopted by the Deparimeny of Defense.

1. Scope _

1.1 This test raethod describes a procedure for field
measurerzent of the rate of infiltration of liquid (typically
water) into soils using double-ring infiltrometer.

1.2 Scils should be regarded as matural occurting fine or

coarse-grained soils or processed materials or mixtures of

patural soils and processed materials, or other porous
waterials, and which are basically insoluble and are in
secordance with requirements of 1.5.

1.3 This test method is particularly applicable to retatively
pniform fine-grained soils, with an absence of very plastic
(fat) clays and gravel-size particles and with moderate to low
pesistance to ring penetration.

1.4 This test rmethod may be conducted at the ground
sarface or at given depths in pits, and on bare soil or with
vegetation in place, depending on the conditions for which
infiltration rates are desired. However, this test method
casnot be conducted where the test surface is below the

ound water table or perched water table.

1.5 This test method is difficult to use or the resultant
data may be unreliable, or both, in very pervious or
impervious $oils (soils with a hydraulic conductivity greater
than about 10™2 cmyfs or less than about | % 1075 ¢cm/s) or in
ey or stiff scils that most likely will fracture when the rings
ae installed. For soils with hydraujic conductivity less than 1
X 107% cma/fs refer to Test Method D 5093,

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

I L7 The values stated in 81 units are to be regarded as the
P osandard.

L8 This standard does not purport to address all of the
safety concerns, if any, associated with its wse. It is the
responsibility of the user of this standard to establish appro-
rriate safety and health practices and determine the applica-
bifiry of regulatory limitations prior to use.

2 Referenced Documents
LY ASTM Standards:

'Il; Ih:lis test method is under the jurisdiction ef ASTM Committee D18 on Soil
My IRﬂtl:k: and is the direct responsibility of Subcommitiee 1M 8.04 on Hydrologic
EGI‘II‘:; of Soil and Rock.
.";""‘Ht-bdiliio-n approved Sept, 15, 1994, Published November 1994, Originally
tahed as |3 3385 - 75, Last previows edition [ 3385 - BE.

T
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3653 Terminology Relating to Scil, Rock, and Contained
Fluids?

1452 Practice for Soil Investigation and Sampling by
Aunger Borings®

02216 Method for Laboratory Determination of Water
(Moisture) Content of Soil, Rock, and Soil-Aggregate
Mixtures

2488 Fractice for Description and ldentification of Soils
{Visual-Maaual Procedure)?

125093 Test Method for Field Measurement of Infiltration
Rate Using a Double-Ring Infiltrometer With a Sealed
Inner Ring?

3. Terminology

3.1 Definitions.

3L incremental infiltration velocity——the guantity of
flow per unit area over an increment of time. It has the same
units as the infiltration rate.

3.1.2 infiltration—the downward entry of liquid into the
soil,

3.3 infiltration rate-—a selected rate, based oo measuced
incremental infiltration velocities, at which liguid can enter
the s0il under specified conditions, including the presence of
an excess of liquid. It has the dimensions of velocity (that is,
cmtem™ 2 h™? = cm h™')

3.4 infilrrometer—a device for measuring the rate of
entry of liquid into a porous body, for example, water into
504l

3.1.5 For definitions of other terms used in this test
method, refer to Terminology 1 653,

4. Summary of Test Method

4.1 The double-ring infiltrometer method consists of
driving two open cylinders, one inside the other, into the
ground, partially filling the rings with water or other liquid,
and then maintaining the liguid at a constant jevel. The
vodume of liquid added to the inner ring, to maintain the
liquid tevel constant is the measure of the volume of liquid
that infiltrates the soil. The volume infiltrated during timed
intervals is converted to 2n incremental infiliration velocity,
usually expressed in centimetre per hour or inch per hour
and plotted versus elapsed time. The maximum-gteady state
or average incrementzl infiltration velocity, depending on
the purposefapplication of the test is equivalent 1o the
infiftration rate,

2 Anmaal Eook of ASTM Srandords, Yol 04.08.
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FIG. T Infittrometer Construction

5. Significance and Use
5.1 This test method is useful for fizld measurement of the

infiltration rate of soils. Infiltration rates have application 1o

such studies as liquid waste disposal, evaluation of potential
septic-tank disposal fields, leaching and drainage efficiencies,
irrigation requirements, water spreading and recharge, and
canal or reservoir leakage, among ather applicaticns.

5.2 Although the units of infiltration rate and hydraulic
conductivity of soils are similar, there is a distinct difference
between these two quantities. They cannot be directly refated
unless the hydraulic boundary conditions are known, such 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 ¢ promote one-
dimensional, vertical flow beneath the inner ring.

5.4 Many factors affect the infiltration rate, for example
the soil structure, soil layering, condition of the soil surface,
degree of saturation of the soil, chemical and physical nature
of the soil and of the applied liquid, head of the applied

liquid, temperature of the liquid, and diameter and depth of

embedment of rings.? Thus, tests made at the same site are
not likely to give identical results and the rate measured by
the test method described in this standard s primarily for
comparative use.

5.5 Some aspects of the test, such as the Jength of time the
tests should be conducted amd the head of lquid to 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

3 Phseussion of factors affecting infifiration rae is contained in the following
reference: Johnson, A, L, A Field Method for Measurement of tnjiliration, U.S.
Genlogical Survey Water-Supply Paper 1544-F, 1953, pp. 4-9.

mun (20 in.} high and having diameters of abouwt 300 and tsu"
mm {12 and 24 in.). Larger cylinders may be used, provig;
the ratio of the outer to inner cylinders is about tw,
Cvlinders can be made of 3-mm (Y-in), hard-alloy, g,
minur sheet or other material sufficiently strong to win
stand hard driving, with the bottom edge bevelled (sex

1). The bevelled edges shall be kept sharp. Stainless stev,
strong plastic rings may have to be used when working Wit
corrosive fluids,

alloy aluminum with centering pins around the edge, o)

preferably having a recessed groove about § mm (0.2 in)

deep with a width about 1 mm (0.035 in.) wider than thJ§

thickness of the ring. The diameters of the disks should by
slightly larger than those of the infiltrometer rings.

6.3 Driving Equipment-—A 3.5-kg {12-1b) mall or sledg
and a 600 or 90-mm (2 or 3-fi} length of wood approy

mately 50 by 100 mm or 100 by 100 mm (2 by 4 in. or 4 tyff

4 in.), or a jack and reaction of suitable size.

6.4 Depth Gage—-A hook gage, steel tape or rule, or langs
of steel or plastic rod poimied on one end, for uwse p
moeasuring and controlling the depth of liquid (head) in 1h
infilrometer ring, when either a graduated Mariotie tube o
autornatic flow control system is not used.

&.5 Spiash Guard--Several picces of rubber sheet o
burdap 150 mm (& i) square.

6.6 Rule or Tape-—Two-metre (6-Ft) steel tape or 300-z|

(1-t) steel rule.

6.7 Tamp-—Any device that is basically rigid, has a handk [
not less-than 550 mm (22 in.} in tength, and has a tacopio |

)

foot with an area ranging from 650 to 4000 mm? {1 10 6 in.
and a maximuom dimension of 15¢ mom (& in.). '
6.8 Shovels—One long-handled shovel and one trench-
spade.
69 Liquid Containers: -
6.9.1 One 200-L {55-gal) barrel for the main Heud
supply, along with a length of rubler hose to siphon liguid
from the barrel to fill the calibrated head tanks (see 6.9.3).
69.2 A I13-L (IZ2-qt) pail for initial filling of W
infiltrometers,
3.9.3 Two calibrated head tanks for measurement of

liquid flow during the test. These may be either graduated
cylinders or Mariotte tubes having a minimum volum
capacity of about 3000 mL (see Notes | and 2 and Fig. 2).

Wore 1--Jtis wseful 10 have one head tank vath a capacity of thet

times that of the other because the area of the annular space between the

rings is about three times that of the inner fing.

Mot I-—1n many cases, the volume capacity of these calibrated head
tarks must be significantly Larger than 3000 ml., especially if the rest ha
to continue overnight, Capacities of about 50 L (13 gal) would not be
WRCOMINON.

6.10 Liguid Supply--Water, or preferably, liquid of the
same quality and gemperature as that involved in the
problem being examined. The liquid used must be chemu
cally compatible with the infiltromeler rings and other
equipment used to contain the liquid,

Note 3-~To obtain maximum tnfiltmation rates, the liquid should
free from suspended solids and the temperature of the liquid should b
higher than the soil temperature. This will tend 10 avoid reduction o
infiltration fror blockage of voids by particles or gases coming out of
solution.
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FIG. 2

6.11 Watch or Stopwatch—--A stopwatch would only be
required for high infiltration 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 (muallet)

€.15 pH Paper, in 0.5 increments.

6.16 Recording Marerials—Record books and  graph
paper, or special forms with graph section (see Fig. 3 and Fig,
#)

6.17 Hand Auger-—--Orchard-type (barrel-type) auger with
T5rm (3-in.) diameter, 225-mm (9-in.) long barrel and a
mbber-headed. tire hammer for knocking sample out of the
auger, This apparatus is optional.

6.18 Flogr Vaives—Two constant level floar valves (car-
buretars or bob-Noat types) with support stands. This appa-
matus is optional.

§.19 Covers and Dummy Tests Ser-Up—For long-term
lests in which evapaoration of fluid from the infiltration rings
and unsealed reservoirs can occur {see 8.2.1).

T. Calibration

L1 Rings:

L1l Determine the area of each ring and the annular
fpace between rings before initial use and before reuse after
anything has cccurred, including repairs, which may affect
the test results significantly.

112 Determine the area using a measuring technigue
1fﬁrl‘erUt];u1:wwicIE:zntl overall accuracy of 1 %.

7.1.3 The area of the annular space between rings is equal
1o the internal area of the 600-mm (24-in.) ring minus the
xiernal area of the 300-mm (12-in.) ring.

333

Ring Installation and Mariotte Tube Details

1.2 Liguid Containers-—-For each graduated cylinder or
graduated Mariotte tube, estabiish the relationship between
the change in elevation of liguid (fluid) level and change in
volume of fluid. This relationship shall have an overall
accuracy of 1 %.

B. Procedure

8.1 Test Sire:

8.1.1 Establish the soil strata to be tested from the soi
profile derermined by the classification of soil samples frorr
an adjacent auger hole.

Noti 4---For the test results to be valid for soils below the test zone
the soil directly below the tes) rone st have egual or greater flow rates
than the test zone.

§.1.2 The test requires an arca of approximately 3 by 3
{10 by 10 1) accessible by a truck.

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

§.1.4 The test may be set up i a pit il infiltration rates are
desired at depth rather than at the surface.

8.2 Technical Precawtions:

£.2.1 For long-term tests, avoid unattended sites where
interference with test 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 1o
errors in the measured infiltration rate. Therefore, in such
tests, comypletely cover the lop 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
simifar test configuration (without any infiltration into the

AR302003
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FIG. 3 Data Form for Infiltration Test with Sample Data

soil) is less than 20 % of the infiltration rate being measured,

8.2.2 Make provisions to protect the test apparatus and
fluid from direct sunlight and temperature variations that are
large emough to affect the slow measurements significantly,
especially fior test durations greater than a few hours or those
umng.ahdm1uﬂa1ubt The expansion or contraction of the
air in the Mariotte tube above the water due to temperature
changes may cause changes in the rate of flow of the liquid
from the tube which will result in a fluctuating water level in
the infiltrometer rings

8.3 Driving Infiltration Rings with a Sledge:
g 1)

WNOTE 5-—Driving rings with a jack is preferred; see 8.4,

§.3.1 Place the driving cap on the outer ring and center it
thereon. Place the wood block (see 6.3) on the driving cap.

£.3.2 Drive the outer ring into the soil with blows of a
heavy sledge on the wood block to a depth that will (a)
prevent the test fluid from leaking to the ground surface
SllIIIJlJl](ilIlg, the r111gr and (b) be deeper than the depth to
which the inner ring will be driven. A depth of about 150
mtn {6 in.) is usually adequate. Use blows of medium force
to prevent fracturing of the soil surface. Move the wood

334

block around the edge of the driving cap every one or two |

blows so that the ring will penctrate the soil woiformaly, A/

second person standing on the wood block and driving cap
will usually facilitate driving the ring, and reduce vibrations
and disturbance.

8.3.3 Center the smaller ring inside the larger ring and
drive 10 a depth that will prevent leakage of the test fluid o
the ground surface surrounding the ring, using the same
technique as in 8.3.2. A depth of between about 50 and 100
mm (2 and 4 in.) is usunally adequaie

8.4 Driving Infiltration Rings with Jacks:

§.4.1 Use a heavy jack under the back end of a truck to
drive rings as an allernative 10 the sledge method (see 8.3).

8.4.2 Center the wood block across the driving cap of the
ring. Center a jack on the wood block. Place the top of the
jack and the assembled items vertically under the previously

pasitioned end of a truck body and apply force to the ring by

means of the jack and truck reaction. Also, tamp near the
edges or near the center of the ring with the rubber mallet, a
slight tamping and vibrations will reduce hang-ups ard
tilting of the ring.

8.4.3 Add additional weight to the truck if needed 10

4"
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develop sufficient force to drive the ring.

B.4.4 Check the rings with the level, correcting the atti-
tude of the rings to be vertical, as needed.

8.5 Tamping Disturbed Soil:

8.5.1 1f the surface of the soil surrounding the wall of the
rnngl(s) is excessively disturbed (signs of exiensive cracking,
excessive heave, and the like), reset the ring(s) using a
technigue that will minimize such disturbance.

3.5.2 1f the surface of the soil surrounding the wall of the
ring(s) is only slightly disturbed, tamp the disturbed soil
adjacent to the inside and outside wall of the ring(s) until the
soil Js as firm as it was prior o disturbance.

8.6 Maintaining Liquid Level:

8.6.1 There are basically three ways t0 maintain a con-
stant head (liquid level) within the inner ring and annular
space between the two rings: manually controlling the flow of
liquid, the use of constant-level float valves, or the use of a
Mariotte tube.

£.6.2 When manually controlling the flow of Hquid, a
lepth 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
sitnple point gage.

8.6.3 Install the depth g:ag.:s., constant-level wvalves, or
Mariotte tubes as shown in Fig. 2, and in such a manner that
the reference head will be at Jeast 25 mm (1 in.) and not
greater than 150 mun (6 in,). Select the head on the Dasis of
the permeability of the soil, the higher heads being required
for lewer permeability soils. Locate the depth gages near the
cenler of the center ring and midway between the two rings.

8.5.4 Cover the soil surface within the center ning and
between the two rings with splash guards (150-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 1o fill both rings with liquid to the same
desired depth in each ring. Do not record this initial velume
of liquid. Remove the splash guards.

8.6.6 Stant 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 anmular space to the nearest 2 mm (Y16 in.) using & ruler
or tape measure, Record these depths, [ the depths between
the inner ring and annular space varies rnore than 5 mm (%
i), raise the depth page, constant-level float valve, or
Marioite tube having the shallowes: depth,

£.6.7 Maintain the liquid level at the selected head in bath
the inner ring and annular space between rings as near as
possible throughout the test, to prevent flow of fluid from
one ring to the other,

NotE 6--This most Fhely will reguire either a continuing adjust-
ment of the flow control valve on the graduated ylinder, or the use of
constant-level fioat valves, A rapid change in ternperature may eliminate
use of the Mariotte tube,

8.7 Measurements:

8.7.¢ 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 the inner ring and
goastlar space during each Hoing interval by measuring the
change in elevation of liguid level in the appropriate
graduated cylinder or Mariotte tube. Also, record the tem-
perature of the liquid within the Inner ring,

8.7.3 Far average soils, record the volume of liquid used
at intervals of [5 min for the fiest hour, 30 min for the
second hour, and 40 min during the remainder of a period of
at teast 6 h, or until after a relatively consiant rate is
obtained.

8.7.4 The appropriate schedule of reaclings may be deter-
mined ouly through experience. For high-permeability roate-
rials, readings may be more frequent, while for low-perme-
ability materials, the reading interval may be 24 h or more.
In gny event, the volume of lquid vsed in any one reading
interval should not be less than approximately 25 crmd.

8.7.5 Place the driving cap or some other covering over
the rings during the intervals between liguid measurements
to roinimize evaporation {see 8.2.1).

8.7.6 Upon completion of the test, remove the rings from
the soil, assisted by light hammerning on the sides with a
rubber hammer.

9. Caleulations

9.1 Convert the volume of liquid used during each
measured time interval into an incremental infilteation
velocity for both the inner ring and annular space using the
foliowing equations:

9.1.1 For the inner ring calculate as follows:

Fig = AV pf{A e A

where:
Vig = inper ring incremental infiltration velocity, cm/h,
AVip = volume of liquid used during time interval to

maintain constant head in the inner ring, cm?,
Ay = internal area of inner ring, cm®, and
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Al = pirne interval, h.
9.1.2 For the annular space between rings calculate
follows:
Vi AV, A, 80

where:

¥, = aunular space incremental infiltration veio_.ey, o
h,

AV, = volume of liquid used during time interval
maintain constant head in the anaular space g
tween the rings, om?, and

A, = area of annular space between the rings, cm?

A

10. Report o

10.1 Report the following information in the mpori'.i
field records, or both:

10.1.1 Location of test site,

10.1.2 Dates of test, start and finish.

10.1.3 Weather conditions, start to finish,

10.1.4 Name(s) of technician(s),

10.1.5 Description of tes1 site, incheding boring profile, sy
Ll

10.L6 Type of liguid used in the test, along with e
liquid’s pH. If available, a full analysis of the liquid aly
should be recorded. -

10.1.7 Areas of rings and the annular space between ring

10.1.8 Volume constants for graduated cylinders )
Mariotte tulbes.

10.1.9 Depth of liquid in inner nng and annular space,

10.1.10 Record of ground and liquid temperatuses, inepj§
mental volume measurements, and incremental infiltratim
velocities (inner ring and annular space) versus elapsed time
The rate of the inner ring should be the value used iEtF
for inner ring and annular space differ. The diffen A
rates is due to divergent flow.

100,11 If available, depth 1o the water table and a
description of the soils found between the rings and the wate
table, or to a depth of about 1 m {3 fi).

10.1.12 A plot of the incremental infiltration rate versus
tosal elapsed tirme (see Fig, 4).

10.2 An example field records form is given in Fig. 3.

10.3 See Appendmx X1 for informaation on the determine
tion of the moisture pattern,

11. Precision and Bizs

111 No staterment on precision and bias can be made due
to the variability in soils tested and in the types of liquids
that rnight be used in this test method. Because of the many
factors related to the soils, as well as the liquids that may
affect the results, the recorded infiltration rate should be
considered only as an index value.

12. Keywords

121 coefficient of permeability, hydraulic conductivity,
infiltration rate; infitrometer; in-situ testing; Mariotte tube

AR302006




i
§

h D a3ss

APPENDIX

(Nonmandatory Information)

Xi. DETERMINATION OF MOISTURE PATTERN

¥ 1.1 Although not considered a required part of the test
method, the determination of the moisture pattern in the
moistened 50l beneath the infiltration rings commonty
provides information useful in interpretiog the movement of
liquid thirough the soil profile. For exarnple, horizontal liquid
movement may be caused by lower-permeability layers and
will be identified by a lateral spreading of the wetted zone.
Thus, the exploration of the soil moisture pattern below an
ipfiltration test in an unfamiliar area may identify subsurface
conditions that may have affected the test and later applica-
tions of the data.

X1.2 1i 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 poist-
ened area below the rings and to collect samples for water
content.

X L3 Plot the visibly moistened area on graph paper or on

the cross-section part of the report form (see Fig. 4). If

samples were collected and water contents were determined,
contowrs of waler content also can be plotted on the graph.

The Aimmarican Sociery for Testing ena’ Materials takes 09 pOsSition raspenclinng the vizlicity of any paten rights gssented in conrection
with any fevm mentioned In this stanciad. Users of this stancfand are exprassly schvised that deterrination of e validity of any such
patent cights, end the risk of irfringement of stch rights, arg entirely their own responsitility.

This standard is subject to revision at any time by the responsitle lechnical committes and must bo reviewsd every five years anc
i not revised, sfttvar reapproved o withdrawn. Your comments are invited either for revision of this standard or for additional standard's
and should be addressed to ASTM Headgquarlers, Your comments will recehas careful consideration at @ meeting of the respornsible
technicel committee, which you may atterd, if you feel thal your comments hiave not recefved a fair hearing you should make your
viaws kronan fo the ASTM Committee on Stancards, 1§15 Race S, Philadelphia, PA 13103,
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q | J J’fj Designation: D 2488 - 93

Standard Practice for.
Desc lnmmnamdldimmmmmMml
Procedure)’

Of

Soils (Visual-Manual

This standard is issued under the fixed designation D 2443; the number immediately following the dasignation indicates the vear of
original adoption or, in the case of revision, the year of Last cevision. A number in parentheses indicales the year of last reapproval. A
superscript epsilon () indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standardy for the specific year of issue which has been adepled by the Department of Defense.

1. Scope

1.t This practice covers procedures for the description of

solls for engineering purposes.

1.2 This practice also describes a pracedure for identifving
solls, at the cption of the user, based on the classification
system described in Test Method I 2487, The ideatification
is based on visual examination and manual tests, It must be
clearly stated in reporting an identification that it 15 based on
vigual-manual procedures.

1.2.1 When precise classification of soils for engineering
purposes 15 required, the procedures prescribed in Test
Method I 2437 shall be used.

1.2.2 In this practice, the identification portion assigning

a group syembo] and name is hmm:d to soil particles smaller
than 3 in. (75 mm).

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

MNoTtE t—This practice may be vsed as a descriptive system applied
to such materials as shale, claystone, shells, crushed rock, ete. (See
Appendix X2,

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

1.4 This stendard does mot purport (o address all of the
safety problems, if any, associated with ity use. It is the
re's_zmn_ubu’n"v of":he user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regutatory limitations prior ro use. For specific
precautionary statements see Section 8

5.5 The wvalues stated in inch-pound units are to be
regarded as the standard.

2. Referenced Documents

2.1 ASTAM Srandards:
D 653 Terminology Relating 10 Soil, Rock, and Contained
Fluids?
D 1452 Practice for Soil Investigation and
Auger Borings?
121586 Test Method for Penetration Test and §
Sampling of Soils*

Sampling by

Split-Barrel

! This practios is under the jurisdiction of ASTM Commitiee 1-18 on Soil and
Rock and is the direct responsibility of Subcommitiee DI18.6Y on Identification
2nd Classification of Soils.

Current edition approved Sept, 15, 1993, Published Novernber 1593, Qriginally
published as 1D 24388 - 66 T, Last previous ecition 0r 2488 - 90,

= dnrual Book of ASTM Standerds, Yol D4.08.
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D 1587 Practice for Thin-Walled Tube Sampling of Sotl
2113 Practice for Diamond Core Dmlling for Si
hnvc-' tigation?
D 2487 Ciassification of Soils for Engineering Purpos
(Unified Soil Classification System)®
D 40863 Practice for Description of Frozen Scils (Visu:
Manual Procedure)?

3. Terminology

31 Definitions:

31,0 Except as listed below, all definitions are in acee
dance with Terrminology I 653,

Nore 2--—-For panticles retained on a 3-in, (75-mm) US
sieve, the following definitions are suggested:

Cobbles-——particles of rock that will pass a 12-in. (W00-mm) squa
opening and be retained on a 3-in. (75-mm) sieve, and

Boulders-—panicles of rock that will not pass a 1Z-in. (300-mr
SQUAre opening.

standa

3.1.1.2 clay——-soil passing a No. 200 (75-um) sieve th
can be made to exhibit plasticity (putty-like propertic
within a range of water contents, and that exhibits conside
able strength when air~dry, For classification, a clay is
fine-grained soil, or the fine-grained portion of a soil, with
plasticity index ecual to or greater than 4, and 1he piot
plasticity index versus ligquid limit falls on or above the “2
line (see Fig. 3 of Test Method D 2487).

3.1.1.3 gravel-—particles of rock that will pass a 3
(7 S-rnra) sieve and be retained on a No. 4 (4.75-mm) sie
with the following subdivisions:

coarie—-—passes a 3-in. (75.mm) sieve and is retained on
Ys-in. (19 steve.

Jine—-passes a Ya-in. (19-mem) sieve and is retained on
No. 4 (4.7 5-mum) sieve.

3.0.1.4 organic cfay-—-a clay with sufficient organic co
tent to influence the soil properties. For classilication, :
organic ¢lay is a soil that would be classified as a clay, exce
that its Houid limit value afier oven drying is less than 75
of its liquid limit value before oven drying.

3L LS organic silt—a silt with sefficient organic conte
to influence the soil properties. For classification, an organ
silt is a soil that would be classified as a silt except that 1
ligquid lmit value after oven drying is less than 75 % of |
liquid limit value before oven drying.

31.1.1.6 pear—a soil composed primarily of vegetable tiss
in various stages of decorngosition usually wiath an organ
odor, a dark brown to black color, a spongy consistency, an:
texture ranging from fibrous to amorphous,

3117 sand--—-particles of rock that will pass a No.
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GROUP_SYMBOL GROUP NAME

e <C30% pluy Mo, 200 mezzzzzmeo--m SIEK, plas No, 200 = e cly
‘___,_-' T 16 25% plus Mo, 200 B 36 sandd 2% grave] -------- o Ly clvy wrihy saed
l[,ﬂ[_-:::~_ e 3 ganed <% gravel - Luane cliry writty grawed
""'-...__.“1 I % sand 2% of grivenl ~eeczzzm------ o <C15% rovel mmme=-- Sarcty lean clay
b ;:ENJ&&\piuu.lucm‘:n)ur-cz:::a__h =~ 2 15% grveal Sanddy keaer clary with gravel
T o sand <K, grinrgl —=== e <Z1H% sand - = Geavelly lean chay
i B L Y = Gravelly leao clay with saend
e <C30% phus Mo, 200 ===z » <15% plus No, 200 i Silt
. ¥5-25% phuy Moo, 200 -=egzzzzm=-— o 3wl 2>% gravel —----—— - Silt with sane
M L .:::‘ T % gl <<% gravel s--—--—- A Sl winhs gravel
e e % sand 2% of gravel meszsoo---—- w= CCVEN girapl -—--=mrmm—————- e Sanely silt
T 30% phas Ma, 200 w2277 : - > V6% quanee] - = Sauncly 4ilt weith gravel
_______ CHER sand mmmme e Gravelly silt
------ e S V6%, 5200 —-——-—m=emmmmie Gravelly il with sand
= Fat clay
T T 15.25%) plus N, 200 ~=sxzzos -pe %o s 2% gravel ——————u=Fan alay with ssnd
C |H| q::__‘ o % sand <% grivel —- = Fat clay with gravel
‘\\m [ ,ﬂmmuﬁmmmmmt;_w¢MHmw ------------ = Sandy far cluy
" 230% plus Mo, 2007 T = 5% pravel Sandy fat elay werth gravel
T % nd <% gravel —eszszzmrm=—ie 5% sand — = Gravally Tat clay
T 159 gipng) = mm———— ~m= Gravelby Tat chey with sand
v <30% pluy No, 200 -=e=zzzm===—1r <15% plus No. 00 - Elastic silt
_',.—-" T 15.25%. plus No. 200 gz A % sarnd 2% granvel ————--—-- = [Elastic wilt witlh sand
MH “::.._. o i sarnd <% growel ————- -~ Elastic silt weitly graved
"“"--..__\ _____ - B sand 2% of pravel —sczo———— e < 15% pravel —————me——— - Sardy elastic silt
T 230% plus No. 20077 T = 215% gravel Sandy elastic sily with gravel
""" e W, ganvd <% gravel —mmezozmm—————inr < 15% g e Gravelly alistic silt
------- e 5% sand g Gravelly elastic silt with sanc

. Nowe-—-Parcentages are based on estimating armounts of fines, sand, and gravel to the nearest § 5.
FIG. $a Flaw Chart lor ldentitying narganic Fine-Cirained Soil (50 % or more fines)

(4.75-mrm) sieve and be retained on a No. 200 (75-pm) sieve
with the following subdivisions: ‘
. coarse-—-passes a No. 4 (4.75-mm) sieve and is retained on
a No. 10 (2.00-mmn) sieve.

mediurm-—passes a No. 10 {2.00-mrn) sieve and is retained
ona No, 40 (425-pum) sieve,

Jine-—passes a No. 40 (425-pum) sieve and is retained on a
No. 200 (75-prm) sieve.

3LLS sil--s0il passing & No. 200 (75-pm) sieve that is
nronplastic or very slightly plastic and that exhibits little or no
strength when air dry, For classification, a silt is 2 fine-
graived soil, or the fine-grained portion of a soil, with a
plasticity index less than 4, or the plot of plasticity index
versus liguid limit falls below the “A” line (see Fig. 3 of Test
Method D 2487).

4. Summary of Practice

4.1 Using visual examination and simple manual tests,
this practice gives standardized criteria and procedures for
describing and identifying soils, .

4.2 The soil can be given an identification by assigoing a
group symbol{s) and name. The flow chans, Figs. la and 1b
for fine-grained soils, and Fig, 2, for coarse-grained soils, can
be used 1o assign the appropriate group symbol(s) and nane.
If the soil has properties which do not distinctly place it into
a specific group, borderline symbols may be used, see
Appendix X3, ‘

Note 3--It is suggesied that a distinction be made between duaf
symbols and porderline symbols.

Dual Symbol-—A dual symbol is two symbols separated by a hyphea,
for example, GP-GM, SW-SC, CL-ML used 10 indicate that the soil has
been identified as having the properties of a classification in acoordance
with Test Method D 2487 where two symbols are required. Twe
symbols are required when the soil has between -5 and 12 % Foes or

GROUP NAMIE

= Dhgnnie woil

et T 15.25% plus No. 20 -muzzmmm———— A % el 2% e pb--------= o Qwgurnie 90il witly wane
O SO <2 % sanel <% prape) - Organic soil with gravel
\“\__ - <155 guannp] s=-rrmm——— - Sondy oeganic wil
A 30% plus Mo, 20K < gt 1 L L Sandy organi; 1ol with gravel
- <7 5% sard - - Gravelly organie woil
o L T R w= Graveily crganic soil with wenck

N‘)T‘E-~-I='e:rmnt;agm:s ara based on estimating amcunts of fines, sand, arkd gravel ta the nearest 5 K.

FIG. b Flow Chart tor Identilying Organic Fine

Srained $oil {50 % or more lines)
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GROUYP SYMBOL GROUP NAME

- GW -

S6% Tines - - Wall graded ——-——————— e WA WY mwmm T <I15% sangl —————m am Wl graclod gravel
\\,\ T 1% wng - e Wil g aclod gravel with and
/ \‘I'n:mrH\f graded oGP -maczzzo- T N sang o *= Pgarly grachud gravel
/ TS 15 sand maa—m— = Poorly yracled gravel with sand
o]
/ = ar ) gracdied -megm e -t fines =ML or MH -——-"'"“"‘GVI' (_‘Nl. =T <% g - = Mattgraded graval with s
GRAVEL / T T gL {7 T 5% pand - - Wall.graded grivvel with st and sard
% privel > é —————— - 10% Times <2 i finegaCl, o TH —————— e GW-GC s <16 raded gravel wirh clsy
% sand \.K\\‘_\ ~ 1Alell-gended gravel with chay andd san
\ Poorly grinted -mmmsm————————— A fineg=ML or MH - Poorly graded gravel wath st
\ - — > Pootly graded grawel witly sde and sar
\ ™ Fines=C1. or CH = ] = Pooely graded gravel with clay
1Y T S 6K K mmmee w= Poorly geeded grovel with clay nmd
\‘ ~8= {inep=hlL or MH = Hitty gravel
tyr gravel voth g
#~ lines=CL. or CH Iy gravel
= Clayay gravel wath sami
S‘U\' ________ o= < T5% grave) -————»- Welgrached sard
' 'S‘ BT A 2> 183G graved «~osom-me Wellgrothid sand with geanel
P i P oo o <C15% graval -——s-ime Poarly grdiod 1armd
/ “““““ e 23 15% g avgl -—===-m Poorly grixded saegt with geavel
‘/ »- Fittegtdy, €F WIH ——mmmmeem - GWS M e - 15T graval - - Vi lgeaclind sand with wlt
/ e Wellproded ==32___ B 2 15% gravel ——— -t Witll-geaclod sand with 1ilt and g1 avel
SANG / - T ® finpgr 2L o¢ CH —m- < 15% gravet -—————4= ¥l gracied sand with ¢lay
% el 2> o A Y% Finog <2 [y = T 2159 gravel ———4= Watl gracied sand with clay and gravet
wedd N Tl w-fineg=tL or MH e PR S ) A <7 15% gravel ————- A~ Pocrty peadud sand with yilr
% grovel N e e AR SRR RS A TR g
------ PR TTT R 5, graee) ——o—de POOTly praded sand with 1 ang gave
S R TR Y o PR PN S ] pp— - < 15% gravel ==—--a Pacrly fadiec send with chay
\ - 215 grave] ———— v Pogrty geadied sand with ¢lay nnd gray
\_ ____________ - Fireg =L or M » Sl“ _______ A SN gravet ——-—-a= SHTY naend
o e 3 5% gehvel —— - Filty taewd with grwsl
i finas=Cl. o CH SC

i mmemm i Sl sard
Clayey sard with gravel

Norz-—Percentages are based on estimating amounts of fines, sand, and gravel to the rearest 5 %.
FIG. 2 Flow Chart for [demtitying Coarse-Grainecd Soils (less than 50 % fines)

when the liquid Fmit and plagticity index values plot in the CL-ML area
of the plasticity chan. .

Borderline Symbol-—A borderline symbol is two symbols separated
by a slash, for example, CL/CH, GM/SM, CL/ML. A borderline symbaol
should be used to indicate that the soil has been identified as haviog
propecties that do not distinctly place the sail into a specific group (see
Appendix X3).

%, Significance and WUse

5.1 The descriptive information required 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 practice
should be used to supplement the classification of a soil as
determined by Test Method D 2487.

5.3 This practice may be used in identifying soils using the
classification group symbols and nares as prescribed in Test
Method I 2487, Since the rnames and symbols used in this
practice 10 identify the soils are the same as thase used in
Test Method I 2487, it shall be clearly stated in reports and
all other appropriate documents, that the classification
symbol and name are based on visual-manual procedures.

5.4 This practice is to be vsed not only for identification
of soils in the field, but alse in the office, laboratory, or
wherever $oil samples are inspected and described.

3.5 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 ideatify soils correctly is learned
more reacdily under the guidance of experenced personnel, but it may
#l50 be acquired systematically by companng numerical laboratory test

230

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

5.6 When describing and identifying soil samples irom a
given boring, test pit, or group of Lorings 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
nrocedures described in this practice,

57 This practice may be used in combination with
Practice 13 4083 when working with frozen soils.

6. Apparatus
5.1 Reguired Apparatus:
1 Pocket Knife or Small Sparula.
Usefid Auxiliary Apparatus:
2.1 Swall Test Tube and Stopper (or jar with a lid).
6.2.2 Small Hand Lens.

N

7. Reagents

T Purity of Water—1JInless otherwise indicated, refer-
ences to water shall be understood to mean water from a city
water supply or natural source, in¢luding norn-patable water.

1.2 Hydrochloric Acid—A small bottle of dilute hydro-
chloric acid, HCl, one part HCI {10 N) to three paris water
{This reagent is optional for use with this practice). See
Section B,
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8. Safety Precautions

8.1 When preparing the dilute HCI solution of one part
concentrated hydrochloric
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 Caution-—Do not add water to acid.

9. Sampling

2.1 The sample shall be ¢considered 10 be represemtative of
the stratum from which it was obtained by an appropriate,
accepted, or standard procedure:.

Nore 3-—Preferably, the sampling procedure should be identified as
having been conducted in accordance with Practices D 1452, I3 1387, or
L2113, or Method D 1586.

9.2 The sample shall be carefully identified as to origin

Notk 6---Remarks as to the origin may take the form of a boring
number and sample number in conjunction with a job number, a
Eeologic straturn, a pedologic horizon or a location description with
respect 10 a permanent monuwment, a grid system or a station number
and offsel with respect to a stated centertine and a depth or elevation.

%.3 For accurate |dh=5{'ri;1ticrnt and identification, the min.
imum amount of the specimen to be examined shall be in
TRRLE 1 Criterla for Describing Angularity of Cosrse-Grained
Particles (see Fig. 3)
Criteria

Descripiion

Particles bave sharp edges and relatively plane sides with
unpalished surlaces

Particles are Similar to anguwler description but Feves
rounded edges

Argylar

Subangular

acid {10 N) to three parts of

o
i |||i|'l!""i I

1d} Subangular

Typicel Angularity of Bulky Girains

accordance with the following schedule:

Mirnimum Specimen Size,
Loy Weight
100 g (025 Ih)
200 g (0.5 )
1.0 kg (2.2 1b)

Maxirmum Pasticle Size,
Sieve Opening

4,75 mro (No. 4)
9.5 mm (Y in.)
19.0 mtn (3% in}
38,1 mrma (2 in) 8.0 kg (15 1)

750 mro (3 jn.) 60.0 kg (132 1b)

Norg 71T random isolated partiches are encountered that ars
significantly larger than thee particles in the soil roatrix, the soil matrix
can be accurately described and idemtified in accordance with the
preceeding schedule,

9.4 1f 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 angulanty of the sand
(coarse sizes only), gravel, cobbles, and boulders, as angular,
subangular, subrounded, or rounded in accordance with the
criteria in Table 1 and Fig. 3. A range of angularity rmay be
stated, such as: subrounded 10 rounded

10.2 Shape—Describe the shape of the gravel, cobbles,
and boulders as flat, elongated, or flat and elongated if they
meet the criteria in Table 2 and Fig, 4. Otherwise, do not
rmmmnmwhmehMmmWWhmmmemHmmdwmm
have the shape, such as: one-third of the gravel particles are
flat.

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

TABLE 2 Criteria for Describing Particle Shape (see Fig. 4)

The particle shape shall be described as folows where length, wicth, ard
thickness refer to the grealest, intermediate, and least dimensions of a particie,
respeclively.

Subrourded artickes have nearly plane sides but have wel-reuncled Flat Farticles with width/thickness > 3
corners ard edges Elongated Fartiches with kergihfwicth > 3
___ Rounded Particles have smcothly curved sides and no edges Flat and elongated Farticles meet criterda for both Mat and eongated

PRy
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FIG, 4 Criteria for Particle Shape

TABLE 3  Criteeria 1or Degcribing Maisture Condition

Diescription Criteria
Dry Absence of moisture, dusty, dry to the touch
Moust Darp but 0 visible water
Wet Visiigle fres water, usually soil is below water table

locality it may also be useful in identifying matenals of

similar geologic origin. If the sample contains layers or
patches of varving colors, this shall be noted and all
representative colors shall be describad. The color shall be
described for moist sarnples. 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 2 significant amount of grganic 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
sarnple. If the odor is unusual (petroleum product, chemical,
and the like), it shall be described.

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

10.6 HCT Reaction-—Describe the reaction with HCL as
none, weak, or strong, in accordance with the critera in
Table 4. Since calcium carbonate is a comrmon cementing
agent, a report of its presence on the basis of the reaction
with dilute hydrochloric acid is important,

232

TABLE 4 Criteria for Deseribing the Fleaction With HCI

Description Criteria
None N visithe reactiont
Weak Somue reaction, with bubbles forming slowly
Strong Vigkent reaction, with bubbles horming immedis

TABLE &

Pescriplion

Criteria for Describing Consistency

Criteria

Wery soft Thumb: will peneatrate soil more than 1 in. (25 mm)

Soft Thumb will penetrate soil about 1 in. (25 mn)

Firm Thumb will indent soil about Y in. (5 mun)

Hard Thumb weill niot incent soil bat readity indented with thurmbs
Very hard Frunizrail wil not indent soit

10.7 Consistency—For intact fine-grained soil, deso
the consistency as very sofl, soft, firm, hard, or very hard
accordance with the criteria in Table 5, This observatiol
inappropriate for soils with significant amounts of gravel

10.8 Cementation—Describe the cementation of im
coarse-grained soils as weak, moderate, or strong, in acc
ance with the criteria in Table 6.

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

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

10,11 Maximum Particle Size---Describe the meaximm
particle size found in the sample in accordance with -
following information: ‘

10.11.1 Sand Size—If the maximum particle size s
sand size, describe as fine, medium, or coarse as defined
3.1.6. For example: maximum particle size, medium san¢

1152 Gravel Size-—-1T the maximum particle size it
gravel size, describe the maximum particle size as 1
srmallest sieve opening that the particle will pass. [
example, maximum particle size, 1V in. (will pass 2 114
square opening but nod 2 Y-in. square opening).

10.11.3 Cobble or Boulder 5ize—If the maximurm parti,
size is a cobble or boulder size, describe the maximu
dimenston of the largest panticle. For exarple: maximu
dimension, 18 in. {450 mm).

[0.12 Hardness—Describe the hardness of coarse sa
and larger particles as hard, or state what happens when 1
particles are hit by a hammer, for example, gravel-s:
particles fracture with considerable hammer blow, so
gravel-size particles crumble with hammer blow. “Har
means particles do not ¢rack, fracture, or crumble undey
hammer blow.

10.13 Additional comments shall be noted, such as
presence of roots or root holes, difficulty in driling
augering hole, caving of trench or hole, or the presence
Thica.

10.14 A local or commercial name or a geologic interpt

TABLE & Criteria for Describing Cementation

Descrption Criteria

Weak, Crambies. or breaks with hancing or little finger pressure
Maodderate Crumbhes or breaks with considerable finger pressure
Strong Will not crumble or break with firgeer pressure
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TABLE 7 Criteria for Deascribing Sthucture

Dhascription ritenia

Stratifiec! Alterriating layars of varying rmaleval ar color wath Leyers at:
lrast & mn dhick; note thickness

1aminated Alternating layers of varying materdal or color with the
layers dass than § mim thick; note thickness

Figmurad Breaks alorng dafinite planes of frachine with Rt
resistancs 10 achring

Shickensidac Fracture planes appear polished or glossy, sometimes
strigtted

Blacky Cohasive soil that can be broken down Mo small angular
lumps which resist further breakdown

lLersed Inclusion of small pockets of diferent soiis, such as smal
lenses of sand scattered through a mass of clay; note
thickress

HEHTHIJETHEOUS Sarne color and appearance thrawghout

tation of the soil, or both, may be added if identified as such

10,15 A classification or identification of the soil in
gccordance with other ¢lassification systems may be added if
identifizd as such

11. Identification of Peat

I1.} 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 ¢olor, and
an organic odor, shall be designated as a highly organic soil
and shall be identified as peat, PT, and not subjected to the
identification procedures described hereafter

12, Preparation for Identification

12.1 The scil identification portion of this practice is
based on the portion of the soil sample that will pass a 3-in.
(75-mim} sieve, The larger than 3-in. (75-mrm) particles must
be removed, manually, for a loose sample, or mentally, for
an intact sample before classifying the soil.

12.2 Estimate and note the percentage of cobbles and the
rercentage of boulders. Perfiormed visually, these estirnates
will be on the basis of volume percentage,

MNoTe 8---Since the percentages of the particle-size distribution in
Test Method I ) 2487 are by dry weight, and the estimates of percentages
for gravel, sand, and fines in this practice are by dry weight, it is
ncommended that the report state that the percentages of cobbles and
boulders ame by volume.

12.3 Of the fraction of the soil sralier than 3 in. (75 mm),
estimate and note the percentage, by dry weight, of the
eravel, sand, and fines (see Appendix X4 for supggested
procedures).

Nore 9---Since the particlesize components appear visually on the
basis of volume, considerable experience is required to estimate the
Fercentages on the basis of dry weight. Frequent comparisons with
laboratory particle.size analyses should be made.

12.3.1 The percentages shall be estimated to the closest

5 %. The percentages of gravel, sand, and fines must add up
to 100 %

1212 I one of the components is present but not in
sufficient quantity to be considered 5 % of the smaller than
3-in. (75.mm) portion, indicate its presence by the term
trace, hn¢>amph trace of fines, A trace is not to be
considered in the total of 100 % for the components.

13. Preliminary Identification

t3.) The soil is fine grained if it contains 50 7

% Or more

fines. Follow the procedures for identifyring fine-grained soils
of Seciion 4.

3?1m«muawmwmmMMnmmmm5ﬂ1Mmﬁﬂm
fimes. Follow the procedures for identifying coarse-grainesd
soils of Section 15,

14. Procedure for ldentifying Fine-Grained Soils

14,1 Select a representative sample of the raaterial for
examination. Remove particles larger than the No. 40 sieve
(medium sand and larger) until 2 specimen equivalent to
about a handful of material is available, Use this specimen
for performing the dry strength, dilatancy, and toughness
tests,

14.2 Dy Sirengih:

14.2.1 From the specimen, select enough material to mold
into a ball about 1 in. (25 mm) in diameter. Mold the
material until it has the consistency of putty, adding water if
DECESSary,

14.2.2 From the molded material, make at least thiree test
specimens, A test specimen shall be a ball of material about
¥z in. {12 mm) in diameter. Allow the test specimens to dry
in air, or sun, or by artificial means, as Jong as the
ternperature does oot exceed 60°C,

14.2.3 If the test specirnen cootains nataral dry lurmps,
those that are about ¥2 in. (12 mm) in diarneter may be used
in place of the molded balls,

NoTE 10—-The process of molding and drying usnally produces
higher strepgths thap ans found in natural dry Jomps of so1).

14.2.4 Test the strength of the dry balls or Jumps by
crushing between the fingers. Note the strengih as none, low,
medium, high, or very high in accorance with the criteria in
Table 8. If narural dry lumps are used, do not use the results
of any of the lumps that are found to contain particles of
coarse sand.

14.2.5 The presence of high-strength water-soluble ce-
menting materials, such as calcium carbonate, may caunse
exceptionally high dry stremgths. The presence of calcinm
carbonate can usually be detected from the intengity of the
reaction with dilute hydrochloric acid (see 10.6).

14.3 Dilatancy:

14.3.1 From the specimen, select enough material to wmold
into a ball about Ve in. {12 mun) 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 vigorousty against the other
hand several times, Note the reaction of water appearing on

TABLE 8 Criteria for Describing Dry Strengyth

Rescrption Criteria

None The ¢y specinren crumbkes nlo powder with mere prassure
of harkding

Lo The dry specimen crumbies into powder with some finger
pressune

Medium The dry spacimen breaks into pieces O crambles with
cowvsickeratie fimger gressurd

High The dry specimen cannot be broien witht finger pressure

Sppecimen will brealk into piecies between. themb and a hard
surface

Tihe: clry specimen cannot be broken between the thumb and a
hard surtace

Very high
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TABLE 9  Criteria for Describing Dilatancy

Descripticn Criteria
Neng N visible change in the specimen
Show Water appears slowdy on the surface ol the specimen during
shaking and does not disappear of disappears slowly uporn
SQLeering
Fapid Whster appears quickly on the surtace of Ihe specimen during

shaking end disappears quickly upon SQueezing

TABLE 40 Criteria for Describing Toughness

Description Criteria
Low Only shight pressure is required to rol the thread near the
plastic limit. The thread and the lurmp are weak and soft
Merdium Medium pressure is required to rofl the thread to near the

phastic bmit. The thread and the luiep have medivm stithhess

High Coonsiclerable pressara is required t roll he tireac to resar the
plastic limit. The thread and the 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
eriteria in Table @, The reaction is the speed with which
water appears while shaking, and 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 and rolled by
hand on a smooth surface or between the palms into a thread
about Y in. (3 memn) in diameter, (If the sample is too wet 10
robl easily, it should be spread into a thin layer and allowed
to lose some water by evaporation.) Fold the sample threads
and reroll repeatedly until the thread crumbles at a diameter
of about ¥ in. The thread will crumble an a diameter of Vs
in. whan the soil is mear the plastic limit. Note the pressure
required to roll the thread near the plastic lmit. Also, note
the strenpgth of the thread. Afier the thread crumbles, the
pieces should be lumped together and kneaded until the
lump crumbles. 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 criterda in
Table 10,

145 Plasticity---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 {norganic or an organic
fine-grained soil (see 14.8), If inorganic. follow the steps
given in 14.7.

14.7 fdentification of Ivorganic Fine-Grained Soils:

TABLE 31

Description

Criteria for Describing Plasticity

Criteria

Monplagtic A Vadn (34mm) thread cannat De rolied at any water content
Lo The thread can barely be rolled and the lump cannot be
formed when drier than the plastic fimi
Thes thread is easy 1o roll and not much time is requiced to
reach the plastic lmit. The thread cannot ba rerofee) after
reaching the plastic timit. The hanp crumbles when drier
than the plastic limit
IHigh It takes considersbie time roling and lkagading to reach the
pagtic krmit. The thread can be rerclied several times after
reaching the plastic limit. The lump can be formed without
crumbling when drier than the plastic limit

Medium

14.7.1 ldentify the soil as a Jean clay, CL, if the sc
raedium o high dey steength, no ar slow dilatancy
medium toughness and plasticity (see Table 12).

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

14.7.3 Identify the soil as a sifr, ML, if the soil has
low dry strength, slow to rapid dilatancy, and low toug
and plasticity, or is nonplastic (see Table 12).

14.7.4 Identify the soil as an elastic sift, MH, if the sc
low to medium dry strength, no to slow dilatancy, and |
medium toughness and plasticity (see Table 12},

NoTE }l~-These properties are¢ similar to those for a lear
However, the silt will dry quickly on the band and have 2 smooth
feel when dry. Sorne soils that would classify 2s MH in accordanc
thiee criteria in Test Method D 2487 are visually difficult to dist:
from lean clays, CL. It may be necessary 1o perform laboratory 1
for proper identification.

14.8 Fdentification of Organic Fine-Grained Soils:

14.8.1 Identify the soil as an organic soil, OL/OH, .
s0il contains enough organic particles to influence th
properties. Organic soils usually have a dark brown to |
color and may have an organic odor. Often, organic soil
change color, for example, black to brown, when expos
the air. Some organic soils will lighten in color signific
when air dried. Organic soils normally will not have a
roughness or plasticity, The thread for the toughness 1es
be spongy.

Norg 12-—In sonme cases, through practice and experience, it o
possible to further identify the organic soils as onganic silts or o1
clays, OL or OH. Correlations between the clilatancy, dry stre
toughness tests, and laboratory tests can be made 1o identify organi:
in certain deposits of similar materials of known peologic odgin.

14.9 If the soil is estsmated to have 15 to 25 % san
gravel, or both, the words “with sand™ or “with g
(whichever is more predominant) shall be added to the g
name. For example: “lean ¢lay with sand, CL™ or “silt
gravel, ML” (see Figs. 1a and 1b). I the percentage of sa
equal to the percentage of gravel, use “with sand.”

14,10 If the scil is estimated to have 30 % or more sar
gravel, or both, the words “sandy” or “gravelly™ shal
added to the group name. Add the word “sandy™ 1if t
appears 10 be more sand than gravel, Add the
“gravelly” if there appears to be more gravel than sand.
example: *sandy lean clay, CL”, “gravelly fat clay, CH
“sandy silt, ML" (see Figs. 1a and [b). I the percentag
sand 15 equal to the percent of gravel, use “sandy.”

15, Procedure for Identifying Coarse-Grained Soils (¢
lains less than 50 %2 fines)
15.1 The soil is a gravel if the percentage of grav.
estimated to be more than the percentage of sand.
TABLE 12 Mentification of Inorganic Fine-Grained Soils fre
Marual Tests

~
Sj;:::( 4 Diny Strergth Dilatancy Toughness
(X% Noewe 10 low Slow to rapid Law of thread cann
formed
CL Medium 1o high Naone to show Medium
MH Low 10 medium None to slow Low 1o medium
CH Higyit 1o very high None High
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15.2 The soil is a sand if the percentage of gravel is
estimated to be equal to or lass than the percentage of sand.

15.3 The soil is a clean gravel or clean sand if the
percentage of fines is estirated 10 be 5 % or less.

15.3.1 Identify the soil as a well-graded gravel, GW, or as
a well-graded sand, SW, if it has a wide range of particle sizes
and substantial amounts of the intermediate particle sizes,

15.3.2 ldentify the soil as a poorfy graded gravel, GP, or as
a poorly graded sand, 8P, 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 so0il is either & gravel with fines or a sand with
fines if the percemtage of fines is estirnated 10 be 15 % or
nore,

15.4.1 Identify the soil as a clavey gravel, GC, or a clayey
sand, SC, if the fines are clayey as determined by the
procedures in Section 14,

15.4.2 Idemtify the soil as a silty gravel, GM, or a sifty
wond, SM, if the fines ar¢ sity as determined by the
wocedures in Sectiom 14,

15.5 If the soil ts estirnated to contain 10 % fines, give the
soil & dual identification using two grouwp syrnbols.

“15.5.1 The first group symibol shall correspond to a clean
wavel or sand {GW, GP, SW, 5P) and the second symbol
shall correspond 1o a gravel or sand with fines (GC, GM, SC,
iM).

[5.5.2 The group name shall correspond to the first group
ymbal plus the waords “with clay™ or “with silt™ 10 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 sand or gravel but
ontains an estimated 15 % or more of the other coarse-
rained constituent, the words “with gravel” or “with sand”
hall be added to the group name. For example: “poorly
raded gravel with sand, GP” or “clayey sand with gravel,
C” (see Fig, 2).

15.7 If the field sample contains any cobbles or boulders,
r both, the words “with cobbles™ or “with cobbles and
oulders™ shall be addad to the group name. For example
silty gravel with cobbles, GM.”

6. Report
16.1 The report shall include the information as to origin,
nd the items indicated in Table 13.

Note 13—Example: Clayey Gravel with Sand and Cobbles, G~
baut 50 % fine to coarse, subrounded to subangular gravel; about 30 %
ne to coarse, subrounded sand; about 20 % fines with medium
asticity, high dry strength, no dilatancy, medium toughness; weak

235

TABLE 13 Checldist for Description of Soils

. Group name

. Group symbol

. Percent of cobbles: or boukders, or both (by volumne)

. Percent of gravel, sand, or fines, or all theea (try dry weight)
. Particle-size range

o W -

Grivel-—fine, coarys
Sarwi-—-firw, cnexlium, coarse
3. Paricke angualarity: angulr, subanguiar, subrounded, rmurkded
T. Particky shape: (it appropriate) fat, slorgatec, at amd slongated
3. Mastimum particks sine or dimengion
$. Hardress of coarse sand ard laeger partkles
10. Plasticity of Boes: nonplastic, kyw, rmediom, high
11, Dy strength: nona, low, mackurn, high, very high
12, Dilatancy: rone, skaw, rapid
13, Toughness: ove, rredium, high
T4, Color (in maeist conclition)
15, Cuder pmsention only if organic o unusual)
16, Maistune: dry, moist, wet
17, Rigaction with HCL: none, weak, strorg
For intact sampies:
18 Consistercy (fine-grainedd scils only): very solt, scft, firm, hard, very hard

19 Structure:  stratifed, larninated, fissured, shckensiced, fensed, harnge

(JENIBCARS

20 Cementation: weak, moderate, strong

21, Local rinme

22, Geologh: interpratation

23, Additional comments: presenca of roots of root holes, presence of mica,
gypsum, e, surface coatings on coarse-grainad pavlickes, caving of
sloughireg of auger hoke or trench sides, difficulty v augering or excavating,
el

reaction with HCY, original field sample had about 5 % (by volume)
subroundad cobbles, maximum dimension, 150 rm.

In-Place Conditions—Firm, homogeneous, dry, brown

Geologic Interpretation—-Alluvial fan

NoTE H4==-Other examples of soil descriptions and tdentification are
given in Appendixes X1 and X2. .

NoTe 15--1f desired, the percentages of gravel, sand, and fines may
be stated in terms indicating a range of percentages, as followrs:

Trace—Particles are present but estirmated to be less than § %

Few—--5to 10 %

Littfe-—15 10 25 %

Some-—-30 to 45 %

Mostly-50 to 100 %

16.2 If, in the soil description, the soil is identified using
classification group symbol and name as described in Test
Method I 2487, it must be distinctly and clearly stated in log
forms, summary tables, reports, and the like, that the symbol
and name are based on visual-manual procedures.

17. Precision and Bias
17.1 This practice provides qualitative information only,
therefore, a precision and bias statement is not applicable.

18. Keywords
18.1 classification; clay; gravel; crpanic soils; sand; silt;
soil classification; soil description; visual classification
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(‘H 'f) Designation: D 4448 - 85a (Reapproved 1992)

Standard Guide far

Sampling Groundwater Monitoring Wells?

This standard s isswed under the fised designation D 4448, the number immediately following the designation indicates the year of
original adopticn or, in the case of revision, the year of last revision. A number in parentheses indicates the viear of last reapproval, A
superscript epsilon (¢) indicates an editorizl change since the last revision or reapproval.

. Seope

1.1 This guide covers procedures for obtaiming valid,
spresentative samples from groundwater monitoning wells,
‘he scape is limited to sampling and “in the ffeld” preserva-
on and does not include well location, depth, well develop-
1ent, design and construction, 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
oundwaler quality monitoring welts and is not intended to
ve as a groundwater monitoring plan for any specific
plication. Because of the large and ever increasing number
" options available, no single pguide can be viewed as
‘mprehensive, The practitioner raust make every effort 1o
sure that the methods wsed, whether or not they are
dressed in this guide, are adequate fo setisfy the mom-
ng objectives at each site.

1.3 This standard does not purport to oddress all of the
ety problems, i any, associated with (s use. [t {s the
ponsibility of the wser of this standard to establish appro-
== safety and health practices and determine the applica-

A regulatory limitarions prior to use.

Summary of Guide
. The equipment and procedures used for sampling a
nitoring well depend on many factors. These include, but
nat fimited o, the design and construction of the well,
of groundwater flow, and the chemical species of
rest. Sampling procedures will be different if analyzing
trace organics, volatiles, oxidizable species, or trace
2% 15 neaded. This goide considers all of these factors by
assing equipment and procedure options at each stage of
sampling sequence, For sase of organiration, the sam-
; process can be divided into three steps: well flushing,
e withdrawal, and field preparation of sarnples.
2 Monitoring wells rust be flushed prior 1o sampling so
the groundwater is sampled, not the stagnant water in
sell casing, If the well casing can be emptied, this may be
although it may be necessary to avold oxygen contact
the groundwater. If the well cannot be emptied,
dures must be established o demmonstrate that the
le represents groundwater. Monitoring am indicative
neter such as pH during flushing is desirable if such a
weler can be identified.

s guide is under the jurisdiction of ASTM Comrmittee D-34 on Waste
Al and is the direct resporsitility of Subcemmittee D34.01 on Sampling
ring.
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2.3 The types of species that are 10 be monitored as well as
the conceatration levels are prime factors for selecting
sarnpling devices (1, 2).° The sampling device and all
materials and devices the water contacts must be constructed
of materials that will not introduce contarminants or alter ihe
analyte chernically in any way.

2.4 The method of sample wathdrawal 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 post
pressure, would not expose the sample to the atmosphere
preferably, any other gaseous atmosphere before conveyit
to the sample container or low cell for on-site analysis.

2.5 The degree and tvpe of effort and care that goes in
sampling progeam s always dependent on the cher
species of interest and the concentraiion levels of interest
the congentration level of the chemical species of analy
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 ug/L (ppb)
levels of a trace organic like benzene. The specific precau-
ttons to be taken in preparing to saraple for trace organics are
different from those 1o be taken in sampling for trace melals,
No {inal Environmental Protection Agency (EPA) protocol is
available for sampling of trace orgamics. A short guidance
rranual, (3) and an EPA document (4) concerning moni-
toring well sampling, including considerations for trace
organics are avajlable,

2.6 Care must be taken not 1o ¢ross contaminate samples
or monitoring wells with sampling or pumping devices or
materials. All samples, sarmpling devices, and containers
must be protected from the environment when not in use,
Water level measurements should be made before the well is
flushed., Oxidation-reduction potential, pH, dissolved ox-
vgen, and temperature measurements and filtration should
all be performed on the sample in the feld, if possible. All
but temperatute measurerent must e done prior to any
significant atmospheric exposure, if possible,

2.7 The sampling procedures must be well planned and all
sarnpie containers must be prepared and labeled prior 1o
going o the fieid.

3. Significance and Use
3.1 The quality of groundwater has become an issue of
nationat concern. Groundwater monitoring wells are one of

e numbers e paceatheses veler to a st of televences at the end of

this guide.
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TABLE 1 Typlcal Container and Preservation Raquirements for & Ground-Water Monitoring Program

Volume Conmainer P-- Maximum
Sample and Measurement Lequired Folyethylene Preservative Holding
(ml.) GrmCilanss o
Merzls As/Bay/Ccl/Cr/Fe PhySel 100:3-2000 /G {special acid high purity nitr¢ 5 mont
Ag/Mn/Na cleaning) ackd 1o pH <2 e
Mercury 200-300 PfG (special and bigh purity nitne 28 davs
clzaning) acid 10 pH <2

+0.05 %

KyCry0y
Radinactivity alpba/betafradivm 4000 PAG (special acid high purity nivie & months

cleaning) acid 10 pH <2

Phengtics 500-1000 G cool, 4°C 28 days
H,50, o
Pl =2
Miscellaneous 1000--2000 F eoel, 4°C 28 days
Fluoride 300--500 P 28 days
Chloride 50-200 PG 28 days
Sulfate £00--500 G 48 hours
Nitrate: 100--250 PHG (3]
Coliformn 100 PG on wef24 b
Conguctivity 100 P/G on sitesb h
pH 10 PG 48 h
Turbidity 100 PG
Total organic carbon (TOC) 25100 P/ cool, 4°C or M h
cogd, 4*C HC)
ot H,50, 10 2B days
pH <2
Pestizides, herbicides and total 10004000 G/TFE-Nuoro- sool, 4°C T days/eatraction -
organic halogen (TOX) carbon lined days/analysis
cap solvent
ringed
Extractable organics 1000--2000 G/TFE-fluors- cocl, 4"C 7 days/extraction -+
carbon-lined days/analysis
cap salvent
rinsed
Qrganic purgeables 25-120 Crfvial cool, 4°C 14 clays
acrolein/ecrylonitrile TFE-fluorocar- 3 days

bon-lined sep-
tum

the more important tools for evaluating the quality of
groundwater, delineating cortamination plumes, and estab-
lishing the integrity of hazardous material rnanageenent
facilities,

3.2 The goal in sampling groundwater monitoring wells is
1o obtain samples that are truly representative of the aquifer
or groundwater in question. This guide discusses the advan-
tages and disadvantages of various well flushing, sample
withdirawal, and sample preservation techniques. It reviews
the parameters that need to be considered in developing a
valid sampling plan.

4. Well Flushing {Purging)

4.1 Water that stands within a monitoring well for a long
pericd of time may become wnrepresentative of formation
water because chemical or biochemical change may cause
water quality alterations and even if it is unchanged from the
time it eatered 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 sarmples 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 1imes the volume of the well
via an inlet near the free water surface is sufficient 10 remaove
all the stored water in the casing. The volume of the well may

P&
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be caloulated 1o include the well screen and any gravel p
if natural Now through these is deemed isufficient o k
them flushed out.

4.3 In deep or large diaroeter wells having a volume
water so large as to make removal of all the water trmp
tical, it may be feasible 10 lower a pump or pump inlet
some point well below the water surface, purge only
volume below that point ithen withdraw the sample fron
deeper level. Research indicates this approach should av.
most contamination associated with stored water (5, 6,
Sealing the casing above the purge point with a packer n
make this approach more dependable by preventing mig
tion of stored water from above. But the packer must
above the top of the screened zone, or stagnant water i
above the packer will flow into the purged zone through 1
well's gravel/sand pack. '

4.4 In low yielding welis, the only practical way to remc
all standing water may be to empty the casing. Since it is s
always possible 10 remove all water, it may be advisable 10
the well recover (refill) and empty it again at teast once.
introduction of oxygen into the aquifer may be of concern
would be best not to wncover the screen when performing 1
above procedures. The main disadvantage of methods ¢
signed 1o remove all the stored water is that large volum
m2y need 10 be pumped in certain instances. T =a
advantage is that the potential for contamination o .pl
with stored water is minirnized. i

AR302017
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Nore---Talker from Fef (15).
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4.5 Another approach to well flushing is to monitor one
ar rmore 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, inm a low vielding well, the well may be emptied

efore the parameters stabilize. A disadvantage of this
approach is that there is no assurance in all situations that
the stabilized parameters represent formation water, If signif-
icant drawdown has occurred, water from some distance
away may be pulled into the sereen causing a steady
parameter reading but not a representative reading, Also, a
suitable indicator parameter and means of continuoushy
measuring it in the field must be available.

4.6 Gibb (4, 8) has desenibed a time-drawdown approach
using a knowledge of the well hydraulics to predict the
percentage of stored waler entering a pump inlet near the top
of the screen at any time after flushing begins. Samples are
taken when the percentage is acceptably low. As before, the
advantage is that well volume has no direct effict in the
duration of pumping. A current knowledge of the wells
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 constrainis
should be used. Excessive drawdown distorts the natural flow
patterns around a well and can cause contaminants that were
not present originally 1o be drawn into the well.
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Single Check Valve Bailer

5. Materials and Manufacture

5.1 The choice of materials used in the construction o
sampling devices should be based upon a knowladge of wha:
compounds may be present in the sampling environmen
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 ghas:
apparatus may be necessary,

5.2 Most analytical protocols suggest that the devices used
in sampling and storing samples for trace organics analysis
(pg/Ll  levels)  must  be  constructed  of  glass  or
TFE-fluorocarbon resin, or both. One suggestion advanced
by the EPA is that the monitoring well be constructed so tha
only TFE-fluorocarbon tubing be used in that portion of the
sampling well that extends from a few feer above the water
table to the boitom of the borehole, (3, 5} Alihough this type
of well casing is now commercially available, PVC weli
casings are currently the most popular. {f adhesives are
avoided, PVC well casings are acceptable in many cases
although their use may still lead to some problems if trace
organics are of concern. Al present, the type of background
presented by PYC and interactions coourring between PVC
and groundwater are not well understood. Tin, in the form of
an organgtin stabilizer added to PYC, may enter samples
taken from PV casing. (9)

5.3 Since the most significant problern encountered in
trace organics sampling, results {rom the use of PVC
adhesives in monitoring well construction, threaded joints
might avoid the problem (3, 5). Milligram per litre (parts per
million) levels of compounds such as tetrahydrofuran,
methvl-ethvi-ketone, and toluene are found to leach inio

AR302018
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groundwater samples from - monitoring well casings sealed
with PVC solvent cernent. Poltutiant phthalate esters (8, 10}
are often found in water samples at ppb leveis; ihe EPA has
found thern on occasion ar ppm levels in their samples. The

}
Y

ubiquitous preseace of these phthalate esters is unexplained,

except to say that they may be leached from plastic pipes,
sampiing devices, and containers

5.4 TFE-fluorocarbon resins are highly inert and have
sufficient mechanical strength to permit fabrication of sam-
pling devices and well casings. Moided parts are expased to
high temperature during fabrication which destroys any
organic contaminants. The evolution of fAuorinated corm-

pounds can occur during fabrication, will cease rapidly, and

does not occur 2lierwards unless the resin is heated 1o its
meelting point.

5.5 Extruded tebing of TFE-fluorocarbon for sampling
may contain surface traces of an organic solvent extrusion
aid. This can be removed easily by the fabricator and, once

)

5

|
.

Acrylic Point Source Bailer

rernoved by fushing, should not affect the sample. TF
fluorocarbon FEP and TFE-fluorocarbon PFA resins.do r
require this extrusion aid and may be switable for sarm
tubing as well. Unsintered thread-sealant tape of TF
fluorccarbon s available in an “oxygen service™ grade
contains no extrusion aid and lubricant.

5.6 Louneman, ei al. (31} alludes to problems caused by
lubricating oil used during TFE-luorocarkon tubing extr
sion. This reference also presents evidence that a flucrinat
ethylene-prapylene copolymer adsorbed acetorie to_a deg
that later caused contamination of a gas sample,

5.7 Glass and stainless stee] are two other maten:

~generally considered inert in aqueous environments. Glass

probably among the best choices though it is not inconcei
able it could adsorb some constituents as well as release oth
contaminanits (for example, Na, silicate, and Fe). Of rours
glass sampling equipment must be handled careful th
field. Stainless steel is strongly and easily machiwed 1

e e e
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fabricate equipment. Unfortunately, it is not totally immune
to corrosion that could release metallic contaminants. Stain-
less steel contains various alloying metals, some of these (for
example Ni) are commonly used as catalysts for varous
reactions. The alloyed constituents of some stainless steals
can be solubilized by the pitting action of nonoxidizing
anions swch as chloride, fluoride, and in some instances
sulfate, over a range of pH conditions. Aluminurm, titanium,
polyethylene, and other corrosion resistant materials have
been proposed by some as acceplable materials, depending
ont groundwater quality and the constituents of interest.

5.8 Where temporarily installed sampling equipment is
used, the sampling device that is chosen should be non-
Pastic (unless TFE-fluoracarbon), clearable of trace or-
ganics, and must be cleaned between each monitoring wel
wse in arder to avoid cross-contamination of wells and
samples. The only way to ensure thai the device is indeed
“clean” and acceptable is to analyze laboratory water blanks
and field water blanks that have been spaked in and passed
through the sampling device to check for the background
lf:wech‘. that may result from the sampling materials or from
field conditions. Thus, all samplings for trace materials
should be accompanied by samples which represent the field
background {f possible), the sampling equipment hack-
ground, and the laboratory background.

5.9 Additioral 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-

p
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Schernatic of the Inverted Syringe Samplaer

ical Society’s committee on environmental improvement h
published guidelines for dara acquisition and data evaluatic
which should be useful in such environmental evalnatio:
(10, 12).

6. Sampling

£.1 These is a fairly large choice of equipment present
available Tor groundwater sampling from single screenc
wells and well clusters. The sampling devices can be categs
rzed into the following eight basic types.

6.1 Down-Haole Collection Devices:

6.1.1.1 Bailers, messenger bailers, or thief samplers (1.
14) are examples of down-hole devices that probably provic
valid samples once the well has beer flushed. They are ne
practical for removal of large volumes of water. Thes
devices can be construcied in various shapes and sizes from
variety of materials. They do not subject the sample 1
pressure exiremes.

6.1.1.2 Bailers do expose part of the sarmple to th
atmosphere during withdrawal. Bailers used for sarnpling ¢
volatile organic compounds should have a sample cock ¢
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 be discarded. Suspension lines for bailers and othe
samplers should be kept ofl the ground and free of othe
contaminating materials that could be carried into the wel
Down-hole devices are not very practical for use in deg

Equipment
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'-,
<L



Nore-~-Talcen from Fef (5).
FIG. 4

wells. However, potential sample oxidation during transfer of
the sampie into a collection vessel and time constraints for
lowering and retrieval for deep sampling are the primary
disadvarntages.

6.1.1,3 Threa down-hole devices are the single and double
check valve bailers and thief samplers. A schematic of a
single check valve unit is illustrated in Fig. 1. The bailer may
be threaded in the middle so that additional lengths 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 the well, water enters the chamber through the
bottom, and the weight of the water colurnn closes the check

Nore---Talcen frorm Fef (#1).
FIG. &
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valve upon bailer retrieval. The specific gravity of the
should be aboutr 1.4 to 2.0 so that the ball aimost sits on
check valve seat during chamber filling. Upon bailer w
drawal, the ball will immediately seat without any sammg
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 pulled 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 (I5, 17). An example is shown
Fig. 2. In this double check valve design, water Rows throu
the sample chamber as the unit is lowered. A venturi taper
inlet and outlet ensures that water passes freely through 1
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1t. When a depth where the sample is to be collected is
seached, the unit is retrieved. Because the difference hetween
each ball and check valve seat is maintained by a pin that
blocks vertical movement of the check kall, both check
valves close simultaneousty upon retrieval. A drainage pin is
placed into the bottom of the bailer to drain the sample
directly into 2 collection vessel to reduce the possibility of air
oxidation. The acrylic model in Fig. 2 is threaded at the
midsection allowing the addition of threaded casing to
increase the sarnpling volurne.

6.1.1.6 Another approach for obtaining peint source sarn-
Ples emplovs 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 (18).
Foerst, Kemmerer, and Bacon samplers are of this vanety
(14, 17, 19). A simple and inexpensive pnewmatic sampler
was recently described by Gillham (20). The device (Fig. 3)
consists of a disposable 50 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-line extends to the surface, and is used to
drive the stem-less plunger, and 1o raise and fower the syringe
into the hole. When the gas-line is pressurized, the rubber
plunger ts held at the tip of the syringe. The sampler is then
lowered into the installation, and when the desired depth s
reached, the pressure in the gas-line is reduced to atmo-
spheric (or slightly less) and water enters the syringe. The
ampler is then retrieved from the installation and the
ringe detached from the gas-line, After the tip is sealed, the
syringe 15 used as a short-term storage container. A number

03
-

ith Externally Mounted Transducer

of thief or messenger devices are available in various
matertals and shapes

6.1.2 Swction Liff Pumps:

6.1.2.1 Three types of suction Lift pumps are the direct
line, centrifugal, and perisialtic. A major disadvaniage of any
suction purmyp is that it is limited in its ability to raise water
by the head available from atmospheric pressure. Thus, if the
surfiace of the water is more than about 25 & below the
purnp, water may not be withdrawn. The theoretical suction
limnit 15 about 34 ft, but most suction pumps are capable of
maintaining a water lift of only 25 fi or less.

6.1.2.2 Many suction pumps draw the water through
some sort of volute im which impellers, pistons, or other
devices operate to induce a vacuum. Such pumps are
probably vnacceptable for most sampling purposes because
they are usvally constructed of cormmon materials such as
brass or mild steel and may expose samples to lubricants.
They often induce very low pressores around rotating vanes
or other such parts such that degassing or even cavitation
may occur. They can mix air with the sample via small leaks
in the casing, and they are diflicult to adequately clean
between uses. Such pumps are acceptable for purging of
wells, but should not generally be used for sarnpling.

6.1.2.3 One exception to the above statements is a peri-
staltic pump. A peristaltic pump is a self-priming, low
volume suction pump which consists of a rotor with ball
bearing rollers (21). Flexible tubing is inserted around the
pump rotor and squeezed by heads as they revelve in 2
circular pattern around the rotor. One end of the tubing 15
placed into the well while the other end can be connected

e
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directly to a rt‘cmvmp vessel, As the rotor moves, a reduced
pressure is created in the well tubing and an increased
pressure (<240 psi) on the tube leaving the rotor head. A drive
shaft connected to the rotor head can be extended so that
multiple rotor heads can be attached to a single drive shafi.
1.2.4 The perstaltic pump moves the liguid totally
within the sample tube. No part of the pump contacts the
ligquid. The sample may still be degassed (cavitation is
unlikely) but the problems due to contact with the pump
mechanism are eliminated. Peristaltic pups do require a
fairly flexible section of tubing within the pumphead itself. A
section of silicone tubing is commonly used within the
peristaltic pumnphead, but other types of tubing can be used
particularly for the sections extending into the well or from
the pump o the receiving container. The National Council
of the Paper Industry for Air and Stream Improvement (212)
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, Medical grade silicone tube is, however, limited to
use over a resiricted range of ambient temperatures, Various
manufacturers offer tubing lined with TFE-fluorocarbon or
Viton® 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
consists of lowering one end of a length of plastic tubing into
the well or piezometer. The opposite end of the tubing is
connected 1o a two way stopper bottle 2nd a hand held or

¥ ¥ion is a tradernark of E. 1. du Pont de Nemouwrs & Co.. Wilmirgon, DE

L9398 and hag been found suitable for this pupose.

r CHECK VALVE

AT RYE PIPE

FLEX IBLE
DIAPHRAM

CHEICK VALVE

[Bladder Pump

mechanical vacuum pump i$ attached o a second fubing
leaving the bottle. A check valve is attached between the 1o
lines 1o maintain a constant vacuum control. A sampi
then be drawn directly into the collection vessel witksodt
contacting the pump mechanism (5, 23, 24).

6.1.2.6 A lbemrifug,:al pump can be attached 1o a length of
plastic tubing that is lowered inio the well. A foot valve is
usually attached to the end of the well tubing to assist in
prming the tube. The maximum lft is about 4.6 m (15 ft)
for suck an arrangement (23, 25, 26).

6.1.2.7 Suction pump approaches offer a stmple sample
retrieval method for shallow monitoring. The direct line
method is extremely portable though considerable oxidation
and mixing may occur during collection. A centrifugal pump
will agitate the sarnple 10 an even greater degree although
pumping rates of 19 10 151 Lpm (5 10 40 gpm) can be
attained. A peristaltic pump provides a lower sampling rate
with less agitation than the other two purnps. The with-
drawal rate of pedsialtic pumps can be carefully regulated by
adjustment of the rotor head revolution,

6.1.2.8 Al three systems can be spectally designed so that
the water sample contacts only the TFE fAourocarbon or
silicone tubing prior to sample bottle entry. Separate tubing
is recornmended for each well or piezometer sampled.

6.1.3 Efectric Submersible Pumps:

6.1.3.1 A submersible pump consists 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
for years and many designs exist (5, 26).

6.1.3.2 Submersible pumps provide relatively high o
charge rates for water withdrawal at depths beyond suction

AR3I02023
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FIG. 8 Positive Displacement Syringe Purmp

lift capabilities. A baitery operated unit 3.6 cm (1.4 in.) in
diameter and with a 4.5 Lpm (1.2 gpm} flow tate at 33.5 m
(110 ft) has been developed {27). Another submersible porap
has an outer diameter of 11.4 cm (4.5 in.) and can pump
water from 91 m (300 ft). Pumping rales vary up to 3.0
Lpm (14 gpm) depending upon the depth of the purmp (28}

6.1.3.3 A submersible pump provides higher extraction
rates than many other methods. Considerable sample agita-
tron results, however, in the well and in the collection tube
during transport. The possibility of introducing trace metals
into the sample 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 parts per million (ppm) or parts per hillion
(ppb) range is required (29).

3t

0.1.4 Gas-Liti Pumps:

6.1.4.1 Gas-lift pumps use campressed air to bring a wate
sarple o the surface. Water is Torced up an eductor pip
_1ha|1‘. may e the outer casing or a smaller diameter pip
inserted into the well annulus below the water level (30, 31

6.1.4.2 A similar principle is used for a unit that consisi
of a small diameter plastic tube perforated in the lower enc
This tube is placed within another tube of slightly large
diameter. Compressed air is injected into the inner tube; th
alr bubbles through the perforations, thereby lifting the wate
sample via the annulus between the outer and inner tubin
(32). I practice, the eductor line should be submerged to
depth egual 10 60 % of the tolal submerged eductor lengl
during pumping (26). A 60 % ratio is considered optimz
although a 30 % submergence ratio is adequate.
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6.1.4.3 The source of cornpressed gas may be a hand
purnp for depihs gencrally less than 7.6 m (25 fi). For greater
depths, air cornpressors, 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 organics. The eductor pipe or weighted plastic tubing
is a potential source of sample contamination. In addition,
Gibb (8) uncovered difficulties in sampling for inorganics.
These difficulties were attributed to changes in redox, pH,

32

Gas Dreiven Piston Pumg

“and  species  tansformation due 1o solubility constan

changes resulting frorn stripping, oxidation, and pressare
changes.

6.1.5 Gas Displacement Pumps:

6.1.5.1 Gas displacement or gas drive pumps are distin
guished from gas-lift pumps by the method of sample
transport. Gas displacement pumps force a discrete column
of water to the swrface via mechanical lift without extensive
mixing of the pressurized gas and water as ocours witk "iff
equipment. The principle is shown schematically in . 4.
Water [ills the chamber. A positive pressure is applied 1o the

AR3020725



onstant
MESSUTE

' distine
samiple

column
itensive
170 it
4,

1 to the

i 0 aq48

Snen Tygon Tubing

1 Liter Bottle ————a

Smm Plastic Tubing

lmn Holes

Plug 1]
M
MonoFilament Line -0y
(./
{
NoTE--Taken om Ref (53).
FIG. 10

gas line closing the sampler check valve and forcing water up
the sample hne. By removing the pressure the cycle can be
repeated. Vacuurm 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-fluorocarbon has
tieen constructed (38, 39). The unit was designed specifically
for sample testing for trace level organics. Continuous flow
rafes up to 2.5 Lpm (0.6 gpm) are possible with & 5.1 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 piezometric data measurements with an intermally
mounted trapsducer (). A sample with its transducer
exposed externally for piezomeiric measurements is illus-
trated in Fig. 6 {41). The sensor can activate the gas source at
the surface to cause sample chamber pressurization at the
predetermined depth. Another design can be used as a water
sampler or as a tool for injecting krine or other tracers into a
well (d2),

6.1.5.4 Gas displacement pumps offer reasonable poten-
tial for preserving sample integrity because little of the
driving gas comes in contact with the sample as the sample is
conveved to the surface by a positive pressure, There is,
tiowever, & potential loss of dissolved gasses or contamina-
tion from the driving gas and the housing matenals.

Pressure Gauge
s Tygon Tubing

7 Hose Clamp

3mm Piastic Tubing

No. &3} Rubber Stopper

-

ZZmm Bicycle Tubing

1mm Air Holes

3mmn Holes

A0mm PVE Pipe

Imm Air Holes
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110g Weight

Packer Puomp Arramgement

6.1.6 Bladder Pumps:

6.1.6.1 Bladder pumps, also referred 1o as gas-operated
squeeze pumnps, 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 between 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 1s prevented from re-entering
the bladder by the top check valve. The process is repeated to
cvele the water 1o the surface. Samples taken from depths of
0.5 m (100 1) have been reported,

6.1.6.2 A vanety of design modifications and matenals
are available (43, 44). Bladder materials include neoprene,
rubber, ethylens propylene terpolymer (E.P.T)), nitrile, and
the flucrocarbon Viton.” A bladder made of TFE-fluoro-
carbon is also under development (43). Automated sampling
systems have been developed to control the time between
pressunization cycles (46).

6.1.6.3 Bladder pumps provide an adaptable sampling
tool duee primarily to the number of bladder shiapes that are
feasible. These devices have a distinct advantage over gas
displacement pumps in that there s 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
bath.

6.1.7 Gas Driven Piston Pumps:
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.1 A simple and inexpensive example of 2 gas dnven
piston pump is a syringe pump {47). The pump (Fig. 8) is
constructed from a 50 mL plastic syringe with plunger stem
removed. The device is connected 1o a gas line to the surface
and the sample passes through a check valve arrangement to
a sarnpling container at the surface. By%WCP&mKWVdmﬂVHW
positive and negative pressure to the gas-line, the plunger is
activated driving water to the surface.

6.1.7.2 A doubie piston pump powered by compressed air
1s iltustrated in Fig. 9. Pressurized gas enters the chamber
between the pistons; the alternating charmber pressurization
activates the piston which allows water entry during the
suction stroke of the piston and forces the sample to the
surface during the pressure stroke (48). Pumping rates
between 9.5 and 30,3 L/hr (2.5 to & gal/hr) have been
reported from 30,5 m (100 ft). Depths in excess of 457 m
{1500 ft) are possible.

6.1.7.3 The pas piston pump provides continuous sample
withdrawal at depths greater than is possible with most other
approaches. Nevertheless, contribution of trace elemenis
from the stainless steel and brass is a potential problem and
t}be.cqtlclrtllt)":d.1gzts used is significant.

1.8 Packer Pump Arrangement:

f) l 8.1 A packer pump arrangement provides a means by
which two expandable “packers” mmm‘a&mmm,mm
between two packers within a well. Since the hydraulic or
pneurnatic activated packers are wedpged 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 depth is attained. Submersible, gas lift, and suctior
pumps can e used for sampling. The packers are usually
constructed from some type of rubber or rubber compound
(48, 4%HﬂLEHWxﬂ;mchnqnunptuﬁhmnmiﬁnpc%a\mcuum
sampler positioned between two ])cu.lk51~s is illustrated in Fig.
10 (52).

6.01.8.2 A packer assembly aJ]c:xw" ttre isolation of discrete
sampling points withim a well. number of different
samplers can be situated between tlme packers depending
upon the analytical specifications for sample testing. Vertical
movement of water outside the well casing during sampling
is possible with packer pnnp'bm depends upon the

pumping rate and subsequent disturbance. Deterioration of

the expandable materials will occur with time with the
increased possibility of undesirable organic contarainants
contributing to the water samyple.

7. Sample Containers and Preservation
7.1 Complete and unequivocal preservation of samples,
whether domestic wastewater, industrial wastes, or natural
waters, is practically impossible. At best, preservation tech-
niques only retard the chemical and l)1()hcq’1c‘1l 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 foremest considerations in the sampling
plan scheduie. Methods of preservation are somewhat lim-
ited and are intended to retard biological action, retard
hydraolysis of chermical compounds and complexes, and
reduce the volatility of constituents. Preservation mmethods
are generally limited to pH control, chemical addition,
refrigeration and freezing. For water samples, immediate
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priate for water and soils (13, 14, 50, 54,

o

refrigeration just above freezing (4°C in wet |c<‘) is often the
best preservation technique available, but it is not the only
measure nor is it apphicable in all cases. There may be special
cases where it might be prudent to include a rec-%ing
thermormeter in the sample shipment 10 verify the ma m
and minimum’ temperature to which the samples -wera
exposed. Inexpensive devices for this purpose are available,

2 All bottles and containers must be specially pre-
cleaned, pre-labelled, and organized in ice-chests {isolating
samples and sampling equipment from the environment)
before one goes into the field. Otherwise, in anv comprehen-
sive program utter chaos usually develops mn the field or
laboratory. The timne in the field is very vahiable and should
be spent on taking field notes, measurements, and in
documenting samples, not on labelling and organizing sarn-
ples. Therefore, the sampling plan should include clear
instructions to the sampling personnel concerning the infor-
mation required 1n the field data record logbook (notebook),
the information needed on comatner labels for identifica-
tion, the chain-of-custody protocols, and the methods for
preparing field blanks and spiked saroples. Example of
detailed plans and documentation procedures have been
published (14, 53).

7.3 The exact requirements for the volurmes of sampile
needed and the number of containers Lo use may vary frorm
laboratory to laboratory. This will depend on the specific
analyses to be performed, the concentration levels of interest,
and the individual laboratory protocals. The manager of the
samnpling program should make no assumptions about the
laboratory analyses. He should discuss the analytical requires
ments of the saropling program in detail with the laboratory
coordinator beforehand. This is especially the case e
sorne analyses and preservation measures must be perfe od
at the laboratory as soon as possible after the samples arrive,
Thus, appropoaste amrangements must be made.

7.4 There are a number of excellent references available
which list the containers and preservation techniques appro-
53, 56). The
“Handbook for :‘lt[l[lhlnug and Sample Preservation of ‘Water
and Wastewater™ is an excellent reference and perhaps the
most comprehensive one (14). Some of this information is
surnmanzed in Table 1.

7.5 Sample comtainers for trace organic samplzs require
special cleaning and handling considerations (57). The
sample container for purgeable organics consist of a screw-
cap vial (25 10 125 raL) fitted with a TFE-flourocarbon faced
stlicone septum. The vial 1s sealed in the faboratory immedi-
ately after cleaning and is only opened in the field just prior
10 pouring sample into it The water sample then must ke
sealed into the wvial headspace free (no air bubbles) and
immediately cooled (4°C) for shipment. Multiple samples
(usuatly about four taken from one large sample container)
are taken because leakage of containers may cause losses,
may allow air to enter the contamers, and may cause
erroneous analysis of some constituents. Also, sorme analyses
are best conducted on independent protected samptes.

7.6 The purgeable samples must be analyzed by the
laboratory within 14 days after collection, unless they are to
be analyzed for acrolein or acrylonitrile (in which cz LsE‘*““WE)’
are to be analyred within 3 days). For samples for s it
extractions (extractable orgarics-base neutrals, acids wnd

Qo
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pesticides), the sarnple 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 h. These bottles must be sealed with
TFE-Huorocarbon lined caps (Mote). Sarmples for organic
extraction must be exiracted within 7 days and analyzed
within 30 days after extraction. Special pre-cleaned, solvent
rinsed and 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 collecring samples, the bottles shoutd nat be overfitled
or prerinsed with sample before filling because oil and other materials
mav rerpain in the botde, This can cause erroneously high results,

7.7 For a mumber of groundwater parameters, the mos
meaningful measurerments are those made in the field at the
time of sample collection or at feast at an on-site laboratory.
These include the water level in the well and parameters that

sometires can change rapidly with storage, A discussion of

the varions techniques for measuring the water level in the
well 1s contained in a NCASI poblication (5) and detailed
procedures are outlined in a U.S. Geological Survey publica-
tion (58). Although a discussion of these techniques is
bayond the scope of thig guide, it is fmyportant to peint out
that accurate measurements must be made before a well 15
flushed or only after it has had sufficient time 1o recover.
Parameters that can change rapidly with storage include
specific conductance, pH, wrbidity, redox potential, dis-
solved oxygen, and temperature. For some of the other

parameters, the emphasis in groundwater monitoring is on
the concentration of eacl spectfic dissolved component, not
the total concentration of each. Samples for these types of
measurements should be filtered through 0.45 pm mem-
brane filters ideally in the field or possibly at an on-site
laboratory as soon as possible. Anmalyses often requiring
filtered samples include all metals, radioactivity parameters,
total organic carbon, dissolved orthophosphaie (if needed),
and total dissolved phosphorous (if needed) (13, 14). If
metals are to be analyzed, fiker the sample prior 1o acid
preservation. For TOC organics, the filler material should be
tested 1o assure that it does not contrtbute to the TOC. The
type or size of the filter to be used is not well understood.
However. 1f results of metal, TOC or other parameters that
could be effected by solids are to be compared, the samg
filtering procedure must be used in each case. Repeated
analytical results should state 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 (and 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 1o the laboratory in good condition is 10 send them in
sturdy insulated 1ce chests (coolers) equipped with bottle
Jdividers. 24-h courier service is recommended, if personal
delivery service 15 not practical.
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fl ' M Designation: D 2488 - 93

Standard Practice for

Description and Identification of Soils

Procedure)®

This standard is issued wncler the fixed designation T 2438; the aumber immediately following the designation indicates the veac of
onginal adoption cr, in the case of revision, the year of last revision. A number in parsatheses indicates the year of last eezpproval, A
superseripl epsiion {¢) indicates an editonal change since the last revision or reapproval.

This standard has beern approved for use by agencies of the Depertrneni of Defense
Standards for the specific year of issue which as been adopred by the Department of Defense.

1. Scope
1.1 This practice covers procedures for the description of
soils for engineermg purposes.

1.2 This practice also describes a procedure for identifying
soils, at the option of the user, based on the classification
gystem described in Test Method D 2487, The identification
1s based on visual examination and manual tests. It rust be
clearly stated in reporting an identification that it 18 based on
vi:su.a]-»maml;a] procedures,

2.1 When precise classification of soils for engineering
o uu"po»u,.. is required, the procedures prescribed in Test
Method ID 2487 shall be used.

1.2.2 1In this practice, the identification: portion assigning
a group symbol and name is limited to soil particles smaller
I.harl ‘*l 'i'n {75 mm).

2.3 The identification portion of this practice is limited
to navtuuna]ly occurring soils fdisturbed and undisturbed).

NOTE 1--This practice may be used as a descriptive systen applied
1o such materials as shale, claystone, shells, crushed rock, ete. (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 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard 10 establish appro-
prigte safety and health practices and determine the applica-
bility of regularory limitations prior to wse. For specific
precautionary statements see Section 8.

1.5 The valugs stated in inch-pound units
regarded as the standard.

are to be

2. Referenced Documents

2.1 ASTM Standards:

653 Terminology Relating to Soil, Rock, and Contained
Fluids®

2 1452 Practice for
Auger Borings®

{3 1586 Test Method for Peanetration Test and Split-Barre!
Sampling cf Soils”

Soil Investigation ard Sampling by

' This practice is under (he jurisdiction of ASTM Committze D18 on Soi] and
Faock and is the direct responsibilily of Subcornmittee DI8.07 on identification
and Classification of Soils.

Current edition approved Szpt. 15, 1993, Published Movember 1993, Originally
published as D 2488 - 66 T, Last previcus edition D 2488 — 90

2 dnnual Book of ASTM Standeards, Vol 04.08.
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(Visual-Manual

Ceomsult the Dol Index of Specifications and

D 1587 Practice for Thin-Walled Tube

D213 Practice for Diamond Core
Investigation?

D 2487 Classification of Soils for Engineering Purposes
{Unified Soil Classification System)?

34083 Practice for Description of Frozen Soils (Visual
Manual Procedure)?

Sampling of Soils?
Drilling for Sie

3. Terminology
3.1 Definitions: i
3.1.1 Except as listed below, all definitions are in accor.
dance with Terminology D 653.

NotE 2--For particles retained oa a 3-in. (75-mm) US stand‘;uéf
sigve, the following definitions are suggested: :

Lobbifu ----- particles of rock that will pass a 12-in. (300-mm) square é
opering and be retained on a 3-in. (75mm) sieve, and

Ehazn’der&--partnc]cs of rock that will not pass a 12-in. w(3(i[lumunlp b | |
square opening.

3012 clap--soil passicg a No. 200 (75-pm) sieve tha!."f
can be made to exhibit piasticity (putty-like propertes) -
within a cange of waler contents, and that exhibits cousider-
able strength when air-dry. For classiffcation, a clay is a
fine-grained soul, or the fine-grained portion of a soil, with a
plasticity index equal to or greater than 4, and the plot of
plasticity index versus liquid limit falls on or above the “A” -
line (see Fig. 3 of Test Method I 2487). :

1113 gravel—particles of rock that will pass a 3-in
(745-mm) sieve and be retained on a No. 4 (4.7 S-mim) sieve
with the following subdivisions:

coarse-—-—passes @ 3-in. (Té-rnm) sieve and is retained on 2
Ya-in. (19-mm) sieve,

fine—passes 2 ¥a-in, (19-ram) sieve and is retained on a
No. 4 (4.75-mm) sieve.

3.1.1.4 grganic elay-—a clay with sufficient organic con-
tent to mflugnes the soil properties. For classification, an
organic clay is a soil that would be classified as a clay, except
that ats liquid limit value after oven drying is less than 75 %
of 1ts hqurd limit value beforz oven drying,

3015 prganic sift—a silt wiih sufficent organic content
to influence the soil propertics. For classification, an organic
stit 15 a soil that would be classified as a silt excepl that its
liquid hmit value after oven dryving is less than 7% % of its
hiquid limit value belore aven drying,

3. 116 peat--a soil composed primarily of vegetable tissue
m various stages of decomposition usually with an organic
odor, a dark brown to black color, 2 spongy consistency, and a
texture ranging (rom fibrous to amorphous.

3.1.1.7 sand—particles of rock that will pass a No. 4
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GROUP_SYMBOL GROUP NAME

_apr <Z30% plus Mo, 200 ~m=zo—— <159 phus Ma. 200 = Liean clay
AT T
CL< -
™ 230% phus Mo, 2002277 4w Sancly lean chay with gravel
T <o Gravelly lean clay
- Gravelty beart clay with sand
_ar 30% plus No, = Sikt
ML < - %, yand <% gravel - SHY with gravel
\‘\‘__‘1 _____ e % sand 2% of gravel sezzoo-———-—im- <15% grave| --— -m= Sandy sift
M E30% pus Ne. 20022 T 5 B% pravel —mmmmmmee
_ar C30% plus No, 200 seszzmm—— w < 15% plug No, 200
’’’’ - T 5. 259, plus Mo, 2 -ezzzo-—-———4m- % 8300 2% gravel ——————-= Fa glay with sand
g e R el
‘u IH “'--.‘
— -
‘‘‘‘‘ . e Yo sand 2% o grive)=messiz !
- 2230% plus No. 200 "::::__ T 2159 grave] —----—mmm—- A Sandy fat clay worh gravel
e <C1BY, wirnel A Giareebly fat clay
= Gwaneetiy Fat elany with sand
_apr <230% plus No. Chastic silt
‘,.—-”' stic silt with sand
NI ":::‘_ stic silt with gravel
IR - % sand 2% of grirrel sazspo-—-—-—n = < 15% graved ~—~= - Saraty elastic gilt
. >30% plug Mo, 2000 -2 T Ly i3 T I) I - Sanddy elastic silt with gravel
TR o sand <% gravel -=mezzzzmo——————- 3 Y% 1 a Gravelly elastie silt,
Rl 113 NEFTY R — - Gravelly elastic sily with sarsd

NoTe-—Percentages are based on astimating amounts of fines, sand, and gravel to the nearest 5 %.
FIG. 1a Flow Chart for identifying Inorganic Fine-Grainéd Seil (50 % or more fines)

{4.75-mm) sieve and be retained on a No. 200 (75-pm) sieve
with the following subdivisions:
coarse-—-passes & No. 4 (4.75-ram) sieve and is retained on
a No. 10 (2.00-mm) sieve. : o
medium—passes a No. 10 (2.00-mm) sieve and is retained
on a No, 40 (425-pm) sieve. '
Jfine—passes a No. 40 {425-um) sieve and is retained on 2
Ne. 200 (75-pm) sieve. _ '
3.1.1.8 sift—soil passing a No. 200 (75-um) sieve that is
nonplastic or very slightly plastic and that exhibits little or no
strength when air dry. For classification, a silt is a fine-
grained soil, or the fine-grained portion of a soil, with a
plasticity index less than 4, or the plot of plasticity index
versus liquid Jimit falls below the A" line (see Fig. 3 of Test
Method D) 2487).

4. Summary of Practice .
4.1 Using visual examination and simple maoual tests,

this practice gives standardized criteria and procedures for

describing and identifying soils. . _

4.2 The soil can be given an identification by assigning a
group symbolfs) and narae. The llow charts, Figs. 1a and 1b
for fine-grained soils, and Fig. 2, for coarse-grained soils, can
be used to assign the appropriate group symbol{s) and name.
If the soil has properties which do not distinctly place it into
a specific group, borderline symbols may be used, see
Appendix X(3. '

NoTE 3t is suggested that a distinction be made between dual
symbols and borderline symbols.

Dual Symbol—A dual symbol is two symbols separated by a hyphen,
for example, GP-GM, SW-SC, CL-ML used to indicate that the soil has
been identified as baving the properties of 2 classification in accordanos
with Test Method D 2487 where two. symbols are required. Two
symbols ame required when the soil has between.5 and 12 % fines or

GROUP NAME

e <CB0% plus No. 200 -=szzzrm—-- Ao < 35% phus Mo 200 = (g sl

OL/OH<

T 5A0% plus Ne, 200 -

- Qregonviez soil with sand

= 9% sand <23 gravel - Jegaric 30l with grave)

<T1G% graval ==w===——e————— - Sanddy argan: yoil

> 16% gravel Sandy orgenic said with gravel
< YE% sarut - Gravuelly crganic soil

- 2 15% sanud ---mmmmmmmm e = Gravelly orgumvie 00l with sand

NoTE-~Percentages are based on estimating amounts of fines, sand, and gravel to the nearest 5 %.
FIG. 1b Fiow Chart for Jdentifying Organic Fine-Grained Soil (50 % or more: fines)
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GROUP SYMBOL GROUP NAMI
gy
5% fines < T £ am £ 15% sand s Wetl.graded graver
' el T — > 15% sanel —————r » Watl.graded gravet with sard
// “ Poorly graded G ez 4« 16% sanel Poorly geaded gravel
25 3164 sanc) —————#- Poarly graded gravel with sand
/ A
/ _ar ‘Alell-graded -meziy == 4= Tines=ML or MH —————————-» (:l ‘N'(JI WI _____ e +Z15% sandt ‘Well.graded gravel with silt
GRAVEL [ T T I, T 5 15% sand ————— - Well gruded grovel with silt anc
% gravel > f—————. - 10% lires '::: T fines=C L or GH ===~ w GW-Gi (l =T <C15% s Well-graded gravel with clay
% sand Y \\“*-\_‘ R B 215% sand ————a= Well-graded gravel with clay an
Y " Poorly greded msgsm————m—mm = Fimes=ML or M ~———————— - (JllF Llpﬂ ‘‘‘‘‘ <Z15% sancl - Poarly graded gravel with sult
N T . . T 5159 yand ————#= Poorly graded gravel with st
\ ™ fines=Cl. or CH e w (P '[! C e = < 15% sanc! Pooriy graded gravel with clay
\\ T 215% sangl ~—————a Poorly graded gravel with clay
\
o < 35% sandt = Sty giravel
\ D 15% fines . > 159 ranel ———-—-a~ Sulvy giravel veith sand
____________________ an ] - 5% sang — o= Cliper gravel
T 5% sandd ——————aw Clayer gravel with sand
e Wel)graded SW o C15% gravel —— o Wedlgraded sarl
<5% fineg=cZl e =4 5% gravel -——~-w- Well-graded 1arcd with gravel
7/ TTm paorly graded S e - < 15% grave] —————a= PFaoriy graded sarct
/ T 3 16, grave) ————— a- Poaely grwded wandd with gravel
/ ,,,,,, 2 (ines =ML o MH o eeniie £ s Well-grded 1ane) with 1ih
/ ar Wed)-graded «==Z - o= Wabl-grmded 1arc) with il and ¢
SAND / /-"” _______ A= lings=Cl. or CH -————————- - u- Well-grided 1ancd with clay
% sand 2 C-—————- »-10% fines <::: - Well-grimded sanct with clay s
Nogravel N M- a= lines=ML or MH » »- Poorly gewded rarl with sl
\ ~h. Paorly graded-====l"" . - Prory grindnd sancl with it pn
5\ ~===iw {ines=ClL. e TH » w- Pooty grinded rand with clay
\ w158, gravel —————= Poorly graded sand with cley m
\\ a- {ines=ML or MH =S < 15% grawel ————m- Hikty sand

. gy Hilry sand with gravel
- finey=CL er CH I ] o Ju— = < 15% gr Clayey sand
““““““ B - 159, grovel Clayey sand with gepvel

MoTE--Percentages are based on estirnating arnounts of fines, sand, ard graved 1o the rearest 5 %.
FIG. 2 Flow Chert for [dentitying Coarse-Grained Soils (less than 50 % fines)

when the biquid limit and plasticity index values plot in the CL-ML area results for typical soils of each type with their visual and m

of the plasticity chart. _ . characteristics.
Borderline Symbol---A borderline symbol i two symbols separated
bry a slash, for example, CLACH, GM/SM, CL/ML. A borderline symbwoi 3.6 When describing and identifving soil samples fic

shouwld be used to indicate that the soil has been identified a5 having given boring, test pit, or group of borings or pits, it is
ETEZEZZ:EEif ;?i::'j"]""l'j’s""‘”ul’]Dla‘": the soil into a specific group (¢ pecessary to follow all of the procedures in this practic
AR every sarmnple. Soils which appear to be similar ca
_ grouged together; one sample completely described
5. Significance and Use identifiec] with the others referred to as similar bases
5.1 The descriptive information required in this practice perforrmng only a few of the descriptive and identifics
can be used 1o describe a soil to aid in the evaluation of its  procedures described in this practice.
significant properties for engineering use. 5.7 This practice may be used in combination
8.2 The descriptive information required in this practice  Practice D 4083 when working with frozen soils.
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 sdentilying soils using the

6. Apparatus

classification group symbols and names as prescribed in Test 6.1 Required Apparatus:

Method D 2487, Since the names and symbols used in this 6.1.1 Pocket Knife or Small Spatila

practice to identify the soils are the same as those used in 6.2 Useful Auxiliary Apparatus:

Test Method D 2487, i1 shall be clearly stated in reports and 6.2.1 Small Test Tube and Stopper {or jar with a lid)
all other appropnate documents, that the classification 6.2.2 Smafl Hand Lens.

symbol and name are based on visual-manual procedures

5.4 This practice 15 1o be used not only for identification
of soils in the field, but also in the office, laboratory, or 7. Reagents
wherever soil samples are inspected and described. 7.1 Purity of Water—Unless otherwise indicated, r

[ Tlyse ey et 8 g v p e -y - . Y vt o | e - " .

3.5 This practice has particular "13‘15"”“3131‘)“IZ'TME-ELLF ar  ences to water shall be understood 1o mean water from a
soil samples so that only a minimum number of laboratery  waier supply or natural source, including non-potable w
tests need be run for positive soil classification. 1.2 Hydrochloric Acid—-A small bottle of dilute hy
chloric acid, HCL, one part HCI (10 N) to three parts »

MNOTE 4-—The ability to descnibe and identify soils correctly is learned i h ., ;! ] " .
more readily under the guidance of experienced personnel, but it may (1 ll{S reagent 15 optional for use with this practice).
also be acquired systemnatically by comparing numencal laboratory test Section 8.

230

AR302032



ray Rounded

(¢} Subwrounded

FIG. 3

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

concentrated hydrochloric acid (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 Caution—Do not add water to acicl,

9. Sampling

9.1 The sample shall be considered to be representative of

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

Nore S--Preferably, the sampling procedure should be identified as
bavirg been conducted in accordines with Practices 12 1452, D 1587, or
D 2113, or Method D 1586.

9.2 The sample shall be carefully identified as to origin.

NoTte 6—Remarks as to the origin may take the form of a boring
oumber and saraple nuraber in conjunction with a job number, a
seologic stratum, a pedeologic horizon or a location description with
respect bo @ permanent morament, a grid system or a station number
and offset with respect to a stated centerline and a depth or elevation.

5.3 For accurate description and identification, the min-
fmum amount of the specimen to be exarmined shall be in

TABLE 1 Criteria for Describing Angufarity of Coarse-Grained
Particles (see Fig. 3)

(B} Angular

- o

P

() Subangular

Typicel Angularity of Bullsy Graing

accordance with the following schedube:
Minimum Speciimen Size,
Dhry Weight
(0F g (1325 1)
200 g (0.5 Ib)
1.0 kg {22 1k}

Maximum Particle Sire,
Sieve Opening
4.75 an (No. 4)
9.5 nirn (3% in.)
19.0 anm (3 in)
38.1 rom (12 in.) B.O kg (18 Ib)

75.0 tomm (3 io) 600 kg (132 k)

Nore 7---1f randlom isolated particles are encountered that are
significantly larger than the particles iy the soil matoix, the soil matrix
can be accurately described and identified in accondance with the
preceeding schedule, .

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

10, Descriptive Information for Soils

101 Angularity---Describe the angularity of the sand
(coarse sizes only), gravel, cobbles, and boulders, as angular,
subangular, subrounded, or rounded in accordance with the
criteria in Table | and Fig. 3. A range of angularity may be
stated, such as: subrounded to rounded.

10.2 Shape—Describe the shape of the gravel, cobbles,
and boulders as flat, elongated, or flat and 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 gravel particles are
flat.

1003 Color——Describe the coler. Color is an important
property in identifring organic soils, and within a given

. Description Criteria TABLE 2 Criteria for Describing Particle Shape (see Fig. 4)
Anguiar Pa[::;iii‘:;::;asi;l:::g:e::-dge.s and relativety plane sites with 'Trlua particke shape shall be described as follows where le_r.»gp‘.h )mkﬁth. and
- L TR . - thickness refer 10 the greatest, infermediate, and least dirmensions of a particle,
Subangular Particles are similar o angular  description bul have respectively b
rounded edges Toeem
Subyrounded Particles have nearly plane sides put have weell-roundec I leat Particles with widthfthickress > 3
corners arnd edges Elengated Particles with kengihfaicth 2> 3
_ Rounded Particles have smoothly surved sides and ro edges Flat and elorgatecl Particles reet criteria for Doth flal and elorated
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PARTICLE SHAPE

WIDTH
=THICKNESS
L=LENGTH

FLAT: W/T >
ELONGATED: L/W >3
FLAT AND i-_l_.'[)Nl;iAT ED:
~meets both criteria
FliG, 4 Criteria for Paricle Shape

TABLE 3 Criteria for Describing Moisture Condifion

Diescription Criteria
Chy Abyserice of moisture, dusty, dry to the touch
Muoist Crempy Dt no visible water
Wet Wisibiet freer water, usualy scil is below water tabky

locality it may also be wsefu! in idenmtifving materiais of

similar geodogic origin, If the sample contains lavers or
patches of varying colors, this shall be noted and all
representative colars shall be described. The color shall be
described for moist samples. If the color represents a dry
condition, this shall be stated in the Teport.

10.4 Odor—Describe the odor if organic or unusual. Soils
containing a significant amount of organic matzrial usually
have a distinctive odor of decaying vegetation. This 1s
especiaily apparent in fresh samples, but if the samples are
dried, the odor may ofien be revived by heating a mowstened
sample. If the odor 1s unusual (petroleurn product, chemical,
and the like), it shall be described.

10.5 Moisture Condition—Describe the moisture condi-
tiom as dry, moist, or wei, in accordance with the critena in
Table 3

1.6 HCl Reaction—Describe the reaction with HCl as
none, weak, or strong, in accordance with the crtera im
Table 4. Since calcivm carbonate is a common cementing
agent, a report of its presence on the basts of the reaction
wilh dilute hydrochloric acid is important.

TARLE 4 l‘rnblru; the Reaction \\HII;I%N I

Crescription (,nlem

Criteria. i(mr\EH=<

Nonet Mo visitie reaction
Weal Some rzaction, with bubbies forming siowdy
Strofig Vickent reachion, with bubbles foming ienmed

TABLE & |"'I‘l|('\ﬂld for Dc;smnwl:-mq Consisiency

Diescription

Very scft Thumb will penetrate soil more thdn 1 in, ( : rhrn)

Sl Trumly will penetrate soil about 1 in, (25 mm})

Finm Thumls will indenr soi about Yy in. (6 mm)

Hard Thumiy will not inden? soil but readily indentac with thumbr

Very hard Thurmtnail will not indent seil

10,7 Consistency-—For mtact fme-gramed soil, descr
the consistency as very ;.uﬂ', soft, firm, hard, or very hard,
accordance with the criteria in Table 5. This observatior
inappropriate for soils with significant acounts of gravel,

10.8 Cementation—Describe the cementation of ik
coarse-grained soils as weal, moderate, or slrong, in acco;
ance with the criteria in Table 6,

10.9 Structure—Describe the ‘slnu':t'unrue. of intact soils
accordance with the criteria in Table 7

10.1¢ Range of Particle Sizes—TFor pmwl and sand co
ponents, describe the range of particle sizes within ea
component as defined in 3.1.2 and 3.1, 6 For example, abo
20 % fine to coarse gravel, about 40 % fine to coarse sand

10.11 Maximum Pariicle 124?-—-—1)&&111)&: the maximu
particle size found in the sample in accordance with
following information: -

10.11.]1 Sand Size---If the maximurn particle size is
sand size, describe as fine, medium, or coarse as defined .
3.1.6. For example: maximum particle size, rmediurm sand,

1112 Gravel Size---1f the maximurn particle size is
gravel size, describe the maximum particle size as i
smallest sieve opening that the particle will pass. Fo
example, maxicowo particl s [z in. (willl pass a 1421
steare opening but not a ¥e-in. square opening).

10.11.3 Cobble or Boulder §ize---1f the maximum partic)
size is a caobble or boulder size, describe the maximur
dimension of the largest particle, For example: maximusr
dimension, 18 in. (430 mm).

10.12 b’.a'rf"m’s‘---—l, escribe the hardness of coarse san
and larger particles as hard, or state what happens when th
particles are hit by & hamener, for example. gravel-siz
particles fracture with considerable hammer blow, som
gravel-size particies crumble wnth hammer blow, “Hard
rneans particles do not crack, fracture, or crumble under
hammer Blow.

10.13 Additional comments shall be noted, such as th
presence of roots or root holes, difficulty in drilling ©
augening hole, caving of trench or hole, or the presence ©
mMica.

10.14 A local or commercial name or a geclogic interpre:

TABLE 6 Criteria for Describing Cementation

(;ﬂtw"l‘\cl

Ierr\bI(". [a13 I)r<=al~~, \Mlh handiing or Imle finggar pressure
Crurnbles or breaks with considerable finger pressure

Maoderate
..»1rcnng Will not crumble o break, wnh hnger pressure
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TABLE ¥ Criteria for Degscribing Structure
'''''' DhasErippticn Criteria
E;ﬁ;ﬁﬁiecl ARernating layers of varying material or cokyr with layers
i least & mm thiclc; note tickmerss
Lamirated Aternaling layers of warying materkal or cokor with the

layers hss Uh:u\‘:\ﬂﬂﬂll?ﬂcih riote thickness
Breaks aloryy definite planas of  fracture
resistance ko fracturirg

. Fissured with - itle

sicikensiced Fracturs planes appear pofished or glssy, sometimes
striated

Hlotky sohesiva soil 1hat can ba broken down into small angular
fumps which resist furthwer bragkdcwn

Lensed Inglusion of smal pockeds of different soils. such as small

lenses of sand scattered through a mass
thickness
Same color and appearance throwghiout

of clay; note

Homagereous

tation of the sotl. or both, may be added if identified as such.

OIS A classificetion or identification of the scil in
accordance with other classificarion systems may be
identified as such.

1. Identification of Peat

111 A sample composed primarily of vegetable tissuez in

various stages of decomposition that has a fibrous to

- amorphous texture, usually a dark brown ta black color, and

an orgame odor, NJu‘Lll be designated as a highly ciganic soil

and shail be identified as peat, P'F, and not subjected to the
identification procedures described hereafler.

12, Preparation for Idemtification

121 The soil identification portion of this practice is
. based on the portion of the soil sample that will pass a 3-in.
' (75-mm) sieve. The larger than 3-in. (75-mm) particles must
¥ be removed, manuvally, for a loose sample, or mentally, for
: an intact sample before classifying the soil.
12.2 Estimate and note the percentage of cobbles and the
; percentage of boulders. Performed wvisually, these e stinsates
;- will be on the basis of volume percentage,

" Nore 8---Since the percentages of the particle-size distribution in
+ Test Method I 2487 are by dry weight, and the estimates of percentages
for graved, sand, and fines in this practice are by dry weight, it is
 meommended that the report state that the pn*ncc1:ta§n=5 of cobbles and
- boulders are By volume.

12.3 Of the fraction of the soil staller than: 3 in. (75 mm),
sstimate and note the percentage, by dry weight, of the
gravel, sand, and fines (see Appendix X4 for suggested
procedures),

Note 9—Since the particle-size components appear visually on the

basis of volurne, considerable experience is required to estimate the

_ Ptreentages on the basis of dry weight. Freguent comparisons with
' ladnaraM(nry particle-size analyses should be made.

) 12.3.1 The percentages shall be estimated to the closest
3 %. The percentages of gravel, sand, and fines must add ujp
1o 100 Te.

2.3.2 If one of the components is present but not in
nx[fxc1f=rnt-cpu“lrltlt)' to be considered § % of the sraller than
din. (75-mm) portion, indicate its presence by the term
trace, for example, trace of fines. A trace is notl to be
tonsidered in the total of 100 % for the components.

13. Preliminary ldentification
13.1 The scil is fine grained if it contains 50 % or more

4

added 1f

fines. Follow the procedures for identifying fine-graived soils
of Section 14,

13.2 The soil is coarse grained if it contains less than 50 %
fines. Follow the procedures for identifying coarse-grained
soils of Section 15,

4. Procedure for Identifying Fine-Grained Soils

14.1 Select & representative sample of the material for
examination. Rerave particles larger than the No. 40 sieve
(medinm sand and larger) until a specimen equivalent to
about a handful of material is available. Use this specimen
for performing the dry strength, dilatancy, and toughness
fests.

14.2 Diy Strength:

14.2.1 From the specimen, select enough material to mold
mto a kall about |oin. (25 mm) in diameter, Mold the
matenal 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 roaterial about
Yo in. (12 mm) m diameter. Allow the test specimens to dry
in air, or sun, or by artificial means, as long as the
11*::1;)&1 ature does not exceed 60°C.

1.2.3 IF the test specimen contains natural dry lumps,
1J1()su: that are about V4 in. (12 mm) in diaroeter may be used
in place of the molded balls.

MNoTe 10--The process of melding and drying uswally produces
higher strerigths than are found in natural diry mps of soil,

14.2.4 Test the strength of the dry balls or lumps by
crushing between the fingers. Note the strength as none, low,
medium, high, or.very high in accorance with the criteria in
Table 8. If natural dry lumps are used, do not use the results
of any of the lumps that are found tc> (wcnu141111 |Jztr11(ﬂh"s.'cdf

_coarse sand.
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14.2.5 The presence of high-strength water-soluble ce-
menting materials, such as calcium carbonate, may cause
exceptionally high dry strengths. The presence of calcivno
carbonate can usnally be detected from the intensity of the
reaction with dilute hydrochloric acid (see 10.6).

14.3 Dilatancy:

14.3.1 E’r()rrlIUhu::s;xﬂtriunu’rl,.sE]t=c1 :-:ucﬂJgrtllnnulttﬁrlad‘1() mold
into a ball about % in. (12 mm) in diameter. Mold the
matenal, adding water if necessary, until it has a soft, but not
sticky, cwammsdirnemlczy;

14.3.2 Smooth the soil bali in the palm_of one hand with
the blade of a knife or small <1J¢IILLLE Shake horizontally,
striking the side of the hand vigorously against the other
hand several times, Note the reaction of water appearing on

TABLE 8 Criteria for Describing Chry Strength

Descriplion Criteria

None: The dry specimen crumbdes into powder with mese pressure
of handiing

Low The dry specimen crurmbles into powder with some finger
Dressura

Mechurn The dry spacimen treaks into pieces or crumbles with
consickerable finger pressure

High The dry specimen cannot be broken with finger pressure.
Specimen will break into pieces between thumb and a hard
surface

Very high The dry specimen carnot be broken bebween the thumi arkd a

hard surface

AR3 020 75

AT .




IIIIIIIIIII||I|||||||||||l|||||||||||||||||||||||mmmnnnm..-....r

iih D 2488

TABLE 9 Criteria for Dewcnblng‘ Dilatancy

Description Criteria
None: No visthig change i 1he specimen
Slawr Water appears slowly on the surface of the specimen during
shaking and does not disappear or disappears slowly upon
squeezing
Rapid Water appears quickly on the surace of the specimen during

shaking and disappears quickly upon squeezing

TABLE 10 Criteria for Describing Toughness

I"'o SRR Criteria

locw Qrily slight pressure is required 10 roll the threac near the
plastic limit. The thread ancl the lurnp are weak and soft
Medium pressure is required to roll the thread to near ihe
plastic limit. The thread and the lump have medium stitffness
High Corgiclerabhe pressure is required to roll the thread to niear the
plastic Henit, The thread and the lump have very high
sliffnass

Wedium

the surface of the seil. 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, and disappears while squeezing.

[4.4 Toughn

14.4,1 ‘Following the completion of the dilatancy test, the
test specimen 15 shaped into an elongated pat and rolled by
hand on a smooth surface ar between the palms into a thread
about Ve 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 fose some water by evaporation.) Fold the sample threads
and reroll re pf,atenulll‘y until the thread crurables at a diameter
of about Vs in, The thread will crumble at a diameter of Vs
in. when the s0il is near the plastic limit. Mote the pressure
required 1o roll the thread near the plastic Hmit, Also, note
the strength of the thread. After the thread crumbles, the
pieces should be lumped together and kneaded until the
lueon crumbles. Note the toughness of the material during
kneading.

14.4.2 Describe the toughnf ss of the thread and lump as
low, medinum, or high in accordance with the criteria in
Tahle 10,

14.5 Plasticity—On the basis of observations made during
the toughness test, describe the plasticity of the rmatertal in
accordance with the criteria given in Table 11,

14.6 Decidz whether the sotl ts an inorganic or an organic
fine-grained soil (see 14.8). If inorganic. follow the steps
given in 14.7.

14.7 Identification of horganic Fine-Grained Soils:

0

TABLE 11 Criteria for Describing Flasticity

Qesaription

Nonplastic ca. ater con ‘e,nt
L ow The lhl(’acl can barely be rolled and the lump cannot be
forrmed whes drier than the plastic mil
The thread is easy 10 roll and not much time is required to
reach the plastic limit. The thread cannot be rerofled after
reaching the plastic Breit, The lump crurmbles when drier
than the plastic limit
High It takes considarable tima rolling and kneacling 1o reach the
plastic limil. The tread can be terolled s@varal times atter
reaching the plastic lirnit. The lump can be formed without
crumbling when drier than the plastic limit

Medium

14.7.1 Identify the soil as a fean clay, CL, i the s
medium 10 high dey strength, no or slow dilatanc
medium toughness and plasticity (see Table 12).

14.7.2 ldentify the soil as a jat clay, CH, if the s
high to very high dry strength, no dilatancy, anc
toughness and plasticity {see Table 12).

14.7.3 Identify the soil as a silt, ML, if the soil has
low dry strength, slow to rapid dilatancy, and low o
and plasticity, or is nonplastic (see Table 12).

14.7.4 ldentify the soil as an elgstic sife, MEL il the s
low 1o medium dry strengih, no to slow dilatancy, and |
medivm toughness and plasticity (see Table 12).

NoTE F—These propetties are similar to-those for a lem
Haowewver, the silt will dry quickly on 1the hand and have a smoot)
feel when dry. Sorme soils thar would classify as MH ia accordan
the criteria in Test Method D 2487 ave visually difficult to disti
from [ean clays, CL. It may be necessary to perform laboratery
for proper identification.

V4.8 Tdemtificuiion of Organic Fine-Grained Soils:
14.8.1 Identify the soil as an organic soil, OL/OH,
s0il contains enough organic particles to influence l.hu
properties, Organic soils usually have a datk brown 1o
color and may have an organic odor. Often, organic soil
change color, for example, black to brown, when expos
the air. Some organic soils will lighten in color signific
when arr dried. Organic soils normally will not have a
toughness or plasticity. The thread for the toughness tes:

be spongy.

MNoT1E 12---In some cases, through prac:ﬁcu:'amd expertence, tL m
possible to firther identify the organic soils as enganic silts or or
clays, OL or OH. Correlations between the dilatancy, dry stre
toughness tests, and laboratory tasts can he made 10 identity organic
in certain deposits of similac materials of known geologic origin,

14.9 1f the soil is estimated to have 15 to 25 % san
gravel, or both, the words “with sand” or “with pra
(whichever is more predominant) shall be added to the gr
name. For exampie; “lean clay with sand, CL” or “sikt 1
gravel, ML” (see Figs. 1a and 1b), If the percentage of sar
equal 1o the perce niage of gravel, use “with sand.”

14.10 If the soil is estimated 10 havvc- 30 % Or MOre Sam
gravel, or both, the words “sandy™ “graveily”™ shall
added to the group name. Add the ‘yrord “sandy™ if
appears to be more sand than gravel. Add the w
“gravelly™ if there appears to be more gravel than sand.
exaraple: “sandy lean clay, CL”, “gravelly fat clay, CH”,
“sandy sit, ML" {sce Figs. 1a and Ib). If the percentage
sand is equal o the percent of gravel, use “sandy.”

Procedure for Identifying Coarse-Grained Soils (Ci
rains less than 50 % fines)
15.1 The soil s a gravel if the percentage of gravel
estimated to be more than the percentage of sand.

TABLE 12 Identitication of Inorganic Fine-Grained Soils from
Manual Tesis

:yrnbol Pry Strength Dilatancy Toughness
M. None (o] kww Slow to rapid Lo or thread cannot
fornac!
GL Wedium 1o high Morse 10 slow edium
MH Low 1o medium More to slow Low 1o medium
CH High 0 very high High
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152 The soil is a samd if the percentage of pravel is
esiimated to bz equal to or less than the percentage of sand.

15.3 Fhe soib is a clean gravel or clean sand if the
Ir:rc:::rtaige:ch'iilze:s is estimated 10 be 5 % or less.

15.3.1 Identify the soil as a well-graded gravel, GW, or as
a2 well-graded sand, SW, if it has a wide range of paﬁu"k' sizes
and substantial amounts of the intermediate particle sizes.

15.3.2 Identify the soil as a !:'Omly graded gravel, G, or as
a poorly graded sand, SP, if it consists prt’clucnnnll1ndntly of one

size (uniformly graded), or it has a wide range of sizes with
some intermediate sizes obviously mussing (gap or skap
graded).

15.4 The 501l {5 either a gravel with fines or a sand with
fines if the percentage of fines is estimated 1o be 15 % or
more.

15.4.1 Identify the soil as a clayey gravel, GC, or a clavey
savd, SC, if the fines are clavey as determined by the
procedures 1n Section 14

154.2 Identily the soil as a silty gravel, GM, or a silty
sangd, SM, if the fines are silty as determined by the
procedures in Section 14,

<155 If the soil is estimated to contain 10 % fines, give the
sail a dual identification using two group symbols.

t15.5.1 The first group symbol shall correspond to a clean
gravel or sand (GW, GP, 8W, 5P) and the second symbol
shall corraspond to a gravel or sand with fines (GC, GM,, 8C
SM).

15.5.2 The group name shall corresponsd to the first group

syntbol plus the words “with clay™ or “with silt” to indicate
the plasticity characteristics of the fines. For example:
Mwell-graded gravel with clay, GW-GC” or “poorly graded
‘;uncl‘vvitll silt, SP-SM” {sex Fig. 2).
2 A15.6 If the spectmen is ;prewi()x:nntnanuﬂﬂly sand. or gravel but
wnlmlr.t's an estimated 15 % or more of the other coarse-
frained .con: stituent, the words “with gravel” or “with sand”
sh.tl][ be-added to the group name. For example: “poorly
!Iauiexi gravel with sand, GP" or “clayey sand with gravel,
‘4 {see Fig. .

ﬁSI. T the field samnlpk- commm.: amy cobbles or boulders,
IDI both, the words “with cobbles” or “with cobbles and
hcmlc‘[er shall be added to the group name. For example:

“silty gravel with cobbles, GM.”

1_16 Report

16,1 The report shall include the information as to origin,
and the items indicated in Table 13. .

’Nuu 13-—-Exiample: Clayey Gravel*with Sand and Cobbles, GO
mmn 50 % fine to coarse, subrounced to subangular gravel, about 30 %

i 10 coarse, subrounded sand; abowt 20 % fnes with medium
Fltﬂluty. high dry strength, no dilatancy, medium toughness; weak

)

v

TARBLE 13  Checklist for Description ol Soils

1. Group nare

2. Growp symbol

3. Percent ot cobbles or boulders, or Dot [y volume)

4. Percent of gravel, sand, or fines, or all threg (Dy cry weight)
5. Paricle-size range:

Gravel-—-fine, coarse
Sanck--fine, redism, coarse
5. Partiche angularity; angular, subangular, subrourded, rounded
7. Particle shape: (i appropriate) fial, elongated, flat and slongated
B. Maximurn particle size or dimension
9. Hardness of coarse sand and larger particies
10. Flasticity of fines: nonplastic, low, eedium, high
11 Cry strength: none, kow, redium, high, very high
12 Diatancy: nome, stow, rapid
13, Toughness: low, medium, high
14, Coler fin roist condition)
5. Ceor (menvicn only if organic or ursual)
16. Mosture: dry, moist, wet
17, Reaction withy HCL none, weak,
For inract samples:
18. Censistency [fine-graired scils only): very soft, soft, firm, hard, wery hard
19, Structure:  stratifiexd, larminated.  fissuredd, slickensided, lensed, homo-
gENeCUs
20. Cementation: weak, mederate, sirong
21. Local name
22, Gecolagic interprtation
23, Additiorsy commerds: presence of roots oF rooft hokes, presence of mic,
cypsurm, ele, surface coatings an coarse-grained particdss, caving o
shoughing o avter hole or rench sides, dtfituity in augering o excavaiing,
etc.

-

strong

reaction with HCL original field sample had about 5 % (by volume)
subrounded cobbles, rmaxirnam dimension, 150 mm.

In-Place Conditions——Firm, homogeneons, dry, brown

Geologic Interpretation-——Alluvial fan

NCTE 14—-Other examyples of soil deseriptions and identification are
gven i Appendixes X1 and X2, ‘

Mare 15---11 clesirecl, the percentages of gravel, sand, aod fines may
be stated in terms indicating a range of percentages, as follows:

Frace—Particles are present but esiimated 1o be less than 5 %

Few-.5 10 10 %

Little— 1510 25 %

Some--3010 45 %

Mostly-—--50 to 100 %

16,2 If, i the soil description, the soil is identified using'
classification group syrobol and name as described in Test
Method D 2487, it must be distinctly and clearly stated in Jog
forms, summary tables, reports, and the like, thai the symbol
and name are based on visual-manual pmc@durt::;.

17. Precision and Bias

17.1 This practice provides gqualitative information only,
therefore, a precision and bias statement is not applicable.
18. Keywords

18.1 classification; clay; gravel; organic soils; sand; silt;
soil classification; soil description; visual ¢lass nlllrlt‘ﬂl tiom
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APPENDIXES

(Nonmandatory Information)

X1, EXAMPLES OF VISUAL SOIL DESCRIPTIONS

Xi.1 The following exarmples show how the information
required in [6.1 can be reported. The information that is
included in descriptions should be based on individual
circumstances and need.

X1 Well-Graded Gravel with Sand (GW)-—About

5 % fine 10 coarse, hard, subangular gravel; about-25 % fine
to coarse, hard, subangular sand; trace of fines, maximum
size, 75 mm, brown, dry; no reaction with HC,

X 1.2 Silty Sand with Gravel (SMj—About 60 % pre-
dominantly fine sand; about 25 % siliy fines with low
plasticity, low dry strength, rapid dilatagey, and low tough-
ness; about 15 % fine, hard, schrounded gravel, a few
gravel-size particles fractured with hammer blow; maximum
size, 25 mm; no reaction with HCl (Note---Field sample size
smaller than recommended),

In-Place Conditions—Furm, steatified and contains lenses
of silt 1 1o 2 in. (25 to 50 mm) thick, moist, brown 1o gray;

in-place density 106 lb/ft’; in-place moisture 9 %.

X1.1.3 Organic Soil (QL/OH)-—About 100 % fi)
low plasticity, slow dilatancy, low dry strength,
toughness;, wet, dark brown, organic odor; weak
with HCL

X114 Siiry Sand with Organic Fines (SM}——Abo
fine to coarse, hard, subangular reddish sand; abm
organic and silty datk brown noonplastic fines with
strength and slow dilatancy; wet; maximum size,
sand; weak reaction with HCL. :

X115 Poorly Graded Gravel with Silt, Sand, Cobl
Boulders (GP-GM)—-About 75 % fine to coarse
subrounded to subapgular gravel; about 15 % fine
subrownded to subangular sand; about 10 % silty wo
fines; moist, brown; no reaction with HCL; origin
sample had about 5% (by volume) hard, subn
cobbles and a trace of hard, subrounded boulders,
maximum dimension of 1§ in, (450 mm).

X2, USING THE IDENTIFICATION PROCEDURE AS A DESCRIPTIVE 5Y F]F] M FOF SJIHAJLE, CLAYST(
SHELLS, SLAG, CRUSHED ROCK, AND THE LIKE

X2.1 The identification procedure may be used as a
descriptive system applied to materials that exist in-situ as
shale, claystone, sandstone, siltstone, mudstone, etc., bt
convert: to soils after field or laboratory processing (crushing,
slaking, and the like).

X2z ’ Materials such as shells, crushed rock, stag, anri the
like, showld be identified as such. However, the procedures
used in this practice for describing the particle size and
plasticity charactenstics may be used in the description of the
material. If desired, an identification using a group name and
symbaol according to this practice may be assigned to aid in
describing the material,

X2.3 The group symboi(s) and group names should be
placed in quotation marks or noted with some type of
distinguishing symbol. See examnples.

X2.4 Examples of how group narnes and symbols can be
imcororated into a descriptive system for materials that are
m)l ncrluuraﬂlv oceurring solls are as follows:

241 Shole Chunks—Retrieved as 2 to 4-in. (50 to

14

XA, SUGGESTED PROCEDURE FOR USING A BORDERILINE &

100-mm) pieces of shale from ]puwm auger h cni[e, <chry
no reaction with HCL After slaking in water for
matertal identified as “Sandy Lean Clay (CLY™ abow
fines with medium plasticity, high dry strength, no dil:
and medinm 1[1"11.lphruss.£., about 35 % fine to medium
sand; abowt 5 % gravel-size pieces of shale.

X242 Crushed  Sandstone—Product of comn
crushing operation; “Poorly Graded Sand with Sil
SMY*; gbout SO % fine to mediom sand; about
ponplastic fines; dry, reddish-brown, strong reactior
HCL.

X243 Broken Shells—About 60 % gravel-size b
shells; about 30 % sand and sand-size shell pieces;
10 % fings; “Poorly Graded Gravel with Sand (GP).”

X244 C *mhed Rock—Processed from gravel and
bles in Pt No. 7; "Poorly Graded Gravel {GP)™; .1bcnux
fine, hard, .mg-ud!ar gravel-size particles; about 10 %

hard, angular sand-size paricles; dry, tan; no ere‘lcl.mn
HCL

SYMBOL FOR SOILS WETH TW(O POSSIB

IDENTIFICATIONS.

X3.1 Since this practice is basad on estirnates of particle
size distribution and plasticity characteristics, it may be
difficult to clearly identify the scil as belonging to one
category. To indicate that the soul may fall wmto one of two

236

possible hasic groups, a borderline symbol may be used
the two symbols separated by a slash. For example: 5C/(
CL/CH.

NI LD A borderline symbol may be used when
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atage of fines is estimated 1o be between 45 and 55 %.

symbol should be for a coarse-grained soil with fines

he other for a fine-grained soil. For example: GM/ML

ISC.

1. 1.2 A bordertine symbol may be used when the

-piage of sand and the percentage of gravel are estimated

- about the same. For example: GP/SP, SC/GC, GM/

it is practically impossible to have a soil that would have

derline symbol of GW/SW

1.3 A borderhne symbol may be used when the soil

| be either well graded or poorly graded. For example;

GP. SW/SP

1.4 A borderline symbol mayv be
either ke a sitlt or a clay. For

AH, SC/SM.

1.5 A borderline symbol may be

tused when the soil
example: CL/ML,

used when a fine-

grained soil has properties that indicate that it is at the
boundary between a soil of low compressibility and a soil of
high compressibility. For example: CL/CH, MH/ML.

X3.2 The order of the borderline symbols should reflect
similarity to surrounding or adjacent soils. For example: scils
in a borrow area have been identified as CH. One sample is
comsidered to have a bordertine symbol of CL and CH. Tc
show sirailarity, the borderline symbol should be CH/CL.

X3.3 The group name for a scil with 2 borderline symbol
should be the group name for the first symbol, except for

CL/CH lean to fat clay
ML/CL clayey silt
CL/MUL silty clay

X3.4 The use of a borderline symbol should not be used
indiscriminately. Every effor shall be made to first place the
soil inte a single group

X4. SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAGES OF GRAVEL, SAND,
AND FINES IN A SOIL SAMPLE

1.1 Jar Method-—-"Thea relative percentage of coarse- and
mained material may be estirmated by thoroughly
ng a mixmre of soil and water in a test tube or jar, and
allowing the mixture to seitle. The coarse particles will
o the bottom and successively fner particles will be
sited with increasing time; the sand sizes will fatl out of
nsion in 20 to 30 s, The relative proportions can be
ated from the relative volume of each size separate.
method should be correlated to particle-size laboratory
minations.

L2 Visual Method--—-Mentally visualize the gravel size
les placed in a sack (or other conlainer) or sacks. Then,
& samne with the sand size particles and the fines, Then,
ally compare the number of sacks to estimate the
ntage of plus No. 4 sieve size and minus No. 4 sieve size

XS5, ABBREVIATED S0OIL C

h1 In some cases, because of lack of space, an abbrevi-
system moay be wsefil to indicate the soil classification
0l and name. Examples of such cases would be graph-
s, databases, tables, etc.

.2 This abbreviated system is not a substitute for the
ame and descriptive information but can be used in
lementary presentations when the complete description
erenced.

.3 The abbreviated system should consist of the soil
dication symbol based on this standard with appropriate
U case letter prefixes and suffixes as:

237

present. The percentages of sand and fines in the minus sieve
stze No. 4 material can then be estirnated from the wash test
{X4.3).

X4.3 Wash Test (for relative percentages of sand and
Sfines)—Select and moisten enough minus No. 4 sieve size
material to form a 1-in (25-mm) cube of soil. Cut the cube in
half, set one-half 1o the side, and place the other half in a
smoall dish. Wash and decant the fines owt of the material in
the dish until the wash water is clear and then compare the
wo samples and estinate the percentage of sand and fines.
Remember that the percentage is based on weight, not
volume, However, the volume comparison will provide a
reasonable indication of grain size percentages.

X4.3.1 While washing, it may be necessary to break down
lumps of fines with the finger to get the correct percentages

LASSIFICATION SYMBOLS

Prefix: Soffin:

s == with: sand

g = with gravel

¢ == with cobbles
b = with boulders

s = sandy
& = gravelly

X.5.4 The soil classification symbol is to be enclosed in

parenthesis. Some examples would be:

Group Symbol and Full Marme Abbreviated
CL, Sandy lean clay $CL)
SP-SM, Poorly graded sand with silt and gravel (SP.-SM)
GP, poorly graded gravel with sand, cobbles, and boulders (CiPych
ML, gravelly silt with sand and cobbles g(MLlksc
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Xo. RATIONALE

Changes in this version from the previous version, Classtfication Symbots.
D 2488 - 90, include the addition of X5 on Abbreviated Soil

The Amarican Society l'or Tesling and Materials takes no position respecting the validity of any patent rights asserted in connection
wilh any iteny mentioned in this standard. Users of this standard are expressly advised that deterroination of the validity of any such
patant rights, and the risk of infringement of such rights, are entirely their owa responsibility

This standard is subject to revision at any time by the responsible techimcal committee and must be reviewed every five years and
it not revised, either reapproved of withdrawn, Your comments are invited either for revision of this stancard or for additional standards
and’ should be addressed 1o ASTM Headguarters. Youwr comments will receive careful considaration at a meeting of the responsitie
tachnjcal commities, which you may artend. if you leel that your comments have not received & fair heating you shoula make your
vigws kriowin (o the ASTM Committes on Standlards, 1976 Race 5t Paadeiphia, P4 13103,
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Standard Test Method for

One-Dimensional Consolidation Properties of Soils

+ 1

This standard is issued under the fixed designation 12 2435; the number immediately following the designation indicates the year of
original adoption or, in the case of revisicn, the year of last revision. A number in parentheses indicates the vear of last reapproval. A
superscript epsilon () indicates an editorial change since the last revision or reapproval.

1. Scope™

1.1 This test method covers procedures for derermining
the magnitude and rate of consolidation of soil when it 1s
restrained laterally and drained axially while subjected to
merementally applied controlled-stress loading. Two alterna-
tive procedures are provided as follows:

110 Test Method 4-—This test method is performed with
constant load incrernent duration of 24 h, or multiples
thereol. Time-deformation readings are required on a min-
imum of two load incremmenis.

1.1.2 Test Method B---Time-deformation readings are
required on all load increments. Successive load increments

“are applied after 100 % prmary consolidation is reached, or
" at constant time increments as described in Test Method A.

NoTe 1-—The determination of the rate and magnitude of consolida-
tion of soil when it is subjectad to controlled-strain loading is covered by

Test Methad D 4186,

"¢ 1.2 This test method is most commonly performed on
: undisturbed

}

sammples of fine grained soils npaturally
“mented in water, however, the basic test procedure is
icable, as well, to specimens of compacted soils and

& undisturbed samples of soils formed by other processes such

in units other than 51 shall not be regarded as nonconfor-
mance with this test method.

1.4.1 In the enginecring profession it 5 custoinary prac-
tice to use, interchangeably. wmits representing both rass
and force, unless dypamic calculauons (F = Ma) are
involved. This implicitly combines two separate systems of
units, that is, the absolute system and the pravimetric systern.
It 15 scientifically undesirable to combine two separate
systerns 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)
represents a unit of fiorce (weight), The use of balances or
scales recording pounds of mass (lbra), or the recording of
density in Ih/fi* should not be regarded as nonconformance
with this test method.

1.5 This standard does not purport 1o address all of the
safety concerns, if any, associated with ity wse. It is the
responsibility of the user of thiy standard to establish appro-

priate safety and health practices and determine the applica-

bility of regulatory limitations prior to use.

2. Referenced Documents

21 ASTM Standards:

.23 weathering or chemical alteration. Evaluation techniques
| specified inm this test method are generally applicable to soils
f maturally sedimented in water, Tests performed on other
% soils such as compacted znd. residual (weathered or chermi-
. Selly altered) soils may require special evaluation technigues.

D422 Method for Particle-Size Analysis of Soils?

D653 Terminology Relating 1o Soil, Rock, and Contained
Fluids* ' ‘

12354 Test Method for Specific Gravity of Soils?

D 1587 Practice For Thin-Walled Tube Geotechnical

&

b

¥

A

. 1.3 It shall be the responsibility of the agency requesting
}hls test to specify the magnitude and sequence of each load

puerement, including the location of a rebound cycle, if

- required, and, for Test Method A, the load increments for

ke

X

forire e,

which time-deformation reacings are desired.

- Note 2--Tire-deformation readings are required to determine the
tine: for completion of primary consolidation and for evaluating the
ceelficient of consolidation, ¢,. Since ¢, varies with stress level and load
mmfmm‘l (Ioading ©r unloading), the load increments with timed
®adings must be selected with specific reference to the individual

- Prcject, Alternatively, the requesting agency may specify Test Method B

P'h-:paim the time-deformation readings are taken on all load increments.

1.4 The values stated in SI units are to be regarded as the
Sandard. The values stated in inch-pound units are approx-
'Mate and given for guidance only. Reporting of test resuls

o

Sampling of Soils?

D2216 Test Method for - Laboratory Determination of
‘Water (Moisture) Content of Soil and Rock?

12487 Classification of Soils for Engineering Purposes?

22488 Practice for Description and Identification of Soils
(Visual-Manual Procedure)?

D 3550 Practice for Ring-Lined Barrel Sampling of Sotls?

D 3740 Practice for Minimwm Requirements for Agencies
Ergaged in the Testing or Inspection, or both, of Soil
and Rock as Used in Engineering Design and Con-
struction®

D 4186 Test Method for One-Dimensional Consolidation
Properties of Soils Using Controlled-Strain Loading?

34220 Practice for Preserving and Transporting Soil
Samples?

-_ D 4318 Test Method for Liguid Limit, Plastic Limit, and §:
e ‘ Flasticity Index of Scils? [
! and o: 1(:;1 n:!ctho:! is undler lh(:jyl'fs,:hﬂmn of ASTPu_ﬁ Comunittee D-18 on Scat D 4452 Methods for X-Rav Radiography o f Sotl Samples?

: <l and is the direct resporsibility of subcommitiee [DIB.0% on Structural - -
“heriies of 5o,
~}f;r:m edition approved June 10, 1996, Published Auvgust 1996, Originally T

d ax 0 2435 - 657, Last previous edilion I» 2435 - 90, 2 danual Booic of ASTM Standards, Vol 04.08. .
A
* A Summary of Changes section appears at the end of this test method. "'i
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Ho:= 19050 num
H,=8.238 mm

Void Relio and Strain Information

FIG. I
D 4546 Test Methods for One-Dimensional Swell or
Settlement Potential of Cohesive Soils®

3. Terminology
3.1 Definitions-——The definitions of terms used in this test
method shall be in accordance with Terminology D 653

4, Summary of Test Method

4.1 In this test method a soil specimen is restrained
laterally and loaded axially with total stress increments. Each
stress increment ds maintained until excess pone water
pressures are completely dissipated. During the consolidation
process, measurements are made of change in the specimen
height and these data are used to determine the relationship
between the eflfective stress and void ratio or strain, and the
ate at which consolidation can occur by evaluating the
coefficient of cotisolidation,

8. Significance and Use

5.1 The data from the consolidation test are used to
estimnate the magnitude and rate of both differential and total
settlement of a structure or earthfill. Estimates of this type
are of key importance in the design of engineered structures
and the evaluation of their performance.

5.2 The test results can be greatly aflected by sample
disturbance. Careful selection and preparation of test speci-
mens is recuired to minimize disturbance,

NoTE 3-—-Notwithstanding the statement on precision and bias
contained i this stanclard, the precision of this test method is dependent
on the competence of the personnel performing the test and suitability
of the equiproent and facilities used. Apencies that meet the enteria of
Practice 12 3740 generally are considered capable of corapetent and
objective testing. Users of this test method are cantioned that compli-
ance with Practice ID 3740 does not assure reliable testing, Reliable
testing depends on many factors, and Practice ID 3740 provides a means
of evaluation some of these factors

5.3 Consolidation test resubts are dependent upon the
magnitucle of the load increments, Traditionally, the load s
doubled for each increment resulting in a load-increment
ratio of 1. For undisturbed samples, this load procedure has

208

Load dy £ i}
Increment cidrtected EAH b 11 [Ho-8HY " . . . N X
{IkFa) [vm) fivun} (%} {mim) (H-EL )l Coefticient of Consolidation, «,
T initial 5.3300 [ 0 19.0500 1:231
% 5.3012 0.)288 .15 19.0212 1.228
10 §.2743 00557 0.3 18.9943 1aes elpgeerrected LaH Cay Hss o [P
o 5.2167 01133 L 48,4367 1218 (i) (%) (o) C3p {sec) )
44 5.1161 92139 1.2 1341381 1.206 T 0604 142 187780 T 300 33 —
] 15437 03367 2 130633 1,185 PR SR T REs e T T
160 4.4740 D.8560 4,49 13.1340 1.131 3,766 BtD ! 17.506 .05 516
AZ0 2.9604 2.3496 12.33 16,7004 0956 7.405% Y486 | 16.218 0,604 TR
640 1.3908 34392 1305 156108 D828 15077 2006 | 15228 LKL 158
1260 0.9860 43440 14.7060 0.722
320 1.0747 4.258 14.794 0.733
i 14500 19300 5.1 [
20 10169 3.5131 i 0.820
5 2.2319 3.0381 16526 159513 858

Consolidation Test Surmmany

provided data from which esticnates of the precon
pressure also referred to as the maximum past press
established evaluation techriques, compare clice
field weeasurement. Other load schedules may b
racdel particular field conditions or meet specia
ments. For example, it may be desirable to inur
load the specimen in accordance with the wetting «
pattern expected in the field in order to best sin
response. Smailer than standard load increment n
be desirable for soils that are highly sensitive
response is highly dependent on strain rate, ™ ~ te:
specified to estimate the preconsolidation pr. e
sitaple technicque 1o verify that one set of HiE re:
aken . after the preconsolidation presswee, Seve
evalnation techniques exist and may yield different
of the preconsolidation pressure. Therefore, the 1
agency may specily an alternate technigue to est
preconsolidation pressure,

5.4 Consolidation test results are dependent -
duration of each load increment. Traditionally,
duration is the same for each increrent and equa
For some soils, the rate of consolidation is s
coraplete consolidation (dissipation of excess pore
will require more than 24 h. The apparatus in ge
does not have provisions for formal venificatior
pressure dissipation. H is necessary to use an intel
technigque which indirectly determines that consol
complete. This test methed specifies two techmig
ever the requesting agency may specify an alterna
nigue and still be in conformance with this test me

3.5 The apparatus in general use for this test me
not have provisions for verification of saturatic
undisturbed samples taken from below the water tat
saturated. However, the tirne rate of deformatio
sensitive to degree of saluration and caution
exercised regarding estimates for duration of se
when partially satorated conditions prevail. The
which partial saturation influences the test results
part of the test evaluation and may includ nh
theoretical models other than convention. _.ns
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eory. Altermatively, the test may be performed using an

paratus equipped to saturate the specimen,

© This test method uses conventional conselidation
based oo Terzaphi’s consolidation equation to com-

ate the coeffictent of consolidation, ¢,. The analysis is based

son the following assumptions:

5.6.1 The soil 15 saturated and has homogeneous proper-

25,

5.6.2 The flow of pore watar is in the vertical direction;

5.6.3 The compressibility of soil particles and pore water

negligible compared 1o the compressibility of the soil
eleton;

5.6.4 The siress-strain relationship s linear over the load
crement;

5.6.5 The ratio of soil permeability o soil compressibifity
cconstant over the load increment; and
5.6.6 Darcy’s law for flow through porous media applics.

. Apparatus

6.1 Load Device—A suitable device for applying vertical
cads or total stresses) to the specimen. The device should be
apablz of maintaining specified loads for long penods of
ime with an accuracy of # 0.5 % of the applied load and
hould permit quick application of a given load increment
vithout significart impact. o

Norg 4---Load application generally should be completed in a time
oresponding to 0.01 £,5¢ o less, For soils where pricpary consolidation
is compleded in 3 rin, foad application should be less than 2 s.

6.2 Consolidometer—a device to kold the specimen in a

r ‘hat is either fixed to the base or floating (supportad by
n. on periphery of specinaen) with porous disks on each

fack: of the specimen: The inside diarnzter of the ring shall be
determined to a tolerance  of 0,073 mm (0.003 in.). The
consolidometer shall also provide a means of submerging the
specimen, for transmitting the concentric vertical load to the
porous disks, and for measuring the change in height of
specimen.,
i 6.2.1. Minimum  Specimen  Digmeter—The
specimen diameter shall be 50 mma (2.00 in.).
622 Minimum Specimen Height-—-The minimum indtial
specimen height shall be 12 mm (0.5 in.), but shall be not less
than tep times the maximmm particle diameter.

minimugm

_ Note 5--If Jarge panicles are found in the specimen after testing,
include in the report. this visual observation or the results of a particle
szt amalysis in accordance with Method D422 (except the moinimum
sarnple size requireraent shall be waived).

. 6.2.3 Minimum Specimen' Diameter-to-Height Ratio-—
The minimura specimen dizmeter-to-height ratio shall be

=,

» Notk 6--The use. of greater diacoeter-to-height ratios is recoen.
mu:n'dedi_ To minimize the effects of friction between the sides of the
ipeCimen and ring, a diameter-to-height ratio greater than four is
preferable,

6.2.4 Specimen Ring Rigidity-—The 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
003 % of the diameter under the greatest load applied,

.3 Specimen Ring Material—The ring shall be made of
s -ndterial that is noncorrosive in relation to the soil tested.
he inner surface shall be highly polished or shall be coated

209

with a low-friction material. Sificone grease or molybdenum
disulfide is recommended; polytetrafluoroethylene is recom-
mended for nonsandy soils,

6.3 Porous Disks---"The porous disks shall be of silicon
carbide, alurminwo oxide, or similar noncorrosive material,
The grade of the disks shall be fine enough to prevent
intrusion of soil into the pores. If necessary, a filter paper (see
Note 7) may be used to prevent intrusion of the soil into the
disks; however, the permeability of the disk
paper, i vsed, rmuost be at Jeast one order of magnitude higher
than that of the specimen.

Norg 7—Whatman Ne. 54 filer paper has been found to mest
requirements for permeability and durability.

6.5.1 Digeneter—-The drameter of the top disk shall be 0.2
to 0.5 mm (0.01 to .02 n.) less than the inside diameter of
the ring. 1f a floating ring is used, the bottom disk shall have
the same diameter as the top disk.

Nore 8---The use of tapered disks is recommended, with the larger
diataeter in contact with the soil.

5.3.2 Thickness—Thickness of the disks shall be suflicient
10 prevent breaking. The top disk shall be Joaded through a
corrosion-resistant  plate of sufficient rigidity to prevent
breakage of the disk.

6.3.3 Maimenance—The disks shall be clean and free
from cracks, chips, and nonuniformities. New porous disks
should be boiled for at least 10 minwies and lefl in the water
o cool 1o arobient temperature before vse, Immediately after
each use, clean the porous disks with a nonabrasive brush
and boil to remove clay particles that mmay redue: their
permeabifity. It 1s recommended that porous disks te stored
in & jar with deatred water between tests.

6.4 Specimen Trimming Device--A trivoming turntable
or a cylindrical cotting ring may be used for tricoming the
sample down to the inside diameter of the consolidometer
ring with a minimum of disturbance. A cutter having the
be imtegral with the specimen ring. The cutter shall have a
sharp edge, & highly polished surface and be coated with a
low-friction material. Alternatively, a turntable or trimroing
lathe may be used. The cutting tool nonst be properly aligned
to form a specimen of 1he same diameter as that of the ring.

6.5 Deformation Indicator—To measure change in spec-
imen height, with 2 readability of 0.0025 tora (0.0001 in.).

6.6 Miccellaneous Fquipment—Including timing device
with 1 s readability, distilled or demineralized water, spat-
ulas, knives, and wire saws, used in preparing the specimen.

6.7 Balances, in accordance with Method D 2216,

6.8 Dirying Oven, in accordance with Mcthod D 2216,

6.9 Water Comtemt Comtainers, in accordance with
Method ID 2216,

&. 10 Environroent—Tests shall be performed in an envi-
ronment where temperature fluctuations are less than + 4°C
{= 7°F} and there is no direct exposure to sunlight.

7. Calibration
7.1 The measured vertical deformations must be cor-
rected for apparatus flexibility whenever the calibration
correction determined in 7.4 exceeds 5 % of the measured
deformation and in all tests where Dlter paper disks are used,
7.2 Assermnble the consolidometer with a copper or hard

AR30204 3
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steel disk of approximately the same height 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 be wsed (see 6.3), they should be
moistened and sufficient time (a minioum of 2 min.)
allowed for the moisture to be squeezed from them during
each incrernent of the calibration process.

7.3 Load and untoad the consolidometer as in the test and
measure the deformation for each load applied. When filter
papers are used it is imperative that calibration be performed
following the exact loading and nnloading schedule o be
used. This is due 1o the inelastic deformation characteristics
of filter paper. Recalibration for tests without filter paper
need be done only on an anoual basis, or afler replacemnent
and reassembly of apparatus componenis,

7.4 At cach load applied, plot or tabulate the corrections
to be applied to the measured deformation of the test
specimen. Note that the nzetal disk will deform also: how-
ever, the correction due to this deformation will be negligible
for all but extremely stiff soils. If necessary, the compression
of the metal disk can be computed and applied to the
corrections.

8. Sampling

8.1 P&m1mrs[)!:87amﬁlLi3JKIQDNWJWCmamnes¢mm
apparatus that may be used to obtain undisturbed samples
geoerally satisfactory for testing. Specimens may also be
trimmed from large undisturbed block samples fabricated
and sealed in the field. Fioally, renelded specimens may be
prepared fion: bulk samples to density and moisture condi-
tions stipulated by the agency requesting the test.

£.2 Undisturbed samples destined for testing in accor-
tizttuct"vvitil this test method shall be preserved, handled, and

ransported in accordance with the practices for Group C
¢l[bGl D samples im Practices D 4220. Bulk samples for
remolded specimens should be handled and transported in
accordance with the practice for Group B sarnples.

8.3 Storage--Storage of sealed samples should be such
that oo moisture is fost during storage, that is, no evidence of
partial drying of the ends of the samples or shrinkapge. Time
Cif"l()[cugf':ithtﬂuﬂlj be minimized, particularly when the soil or
s0il moisture is expected to react with the sample tubes,

8.4 The quality of consolidation test results diminishes
greatly with sample disturbance, 1t should be recognized that
no sarnpling procedure can ensure completely undisturbed
samples. Therefore, careful examination of the sample is
essential in selection of specimens for testing,

More 9—Exarninaticnr for sample disturbance, stones, or other
inclusions, aod selection of specimen location is greatly facilitated by
x-ray radiography of the samples (see Methods I 44520

2. Specimen Preparation

9.1 All possible precautions should be taken to minirmize
disturbance of the soil or changes in moisture and density
during, specimen preparation. Awvoid vibration, distortion,
and compression,

9.2 Prepare test specimens in an enviroarment where $oil
moisture change during preparation is minimized.

Nori 10---A high humidity environment is usually used for this
purpose.

0.3 “frira the specimen and insert it into the consolidation

rng. When specimens come from undisturbed soll colle
using sample tubes, the inside diameter of the tube shall ¢
Ieast 5 mm (0.25 in.) greater than the inside diameter of
consolidation ring, except as noted in 9.4 and " 5. ]
ﬁvomumﬂukdthdhﬂﬂuwchmnﬂungtuHNAbk(» ndy
cutting ring be used to cut the soil to the proper “diame
When using a trimming turmable, make a complete pex
eter cut, reducing the specimen diameter to the in
diameter of the consolidation ring. Carefully insert
specimen into the consolidation ring, by the width of the
with a mintmmum of force. Repeat untid the specir
protrudes from the bottorn of the ring. When usin
cylindrical cutting ring, trim the soil to a gentle taper i fy
of the cutting edge. After the taper is formed, advance
cutter a small distance to form the final diameter. Repeat
process until the specimen protrudes from the ring.

9.4 Fibrous soils, such as peat, and those soils that
easily damaged by trimming, may be transferred dire
from the sampling tube to the ring, provided that the ring
the same diameter as the sample tube

9.5 Specimens obtained using a ring-lined sampler may
used withont prior trisuoniog, [}r()\dhjhbclW[tH:}f'CIJIIl[ily"aritt
:nnuhvumnﬂnﬂ?ﬁmmﬁu=£ 3550 and this test method.

9.6 Trim the specimen flush with the plane ends :)f
ring. The specirnen may be recessed stightly below 111e‘1131
the ring, to facilitate centering of the top stone, by par
extrusion and t111111111115' of the bottom surface. For soft
medium soils, a wire saw should be used for 1Jnnnnnnnuunu,
top and l)()thiEEl of the specimen to miniooize s::ac.a111nq;
straightedge with a sharp cutting edge may be vsed for.
final trimm after the excess soil has first been removed witl
wire saw. For stifl soils, a sharpened straightedge - o
be used for trimming the top and bottom, If 2 sm..__art
is encountered in any surface being trimmed, it should
rereoved and the resulting void- filled with soil from 1
trimmings. -

Nore [1---If, at any stage of the test, the specimen sveells heyond
initial height, the requirement of lateral restraipt of the soil dictates
use of a regessed specimen or the use of a specitaen ti:q;|:qpai[naezi »
an extension coflar of the saene inner- disgaeter as the 'qaumnm riag,
no time should the spacimen extend beyond the specimen ring
extension collar,

9.7 Determine the initial wet mass of the specirnen, M
in the consolidation ring by measuring the mass of the o
with specirmen and subtracting the tare mass of the ring,

5.8 Deterrnine the initial height, H,, of the specimen
the nearest 0.025 mm (0.001 in.) by taking the average of
least four evenly spaced measurements over the top a
bottorn surfaces of the specimen using a dial comparator
other suitable tneasuring device.

9.9 Compute the intial volume, ¥, of the specimen
the mearest 0.25 cm? (0.015 in.*) from the diameter of t
ring and the initial specimen height,

9.10 Obtain two or three natural water content detern
nations of the soil in accordance with Method D 2216 fro
material timmed adjacent 1o the test specimen if sufficie
material is available,

9.11 When index properties are specified by the 1
questing agency, store the remaining trimmings taken fro
around the specimen and determined to be similar  ‘en
in a sealed container for determination as desc

).

Section 10
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0. Soil Index Property Determinations

10.1 The determination of index properties is an impor-
jant adjunct to but not a 1rneqmre.rm=nt of the consolidation
;1. These determinations when specified by the requesting

i
agency should be made on the oost representative material
(,.,,,wblc,. When testing uniform rmaterials, all index tests may

m;nﬂmumdonmhdunumﬂunmmAIMMh%hngl] ‘When
ﬂmm;w4MU%ﬂmmunummmmawmlMMmmmL
index tests should be performed on material from the test
spf‘,lrnu°11 as obtained in 11.6, plus representative trirnmings
Mcﬂle(.tsti in 9.11.

102 Specific Gravity—The specific gravity shall be deter-
nnlrnecl in accordance with Test Method D 854 on material
specific gravity
from another sample judged to be similar to that of the test
speciimnen may be used for caleutation in 12.2.5 whenever an
aceurate void ratio is not needed.

lOifuw%prummmeeHmﬁdhnm plastic Limit and
pl.:[,,‘[li,lt)' index shall be determined in accordance with Test
Method Ly 4318 using material from the sample as specified
in 101, Determination of the Atterberyg limits are necessary
for proper raterial classification but are not a requirement
of this test eeethod,

10.4 FParticle Size Distribution---The particle size distribu-
tion shafl 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
11.5. A particle size analysis may be helpful when visual
inspection indicates that the specimen contains a substantial
fraction of coarse grained material but is not a requirement
of this test method.

. Procedure

1£.1 Preparation of the porous disks and other apparatus
will depend on  the specimen  being  tested.  The
consofidometer must 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

apansive 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
konown 10 have a tow affinity for water. Assemble the ring
with specitnen, porous disks, filter disks (when needed) and
consolidometer. If the specimen will not be inundated
shortly afier application of the seating load (sze 11.2), encloge
the consclidometer in a loose fitting plastic or rubber
membrane to prevent change in specimen volume due to
evaporation.

NOTE 12—In order 1o meet the stated cbjectives of this test method,
the specimen must not be allowed to swell in excess of its initial height
Prior to being loadsd bevond its preconsolidation pressure. Detailed
Procedures for the determmination of cne-dimensional swell or settlernent
potential of cahesive soils is covered by Test Method [ 4546

11.2 Place the consolidomeier in the loading device and
apply a seating pressure of 5 kPa (100 1b{/f1%). Immediately
after apphication of the seating load, adjust the deformation

tndicator and record the inftial rero reading, o, If necessary,
add additional load to keep the specimen from swelling.
Conversely, if it is anticipated that a load of 5 kPa (100
Ibfjft*) will cause significant consolidation of the specimen,
reduce the sealing pressure 1o 2 or 3 kPa (about 50 Ibf/ft<) or
less,

11.3 If the test is performed on an intact specimen that
was either saturated under ficld conditions or obtained below
the water table, inundate shortly after application of the
seating load. As inundation and specimen wetting oocur,
increase the load as required 1o prevent swelling, Record the
load reguired to prevent swelling and the resulting deforma-
tion reading. If specimen mundation is 10 be delayed to
sirnulate specific conditions, then inundation mmust 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 durnng the inundation

period as specified 1n 11.5. In such cases, note in the test
.re.pon. the pressure at inundation and the resulting changes
in height.

11.4 The specimen is to be subjected to increments of
constant total stress. The duration of each increment shall
conform 10 guidelines specified tn 11.5. The specific loading
scheduls will depend on the purpose of the te st, but should
conform to the following guidelines.
a wvirgin compression curve or determination of the
preconsolidation pressure is required, the final pressure shall
be equal to or greater than four times the preconsolidation
pressure, In the case of overcomsolidated clays, a betler
evatuation of recompression parameters may be obtained by
imposing an unjoad-reload cycle after the ])rt::x)llsxnllclanjujlm
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, unfoading shall always
span at least two decrements of pressure,

11.4.1 The standard loading schedule shall consist of a
load increment ratio (LIR) of one which is obtained by

doubling the pressure on the soil to obtain values of

approximately 12, 25, 50, 100, 200, etc. kIPa (250, 500, 1000,
2000, 4000, etc. “Jij'ﬁ Y,

11.4.2 The standard rebound or unloading schedule
should be selected by halving the pressure on the soil {thai is,
use the same mncrements of 11.4.1, but 1 reverse order).
However, if desired, each successive Joad can be only
one-fourth as large as the preceding load, that is, skip a
decrement.

1143 An aliernative loading, unloading, or reloading
schedule may be employed that reproduces the construction
stress changes or obtains better definition of some part of the
stress deformation (compression) curve, or aids in inter
preting the ficld behavior of the soil.

NOTE 13---Small tocrements may be desirable on highly compress-
ible specimens or when it is desiable to determine the preconsclidation
pressure with more precision, [ should be cantioned, however, that load
increment ratios less than 0.7 and load increments very close 1o the
preconsolidation pressure may preclude evaluation for the coefficient of
consolidation, ¢, and the end-of-primary consolidation as ciscussed i
Section 12,
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1.5 Before each pressure increment is applied, record the
height or change in height, dr, of the specimen. Two
altermative 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 1o define the slope of the characteristic
straight line secoadary compression portion of the deforma-
tiom 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 test. .

[1.5.1 Test Method A--The standard load increment
duration shall be 24 h. For at least two load increments,
including at  least ome load iocrement after the
preconsclidation pressure has been exceeded, record the
height or change in heig,m d, at time intervals of approxi-
mately 0.1,0.25,0.5, 1,2, 4, 8, [5and 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-deformation 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 conpsolidation is corpleted. For some
soils, a period of more than 24 h may be required 1o reach
the end-of-primary consolidation (a5 determined in 12.3,1.1
ar 12.3.2.3). In such cases, load increrment durations greater
than 24 h are required. The load increment duration for
these tests is wsually taken at some multiple of 24 h and
should be the standard duration for all load incterments of
the test. The decision to use a time interval greater than 24 h
is wsuaily based on experience with particular types of soils,
If, however, there is & 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 1o
verify the adequacy of a 24 b period. Load increment
Curations other than 24 h shall be noted in the repart. For
pressure increments where time versus deformation data are
not required, leave the load on the specimen for the same
length of time: as when time versus deformation readings are
{aken.,

i1.5.2 Test Method B--For each increment, record the
height or change in hf ight, o, at time intervals of approxi-
mately 0.1, 0.25, 0.5, 1, 2, 41 3, 15, 30 roin, and 1, 2, 4, 8 and
24 b (or Q. 09, .25, 0. 4‘) , 4, 9, min, etc. if using 12 23210
present fime deformation tlaha]n, measured from the time of
each incremental pressure application. The standard load
incrernent duration shall 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 10 verify the end of
primary c¢onsolidation (for example, low LIR or rapid
consolidation), the load increrment duration shall be constant
and exceed the tirne required for primary consolidation of an
increment applied after the preconsclidation pressure and
along the virgin compression curve, Where secondary com-
pression roust be evaluated, apply pressures for longer
periods. The report shall contain the load increment dura-
tion for each increment.

NoTE 14—The suggested time imtervals for recording b
mhnﬁcnlmumNdn!orqmmm~nunmmqulmnvm«msllr
desivable to charge the reading fraquency Lo improve in* ~nsta
{lie data. Mlore rapict consolidation will require more fi e
For most soils, primary consolidation during the first low..decn
will e completz in less time (typically one-tenth) thao wo
required for a load ioererpent along the vingtn compression
however, at very low stresses the rebound Hme can be fonger.

11.6 To minimire swell during disassembly, reboun
specimen back to the seating Joad (S Pa). Ouce b
changes have ceased (usually overnight), dismantle qu
after releasing the final small load on the specimen. Re)
the specimen and the ring from the consolidometer and.
any free water from the ring and specimen. Determin
mass of the specimen in the ring and subiract the tare
of the ring to obtain the final wet speumen mass, M.,-! )
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 sample is homogenecus
suflicient trimmings ave available for the specified i
testing (see 9.11), then determine the fnal water content
in accordance with Method 13 2216 and diy moass of sc
M, using the entire specirnen. If the soil is heterogenem
tmore material is required for the s]Jt::iﬁe:d index testing,
determine the final water content, W, in accordance
Method D 2216 usmgv a small wucl;gr slmwd section of
specimen. The remaining undried material should be
for the specified index testing,

12. Calculation ) 3

12.1 Calculations as shown are based on the usé o
units. Crther units are permissible, provided the : v
conversion factors are used to maintain consistem. .4 u
throughout the calewlations. See 1.4.1 for additional ¢
maents on the use of inch-pound units.

12.2 Specimen Propetties:

12.2.1 Obtain the dry mass of the total specimen, My,
dwect measuremaent or for the case where part of
specimen is wsed for index testing, calculate the dry mag
fotlows:

My

G ¥

4 g =
1+ Wy

M

where:
M 7

W

= raoist mass of total specimen afier test, g or Mg, 2
= water content (decimal form) wedge of specic
taken after test.
12.2.2 Calculate the initial and final water
percent, as follows:

content,

AM7“
initial water content: wy, = PR P 1

14‘;

_— My ~ M
final water content: wy = —--fmm—"

where:
M,
J‘ﬂr :ru

12.2.3 Calculate the tnitial dry density of the specimen
follows:

- dry mass of spec men, g or Mg, and
- moist mass of specimen before test, g or Mg,

M
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where:

pg = dry density of specimen, g/cm® or Mg/m?, and

¥, = initial volume of specimen, cm? or m*,
12.2.4 Calculate the dry unit weight of the specimen as
follows:

Y= 9.8 X py, in kN/m?

v4 = 62,83 X p,, in Ib/R2

12.2.5 Compute the volume of solids as follows:

where:
& = gpecific gravity of the solids, and
p. = density of water, 1.0 g/cm® or Mg/m’
12.2.6 Since the cross-sectional area of the specirnen is
constant throughout the test, it is convenient for subsequent

calculations 1o introduce the term “equivalent height of

solids,™ defined as follows:

where;
A4 = specimen area, cm? or m?®.
12.2.7 Calculate void ratio before and after test as follows:

213

I]F.'i
~ [ - f
void ratio afier test: £ == ﬁi—»—b‘
- H,
where:
H, = initial specimen height, ¢rn or m, and

Hy = Jima! specimen height, ¢ or m.
12.2.8 Calculate the degree of saturation, in percent
before and afier 1est as follows:

Mu Mo

A (H, — H,)

final degree of saturation: .S, = My My
T ApuH H)

12.3 Time-Deformation Properties—From those incre-
ments of Joad where time-deformation readings are obtained,
two alternative procedures (ses 12.3.1 or 12.3.2) are provided
10 present the data, 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 as measured deformation,
deformanon corrected for apparatus compressibility or con-
verted to strain (s2e 12.4).

12.3.1 Referring to Fig. 2, plot the deformation reacings,
d, versus the log of time (normally in minutes) for each
in¢remient 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 coostant slope (C). Draw a second straight line
tangent to the steepest part of the deformation-log time curve
(D). The intersection represents the deformation, d,g, and
time, !, coresponding 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 % prirmary
consolidation by selecting any two points that have a tine
atio of 110 4. The deformation at the larger of the two times
should be greater than s, but less than %% of the total
deformation for the load increment. The deformation corre-
sponding 1o 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, dy, corresponding 1o 50 %
primary consolidation i3 equal 1o the average of the deforma-
tions correspondmg to the ¢ and 100 % deformations. The
time, 5, required for 50 % consclidation may be found
graphically from the deforrnation-log time 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 readings,
d, versus the square root of time (normally in minutes) for
each increment of load.

initial degree of saturation: §, =
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FiG. 3 ‘Fime-Ceformedion Curve From Square Root of Time
Method

12.3.2.1 First draw a straight line throwugh the points
epresenting the initial readings that exhibit a straight line
trend. Extrapolate the line back to + = 0 and obtain the
deformation ordinate representing 0 % primary consolida-
o,
12.3.2.2 Draw a second straight line through the 0 %
ardinate so that the abscissa of this Line is 1.15 times the
abscissa of the first straight line through the data. The
intersection of this second line with the deformation-square
root of time curve is the deformation, dyg, and time, fg,
m-nne*jprondmg 0 90 % primary consolication.
12.3.2.3 The deformation at 100 % consolidation is ¥4

toore than the difference in deformation between 0 and 90 %

consolidation, The time of prirnary consolidation, ;5. may
be taken at the intersection of the deformation-square root of
fime curve and this deformation ordinate. The deformation,
dsp, corresponding to 50 % consolidation is equal to the
deformation at s of the difference between O and 90 %
consalidation,

12.3.3 Compuie the coefficient of consolidation for each
ioerement of load wsing the following equation and values
appropriate to the chosen method of interpretation:

r I iﬂ .
¢, = I e
t
where:
T = a dimensionless time factor:

for method 12.3.1 wse 50 % consolidation with T
=T 59 = = {.197

for method l”." 2 use 90 % copsolidation with T
= :.rg\‘) == 0.84«*3,

= time corresponding 1o the particular degree o
consolidation, s or mimog

for method 12.3.1 use § = tgq,

for method 12.3.2 use 1 = ty, and
: lepgih of the drainage path at 50 % c,orn:u:»]hnnﬁ\m;
€I or m
for double-sided drainage ME, is balf the 'SpEt‘llﬂlen
height at the axppmpndte increment and for Ot
sided drainage Ay is the full specimen height.

12.4 Load-Deformation Properties:

1241 T adaqjlclbe the deformation or change in nju*f(:r:na.
tion, dp, readings corresponding to the end of each incry
wment and, if using Test Method B, corresponding to the
end-of-pricnary consolidation, a",m.

12.4.2 Calculate the change in height, AH = a4 -
relative 1o the initial specimen height for each rmdmg [.r
necessary, correct the deformation for the apparatus fexi.
bility by subtracting the calibration value obtained in Sectiog
9 from each reading. R

12.4.3 Represent the deformation results in one of the
following formats. 4

12.4.3.1 Calculate the void ratio as follows:

12.4.3.2 Alternatively, calculate the wertical slmin,."""'
percent, as follows:

jE
€ = -Q“f-‘{ 100
H,
12.4.4 Calculate the vertical stiess as follows:
P
IJ’ == = »
A o

where:
P o= applied load in N
o, = vertical stress in kPa,
1245 Referring to Fig. 4, plot the deformation w&uults
(void ratio or strain) uannre:,];umdmg: to the end of each.
increment and, i using Test Method B, corresponding fo the
end-of-pricvary consolidation versus the logarithm of the
pressure.
NOTE 15—In some cases, it may be preferable to present the
load-deformation curve in anithmetic scale,

12.4.6 Refernng 10 Fig. 4, determine the vatue of the
preconsolidation pressure using the following procedure.

NOTE 16-—-Any  other recognized rmethod of  estirating
precensolidation pressure (sce references) roay also be used, provided
the method ts identified ia the report,

12.4.6.1 Estimate the point of raximurn curvature on the
consolidation curve (B).

12.4.6.2 Draw the tangent to the consolidation curve at
this point (C), and a hornizontal line through the point (I},
both extended towards increasing values on the abscissa.

12.4.6.3 Draw the line bisecting the angle between (hese
lines (E}.

12.4.6.4 Extend the tangent 1o the steep, linear portion of
the consolidation curve (virgin compression branch) (¥
upwards to intersection with the bisector line (E). ©
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VERRTICAL EFFECTHE STRYESS, (L)

A STRELS STRAN CURVE FROM DATA POINTS

TOINT OF MAXDAUM CURYATURE

[ TAMZENT LINE 1) CTIRVE AT POINT B

» HORGIDNTAL LINE TIRCLGH OINT B
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F TANGEMT TO LINEAR FORTION OF CUB VI T4 VIRGIN COMIRESSKIN LANGE

G ENTERSECTION OF LINIES E AND F (VIERTICAL EFFECTIVE STRESS AT
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Fii. 4 Evaluation for Preconsolidation Pressure From

Casagrande Method

pressure (G (abscissa) corresponding to this point of intes-
section is the estimated preconsolidation pressure.

" 12.4.7 Complete evaluation often inctudes consideration
of information not generally available to the laboratory
pecforming the test. For this reason further evaluation of the
test is not mandatory, Many recognized methods of evalua-
tion are described in the lteraturz. Some of these are
discussed in the Refs. (1) through (8).

13 Report

13.1 Tn addition to project name and location, boring
number, sarnple number, and depth, report the following
information.

13.1.} Description and classification of the soil in accor-
dance with Practice I 2488 or Test Method 1D 2487 when
Atterberg limijt data are avajlable. Specific gravity of solids,
Mterberg limits and grain size distribution shall alse be
rparted when available plus the source of such information
fother than measurements obtained on test specimen. Also
Tote occurrence and approximate size of isolated large
Tarticles,

13.1.2 Soit Condition:

13.1.2.1 Average water content of trimmings,

13122 Initial and final water content of specimen,

13.1.2.3 Initial ard final dry unit weight of specimen,

3 . . . .
‘ The boldface numbers in parentheses refir to @ list of refersnces at the end of
€ lext,

(= A i

|
e

Fr
7

9 a4y

i ]

i M AR R

1 t I N .
[ [ L4 " o> "

VERTECAL EFFECTTVE STHESS, (uy COEFFICIENT OF CONSOLINATHIMN, (om'hect

FIG. 5 Example of Consolidation Test Summary Plots

13.1.2.4 Imtial and final void ratio of specimen,

13.1.2.5 Initial and final degree of saturation of specimen,
and

13.1.2.6 Preconsolidation pressure,

13.1.3 Test Frocedure: _

13.1.3.1 Preparation procedure used relative 10 trimroing;
state whether the specimen was trimrmed using a Ulmomiog
turntable, trimmed using a cutting shoe, 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).

13,1.3.4 Test Method wsed 1o compute cosfficient of
consolidation,

13.1.3.5 Listing of loading increments and decrements,
and load increment duration, if differing from 24 h; end of
merement deformation resuvlts and, for Test Method B,
end-of-prinary deformation results and coefiiciznt of consol-
idation (see Fig. 1).

13.£.3.6 Al departures from the procedure outhined, 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 (see Fig. 3) for those load incrernents
where time rate readings were taken.

13.1.4.2 Graph of void ratio versus log of pressure curve
or percent compression versus log of pressure curve (see Fig.
4).
13.1.4.3 In cases where time rate of deformaton readings
have been taken for several load increments, prepare a graph
of the log of coefficient of consolidation versus average voud
ratio or average percent compression for the respective load
increments (see Fig. 5). Alternatively, a graph of coefficient
of consolidation or log of coeflicient of consolidation versus
log of average pressure may be vsed. If tme rate readings
were obtained for only two load increrments, simaply tabulate
the values of ¢, versus the average pressure for the increment.

Note 17-—The average pressure between two Joad increments 1s
chosen becanse it 15 a convenient coordinate for plotting the resuli.
Unless the rate of pore pressure dissipation is measured, if is oot possible
to determine the actual effective pressure at the time of 50 % consolida-
tion. Furthermore, soroe atbiguity may arise in cases where the test has
been carmied through one o1 more intermediate load-rebound cycles.

AR30204 g



@b D 243

14. Precision and Bias

14.1 Stavement of Precision—Due to the nature of the soil
materials tested by this test method 1t is either not feasible or
too costly at this time to produce multiple specimens which
have uniform physical properties. Any variation observed in
the data is just as kikely to be due to specimen variation as to
operator or laboratory testing vartiation, Subcomrmittee
Di§NS welcomes proposals that would allow for develop-
ment of a valid precision statement.

5

14.2 Staterment of Bias—There is no acceptable refere
value for this test method, therefore, bias canocot be d
mined.

15. Kevwords

5.1 compressibility; cornpression curves; consolidat
consolidation cocfficient; consolidation test; consolicomn
preconsclidation pressure; primary consolidation; reboy
secondary cornpression: settlernent; swelling
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SUMMARY OF CHANGES

This section identifies the principal changes to this test method that have been incorporated

since the last issue.

(1) Practice I 3740 has been added to the Section 2 on
Referenced Documents.

(2) A new Note 3 was inserted to Reference D 2r7u4();j
all subseguent notes have been renumbered.

Tha American Society for Testing and Materials tales no position raspecting the validity of any patent rights assartd in connection
witly any tom mentioned in this standard. Users of this standard are expressly advised that detenmination of the vaukiity of any such
patert rights, and the risk of irltingerment of sucl rights, are entirely thelr cwr responsibiity.

This standiand i subfect to revision ot any tme by the responsible technical committee and' must be reviewed avery five yoars and
if nat renrisend, oithew roggyaravend or withdranvr), Yoirr comnerts are invited oither for rewisice of thiss standard o far extdlitionsl starndarchs
and showlg! e acldrassed o ASTM Hoeackpuerters. Your comments will roceive canafisl consicloralion at & mesting of the responsibie
technmical comnitien, whicl you mey ationd, K you faed that oo commiants have nod raceivedd 8 failr hearing you should ik yor
vignws: knowen 1o the ASTM Comrlitee on Standarcle, 100 Barr Harbor Driva, West Conshobocken, 24 13428,
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General Equiprment

Field vehicle

Clipboard

Camera with time/date patch

Cotor 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 pens

Logbook, indelible ink pens

Field Data Forms

Chain-of-custody/Sample analysis request forms
Shipping forms and labels

Chain-of-custody seals

Ceflular phore

Rublber boots

Tool kit

Decontamination Equipment

Plastic tubs or coolers

Ten 10-gallon garbage bags

Nitrile gloves

Butyl rubbear gloves

Beaker brush

Bristle brush

Water carboys

Deionized water from analytical laboratory
Tap water

Acetone

Hexane

10 percent nitric acid

Liguinox

Flastic squirt bottles

Aluminurn foil or untreated butcher paper

Miscellaneous Equipment

Sample packaging materials/bubble wrap
Cellophaine tape to cover sample tags
Strapping tape

[hict tape (2 rolls)

Fragile labels (if needed)

Rain gear

Utility knife

Faper towels

Sampling Equipment

Water-level indicator

Tetlon bailers (with small and large

discharge tubes)

Stainless steel micro-bailer

Nylen cord

Sample hottles

£ Plastic beakers

2 pH/mV meters, 2 pH electrodes

2 bottles electrode filling solution

pH 4.0, 7.0, and 10 calibration butters
(2 bottles of each buffer)

Specific conductance meter

1,000 and 10,000 uMHQS/cmn standards
{2 mach)

Squirt 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-pm filters

Teflon-lined tubing (1/4 in. 1D, 3/8 in. thick)

Teflon-lined tubing (1/2 in. 1D, 5/8 in. thick)

Black polyathylene tubing

Batteries for meters

Kimwipes

25 #t of silicone tubing

Tape measure (25-ft metal)

50 quart-size Ziptoc 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 cxygen meter

EMF probe

ZoBell's solution

DR 100

Farrover iron AccuVacs

Ferrous iron Accuvacs

T-valve

Hose barbs

Wrist watch or stop watch

AR302052
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Table 2. Field equipment for solids sampling

Gieneral Equipment

Field vehicle

Clipboard

Camera with time/date patch

Color slide filrm

First-aicl kit

Sampling and analysis plan

Site-specitfic health and safety plan

Health & safety equipment listed in H&S plan
Sample tags and Sharpie pens

Loghool, 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

Waler carboys

Ceionized water from analytical laboratory
Tap water

Methane

10 percent nitric acid

Liquinox

Plastic squirt bottles

Aluminum foil or untreated butcher paper

Miscellaneous Equiprnent

Sample packaging materials/bubble wrap
Cellophane tape to cover sample tags
Strapping tape

Cuct tape (2 rofls)

Rain gear

Utility knife

10-ft. metal tape measure

FPaper towels

Sarnpling Equipment

50 gallon-size Ziplee bags

8 3.5-gallon HDPE buckets with O-ring lids
lce chest ice or freezalle cold packs
Latax gloves

Nitrile gloves

Parafilm

Teflon Tape

Pliers
Screwdrivers (regular and phillips head)
Stainless Steel Spoons

FID

2 in. diagmeter split core samplers (18 or 24
in. long}

3-in. diameler Shelby tubes (24 . long)
2-in. diameter plastic end caps

3-in. diameter plastic end caps

2-in. diameter stainless steel core slegves
Earth Colors scil color chart

Sample bottles

Encaore samplers

Sodium bisulfide preservative
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\TING

STANDARD OF

=NT OF WATER LEVEL ELEVATION AND
WELL CASING VOLUME
SOP 19

M

EASUR

This SOP presents the method to be used to measure water level elevation and well
casing volume,

EQUIFMENT REQUIRED
m  Electronic water level indicator
n  Distilled or detonized water

m Spare batteries.

FIELD PROCEDURES

l. Rinse water level indicator probe and cable with distilled or deionized
walcr.

2. Holding cable reel atop casing, lower indicator probe gradually into
well until 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. Full 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 s!ahull?f

6. Remove cable and probe from well and rise with distilled or deionized
water.

A P jl. |U' ) O c ‘.i
September 1928, rev 08/00 19-1 |\bculﬂe:H:farak:-nyec!sl.ijo ronProvaliesponse (0 Boa
commantstrevisad dratisop- 1.3 juned rev doc



MAINTENANCE:

b Carry spare batteries for the electronic water level indicator at all
times. Weekly during a sample run, check the circuitry of the
clectronic water level indicator in the field laberatory by assembling
the apparatus and dipping the end of the probe into a beaker of water.

2. Clean the probe at the end of cach day of sarnpling by rinsing with tap
water and wiping dry with paper towels. In addition, clean probe and
cable between wells.

CALCULATIONS
Absclute 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 [i n]/'iE‘,)2 3 0217 x (depth to bottom of well [ft] —
depth to water [ft]) x 7.48

Refer to well construction specifications for depth (o bottemn of well.

Sepiemtuar 18983, rav Q600 ‘l l;p..:l Vbouiderildzita\profecis\a2t tront royafvesponse o epa
= m Hl fi;T]ml,‘lTrisgc’qpaﬂhsqo-w junand rev.doc
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STANDARD QOPERATING PROCEDURE

T OF FIELD PARAMETERS WSING A
FLOW-TH lﬁt'I.NLI‘ GiH GELL
. SOP 56

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIlIIIIIIIIlIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIlII

MEASUR

This SOP details the procedures for using a flow-through cell for measuring pH, EMF,
dissolved oxygen, conductivity, and temperature in the field.

REQUIRED EQUIPMENT

Flow-through cell

Flow-through cell repair kit and extra gaskets of multiple stzes

Tygon® or similar plastic tubing

Peristaltic pump (or other pump capable of pumping a constant, relatively low flow rate)

Silicone tubing for the peristaltic pump discharge

Hase barbs and hose clamps to connect the plastic tubing to the silicone tubing

pH meter and electrode

EMEF (mV) meter and electrode

Dissolved oxygen/temperature rmeter 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 Ag/AgCl electrode)

Platinum electrode polishing paper

Kimwipes®

Chart with saturated-air dissolved oxygen concentrations at various temperatures for the
elevation of the wells to be sampled

Deionized water

September 1995 55-1 f:lfocstons | sop- 66 chor



CALIBRATION AND CARE QF METERS AND ELECTRODES

jpH
mMmMmMHMMMNomemMMEMMMMNMHMHMMWmﬁm'mqﬂ
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.

EMEF

Inspect the EMF (mV) probe to ensure that it is filled with electrode filling solution
Rinse the electrode with deionized water and biot dry. Immerse the electrode in ZoBell's
~-  solution, and wait for the meter to stabilize. The EMF should be between approximately
200-and 250 mV. Record the EMEF in the field logbook. Measure the temperature of the
ZoBell's solution l[tllc' conductivity meter may be used to measure temperature), and rec-
ord the temperature in the field logbook. o

If the EMF reading is outside the specified range (200250 mV), clean the electrode by
the following procedure. Eject the filling solution from the electrode by pushing the epoxy
—case toward the top of the electrode; the filling solution wili come out the bottom. Rinse
the electrode at least twice by filling it and then ejecting the solution. Refill the electrode
with ii]]jjﬂqg;:S(JJ]JH‘EE)EE-- ll.lrlsuﬂ 1‘Pue'<titlt£;ucbe' of ¢ fhE"Elh=1.1ir(3ljh°"UMWHIII de l()llii!t’(l \inltt*i; ;aJﬁ&i(1rrmE:aJ:111|=

fled 11aJ1qnpeg, (,aurt'liJlljy C m=u111 ‘tflE: 111111111111111 cllsdh. on t]nue. l)()l]atirll of 1At|E: calt::ntrinmdhe‘ ‘\ﬂl[ll .a>.[<.erl-
wipe® or 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 l()ggl:wan:ﬂk along with the
expected conductivity of the standard.

Dissolved Qxygen

Ingpect 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

i o

integrity has been compromised, replace the membrane following manufacturer’s instruc-

September 1995 !E, E; - ‘2 - Whocs\sgasiaog- 56, doc
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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 out.

MEASUREMENT OF FIELD PARAMETERS

1. The well from which samples are taken should be purged (three casing
volumes) before measuring field parameters.

2. Calibrate the meters at each well (the dissolved oxygen probe usually
only needs to be calibrated once per day), as described above.

3. Insert the probes into the flow-through cell. The gaskets should fit
tightly around the probes, and any flow-through cell openings that o
not contain a probe should be sealed with a plastic disc. The inflow 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 and a wire
(2 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 leghook about every 5 minutes until the readings stabilize.

ik slsopsimp-5E. doc
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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-um flter 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** and total iron analyses.

4. Zero the HACH DRIOO® spectrophotometer using groundwater col-
lected from the glass beaker.

5. Calibrate the HACH DR100® spectrophotometer by preparing and
analyzing standards at 1, 3, and 5 mg/L, Fe'’, in accordance with the
manufacturer’s operating instructions.

6. Analyze the sample for Fe'? 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 199% b“ 1 - 'I ¢ lwindows | termplsop-§ 1 doc
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Note: S0P 19 cited within.

STANDARD OPERATING PROCEDURIE

ELE DETERMINATION QOF TRANSMISSIVITY ANID
I‘ll'\f’II'JJI-IhII\llIfIL..lI*l"' >ONDUGTIVITY USING A SINGILE
WELL/PIEZOMETER OR MULTIPLE WELLS AND
CONSTANT PUMPING RATE

SOQOP 36

This test procedure is used to estimate the transmissivity of matenals surrounding the
screen of a monmitoring well or piezometer. The hydraulic conductivity of the material can
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 ttme 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 mederate to high hydraulic
conductivity (i.e., from 10 R/day to 100 fi/day), unless well yield exceeds the pump
capacity.

INTERFERENCES

The accuracy of this test for a single well i1s affected by the degree that the tested well or
[

piezometer is developed. Tests conducted in peorly 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 fi above the top of the well screen in the test
well and observation wells, as applicable. Ensure that the transducer’s

May 1394 3 G- Flgoesisoptlsop- 36, doc
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6.

May 1894

range will cover expected drawdown. If not, raise transducer until
expected drawdown is covered by the pressure transducer’s range.

Install decontaminated pumping system in piezometer or well with
intake at least 10 f 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 5 ft of the top of the screen, install the pump near the bottorn
of the screen.

Install valve (preferably a gate valve) and flow meter system. Ensure
that the distance between the fHow 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.

If time allows, determine purmping rate by purnping 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 brings 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.

Allow water level 1o stabilize (£0.02 psi, :0.05 f over I minute) using
pressure transducer or electric water level measuring tape (SOP 19) for
measurements.

Turs on pump and measure discharge vate and water level changes at
the following intervals:

Tirme Since Purnping Started Time bntervals
Purnped Well
0-& minutes Q.5 minutes

560 minutes 5 minutes
60-120 minutes 20 minutes
120 minues-shuidown of the pump 60 minutes

Observation Wells

0-15% minutas 1 minute
15-50 minutes 5 minutes
53-100 minutes 10 minutes
100 minutes-5 hours 30 minutes
5 howurs-48 hours 60 minutes
48 hours--6 days 3 times/day
& days--shutdown of the pump 1 times/day
:; ‘E; - :_. £efocxsons lsop- 36 doc
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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
and tock well as applicable. :

I wocslsopsisop-36. doc
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PTI ENVIRONMENTAL SERVICES

OBSERVATION WELL

Qbs. Well Mo, Project
Pumped Well No. Discharge Meas. Mathod
Elevation of MP MP is and ft above LSD
r = ft
Water Level Water Level
ft) {ft)
Below Draw- | 1 Balow | Draw-

Qate | Hour | Held Wet MP | down | Remarks { Date| Hour Held Wet MP down | Rernarks
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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, and some other liquids. The HF meter provides a linear display of
tUler]d] ity 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. Tum the Reference Standard in the optical well until the reference ring
noteh rmatches the white locator pin, 1€ the reference ring is not on the
Reference Standard, tum the reference standard a full 360° 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 display
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 010 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 (i.e., 10-100 NTU).

Novemiyer 1396 »
cwandowsitemplaop-424.dcc 4‘2 4
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Novernbar 189%
¢ Wwindowas aapsop-42'4 cloe

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-3A to
decontaminate the cuvette. It is imperative that the operator is carefisl
not to seratch or chip the cuveties.

424- o
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Attachment A-6

Example Groundwater
Sample Collection Form
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000001

GROUNDWATER SAMPLE COLLECTION FORM F*ponent

Sheet____ of____

Station Identification Date Collected

Project Name Cantract No.

Purge Start Time Sarmple Collection Start Time
Locatian Weather Conditions

Sampling Personnet
Signirure

Sample Collected with: [ Baller )] Grundfos Pump  [J] Peristaltic Pump [ SplitBarrel  {T] Cther

Made cf; L) stainless Steel [ PVC ) Teflon ) Cther

FIELD MEASUREMENTS
PURGE DATA

Dapth to Watar (Top of Casing) Depih to Beottom of Well

Casing Diarneter One Casing Volume (gal)

FPurging Data
Start Time (Well Volume 1) _ Volume Purged (gal) ____ o [urbidity (NTUs)
Start Tire (Wel Volume 2) . Volume Purged {gal) ___ Turbidity (NTUs) ______
Start Time (Well Volume 3y ____ Volume Purged (galy . Turbidity (NTUs) ____
Time Required to Purge 3 Well Volumes Total Volume Purged (gal)

Description {color, texture, density, turbidity, etc.)

FIELD PARAMETER STABHIZATION

S.C. Temperature Eh 0.0, Turbidity
Rep Thne pH {pmhosfemn € 25°C) {°C) {(mV) (g} (NTUs)

1

2

3

Comrnents

GW SAMPL COLL FORM.MT €185 w4
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Attachment A-7

Standard Operating
Procedure for Purging and
Sampling Wells
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Infroduction

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 tearn shall consult the appropriate decision tree in this attachment:

e Figure |1 Overburden wells, wellpoints, and Geoprobe™ and viscose
basin wellpoints

e TFigure 2a: Shallow bedrock wells

e Figure 2b: Deep bedrock wells and intermediate bedrock wells with
monitoring intervals less than 30 ft

o Figure 2c: Intermediate bedrock wells with monitoring intervals
greater than 30 ft.

The sampling team will then follow the appropriate decision process until i results in
sampling of the well. Table 1 of this attachment provides the critical information on each
well to be sampled.

1 AR302070
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Attachment A-S

U.S. EPA Bulletin No.
QADOZ3: Recommended
Procedure for Low-Flow
Purging and Sampling of
Groundwater Monitoring
Wells
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Bulletin No. QADO2: 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 1, they were based on recommendations
presented in the EPA Ground Water Issue paper entitled “Low-Flow (Minirnal 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 water bearing zones have not been characrerized).

Therefore, please confer with a Regien I hydrogeologist or geologist before using these
procedures at a site.

2.0 BACKGROUND

Past scientific research (Barcelona et al,, 1983; Nielson and Yeates, 1985) and EPA guidance
have discussed sarnpling 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,
mast 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), Pols and Powell (1992), and Powell and Puls (19973)
has shown that high-volume purging and sampling canse significant turbidity and suspended
particulate artifacts that can result in biased-high metals results. Additionally, purging can cause
pressure changes and bailing can cause aeration that can strip VOCs from the sample (Pennino,
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 sarmples that are more representative of conditions without filtering (U.5. EPA,
1993; Backhus et al., 1993). In many cases, use of a low-flow pump to purge and sample
monitoring wells decreases sampling time, reduces the need to handle large volumes of purge
water and lowers the cost associated with 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 flow-rate electrical
submersible pumps are recomrmended because (1) 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 frorm
application by different personnel. The pump should be easily adjustable and capable of
operating reliably at lower flow rates. 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 pump 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 sarnples 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
1o Y2 inch) and the tubing length should be minimized (i.e. do not 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 and stop watch).
Interface probe, if needed.

Power source (e.g. generator, located downwind; nitregen tank, etc). The generator should not
be oversized for the purp.

In-line flow-through cell containing purge criteria parameter monitoring instrurnents for pH,
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turbidity, specific conductance, temperature, Eh and dissolved oxygen (D0). The in-line
device should be bypassed or disconnected during sample collection.

Phaotoionization detector (PIDY), or equivalent.
Nylon stay-ties.

Decontamination supplies.

Logbook(s).
o Sample Bottles. 1t is recommended that preservatives are added to sample bottles prior to

field activities to reduce potential error or introduction of contaminants,

o 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 Jast sampling event.

° Approved Field Sampling Plan/QA Project Plan.

4.0 PRELIMINARY SITE ACTIVITIES

1) Check the condition of the monitoring well for damage and evidence of tampering, and 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 and measure VOCs at the rim of the well with a PID or FID mstrument and
record the reading in the field logbook.

4) If the well casing does not have a reference point (usually a V-cut 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
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particulate attached to the sides or at the bottorm of the well. Consequently, in order to avoid
disturbing any accurnulated sediment and 10 prevent maxing 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 DNAFLs could accumulate, their
detection and /or sampling should occur, at a minimum, a week before groundwater purging and
sampling. WMeasurement and sampling of potential DNAPL should be conducted as & separate
event to minimize disturbance of any sediments which have accuomulated 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 0 avoid disturbance of the water column within the well.

5.0 PURGING AND SAMPLING PROCEDURES

The following describes the procedure for the Jow-flow purging and sampling rnethod.
Ecquipment 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 1o 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 into the well to a
depth comresponding 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 bottomn of the well to prevent mobilization of any sediment
or DNAPL present in the bottom of the well. Tt is recommended that the pump be placed in the
well 12 to (preferably) 48 hours prior to purging/sampling to minirmize 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 purnp in the well before starting the purap. Start the
pump at the lowest rate possible (100 rl/rmin) while measuring the drawdown continuously.
The pumping can enly be increased as long as there 15 no drawdown. Avoid surging. Observe
air bubbles displaced from discharge tube to assess progress of steady pomping until water
arrives at the surface. The purnping 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 1oss or air entrainment.
Purmping rates should, if needed, be reduced to the minimum capabilities of the pump to avoid
pumping the well dry and ensure stabilization of indicator parameters. If the recharge rate of the
well is very low, purging should be interrupted 8o as not to cause the drawdown within the well
to advance below the pumnp 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 and the water level should be allowed
to recover repeatedly until there is sufficient volurne in the well to permit collection of samples.
An alternative means of sarple 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, +10myv for redox potential (Eh), and +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'?, CHy, HoS/HS)
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 prescrvative required o be added to the sample containers prior to sampling.

6) If the turbidity measuremnents do not approach the range of that of natural groundwater (10

NTU), both filtered and unfiltered 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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particulate 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 QARP. All
samples should be placed into a cooler with proper temperature control as outtined in the QARP.

After collection 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).

&) Measure and record well total depth.

9y Secure the well (close and lock it up).
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X-Ray Diffraction Analysis \
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X-Ray Diffraction Analysis

Solid material collected upon filtration of the fluids from the carbon disulfide hydrolysis
studies will be evaluated by x-ray diffraction (XRD) to identify any crystalline
compounds (particularly metal sulfides) that precipitated during the hydrolysis
experiment. Powder XRI> analysis will 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
will be packed into a Lucite sample holder to create 2 packed powder mount. The
Scintag PAD 5 x-ray diffractometer houses an x-ray tube with a copper target, and the
rotating goniometer is calibrated against an alpha-quartz standard on a weekly basis.
Diffraction data on the sample will be collected from 2 to 60 °8 at a scanning speed of

1 °0/min. The instrument computer will compare the diffraction pattern collected on the
sample against the known powder pattern library maintained by the International Center
for Diffraction Data (ICDD). The scarch-match program can successfully identify up to
sever components in an unknown patterr. The analyst will then provide visual
confirmation of any matches between the sample and potential sample compaonents
identified by the instrument computer. The intensity of the diffraction peaks will be used

to estimate the relative abundance of any mineral phases identified in the sample.
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Attachment A-11

Scope of Work for ERH
Testing
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Scope of Work:
Feasibility Testing for Electrical Resistance Heating

Exponent witl obtain representative, relatively undisturbed, 1- or Z-inch-diameter, waste
material core samples. Samples will be 12 inches long, sealed a.nc] capped in moisture-
proof liners.

Samples will be collected from three depths at a representative location in each viscose
basin. Target depths are 4 ft (middle of unsaturated zone, high CS» level), 8 ft (botiom of
unsaturated zone, possible capillary fringe zone, high CS; level), and 16 {t (saturated
zone, high C5; level). Actual sample depths will be field determined by Exponent
depending on site conditions.

Exponent will obtain three representative grab sarmples of water, one from each sample
location, coltected from below the water table. Samples will be collected in 1-L. plastic
containers with no preservatives.

Exponent will measure the actual undisturbed shallow groundwater temperature (or
determine the annual average air temperature at site ground level).

Expanent will ship the nine waste and three water sarmnples to AHAs Calgary Tab.

AHA will test nine waste sarnples {or static electrical conductivity (EC) at lab
ternperature, and one for dynamic electrical conductivity, to determine EC as a function
of temperature.

AHA will test threc water samples for static electrical conductivity at room temperature,
40 °C, and 80 °C.

AHA will test two of the waste samples for static thermal conductivity at room
temperature.

If air and/or water permeabitity, bulk density, and porosity have already been
characterized for the site, Exponent will provide those data. If these parameters have not
been determined, Exponent will obtain six additional waste material core samples from
sirnilar depths, to be tested for these parameters by Expornent.

AHA will perform preliminary modeling of the test area to deterrnine 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

desizn.
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Preparation of a Remedial Design Cost Estimate

Exponent will provide site characterization data, including:

»  Map(s), preferably in AutoCAD R 14, 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 (€.2.,
30x60 ft).

Exponent will determine the desired remediation time for the entire project (e.g., 3 years).

Exponent will determine the locations of buried underground electric cables, telecom
lines, or metal conductors (e.g., gas or water pipes) in the areas to be remediated, if any.

Exponent will 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
s Service configuration (delta, Y, et¢.)
*  Anexample of a current commercial power contract, it available.
Exponent will provide costs for preparing drilling access, drilling 10-inch borings to the

base of the waste for electrode installation, and a rig hourly rate, including crew, for
clectrode installation. Electrodes are approximately 25 ft long and weigh 200 1b.

Exponent will indicate the availability of clean water supply for electrode cooling
(approx. 4 gpm for the test area), and options for disposal of cooling water (approx.
200 °F) and dewatering product (probably high CS;). If no onsite water treatment
facilities are available for the pilot test, AHA will add this element to the cost estimate.

AHA will contact the power company to determine the cost of providing power 1o the test
area.

Whoukdar! idaia\groups\preduclings\8560a20 002 0401 hrit n R ":; n ? ﬂ q 3
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AHA will prepare a cost estirnate for performing a pilot test in the test area. This
estirnare will include a breakdown of capital equipment (including power supply,
controller, electrodes, electrode cooling system, matrix dewatering, aqueous-phase
treatment, vacuurn 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 vear ($/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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Mike Ruby

Exponent

4240 Pearl East Circle, Suite 300
Boulder

CC 80301

October 7, 1998

Subject: In-Situ Thermmal Desqrption by Etectrical Resistance Soil Healing

[3

Dear Mike:

in our IOI 1/88 phone conversalion you indicated that Exporent would like lo pursue a jomt
venlure with Applied Hydralogy Associates, Inc. (AHA). In this joint venture, a pilot section of
semi-solid, viscose waste pond would be remediated using in-sifu thermal desorption (15TD) c»f
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 thurnb, vapor pressure doubles for each 10 degrees C increase in
temperalure. Theiefore, increasing temperature would likely be effective in liberating CS; from
the matrix, depending, of course, on the permeability of the viscose waste. You described it as
having permeability like tight clay. 1t may be appropriate to apply a vacuum to the pond surface or
to vazor extraction “wells” in the waste.

Because of the hazardous nature of CS,, any heating project should be designed to minimize the
risk of personnel expasure, 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 tne feasibility of ERSH. These tests include density,
electrica! resistivity, thermal conductivity, and air permeability. Samples should be collected to the
base of the waste, both above and below the "water lable”, lo allow variations with depth and
woisture content to be determined. Delermination of WEI‘['E?!’ permeability, porosity, and
compressive/tensile strength would also be very useful for design purposes.
AHA is in a sira 'l'E'UhC alliance with McMillan-McGee Canada (,orp {MM), of Calgary, Alberta lc
offer ISTD services using ERSH. The president of MM, Bruce McGee, designed the 1STD system
for the Lawrence Livermore Nationai Labaratory (LLNL) demonstration project, which remediated
800 barrels of gasoline from a sequence of alternating clays and sands. Bruce is a former student
of Fred Vermeulen (University of Alberta), who pioneered elecirical resistance heating for tar
sands and heavy oils in Canada. Dr. Vermeulen is an advisor to AHA-MM,. MM has worked wilh
AHA since QOctober 1837 1o develop and operate an electrical resistance soit remediation
program for the Turtle Bayou Superfund site in Liberty County, Texas, for ARCO Chemical
Company (ACC). MM designed and built the electrodes, power supply, and power control system.

5514 Decker Drive  Baytown, TX 77520 / (281} 4241459 / Fax (281) 422-4799
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AHA. provided design input at several key stages, including site characterization, SVE system
design, soil parameter tesling, electrode testing, power supply testing, control system testing,
temperature control during operations, and overall heating operations.

System design uses TETRAD, a mult-phase 3-D electricity, heat, and vapor flow simulation

model (the mode! costs about $100,000). The original TETRAD simulates single-phase power

{positive and negative electrodes) only. Cr. McGee has upgraded the model to simulate 3-phase
power (three phase electrodes and one or more neutral elecirode) which has a slightly different
current distribution.

Electrical resistance soil heating plays an essential part in remediating soil *hol spots” &t the
Turtle Bayou site. The most significant geological features of the site are low-permeability soils
mmhwemeaSNHMWammMK1maﬂmmmmm¢myﬂHNMWWMF=hﬂﬂ“MﬂxW”cmM&@cuMd
be taken a5 an analog of the low-permeszhility viscose waste at your candidate site. Chernicals
(rmzinly benzene) have soaked into these clay soils and could gradualy teach into the underying
groundwater. The low clay permeability means thal conventional remediation fechniques, using
water or soil vapor as a chemical carrier, are not very effective. However, soil heating by electrical
resistance has greatly enhanced rermediation efforts through the following synergistic effects:

{1) heating significantly increases the vapor pressure of benzene, causing benzene
rmass o enter the vapor phase;

{2) soill moisture {(which is high in clays) is converled to steam, setting up pressure
gradients which speed vapor migration;

(3) removal of soil moisture causes the clays to shrink and crack, allowing faster
vapor transport and removal.
In conjunction with the existing soil vapor exiraction system (about 4 scfm), ERSH resulted in the
areas of the test site where it was applied reaching cleanup criteria in 2-%2 months, as
demeonstrated by soll borings. Without soil heating, it would probably have taken 2-3 years. Soil
heating resulted in considerable cost savings o the project. Average soil temperature was raised
fromn 71 °F to 116 °F {45 deg F or 25 deg C) in 71 healing days, al an electricity cost of $0.13/deg
C/m®. Soil temperatures measured in the field (see attached figure) corresponded almost exactly

with the TETRAD-predicted temperature distribution.

Soll heating was applied at a depth of 12-17 feet (10-15 feet below 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 | Reductian Comments
8-10 f 92.9% 2-4" above electrode
10-12° [ 953.7% 2" above electrode
12-14 98.6% top 2’ of electrode

Benzene reduction is expected to be symmedrical across the electrode in synch with the
temperature and current density dislribution, Note that heating can be “focused” with ERSH (and
RF heating) whereas direct heating radiates spherically,

To date, contaminated low-permaability media have posed an almost intractable problem for
remediation. The maost common approach has been to excavate and replace with clean soils, or
to cap and contain within slurry walls. Elecirical resistance soil heating provides an alternative
that minimizes sile disruption and ecology, while still effectively safeguarding the public haealth
and the environment,

AR302096



At Turtle Bayou, alternative soil heating technologies were considered and rejected. Mot air,
steam, or hot water injection are impractical due to the low clay permeability. Direct heating {e.g.,
Terratherm} would require a much targer number of heating wells (approximately 6 times more)
and would likely be less economic. Higher temperatures can be achieved with direct heating, but
these temperatures are nol necessary for remediating typical volatile organic cormpounds that are
found at most Superfund sites in the United States. Radia frequency {microwsve or RF) heating is
slill at a very experimental slage and has licensing and health issues. Electrical resistance soil
‘hesating does not have these drawbacks. In addition, it can be focused on specific soil depth
infervals for greater efficiency.

Pacific Northwestern Laboratories (PNL) have patented the six-phase ERSH system, which they
claim provides more even heating. It requires & fairly large (probably expensive) phase-shifting
power supply and twice as much control. We use standard three-phase power with weekly
allernating of phase and nedtral, which provides a fairly even healing pattern at lower cost,

We do, however, use a sophisticated programmalde power controt system, which was developed
specially for the Turlle Bayou project. This sysiem autornatically lests 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 aveld arcing and excess staring
current draw), and can be programmed to control electrade cooling and adjust power supply lirmits
fo cabinet temperature (most power supplies de-rate at high ambient ternperatures). It is
controfled by an EPROM, which can be reprograrmmed to adjust for site-specific faclors {e.q.,
enthusiastic operators setting the amperage above the capacity of the equiprment).

The technique is best when used in combination with scil vapaor extraction and surface vapor
treatment (e.g., thermal oxidation), a commonly usad (and relatively Inexpensive) remediation
technology.

ERSH is not advisable if there are buried metal conductors in the volume 1o be treated. ERSH
could also affect telecomn 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 and operation under Exponent’s overall project management. However, other
arrangements are possible. Please review the information provided and call me at 303-873-0164
(extension 107} if you would like to discuss the project further. 1 look forward to hearing frorm you.

Sincerely, ,
} ___,.—’?'/r N
} o "'/ /’/ ’, ,;f, 7‘, 2/"\
/‘,J/M/t ’f‘j‘y E_/l/‘lé’ /( ,'L o \
James A. M. Thomson
Senior Hydrogeologist
Pariner, Applied Hydrology Associales

Altachment:

Soil Ternperature contours at E-17 test area, Turlle Bayou Superfund site (initially 71 °F)
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Attachment A-12

Free and Bound Carbon
Disulfide Testing
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Free and Bound Carbon Disulficde ‘1ﬁse:5;|:i|r|g

As discussed in the Feﬂ:sil‘fi'lity 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 d]sulfn de bound to cellulose as cellulose xanthate——referred to

herein as “bound”™ or “potential” carbon disulfide. The free and bound carbon disulfide

testing described here will determine the concentration of carbon disulfide present as
each ()f these two forms in the waste viscose.

This determination will be made using a three-step sequential extraction procedure. The
first step in the sequential excraction will involve the leaching of 4 g of the sample of
waste viscose in 10 mL of methanol for 2 minutes, followed by analysis of carbon
disulfide using purge-and-trap (Method 5030B) and GC/MS (Method §260B) 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 size reduction of
the 4-g waste viscose sample (from the above analysis) using a small coffee grinder (or
stmilar device), followed by re-extraction in 10 mL of methanol for 2 minutes. This
extract will also be analyzed for CS; concentration by purge and trap (Method 5030A)
and GC/MS (Method 8260B). The third, and final, step in this procedure will involve
solubilizing the 4-g sample in 10 mL of concentrated sulfuric acid (in a4 sealed Teflon
bomb} heated to 160°F, and analysis of this extract for CS; concentration using the same
analytical methods as cited above for the first two extracts.

Wbcutder Noatalgroups\productions\8600a26.002 0401 frr
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Attachment A-13

Fourier Transform Enfrared
Spectroscopy Analysis
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Fourier Transform Infrared Spectroscopy Analysis

Before and after the extraction procedure to quantify the amounts of free and bound
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 sermmi-quantitative analysis of the relative abundance of carbon disulfide bound
to the cellulose matrix (i.e., present as cellulose xanthate). These analyses will be
conducted by R.I. Lee Group, Inc. in Monreeville, Pennsylvania.

Three subsamples of the waste viscose (ene from each of viscose basins 9, 10, and 11)
that will be subjected to the free and bound carbon disulfide extraction will be submirtted
to R.J. Lee Group for FTIR analysis. Each sample will be sheared in a coffee grinder,
and the resulting particulate will be mixed with 1 percert potassium bromide and
mounted on three separate slides for analysis. Diffuse reflection spectra will be collected
tor each slide mount using a Perkin Eimer 1710 FTIR. The spectroscopist will examing
the spectra for peaks that indicate the presence of cellulose xanthate (i.e., the bond
between dithiocarbonic acid and cellulose), and the carbon-suifur bond of carbon
disulfide. Comparison of the three analyses for each of the three samgples will provide
measure of the hetcrogeneity of the cellulose xanthate remaining in the waste viscose.
Subsequent to the extraction procedure for removing the bound 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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Attachment A-14

Waste Viscose Hydroxide
Liberation Tests
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Waste Viscose Hydroxide Liberation Tests

These laboratory tests will be performed to quantify the extent to which the viscose
hasins represent a source of hydroxide ions to groundwater, as well as the acid
reqUITErnents (o nf:utr:a]i'z e the waste viscose. The first step of the test will be to reduce
the particle size of a 5-g pllt of each of the samples of waste viscose using a coffee
grinder (or similar devn e). Deionized (DI) water will then be added to each sample split
until the waste viscose 13 ML a paste consistency. The pH of this slurry will then be
recorded (note: the pH meter will be calibrated according to the procedures presented in
SOP 19; Attachment A-5). The slurry will then be slowly titrated to pH 3 by pertodic
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 s
longer. The pH of the slurry and the volume of acid added will be recorded after each
aliguot of acid solution is added. Following the completion of the titration, the slurry will
be filtered, and the filtrate will be analyzed for Target Analyle List (TAL) incrganics,
chloride, sulfate, and silica using the methods presented in Table A-7 of the FSAP.
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