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Standard Guide for
Site Characterization for Environmental Purposes With
Emphasis on Soil, Rock, the Vadose Zone and Ground
Water1

This standard is issued under the fixed designation D 5730; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

INTRODUCTION

This guide covers the selection of the various ASTM Standards that are available for the
investigation of soil, rock, the vadose zone, ground water, and other media where the investigations
have an environmental purpose.2 It is intended to improve consistency of practice and to encourage
rational planning of a site characterization program by providing a checklist to assist in the design of
an environmental reconnaissance/investigation plan. The subsurface conditions at a particular site are
usually the result of a combination of natural geologic, topographic, hydrologic, and climatic factors,
and of historical modifications both natural and manmade. An adequate and internally consistent site
characterization program will allow evaluation of the results of these influences. Site characterization
for engineering, design, and construction purposes are addressed in a separate guide, Guide D 420.

The understanding of environmental processes occurring in soil and rock systems depends on
adequate characterization of physical, chemical, and biological properties of soil and rock. Processes
of interest may include, but are not limited to, surface and subsurface hydrology, contaminant
mobilization, distribution, fate and transport; chemical and biological degradation of wastes; and
geomorphological/ecological processes. Although this guide focusses primarily on characterization of
soil and rock, it is understood that climatic and biotic factors may also be important in understanding
environmental processes in soil and rock systems.

1. Scope

1.1 This guide covers a general approach to planning field investigations that is useful for any type of environmental
investigation with a primary focus on the subsurface and major factors affecting the surface and subsurface environment. Generally,
such investigations should identify and locate, both horizontally and vertically, significant soil and rock masses and ground water
conditions present within a given site area and establish the characteristics of the subsurface materials by sampling or in situ
testing, or both. The extent of characterization and specific methods used will be determined by the environmental objectives and
data quality requirements of the investigation. This guide focuses on field methods for determining site characteristics and
collection of samples for further physical and chemical characterization. This guide does not address special considerations
required for characterization of karst and fractured rock terrane. In such hydrogeologic settings refer to Quinlan and Guide D 5717,
(1).

1.2 This guide refers to ASTM standard methods by which soil, rock, vadose zone, and ground water conditions may be
determined. Laboratory testing of soil, rock, and ground-water samples is specified by other ASTM standards which are not
specifically discussed in this guide. Laboratory methods for measurement of physical properties relevant to environmental
investigations are included in Appendix X1.

1.3 The values stated in SI units are to be regarded as the standard.
1.4 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility

1 This guide is under the jurisdiction of ASTM Committee D18 on Soil and Rock and is the direct responsibility of Subcommittee D18.01 on Surface and Subsurface
Characterization.

Current edition approved July 10, 2002. Jan. 1, 2004. Published October 2002. March 2004. Originally published as D 5730 – 95. approved in 1995. Last previous edition
approved in 2002 as D 5730 – 9802.

2 This guide is under the jurisdiction of Subcommittee D18.01 (Surface and Subsurface Characterization) of the Committee on Soil and Rock, and as such has a primary
focus on subsurface characterization, including soil, rock, and fluids contained therein (including liquid and gaseous components), and subsurface biota. Surface hydrology,
meteorology, air quality, geomorphic processes, biota, and waste materials (when present at a site) are to a greater or lesser extent linked to environmental processes in soil
and rock systems. Consequently other ASTM methods of particular relevance to environmental site investigations are identified in this guide, but areaddressed in less detail.
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This document is not an ASTM standard and is intended only to provide the user of an ASTM standard an indication of what changes have been made to the previous version. Because
it may not be technically possible to adequately depict all changes accurately, ASTM recommends that users consult prior editions as appropriate. Inall cases only the current version
of the standard as published by ASTM is to be considered the official document.
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of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

1.5 This guide offers an organized collection of information or a series of options and does not recommend a specific course
of action. This document cannot replace education or experience and should be used in conjunction with professional judgment.
Not all aspects of this guide may be applicable in all circumstances. This ASTM standard is not intended to represent or replace
the standard of care by which the adequacy of a given professional service must be judged, nor should this document be applied
without consideration of a project’s many unique aspects. The word “Standard” in the title of this document means only that the
document has been approved through the ASTM consensus process.

2. Referenced Documents

2.1 The pertinent ASTM guides for selection of field investigation methods are listed at appropriate points in the sections that
follow, and a comprehensive list of guides, standards, methods, practices, and terminology is contained in Appendix X1. Table
X1.1 and Table X1.2 provide an index of field and laboratory standards listed in Appendix X1.

2.2 ASTM Standards:3

C 998 Practice for Sampling Surface Soil for Radionuclides
D 420 Guide to Site Characterization for Engineering, Design, and Construction Purposes
D 422 Test Method for Particle-Size Analysis of Soils
D 653 Terminology Relating to Soil, Rock, and Contained Fluids
D 1140 Test Method for Amount of Material in Soils Finer than the No. 200 (75-µm) Sieve
D 1452 Practice for Soil Investigation and Sampling by Auger Borings
D 1586 Test Method for Penetration Test and Split-Barrel Sampling of Soils
D 1587 Practice for Thin-Walled Tube Geotechnical Sampling of Soils
D 2113 Practice for Diamond Core Drilling for Site Investigation
D 2434 Test Method for Permeability of Granular Soils (Constant Head)
D 2487 Classification of Soils for Engineering Purposes (Unified Soil Classification System)
D 2488 Practice for Description and Identification of Soils (Visual-Manual Procedure)
D 2922 Test Methods for Density of Soil and Soil-Aggregate In Place by Nuclear Methods (Shallow Depth)
D 3404 Guide for Measuring Matric Potential in the Vadose Zone Using Tensiometers
D 3441 Test Method for Deep, Quasi-Static, Cone and Friction-Cone Penetration Tests of Soil
D 3550 Practice for Ring-Lined Barrel Sampling of Soils
D 3584 Practice for Indexing Papers and Reports on Soil and Rock for Engineering Purposes
D 4043 Guide for Selection of Aquifer-Test Method in Determining of Hydraulic Properties by Well Techniques
D 4044 Test Method (Field Procedure) for Instantaneous Change in Head (Slug Tests) for Determining Hydraulic Properties of

Aquifers
D 4050 Test Method (Field Procedure) for Withdrawal and Injection Well Tests for Determining Hydraulic Properties of Aquifer

Systems
D 4104 Test Method (Analytical Procedure) for Determining Transmissivity of Nonleaky Confined Aquifers by Overdamped

Well Response to Instantaneous Change in Head (Slug Test)
D 4105 Test Method (Analytical Procedure) for Determining Transmissivity and Storage Coefficient of Nonleaky Confined

Aquifers by the Modified Theis Nonequilibrium Method
D 4106 Test Method (Analytical Procedure) for Determining Transmissivity and Storage Coefficient of Nonleaky Confined

Aquifers by the Theis Nonequilibrium Method
D 4127 Terminology Used with Ion-Selective Electrodes
D 4210 Practice for Interlaboratory Quality Control Procedures and a Discussion on Reporting Low Level Data
D 4220 Practice for Preserving and Transporting Soil Samples
D 4448 Guide for Sampling Groundwater Monitoring Wells
D 4547 Practice for Sampling Waste and Soils for Volatile Organics
D 4630 Test Method for Determining Transmissivity and Storativity of Low Permeability Rocks by In Situ Measurements

Using the Constant Head Injection Test
D 4631 Test Method for Determining Transmissivity and Storativity of Low Permeability Rocks by In Situ Measurements

Using the Pressure Pulse Technique
D 4687 Guide for General Planning of Waste Sampling
D 4696 Guide for Pore-Liquid Sampling from the Vadose Zone
D 4700 Guide for Soil Sampling from the Vadose Zone
D 4750 Test Method for Determining Subsurface Liquid Levels in a Borehole or Monitoring Well (Observation Well)

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM Standards,
Vol 12.01.volume information, refer to the standard’s Document Summary page on the ASTM website.
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D 5079 Practices for Preserving and Transporting Rock Core Samples
D 5084 Test Method of Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall Permeameter
D 5092 Practice for Design and Installation of Ground Water Monitoring Wells in Aquifers
D 5093 Test Method for Field Measurement of Infiltration Rate Using a Double-Ring Infiltrometer With a Sealed-Inner Ring
D 5195 Test Method for Density of Soil and Rock In-Place at Depths Below the Surface by Nuclear Methods
D 5254 Practice for Minimum Set of Data Elements to Identify a Ground-Water Site
D 5269 Test Method for Determining Transmissivity of Nonleaky Confined Aquifers by the Theis Recovery Method
D 5270 Test Method for Determining Transmissivity and Storage Coefficient of Bounded, Nonleaky, Confined Aquifers
D 5314 Guide for Soil Gas Monitoring in the Vadose Zone
D 5408 Guide for Set of Data Elements to Describe a Ground-Water Site; Part 1—Additional Identification Descriptors
D 5409 Guide for Set of Data Elements to Describe a Ground-Water Site; Part 2—Physical Descriptors
D 5410 Guide for Set of Data Elements to Describe a Ground-Water Site; Part 3—Usage Descriptors
D 5447 Guide for Application of a Ground-Water Flow Model to a Site-Specific Problem
D 5451 Practice for Sampling Using a Trier Sampler
D 5717 Guide for the Design of Ground-Water Monitoring Systems In Karst and Fractured-Rock Aquifers
E 177 Practice for Use of the Terms Precision and Bias in ASTM Test Methods
E 380 Practice for Use of the International System of Units (SI) (The Modernized Metric System)
E 1527 Practice for Environmental Site Assessments: Phase I Environmental Site Assessment Process
G 57 Test Method for Field Measurement of Soil Resistivity Using the Wenner Four-Electrode MethodNOTE 1—Non-ASTM

References:Appendix
2.3 Non-ASTM References—Appendix X2 identifies major non-ASTM references that focus on field methods for environmental

site characterization. Other guidance documents covering procedures for environmental investigations with specific objectives or
in particular geographic settings may be available from federal, state, and other agencies or organizations. The appropriate agency
or organization should be contacted to determine the availability and most current edition of such documents.

3. Terminology

3.1 Definitions:4

3.1.1 site, n—a place or location designated for a specific use, function, or study.
3.1.2 site, v—to determine a place or location for a specific use, function, or study.
3.1.3 characterization, n—the delineation or representation of the essential features or qualities existing at a site.
3.1.4 characterize, v—the process of delineation or representation of the essential features or qualities existing at a site.
3.1.5 conceptual site model, n—for the purposes of this guide, a testable interpretation or working description of the relevant

physical, chemical, and biological characteristics of a site.5

3.1.6 environment, n—the aggregate of conditions, influences, and circumstances that affect the existence or development of
properties intrinsic to a site.

3.1.7 environmental, adj—having to do with the environment.
3.1.8 environmental site characterization, n—the delineation or representation of the essential features or qualities, including

the conditions, influences, and circumstances, existing at a place or location designated for a specific use, function, or study.6

3.1.9 environmental audit, n—the investigation process to determine if the operations of an existing facility are in compliance
with applicable environmental laws and regulations.

3.1.10 environmental site assessment (ESA), n—the process by which a person or entity seeks to determine if a particular parcel
of real property (including improvements) is subject to recognized environmental conditions.7

3.2 In addition to Terminology D 653, Appendix X3 identifies major references from a range of disciplines that can be used as
sources for definitions of terms that are related to environmental site characterization.

4. Significance and Use

4.1 This guide provides a general approach to environmental site characterization. Environmental site characterization provides

Annual Book
4 The first seven definitions are ordered logically to illustrate construction of ASTM Standards, Vol 04.08. the definition forenvironmental site characterizationrather than

in alphabetical order.
Annual Book

5 The meaning of ASTM Standards, Vol 11.01. conceptual site model may have more restricted or specific meanings depending on the objective or use of the model. For
example, ground water flow modeling focuses on the physical characteristics as they relate to subsurface flow (see Guide D 5447), and a conceptual site model for the purpose
of risk assessment will focus on contaminant sources, pathways, and receptors to exposure.
Annual Book

6 Environmental audits and environmental site assessments as defined below are examples of ASTM Standards, Vol 11.04. environmental site characterization with specific
objectives.
Annual Book
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information for a wide variety of uses including:
4.1.1 Determination of ambient background or baseline conditions, including, but not limited to, geochemistry, hydrogeology,

microbiology, mineralogy, and water quality.
4.1.2 Assessment of site suitability for a future use or a use which may be compromised by site characteristics, such as flooding,

seismic activity, and landslides (mass wasting).
4.1.3 Protection of site quality from the detrimental effects of human activities and natural processes, or minimization of adverse

environmental impacts. Specific examples of uses of environmental site characterization for these purposes include: (1) delineation
of ground-water or wellhead protection areas, (2) assessing the suitability of sites for disposal of industrial and residential liquid
and solid wastes, (3) assessing soil suitability for land treatment of wastes, and (4) evaluating soil suitability for agricultural
practices in order to minimize soil erosion and contamination from agricultural chemicals.

4.1.4 Assessment of the type, distribution, and extent of surface and subsurface contamination to determine compliance; risk
to human health and the environment; and responsibility for remediation. Such assessments include: (1) sites involved in real estate
transactions, (2) controlled and uncontrolled hazardous waste sites, (3) controlled and uncontrolled municipal solid waste,
wastewater, and other nonhazardous waste disposal sites.

4.1.5 Assessment of surface and subsurface environmental processes that affect the fate, mobilization, and rate of transport of
natural and anthropogenic chemicals in the subsurface.

4.1.6 Assessment of the type, distribution, and extent of natural and anthropogenic radioactive elements in the subsurface.
4.1.7 Assessment of the degree of risk that adverse subsurface site conditions not related to 4.1.4 and 4.1.5 pose to human health

and safety or the natural ecosystem.
4.1.8 Selection and design of remediation systems for cleanup of subsurface contamination and of other reclamation or

rehabilitation practices on disturbed land.
4.2 This guide is meant to be a flexible description of investigation requirements; methods defined by other ASTM Standards

(Appendix X1) or non-ASTM techniques (Appendix X2) may be appropriate in some circumstances. The methods and amount of
effort required for environmental site characterization will vary with site conditions and objectives of the investigation. This
standard does not set mandatory guidelines and does not constitute a list of necessary steps or procedures for all investigations.
In karst and fractured rock hydrogeologic settings, this guide should be used in conjunction with Guide D 5717.

5. Steps in Planning and Conducting Environmental Site Characterization

5.1 The following minimum elements, not necessarily in sequential order, are required for most environmental site
investigations to determine project and site strategy:

5.1.1 Definition of objectives, site boundaries,8 and other information necessary for efficient project planning.9

5.1.2 Collection of available existing data and information about the site, pertinent to the objectives of the investigation.10

5.1.3 Development of one or more conceptual site models of the site from existing information. The objectives of the
investigation will affect the type and complexity of site conceptualization.

5.1.4 Performance of a reconnaissance site investigation, that may include nondestructive geophysical methods, and relatively
simple field sampling and characterization methods,11 to refine the conceptual model of the site.

5.1.5 Development of a detailed site investigation and sampling plan, that identifies methods to be used to collect and analyze
required additional data, protocols for sampling and field measurements, and procedures to ensure quality assurance and quality

7 This definition is taken from Practice E 1527. Other definitions of ASTM Standards, Vol 04.09. environmental site assessment may apply in other contexts. For example,
EPA’s Site Assessment Branch, Hazardous Site Evaluation Division in the Office of Emergency and Remedial Response defines site assessment as the decision process for
identifying the most seriously contaminated uncontrolled hazardous waste sites that will receive funding for long-term remediation. Practice E 1527 definesrecognized
environmental conditionsas “the presence or likely presence of any hazardous substances or petroleum products on a property under conditions that indicate an existing
release, a past release, or a material threat of a release of any hazardous substances or petroleum products into structures on the property or into theground, ground water,
or surface water of the property.” In other environmental site investigations, nonhazardous substances (because of their physical condition, smell, or other aesthetic properties)
or substances that have hazardous characteristics but do not meet a regulatory definition of hazardous may be the focus of concern.
Annual Book

8 The boundaries of ASTM Standards, Vol 14.02. a site are defined using one or more of the following considerations: (1) land ownership, (2) current and past land use,
(3) natural site characteristics (topography, soils, geology, hydrology, biota). Where site boundaries are initially defined by ownership, natural site characteristics should be
evaluated to determine whether the scope of at least parts of the investigation should include areas that are offsite. For example, investigations ofground water contamination
should include identification of any potential sources of contamination that are upgradient from a site.
Annual Book

9 This should include, but not necessarily be limited to: (1) definition of the technical and scientific approach to be used, (2) organization of a data management system,
including both paper and electronic records, (3) identification of types of personnel and technical expertise, appropriate ASTM and other methods and field equipment required
to meet the defined objective, (4) defining how spatial data will be recorded (see Section 7.1.3), (5) identification of applicable primary and secondary regulatory programs,
and any required coordination with government agencies and other organizations, (6) development of health and safety plans, V where appropriate, (7) identification of
scheduling and budgetary constraints, (8) definition of data quality requirements for each stage of the investigation, (9) identification of deliverables at intermediate stages
of the investigation and upon completion, (103.02) selection of performance measures to determine whether the objective has been achieved, and (11) definition of project
decision statements.

10 The first seven definitions are ordered logically
10 A site visit prior to illustrate construction extensive collection of existing data should be made unless the limited scope of a project does not allowmultiple visits. The

advantage of such a visit is that it may prevent preconceived ideas derived from inaccurate existinvg information from influencing initial conceptual site characterization rather
than in alphabetical order. model development.

11 The meaning of conceptual site model may have
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control of site characterization data. Criteria defining the quality of data that are collected is a requirement for most environmental
site investigations.12

5.1.6 Collection of field samples and measurements in accordance with the site investigation and sampling plan.13

5.1.7 Analysis of field and laboratory data to further refine the conceptual model of the site and preparation of a report that
fulfills the objectives of the investigation.

5.2 Environmental site characterization is an iterative process of continually refining a conceptual site model of a site as new
information becomes available. The objective of the investigation and availability of funds to carry out the investigation will affect
the final number of iterations that are possible. For example, a Phase I Environmental Site Assessment (Guide E 1527) for a real
estate property transaction may require only a single site visit to evaluate whether any activities may have resulted in contamination
of the site. Complex sites, however, may require multiple site visits to collect data in order to develop a satisfactory conceptual
model of the site, especially if a human health and environmental risk assessment is required. The number of site visits may be
reduced by on-site analysis of results and real-time adjustments to the site investigation plan (see Section 7).

5.2.1 Planning for environmental site investigations should recognize that regional and local differences in climate, biota, soils,
geology, and hydrology will influence the selection of appropriate methods and procedures.

5.2.2 Urban settings create special challenges for planning environmental site investigations. Difficulties include busy streets,
access to public and private property, especially occupied buildings and fenced areas, and determining predisturbance background
environmental conditions. Consult with local agencies and private property owners for relevant information. Select methods and
schedule activities accordingly.

6. Collection of Existing Data and Site Reconnaissance

6.1 Collect and review available technical data from the literature and historical records, and conduct interviews before any field
program is started. These include, but are not limited to, topographic maps, aerial photography, satellite imagery, geologic maps,
statewide or county soil surveys, and mineral resource surveys covering the proposed project area. Reports of subsurface
investigations of nearby or adjacent projects should be studied. If feasible, all existing data should be critically evaluated and
independently confirmed.

6.1.1 The Natural Resource Conservation Service (formerly U.S. Soil Conservation Service) and the Agricultural Stabilization
and Conservation Service (ASCS) are the primary sources of aerial photographs at the county level. The U.S. Geological Survey
is the primary source for satellite imagery, and agencies other than SCS (USGS EROS Data Center).14Aerial photographs also may
be available from the following federal agencies where lands under their jurisdiction are involved: Bureau of Land Management,
Bureau of Reclamation, U.S. Army Corps of Engineers, U.S. Environmental Protection Agency Photo-Interpretation Center
(EPIC), U.S. Forest Service, and U.S. Fish and Wildlife Service. State natural resource agencies and local/regional planning

11 When contaminated sites are being investigated, field chemical analytical methods can be valuable for identifying areas where more restricted or specific meanings
depending on the objective or use detailed investigations may be required, and for designing cost-effective detailed sampling and monitoring plans. Surface geophysical
methods may be especially valuable for guiding placement of the model. For example, exploratory drillholes and placement of vadose zone and ground water flow modeling
focuses on the physical characteristics as they relate to subsurface flow (see Guide D 5447), and a conceptual site model monitoring installations. Any such field methods
should be documented for the purpose of risk assessment will focus on contaminant sources, pathways, quality assurance and receptors to exposure. quality control.

12 Environmental audits
12 The level of data accuracy and precision needed to meet the intended use for the data must be determined and this constitutes the “data quality requirements” referred

to in this guide. The term data quality requirements is similar to the term data quality objectives (DQOs) used to describe the quality determination process in the U.S. EPA
RCRA/Superfund program, but does not necessarily include statistically based confidence levels for assessing false negative or false positive designations. For chemical
characterization, data quality requirements may vary depending on the phase of the investigation. For example, relatively inexpensive field instrumentation such as defined
below are examples colorimetric test kits, or portable gas chromatographs can be used to analyze a relatively large number of environmental site characterization samples
initially to identify areas with different levels of contamination. Data requirements at this level would specify that instrumentation used be capable only of detecting the
presence of a contaminant at or abjove the regulatory level of concern. These results in turn would guide sampling of a moderate number of samples for more accurate field
analytical methods or a mobile laboratory. Finally, a relatively small number of samples might be selected for analysis that would meet the rigorous data quality requirements
of EPA’s contract laboratory program (CLP). This phased approach has the potential for significant cost and time savings as compared to the use of CLP laboratories for the
analysis of all samples.

13 This definition is taken from Practice E 1527. Other definitions
13 Prior to commencement of environmental site assessment may apply in other contexts. For example, EPA’s Site Assessment Branch, Hazardous Site Evaluation Division

in any intrusive exploration the Office of Emergency and Remedial Response defines site assessment as the decision process should be checked for identifying the most
seriously contaminated uncontrolled hazardous waste sites that will receive funding for long-term remediation. Practice E 1527 definesrecognized environmental conditions
as “the presence underground utilities or likely presence other buried materials. Should evidence of any potentially hazardous substances or petroleum products on a property
under conditions that indicate an existing release, a past release, otherwise contaminated materials or a material threat of a release of any hazardous substances or petroleum
products into structures on conditions be encountered in the property or into the ground, ground water, or surface water course of the property.” In other environmental site
investigations, nonhazardous substances (because of their physical condition, smell, or other aesthetic properties) or substances that have hazardous characteristics but do not
meet a regulatory definition of hazardous may investigation, work should be interrupted until the focus of concern. circumstances have been evaluated and revised instructions
issued before resumption.

14 The boundaries of a site are defined using one or more of the following considerations: (1) land ownership, (2) current and past land use, (3) natural site characteristics
(topography, soils, geology, hydrology, biota). Where site boundaries are initially defined by ownership, natural site characteristics should be evaluated to determine whether
the scope of at least parts of the investigation should include areas that are offsite. For example, investigations of ground water contamination should include identification
of any potential sources of contamination that are upgradient from a site.

14 USGS EROS Data Center, Sioux Falls, SD 57198.
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agencies also may be good sources of aerial photographs.15 ,16 Guide D 5518 provides additional information of how to obtain air
photos.

6.1.2 The United States Geological Survey and the geological surveys of the various states are the principal sources of geologic
maps, reports on mineral resources, ground water, and surface water.17 Guidebooks prepared by professional associations, technical
journals, and published conference and symposium proceedings may also be important sources of information.

6.1.3 United States Department of Agriculture Soil Conservation Service soil surveys, where available and of recent date,
should enable the investigator to estimate the range in soil profile characteristics to depths of 1.5 or 2 m (5 or 6 ft) foreach soil
mapped.18

6.1.4 Preliminary information on sites where commercial and industrial activity has occurred should include site history, such
as type of activity, location of existing surface and subsurface building, and chemicals, manufactured, used, or stored at the site.19

6.2 Study the soil and rock in the vicinity of the proposed project in areas where descriptive data are limited by insufficient or
inadequate geologic or soil maps. Take advantage of all exposures of the rock and soil to obtain the best understanding of them.
Obtain information on both vertical and horizontal properties of the materials and their distribution. Make appropriate notes and,
where appropriate, illustrate by sketches. The notes should include data outlined in 9.3.20

6.3 Prepare and compile preliminary maps of the project area using aerial photography and topographic maps that show ground
conditions. The scale of the map should be appropriate for the area being investigated. Aerial photographs and topographic maps
at scales of 1:15 000 to 1:24 000 are available for most parts of the United States and are usually adequate as a basis for a
preliminary map of sites covering tens to hundreds of acres. The distribution of the predominant soil and rock deposits likely to
be observed during the investigation may be shown using data obtained from geologic maps, landform analysis, and limited ground
reconnaissance. Experienced photointerpreters can deduce much subsurface data from a study of black-and-white, color, and
color-infrared photographs because similar soil or rock conditions, tend to have similar patterns of appearance in regions of similar
climate or vegetation.21

15 This should include, but not necessarily
15 The following references on air-photo interpretation may be limited to: (1) definition of the technical value: Avery(2),22 Ciciarelli (3), Denny et al(4), Drury (5) , Dury

(6), Johnson and scientific approach to be used, (2) organization of a data management system, including both paper Gnaedigner(7), Lattman and electronic records, (3)
identification of types of personnel Ray(8), Lueder(9), Miller and technical expertise, appropriate ASTM and other methods and field equipment required to meet the defined
objective, (4) defining how spatial data will be recorded (see Section 7.1.3), (5) identification of applicable primary and secondary regulatory programs, and any required
coordination with government agencies and other organizations, (6) development of health and safety plans, where appropriate, (7) identification of Miller (10) , Ray (11)
and budgetary constraints, (8) definition of data quality requirements for each stage of the investigation, (9) identification of deliverables at intermediate stages
of the investigation and upon completion, (10) selection of performance measures to determine whether the objective has been achieved, and (11) definition of
project decision statements., SCS (12), Strandberg (13) , Wright (14).

16 A site visit prior
16 The boldface numbers in parentheses refer to extensive collection a list of existing data should be made unless references at the limited scope end of aproject does

not allow multiple visits. The advantage of such a visit is that it may prevent preconceived ideas derived from inaccurate existing information from influencing initial
conceptual site model development. the text.

17 Sun and Wheneks(15) provide a comprehensive bibliography of the U.S. Geologicaml Survey’s regional aquifer systedms analysis program. Data from thes RASA
program are being investigated, field chemical analytical methods can be valuable for identifying areas where more detailed investigations may be required, synthesized and
for designing cost-effective detailed sampling and monitoring plans. Surface geophysical methods may be especially valuable for guiding placement published in the Ground
Water Atlas of exploratory drillholes and placement of vadose zone and ground water monitoring installations. Any such field methods should be documented for quality
assurance and quality control. the United States(16).

18 The level of data accuracy and precision needed
18 Each soil type has a distinctive soil profile due to meet the intended use for the data must be determined age, parent material, relief, climatic condition, and this

constitutes the “data quality requirements” referred to biological activity. Consideration of these factors can assist in this guide. The term dataquality requirements is similar
to evaluating the term data quality objectives (DQOs) used to describe the quality determination process potential for movement of contaminants in the U.S. EPA
RCRA/Superfund program, but does not necessarily include statistically vadose zone and ground water based confidence levels for assessing false negative or false positive
designations. For chemical characterization, data quality requirements may vary depending on the phase differing soil characteristics. Boulding(17)and Cameron(18)provide
guidance on interpretation of the investigation. For example, relatively inexpensive field instrumentation such as colorimetric test kits, or portable gas chromatographs can
be used soil properties in relation to analyze a relatively large number of samples initially to identify areas with different levels of contamination. Data requirements at this
level would specify that instrumentation used be capable only of detecting the presence of a potential for contaminant at or above the regulatory level of concern. These results
transport. Changes in turn would guide sampling of a moderate number of samples for more accurate field analytical methods soil properties in adjacentareas often indicate
changes in parent material or a mobile laboratory. Finally, a relatively small number of samples might be selected for analysis that would meet the rigorous data quality
requirements of EPA’s contract laboratory program (CLP). This phased approach has the potential for significant cost and time savings as compared to the use of CLP
laboratories for the analysis of all samples. relief.

19 Prior to commencement of any intrusive exploration
19 Practice E 1527 and Practice E 1528 provide guidance on the site should be checked for underground utilities or other buried materials. Should evidence types of

potentially hazardous or otherwise contaminated materials or conditions be encountered in the course of the investigation, work information that should be interrupted until
the circumstances have been evaluated collected and revised instructions issued before resumption. sources from which such information can be obtained.

20 USGS EROS Data Center, Sioux Falls, SD 57198.
20 The following major references may be useful for field geologic and hydrogeologic investigations: Bishop(19) , Brassington(20), Bureau of Reclamation(21, 22),

Compton(23, 24), Dutro, et al(25), Erdélyi and Gálfi(26), Fetter(27), Lahee(28), LeRoy, et al(29) , Low (30), Rahn(31), Tearpocke and Bischke(32). Guides for field
description of rocks include: Fry(33), Thorpe and Brown(34), and Tucker(35) .

21 The following references on air-photo interpretation
21 This preliminary map may be of value: Avery(2),22 Ciciarelli (3), Denny et al(4), Drury (5) , Dury (6), Johnson expanded into a detailed site map by locating all test

holes, pits, and Gnaedigner(7), Lattman sampling stations and Ray(8), Lueder(9), Miller by revising boundaries as determined from the detailed subsurface survey.
Geographic information systems (GIS) should be considered for visualization, map preparation, data manipulation, and Miller(10) , Ray (11), SCS(12), Strandberg(13) ,
Wright (14). analysis.
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6.4 Perform site reconnaissance. This provides an opportunity to check the accuracy of information compiled from existing
sources, and to make site observations to assist in refining the conceptual model of the site. Site reconnaissance should be planned
to identify the site characteristics needing further investigation.22

7. Detailed Site Investigation

7.1 Review objectives of the investigation and develop a detailed site investigation plan. The detailed site investigation plan
should clearly identify the types of data that are required to meet the objectives of the investigation.23 A complete environmental
site investigation will usually encompass the following activities:24

7.1.1 Review available information, both regional and local, on the geologic history (including seismic activity and other
potential geologic hazards), rock, soil, ground water, surface water, and other significant environmental and anthropogenic features
(for example, buried utilities) occurring at the proposed location and in the immediate vicinity of the site.

7.1.2 Interpret aerial photography and other remote sensing data.
7.1.3 Select appropriate methods for locational data collection coincident with field observations and sampling.25 Failure to

accurately locate elevation andx-y coordinates of observation points and samples can severely compromise the accuracy of
interpretations developed from the data. Where geographic information systems (GIS) are to be used for data management, analysis
and visualization, locational accuracy should at a minimum satisfy the resolution of the system to be used.

7.1.4 Perform field reconnaissance for identification of surficial geologic and hydrologic conditions, mapping of stratigraphic
or lithologic exposures and outcrops, mapping of vegetation and other significant ecological conditions, and examination of
anthropogenic features at the site.

7.1.5 Perform on-site investigation of the surface and subsurface materials by geophysical surveys, borings, or test pits.
7.1.6 Obtain representative samples for chemical, biological, and physical analysis of soil, rock, and ground water. When

required for the objectives of the investigation, these should be supplemented by samples suitable for the determination of in situ
physical and chemical properties, such as hydraulic conductivity and flow-through sorption tests (see 11.2). Measurement of in situ
properties requires collection of undisturbed samples (see definitions in Terminology D 653). Where present, wastes and sediments
from surface water bodies should also be sampled.

7.1.7 Perform field identification of soil, sediments, and rock with particular references to physical and chemical properties,
such as, but not limited to, color, odor, texture (grain-size distribution), mineralogy, zone of increased or reduced porosity and
permeability, depth of occurrence, and the types and locations of structural discontinuities.

7.1.8 Identify and measure the potentiometric surface(s) of the aquifer or aquifers. Methods for determining ground-water levels
are covered in Test Method D 4750. The variability of these positions in both short (minutes to days) and long (months to years)
time frames should be considered.26

7.1.9 Assess vertical and horizontal variations in the pedologic, geologic, and hydrologic characteristics of the subsurface,
including the vadose zone, aquifers, and confining units. When the flow direction and velocity of ground water are concerns,
special emphasis should be placed on evaluating the degree of aquifer anisotropy, presence of highly permeable unconsolidated
materials such as sands and gravels, extent and orientation of soil joint and rock fracture development, and extent of conduit
development in karst limestone. Where unconsolidated materials consist of thick loess, alluvial, lacustrine materials, or glacial till,

22 The boldface numbers
22 Exploratory sampling of soil solids, soil gas, or ground water using temporary in parentheses refer to a list situ samplers may provide useful information for design of

references at the sampling plan in the detailed site investigation plan. Surface geophysical methods may also be useful at this stage of the text. investigation.
23 SConsiderations for identifying data requirements include: (1) data required to comply with applicable federal, state, or local regulatory programs, (2) data required

as inputs to computer models expected to be used, (3) data required for selection and Weeks(15)provide a comprehensive bibliography design of the U.S. Geological Survey’s
regional aquifer systems analysis program. Data from the RASA program are being synthesized and published in the Ground Water Atlas of the United States (16).
implementation measures (that is, protective measures at controlled waste disposal sites, remediation options at contaminated sites).

24 Each soil type has a distinctive soil profile due to age, parent material, relief, climatic condition, and biological activity. Consideration
24 Examples of these factors can assist in evaluating the potential for movement investigations that may not require all of contaminants in the vadose zone and ground

water based on differing soil characteristics. Boulding(17)and Cameron(18)provide guidance on interpretation of soil properties activities in relation to potential this section
include environmental site assessments for contaminant transport. Changes in soil properties in adjacent areas often indicate changes in parent material real estate property
transactions that do not identify recognized environmental conditions using Practice E 1527 Phase 1 Assessment Process or Practice E 1528 Transaction Screen Process, and
Environmental Audits to assess presence or degree of lead or asbestos contamination in a building.

25 Practice E 1527
25 The U.S. EPA(36) requires latitude/longitude determination for all agency-sponsored data collection and Practice E 1528 provide activities that define or describe

environmental characteristics about a site. The U.S. EPA(37) provides guidance to selecting latitude/longitude determination methods. Global positioning systems (GPS) are
used for locating field observation points when accuracy on the types order of information that should be collected and sources from tens of meters is sufficient, which is
suffichient for many GIS applications (U.S. EPA,(38)). Other coordinate systems (such asx-y coordinates referenced to a known datum, State Plane, UTM) can also be used
if mobre convenient in the field, and converted to latitude and longitude, if required.

26 The following major references
26 Other methods in addition to direct water level measurements may be useful for field geologic characterizing depth to water table. For example, description of the color,

depth, and hydrogeologic investigations: Bishop(19) , Brassington(20), Bureau patterns of R mottling of soil horizons may be indiclative of long-term seasonal high ground
water positions. Boulding(21, 22), Compton(23, 24), Dutro, et al(25), Erdélyi (39) and Gálfi Vepraskas(26), Fetter(40) (27), Lahee describe methods recently adopted
by the Soil Survey Staff (28), LeRoy, et al (29) , Low (30), Rahn (31), Tearpocke and Bischke (32). Guides(41) for field description of rocks include: Fry(33), Thorpe
and Brown (34), and Tucker (35) . interpretation of morphologic features indicative of soil wetness. At contaminated sites, color variations can also be chemically
induced or the result of staining.
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the spacing and depth of vertical soil jointing should be evaluated as potential zones of preferential contaminant movement(42).
Guide D 5717 identifies methods for characterization of karst and fractured rock aquifers.

7.1.10 Assess temporal changes in subsurface hydrologic conditions, including changes in ground-water levels using
piezometers or monitoring wells, changes in soil moisture conditions using tensiometers (see Guide D 3404), neutron soil moisture
probes (see Test Method D 5093) or other methods, and measurement or estimation of soil moisture flux. Changes in soil solute
quality using suction lysimeters and other methods (see Guide D 4687).

7.1.11 Identify type and extent of contaminants, if present, and identify and assess the geochemical characteristics of subsurface
solids and ground water that may affect the fate and transport of contaminants. Temporal changes in soil pore liquids and
ground-water quality should be characterized by periodic sampling from monitoring wells installed in accordance with standard
procedures (see Guide D 4696—pore liquids, and Practice D 5092—ground-water monitoring wells). Important geochemical
characteristics include organic matter content, clay mineralogy, pH, Eh, specific conductance, and temperature.27

8. Use of Field Methods in Environmental Site Characterization

NOTE 21—All field procedures should be documented by identifying time, date, location, and personnel involved. Practice D 5254 identifies additional
basic information required for documentation. Guide D 5408, Guide D 5409, and Guide D 5410 can serve as checklists to ensure that important additional
information is not omitted. Paragraph 7.1.3 contains additional discussion of locational data considerations.

8.1 Equipment and procedures used in site characterization for environmental purposes can be classified in the following general
categories:

8.1.1 Indirect observation of surface and subsurface conditions using remote sensing techniques and geophysical surveys (see
Section 9),

8.1.2 Direct observation of subsurface conditions and field description using visual-manual procedures (see Section 10),
8.1.3 Sampling for further physical, chemical, and biological testing and analysis (see Section 11), and
8.1.4 In situ testing of soil, rock, vadose zone, and aquifer characteristics (see Section 12).
8.2 Many test methods and procedures are potentially applicable to environmental site investigations.28 Factors to consider

when selecting equipment and procedures for a site investigation include:
8.2.1 Objectives and Data Quality Requirements of the Investigation—For example, a Phase I Environmental Site Assessment

may require only simple, hand-held equipment. On the other hand, site investigations for suitability for long-term storage of
high-level radioactive wastes involve complex and sophisticated instrumentation and testing.

8.2.2 Characteristics of the Site—Soils and geology of the site and properties of known or suspected contaminants will
influence the type of drilling methods used and selection of sampling equipment. Different aquifer test procedures and analytical
methods are required based on aquifer characteristics such as degree of confinement, presence of nearby hydrologic boundaries,
and how much of an aquifer is intersected by the central test well.

8.2.3 Characteristics of the Equipment or Method—When several alternatives are available to achieve a given objective a
number of factors should be considered in selecting equipment and methods. Equipment available from commercial sources is
generally preferable to homemade equipment because specifications can be readily documented and replacement parts can usually
be obtained quickly and be used without affecting the comparability of results with the broken equipment. Equipment with the
greatest durability and reliability is preferable. Standard ASTM test methods or standard operating procedures and protocols
established by government agencies should be used whenever applicable. The timeliness of results is another important
consideration when selecting equipment or methods. Methods that provide real-time data that fulfill data quality requirements are
preferable to methods that require use of offsite laboratories. Special circumstances may require use of uncommon or nonstandard
equipment, methods, or procedures. The use of such equipment and procedures should be justified in the detailed site investigation
plan.

8.2.4 Cost of the Equipment or Method— All factors affecting cost should be considered before selecting equipment or methods.
For example, the higher initial cost of using dedicated samplers for ground-water monitoring wells may be more cost-effective in
the long run as a result of reduced sample collection costs.

8.3 Equipment and standard operating procedures (SOPs) should be identified in the detailed site investigation plan. Equipment
design and specifications should be documented and standard operating procedures defined. Any departures from equipment and
procedures defined in the site investigation plan should be documented and justified.

9. Field Methods: Remote Sensing and Geophysical Surveys

9.1 Remote sensing techniques may assist in mapping the geological formations and for evaluating variations in soil and rock

27 This preliminary map
27 Microorganisms in soil and ground water may be expanded into play a detailed site map by locating all test holes, pits, significant role in the transportand sampling

stations fate of inorganic constituents (such as nitrate, sulfate, and by revising boundaries redox sensitive species, such as determined from the detailed subsurface survey.
Geographic information systems (GIS) should be considered iron, manganese, arsenic, chromium, and selenium) and organic chemicals. Table X1.2 identifies ASTM methods
for visualization, map preparation, data manipulation, characterization of microorganisms and analysis. biodegradation potential.

28 Exploratory sampling of soil solids, soil gas, or ground water using temporary in situ samplers may provide useful
28 A recent EPA report,(43) provides information for design of the sampling plan in the detailed site investigation plan. Surface geophysical methods may also be useful

at this stage of the investigation. on more than 280 methods.
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properties. Satellite and airborne mapping methods, such as multispectral imagery obtained from the LANDSAT platform and
SLAR (side-looking airborne radar imagery), may be used to find and map the areal extent of subsurface materials and geologic
structure. Interpretation of aircraft photographs and satellite imagery may locate and identify significant geologic features that may
be indicative of faults and fractures. Interpretation of aerial photography taken at different times can identify changes in land use
and identify areas that have been disturbed by human activity. Some ground control is generally required to verify information
derived from remote sensing data.

9.2 Surface geophysical investigations can be a useful guide in the placement of boring, test hole, vadose zone, and monitoring
well locations. Surface geophysical methods are essential at most contaminated sites to avoid hazardous drilling locations. Surface
geophysical methods, together with push technologies (see 10.1.5), are especially valuable for ensuring that permanent monitoring
well locations intercept contaminant plumes and that background reference wells reflect uncontaminated conditions. Interpretation
of surface geophysical surveys should be verified by borings or test excavations, or confirmed by different types of geophysical
measurements. Surface and borehole geophysical measurements provide a useful supplement to borehole and outcrop data and
assist in interpolation between holes. Seismic, ground penetrating radar, electrical resistivity and electromagnetic methods can be
particularly valuable when distinct differences in the physical or electrochemical properties of contiguous subsurface materials are
indicated.29

9.3 Major applications of surface geophysical methods for environmental site characterization include:30

9.3.1 Ground penetrating radar may be useful in defining soil and rock layers, water table, and man-made structures in the depth
range from1⁄3 to 10 m (1 to 30 ft).

9.3.2 Electromagnetic induction, electrical resistivity, and induced polarization (or complex resistivity) techniques can be used
to map variations in water content, clay horizons, stratification, depth to aquifer/bedrock, and conductive contaminant plumes.31

9.3.3 The shallow seismic refraction method can be used to map soil horizons, stratigraphic depth profiles, and water tables. It
can be especially useful in determining depth of unconsolidated material where bedrock is at a depth of 30 m or less.

9.3.4 The seismic reflection method may be useful in delineating geological units at depths below 15 to 30 m (50 to 100 ft).
It is not constrained by layers of low seismic velocity and is especially useful in areas of rapid stratigraphic change.

9.3.5 Magnetic surveys may be useful for detecting the presence of subsurface ferrous materials within 1 to 3 m of theground
surface.

9.4 Borehole geophysical methods can be used to obtain information on lithology, stratigraphy and formation properties, aquifer
properties, ground-water flow and direction, borehole fluid characteristics, contaminant characterization, and borehole/casing
characterization. Major categories of borehole logging methods include: (1) electrical and electromagnetic, (2) nuclear, (3)
acoustic and sonic, and (4) miscellaneous methods, such as caliper, temperature, and borehole flowmeters. Considerations in the
selection of borehole logging methods include, but are not limited to, (1) diameter of the borehole, (2) presence or absence and
type of casing, (3) presence or absence and type of borehole fluid; and (4) characteristics of the subsurface formations.32

9.5 All geophysical methods require site conditions that provide contrasts in the subsurface property being measured by the
method, and, depending on the method, may be subject to interferences at a site, such as metal fences, powerlines, FM radio
transmission, or ground vibrations. The depth of penetration and interference effects are highly site specific. Depth penetration and
resolution vary with local conditions. Data collection and interpretation for geophysical surveys require skilled personnel familiar
with the principles and limitations of the method being used.

29 Considerations
29 Major references that address use of surface geophysical methods for identifying data requirements environmental site characterization include:( 1) data required to

comply with applicable federal, state, or local regulatory programs, (2) data required as inputs to computer models expected to be used, (3) data required for selection Benson
et al(44), Boulding(45) , Haeni(46), Ward(47,48), and design of implementation measures (that is, protective measures at controlled waste disposal sites, remediation options
at contaminated sites). Zohdy et al(49).

30 Examples of investigations that may not require all of
30 Depth ranges indicated here and for other geophysical methods are typical ranges for instruments available at the activities in time this guide was written and intended

to give a general idea of the capabilities onf different methods. Acltual depth penvietrationmen at a particular site a is dependent on site conditions, instrumentation used for
real estate property transactions that do not identify recognized environmental conditions using Practice E 1527 Phase 1 Assessment Process or Practice E 1528 Transaction
Screen Process, field measurements, and Environmental Audits methods used to assess presence or degree analyze the signal data. Depth of lead or asbestos contamination
in a building. penetration can also increase with improved instrumentation and signal analysis methods.

31 The U.S. EPA(36) requires latitude/longitude determination
31 Test Method G 57 is intended for all agency-sponsored data collection and activities that define or describe environmental characteristics about a site. The U.S. EPA

(37) provides guidance to selecting latitude/longitude determination methods. Global positioning systems (GPS) are used for locating field observation points when accuracy
on use in the order control of tens of meters is sufficient, which is sufficient for many GIS applications (U.S. EPA,(38)). Other coordinate systems (such asx-y coordinates
referenced to a known datum, State Plane, UTM) can also be used if more convenient corrosion in buried structures. Use of the electrical resistivity method in environmental
investigations involves field, procedures and converted to latitude and longitude, if required. data interpretation that differ substantially from the procedures outlined in this
guide.

32 OMajor references that address use of borehole geophysical methods in addition to direct water level measurements may be useful for characterizing depth to water
table. For example, description of the color, depth, and patterns of mottling of soil horizons may be indicative of long-term seasonal high ground water positions.
environmental site characterization include: Boulding(39) and Vepraskas(45), Keys (450)describe methods recently adopted by the Soil Survey Staff, Keys and MacCary
(41) for description(51), and interpretation of morphologic features indicative of soil wetness. At contaminated sites, color variations can also be chemically induced or the
result of staining. Respold(52).
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10. Field Methods: Direct Observation of Subsurface Conditions33

10.1 The type of equipment required for an intrusive subsurface investigation depends upon various factors including, but not
limited to, the type of subsurface material, the depth of exploration, the nature of the terrain, the intended use of the data, and
prevention of cross-contamination of aquifers.34 Identify the location of buried utility lines, pipes, and any other subsurface
anthropogenic features using maps or geophysical methods (9.2) prior to drilling.

10.1.1 Hand augers, hole diggers, shovels, and push tube samplers are suitable for exploration of surficial soils to depths of 1
to 5 m (3 to 15ft).

10.1.2 Earth excavation equipment, such as backhoes, draglines, and drilled pier augers (screw or bucket) can allow in situ
examination of soil deposits and sampling of materials containing cobbles and boulders.

10.1.3 In soil and unconsolidated material hollow-stem augers are commonly used for collection of geoenvironmental samples
and installation of monitoring wells. Hollow-stem augers commonly reach depths of up to 45 m (about 150 ft) and large auger rigs
can reach depths of up to 100 m (about 330 ft) under favorable conditions.35 Greater depths are possible in unconsolidated material
if casing advancement methods are used. Sections 11.2.2 and 11.2.3 identify ASTM methods for collection of unconsolidated
material samples.

10.1.4 For bedrock and for deep unconsolidated material, well drilling equipment such as rotary and cable tool systems is
usually required. Normally samples are collected in the form of sand sized cuttings captured from the return flow, which generally
are not adequate for environmental site characterization but other methods of determining stratigraphy, such as borehole
geophysical logging methods are available (see Section 9.4). Diamond rotary coring (see Practice D 2113) is the preferred method
of obtaining samples for physical property testing and geologic characterization of rocks. Diamond drills are effective to depths
of up to 600 m or more, even in extremely strong igneous and metamorphic rocks. As depths in unconsolidated material increase,
sampling devices attached to drill rods become increasing cumbersome due to the time required to lower and retrieve the sampler.
Wireline soil sampling, in which the sampler is lowered, driven, and retrieved on a wireline through the drill pipe, allows retrieval
of samples at frequent intervals and provides for prompt visual identification of soil texture and subsurface features (Section 10.3).
More commonly wireline systems are used for rock coring. Various factors affect the depth at which wireline sample becomes more
cost effective than drill-rod attached sampling devices, including the length of the core barrel, the height of the mast on the rig
being used, the number of hoist lines available for handling sampling tools and the hardness of the rock. The breakeven point for
the two methods typically ranges between 15 m (50 ft) and 45 m (150 ft). As hole depths increase, cost savings using wireline
sampling methods increase. Reduced physical labor for drill crews using wireline methods help to reduce worker fatigue,
improving efficiency and safety.

10.1.5 Cone penetration technologies (CPT) and other drive/push technologies (DPT) are being used increasingly for
environmental field investigations to depths of 100 to 300 ft (30.5 to 100 m) depending on geology and push capacity of the system.
The CPT methods can be used for lithologic characterization, measurement of hydraulic conductivity of soils, sampling of solids,
soil gases and ground water, and in situ chemical detection (see 11.3). Accurate lithologic characterization using CPT requires
correlation of measured resistance with one or more direct subsurface observations for each site. Advantages of CPT and DPT at
contaminated sites include: no cuttings, increased worker safety, and improved siting of permanent monitoring wells.

10.2 A stratigraphic profile in complex geology is often developed by correlation of lithologic character established by a
significant number of borings, by continuous geophysical profiling techniques, and surface mapping. This phase of the
investigation may be implemented by plotting logs of soil and rock exposures in walls of excavations or cut areas and by plotting
logs of the test borings. Then one may interpolate between, and extrapolate a reasonable distance beyond, these logs. The spacing
of these investigations depends on the geologic complexity of the project area and on the importance of soil and rock continuity
to the project design. Exploration should be deep enough to identify all strata that might be significant in assessing environmental
conditions at the site.

10.3 Field description of test pits and excavations and boring logs are an essential element of environmental site investigations.
Test pits allow observation of pedogenic soil features that are larger than the diameter of borings and allow the most accurate
description of subsurface features in the soil zone that may influence movement of contaminants in the vadose zone. Paragraph
6.4.3 in Guide D 5409 identifies key features that should be included in field description of samples and unconsolidated material.
Additional description of samples of soil and rock may be added after samples have been transported from the field. Subsurface
observation records should be kept in a systematic manner for each project. Such records should include, when applicable:

33 Microorganisms in soil and ground water may play a significant role in
33 Major references on borehole drilling methods for direct observation of the transport subsurface and for installateion of inorganic constituents (such as nitrate, sulfate,

ground-water monitoring wells include: Aller et al(53), Eggington et al(54), Clark (55), Driscoll (56) , Harlan et al(57), Lehr et al(58), Roscoe Moss Company(59), Ruda
and redox sensitive species, such as iron, manganese, arsenic, chromium, Bosscher(60), and selenium) Shuter and organic chemicals. Table X1.2 identifies ASTM methods
for characterization of microorganisms and biodegradation potential. Teasdale(61).

34 A recent EPA report,(43) provides information on more than 280 methods.
34 Plans for a program of intrusive subsurface investigation should check whether there are requirements for licensing of installers and permits for installation and proper

closure of bore holes and wells at the completion of the investigation.
35 Major references that address use of surface geophysical methods
35 Fluid rotary drilling can extend to greater depths in unconsolidated materials, but is generally not recommended for environmental site characterization include: Benson

et al (44), Boulding (45) , Haeni(46), Ward (47,48), and Zohdy et al(49). investigations because drilling fluids can alter subsurface chemistry.
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10.3.1 Description of Each Site or Area Investigated—Each test hole, boring, test pit, or geophysical test site should be
referenced to an established coordinate system, datum, or permanent monument (see 7.1.3):

10.3.2 Subsurface investigation logs of each test hole, boring, test pit, or cut surface exposure should show the field description
and location of each material, and any water encountered, either by symbol or verbal description. Guide D 5434 provides guidance
for field logging of subsurface explorations for soil and rock. Reference to a Munsell Soil or Rock Color Chart designation is a
substantial aid to the description of soil and rock materials.35 Various soil classification systems are available for description of
soil and other unconsolidated materials in the field. The selection of the classification system depends on the purpose and data
needs of the investigation and the end users of the information. The ASTM (Classification D 2487 and Practice D 2488) version
of the Unified Soil Classification System (USCS) is used by most governmental agencies and geotechnical engineering firms for
the description of soil for engineering purposes both in the United States and in many other countries. The USDA textural system
(41,63,64),36 developed by the Soil Conservation Service for agricultural aspects of near surface soils, is especially useful for
environmental investigations because it can provide hydrologic information for soils. Using the modified Wentworth grain size
scale (AGI Date Sheet 29.1;(65), which is widely used by geologists, in combination with the USDA textural system will provide
useful additional data on soil particle-size distribution because the Wentworth system has more subdivisions in the silt and gravel
particle-size classes. Field classification of samples and exposures should be confirmed with laboratory tests (Classification
D 2487, Test Method D 422, and Test Method D 1140) if the information is critical to the investigation program.37 Laboratory test
results should clearly identify the textural system being used, because different systems may have slightly different grain-size
cutoffs. Use of sieves that include all divisions of the USCS, USDA and modified Wentworth scales will provide the greatest
amount of useful information for the coarse fraction, and measurement of all relevant cutoffs for the fine fraction in the three
systems will ensure that environmental and engineering interpretations using all three systems will be possible.

10.3.3 Location and description of seepage and water-bearing zones, zones of low permeability, and records of potentiometric
elevations found in each test hole, boring, piezometer, or test pit,

10.3.4 Grain size distribution of unconsolidated materials in the interval to be screened when installation of a ground-water
monitoring well is planned,

10.3.5 The results and locations of in situ test results (see Section 12),
10.3.6 Percentage of core recovery and rock quality designation (RQD) in core drilling. Deere and Deere(69)provides guidance

on RQD, and
10.3.7 Graphical presentation of field and laboratory data, such as graphic borehole logs, cross sections, potentiometric maps,

and contaminant concentration isopleths, facilitates interpretation and understanding of subsurface conditions.

11. Field Methods: Sampling

11.1 The location, type of samples collected, and sampling equipment should be in accordance with the sampling plan
developed in the detailed site investigation plan. A statistically valid method should be used to select sampling locations if required
by the data-collection objectives. Sample equipment and procedures should be appropriate for the medium being sampled (soil,
rock, soil gas, soil-pore liquids, ground water, solid/liquid waste) and be designed to minimize the introduction of error into
physical and chemical test results. Barth et al(70)and Mason(71)provide guidance on development of soil sampling plans. Gilbert
(72)provides a good general reference on statistical aspects of sampling and monitoring for environmental purposes. Geostatistical
methods are especially useful for developing a sampling strategy and analysis of results when parameters are spatially correlated.38

36 Depth ranges indicated here
36 Color photographs of rock cores, soil samples, and for other geophysical methods are typical ranges for instruments available at the time this guide was written and

intended to give a general idea exposed strata may be of the capabilities of different methods. Actual depth penetration at considerable value. Each photograph should include
an identifying number or symbol, a particular site is dependent on site conditions, instrumentation used for field measurements, date, and methods used to analyze the signal
data. Depth a reference scale. Soil Conservation Service(62)provides standardized procedures for photographic documentation of penetration can also increase with improved
instrumentation and signal analysis methods. rock cores.

37 Test Method G 57
37 Both USCS and USDA classification systems can be used to estimate some hydrologic properties of soils impacting the fate and transport of contaminants. The plasticity

index of the USCS is intended for use directly related to colloidal content in the c soil and resulting sorptive capacity. The USCS system is more applicable to very
coarse-grained alluvial deposits containing appreciable gravels. Saturated hydraulic conductivity can often be estimated within two or three orders of magnitude based on
both USCS and USDA classification, and estimates can sometimes be narroswed within one order of magnitude for clean sands or in buried structures. Use fine-grained soils
where descriptions of morphology (structure, macroporosity, fissures, laminations, etc.) of undisturbed cores or exposures are possible. Numerous additional hydrologic
parameters have been correlated to the electrical resistivity method in environmental investigations involves USDA classification system for near-surface soils and could be
useful for fine-grained unconsolidated material at greater depths. These parameters include: capillary fringe(39), specific yield(66), field procedures moisture capacity(67),
and data interpretation that differ substantially from available water capacity(68). Estimation of hydrologic parameters may be useful during the p initial site
charoactedurization phases, but should not repliace necessary definithive field and laboratory meas gurements which may be required for final site evaluations.

38 Major references that address use
38 Most soil physical and chemical properties are spatially correlated, and the location of borehole geophysical methods for environmental site characterization include:

Boulding contaminants in soil and ground water are also usually spatially correlated. Clark(45), Keys(73) is a good introductory text on geostatistics and Isaaks and Srivastava
(50)(74) provide advanced treatment of this subject. The ASCE Task Committee on Geostatistical Techniques in Geohydrology , Keys(75) contains a good review
of basic concepts and MacCary applications. Several public domain geostatistical software packages are available from U.S. EPA (51),(76,77,78). Geostatistical
methods may not be appropriate where soil contamination exists as localized hotspots. Zirschky and Respold Gilbert (52).(79) provide guidance on statistical
sampling designs for detecting hot spots at hazardous-waste sites.
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11.2 Solids Sampling39—The type of solids sample will depend on the purpose of the sample.
11.2.1 Disturbed or grab samples using augers (see Practice D 1452) and trier samplers (see Practice D 5451) are used primarily

for chemical analyses, but are also suitable for texture analysis.
11.2.2 Split barrel samplers (see Test Method D 1586) provide samples that allow description of lithology and other subsurface

features, and laboratory measurements of soil parameters unaffected by sample disturbance (for example, water content, gradation
or particle size, organic content, and nonsensitive and chemical constituents) but are not suitable for laboratory measurement of
soil properties.

11.2.3 Thin-wall tube (see Practice D 1587) and ring-lined barrel samplers (see Practice D 3550) collect undisturbed samples
of unconsolidated material that are suitable for laboratory testing of hydrologic properties, and diamond core drilling (see Practice
D 2113) provides similar samples for consolidated rock. Undisturbed core samples can provide important information on structure,
sedimentary features, secondary porosity, and color patterns that cannot be obtained from disturbed samples.

11.2.4 Guide D 4700 provides guidance on soil sampling in the vadose zone. Special considerations in sampling of soil for
radionuclides and volatile organics are addressed in Practice C 998 and Practice D 4547, respectively. Practice D 4220 covers
procedures for preservation and transportation of soil samples and Practices D 5079 does the same for rock core samples.

11.3 Other Sampling:
11.3.1 Characterization of the vadose zone may require sampling of soil gases and soil pore liquids. Guide D 5314 provides

guidance on soil gas sampling for detection of volatile contaminants. Guide D 4696 addresses various methods for sampling soil
pore liquids in the vadose zone.

11.3.2 Ground Water Sampling—Guide D 4448 covers ground-water sampling methods from permanent monitoring wells.
Springs can also be used for sampling and monitoring ground water quality as covered by Guide D 5717. The CPT and other push
technologies (see 10.1.5) allow collection of one-time or multiple samples for preliminary delineation of ground-water quality and
installation of driven monitoring wells. Manually driven well points are generally restricted to shallow depths (<10 m) that can
be sampled using suction-lift ground-water sampling devices. The CPT rigs can install small-diameter monitoring wells to depths
exceeding 30 m which can be sampled with small diameter (5⁄8-in. (15.8-mm) outside diameter typical) bailers and pumps.40

11.3.3 Submerged sediments can be sampled with coring devices (see Guide D 4823) or with dredges, such as the Eckman,
Peterson, and Ponar dredges. Guide D 4411 provides guidance on sampling of fluvial sediments in motion.41

11.3.4 Waste materials often require special sampling equipment and procedures. Devices for sampling single-phase and
multiphase liquids include: coliwasa, dipper, drum thief, glass tube, and peristaltic pump. Mixed liquid/solid phases are usually
sampled using a coliwasa, dipper, or long-handled sludge sampler. Consolidated waste solids are usually sampled using an auger,
chipper, hammer and chisel, or a rotating coring device. Unconsolidated waste solids can be sampled using a trier (see Practice
D 5451), grain sampler, or conventional soil sampling equipment (see 10.1.1). Lagoons may require sludge sampling tools.

11.3.5 Biological Sampling—Investigation of soil and ground-water geochemistry may involve sampling for aerobic and
anaerobic microorganisms and other subsurface biota.42 Special care is required when sampling for anaerobic microorganisms to
ensure that the sample is not exposed to the air(90) . Table X1.1 identifies ASTM methods for microbiological analysis of water
samples. Ecosystem characterization may require sampling of plants and animals at a site. Table X1.2 provides an index to ASTM
methods for field sampling of phytoplankton, zooplankton, benthic macroinvertebrates, and fishes.

11.3.6 Atmospheric Sampling—Measurement of atmospheric parameters such as precipitation, humidity, temperature, and wind
may be required for ground-water budget studies. Humidity, temperature, and wind should be routinely monitored during field
investigations to document site conditions. Such monitoring is especially important for worker health and safety when it is very
cold, or impermeable protective clothing is required when ambient temperatures are high. Air quality sampling may be required
during environmental site investigations for: (1) identifying unsafe working conditions and monitoring worker exposure to

39 Major references on borehole drilling methods for direct observation of
39 The investigation may require the subsurface collection of sufficiently large soil, rock, waste, and for installation ground water samples of ground-water monitoring wells

include: Aller et al(53), Eggington et al(54), Clark (55), Driscoll (56) , Harlan et al(57), Lehr et al(58), Roscoe Moss Company(59), Ruda such quality as to allow adequate
testing to determine the soil or rock classification or mineralogic type, or both, and Bosscher(60), and Shuter and Teasdale(61). chemical constituents of potential interest
or concern.

40 Plans for a program of intrusive subsurface investigation should check whether there
40 Driven wells are requirements for licensing of installers relatively easy and inexpernsive to install in most unconsolidated materials f where ground water is shallow.

Deeper sampling and well installation methods using CPT and other push methods may be an alternative top conventional monitoring well installations. The decision to use
these techniques for permanent monitoring well installations should be based on information indicating that sample representativeness and installation integrity (that is,
avoidance of b cross-contamination of aquifers) are h comparable to conventional monitoring well installations with screens, filter pack, and grouting. To ensure comparability
of ground-water quality results, all monitoring well installations for a particular phase of investigations at the completion a site should be of thesame type (that is, either
all convesntigonal or all drive/push installations).

41 Fluid rotary drilling can extend to greater depths in unconsolidated materials, but is generally not recommended
41 Good references for environmental investigations because drilling fluids can alter subsurface chemistry. additional information on sampling of submerged bottom

sediments include: Barth and Starks(80) and Palmer(80). Guy and Norman(80) provide additional information on sampling of fluvial sediment.
42 Color photographs of rock cores, soil samples, and exposed strata may be of considerable value. Each photograph should include an identifying numberor symbol, a

date, and a reference scale. Soil Conservation Service
42 Chappelle(62)(83) provides standardized procedures a useful reference for photographic documentation microbial sampling of ground water. Some major

referenckes on soil microbiology and ecology, geomicrobiology and microbial biogeochemistry include: Alexander (84), Ehrlich (85), Killham (86), Kuznetsov et al
(87) , Paul and Clark (88), and Zajic (89).
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hazardous chemicals, (2) evaluating air exposure pathways for environmental risk assessment, and (3) assessing ambient
concentrations of regulated air pollutants. Table X1.1 provides an index to ASTM methods for monitoring ambient atmospheric
parameters, and field sampling.

11.4 Other Sampling Considerations:
11.4.1 All sampling procedures for chemical analysis require cleaning and decontamination of sampling equipment to prevent

cross contamination of samples. Practice D 5088 addresses decontamination of field equipment at nonradioactive waste sites.
11.4.2 Special care is required when locating permanent vadose-zone and ground-water monitoring installations for time-series

sampling. Failure to site such permanent installations in locations downgradient from potential contaminant sources or to intersect
zones of preferential movement of contaminants can result in wasteful expenditure of funds for chemical analysis, or even failure
to detect contaminant movement. The location of permanent monitoring installations should be thoroughly justified based on the
conceptual model of the site. Surface geophysical methods, multiple piezometers for measurement of ground-water flow direction,
and analysis of samples taken using in situ soil gas and ground-water samplers can provide information required for rational siting
of permanent monitoring installations.

12. Field Methods: In Situ Testing and Analytical Methods

12.1 In situ testing (for example, tests that measure the in-place characteristics of subsurface materials) is useful for: measuring
the hydrologic properties of a larger volume of the subsurface than is possible in laboratory tests on soil and rock cores; for rapid
or closely spaced measurements, or both, of earth properties without the necessity of sampling; measuring subsurface chemical
parameters to minimize chemical alterations by bringing samples to the surface for analysis; and measurement of engineering
properties of soil or rock in an undisturbed condition including consideration of lateral and vertical loads associated with the
surrounding mass.

12.2 Field analytical methods use conventional or adapted laboratory methods for analysis of samples that have been removed
from their in-place position. Mechanical sieve analysis of soil samples is commonly used to assist in field classification of soil
texture. Field analytical methods such as portable gas chromatographs, X-ray fluorescence, and enzyme immunoassay kits are
being increasingly used for environmental site characterization. Field instrumentation and procedures for chemical characterization
are changing rapidly and the appropriate regulatory authority should be consulted for accepted methods and procedures when
investigations are performed for regulatory purposes.

12.3 Hydrologic Properties:
12.3.1 Aquifer tests are used to collect data for calculating hydraulic conductivity, transmissivity, and aquifer storage properties.

Tests may include, but are not limited to packer tests for low-permeability rocks (see Test Method D 4630 and Test Method
D 4631), slug tests (see Test Method D 4044, Test Method D 4104, and Test Method D 4050), and aquifer tests with control wells
(see Test Methods D 4105, D 4106, D 5269, and D 5270). Guide D 4043 provides guidance on selection of aquifer field test
methods and analysis procedures based on aquifer characteristics. In karst and fractured rock hydrogeologic settings refer to Guide
D 5717 for special approaches required for characterization of hydrologic properties. In such settings conventional aquifer test
methods may not be appropriate. Similar problems may also occur in heterogeneous porous media.

12.3.2 Test Method D 5084 provides a method for measuring point hydraulic conductivity of low-permeability materials using
undisturbed core materials (<13 10 −3 cm/s); Test Method D 2434 provides a method for measuring hydraulic conductivity of
granular materials (>13 10 −3 cm/s).

12.3.3 Field measurements of vadose zone hydrologic parameters include water content, matric potential, and infiltration rate
and hydraulic conductivity. Guide D 5126 provides guidance on selection of methods for measuring saturated and unsaturated
hydraulic conductivity in the vadose zone. Table X1.1 identifies ASTM methods for measuring infiltration rate, matric potential,
and moisture content.

12.4 Physical Properties—In situ measurements of vertical and horizontal variations in soil density using a standard penetration
test (see Test Method D 1586), cone penetrometry (see Test Method D 3441) or a gamma-gamma nuclear probe (see Test Methods
D 2922 and D 5195), can provide useful information for stratigraphic interpretation within and between boreholes. Other physical
properties that affect water movement can be measured with a variety of borehole geophysical logging tools, including induction,
gamma, resistivity, neutron porosity, sonic, and caliper tools. In addition, downhole video and acoustic televiewer instruments may
provide information on such properties as fractures, vugs, and bedding plane orientation.

12.5 Use of ion-selective electrodes to measure chemical parameters in place in the subsurface is an established technology (see
Terminology D 4127). Fiber optic chemical sensors are a relatively new technology with good possibilities for making in-situ
chemical measurements for environmental site characterization.43

12.6 Engineering Properties—Engineering properties are primarily of interest for environmental site characterization if design
of pollution control measures, such as impoundment liners, or remediation activities are required. Numerous ASTM field methods
are available for in situ measurement of soil and rock engineering properties. These are identified in Table X1.1.

43 Both USCS and USDA classification systems can be used to estimate some hydrologic properties of soils impacting the fate and transport of contaminants. The plasticity
index of the USCS
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13. Analysis and Interpretation of Results

13.1 Evaluate data to determine whether data quality requirements were met (see 5.1.5). Data review and analysis should
include all reliable field and laboratory data from previous investigations in the same area. Review field and laboratory QA/QC
procedures and measurements to assess data validity, and determine whether data quality requirements (see 5.1.5) have been
satisfied. Interpretation of field- and laboratory-measured environmental parameters should include an evaluation of possible
limitations of the methods used. Basic assumptions for analytical techniques and methods should be evaluated to determine if site
conditions meet assumptions. For example, the analysis of aquifer test results should identify the approximate volume of the
aquifer measured by the test, and the underlying analytical or other equations used to compute aquifer parameters. If site conditions
do not satisfy the assumptions of the solution method, the effect on accuracy and interpretation of results should be stated.

13.2 Develop graphical presentation of data to facilitate interpretation of spatial relationships and, when time series data are
available, presence or absence of trends. Map views, cross sections, and data contouring methods are especially useful for
presentation of spatial data.

13.2.1 A map of the area under investigations provides essential information about the land surface, including natural and
anthropogenic features, and the locations of sampling, monitoring wells, and other observation points.

13.2.2 Cross sections should identify actual surface and subsurface observations according to elevation and location. Cross
sections showing correlation of stratigraphic or lithologic units and interpretation of other conditions between direct subsurface
observations should be indicated as interpretations (that is, dashed lines) and based on standard geologic procedures. When
feasible, geophysical survey data, such as continuous geophysical profiles should be used to support correlations and other
interpretations. The interpretive cross sections should be accompanied by notes describing anomalies or otherwise significant
variations in the site conditions that might affect any interpretations.44

13.2.3 Contouring methods, such as structure contours of geologic strata or buried bedrock, potentiometric surfaces, and maps
showing lines of equal concentration or value should be constructed using appropriate interpolation techniques.45 The method of
interpolation should be documented. When feasible, the same data should be contoured using different interpolation methods and
compared.

13.3 Statistical methods used to analyze data should be appropriate for the type of data. Most conventional statistical methods
assume a normal distribution around the mean. Typically, environmental data measurements do not exhibit normality because of
spatial correlation, the presence of outliers, or other effects.46 Geostatistical methods are best for analyzing spatially related data
(see 11.1 and related references). When contaminants are present in low concentrations (at or below the detection limit), the report
should indicate whether chemical data have been censored and if so, assess the possible effect of censoring (that is, values reported
as not detected or below the detection limit). Practice D 4210 addresses data censoring and its possible significance.

13.4 Information on topography, geomorphology, soils, climate, vegetation, surface hydrology, and anthropogenic influences
should be integrated with subsurface geologic, hydrogeologic, and geochemical/hydrochemical interpretations as required by the
objectives of the investigation. At contaminated sites, identification of pathways for movement of contaminants and estimation of
exposure concentrations, and determining the rate of movement may be an important result of the site characterization study.47

43 The term in situ here is directly related confined to colloidal content methods that measure chemical parameters in place without bringing a sample to the soil and
resulting sorptive capacity. surface. The USCS system is more applicable to very coarse-grained alluvial deposits containing appreciable gravels. Saturated hydraulic
conductivity can often term may also be estimated within two or three orders applied to ground water sampling devices that do not require installationof magnitude based
on both USCS and USDA classification, and estimates a monitoring well. In situ chemical sensors can sometimes be narrowed within one order of magnitudefor clean sands
or placed in fine-grained soils where descriptions of morphology (structure, macroporosity, fissures, laminations, etc.) of undisturbed cores monitoring wells or exposures are
possible. Numerous additional hydrologic parameters have been correlated to the USDA classification system for near-surface soils and could be useful for fine-grained
unconsolidated material at greater depths. These parameters include: capillary fringe(39), specific yield(66), field moisture capacity(67), and available water capacity(68).
Estimation of hydrologic parameters may be useful during the initial site characterization phases, but should not replace necessary definitive fieldand laboratory measurements
which may be required for final site evaluations. by using CPT or other push technologies.

44 Most soil physical and chemical properties are spatially correlated, and the location of contaminants in soil and ground water are also usually spatially correlated. Clark
(73)

44 Additional exploration should be considered if there is a good introductory text on geostatistics and Isaaks and Srivastava(74)provide advanced treatment not sufficient
information to develop interpretative cross sections, with realistic descriptions of this subject. The ASCE Task Committee on Geostatistical Techniques anticipated variations
in Geohydrology(75) contains a good review of basic concepts and applications. Several public domain geostatistical software packages are available from U.S. EPA
(76,77,78). Geostatistical methods may not be appropriate where soil contamination exists as localized hotspots. Zirschky and Gilbert(79) provide guidance on statistical
sampling designs for detecting hot spots at hazardous-waste sites. subsurface conditions, to meet project requirements.

45 The investigation may require the collection of sufficiently large soil, rock, waste,
45 Most field geology texts identified in Footnote 16 discuss interpolation techniques. Davis(91), Hamilton and ground water samples of such quality as to allow adequate

testing to determine the soil or rock classification or mineralogic type, or both, Jones(94) and chemical constituents of potential interest or concern. Jones et al.(95) are other
good references.

46 Driven wells are relatively easy and inexpensive to install in most unconsolidated materials where ground water is shallow. Deeper sampling and wellinstallation
methods using CPT and other push methods may be an alternative to conventional monitoring well installations. The decision to use these techniques

46 The EPA’s GRITS/STAT software for permanent analyzing ground-water monitoring well installations should be based on information indicating that sample
representativeness and installation integrity (that is, avoidance data allows testing of cross-contamination the appropriateness of aquifers) are comparable to conventional
monitoring well installations with screens, filter pack, and grouting. To ensure comparability statistical analysis of ground-water quality results, all monitoring well
installations for time series data, and includes a particular phase number of investigations at a site should be of the same type (that is, either all alternative tests if conventional
or all drive/push installations). tests are not appropriate(92).

47 Good references for additional information on sampling
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14. Report

14.1 Report the following information:
14.1.1 Pertinent ASTM Standards, (Terminology D 653, Practice D 3584, Practice E 177, and Practice E 380).
14.2 The report of an environmental site characterization study should include:
14.2.1 The location of the area investigated in terms pertinent to the project. This may include sketch maps or aerial photos on

which the test pits, bore holes, and sample areas are located, as well as geomorphological data relevant to the determination of the
various soil and rock types. Such data include elevation contours, stream beds, sinkholes, cliffs, and all other relevant
physiographic features. All significant anthropogenic features should be located on the base map or a separate map. Where feasible,
include in the report a geologic map or an agronomic soils map, or both, of the area investigated,

14.2.2 Additional basic information as required by the objectives of the investigation,
14.2.3 A description of the investigation procedures including all borings and test hole logs, graphic presentation of all

lithologic and well construction logs, tabulation of all test results, and graphical interpretations of geophysical measurements, and
14.2.4 A summary of the findings obtained under Sections 6, 9, 10, 11, 12, and 13, using subhead titles for the respective

sections, and appropriate recommendations and disclaimers for the use of the report.

15. Keywords

15.1 conceptual site model; environmental site characterization; exploration; feasibility studies; field investigations; geological
investigations; geophysical investigations; ground water; hydrologic investigations; maps; preliminary investigations; reconnais-
sance surveys; sampling; site characterization; site investigations; soil surveys; subsurface investigations

APPENDIXES

(Nonmandatory Information)

X1. ASTM STANDARDS PERTINENT TO ENVIRONMENTAL SITE CHARACTERIZATION

X1.1 This appendix lists more than 590 600 standard test methods, practices, and guides for use in the field and laboratory that
could be pertinent for site characterization for environmental purposes.

X1.1.1 Table X1.1 identifies about 500 510 potential field and laboratory methods for sampling and characterization of soil,
ground water, and waste materials. Other ASTM methods for measuring site parameters that may need to be monitored during
environmental site investigations, such as humidity and wind, are also included in Table X1.1. All standards listed in this table
follow in alphanumeric sequence.

X1.1.2 Table X1.1 identifies about 510 potential field and laboratory methods for sampling and characterization of soil, ground
water, and waste materials. Other ASTM methods for measuring site parameters that may need to be monitored during
environmental site investigations, such as humidity and wind, are also included in Table X1.1. All standards listed in this table
follow in alphanumeric sequence.

X1.1.3 Table X1.1 identifies about 510 potential field and laboratory methods for sampling and characterization of soil, ground
water, and waste materials. Other ASTM methods for measuring site parameters that may need to be monitored during
environmental site investigations, such as humidity and wind, are also included in Table X1.1. All standards listed in this table
follow in alphanumeric sequence.

X1.1.4 Table X1.2 identifies about 100standard test methods, practices and guides that address field sampling for ecological
characterization and laboratory methods, such as toxicity testing, relevant to human ecological risk assessment.

47 Estimation of submerged bottom sediments include: Barth exposure concentrations may require use of batch sorption/leaching tests and Starks vadose zone contaminant
mobility studies. Roy et al(80) and Palmer(80). Guy and Norman(80) (93) provide additional information provides U.S. EPA guidance on sampling batch test for
estimating soil sorption of fluvial sediment. chemicals, and Table X1.2 (Laboratory Fate Testing) provides an index of ASTM sorption and leachability test methods.
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TABLE X1.1 Index to ASTM Field and Laboratory Methods Possibly Pertinent to Environmental Site Characterization A,B

Topic ASTM Standard

General:
Reports Indexing papers and reports (D 3584), use of modernized metric system (E 380)

TABLE X1.2 Index to ASTM Field and Laboratory Methods for Ecological Characterization

Topic ASTM Standard

General:
Terminology Biological effects and environmental fate ( E 943)

Field Sampling:
Vegetation Terrestrial and wetland vegetation A ( E 1923)
Phytoplankton Classification for sampling (Classification D 4149); Sampling Methods—Depth-integrating samplers (Practice D 4135);

Clarke-Bumpus sampler (Practice D 4134); conical tow nets (Practice D 4132); pumps (Practice D 4133); water
sampling bottles (Practice D 4136); Sample Preservation—Practice D 4137; Other Methods—Measurement of
chlorophyll content of algae in surface water (Practice D 3731); Sedgwick-Rafter method (Test Method D 4148)

Zooplankton Sampling Methods—Clarke-Bumpus sampler (Practice E 1199); conical tow nets (Practice E 1201); pumps (Practice
E 1198); Sample Preservation—Practice E 1200.

Benthic Macroinvertebrates Selection of sampling devices (Guide D 4387) ; Grab Samplers—Ekman (Practice D 4343); Holme scoop (Practice
D 4348); Okean 50 (Practice D 4346); Orange Peel (Practice D 4407); Ponar (Practice D 4342); Peterson (Practice
D 4401); Shipek scoop (Practice D 4347); Smith-McIntyre (Practice D 4344); Van Veen (Practice D 4345); Other
Samplers: Basket (Practice E 1468); drift net (Practice D 4558); multiple plate (Practice E 1469); selecting stream net
devices (Guide D 4556) ; Surber and related samplers (Practice D 4557)

Fishes Classification for sampling (Practice D 4211); sampling with rotenone (Practice D 4131)
Toxicity Testing:

Toxicity Test Data Analysis Statistical analysis (E 1847)
Microbial Detoxification Chemically contaminated water and soils (D 5660)
Water Selection of resident species (E 1850); Behavioral testing in aquatic toxicology (E 1604); measurement of behavior during

fish toxicity test; (E 1711); estimation of median lethal concentration for fish using octonol-water partition coefficient
(Practice E 1242); ventilatory behavioral toxicology testing of freshwater fist (E 1768); Acute Toxicity Tests—Bivalve
mollusks (Guide E 724); fishes, macroinvertebrates and amphibians (Practice E 729, Guide E 1192-aqueous effluents);
mosquito Wyoemyia smithii (Guide E 1365); polychateous annelids (Guide E 1562); rotifer Brachionus (Guide E 1440),
west coast Mysids (Guide E 1463); echinoid embryos (E 1563); Life Cycle/Renewal Toxicity Tests—Daphnia magna
(Guide E 1193); Ceriodaphnia dubia(Guide E 1295); polychateous annelids (Guide E 1562); saltwater Mysids (Guide
E 1191); Static Toxicity Tests—Bivalve mollusks (Guide E 724); Lemna gibba G3 (Guide E 1415); microalgae (Guide
E 1218); mosquito Wyoemyia smithii (Guide E 1365); west coast Mysids (Guide E 1463); macrophyte Myriophyllum
Sibiricum Komarov(1913); Other Toxicity Tests—Algal growth potential (Practice D 3978); chronic—polychateous
annelids (Guide E 1562); early life-stage fishes (Guide E 1241); toxicity-induced enzymatic inhibition in Daphnia magna
(Provisional Test Method PS 235); bioluminescent dinoflagellates (E 1924); renewal phytotoxicity with freshwater
emergen macrophytes (E 1841)

Soil Soil toxicity test with Lumbricid earthworm EiSenia (E 1676); terrestrial plant toxicity test (E 1963)
Soil Soil toxicity test with Lumbricid earthworm EiSenia (E 1676); terrestrial plant toxicity test (E 1963); soil toxicity test with

nematode Caenorhabtis eleans (E 2172)
Sediment Selection of resident species (E 1850); collection, storage, characterization and manipulation (Guide E 1391); designing

biological tests (E 1525); bioaccumulation by benthic invertebrates (E 1688); Toxicity Tests: marine and estuarine
Amphipods (Guide E 1367); freshwater invertebrates (Guide E 1383, E 1706); polychaetous annelids (E 1611)

Other Tests Sexual reproduction test with seaweeds (E 1498); Avian Species: Substrate dietary toxicity tests (E 857); reproductive
studies (E 1062); use of lighting in laboratory testing (E 1733)

Fate-Related Procedures:
Hazard Assessment Assessing the hazard of a material to aquatic organisms (Guide D 1023); radioactive pathway methodology for release of

site following decommissioning (Guide E 1278); selecting and using ecological endpoints for contaminated site
(E 1848); data information options for ecological risk assessment at contaminated sites (E 2020); fish and wildlife
incident monitoring and reporting (E 1849)

Modeling Evaluating mathematical models for the environmental fate of chemicals (Practice E 978)
Microcosm Tests Freshwater aquatic microcosm (Practice E 1366); terrestrial soil-core microcosm (Guide E 1197); chemical fate in site

specific sediment/water microcosms (E 1624)
Laboratory-Fate Testing Substitute wastewater specification (D 5905) Bioconcentration—Fishes and bivalve mollusks (Practice E 1022);

Biodegradation—anaerobic (Test Method E 1196); shake-flask die-away method (Test Method E 1279); organic
chemicals in semi-continuous activated sludge (E 1625); sealed vessel CO2 production test ( E 1720); in porous pots (
E 1798);in compost (D 5929); Fate-Related Chemical Properties—Aqueous solubility (Test Method E 1148); hydrolysis
rate constants (Practice E 895); octanol/water partition coefficient (Test Method E 1147); vapor pressure (Test Method
E 1194); Sorption/Leachability—Contaminant sorption (Test Method D 4646); 24-h batch sorption of volatile organics
(Test Method D 5285); distribution ratios (Test Method D 4319); organic carbon sorption constant (Test Method E 1195);
waste leaching column test (Test Method D 4874) Environmental Analytical Laboratories: training programs (D 5829);
see also waste extraction procedures in Table X1.1.

Laboratory-Fate Testing Substitute wastewater specification (D 5905) Bioconcentration—Fishes and bivalve mollusks (Practice E 1022);
Biodegradation—anaerobic (Test Method E 1196); shake-flask die-away method (Test Method E 1279); organic
chemicals in semi-continuous activated sludge (E 1625); sealed vessel CO2 production test; E 1798 in porous pots,
E 2170–anaerobic/methanogenic conditions); compost (D 5929); Fate-Related Chemical Properties—Aqueous solubility
(Test Method E 1148); hydrolysis rate constants (Practice E 895); octanol/water partition coefficient (Test Method
E 1147); vapor pressure (Test Method E 1194); Sorption/Leachability—Contaminant sorption (Test Method D 4646);
24-h batch sorption of volatile organics (Test Method D 5285); distribution ratios (Test Method D 4319); organic carbon
sorption constant (Test Method E 1195); waste leaching column test (Test Method D 4874) Environmental Analytical
Laboratories: training programs (D 5829); see also waste extraction procedures in Table X1.1.

ABoldface —Method selection guide.
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TABLE X1.1 Continued

Topic ASTM Standard

Terminology Soil, rock and contained fluids (D 653); atmospheric sampling (D 1356); basic statistics (D 4375); waste and waste
management (D 5681 ); water (D 1129)

Objective-Oriented Guides Acquisition of file aerial photography and imagery for establishing historic site use and surficial conditions (D 5518);
Contaminated Sites: Expedited site characterization (PS 85, D 6235) developing conceptual site models for contaminated
sites (E 1689); accelerated site characterization for petroleum releases (E 1912, PS 3);Remediation/Corrective Action;
Risk-based corrective action(E 2081,PS 104) corrective action at petroleum release sites (E 1599, E 1739/ES38–risk
based); short term measures or early actions for site remediation (D 5745); natural attentuation (E 1943); brownfileds
(E 1948); clean up levels (D 6597); activity and use limitations (E 2091); Real Estate/Property Assessments:
Environmental condition of property area types for defense base closure (D 5746); environmental baseline surveys
(D 6008); baseline property condition assessments (E 2018); real estate property transactions ( E 1527, E 1528, E 1903–
Phase II); Site-Characterization: environmental (D 5730 - this guide, D 5995 cold regions; D 6067 - ECPT); engineering
and construction purposes (D 420); Septic System Characterization (D 5879); Subsurface (D 5921): sizing (D 5925):
Environmental Management: development and implementation of a pollution prevention program (E 1609); building
lifecycle assessment (E 1991); lifecycle costing for pollution prevention (PS 14); UST Operational Conformance (E 1990);
assessment of buried steel tanks (ES 40); environmental regulatory compliance audits (E 2107, PS 11); evaluation of an
organizations environmental management system (PS 12); development and implementation of a source reduction
program (PS 26)

Objective-Oriented Guides Acquisition of file aerial photography and imagery for establishing historic site use and surficial conditions (D 5518);
Contaminated Sites: Expedited site characterization (PS 85, D 6235) developing conceptual site models for contaminated
sites (E 1689); accelerated site characterization for petroleum releases (E 1912, PS 3);Remediation/Corrective Action;
Risk-based corrective action(E 2081, E 2247–protection of ecological resourcesPS 104) corrective action at petroleum
release sites (E 1599, E 1739/ES38–risk based); short term measures or early actions for site remediation (D 5745);
natural attentuation (E 1943); brownfileds (E 1948); clean up levels (D 6597); activity and use limitations (E 2091); Real
Estate/Property Assessments: Environmental condition of property area types for defense base closure (D 5746);
environmental baseline surveys (D 6008); baseline property condition assessments (E 2018); real estate property
transactions (Phase I: E 1527, E 1528, E 2247–forestland/rural; Phase II: E 1903); Site-Characterization: environmental
(D 5730 - this guide, D 5995 cold regions; D 6067 - ECPT); engineering and construction purposes (D 420); Septic
System Characterization (D 5879); Subsurface (D 5921): sizing (D 5925): Environmental Management: development and
implementation of a pollution prevention program (E 1609); building lifecycle assessment (E 1991); lifecycle costing for
pollution prevention (PS 14); UST Operational Conformance (E 1990); assessment of buried steel tanks (ES 40);
environmental liability disclosure (E 2173); environmental regulatory compliance audits (E 2107, PS 11); estimating
environmental monetary costs and liabilities (E 2137); evaluation of an organizations environmental management system
(PS 12); development and implementation of a source reduction program (PS 26)

Certification/Accreditation: Environmental professionals (E 1929); personnel engaged in testing soil and rock (D 5255)
Sampling:

General Collection and preservation of information and physical items by a technical investigator (E 1188); probability sampling of
materials (E 105); Sampling Design: Waste management sampling design optimization (D 6311); ranked set sampling
D 6582)

Air Choosing locations and sampling methods for atmospheric deposition at nonurban locations (D 5111, D5012); guide for
laboratories (D 3614); diffusive samplers (D 6246 ); flow rate calibration of personal sampling pumps (D 5337); planning
ambient air sampling (D 1357); ambient air analyzer procedures (D 3249); sampling stationary source emissions (D 5835);
Airborne Microorganisms: Sampling at municipal solid waste facilities (E 884); Aerosols; D 6552, D 6061, D 6062M;
Sampling Organic Vapors/Toxic Vapors: Method selection (D 6345) ; Charcoal tube absorption (D 3686), canister
(D 5466); detector tubes (D 4490); length-of-stain dosimeter (D 4599); sorbent selection (D 6196); PAHs (D 6209); FTIR
(D 6348)Particulate Matter Determination: Filter absorbance method (D 1704, D1704M); high-volume sampler (D 4096,
D 4536); stationary source (D 6331); dustfall (D 1739—settleable particulates); Worker Protection: Air monitoring at waste
management facilities for worker protection (D 4844); air sampling strategies for worker and workplace protection
(E 1370); collection of airborne particulate lead during abatement and construction activities (E 1553); activated charcoal
samplers (D 4597), liquid sorbent difussional samplers (D 4598); pesticides and PCBs (D 4861) Sampling indoor air
quality of building (D 5791)

Biological Materials Aseptic sampling (E 1287); see also Table X1.2
Soil/Rock/Sediments Minimum set of data elements for soil sampling (D 5911); locational data elements (D 6168); format for exchange of

computerized rock and soil data (D 6453); selection of soil and rock sampling devices used with drill rigs (D 6169);
direct push soil sampling (D 6282); Drilling Methods:Selection of drilling methods (D 6286) ; cable tool (D 5875);
casting advancement (D 5872); diamond core drilling (D 2113); direct air-rotary (D 5782); direct fluid rotary (D 5783); direct
rotary wireline (D 5876); dual-wall reverse circulation (D 5781); hollow-stem auger (D 5784, D 6151); Field Sampling and
Handling Methods: Auger sampling (D 1452); radionuclides (C 998); ring-lined barrel (D 3550); split barrel (D 1586); thin-
wall tube (D 1587); piston sampler (D 6519); volatile organics (D 4547, D 6418–EnCore sampler); hollow stem auger
(D 6151); coring/logging cement and lime stabilized soils (D 6236); Sediments:fluvial sediment in motion (D 4411,
DD 4411, D 6236–transit ratios/sampling depth); submerged (D 4823); monitoring sediments in watershed (D 6145),
handling, storing and preparing soft undisturbed marine soil (D 3213); collection for toxicological testing (E 1391)

Soil/Rock/Sediments Minimum set of data elements for soil sampling (D 5911); locational data elements (D 6168); format for exchange of
computerized rock and soil data (D 6453); selection of soil and rock sampling devices used with drill rigs (D 6169);
direct push soil sampling (D 6282); Drilling Methods:Selection of drilling methods (D 6286) ; cable tool (D 5875);
casting advancement (D 5872); diamond core drilling (D 2113); direct air-rotary (D 5782); direct fluid rotary (D 5783); direct
rotary wireline (D 5876); dual-wall reverse circulation (D 5781); hollow-stem auger (D 5784, D 6151); Field Sampling and
Handling Methods: Auger sampling (D 1452); radionuclides (C 998); core barrel samplers (D 6640); ring-lined barrel
(D 3550); split barrel (D 1586); thin-wall tube (D 1587); piston sampler (D 6519); volatile organics (D 4547,
D 6418–EnCore sampler); hollow stem auger (D 6151); coring/logging cement and lime stabilized soils (D 6236);
Sediments:fluvial sediment in motion (D 4411, DD 4411, D 6236–transit ratios/sampling depth); submerged (D 4823);
monitoring sediments in watershed (D 6145), handling, storing and preparing soft undisturbed marine soil (D 3213);
collection for toxicological testing (E 1391)

Vadose Zone Field Methods: Pore liquids (D 4696); soil (D 4700); soil gas (D 5314)
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Water Reporting water chemical analyses (D 6568); Purgeable headspace sampling (D 3871); waterborne oils (D 4489); continual
on-line monitoring (D 3864); on-line measurement of pH (D 6569); filterable and nonfilterable matter (D 5907); on-line
sampling/analysis (D 5540—flow and temperature control), water-formed deposits (D 887); Planning: water quality
measurement program (D 5612); water monitoring programs (D 5851); Ground Water: Sampling methods (D 4448);
direct push sampling (D 6001); planning a ground-water sampling event (D 5903); documenting a ground-water sampling
event (D 6089); purging methods (D 6452); filed filtration (D 6564); field sample preservation (D 6517)Surface Water:
dipper or pond sampler (D 5358); monitoring aqueous nutrients in watersheds (D 6146); Closed Conduits: equipment
(D 1192); sampling (D 3370); Laboratory Practices: D3856

Water Reporting water analysis results (D 596), reporting water chemical analyses (D 6568); Purgeable headspace sampling
(D 3871); waterborne oils (D 4489); continual on-line monitoring (D 3864); on-line measurement of pH (D 6569); on-line
measurement of turbidity (D 6699); filterable and nonfilterable matter (D 5907); on-line sampling/analysis (D 5540—flow
and temperature control), water-formed deposits (D 887); QC of screening methods in water (D 6950); Planning: water
quality measurement program (D 5612); water monitoring programs (D 5851); Ground Water: Sampling methods
(D 4448); selection of sampling and purging devices (D 6634) direct push sampling (D 6001); planning a ground-water
sampling event (D 5903); documenting a ground-water sampling event (D 6089); bailers (D 6699); purging methods
(D 6452, D 6771 – low-flow purging and sampling); filed filtration (D 6564); field sample preservation (D 6517)Surface
Water: dipper or pond sampler (D 5358); monitoring aqueous nutrients in watersheds (D 6146); Closed Conduits:
equipment (D 1192); sampling (D 3370); Laboratory Practices: D3856

Waste/Contaminants General Guidance: General planning (D 4687); sampling equipment selection (D 6232); representative sampling
(D 6044); composite sampling and field subsampling (D 6051); Heterogeneous wastes (D 5956); laboratory subsampling
(D 6323)Specific Sampling Procedures: bituminous materials (D 140); COLIWASA (D 5495); drums general (D 6063
consolidated solids—D 5679, unconsolidated solids—D 5680); single or multilayered liquids (D 5743); pipes and other
point discharges (D 5013); scoop (D 5633); trier sampler (D 5451); unconsolidated waste from truck (D 5658); UST
release detection devices (E 1430, E1526); volatile organics (D 4547); waterborne oils (D 4489); oil/water mixtures for oil
spill recovery equipment (F 1084) waste piles (D 6009); wastewater automatice samplers (D 538)

Waste/Contaminants General Guidance: General planning (D 4687); designing cost-effective sampling plans (D 6843); sampling equipment
selection (D 6232); representative sampling (D 6044); composite sampling and field subsampling (D 6051);
Heterogeneous wastes (D 5956); laboratory subsampling (D 6323)Specific Sampling Procedures: bailers (D 6699);
bituminous materials (D 140); COLIWASA (D 5495); drums general (D 6063 consolidated solids—D 5679, unconsolidated
solids—D 5680); single or multilayered liquids (D 5743); pipes and other point discharges (D 5013); grab and discrete
depth samplers (D 6759); scoop (D 5633); trier sampler (D 5451); unconsolidated waste from truck (D 5658); UST release
detection devices (E 1430, E1526); volatile organics (D 4547); waterborne oils (D 4489); oil/water mixtures for oil spill
recovery equipment (F 1084) waste piles (D 6009); wastewater automatice samplers (D 538); wipe sampling (D6601)

Preservation/Transport Sample chain of custody (D 4840); estimation of holding time for water samples (D 4515, D4841); Field Methods—Rock
core samples (D 5079); sample containers for organic constituents (D 3694); soil samples (D 4220); sediments for
toxicological testing (E 1391); preservation/preparation of waterborne oil samples (D 3325, D 3326); handling, storing and
preparing soft undisturbed marine soil (D 3213)

Decontamination of Field
Equipment

Field Methods: Nonradioactive waste sites (D 5088); low-level radioactive waste sites (D 5608)

Data Management/Analysis QA/QC: Waste management environmental data (D 5283); waste management DQOs (D 5792); precision and bias (E 177);
QC specification for organic constituents (D 5789); Data Analysis: Evaluation of technical data (E 678); outlying
observations (E 178); reporting results of examination and analysis of water-formed deposits (D 933); Waste Management
Data: Data assessment (D 6333); decision point (D 6250); Geostatistics: reporting geostatistical site investigations
(D 5549); analysis of spatial variation (D 5922); selection of kriging methods (D 5923); selection of simulation approaches
(D 5924); Spatial Data: digital geospatial metadata (D 5714); see also Ground Water (Data Analysis)

Soil/Rock Hydrologic Properties:
Infiltration Rate Field Methods: Double-ring infiltrometer (D 3385); sealed double-ring infiltrometer (D 5093)
Matric Potential Field Methods: Tensiometers (D 3404); Laboratory Method: Filter paper method (D 5298)
Water Content Field Methods: Calcium carbide method (D 4944); neutron probe (D 3017—shallow depth, D 5220— depth probe: D 6031 -

horizontal, slanted and vertical access tubes); time domain reflectometry (D 6565)Laboratory Methods: Direct heating
method (D 4959); microwave oven method (D 4643); standard oven drying method (D 2216); centrifuge moisture
equivalent (D 425)

Water Content Field Methods: Calcium carbide method (D 4944); neutron probe (D 3017—shallow depth, D 5220— depth probe: D 6031 -
horizontal, slanted and vertical access tubes); time domain reflectometry (D 6565, D 6780)Laboratory Methods: Direct
heating method (D 4959); microwave oven method (D 4643); standard oven drying method (D 2216); centrifuge moisture
equivalent (D 425)

Hydraulic Conductivity Field Methods: Vadose zone (D 5126); Laboratory Methods: Granular soils (D 2434—>1 3 10−3 cm/sec); low permeability
soils (D 5084—<1 3 10−3 cm/sec); rigid-wall compaction-mold permeameater (D 5856); effect of freeze/thaw (D 6035);
peat (D 4511); unsaturated/saturated with centrifugation (D 6527); partially saturated (D 6539); see also Ground Water/
Aquifer Hydraulic Properties

Other Hydrologic Properties Laboratory Methods: Air permeability (D 4525); Soil water retention (D 2325—medium/coarse textured, D3152—fine-
textured)

Other Hydrologic Properties Soil —water moisture flux (D 6642)Laboratory Methods: Air permeability (D 4525); Soil water retention (D 2325—medium/
coarse textured, D3152—fine-textured)

Soil/Rock Physical Properties:
Particle Size Soil Laboratory Methods: Analysis (D 422); dry preparation (D 421); <200 sieve (D 1140); wet preparation (D 2217);

Sediment: Selection of methods for fluvial sediment (D 4822)
Soil Density Field Methods: Drive cylinder (D 2937); gamma-gamma (D 2922—<129, D5195—>129); (D 4531); penetration (D 1586);

rubber-balloon method (D 2167), sand-cone method (D 1556); sand replacement method (D 4914); sleeve method
(D 4564) water replacement method (D 5030); nuclear method (D 6031)

Soil Density Field Methods: Drive cylinder (D 2937); gamma-gamma (D 2922—<129, D5195—>129); peat (D 4531); (D 4531); penetration
(D 1586); rubber-balloon method (D 2167), sand-cone method (D 1556); sand replacement method (D 4914); sleeve
method (D 4564); time domain reflectometry (D 6780); water replacement method (D 5030); nuclear method (D 6031)

Pore Volume/Specific Density Laboratory Methods: pore volume (D 4404); specific gravity (D 854, D5550—gas pycnometer)
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Cone Penetration Field Methods: In-situ cone penetration testing (D 3441, D 5778); CPT stress wave energy measurements (D 4633);
liquification potential evaluation (D 6066); ECPT for environmental site characterization (D 6067); LIF characterization of
petroleum contamination (D 6187)

Classification Field Methods: Field logging (D 5434); noncohesive sediments (D 5387); peat (D 4544—deposit thickness, degree of
humification—D 5715); sediments (D 4410); visual-manual procedure (D 2488—unified, D4083—frozen soils); rock mass
classification (D 5878); rock quality designation (D 6032); Laboratory Methods: frozen soils (D 4083); natural mineral
aggregates (C 294); peat (D 2607); unified soil classification (D 2487)

Geophysical Properties Surface Geophysical Methods: selecting surface geophysical methods (PS78, D6429); seismic refraction (D 5777); soil
resistivity (G 57—Wenner 4-electrode method); DC resistivity (D 6431); GPR (D 6432);gravity (D 6430); Borrehole
Geophysical Methods:Crosshole seismic testing (D 4428/D 4428M); planning and conducting borehole geophysical
logging (D 5753) ; mechanical caliper (D 6167); gamma (D 6274)

Geophysical Properties Surface Geophysical Methods: selecting surface geophysical methods (PS78, D6429); seismic refraction (D 5777); soil
resistivity (G 57—Wenner 4-electrode method); DC resistivity (D 6431); GPR (D 6432); electromagnetic
(D 6639–frequency domain, D 6820 — time domain)gravity (D 6430); Borrehole Geophysical Methods:Crosshole seismic
testing (D 4428/D 4428M); planning and conducting borehole geophysical logging (D 5753) ; mechanical caliper
(D 6167); electromagnetic induction (D 6726), gamma (D 6274), neutron (D 6727)

Engineering Properties In Situ Field Methods: Bearing capacity/ratio (D 1194, D 4429); deformability and strength of weak rock (D 4555); direct
shear strength (D 4554, D 5607); erodibility (D 5852), frost heave/thaw, susceptibility (D5918); extensometers (D 4403); in
situ creep (D 4553); in situ modulus of deformation (D 4394—rigid plate, D 4395—flexible plate, D 4506—radial jacking
test, D 4729—flatjack method, D 4791—borehole jack); in situ stress (D 4623—borehole deformation gage, D 4645—
hydraulic fracturing; D 4729—flatjack method); pressure measurement (D 4719—pressuremeter, D 5720—transducer
calibration); vane shear test (D 2573); Laboratory Methods: California bearing ratio (D 1883); classification (D 2487);
compaction (D 698, D 1557, D 5080); compressive strength (D 2166, D 2938); consolidation (D 2435); core dimensional
and shape tolerances (D 4543); dispersive characteristics (D 4221—double hydrometer; D 4647—pinhole test;
D 6572–crumb test); elastic properties (D 2845, D 3148); impact valve (D 5874); linear displacement (D 6027 - calibrating
transducers); liquid limit (D 4318); moisture content-penetration resistance (D 1558); one-dimensional swell (D 4546);
plastic limit/plasticity index (D 4318); point load strength (D 5731); rock hardness (D 5873) shrinkage factors (D 427;
D 4943); tensile strength (D 2936; D 3967); thermal properties (D 5334, D 5335); triaxial compression (D 2850, D 2664,
D 4406, D 4767, D 5311, D 5407); uniaxial compression (D 4341, D 4405); use of significant digits (D 6026); shear tests
(D 4648–vane; D 6467–drained; D 6528–undrained); Evaluation of Laboratories: D 3740

Engineering Properties In Situ Field Methods: Bearing capacity/ratio (D 1194, D 4429); deformability and strength of weak rock (D 4555); direct
shear strength (D 4554, D 5607); erodibility (D 5852), frost heave/thaw, susceptibility (D5918); extensometers (D 4403); in
situ creep (D 4553); in situ modulus of deformation (D 4394—rigid plate, D 4395—flexible plate, D 4506—radial jacking
test, D 4729—flatjack method, D 4791—borehole jack); in situ stress (D 4623—borehole deformation gage, D 4645—
hydraulic fracturing; D 4729—flatjack method); pressure measurement (D 4719—pressuremeter, D 5720—transducer
calibration); stiffness (D 6758); vane shear test (D 2573); Laboratory Methods: California bearing ratio (D 1883);
classification (D 2487); compaction (D 698, D 1557, D 5080); compressive strength (D 2166, D 2938); consolidation
(D 2435); core dimensional and shape tolerances (D 4543); dispersive characteristics (D 4221—double hydrometer;
D 4647—pinhole test; D 6572–crumb test); elastic properties (D 2845, D 3148); impact valve (D 5874); linear displacement
(D 6027 - calibrating transducers); liquid limit (D 4318); moisture content-penetration resistance (D 1558); one-dimensional
swell (D 4546); plastic limit/plasticity index (D 4318); point load strength (D 5731); rock hardness (D 5873) shrinkage
factors (D 427; D 4943); tensile strength (D 2936; D 3967); thermal properties (D 5334, D 5335); triaxial compression
(D 2850, D 2664, D 4406, D 4767, D 5311, D 5407); uniaxial compression (D 4341, D 4405); use of significant digits
(D 6026); shear tests (D 4648–vane; D 6467–drained; D 6528–undrained); Evaluation of Laboratories: D 3740

Miscellaneous Field: Geotechnical mapping of large underground openings in rock (D 4543); Laboratory Methods: X-ray radiography
(D 4452)

Peat/Organic Soils Laboratory Methods: Bulk density (D 4531); classification (D 2607); hydraulic conductivity (D 4511); pH (D 2976); moisture/
ash/organic matter (D 2974)

Peat/Organic Soils Laboratory Methods: Bulk density (D 4531); classification (D 2607); hydraulic conductivity (D 4511); pH (D 2976); moisture/
ash/organic matter (D 2974); moisture holding capacity and porosity (D 2980)

Frozen Soils Field: Description (D 4083); Laboratory: Creep properties by uniaxial compression (D 5520)
Soil/Rock/Sediment Chemistry:

Basic Chemistry Field Methods: Soil pH for corrosion testing (G 51); Laboratory Methods: Calcium carbonate (D 4373); pH (D 4972); soluble
salt content (D 4542); diagnostic soil test for plant growth and food chain protection (D 5435); minimum requirements for
laboratories engaged in chemical analysis (D 5522)

Soil Contaminants Nitroaromatic and nitramine explosives (D 5143); screening fuels (D 5831); PCBs using room temperature phosphorescence
(PS 47); radionuclides (C 998, C 999); petroleum contamination with CPT/LIF (D 6187)

Sediments Preparation for chemical analysis (D 3975, D3976)
Sorption/Leachability See fate-related procedures in Table A.1

Ground Water:
Characterization/Monitoring Assessing aquifer sensitivity and vulnerability (D 6030); conceptualization and characterization (D 5979); wetland functions

(EPS781938; )wetland functions (E 1938); existing wells (D 5980); monitoring karst and fractured rock aquifers (D 5717);
statistical approaches for ground-water detection monitoring programs (PS 64, D 6312); nomenclature for aquifers
(D 6106)

Characterization/Monitoring Assessing aquifer sensitivity and vulnerability (D 6030); conceptualization and characterization (D 5979); wetland functions
(E1938); wetland functions (E 1938); existing wells (D 5980); locating abandoned wills (D 6285); monitoring karst and
fractured rock aquifers (D 5717); statistical approaches for ground-water detection monitoring programs (PS 64, D 6312);
nomenclature for aquifers (D 6106)

Data Elements Field Methods: Minimum set (D 5254); additional identification descriptors (D 5408); additional physical descriptors (D 5409);
additional usage description (D 5410); selection of data elements (D 5474)

Data Analysis/Presentation Presentation of water level information (D 6000); Chemical Analysis: Diagrams for single analyses (D 5738); trilinear
diagrams (D 5754); diagrams based on data analytical calculations (D 5877); use of maps (D 6036)

Monitoring Wells Field Methods: Design/installation (D 5092); protection (D 5787); decommissioning (D 5299); casing (D 1785, F 480); grout
(C 150—portland cement); water level measurement (D 4750); well development in granular aquifers (D 5521); well
discharge (D 5716—circular orifice weir, D 5737—guide to methods); maintenance and rehabilitation (D 5978)
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Monitoring Wells Field Methods: Design/installation (D 5092); protection (D 5787); direct push D 6724, D 6725–prepacked screens);
decommissioning (D 5299); casing (D 1785, F 480); grout (C 150—portland cement); water level measurement (D 4750);
well development in granular aquifers (D 5521); well discharge (D 5716—circular orifice weir, D 5737—guide to methods);
maintenance and rehabilitation (D 5978)

Aquifer Hydraulic Properties Field Methods: Packer tests (D 4630, D 4631); aquifer tests with control wells (D 4105, D 4106, D 5269, D 5270, D 5472,
D 5473); D 5920 - anistropic unconfined; D 6028, D 6029–(leaky confining beds); slug tests (D 4044, D 4050, D 4104,
D 5785, D 5881, D 5912); constant drawdown for flowing wells (D 5787, D 5855); constant rate pumping (D 6034);
partially penetrating wells (D 5850); two-stage infiltration (D 6391); test selection (D 4043)

Modeling Site specific application (D 5447); comparing simulation to site-specific information (D 5490); documenting model application
(D 5718); defining boundary conditions (D 5609); defining initial conditions (D 5610); conducting sensitivity analysis
(D 5611); simulation of subsurface air flow (D 5719); subsurface flow and transport modeling (D 5880) model calibration
(D 5981); developing and evaluating codes (D 6025); describing functionality (D 6033); selecting a modeling code
(D 6170); documenting a modeling code (D 6171)

Chemistry Field Methods: Acidity/Alkalinity (D 1067); electrical conductivity/resistivity (D 1125); ion-selective electrodes (D 4127); low-
level dissolved oxygen (D 5462); odor (D 1292); pH (D 1293, D 5464); redox potential (D 1498), test kits for inorganic
constituents (D 5463); turbidity (D 1889); Extraction Methods: purgeable organics using headspace sampling (D 3871);
micro-extraction for volatiles and semivolatiles (D 5241); Laboratory Methods: Organic carbon (D 2579); minimum
requirements for laboratories engaged in chemical analysis (D 5522); see, generally, Vols 11.01 and 11.02

Microbiology ATP content (D 4012); iron bacteria (D 932); sulfate-reducing bacteria (D 4412); microbial respiration (D 4478); microscopy
(D 4454—total respiring bacteria, D4455—epifluorescence); plating methods (D 5465); on site screening heterotrophic
bacteria (F 488)

Surface Water:
Geometry/Flow Measurement Depth measurement (D 5073 D 5909-horizontal positioning, fathometer calibration D 6318); measurement of morphologic

characteristics of surface water bodies (D 4581); operating a gaging station (D 5674); Discharge: Step backwater method
(D 5388); Open Channel Flow: Selection of weirs and flumes (D 5640); acoustic methods (D 4408); acoustic velocity
method (D 5389); broad-crested weirs (D 5614); culverts (D 5243); developing a stage-discharge relation (D 5541); dye
tracers (D 5613); electromagnetic current meters (D 5089); Palmer-Bowles Flume (D 5390); Parshall flume (D 1941);
rotating element current meters (D 4409); slope-area method (D 5130); thin-plate weirs (D 5242); velocity-area method
(D 3858); width contractions (D 5129); Open Water Bodies: Water level measurement (D 5413)

Other Characteristics Suspended sediment concentration (D 3977); environmental conditions relevant to spill control systems (F 625); Chemistry:
See ground water above

Waste/Contaminants:
Waste Properties Field/Screening Methods: Compatibility (D 5059); cyanides (D 5049); flammability potential (D 4982); oxidizers (D 4981); pH

(D 4980); physical description screening analysis (D 4979); radioactivity (D 5928); sulfides (D 4978); waste specific gravity/
bulk density (D 5057); Laboratory Methods: Waste bulk density (E 1109); biological clogging of geotextiles (D 1987); coal
fly ash (D 5759); solid waste freeze-thaw resistance (D 4842); stability and miscibility (D 5232); wetting and drying
(D 4843); Extraction Methods: Single batch extraction methods (D 5233); sequential batch extraction with water (D 4793 -
water, D 5284 - acidic extraction fluid); soxhlet extraction (D 5369); total solvent extractable content (D 5368); solvent
extraction of total petroleum hydrocarbons (D 5765); shake extraction of solid waste and water (D 3987)

Waste Properties Field/Screening Methods: Compatibility (D 5059); asbestos (D|2947); cyanides (D 5049); flammability potential (D 4982);
oxidizers (D 4981); pH (D 4980); physical description screening analysis (D 4979); radioactivity (D 5928); sulfides
(D 4978); waste specific gravity/bulk density (D 5057); Laboratory Methods: Waste bulk density (E 1109); biological
clogging of geotextiles (D 1987); coal fly ash (D 5759); solid waste freeze-thaw resistance (D 4842); stability and
miscibility (D 5232); wetting and drying (D 4843); Extraction Methods: Single batch extraction methods (D 5233);
sequential batch extraction with water (D 4793 - water, D 5284 - acidic extraction fluid); soxhlet extraction (D 5369); total
solvent extractable content (D 5368); solvent extraction of total petroleum hydrocarbons (D 5765); shake extraction of
solid waste and water (D 3987)

Contaminant Fate See fate-related procedures in Table A.2
Radioactive Materials Monitoring: Detector calibration (E 181); radiation measurement/dosimetry (D 3648, E 170); radiation protection programs for

decommissioning operations (E 1167); Sampling/Preparation: sampling surface soil for radionuclides (C 998); soil sample
preparation for determination of radionuclides (C 999)

Asbestos Screen analysis (D 2947)
Other Site Conditions:

Field Atmospheric Conditions Atmospheric pressure (D 3631); temperature (D 6167M); conversion unit and factors (D 1914); determining comparability of
meteorological measurements (D 4430); Humidity: Dew-point hygrometer (D 4030); psychrometer (E 337); terminology
(D 4023); Wind: Anemometers (D 4480, D 5096, D 5741, D 6011); surface wind by acoustic means (D 5527); wind vane
(D 5741, performance - D 5366) see Volume 11.03 generally

Solar insolation Pyranometers (E 824, E 913, E 941); pyrheliometers (E 816)
ABoldface —Method selection guide.
BItalicized standard designation = discontinued.

X1.1.25 Table X1.2 identifies more than 95 standard test method, practices and guides that address field sampling for ecological
characterization and laboratory methods, such as toxicity testing, relevant to human and ecological risk assessment.

X1.2 This guide does not specifically address laboratory methods, but Table X1.1 provides a convenient index to laboratory
methods that might be useful for testing and analysis of soil, water, and waste samples collected during an environmental site
investigation. This appendix does not contain a detailed listing of laboratory methods for measurement of specific chemicals that
might be of concern in an environmental investigation. However, methods for measurement of chemical parameters that are
routinely used in field investigations and laboratory methods that provide information relevant to the transport and fate of
contaminants and other chemical constituents in the subsurface are included.

X1.3 The following ASTM compilations may be useful for Environmental Site Characterization:

X1.3.1 ASTM Standards on Ground Water and Vadose Zone Investigations: Drilling, Sampling, Geophysical Logging; Well

D 5730 – 024

20



Installation and Decommissioning, 2nd ed1994. [56 Standards].
X1.3.2 ASTM Standards Related to Phase II Environmental Site Assessments for Commercial Real Estate, 1998, 333 pp. [22

Standards].
X1.3.3 ASTM Standards on Environmental Site Assessments for Commercial Real Estate,2nd ed, 1994, 55 pp. [Includes E1527

and E1528].
X1.3.4 ASTM Standards on Hazardous Substance and Oil Spill Response, 2nd ed. 1994, 144 pp. [38 standards].
X1.3.5 ASTM Standards on Lead-Based Paint Abatement in Buildings. 1994, 174 pp. [28 standards].
X1.3.6 ASTM Standards on Environmental Sampling, 2nd ed., 1997, 1008 pp. [138 standards].
X1.3.7 ASTM Standards on Determining Subsurface Hydraulic Properties and Ground Water Modeling, 2nd ed., 1999, 350

pp. [45 standards].
X1.3.8 ASTM Standards on Design and Planning and Reporting of Ground Water and Vadose Zone Investigations, 2nd ed.,

1999, 600 pp. [44 standards].
X1.3.9 ASTM Standards Related to On-Site Septic Systems, 1997, 176 pp. [18 standards].
X1.3.10 ASTM Standards Related to Environmental Site Characterization, 2nd edition, 2002, 2078 pp. [162 standards].

X1.4 ASTM Standards—Indexed in Table X1.1 (In Vols 04.08 or 04.09, unless otherwise specified).48 ,49

C 150 – 99a Specification for Portland Cement (Vol 04.01)
C 294 – 98 Descriptive Nomenclature for Constituents of Natural Mineral

Aggregates (Vol 04.02)
C 998 – 90 Practice for Sampling Surface Soil for Radionuclides (Vol

12.01)
C 999 – 90 Practice for Soil Sample Preparation for Determination of

Radionuclides (Vol 12.01)
D 140 – 98 Practice for Sampling Bituminous Materials
D 420 – 98 Guide to Site Characterization for Engineering, Design, and

Construction Purposes
D 421 – 85 Practice for Dry Preparation of Soil Samples for Particle-

Size Analysis and Determination of Soil Constants
D 422 – 63 Test Method for Particle-Size Analysis of Soils
D 425 – 88 Test Method for Centrifuge Moisture Equivalent of Soils
D 427 – 98 Test Method for Shrinkage Factors of Soils by the Mercury

Method
D 596 – 01 Guide for Reporting Results of Analysis of Water
D 653 – 97 Terminology Relating to Soil, Rock, and Contained Fluids
D 653 – 02 Terminology Relating to Soil, Rock, and Contained Fluids
D 698 – 91 Test Method for Laboratory Compaction Characteristics of

Soil Using Standard Effort (12 400 ft-lbf/ft3) (600 kN-m/m3)
D 854 – 98 Test Method for Specific Gravity of Soil
D 854 – 02 Test Method for Specific Gravity of Soil
D 887 – 82 Practice for Sampling Water-Formed Deposits (Vol 11.02)
D 932 – 85 Test Method for Iron Bacteria in Water and Water-Formed

Deposits (Vol 11.02)
D 933 – 84 Practice for Reporting Results of Examination and Analysis

of Water-Formed Deposits (Vol 11.04)
D 1067 – 92 Test Methods for Acidity or Alkalinity of Water (Vol 11.01)
D 1125 – 82 Test Methods for Electrical Conductivity and Resistivity of

Water (Vol 11.01)
D 1129 – 99a Terminology Relating to Water (Vol 11.01)
D 1129 – 02a Terminology Relating to Water (Vol 11.01)
D 1140 – 97 Test Method for Amount of Materials in Soils Finer than No.

200 (75-µm) Sieve
D 1192 – 95 Specification for Equipment for Sampling Water and Steam

in Closed Conduits (Vol 11.01)
D 1194 – 94 Test Method for Bearing Capacity of Soil for Static Load on

Spread Footings
D 1292 – 86 Test Method for Odor in Water (Vol 11.01)
D 1293 – 99 Test Methods for pH in Water (Vol 11.01)
D 1356 – 00a Terminology Relating to Atmospheric Sampling and Analysis

(Vol 11.03)
D 1357 – 95 Practice for Planning the Sampling of the Ambient Atmo-

sphere (Vol 11.03)
D 1452 – 80 Practice for Soil Investigation and Sampling by Auger Bor-

ings

48 Chappelle(83) provides a useful reference for microbial sampling of ground water. Some major references
48 Prior to 1994 Volume 04.08 contained all standards on soil microbiology and ecology, geomicrobiology rock. Beginning in 1994 this volume was broken into two

volumes: Volume 04.08; Soil and microbial biogeochemistry include: Alexander(84), Ehrlich (85), Killham (86), Kuznetsov et al(87) , Paul Rock (I): D420 to D4914, and
Clark (88), Volume 04.09; Soil and Zajic(89). Rock (II): D4943 to latest; Geosynthetics.

49 The last two digits indicate the yearm in situ here is confined to methods that measure chemical parameters which the standard was adopted or the most recent year
in place without bringing a sample which substantive revisions to the surface. The term may also be applied to ground water sampling devices that do notrequire installation
of a monitoring well. In situ chemical sensors can be placed in monitoring wells or by using CPT or other push technologies. standard were adopted.
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D 1498 – 00a Practice for Oxidation-Reduction Potential of Water (Vol
11.01)

D 1556 – 90 Test Method for Density and Unit Weight of Soil In Place by
the Sand-Cone Method

D 1557 – 91 Test Method for Laboratory Compaction Characteristics of
Soil Using Modified Effort (56 000 ft-lbf/ft3) (2700 kN-m/
m3)

D 1557 – 02 Test Method for Laboratory Compaction Characteristics of
Soil Using Modified Effort (56 000 ft-lbf/ft3) (2700 kN-m/
m3)

D 1558 – 94 Test Method for Moisture Content Penetration Resistance
Relationships of Fine Grained Soils

D 1586 – 99 Test Method for Penetration Test and Split-Barrel Sampling
of Soils

D 1587 – 94 Practice for Thin-Walled Tube Geotechnical Sampling of
Soils

D 1704/
D 1704M – 95

Test Method for Determining the Amount of Particulate Mat-
ter in the Atmosphere by Measurement of the Absorbance
of a Filter Sample (Vol 11.03), Discontinued 2000.

D 1739 – 98 Test Method for Collection and Analysis of Dustfall (Settle-
able Particulates) (Vol 11.03)

D 1785 – 99 Specifications for Polyvinyl Chloride (PVC) Plastic Pipe
Schedules 40, 80, and 120 (Vol 08.04)

D 1883 – 99 Test Method for CBR (California Bearing Ratio) of
Laboratory-Compacted Soils

D 1889 – 00 Test Methods for Turbidity in Water (Vol 11.01)
D 1914 – 95 Practice for Conversion Units and Factors Relating to Atmo-

spheric Analysis (Vol 11.03)
D 1941 – 91 Test Method for Open Channel Flow Measurements of Wa-

ter with the Parshall Flume (Vol 11.01)
D 1987 – 95 Test Method for Biological Clogging of Geotextiles of Soil/

Geotextile Filters
D 2113 – 99 Test Method for Diamond Core Drilling for Site Investigation
D 2166 – 98a Test Method for Unconfined Compressive Strength of Cohe-

sive Soil
D 2167 – 94 Test Method for Density and Unit Weight of Soil in Place by

the Rubber Balloon Method
D 2216 – 98 Test Method for Laboratory Determination of Water (Mois-

ture) Content of Soil and Rock (Gravimetric Oven Drying)
D 2217 – 85 Practice for Wet Preparation of Soil Samples for Particle-

Size Analysis and Determination Soil Constants
D 2325 – 68 Test Method for Capillary-Moisture Relationship for Coarse-

and Medium-Textured Soils by Porous-Plate Apparatus
(Soil Water Retention)

D 2434 – 68 Test Method for Permeability of Granular Soils (Constant
Head) (>1 3 10−3 cm/s)

D 2435 – 96 Test Method for One-Dimensional Consolidation Properties
of Soils

D 2435 – 02 Test Method for One-Dimensional Consolidation Properties
of Soils

D 2487 – 98 Classification of Soils for Engineering Purposes (Unified Soil
Classification System)

D 2488 – 93 Practice for Description and Identification of Soils (Visual-
Manual Procedures)

D 2573 – 94 Test Method for Field Vane Shear Test in Cohesive Soil
D 2579 – 93 Test Methods for Total and Organic Carbon in Water (Vol

11.02)
D 2607 – 69 Classification of Peats, Mosses, Humus, and Related Prod-

ucts (Discontinued in 1992)
D 2664 – 95a Test Method for Triaxial Compressive Strength of Undrained

Rock Core Specimen Without Pore Pressure Measure-
ments

D 2845 – 90 Test Method for Laboratory Determination of Pulse Velocities
and Ultrasonic Elastic Constants of Rock

D 2850 – 95 Test Method for Unconsolidated, Undrained Compressive
Strength of Cohesive Soils in Triaxial Compression

D 2850 – 03 Test Method for Unconsolidated, Undrained Compressive
Strength of Cohesive Soils in Triaxial Compression

D 2922 – 96 Test Methods for Density of Soil and Soil-Aggregate in Place
by Nuclear Methods (Shallow Depth) (gamma-gamma,
surface or <12 in. (305 mm))

D 2936 – 95 Test Method for Direct Tensile Strength of Intact Rock Core
Specimens

D 2937 – 94 Test Method for Density of Soil in Place by the Drive-
Cylinder Method

D 2938 – 95 Test Method for Unconfined Compressive Strength of Intact
Rock Core Specimens
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D 2947 – 88 Test Method for Screen Analysis of Asbestos Fibers (Vol
04.05 and Vol 08.02)

D 2974 – 87 Test Methods for Moisture, Ash, and Organic Matter of Peat
and Other Organic Materials

D 2976 – 71 Test Method for pH of Peat Materials
D 2980 – 02 Test Method for Volume, Mass, Moisture-Holding Capacity,

and Porosity of Saturated Peat Materials
D 3017 – 96 Test Method for Moisture Content of Soil and Rock in Place

by Nuclear Methods (Shallow Depth), (neutron probe)
D 3080 – 98 Test Method for Direct Shear Test of Soils Under Consoli-

dated Drained Conditions
D 3148 – 96 Test Methods for Elastic Moduli of Intact Rock Core Speci-

mens in Uniaxial Compression
D 3152 – 72 Test Method for Capillary-Moisture Relationships for Fine-

Textured Soils by Pressure-Membrane Apparatus
D 3213 – 91 Practice for Handling, Storing, and Preparing Soft Undis-

turbed Marine Soil
D 3249 – 95 Practice for General Ambient Air Analyzer Procedures (Vol

11.03)
D 3325 – 90 Practice for the Preservation of Waterborne Oil Samples (Vol

11.02)
D 3326 – 90 Practices for Preparation of Samples for Identification of

Waterborne Oils (Vol 11.02)
D 3370 – 95a Practices for Sample Water from Closed Conduits (Vol

11.01)
D 3385 – 94 Test Method for Infiltration Rate of Soils in Field Using

Double-Ring Infiltrometers
D 3404 – 91 Guide for Measuring Matric Potential in the Vadose Zone

Using Tensiometers
D 3441 – 98 Test Method for In-Situ Cone Penetration Tests of Soil
D 3550 – 84 Practice for Ring-Lined Barrel Sampling of Soils
D 3584 – 83 Practice for Indexing Papers and Reports on Soil and Rock

for Engineering Purposes , Discontinued 1996.
D 3614 – 97 Guide for Laboratories Engaged in Sampling and Analysis of

Atmospheres and Emissions (Vol 11.03)
D 3631 – 99 Method for Measuring Surface Atmospheric Pressure (Vol

11.03)
D 3648 – 95 Practices for Measurement of Radioactivity (Vol 11.02)
D 3686 – 95 Practice for Sampling Atmospheres to Collect Organic Com-

pound Vapors (Activated Charcoal Tube Adsorption
Method) (Vol 11.03)

D 3694 – 96 Practice for Preparation of Sample Containers and for Pres-
ervation of Organic Constituents (Vol 11.02)

D 3740 – 99c Practice for Evaluation of Agencies Engaged in the Testing
and/or Inspection of Soil and Rock Used In Engineering
Design and Construction

D 3856 – 95 Guide for Good Laboratory Practices in Laboratories En-
gaged in Sampling and Analysis of Water (Vol 11.01)

D 3858 – 95 Practice for Open Channel Flow Measurement of Water by
Velocity-Area Method (Vol 11.01)

D 3864 – 79 Guide for Continual On-Line Monitoring Systems for Water
Analysis (Vol 11.01)

D 3871 – 84 Test Method for Purgeable Organic Compounds in Water
Using Headspace Sampling (Vol 11.02)

D 3967 – 95a Test Method for Splitting Tensile Strength of Intact Rock
Core Specimens

D 3975 – 93 Practice for Development and Use (Preparation) of Samples
for Collaborative Testings of Methods for Analysis of Sedi-
ments (Vol 11.02)

D 3976 – 92 Practice for Preparation of Sediments Samples for Chemical
Analysis (Vol 11.02)

D 3977 – 80 Practice for Determining Suspended Sediment Concentra-
tion in Water Sample (Vol 11.02), Discontinued 1995.

D 3987 – 85 Test Method for Shake Extraction of Solid Waste and Water
(Vol 11.04)

D 4012 – 81 Test Method for Adenosine Triphosphate (ATP) Content of
Microorganisms in Water (Vol 11.02)

D 4023 – 82a Definitions of Terms Relating to Humidity Measurements (Vol
11.03)

D 4043 – 96 Guide for Selection of Aquifer-Test Method in Determination
of Hydraulic Properties by Well Techniques

D 4044 – 96 Test Method for (Field Procedures) for Instantaneous
Change in Head (Slug Tests) for Determining Hydraulic
Properties of Aquifers

D 4050 – 96 Test Method (Field Procedure) for Withdrawal and Injection
Well Tests for Determining Hydraulic Properties of Aquifer
Systems
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D 4083 – 89 Practice for Description of Frozen Soils (Visual-Manual Pro-
cedure)

D 4096 – 91 Test Method for Determination of Total Suspended Particu-
late Matter in the Atmosphere (High-Volume Sampler
Method), (Vol 11.03)

D 4104 – 96 Test Method (Analytical Procedure for) Determining Trans-
missivity of Confined Nonleaky Aquifers by Overdamped
Well Response to Instantaneous Change in Head (Slug
Test)

D 4105 – 96 Test Method for (Analytical Procedure for) Determining
Transmissivity and Storage Coefficient of Nonleaky Con-
fined Aquifers by the Modified Theis Nonequilibrium
Method

D 4106 – 96 Test Method for (Analytical Procedure for) Determining
Transmissivity and Storativity of Nonleaky Confined Aqui-
fers by the Theis Nonequilibrium Method

D 4127 – 92 Terminology Used with Ion-Selective Electrodes (Vol 11.01)
D 4129 – 98 Test Method for Total and Organic Carbon in Water by High

Temperature Oxidation and by Coulometric Detection (Vol
11.02)

D 4220 – 95 Practice for Preserving and Transporting Soil Samples
D 4221 – 99 Test Method for Dispersive Characteristics of Clay Soil by

Double Hydrometer
D 4230 – 83 Test Method of Measuring Humidity with Cooled-Surface

Condensation (Dew Point) Hygrometer (Vol 11.03)
D 4230 – 02 Test Method of Measuring Humidity with Cooled-Surface

Condensation (Dew Point) Hygrometer (Vol 11.03)
D 4318 – 98 Test Method for Liquid Limit, Plastic Limit, and Plasticity In-

dex of Soils
D 4341 – 93 Test Method for Creep of Cylindrical Hard Rock Core Speci-

mens in Uniaxial Compression
D 4373 – 96 Test Method for Calcium Carbonate Content of Soils
D 4373 – 02 Test Method for Calcium Carbonate Content of Soils
D 4375 – 96 Terminology for Basic Statistics in Committee D-19 on Water

(Vol 11.01)
D 4394 – 84 Test Method for Determining the In-Situ Modulus of Defor-

mation of Rock Mass Using the Rigid Plate Loading
Method

D 4395 – 84 Test Method for Determining the In-Situ Modulus of Defor-
mation of Rock Mass Using the Flexible Plate Loading
Method

D 4403 – 84 Practice for Extensometers Used in Rock
D 4404 – 84 Test Method for Determination of the Pore Volume and Pore

Volume Distribution of Soil and Rock by Mercury Intrusion
Porosimetry

D 4405 – 93 Test Method for Creep of Cylindrical Soft Rock Core Speci-
mens in Uniaxial Compression

D 4406 – 93 Test Method for Creep of Cylindrical Soft Rock Core Speci-
mens in Triaxial Compression

D 4409 – 91 Test Method for Velocity Measurement of Water in Open
Channels with Rotating Element Current Meters (Vol
11.01)

D 4410 – 94 Terminology of Fluvial Sediment (Vol 11.01)
D 4411 – 93 Guide for Sampling Fluvial Sediment in Motion (Vol 11.02)
D 4412 – 84 Test Methods for Sulfate-Reducing Bacteria in Water and

Water-Formed Deposits (Vol 11.02)
D 4428/
D 4428M – 91

Test Method for Crosshole Seismic Testing

D 4429 – 93 Test Method for Bearing Ratio of Soils in Place
D 4430 – 84 Practice for Determining the Operational Comparability of

Meteorological Measurement (Vol 11.03)
D 4448 – 85a Guide for Sampling Groundwater Monitoring Wells (Vol

11.04)
D 4452 – 85 Methods for X-Ray Radiography of Soil Samples
D 4454 – 85 Test Method for Simultaneous Enumeration of Total Respir-

ing Bacteria in Aquatic Systems by Microscopy (Vol 11.02)
D 4455 – 85 Test Method for Enumeration of Aquatic Bacteria by Epifluo-

rescence Microscopy Counting Procedure (Vol 11.02)
D 4478 – 85 Test Methods for Oxygen Uptake (Vol 11.02), (Microbial res-

piration)
D 4480 – 85 Test Method for Measuring Surface Wind by Means of Wind

Vanes and Rotating Anemometers (Vol 11.03), Discontin-
ued 1999, Replaced by D5741.

D 4489 – 95 Practices for Sampling Waterborne Oils (Vol 11.02)
D 4490 – 96 Practice for Measuring the Concentration of Toxic Gases or

Vapors Using Detector Tubes (Vol 11.03)
D 4506 – 90 Test Method for Determining the In-Situ Modulus of Defor-

mation of Rock Mass Using a Radial Jacking Test
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D 4506 – 02 Test Method for Determining the In-Situ Modulus of Defor-
mation of Rock Mass Using a Radial Jacking Test

D 4511 – 92 Test Method for Hydraulic Conductivity of Essentially Satu-
rated Peat (Constant Head)

D 4515 – 85 Practice for Estimation of Holding Time for Water Samples
Containing Organic Constituents (Vol 11.02)

D 4525 – 90 Test Method for Permeability of Rocks by Flowing Air
D 4531 – 86 Test Method for Bulk Density of Peat and Peat Products
D 4536 – 96 Test Method for High Volume Sampling for Solid Particulate

Matter and Determination of Particulate Emissions (Vol
11.03)

D 4542 – 95 Test Method for Pore-Water Extraction and Determination of
the Soluble Salt Content of Soils by Refractometer

D 4543 – 85 Practice for Determining Dimensional and Shape Tolerances
of Rock Core Specimens

D 4544 – 86 Practice for Estimating Peat Deposit Thickness
D 4546 – 96 Test Methods for One-Dimensional Swell/Settlement Poten-

tial of Cohesive Soils
D 4546 – 03 Test Methods for One-Dimensional Swell/Settlement Poten-

tial of Cohesive Soils
D 4547 – 98 Practice for Sampling Waste and Soils for Volatile Organics

(Vol 11.04)
D 4553 – 90 Test Method for Determining the In-Situ Creep Characteris-

tics of Rock
D 4553 – 02 Test Method for Determining the In-Situ Creep Characteris-

tics of Rock
D 4554 – 90 Test Method for In-Situ Determination of Direct Shear

Strength of Rock Discontinuities
D 4554 – 02 Test Method for In-Situ Determination of Direct Shear

Strength of Rock Discontinuities
D 4555 – 90 Test Method for Conducting an In-Situ Uniaxial Compressive

Test for Determining Deformability and Strength of Weak
Rock

D 4564 – 93 Test Method for Density of Soil in Place by the Sleeve
Method (cohesionless, gravelly soils)

D 4564 – 02 Test Method for Density of Soil in Place by the Sleeve
Method (cohesionless, gravelly soils)

D 4581 – 86 Guide for Measurement of Morphologic Characteristics of
Surface Water Bodies (Vol 11.02)

D 4597 – 97 Practice for Sampling Workplace Atmospheres to Collect
Organic Gases or Vapors with Activated Charcoal Diffu-
sional Samplers (Vol 11.03)

D 4598 – 87 Practice for Sampling Workplace Atmospheres to Collect
Gases of Vapors with Liquid Sorbent Diffusional Samplers
(Vol 11.03), Discontinued 1995

D 4599 – 97 Practice for Measuring the Concentration of Toxic Gases or
Vapors Using Length-of-Stain Dosimeter (Vol 11.03)

D 4623 – 96 Test Method for Determination of In-Situ Stress in Rock
Mass by Overcoring Method—USBM Borehole Deforma-
tion Gage

D 4623 – 02 Test Method for Determination of In-Situ Stress in Rock
Mass by Overcoring Method—USBM Borehole Deforma-
tion Gage

D 4630 – 96 Test Method for Determining Transmissivity and Storativity of
Low Permeability Rocks by In-Situ Measurements Using
the Constant Head Injection Test

D 4631 – 86 Test Method for Determining Transmissivity and Storativity of
Low Permeability Rocks by In-Situ Measurements Using
the Pressure Pulse Technique

D 4633 – 86 Test Method for Stress Wave Energy Measurement for Dy-
namic Penetrometer Testing Systems, Discontinued 1998

D 4638 – 86 Guide for Preparation of Biological Samples for Inorganic
Chemical Analysis (Vol 11.01)

D 4643 – 93 Method for Determination of Water (Moisture) Content of
Soil by the Microwave Oven Method

D 4645 – 87 Test Method for Determination of the In-Situ Stress in Rock
Using the Hydraulic Fracturing Method

D 4647 – 94 Test Method for Identification and Classification of Disper-
sive Clay Soils by the Pinhole Test

D 4648 – 94 Test Method for Laboratory Miniature Vane Shear Test for
Saturated Fine-Grained Clayey Soil

D 4687 – 87 Guide for General Planning of Waste Sampling (Vol 11.04)
D 4696 – 92 Guide for Pore-Liquid Sampling from the Vadose Zone
D 4700 – 91 Guide for Soil Sampling from the Vadose Zone
D 4719 – 87 Test Method for Pressuremeter Testing in Soils
D 4729 – 87 Test Method for In Situ Stress and Modulus of Deformation

Using the Flatjack Method
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D 4750 – 87 Test Method for Determining Subsurface Liquid Levels in a
Borehole or Monitoring Well (Observation Well)

D 4767 – 88 Test Method for Consolidated-Undrained Triaxial Compres-
sion Test on Cohesive Soils

D 4767 – 02 Test Method for Consolidated-Undrained Triaxial Compres-
sion Test on Cohesive Soils

D 4793 – 93 Test Method for Sequential Batch Extraction of Waste with
Water (Vol 11.04)

D 4822 – 88 Guide for Selection of Methods of Particle Size Analysis of
Fluvial Sediments (Manual Methods) (Vol 11.02)

D 4823 – 95 Guide for Core-Sampling Submerged, Unconsolidated Sedi-
ments (Vol 11.02)

D 4840 – 99 Guide for Sample Chain of Custody Procedure (Vol 11.01)
D 4841 – 88 Practice to Estimation of Holding Time for Water Samples

Containing Organic and Inorganic Constituents (Vol 11.01)
D 4842 – 90 Test Method for Determining the Resistance of Solid Wastes

to Freezing and Thawing (Vol 11.04)
D 4843 – 88 Test Method for Wetting and Drying Test of Solid Waste (Vol

11.04)
D 4844 – 88 Guide for Air Monitoring at Waste Management Facilities for

Worker Protection (Vol 11.04)
D 4861 – 00 Practice for Sampling and Selection of Analytical Techniques

for Pesticides and Polychlorinated Biphenyls in Air (Vol
11.03)

D 4879 – 89 Guide for Geotechnical Mapping of Large Underground
Openings in Rock

D 4879 – 02 Guide for Geotechnical Mapping of Large Underground
Openings in Rock

D 4914 – 89 Test Method for Density of Soil and Rock in Place by the
Sand Replacement Method in a Test Pit, (soils with par-
ticles larger than 3 in. (76 mm))

D 4943 – 95 Test Method for Shrinkage Factors of Soils by the Wax
Method

D 4943 – 02 Test Method for Shrinkage Factors of Soils by the Wax
Method

D 4944 – 98 Test Method for Field Determination of Water (Moisture)
Content of Soil by the Calcium Carbide Gas Pressure
Tester Method

D 4959 – 89 Test Method for Determination of Water (Moisture) Content
of Soil by Direct Heating Method

D 4971 – 89 Test Method for Determining the In-Situ Modulus of Defor-
mation of Rock Using the Diametrically Loaded 76-mm
(3-in.) Borehole Jack

D 4971 – 02 Test Method for Determining the In-Situ Modulus of Defor-
mation of Rock Using the Diametrically Loaded 76-mm
(3-in.) Borehole Jack

D 4972 – 95a Test Method for pH of Soils
D 4978 – 95 Test Method for Screening of Reactive Sulfide in Waste (Vol

11.04)
D 4979 – 95 Test Method for Physical Description Screening Analysis in

Waste (Vol 11.04)
D 4980 – 89 Test Method for Screening of pH in Waste (Vol 11.04)
D 4981 – 89 Test Method for Screening of Oxidizers in Waste (Vol 11.04)
D 4982 – 89 Test Method for Flammability Potential Screening Analysis of

Waste (Vol 11.04)
D 5012 – 89 Guide for Preparation of Materials Used for the Collection

and Preservation of Atmospheric Wet Deposition (Vol
11.03)

D 5013 – 89 Practices for Sampling Wastes from Pipes and Other Point
Discharges (Vol 11.04)

D 5030 – 89 Test Method for Density of Soil and Rock in Place by the
Water Replacement Method in a Test Pit

D 5049 – 90 Test Method for Screening of Cyanides in Waste (Vol 11.04),
Discontinued 1999

D 5057 – 90 Test Method for Screening of Apparent Specific Gravity and
Bulk Density of Waste (Vol 11.04)

D 5059 – 98 Test Methods for Compatibility Screening Analysis of Waste
(Vol 11.04)

D 5073 – 90 Practice for Depth Measurement of Surface Water (Vol
11.02)

D 5073 – 02 Practice for Depth Measurement of Surface Water (Vol
11.02)

D 5089 – 90 Test Method for Velocity Measurements of Water in Open
Channels with Electromagnetic Current Meters (Vol 11.01)

D 5079 – 02 Test Method for Velocity Measurements of Water in Open
Channels with Electromagnetic Current Meters (Vol 11.01)

D 5079 – 90 Practices for Preserving and Transporting Rock Core
Samples
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D 5080 – 93 Test Method for Rapid Determination of Percent Compaction
D 5084 – 90 Test Method for Hydraulic Conductivity of Saturated Porous

Materials Using a Flexible Wall Permeameter (low perme-
ability materials <1 3 10−3 cm/s)

D 5088 – 02 Practice for Decontamination of Field Equipment Used at
NonRadioactive Waste Sites

D 5088 – 90 Practice for Decontamination of Field Equipment Used at
NonRadioactive Waste Sites

D 5089 – 90 Test Method for Velocity Measurements of Water in Open
Channels with Electromagnetic Current Meters (Vol 11.01)

D 5092 – 90 Recommended Practice for Design and Installation of
Ground Water Monitoring Wells in Aquifers

D 5092 – 02 Recommended Practice for Design and Installation of
Ground Water Monitoring Wells in Aquifers

D 5093 – 90 Test Method for Field Measurement of Infiltration Rate Using
a Double-Ring Infiltrometer with a Sealed-Inner Ring

D 5093 – 02 Test Method for Field Measurement of Infiltration Rate Using
a Double-Ring Infiltrometer with a Sealed-Inner Ring

D 5096 – 96 Test Method for Determining the Performance of a Cup An-
emometer or Propeller Anemometer (Vol 11.03)

D 5096 – 02 Test Method for Determining the Performance of a Cup An-
emometer or Propeller Anemometer (Vol 11.03)

D 5111 – 99 Guide for Choosing Locations and Sampling Methods to
Monitor Atmospheric Deposition at Non-Urban Locations
(Vol 11.03)

D 5126 – 90 Guide for Comparison of Field Methods for Determining Hy-
draulic Conductivity in the Vadose Zone (saturated:
single-/double-ring infiltrometer, double-tube, air-entry per-
meameter, borehole permeameter (constant head-
borehole infiltration, Guelph permeameter), empirical; un-
saturated: instantaneous profile, crust, empirical)

D 5129 – 95 Test Method for Open Channel Flow Measurement of Water
Indirectly by Using Width Contractions (Vol 11.01)

D 5130 – 95 Test Method for Open Channel Flow Measurement of Water
Indirectly by Slope-Area Method (Vol 11.01)

D 5143 – 91 Test Method for Analysis of Nitroaromatic and Nitramine Ex-
plosive in Soil by High Performance Liquid Chromatogra-
phy

D 5195 – 91 Test Method for Determination of Density of Soil and Rock
In-Place at Depths Below the Surface by Nuclear Methods
(gamma-gamma, >12 in. (305 mm))

D 5195 – 02 Test Method for Determination of Density of Soil and Rock
In-Place at Depths Below the Surface by Nuclear Methods
(gamma-gamma, >12 in. (305 mm))

D 5220 – 92 Test Method for Water Content of Soil and Rock In-Place by
the Neutron Depth Probe Method

D 5220 – 02 Test Method for Water Content of Soil and Rock In-Place by
the Neutron Depth Probe Method

D 5232 – 92 Test Method for Determining the Stability and Miscibility of a
Solid, Semi-Solid, or Liquid Waste Material (Vol 11.04)

D 5233 – 92 Test Method for Single Batch Extraction Methods for Wastes
(Vol 11.04)

D 5239 – 98 Practice for Characterizing Fly Ash for Use in Soil Stabiliza-
tion

D 5241 – 92 Practice for Micro-Extraction of Water for the Analysis of
Volatile and Semi-Volatile Organic Compounds in Water
(Vol 11.02)

D 5242 – 92 Test Method for Open Channel Flow Measurement of Water
Indirectly at Culverts (Vol 11.01)

D 5243 – 92 Test Method for Open Channel Flow Measurements of Wa-
ter Indirectly at Culverts (Vol 11.01)

D 5435 – 93 Test Method for Diagnostic Soil Test for Plant Growth and
Food Chain Protection

D 5254 – 92 Practice for the Minimum Set of Data Elements to Identify a
Ground Water Site

D 5255 – 01 Practice for Certification of Personnel Engaged in the Test-
ing of Soil and Rock

D 5269 – 96 Test Method for Determining Transmissivity of Non-Leaky
Confined Aquifers by the Theis Recovery Method

D 5270 – 96 Test Method for Determining Transmissivity and Storage Co-
efficient of Bounded, Nonleaky Confined Aquifers

D 5283 – 92 Practice for Generation of Environmental Data Related to
Waste Management Activities: Quality Assurance and
Quality Control Planning and Implementation (Vol 11.04)

D 5284 – 93 Test Method for Sequential Batch Extraction of Waste with
Acidic Extraction Fluid (Vol 11.04)

D 5298 – 94 Test Method for Measurement of Soil Potential (Suction) Us-
ing Filter Paper
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D 5299 – 92 Guide for the Decommissioning of Ground Water Wells, Va-
dose Zone Monitoring Devices, Boreholes and Other De-
vices for Environmental Activities

D 5311 – 92 Test Method for Load Controlled Cyclic Triaxial Strength of
Soil

D 5314 – 92 Guide for Soil Gas Monitoring in the Vadose Zone
D 5334 – 00 Test Method for Determination of Thermal Conductivity of

Soil and Rock by Thermal Needle Probe Procedure
D 5335 – 99 Test Method for Linear Coefficient of Thermal Expansion of

Rock Using Bonded Electric Resistance Strain Gages
D 5337 – 97 Practice for Flow Rate for Calibration of Personal Sampling

Pumps (Vol 11.03)
D 5358 – 93 Practice for Sampling with a Dipper or Pond Sampler (Vol

11.04)
D 5366 – 96 Test Method for Determining the Dynamic Performance of a

Wind Vane (Vol 11.03)
D 5368 – 93 Test Method for the Gravimetric Determination of Total Sol-

vent Extractable Content (TSEC) of Solid Waste Samples
(Vol 11.04)

D 5369 – 93 Test Method for the Extraction of Solid Waste Samples for
Chemical Analysis Using Soxhlet Extraction (Vol 11.04)

D 5387 – 93 Guide for Elements of a Complete Data Set for Non-
Cohesive Sediments (Vol 11.02)

D 5388 – 93 Test Method for Measurement of Discharge by Step-
Backwater Method (Vol 11.01)

D 5389 – 93 Test Method for Open Channel Flow Measurement by
Acoustic Velocity Meter Systems (Vol 11.02)

D 5390 – 93 Test Method for Open Channel Flow Measurement of Water
with Palmer-Bowlus Flumes (Vol 11.02)

D 5407 – 93 Test Method for Elastic Moduli of Undrained Intact Rock
Core Specimens in Triaxial Compression Without Pore
Pressure Measurement

D 5408 – 93 Guide for the Set of Data Elements to Describe a Ground-
Water Site, Part 1—Additional Identification Descriptors

D 5409 – 93 Guide for the Set of Data Elements to Describe a Ground-
Water Site, Part 2—Physical Descriptors

D 5410 – 93 Guide for the Set of Data Elements to Describe a Ground-
Water Site, Part 3—Usage Descriptors

D 5413 – 93 Test Methods for Measurement of Water Levels in Open-
Water Bodies (Vol 11.01)

D 5434 – 93 Guide for Field Logging of Subsurface Explorations of Soil
and Rock

D 5447 – 93 Guide for Application of a Ground-Water Flow Model to a
Site Specific Problem

D 5451 – 93 Practice for Sampling Using a Trier Sampler (Vol 11.04)
D 5462 – 93 Test Method for On-Line Measurement of Low Level Dis-

solved Oxygen in Water (Vol 11.01)
D 5462 – 02 Test Method for On-Line Measurement of Low Level Dis-

solved Oxygen in Water (Vol 11.01)
D 5463 – 93 Guide for the Use of Test Kits to Measure Inorganic Con-

stituents in Water (Vol 11.02)
D 5464 – 93 Test Methods for pH Measurement of Water of Low Conduc-

tivity (Vol 11.01)
D 5465 – 93 Practices for Counting, Calculating, and Reporting Microbial

Colonies in Water (Vol 11.02)
D 5466 – 93 Test Methods for the Determination of Volatile Organic

Chemicals in Atmospheres (Canister Sampling Methodol-
ogy) (Vol 11.03)

D 5472 – 93 Test Method for Determining Specific Capacity and Estimat-
ing Transmissivity at the Control Well

D 5473 – 93 Test Method (Analytical Procedure) for Analyzing the Effects
of Partial Penetration of Control Well and Determining the
Horizontal and Vertical Hydraulic Conductivity in a Non-
leaky Aquifer

D 5474 – 93 Guide for Selection of Data Elements for Ground-Water In-
vestigations

D 5490 – 93 Guide for Comparing Ground-Water Flow Model Simulations
to Site-Specific Information

D 5495 – 94 Practice for Sampling with a Composite Liquid Waste Sam-
pler (COLIWASA) (Vol 11.04)

D 5518 – 94 Guide for Acquisition of File Aerial Photography and Imagery
for Establishing Historic Site-Use and Surficial Conditions

D 5520 – 94 Test Method for Laboratory Determination of Creep Proper-
ties of Frozen Soil Samples by Uniaxial Compression

D 5521 – 94 Guide for Development of Ground-Water Monitoring Wells in
Granular Aquifers

D 5730 – 024

28



D 5522 – 99a Specification for Minimum Requirements for Laboratories
Engaged in Chemical Analysis of Soil, Rock and Con-
tained Fluid

D 5527 – 94 Practice for Measuring Surface Wind and/or Temperature by
Acoustic Means (Vol 11.03)

D 5540 – 94a Practice for Flow Control and Temperature Control for On-
Line Water Sampling and Analysis (Vol 11.01)

D 5541 – 94 Practice for Developing a Stage-Discharge Relation for
Open Channel Flow (Vol 11.01)

D 5542 – 94 Test Methods for Low Level Dissolved Oxygen in Water (Vol
11.01)

D 5549 – 94 Guide for Reporting Geostatistical Site Investigations
D 5550 – 00 Test Method for Specific Gravity of Soils Solids by Gas Pyc-

nometer
D 5607 – 95 Test Method for Performing Laboratory Direct Shear

Strength Tests of Rock Specimens under Constant Normal
Force

D 5607 – 02 Test Method for Performing Laboratory Direct Shear
Strength Tests of Rock Specimens under Constant Normal
Force

D 5608 – 94 Standard Practice for the Decontamination of Field Equip-
ment Used at Low Level Radioactive Waste Sites

D 5609 – 94 Guide for Defining Boundary Conditions in Ground-Water
Flow Modeling

D 5610 – 94 Guide for Defining Initial Conditions in Ground-Water Flow
Modeling

D 5611 – 94 Guide for Conducting a Sensitivity Analysis for a Ground-
Water Flow Model Application

D 5612 – 94 Guide for the Quality Planning and Field Implementation of a
Water Quality Measurement Program (Vol 11.01)

D 5613 – 94 Test Method for Open Channel Measurements of Time of
Travel Using Dye Tracers (Vol 11.02)

D 5614 – 94 Test Method for Open Channel Flow Measurement of Water
with Broad-Crested Weirs (Vol 11.02)

D 5633 – 94 Practice for Sampling with a Scoop (Vol 11.04)
D 5640 – 95 Guide for Selection of Weirs and Flumes for Open Channel

Flow Measurement of Water (Vol 11.02)
D 5658 – 95 Practice for Sampling Unconsolidated Waste from Trucks

(Vol 11.04)
D 5674 – 95 Guide for Operations of a Gaging Station (Vol 11.02)
D 5679 – 95a Practice for Sampling Consolidated Solids in Drums or Simi-

lar Containers (Vol 11.04)
D 5680 – 95a Practice for Sampling Unconsolidated Solids in Drums or

Similar Containers (Vol 11.04)
D 5681 – 98a Terminology for Waste and Waste Management (Vol 11.04)
D 5714 – 95 Specification for Digital Geospatial Metadata
D 5715 – 95 Test Method for Estimating the Degree of Humification of

Peat and Other Organic Soils (Visual/Manual Method)
D 5716 – 95 Test Method to Measure the Rate of Well Discharge by Cir-

cular Orifice Weir
D 5717 – 95 Guide for the Design of Ground-Water Monitoring Systems

in Karst and Fractured-Rock Aquifers
D 5718 – 95 Guide for Documenting a Ground-Water Flow Model Applica-

tion
D 5719 – 95 Guide to Simulation of Subsurface Air Flow Using Ground-

Water Flow Modeling Codes
D 5720 – 95 Practice for Static Calibration of Electronic Transducer-

Based Pressure Measurements Systems for Geotechnical
Purposes

D 5731 – 95 Test Method for Determination of the Point Load Strength
Index of Rock

D 5731 – 02 Test Method for Determination of the Point Load Strength
Index of Rock

D 5737 – 95 Guide to Methods for Measuring Well Discharge
D 5738 – 95 Guide for Displaying the Results of Chemical Analyses of

Ground Water for Major Ions and Trace Elements—
Diagrams for Single Analyses

D 5741 – 96 Practice for Characterizing Surface Wind Using a Wind Vane
and Rotating Anemometer (Vol 11.03)

D 5743 – 95 Practice for Sampling Single or Multilayered Liquids, With or
Without Solids in Drums or Similar Containers (Vol 11.04)

D 5745 – 95 Guide for Developing and Implementing Short-Term Mea-
sures or Early Actions for Site Remediation (Vol 11.04)

D 5746 – 98 Classification of Environmental Condition of Property Area
Types (Vol 11.04)

D 5753 – 95 Guide for Planning and Conducting Borehole Geophysical
Logging
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D 5754 – 95 Guide for Displaying the Results of Chemical Analyses of
Ground Water for Major Ions and Trace Elements—
Trilinear and Other Multi-Coordinate Diagrams

D 5759 – 95 Guide for Characterization of Coal Fly Ash and Clean Coal
Combustion Fly Ash for Potential Use (Vol 11.04)

D 5765 – 95 Practice for Solvent Extraction of Total Petroleum Hydrocar-
bons from Soils and Sediments Using Closed Vessel Mi-
crowave Heating (Vol 11.01)

D 5777 – 95 Guide for Using the Seismic Refraction Method for Subsur-
face Investigations

D 5778 – 95 Test Method for Performing Electric Friction Cone and Pi-
ezocone Penetration Testing of Soils

D 5781 – 95 Guide for Use of Dual-Wall Reverse-Circulation Drilling for
Geoenvironmental Exploration and Installation of Subsur-
face Water-Quality Monitoring Devices

D 5782 – 95 Guide for Use of Direct Air-Rotary Drilling for Geoenviron-
mental Exploration and Installation of Subsurface Water-
Quality Monitoring Devices

D 5783 – 95 Guide for Use of Direct Rotary Drilling with Water-Based
Drilling Fluid for Geoenvironmental Exploration and Instal-
lation of Subsurface Water-Quality Monitoring Devices

D 5784 – 95 Guide for Use of Hollow-Stem Augers for Geoenvironmental
Exploration and Installation of Subsurface Water-Quality
Monitoring Devices

D 5785 – 95 Test Method (Analytical Procedure) for Determining Trans-
missivity of Confined Nonleaky Aquifers by Under-Damped
Well Response to Instantaneous Change in Head (Slug
Test)

D 5786 – 95 Practice (Field Procedure) for Constant Drawdown Tests in
Flowing Wells for Determining Hydraulic Properties of
Aquifer Systems

D 5787 – 95 Practice for Monitoring Well Protection
D 5789 – 95 Practice for Writing Quality Control Specifications for Stan-

dard Test Methods for Organic Constituents (Vol 11.01)
D 5791 – 95 Guide for Using Probability Sampling Methods in Studies of

Indoor Air Quality of Buildings (Vol 11.03)
D 5792 – 95 Practice for Generation of Environmental Data Related to

Waste Management Activities: Development of Data Qual-
ity Objectives (Vol 11.04)

D 5792 – 02 Practice for Generation of Environmental Data Related to
Waste Management Activities: Development of Data Qual-
ity Objectives (Vol 11.04)

D 5829 – 96 Guide for Preparing a Training Program for Environmental
Analytical Laboratories (Vol 11.04)

D 5831 – 96 Test Method for Screening Fuels in Soils (Vol 11.04)
D 5835 – 95 Practice for Sampling Stationary Source Emissions for the

Automated Determination of Gas Concentrations (Vol
11.03)

D 5850 – 95 Test Method for (Analytical Procedure) for Determining
Transmissivity, Storage Coefficient, and Anisotropy Ratio
from a Network of Partially Penetrating Wells

D 5851 – 95 Guide for Planning and Implementing a Water Monitoring
Program (Vol 11.02)

D 5852 – 95 Test Method for Erodibility Determination of Soil in the Field
or in the Laboratory by the Jet Index Method

D 5855 – 95 Test Method for (Analytical Procedure) for Determining
Transmissivity and Storage Coefficient of a Confined Non-
leaky or Leaky Aquifer by the Constant Drawdown Method
in a Flowing Well

D 5856 – 95 Test Method for Measurement of Hydraulic Conductivity of
Porous Material Using a Rigid-Wall, Compaction-Mold
Permeameter

D 5872 – 95 Guide for Use of Casing Advancement Drilling Methods for
Geoenvironmental Exploration and Installation of Subsur-
face Water-Quality Monitoring Devices

D 5873 – 00 Test Method for Determination of Rock Hardness by the Re-
bound Hammer Method

D 5874 – 95 Test Method for Determination of the Impact Value (IV) of a
Soil

D 5874 – 02 Test Method for Determination of the Impact Value (IV) of a
Soil

D 5875 – 95 Guide for Use of Cable-Tool Drilling and Sampling Methods
for Geoenvironmental Exploration and Installation of Sub-
surface Water-Quality Monitoring Devices

D 5876 – 95 Guide for Use of Direct Rotary Wireline Casing Advance-
ment Drilling Methods for Geoenvironmental Exploration
and Installation of Subsurface Water-Quality Monitoring
Devices
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D 5877 – 95 Guide for Displaying the Results of Chemical Analyses of
Ground Water for Major Ions and Trace Elements—
Diagrams Based on Data Analytical Calculations

D 5878 – 00 Guide for Using Rock-Mass Classification Systems for Engi-
neering Purposes

D 5879 – 95 Practice for Surface Site Characterization for On-Site Septic
Systems

D 5880 – 95 Guide for Subsurface Flow and Transport Modeling
D 5881 – 95 Test Method (Analytical Procedure) for Determining Trans-

missivity of Confined Nonleaky Aquifers by Critically
Damped Well Response to Instantaneous Change in Head
(Slug Test)

D 5903 – 96 Guide for Planning and Preparing for a Ground-Water Sam-
pling Event

D 5905 – 98 Specification for Substitute Wastewater (Vol 11.01)
D 5906 – 02 Guide for Measuring Horizontal Positioning During Measure-

ments of Surface Water Depths
D 5907 – 96a Test Method for Filterable and Non-Filterable Matter in Water

(Vol 11.01)
D 5909 – 96a Guide for Measuring Horizontal Positioning During Measure-

ments of Surface Water Depths (Vol 11.01)
D 5911 – 96 Practice for a Minimum Set of Data Elements to Describe a

Soil Sampling Site
D 5912 – 96 Test Method (Analytical Procedure) for Determining Hydrau-

lic Conductivity of an Unconfined Aquifer by Overdamped
Well Response to Instantaneous Change in Head (Slug
Test)

D 5918 – 96 Test Methods for Frost Heave and Thaw Weakening Sus-
ceptibility of Soils

D 5920 – 96 Test Method (Analytical Procedure) for Tests of Anisotropic
Unconfined Aquifers by the Neuman Method

D 5921 – 96 Practice for Subsurface Site Characterization of Test Pits for
On-Site Septic Systems

D 5922 – 96 Guide for Analysis of Spatial Variation in Geostatistical Site
Investigations

D 5923 – 96 Guide for the Selection of Kriging Methods in Geostatistical
Site Investigations

D 5924 – 96 Guide for the Selection of Simulation Approaches in Geo-
statistical Site Investigations

D 5925 – 96 Practice for Preliminary Sizing and Delineation of Soil Ab-
sorption Field Areas for On-Site Septic Systems

D 5928 – 96 Test Method for the Screening of Waste for Radioactivity
(Vol 11.04)

D 5956 – 96 Guide for Sampling Strategies for Heterogeneous Wastes
(Vol 11.04)

D 5978 – 96 Guide for Maintenance and Rehabilitation of Ground Water
Monitoring Wells

D 5979 – 96 Guide for Conceptualization and Characterization of Ground
Water Flow Systems

D 5980 – 96 Guide for Selection and Documentation of Existing Wells for
Use in Environmental Site Characterization and Monitoring

D 5981 – 96 Guide for Calibrating a Ground-Water Flow Model Applica-
tion

D 5995 – 98 Guide for Environmental Site Characterization in Cold Re-
gions

D 6000 – 96 Guide for the Presentation of Water-Level Information From
Ground Water Sites

D 6001 – 96 Guide for Direct Push Water Sampling for Geoenvironmental
Investigations

D 6008 – 96 Practice for Conducting Environmental Baseline Surveys
(Vol 11.04)

D 6009 – 96 Guide for Sampling Waste Piles (Vol 11.04)
D 6011 – 96 Test Method for Determining the Performance of a Sonic

Anemometer/Thermometer (Vol 11.03)
D 6025 – 96 Guide for Developing and Evaluating Ground-Water Model-

ing Codes
D 6026 – 99 Practice for Using Significant Digits in Calculating and Re-

porting Geotechnical Test Data
D 6027 – 96 Practice for Calibrating Linear Displacement Transducers for

Geotechnical Purposes
D 6028 – 96 Test Method (Analytical Procedure) for Determining Hydrau-

lic Properties of a Confined Aquifer Taking Into Consider-
ation Storage of Water in Leaky Confining Beds by the
Modified Hantush Method

D 6029 – 96 Test Method (Analytical Procedure) for Determining Hydrau-
lic Properties of a Confined Aquifer and a Leaky Confining
Bed With Negligible Storage by the Hantush-Jacob
Method
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D 6030 – 96 Guide to Selection of Methods for Assessing Ground Water
or Aquifer Sensitivity and Vulnerability

D 6031 – 96 Test Method for Logging In Situ Moisture Content and Den-
sity of Soil and Rock by the Nuclear Method in Horizontal,
Slanted and Vertical Tubes

D 6032 – 96 Test Method for Determining Rock Quality Designation
(RDQ) of Rock Core

D 6032 – 02 Test Method for Determining Rock Quality Designation
(RDQ) of Rock Core

D 6033 – 96 Guide for Describing the Functionality of a Ground-Water
Modeling Code

D 6034 – 96 Test Method (Analytical Procedure) for Determining the Effi-
ciency of a Production Well in A Confined Aquifer From a
Constant Rate Pumping Test

D 6035 – 96 Test Method for Determining the Effect of Freeze-Thaw on
the Hydraulic Conductivity of Compacted or Undisturbed
Soil Specimens Using a Flexible Wall Permeameter

D 6035 – 02 Test Method for Determining the Effect of Freeze-Thaw on
the Hydraulic Conductivity of Compacted or Undisturbed
Soil Specimens Using a Flexible Wall Permeameter

D 6036 – 96 Guide for Displaying the Results of Chemical Analyses of
Ground Water for Major Ions and Trace Elements–Use of
Maps

D 6044 – 96 Guide for Representative Sampling and Management of
Waste and Contaminated Media (Vol 11.04)

D 6051 – 96 Guide for Composite Sampling and Field Subsampling For
Environmental Waste Management Activities (Vol 11.04)

D 6061 – 96 Practice for Evaluating the Performance of Respirable Aero-
sol Samplers (Vol 11.03)

D 6062M – 96 Guide for Personal Samplers of Health-Related Aerosol
Fractions (Metric) (Vol 11.01)

D 6063 – 96 Guide for Sampling of Drums and Similar Containers By
Field Personnel (Vol 11.04)

D 6066 – 96 Practice for Determining the Normalized Penetration Resis-
tance of Sand for Liquefaction Potential Evaluation

D 6067 – 96 Guide for Using the Electronic Cone Penetrometer for Envi-
ronmental Site Characterization

D 6089 – 97 Guide for Documenting a Ground-Water Sampling Event
D 6106 – 97 Guide for Establishing the Nomenclature of Ground-Water

Aquifers
D 6145 – 97 Guide for Monitoring Sediment in Watersheds (Vol 11.02)
D 6146 – 97 Guide for Monitoring Aqueous Nutrients in Watersheds (Vol

11.02)
D 6151 – 97 Practice for Using Hollow-Stem Augers for Geotechnical Ex-

ploration and Soil Sampling
D 6167 – 97 Guide for Conducting Borehole Geophysical Logging-

Mechanical Caliper
D 6168 – 97 Guide for Selection of the Minimum Set of Data Elements

Required to Identify Locations Chosen for the Field Col-
lection of Information to Describe Soil, Rock, and their
Contained Fluids

D 6169 – 98 Guide for Selection of Soil and Rock Sampling Devices
Used with Drill Rigs for Environmental Investigations

D 6170 – 97 Guide for Selecting a Ground-Water Modeling Code
D 6171 – 97 Guide for Documenting a Ground-Water Modeling Code
D 6176M – 97 Practice for Measuring Surface Atmospheric Temperature

with Electrical Temperature Sensors (Metric) (Vol 11.03)
D 6187 – 97 Practice for Cone Penetrometer Technology Characterization

of Petroleum Contaminated Site with Nitrogen Lase-
Induced Fluorescence

D 6196 – 97 Practice for Selection of Sorbents and Pumped Sampling/
Thermal Desorption Analysis Procedures for Volatile Or-
ganic Compounds In Air (Vol 11.03)

D 6209 – 98 Test Method for Determination of Gaseous and Particulate
Polycyclic Aromatic Hydrocarbons in Ambient Air (Collec-
tion on sorbent-Backed Filters with Gas Chromatographic/
Mass Spectrometric Analysis) (Vol 11.03)

D 6232 – 00 Guide for Selection of Sampling Equipment for Waste and
Contaminated Media Data Collection Activities (Vol 11.04)

D 6233 – 98 Guide for Data Assessment for Environmental Waste Man-
agement Activities (Vol 11.04)

D 6235 – 98a Practice for Expedited Site Characterization of Vadose Zone
and Ground Water Contamination at Hazardous Waste
Contaminated Sites

D 6236 – 98 Guide for Coring and Logging Cement-or Lime- Stabilized
Soil

D 6246 – 98 Practice for Evaluating the Performance of Diffusive Sam-
plers (Vol 11.03)
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D 6246 – 02 Practice for Evaluating the Performance of Diffusive Sam-
plers (Vol 11.03)

D 6250 – 98 Practice for Derivation of Decision Point and Confidence
Limit for Statistical Testing of Mean Concentration in
Waste Management Decisions (Vol 11.04)

D 6274 – 98 Guide for Conducting Borehole Geophysical Logging-
Gamma

D 6282 – 98 Guide for Direct Push Soil Sampling for Environmental Site
Characterizations

D 6285 – 99 Guide for SLocating Abandoned Wells
D 6286 – 98 Guide for Selection of Drilling Methods for Environmental

Site Characterization
D 6311 – 98 Guide for Generation of Environmental Data Related to

Waste Management Activities: Selection and Optimization
of Sampling Design (Vol 11.04)

D 6312 – 98 Guide for Developing Appropriate Statistical Approaches for
Ground-Water Detection Monitoring Programs

D 6318 – 98 Practice for Calibrating a Fathometer Using a Bar Check
Method (Vol 11.01)

D 6323 – 98 Guide for Laboratory Subsampling of Media Related to
Waste Management Activities (Vol 11.04)

D 6326 – 98 Practice for the Selection of Maximum Transit-Rate Ratios
and Depths for the U.S. Series of Isokinetic Suspended-
Sediment Samplers (Vol 11.01)

D 6331 – 98 Test Method for Determination of Mass Concentration of
Particulate Matter from Stationary sources at Low Con-
centrations Manual Gravimetric Method (Vol 11.03)

D 6345 – 98 Guide for Selection of Method for Active, Integrative Sam-
pling of Volatile Organic Compounds in Air (Vol 11.03)

D 6348 – 98 Test Method for Determination of Gaseous Compounds by
Extractive Direct Interface Fourier Transform Infrared FTIR
Spectroscopy (Vol 11.03)

D 6391 – 99 Test Method for Field Measurement of Hydraulic Conductiv-
ity Limits of Porous Materials UsingTwo Stages of Infiltra-
tion from a Borehole

D 6418 – 99 Practice for Using the Disposable En-Core Sampler for
Sampling and Storing Soil For Volatile Organic Analysis
(Vol 11.04)

D 6429 – 99 Guide for Selecting Surface Geophysical Methods
D 6430 – 99 Guide forUsing the Gravity Method for Subsurface Investiga-

tion
D 6431 – 99 Guide for Using the Direct Current Resistivity Method for

Subsurface Investigation
D 6432 – 99 Guide for Using the Surface Ground Penetrating Radar

Method for Subsurface Investigation
D 6452 – 99 Guide for Purging Methods for Wells Used for Ground-Water

Quality Investigations
D 6453 – 99 Guide for Format of Computerized Exchange of Soil and

Rock Test Data
D 6467 – 99 Test Method for Torsional Ring Shear Test to Determine

Drained Residual Shear Strength of Cohesive Soils
D 6517 – 00 Guide for Field Preservation of Ground-Water Samples
D 6519 – 00 Practice for Sampling of Soils Using Hydraulically Operated

Stationary Piston Sampler
D 6519 – 02 Practice for Sampling of Soils Using Hydraulically Operated

Stationary Piston Sampler
D 6527 – 00 Test Method for Determining Unsaturated and Saturated Hy-

draulic Conductivity in Porous Media by State-State Cen-
trifugation

D 6528 – 00 Test Method for Consolidated Undrained Direct Simple
Shear Testing of Cohesive Soils

D 6538 – 00 Guide forSampling Wastewater with Automatic Samplers
(Vol 11.04)

D 6539 – 00 Test Method for Measurement of Pneumatic Permeability of
Partially Saturated Porous Materials by Flowing Air

D 6552 – 00 Practive for Controlling and Characterizing Errors in Weigh-
ing Collected Aerosols (Vol 11.03)

D 6564 – 00 Guide for Field Filtration of Ground-Water Samples
D 6565 – 00 Test Method for Determination of Water (Moisture) Content

of Soil by the Time-Domain Reflectometry (TDR) Method
D 6568 – 006 Guide for Planning, Carrying Out, and Reporting Traceable

Chemical Analyses of Water Samples (Vol 11.01)
D 6569 – 00 Test Method for On-Line Measurement of pH (Vol 11.01)
D 6572 – 00 Test Method for Determining Dispersive Characteristics of

Clayey Soils by the Crumb Test
D 6582 – 00 Guide for Ranked Set Sampling: Efficient Estimation of a

Mean Concentration in Environmental Sampling (Vol
11.04)
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D 6597 – 00 Practice for Assessment of Attaining Clean Up Level for Site
Closure (Vol 11.04)

D 6634 – 01 Guide for the Selection of Purging and Sampling Devices for
Ground-Water Monitoring Wells

D 6639 – 01 Guide for Using the Frequency Domain Electromagnetic
Method for Subsurface Investigations

D 6640 – 01 Practice for Collection and Handling of Soils Obtained in
Core Barrel Samplers for Environmental Investigations

D 6642 – 01 Guide for Comparison of Techniques to Quantify the Soil-
Water Moisture Flux

D 6661 – 01 Practice for Field Collection of Organic Compounds from
Surfaces Using Wipe Sampling

D 6698 – 01 Test Method for On-Line Measurement of Turbidity Below 5
NTU in Water

D 6699 – 01 Practice for Sampling Liquids Using Bailers
D 6726 – 01 Guide for Conducting Borehole Geophysical Logging-

Electromagnetic Induction
D 6727 – 01 Guide for Cinducting Borehole Geophysical Logging-Neutron
D 6759 – 02 Pracitce for Sampling Liquids Using Grab and Discrete

Depth Samplers
D 6764 – 02 Guide for Collection Water Temperature, Dissolved-Oxygen

Concentrations, Specific Electrical Conducatance, and pH
Data from Open Channels

D 6820 – 02 Guide for Use of the Time Doamin Electromagnetic Method
for Subsurface Investigation

D 6836 – 02 Test Methods for Determination of the Soil Water Character-
istic Curve for Desorption Using a Hanging Column, Pres-
sure Extractor, Chilled Mirror Hygrometer, and/or Centri-
fuge

D 6724 – 01 Guide for Installation of Direct Push Ground Water Monitor-
ing Wells

D 6725 – 01 Practice for Direct Push Installation of Prepacked Screen
Monitoring Wells in Unconsolidated Aquifers

D 6758 – 02 Test Method for Measuring Stiffness and Apparent Modulus
of Soil and Soil-Aggregate In-Place by an Electro-
Mechanical Method

D 6771 – 02 Practice for Low-Flow Purging and Sampling for Wells and
Devices Used for Ground-Water Quality Investigations

D 6780 – 02 Test Method for Water Content and Density of Soil by Time
Domain Reflectometry (TDR)

D 6843 – 02 Guide for Designing Cost-Effective Sampling and Measure-
ment Plans by Use of Estimated Uncertainty and Its Com-
ponents in Waste Management Decision-Making (Vol
11.04)

D 6950 – 03 Guide for QC of Screening Methods in Water (Vol 11.02)
E 105 – 58 Practice for Probability Sampling of Materials (Vold 14.02)
E 105 – 58 Practice for Probability Sampling of Materials (Vol 14.02)
E 170 – 99 Terminology Relating to Radiation Measurements and Do-

simetry (Vol 12.02)
E 177 – 90a Practice for Use of the Terms Precision and Bias in ASTM

Test Methods (Vol 14.02)
E 178 – 94 Practice for Dealing with Outlying Observations (Vol 14.02)
E 181 – 98 General Methods for Detector Calibration and Analysis of

Radionuclides (Vol 12.02)
E 337 – 84 Test Method of Measuring Humidity with a Psychrometer

(the Measurement of Wet- and Dry-Bulb Temperatures)
(Vol 11.03)

E 380 – 92 Practice for Use of International System of Unit (SI) (Mod-
ernized Metric System) Repalced by IEEE/ASTM SI-10
(Vol 14.02)

E 678 – 98 Practice for Evaluation of Technical Data (Vol 14.02) [Fo-
cusses on product liability matters]

E 816 – 95 Test Method for Calibration of Secondary Reference Pyrheli-
ometers and Pyrheliometers for Field Use (Vol 14.04)

E 824 – 94 Test Method for Transfer of Calibration from Reference to
Field Pyranometers (Vol 14.04)

E 884 – 82 Practice for Sampling Airborne Microorganisms at Municipal
Solid Waste Processing Facilities (Vol 11.04)

E 913 – 82 Method for Calibration of Reference Pyranometers with Axis
Vertical by the Shading Method (Vol 12.02)

E 941 – 83 Test Method for Calibration of Reference Pyranometers with
Axis Tilted by the Shading Method (Vol 12.02)

E 1109 – 86 Test Method for Determining the Bulk Density of Solid Waste
Fractions (Vol 11.04)

E 1167 – 87 Guide for Radiation Protection Programs for Decommission-
ing Operations (Vol 12.02)

E 1188 – 95 Practice for Collection and Preservation of Information and
Physical Items by a Technical Investigator (Vol 14.02)
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E 1287 – 89 Guide for Aseptic Sampling of Biological Materials (Vol
11.04)

E 1370 – 96 Guide to Air Sampling Strategies for Worker and Workplace
Protection (Vol 11.03)

E 1391 – 94 Guide for Collection, Storage, Characterization, and Manipu-
lation of Sediments for Toxicological Testing (Vol 11.04)

E 1430 – 91 Guide for Using Release Detection Devices with Under-
ground Storage Tanks (Vol 11.04), Discontinued 2000

E 1526 – 93 Practice for Evaluating the Performance of Release Detec-
tion Systems for Underground Storage Tank Systems (Vol
11.04), Discontinued 2002

E 1526 – 93 Practice for Evaluating the Performance of Release Detec-
tion Systems for Underground Storage Tank Systems (Vol
11.04)

E 1527 – 00 Practice for Environmental Site Assessments: Phase 1 As-
sessment Process (Vol 11.04)

E 1528 – 00 Practice for Environmental Site Assessment Transaction
Screen Process (Vol 11.04)

E 1553 – 93 Practice for the Collection of Airborne Particulate Lead Dur-
ing Abatement and Construction Activities (Vol 04.07)

E 1599 – 94 Guide for Corrective Action for Petroleum Releases (Vol
11.04)

E 1609 – 94 Guide for Development and Implementation of a Pollution
Prevention Program (Vol 11.04)

E 1689 – 95 Guide for Developing Conceptual Site Models for Contami-
nated Sites (Vol 11.05)

E 1739 – 95 Guide for Risk-Based Corrective Action Applied at Petroleum
Release Sites (Vol 11.04)

E 1903 – 97 Guide for Environmental Site Assessments: Phase II Envi-
ronmental Site Assesment Process (Vol 11.04)

E 1912 – 98 Guide for Accelerated Site Characterization for Confirmed or
Suspected Petroleum Releases (Vol 11.04)

E 1929 – 98 Practice for Assessment of Certification Programs for Envi-
ronmental Professional: Accreditation Criteria (Vol 11.04)

E 1943 – 98 Guide for Remediation of Ground Water by Natural Attenua-
tion at Petroleum Release Sites (Vol 11.04)

E 1948 – 98 Guide for Process of Sustainable Brownfields Redevelop-
ment (Vol 11.04)

E 1983 – 98 Guide for Assessment of Wetland Functions (Vol 11.04)
E 1990 – 98 Guide for Performing Evaluations of Underground Storage

Tank Systems for Operational Conformance with 40 CFR,
Part 280 Regulations (Vol 11.04)

E 1991 – 98 Guide for Environmental Life Cycle Assessment of Building
Materials/Products (Vol 11.04)

E 2018 – 99 Guide for Property Assessments: Baseline Property Condi-
tion Assessment Process (Vol 11.04)

E 2081 – 00 Guide for Risk—Based Corrective Action (Vol 11.04)
E 2091 – 00 Guide for Use of Activity and Use Limitation, Including Insti-

tutional and Engineering Controls (Vol 11.04)
E 2107 – 00 Practice for Environmental Regulatory Compliance Audits

(Vol 11.04)
E 2137 – 01 Guide for Estimating Monetary Costs and Liabilities for Envi-

ronmental Matters (Vol 11.04)
E 2173 – 01 Guide for Disclosure of Environmental Liabilities (Vol 11.04)
E 2205 – 02 Guide for Risk—Based Corrective Action for Protection of

Ecological Resources (Vol 11.04)
E 2247 – 02 Practice for Environmental Site Assessments’ Phase I Envi-

ronmental Site Assessment Process for Forestlan or Rural
Property (Vol 11.04)

ES 38 Guide for Risk-Based Corrective Action Applied at Petroleum
Release Sites, Discontinued 1995, Repalced by E 1739

ES 40 Practice for Procedures for the Assessment of Buried Steel
Tanks Prior to the Additions of Cathodic Protection (Vol
11.04), Discontinued 1997

F 480 – 99 Specifications for Thermoplastic Water Well Casing Pipe and
Couplings Made in Standard Dimension Ratios (SDR)
SCH 40 and SCH 80 (Vol 08.04)

F 488 – 95 Test Method for On-Site Screening Heterotrophic Bacteria in
Water (Vol 11.02)

F 625 – 94 Practice for Classifying Water Bodies for Spill Control Sys-
tems (Vol 11.04)

F 1084 – 90 Guide for Sampling Oil/Water Mixtures for Oil Spill Recovery
Equipment (Vol 11.04)

G 51 – 95 Test Method for pH of Soil for Use in Corrosion Testing
G 57 – 95a Method for Field Measurement of Soil Resistivity Using the

Wenner Four-Electrode Method
PS 3 – 95 Guide for Accelerated Site Characterization for Confirmed or

Suspected Petroleum Releases (Vol 11.04)
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PS 11 – 95 Practice for Environmental Regulatory Compliance Audits
(Vol 11.04), Discontinued 1998; see E2107

PS 12 – 95 Guide for the Study and Evaluation of an Organization’s En-
vironmental Management Systems (Vol 11.04) Discontin-
ued 1998

PS 14 – 95 Practice for Lifecycle Costing for Pollution Prevention (Vol
11.04), Discontinued 1998

PS 26 – 96 Guide for Development and Implementation of a Source Re-
duction Program (Vol 11.04), Discontinued 1998

PS 47 – 95 Test Method for Screening, Qualification, and Characteriza-
tion of Total Polychlorinated Biphenyls by Room Tempera-
ture Phosphorescence (Vol 11.02), Discontinued 1998

PS 64 – 96 Guide for Developing Appropriate Statistical Approaches for
Ground-Water Detection Monitoring Programs, Discontin-
ued 1998; Replaced by D6312

PS 78 – 97 Guide for Selecting Surface Geophysical Methods, Discon-
tinued 2000; Replaced by D6429

PS 85 – 96 Guide for Expedited Site Characterization of Hazardous
Waste Contaminated Sites, Discontinued 1998; Replaced
by D6235

PS 104 – 98 Guide for Risk-Based Corrective Action (Vol 11.04), Discon-
tinued 2000; Replaced by E2081.

X1.5 ASTM Standards—Indexed in Table X1.2 (In Vol 11.05, unless otherwise specified):50

D 3731 – 87 Practice for Measurement of Chlorophyll Content of Algae in
Surface Waters

D 3978 – 80 Practice for Algal Growth Potential Testing with Selenastrum
Capricornutum

D 4131 – 84 Practice for Sampling Fish with Rotenone
D 4132 – 82 Practice for Sampling Phytoplankton with Conical Tow Nets
D 4133 – 82 Practice for Sampling Phytoplankton with Pumps
D 4134 – 82 Practice for Sampling Phytoplankton with a Clark-Bumpus

Plankton Sampler
D 4135 – 82 Practice for Sampling Phytoplankton with Depth-Integrating

Samplers
D 4136 – 82 Practice for Sampling Phytoplankton with Water-Sampling

Bottles
D 4137 – 82 Practice for Preserving Phytoplankton Samples
D 4148 – 82 Test Method for Analysis of Phytoplankton in Surface Water

by the Sedgwick-Rafter Method
D 4149 – 82 Classification for Sampling Phytoplankton in Surface Waters
D 4211 – 82 Classification for Fish Sampling
D 4319 – 93 Test Method for Distribution Ratios by the Short-Term Batch

Method (Vol 04.08)
D 4342 – 84 Practice for Collecting Benthic Macroinvertebrates with the

Ponar Grab Sampler
D 4343 – 84 Practice for Collecting Benthic Macroinvertebrates with the

Ekman Grab Sampler
D 4344 – 84 Practice for Collecting Benthic Macroinvertebrates with the

Smith-McIntyre Grab Sampler
D 4345 – 84 Practice for Collecting Benthic Macroinvertebrates with the

Van Veen Grab Sampler
D 4346 – 84 Practice for Collecting Benthic Macroinvertebrates with the

Okean 50 Grab Sampler
D 4347 – 84 Practice for Collecting Benthic Macroinvertebrates with the

Shipek (Scoop) Grab Sampler
D 4348 – 84 Practice for Collecting Benthic Macroinvertebrates with the

Holme (Scoop) Grab Sampler
D 4387 – 87 Guide for Selecting Sampling Devices for Collection Benthic

Macroinvertebrates
D 4401 – 84 Practice for Collecting Benthic Macroinvertebrates with the

Peterson Grab Sampler
D 4407 – 84 Practice for Collecting Benthic Macroinvertebrates with the

Orange Peel Grab Sampler
D 4556 – 85 Guide for Selecting Stream-Net Sampling Devices for Col-

lecting Benthic Macroinvertebrates
D 4557 – 85 Practice for Collecting Benthic Macroinvertebrates with

Surber and Related Type Samplers
D 4558 – 85 Practice for Collecting Benthic Macroinvertebrates with Drift

Nets

50 Additional exploration should be considered if there is not sufficient information
50 Prior to develop interpretative cross sections, with realistic descriptions of anticipated variations 1995 ASTM standards on biological effects and environmental fate were

published in subsurface conditions, to meet project requirements. Volume 11.04. Beginning in 1995 that volume was divided into two separate volumes: (1) Volume 11.04
(Environmental Assessment; Hazardous Substances and Oil Spill Response; Waste Management) and (2) Volume 11.05 (Biological Effects and Environmental Fate;
Biotechnology; Pesticides).
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D 4646 – 87 Test Method for 24-Hour Batch Type Measurement of Con-
taminant Sorption by Soils and Sediments

D 4874 – 95 Test Method for Leaching Solid Material Wastes in a Col-
umn Apparatus (Vol 11.04)

D 5285 – 92 Test Method for 24-Hour Batch-Type Measurements of Vola-
tile Organic Sorption by Soils and Sediment

D 5660 – 95 Test Method for Assessing the Microbial Detoxification of
Chemically Contaminated Water and Soils Using a Toxic-
ity Test with a Luminescent Marine Bacterium (Vol 11.04)

D 5929 – 96 Test Method for Determining Biodegradability of Materials
Exposed to Municipal Solid Waste Composting Conditions
by Compost Respirometry (Vol 11.04)

E 724 – 94 Guide for Conducting Static Acute Toxicity Tests Starting
with Embryos of Four Species of Saltwater Bivalve Mol-
lusks

E 729 – 88a Guide for Conducting Acute Toxicity Tests on Test Materials
with Fishes, Macroinvertebrates, and Amphibians

E 857 – 87 Practice for Conducting Subacute Dietary Toxicity Tests with
Avian Species

E 895 – 89 Practice for Determination of Hydrolysis Rate Constants of
Organic Chemicals in Aqueous Solutions

E 896 – 92 Test Method for Conducting Aqueous Direct Photolysis Tests
E 943 – 00a Terminology Relating to Biological Effects and Environmen-

tal Fate
E 978 – 92 Practice for Evaluating Environmental Fate Models of

Chemicals
E 1022 – 94 Practice for Conducting Bioconcentration Tests with Fishes

and Saltwater Bivalve Mollusks
E 1023 – 84 Guide for Assessing the Hazard of a Material to Aquatic Or-

ganisms and Their Uses
E 1062 – 86 Practice for Conducting Reproductive Studies with Avian

Species
E 1147 – 92 Test Method for Partition Coefficient (N-Octanol/Water) Esti-

mation by Liquid Chromatography
E 1148 – 87 Test Method for Measurements of Aqueous Solubility
E 1191 – 90 Guide for Conducting Life-Cycle Toxicity Tests with Saltwater

Mysids
E 1192 – 88 Guide for Conducting Acute Toxicity Tests on Aqueous Efflu-

ents with Fishes, Macroinvertebrates, and Amphibians
E 1193 – 94 Guide for Conducting Renewal Life-Cycle Toxicity Tests with

Daphnia magna
E 1194 – 87 Test Method for Vapor Pressure
E 1195 – 87 Test Method for Sorption Constant (Koc) for Organic Chemi-

cals in Soil and Sediments
E 1196 – 92 Test Method for Determining the Anaerobic Biodegradation

Potential of Organic Chemicals
E 1197 – 87 Guide for Conducting a Terrestrial Soil-Core Microcosm Test
E 1198 – 87 Practice for Sampling Zooplankton with Pumps
E 1199 – 87 Practice for Sampling Zooplankton with Clarke-Pumpus

Plankton Sampler
E 1200 – 87 Practice for Preserving Zooplankton Samples
E 1201 – 87 Practice for Sampling Zooplankton with Conical Tow Nets
E 1218 – 90 Guide for Conducting Static 96-h Toxicity Tests with Microal-

gae
E 1241 – 98 Guide to Conducting Early Life-Stage Toxicity Tests with

Fishes
E 1242 – 88 Practice for Using Octanol-Water Partition Coefficient to Es-

timate Median Lethal Concentration for Fish Due to Nar-
cosis

E 1278 – 88 Guide for Radioactive Pathway Methodology for Release of
Site Following Decommissioning (Vol 12.02)

E 1279 – 89 Test Method for Biodegradation by a Shake-Flask Die-Away
Method (Vol 11.02)

E 1295 – 89 Guide for Conducting Three-Brood Renewal Toxicity Tests
with Ceriodaphnia dubia

E 1365 – 90 Guide for Conducting Static Acute Aquiatic Toxicity Screen-
ing Tests with the Mosquito Wyoemyia smithii (Coquillett)
(Discontinued; 1994)

E 1366 – 91 Practice for Standardized Aquatic Microcosm: Fresh Water
E 1366 – 02 Practice for Standardized Aquatic Microcosm: Fresh Water
E 1367 – 99 Guide for Conducting 10-Day Static Sediment Toxicity Tests

with Marine and Estuarine Amphipods
E 1383 – 94a Guide for Conducting Sediment Toxicity Tests with Freshwa-

ter Invertebrates, Discontinued 1995
E 1391 – 94 Guide for Collection, Storage, Characterization, and Manipu-

lation of Sediments for Toxicological Testing
E 1415 – 91 Guide for Conducting Static Toxicity Tests with Lemna Gibba

G3
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E 1440 – 91 Guide for Acute Toxicity Test with the Rotifer Brachionus
E 1463 – 92 Guide for Conducting Static and Flow-Through Acute Toxic-

ity Tests with Mysids from the West Coast of the United
States

E 1468 – 92 Practice for Collecting Benthic Macroinvertebrates with the
Basket Sampler

E 1469 – 92 Practice for Collecting Benthic Macroinvertebrates with
Multiple-Plate Samplers

E 1498 – 92 Guide for Conducting Sexual Reproduction Test with Sea-
weeds

E 1525 – 94a Guide for Designing Biological Tests With Sediments (Vol
11.05)

E 1562 – 94 Guide for Conducting Acute, Chronic and Lifecycle Aquatic
Toxicity Tests with Polychateous Annelids (Vol 11.04)

E 1563 – 98 Guide for Conducting Static Acute Toxicity Tests with Echi-
noid Embroys

E 1604 – 94 Guide for Behavioral Testing in Aquatic Toxicology
E 1611 – 00 Guide for Conducting Sediment Toxicity Tests with Polycha-

etous Annelids (Vol 11.05)
E 1624 – 94 Guide for Chemical Fate in Site-Specific Sediment/Water

Microcosms
E 1625 – 94 Test Method for Determining Biodegradability of Organic

Chemicals in Semi-Continuous Activated Sludge (SCAS)
E 1676 – 95 Guide for Conducting a Laboratory Soil Toxicity Test with

Lumbricid Earthworm Ei Senia Foetida
E 1688 – 00 Guide for Determination of the Bioaccumulation of

Sediment-Associated Contaminants by Benthic Inverte-
brates

E 1706 – 00 Test Methods for Measuring the Toxicity of Sediment-
Associated Contaminates with Fresh Water Invertebrates

E 1711 – 95 Guide for the Measurement of Behavior During Fish Toxicity
Tests

E 1720 – 95 Test Method for Determining Ready, Ultimate Biodegradabil-
ity of Organic Chemicals in a Sealed Vessel CO2-
Production Test

E 1733 – 95 Guide for the Use of Lighting in Laboratory Testing
E 1768 – 95 Guide for Ventilatory Behavioral Toxicology Testing of Fresh-

water Fish
E 1798 – 96 Test Method for Assessing Treatability or Biodegradability, or

Both, of Organic Chemicals in Porous Pots (Vol 11.05)
E 1841 – 96 Guide for Conducting Renewal Phytotoxicity Test with Fresh-

water Emergent Macrophytes (Vol 11.05)
E 1963 – 98 Guide for Conducting Terrestrial Plant Toxicity Test
E 2020 – 99a Guide for Data Information Options for Conducting and Eco-

logical Risk Assessment at Contaminated Sites
E 2122 – 01 Guide for Conducting In-Situ Field Bioassays with Marine,

Estuarine and Freshwater Bivalves (Vol 11.05)
E 2172 – 01 Guide for Conducting Laboratory Soil Toxicity Test With the

Nematode Caenorhabdtis elegans

P 235 – 93 Test Method for Fluorometric Determination of Toxicity-
Induced Enzymatic Inhibition in Daphnia magna, Discon-
tinued 1995

X1.5.1 Table X1.2 identifies more than 95 standard test methods, practices and guides that address field sampling for ecological
characterization and laboratory methods, such as toxicity testing, relevant to human and ecological assesment.

X1.5.2 This guide does not specifically address laboratory methods, but Table X1.1 provides a convenient index to laboratory
methods that might be useful for testing and analysis of soil, water and waste samples collected during an environmental site
investigation. This appendix does not contain a detailed listing of laboratory methods for measurement of specific chemicals that
might be of concern in an environmental investigation. However, methods for measurement of chemical parameters that ar
routinely used in field investigations, and laboratory methods that provide information relevant to the transport and fate of
contaminants and other chemical constituents in the subsurface are included.

X1.5.3 The following ASTM compilations may be useful for Environmental site Characterization:
X1.5.3.1 ASTM Standards on Ground Water and Vadose Zone Investigations: Drilling, Sampling, Geophysical Logging, Well

Installation and Decommissioning, 2nd ed. 1999, 561 pp (56 standards).
X1.5.3.2 ASTM Standards Related to Phase II Environmental Site Assessment Process, 1998, 333pp (22 standards).
X1.5.3.3 ASTM Standards on Environmental Site Assesments for Commercial Real Estate, 2nd ed., 1994, 55 pp., (includes

E1527 and E1528).
X1.5.3.4 ASTM STandards on Hazardous Substance and Oil Spill Response, 2nd ed., 1994, 144 pp (38 standards).
X1.5.3.5 ASTM Standards on Lead-Based Paint Abatement in Buidlings, 1994, 174 pp, (28 standards).
X1.5.3.6 ASTM Standards on Environmental Sampling, 2nd ed., 1997, 1008 pp, (138 standards).
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X1.5.3.7 ASTM Standards on Determining Subsurface Hydraulic Properies and Ground Water Modeling, 2nd ed., 1999, 350
pp, (45 standards).

X1.5.3.8 ASTM Standards on Design Planning and Reporting of Ground Water and Vadose Zone Investigations, 2nd ed., 1999,
600 pp, (44 standards).

X1.5.3.9 ASTM STandards Related to On-Site Septic Systems, 1997, 176 pp, (18 standards).
X1.5.3.10 ASTM Standards Related to Environmental Site Characterization, 1997, 1410 pp, (136 standards).

X2. MAJOR NON-ASTM REFERENCES ON ENVIRONMENTAL SITE CHARACTERIZATION

X2.1 General Applications:

Boulding, J. R.,Subsurface Field Characterization and Monitoring Techniques: A Desk Reference Guide, Volume I: Solids and
Ground Water, Volume II: The Vadose Zone, Field Screening and Analytical Methods, EPA/625/R-93/003a and b, 1993.51

Boulding, J. R. and Ginn, J.S.,Practical Handbook of Soil, Vadose Zone, and Ground Water Contamination: Assessment,
Prevention and Remediation, Lewis Publishers, Boca Raton, FL, 1995. 2003.

Brown, E. T. (ed),Rock Characterization Testing and Monitoring: ISRM Suggested Methods, Pergamon Press, Oxford, 1981.
Brown, R. H., Konoplyantsev, A. A., Ineson, J., and Kovalensky, V. S., “Ground Water Studies: An International Guide for

Research and Practice,”Studies and Reports in Hydrology No. 7, UNESCO, Paris. Originally published in 1972, with supplements
added in 1973, 1975, 1977, and 1983.

CCME, Guidance Manual on Sampling, Analysis, and Data Management for Contaminated Sites, Vol. I: Main Report, Vol. II:
Analytical Method Summaries, CCME EPC-NCS62E and CCME EPC-NCS66E, Canadian Council of Ministers of the
Environment, 326 Broadway, Suite 400, Winnipeg, Manitoba R3C 0S5, 1993.

CCME, Subsurface Assessment Handbook for Contaminated Sites, CCME EPC-NCSRP-48E, Canadian Council of Ministers
of the Environment, 326 Broadway, Suite 400, Winnipeg, Manitoba R3C 0S5, 1994.

Dowding, C. H. (ed),Site Characterization Exploration, Proceeding of Specialty Workshop, American Society of Civil
Engineers, New York, 1978.

Flanagan, F., “Description of Eight New USGS Rock Standards,”U.S. Geological Survey Professional Paper 840, 1976.
Harrelson, C. C., Rawlins, C. L., and Putyondy, J. P., Stream Channel Reference Sites: An Illustrated Guide for Field Techniques.

General Technical Report RM-245, Rocky Mountain Forest and Range Experiment Station, Fort Collins, CO, pp. 61, 1994.
Hanna, T. H.,Field Instrumentation in Geotechnical Engineering, Trans Tech Publications, Clausthal, Germany, 1985.
Hathaway, A. W.,Manual on Subsurface Investigations, American Association of State Highway and Transportation Officials,

Washington, DC, 1988.
Hvorslev, M. J.,Subsurface Exploration and Sampling of Soils, Engineering Foundation, New York, 1948.
Krajca, J. M.,Water Sampling, Halstead Press, John Wiley & Sons, New York, 1989.
Kolm, K. E., Conceptualization and Characterization of Hydrologic Systems, GWMI 93-01, International Ground Water

Modeling Center, Golden, CO, 1993.
Koterba, M.T., Wilde, F.D., and Lapham, W.W.,Ground Water Data Collections Protocols and Procedures for the National

Water-Quality Assessment Program: Selection and Documentation of Water-Quality Samples and Related Data, U.S. Geological
Survey Open-File Report 95-399, 1995.

Lambe, W. T.,Soil Testing for Engineers, John Wiley & Sons, New York, 1951.
Lapham, W.W., Wilde, F.D., and Koterba, M.T.,Ground Water Data Collections Protocols and Procedures for the National

Water-Quality Assessment Program: Selection, Installation, and Documentation of Wells, and Collection of Related Data, U.S.
Geological Survey Open-File Report 95-398, 1995.

Mudroch, A., and Azcue, J. M.,Manual of Aquatic Sediment Sampling, Lewis Publishers, Boca Raton, FL, 1995.
Nielsen, D. M. (ed),Practical Handbook of Ground Water Monitoring, Lewis Publishers, Chelsea, MI, 1991.
Rehm, B. W., Stolzenburg, T. R., and Nichols, D. G.,Field Measurement Methods for Hydrogeologic Investigations: A Critical

Review of the Literature, EPRI EA-4301, Electric Power Research Institute, Palo Alto, CA, 1985.
Stednick, J. D.,Wildland Water Quality Sampling and Analysis, Academic Press, HBJ, San Diego, CA, 1991.
Struckmeier, W. F., and Margat, J.,Hydrogeological Maps: A Guide and a Standard Legend, IAH International Contributions

to Hydrogeology Vol. 17, Verlag Heinz Heise, Hannover, Germany, 1995.
Thompson, C. M., et al,Techniques to Develop Data for Hydrogeochemical Models, EPRI EN-6637, Electric Power Research

Institute, Palo Alto, CA, 1989.
Wilson, L. G., Everett, L. G., and Cullen, S. J.,Handbook of Vadose Zone Characterization and Monitoring. Lewis Publications,

Boca Raton, FL, pp. 896, 1994.
Wilson, N.,Soil Water and Ground Water Sampling. Lewis Publishers, Boca Raton, FL, pp. 192, 1995.

51 Most field geology texts identified in Footnote 16 discuss interpolation techniques. Davis(91), Hamilton and Jones(94) and Jones et al.(95) are other good references.
51 Available from ORD Publications, U.S. EPA Center for Environmental Research Information, P.O. Box 19963, Cincinnati, OH 45268.
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U.S. Army Corps of Engineers (USACE),“ Engineering and Design—Geotechnical Investigation,”Engineer Manual EM
1110-1-1804, USACE, Washington, DC, 1984.

U.S. Geological Survey (USGS),National Handbook of Recommended Methods for Water Data Acquisition, USGS Office of
Water Data Coordination, Reston, VA (Individual chapters have come out at different dates. Pertinent chapters include: (2) Ground
Water (1980); (4) Biological and Microbiological Quality of Water (1983); (5) Chemical Quality (1982); and (6) Soil Water
(1982)), 1977.

U.S. Environmental Protection Agency (EPA),Test Methods for Evaluating Solid Waste, 3rd ed, EPA/530/SW-846 (NTIS
PB88-239223); First update, 3rd edition, EPA/530/SW-846.3-1 (NTIS PB89-148076). (Second edition was published in 1982
(NTIS PB87-1200291); current edition and updates available on a subscription basis from U.S. Government Printing Office, Stock
#955-001-00000-1, 1986c, Revised final draft of Chapter 11 (Ground-Water Monitoring System Design, Installation, and
Operating Practices contains extensive new guidance—see U.S. EPA, 1993b) (Volumes 1A (Metallic Analytes), IB ( Organic
Analytes), and IC (Miscellaneous Test Methods) cover laboratory methods; Volume II covers field methods (Part IV defines
acceptable and unacceptable designs and practice for ground-water monitoring), 1986c.

U.S. Environmental Protection Agency (EPA),Final RCRA Comprehensive Ground-Water Monitoring Evaluation (CME)
Guidance Document, Final OSWER Directive 9950.2 (NTIS PB91-140194), (Contains detailed checklist drawing heavily from
U.S. EPA (1986b)), 1986d.

U.S. Environmental Protection Agency (EPA),A Compendium of Superfund Field Operations Methods, EPA/540/P-87/001
(NTIS PB88-181557), 1987a.

U.S. Environmental Protection Agency (EPA),Data Quality Objectives for Remedial Response Activities, Vol 1: Development
Process; Vol 2: RI/FS Activities at a Site with Contaminated Soils and Ground Water, Vol 1 EPA/G-87/003 (NTIS PB88-131370),
Vol 2 EPA/G-87/004 (NTIS PB88-131388), both Volumes: NTIS PB90-272634, 1987b.

U.S. Environmental Protection Agency (EPA),Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA, EPA/540/G-89/004, OSWER Directive 9355.3-01 (NTIS PB89184626), 1989a.

U.S. Environmental Protection Agency (EPA),RCRA Facility Investigation (RFI) Guidance; Interim Final, Vol I: Development
of an RFI Work Plan and General Considerations for RCRA Facility Investigations; Vol II: Soil, Groundwater, and Subsurface
Gas Releases; Vol III: Air and Surface Water Releases; Vol IV: Case Study Examples, EPA/530/SW-89/001, OSWER Directive
9502.00-6D (NTIS PB89-200299), 1989b.

U.S. Environmental Protection Agency (EPA),Site Characterization for Subsurface Remediation, EPA/625/4-91/026, 1991a.50

U.S. Environmental Protection Agency (EPA),Emergency Response Team (ERT) Standard Operating Procedures (SOPs)
Compendia: Compendium of ERT Soil Sampling and Surface Geophysics Procedures(EPA/540/P-91/006);Compendium of ERT
Groundwater Sampling Procedures(EPA/540/P-91/007);Compendium of ERT Waste Sampling Procedures(EPA/540/P-91/008);
Compendium of ERT Toxicity Testing Procedures(EPA/540/P-91/009), 1991b.

U.S. Environmental Protection Agency (EPA),Guidance for Performing Preliminary Assessments Under CERCLA, OSWER
9345.0-01A (NTIS PB92-963303), 1991c.

U.S. Environmental Protection Agency (EPA),Environmental Compliance Branch Standard Operating Procedures and Quality
Assurance Manual, U.S. EPA Region IV Environmental Services Division, College Station Road, Athens, GA 30613, (Available
in Wordperfect 5.1 electronic format), 1991d.

U.S. Environmental Protection Agency (EPA),Characterization Protocol for Radioactive Contaminated Soils, OSWER
Directive 9380.1-10FS, 1992.

U.S. Environmental Protection Agency (EPA),Field Methods Compendium (FMC) Draft, OERR #9285.2-11, Analytical
Operation Branch, Hazardous Site Evaluation Division, Office of Emergency and Remedial Response, (Available in Wordperfect
5.1 electronic format from OERR, Washington, DC), 1993.

U.S. Environmental Protection Agency (EPA),RCRA Ground Water Monitoring: Draft Technical Guidance, EPA/530/R-93/001
(NTIS PB93-139350), (Provides supplemental guidance to Chapter 11 of U.S. EPA (1986a) and U.S. EPA 1986b), 1993b.

U.S. Geological Survey (USGS), Various authors and dates,Techniques of Water-Resources Investigations. (Series of more than
50 manuals and guides describing addressing field and laboratory methods for water resources investigations).

U.S. Naval Facilities Engineering Command,Soil Mechanics Design Manual, Volume 7.1. NAVFAC DM-7.1, (NITS
ADA123-622) Department of the Navy (Includes section on site assessment techniques), 1982.

X2.2 Controlled and Uncontrolled Waste Sites:

Breckenridge, R. P., Williams, J. R., and Keck, J. F., Characterizing Soils for Hazardous Waste Site Assessments.Ground-Water
Issue Paper EPA/600/8-91/008, 1991, Available from CERI.50

Byrnes, M. E.,Field Sampling Methods for Remedial Investigations, Lewis Publishers, Boca Raton, FL, 1994.
Cheremisinoff, P.,A Guide to Underground Storage Tanks: Evaluation, Site Assessment and Remediation. Prentice-Hall,

Englewood Cliffs, NJ, 1992.
Cohen, R. M., and Mercer, J. W.,DNAPL Site Evaluation. EPA/600/R-93/002 (NTIS PB93-150217), (Also published by Lewis

Publishers as C. K. Smoley edition, Boca Raton, FL), 1993.
Ford, P. J., and Turina, P. J.,Characterization of Hazardous Waste Sites—A Methods Manual: Vol I. Site Investigations.

EPA/600/4-84/075 (NTIS PB85-215960), 1985.
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Ford, P. J., Turina, P. J., and Seely, D. E.,Characterization of Hazardous Waste Sites—A Methods Manual: Vol II. Available
Sampling Methods, 2nd ed. EPA 600/4-84/076 (NTIS PB85-521596), 1984.

Lipsky, D., Tusa, W., Dorrier, R., Johnson, B., and Gardner, M.,Methods for Evaluating the Attainment of Cleanup Standards,
Volume 1: Soils and Solid Media. EPA/230/2-89/042 (NTIS PB89-234959), 1989.

Oudjik, G., and Mujica, K.,Handbook for Identification, Location and Investigation of Pollution Sources Affecting Ground
Water. National Water Well Association, Dublin, OH, 1989.

Pankow, J.F. and Cherry, J.A., (eds.),Dense Chlorinated Solvents and Other DNAPLs in Groundwater: History, Behavior, and
Remediation, Waterloo Press, Guelph, Ontario, 1996.

Sara, M. N.,Standard Handbook of SiteSite Assessment for Solid and Hazardous Waste Facilities Remediation Handbook, 2nd
Edition. Lewis Publishers, Boca Raton, FL, 1994. 2003.

Sisk, S. W.,NEIC Manual for Groundwater/Subsurface Investigations at Hazardous Waste Sites, EPA/330/9-81-002 (NTIS
PB82-103755), 1981.

U.S. Department of Energy (DOE), Various Dates,The Environmental Survey Manual. DOE/EH-0053: Vol 1 (August 1987;
Chapter 8, 2nd ed. January 1989—Sampling and Analysis Phase); Vol 2 (August 1987—Appendixes A, B, and C); Vol 3 (2nd ed.
January 1989—Appendix D, Parts 1, 2, and 3;Organic and Inorganic Analysis Methods and Non-Target List Parameters); Vol 4
(2nd ed. January 1989—Appendix D, Part 4;Radiochemical Analysis Procedures); Vol 5 (2nd ed. January 1989—Appendixes: E,
Field Sampling; F, Quality Assurance; G, Decontamination; H, Sample Management; I, Sample Handling, Transport and
Documentation; J, Health and Safety; and K,Sampling and Analysis Plan).

U.S. Environmental Protection Agency (EPA),RCRA Facility Assessment Guidance. EPA/530-SW-86-053, (NTIS PB87-
107769), 1986a.

U.S. Environmental Protection Agency (EPA),RCRA Ground Water Monitoring Technical Enforcement Guidance Document.
EPA/530/SW-86/055 (OSWER-9950.1) (NTIS PB87-107751), 332 pp. (Also published in NWWA/EPA Series, National Water
Well Association, Dublin, OH. Final OSWER Directive 9950.2 (NTIS PB91-140194). Executive Summary: OSWER 9950.1a
(NTIS PB91-140186), 17 pp. See also, U.S. EPA (1986d and 1993b), 1986b.

U.S. Environmental Protection Agency (EPA),U.S. EPA Region VIII Standard Operating Procedures for Field Sampling
Activities , Version 2, Denver, CO, 1994.

U.S. Environmental Protection Agency (EPA),Using Dynamic Field Activities for On-Site Decision Making: A Guide for Project
Managers, EPA/530/R=03/002, OSWER Directive No. 9200.1–40 (http://www.epa.gov/Supefund/programs/DFA), 2003.

Water Pollution Control Federation (WPCF/WEF),Hazardous Waste Site Remediation: Assessment and Characterization, Water
Environment Federation, Alexandria, VA, 1988.

X2.3 Environmental Audits and Site Assessments:

Association of Ground Water Scientists and Engineers,Guidance to Environmental Site Assessments. National Ground Water
Association, Dublin, OH, 1992.

Colangelo, R. V.,Buyer Be(a)ware: The Fundamentals of Environmental Property Assessments, National Water Well
Association, Dublin, OH, 1991.

Environmental Resource Center,Environmental Auditing and Compliance Manual, Van Nostrand Reinhold, New York (1992
edition published by Environmental Resource Center), 1993.

Hess, K.,Environmental Site Assessment, Phase I: A Basic Guide, Lewis Publishers, Boca Raton, FL, 1993.
Jain, R. K., Urban, L. V., Stacey, G. S., and Balbach, H. E.,Environmental Assessment, McGraw-Hill, New York, 1993.
Vincoli, J., Basic Guide to Environmental Compliance, Van Nostrand Reinhold, New York, 1993.

X2.4 Environmental Exposure and Risk Assessment:

Calabrese, E. J., and Kostecki, P. T.,Risk Assessment and Environmental Fate Methodologies, Lewis Publishers, Boca Raton,
FL (Description and critical review of existing software (AERIS, GEOTOX, LUFT, MYGRT, PCGEMS/SESOIL, POSSM, PPLV,
PRZM, RAFT, Risk Assistant, SESOIL), and other methods developed at the state level (California, New Jersey, and
Massachusetts)), 1992.

Hallenback, W. H.,Quantitative Risk Assessment for Environmental and Occupational Health, 2nd Ed., Lewis Publishers,
Chelsea, MI, 1993.

Hill, I. R., Heimbach, F., Leeuwangh, P., and Matthiessen, P. (eds.),Freshwater Field Tests for Hazard Assessment of Chemicals
, Lewis Publishers, Boca Raton, FL, pp. 608, 1994.

Hoffman, D. J., Rattner, B. A., Burton, Jr., G. A., and Cairns, Jr., J.,Handbook of Ecotoxicology, Lewis Publishers, Boca Raton,
FL, 1995.

Newman, M. C.,Quantitative Methods in Aquatic Ecotoxicology, Lewis Publishers, Boca Raton, FL, 1995.
Norton, S., McVey, M., Colt, J., Durda, J., and Hegner, R.,Review of Ecological Risk Assessment Methods, EPA/230/10-88-041

(NTIS PB89-134357), (Review of sixteen methodologies), 1988.
Schaum, J.,Exposure Factors Handbook, EPA/600/8-89/043 (NTIS PB90-106774), 1990.
Suter, II, G. W.,Ecological Risk Assessment, Lewis Publishers, Chelsea, MI, 1993.
U.S. Environmental Protection Agency,Ecological Risk Assessment Issue Papers, EPA/630/R-94/009, 1994.
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U.S. Environmental Protection Agency (EPA),Superfund Exposure Assessment Manual, EPA/540/1-88/001, OSWER Directive
9285.5-1 (NTIS PB90-135859), 1988.

U.S. Environmental Protection Agency (EPA),Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation
Manual, Part A, Interim Final, EPA/540/1-89/002 (NTIS PB90-155581), (1990 9-page Fact Sheet with same title: NTIS
PB90-273830; 1991Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors: NTIS
PB91-921314), 1989a.

U.S. Environmental Protection Agency (EPA),Risk Assessment Guidance for Superfund, Volume 2: Environmental Evaluation
Manual, Interim Final, EPA/540/1-89/001 (NTIS PB90-155599), 1989b.

U.S. Environmental Protection Agency (EPA),Statistical Methods for Estimating Risk for Exposure Above the Reference Dose,
EPA/600/8-90/065 (NTIS PB90-261504), 1990.

U.S. Environmental Protection Agency (EPA),Guidance for Data Useability in Risk Assessment (Parts A and B), Final, Part A:
OSWER Directive 9285.7-09A (NTIS PB92-963356), Part B: OSWER Directive 9285.7-09B (NTIS PB92-963362), (Supercedes
1990 document by same title (EPA/540/G-90/008, OSWER Directive 9285.7-05; NTIS PB91-921208), 1992.

Wentsel, R., et al,Procedural Guidelines for Ecological Risk Assessment at U.S. Army Sites, Volume 1, 1994.

X2.5 Atmospheric and Ecological Assessment:

Britton, L. J., and Greeson, P. E. (eds),Methods for Collection and Analysis of Aquatic Biological and Microbiological Samples
, U.S. Geological Survey Techniques of Water-Resources Investigations TWRI 5-A4, 1989.

Electric Power Research Institute (EPRI),Sampling Design for Aquatic Ecologic Monitoring, Five Vols, EPRI EA-4302, EPRI,
Palo Alto, CA, 1985.

Euphrat, F. D., and Warkentin, B. P.,A Watershed Assessment Primer, U.S. EPA Region 10, EPA/B-94/005, 1994.
Kuechler, A. W.,Vegetation Mapping, The Ronald Press Company, New York, 1967.
Lodge, J. (ed),Methods of Air Sampling and Analysis, 3rd ed. Lewis Publishers, Chelsea, MI, 1988.
Loeb, S. L., and Spacie, A.,Biological Monitoring of Aquatic Systems, Lewis Publishers, Boca Raton, FL, 1994.
Maslansky, C. J., and Maslansky, S. P.,Air Monitoring Instrumentation: A Manual for Emergency, Investigatory and Remedial

Responders, Van Nostrand Reinhold, New York, NY, 1992.
Ohio Environmental Protection Agency,Biological Criteria for the Protection of Aquatic Life, Vol II, User’s Manual for

Biological Assessment of Ohio Surface Waters, Ohio EPA, Columbus, OH, 1987.
Ralph, C. J., Geupel, G. R., Pyle, P., Martin, T. E., and DeSante, D. F., Handbook of Field Methods for Monitoring Landbirds.

General Technical Report PSW-GTR-144, U.S. Forest Service, Pacific Southwest Research Station, Albany, CA, pp. 41, 1993.
Taylor, S. A., and Ashcroft, G. L.,Physical Edaphology, W. H. Freeman and Co., San Francisco, 1972.
Warren-Hicks, W., Parkhurst, B. R., and Baker, Jr., S. S.,Ecological Assessment of Hazardous Waste Sites: A Field and
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Wight, G. D.,Fundamentals of Air Sampling, Lewis Publishers, Boca Raton, FL, pp. 272, 1994.
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Allaby, A. and Allaby, M.,The Concise Oxford Dictionary of Earth Sciences. Oxford University Press, Oxford, UK, 1990.
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Bates, R. and Jackson, J. (eds),Dictionary of Geological Terms, 3rd ed. AGI, Washington, DC, (Supersedes Weller (1960)),
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Castany, G. and Margat, J.,Dictionnaire Fraņais D’Hydrogéolgie, BRGM, Orléans, 1977.
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International Society for Rock Mechanics,Final Document on Terminology, English Versions, Committee on Terminology,
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Laney, R. L. and Davidson, C. B.,Aquifer Nomenclature Guidelines, U.S. Geological Survey Open File Report 86-534, 1986.
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Lohman, S. W., et al,Definitions of Selected Ground-Water Terms—Revisions and Conceptual Refinements, U.S. Geological

Survey Water-Supply Paper 1988, 1972.
Meinzer, O. E.,Outline of Ground Water Hydrology with Definitions, U.S. Geological Survey Water Supply Paper 494, 1923.
Michel, J.-P. and Fairbridge, R. W.,Dictionary of Earth Sciences, John Wiley & Sons, New York, 1992.
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Parker, S. P. (ed),Dictionary of Scientific and Technical Terms, 4th ed., McGraw-Hill, New York, 1989.
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Soil Science Society of America,Glossary of Soil Science Terms, SSSA, Madison, WI, 1987.
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Titelbaum, O. A.,Glossary of Water Resources Terms, Federal Water Pollution Control Administration, 1970.
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