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Standard Guide for

Site Characterization for Environmental Purposes With
Emphasis on Soil, Rock, the Vadose Zone and Ground
Water !

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 epsilonef 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 purpo$ét. 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 ground water conditions present within a given site area and

1.1 This guide covers a general approach to planning fiel@stablish the characteristics of the subsurface materials by
investigations that is useful for any type of environmentalS&mpling or in situ testing, or both. The extent of character-
investigation with a primary focus on the subsurface and majotzation and specific methods used will be determined by the
factors affecting the surface and subsurface environmengnvironmental objectives and data quality requirements of the
Generally, such investigations should identify and locate, botfhvestigation. This guide focuses on field methods for deter-

horizontally and vertically, significant soil and rock masses andnining site characteristics and collection of samples for further
physical and chemical characterization. This guide does not

address special considerations required for characterization of

* This guide is under the jurisdiction of ASTM Committee D18 on Soil and Rock karst and fractured rock terrane. In such hydrogeologic settings
and is the direct responsibility of Subcommittee D18.01 on Surface and Subsurfageafer to Quinlan and Guide D 571&)_

Characterization. - . .
Current edition approved July 10, 2002. Published October 2002. Originally :_L'Z This gwde refers to ASTM standard meth‘?qs by which
published as D 5730 — 95. Last previous edition D 5730 — 98. soil, rock, vadose zone, and ground water conditions may be

2This guide is under the jurisdiction of Subcommittee D18.01 (Surface anddetermined. Laboratory testing of soil, rock, and ground-water

Subsurface Characterization) of the Committee on Soil and Rock, and as such h%%tmples is specified by other ASTM standards which are not
a primary focus on subsurface characterization, including soil, rock, and fluids

contained therein (including liquid and gaseous components), and subsurface biot%pemflca"y dISCUSSGd_ in this QUI_de. Laboratory me_thOdS for
Surface hydrology, meteorology, air quality, geomorphic processes, biota, and wastieasurement of physical properties relevant to environmental

materials (when present at a site) are to a greater or lesser extent linked fpyvestigations are included in Appendix X1.

environmental processes in soil and rock systems. Consequently other ASTM . .
methods of particular relevance to environmental site investigations are identified in 1.3 The values stated in SI units are to be regarded as the

this guide, but are addressed in less detail. standard.
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1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility 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 repre-
sent 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
unigue aspects. The word “Standard” in the title of this

D 3550 Practice for Ring-Lined Barrel Sampling of Sbils

D 3584 Practice for Indexing Papers and Reports on Soil
and Rock for Engineering Purpoges

D 4043 Guide for Selection of Aquifer-Test Method in
Determining of Hydraulic Properties by Well Technigfies

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 System$

D 4104 Test Method (Analytical Procedure) for Determin-
ing Transmissivity of Nonleaky Confined Aquifers by
Overdamped Well Response to Instantaneous Change in
Head (Slug Tesf)

document means only that the document has been approvedD 4105 Test Method (Analytical Procedure) for Determin-

through the ASTM consensus process.

2. Referenced Documents

2.1 The pertinent ASTM guides for selection of field inves-
tigation 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:

C 998 Practice for Sampling Surface Soil for Radionu-

clides®

D 420 Guide to Site Characterization for Engineering, De-

sign, and Construction Purpodes

D 422 Test Method for Particle-Size Analysis of Sbils

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-um) Siete

D 1452 Practice for Soil Investigation and Sampling by

Auger Boring$
D 1586 Test Method for Penetration Test and Split-Barrel
Sampling of Soil$

D 1587 Practice for Thin-Walled Tube Geotechnical Sam-

pling of Soils*

D 2113 Practice for Diamond Core Dirilling for Site Inves-

tigatiorf
D 2434 Test Method for Permeability of Granular Soils
(Constant Head)

D 2487 Classification of Soils for Engineering Purposes
(Unified Soil Classification Systerh)

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

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 Tensiometets

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

2 Annual Book of ASTM Standardgol 12.01.
4 Annual Book of ASTM Standardgol 04.08.

Full document details: ASTM D5730-02

ing Transmissivity and Storage Coefficient of Nonleaky
Confined Aquifers by the Modified Theis Nonequilibrium
Method"

D 4106 Test Method (Analytical Procedure) for Determin-
ing Transmissivity and Storage Coefficient of Nonleaky
Confined Aquifers by the Theis Nonequilibrium MetHod

D 4127 Terminology Used with lon-Selective Electrotles

D 4210 Practice for Interlaboratory Quality Control Proce-
dures and a Discussion on Reporting Low Level Data

D 4220 Practice for Preserving and Transporting Soil
Sample$

D 4448 Guide for Sampling Groundwater Monitoring
Wells®

D 4547 Practice for Sampling Waste and Soils for \Volatile
Organic§

D 4630 Test Method for Determining Transmissivity and
Storativity of Low Permeability Rocks by In Situ Mea-
surements Using the Constant Head Injection “Test

D 4631 Test Method for Determining Transmissivity and
Storativity of Low Permeability Rocks by In Situ Mea-
surements Using the Pressure Pulse Techfiique

D 4687 Guide for General Planning of Waste Samging

D 4696 Guide for Pore-Liquid Sampling from the Vadose
Zoné

D 4700 Guide for Soil Sampling from the Vadose Ztne

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

D 5079 Practices for Preserving and Transporting Rock
Core Sample’s

D 5084 Test Method of Hydraulic Conductivity of Satu-
rated Porous Materials Using a Flexible Wall Permeame-
ter’

D 5092 Practice for Design and Installation of Ground
Water Monitoring Wells in Aquifer

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

5 Annual Book of ASTM Standardgol 11.01.
¢ Annual Book of ASTM Standardgol 11.04.
7 Annual Book of ASTM Standardgol 04.09.
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D 5195 Test Method for Density of Soil and Rock In-Place  3.1.5 conceptual site modeih—for the purposes of this
at Depths Below the Surface by Nuclear Methods guide, a testable interpretation or working description of the

D 5254 Practice for Minimum Set of Data Elements to relevant physical, chemical, and biological characteristics of a
Identify a Ground-Water Sife site

D 5269 Test Method for Determining Transmissivity of 3-1.6 environmentn—the aggregate of conditions, influ-
Nonleaky Confined Aquifers by the Theis Recovery©Nces, and circumstances that affect the existence or develop-

Method ment of properties intrinsic to a site.
D 5270 Test Method for Determining Transmissivity and me3r.11.7 environmentaladj—having to do with the environ-

Storage Coefficient of Bounded, Nonleaky, Confined Aqui-

7
fers ide f i itoring in th q B tion or representation of the essential features or qualities,
D 5314 Guide for Soil Gas Monitoring in the Vadose Z0ne i, q|,ding the conditions, influences, and circumstances, exist-

D 5408 Guide for Set of Data Elements to Describe ajng at a place or location designated for a specific use, function,
Ground-Water Site; Part 1—Additional Identification De- or study!2

3.1.8 environmental site characterizatipm—the delinea-

scriptors 3.1.9 environmental audjtn—the investigation process to
D 5409 Guide for Set of Data Elements to Describe adetermine if the operations of an existing facility are in
Ground-Water Site; Part 2—Physical Descripfors compliance with applicable environmental laws and regula-
D 5410 Guide for Set of Data Elements to Describe ations.
Ground-Water Site; Part 3—Usage Descriptors 3.1.10 environmental site assessment (ESA)-the process
D 5447 Guide for Application of a Ground-Water Flow By Which a person or entity seeks to determine if a particular
Model to a Site-Specific Probleim parcel pf real property (including.improvements) is subject to
D 5451 Practice for Sampling Using a Trier Sampler recognized environmental conditiofs.

. ) . 3.2 In addition to Terminology D 653, Appendix X3 iden-
D 5717 Guide for the Design of Ground-Water Monitoring tifies major references from a range of disciplines that can be

Systems Ir_] Karst and Fractured-Rock Aqu_lfers ~used as sources for definitions of terms that are related to
E 177 Practice for Use of the Terms Precision and Bias insnvironmental site characterization.

ASTM Test Method$
E 380 Practice for Use of the International System of Units4. Significance and Use

(SI) (The Modemized Metric Systeﬁw) 4.1 This guide provides a general approach to environmen-
E 1527 Practice for Environmental Site Assessments: Phasgl site characterization. Environmental site characterization

| Environmental Site Assessment Process provides information for a wide variety of uses including:
G 57 Test Method for Field Measurement of Soil Resistivity 4.1.1 Determination of ambient background or baseline
Using the Wenner Four-Electrode Metifod conditions, including, but not limited to, geochemistry, hydro-

; g denti _ geology, microbiology, mineralogy, and water quality.
Nore 1—Non-ASTM Referencégppendix X2 identifies major non- = 4 1 5 Assessment of site suitability for a future use or a use
ASTM references that focus on field methods for environmental site

characterization. Other guidance documents covering procedures f h'ch may _be _ComF?“?m'Sed by S't? CharaCte”St'csj such as
environmental investigations with specific objectives or in particular 100ding, seismic activity, and landslides (mass wasting).
geographic settings may be available from federal, state, and other 4.1.3 Protection of site quality from the detrimental effects

agencies or organizations. The appropriate agency or organization shoutif human activities and natural processes, or minimization of
be contacted to determine the availability and most current edition of such

documents.
3. Termin0|ogy 1 The meaning of conceptual site model may have more restricted or specific
meanings depending on the objective or use of the model. For example, ground
3.1 Definitions: 1° water flow modeling focuses on the physical characteristics as they relate to

3.1.1 sit | | ti desi ted f ifi subsurface flow (see Guide D 5447), and a conceptual site model for the purpose of
-1.1 Slte, n—a place or location designated 10r a SPECINC ek assessment will focus on contaminant sources, pathways, and receptors to

use, function, or study. exposure.

3.1.2 site, v—to determine a p|ace or location for a specific 2 Environmental audits and environmental site assessments as defined below are
use' function or study examples of environmental site characterization with specific objectives.

3 This definition is taken from Practice E 1527. Other definitions of environ-
3.1.3 characterization n—the delineation or representation mental site assessment may apply in other contexts. For example, EPA’s Site
of the essential features or qualities existing at a site. Assessment Branch, Hazardous Site Evaluation Division in the Office of Emergency
) . . and Remedial Response defines site assessment as the decision process for
3.1.4 characterize v—the process of delineation or repre- identifying the most seriously contaminated uncontrolled hazardous waste sites that
sentation of the essential features or qualities existing at a sit@ill receive funding for long-term remediation. Practice E 1527 defisesgnized
environmental conditiongs “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 the ground,
8 Annual Book of ASTM Standardgol 14.02. ground water, or surface water of the property.” In other environmental site
9 Annual Book of ASTM Standardgol 03.02. investigations, nonhazardous substances (because of their physical condition, smell,
19 The first seven definitions are ordered logically to illustrate construction of theor other aesthetic properties) or substances that have hazardous characteristics but
definition for environmental site characterizatioather than in alphabetical order. do not meet a regulatory definition of hazardous @mewm
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adverse environmental impacts. Specific examples of uses of 5.1.1 Definition of objectives, site boundarfésand other
environmental site characterization for these purposes includ@formation necessary for efficient project plannitig.

(1) delineation of ground-water or wellhead protection areas, 5.1.2 Collection of available existing data and information
(2) assessing the suitability of sites for disposal of industrialabout the site, pertinent to the objectives of the investigadfion.
and residential liquid and solid wastes3) (assessing soil 5.1.3 Development of one or more conceptual site models
suitability for land treatment of wastes, ant) évaluating soil  of the site from existing information. The objectives of the
suitability for agricultural practices in order to minimize soil investigation will affect the type and complexity of site
erosion and contamination from agricultural chemicals. conceptualization.

4.1.4 Assessment of the type, distribution, and extent of 5.1.4 Performance of a reconnaissance site investigation,
surface and subsurface contamination to determine complthat may include nondestructive geophysical methods, and
ance; risk to human health and the environment; and respomelatively simple field sampling and characterization meth-
sibility for remediation. Such assessments includg: gites  ods!” to refine the conceptual model of the site.
involved in real estate transactiong) €ontrolled and uncon- 5.1.5 Development of a detailed site investigation and
trolled hazardous waste site8) controlled and uncontrolled sampling plan, that identifies methods to be used to collect and
municipal solid waste, wastewater, and other nonhazardowmnalyze required additional data, protocols for sampling and
waste disposal sites. field measurements, and procedures to ensure quality assurance

4.1.5 Assessment of surface and subsurface environmentahd quality control of site characterization data. Criteria
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 o

. . . . 14 : . . . .
natural and anthropogenic radioactive elements in the subsuy- e boundaries of a site are defined using one or more of the following
considerations:1) land ownership, @) current and past land uses) (hatural site

face. characteristics (topography, soils, geology, hydrology, biota). Where site boundaries
4.1.7 Assessment of the degree of risk that adverse subsuite initially defined by ownership, natural site characteristics should be evaluated to
face site conditions not relatedto 4.1.4 and 4.1.5 pose to humaigtermine whether the scope of at least parts of the investigation should include
health and safet th t | t areas that are offsite. For example, investigations of ground water contamination
; y or the na _ura €cosys em' . should include identification of any potential sources of contamination that are
4.1.8 Selection and design of remediation systems fotipgradient from a site.
cleanup of subsurface contamination and of other reclamation *®This should include, but not necessarily be limited td) definition of the
or rehabilitation practices on disturbed land. technical and scientific approach to be us@jl ofganization of a data management
. . . . L. system, including both paper and electronic recor8sjdentification of types of
4.2 This gU|de is meant to be a flexible deSCI’IptIOI’I Ofpersonnel and technical expertise, appropriate ASTM and other methods and field

investigation requirements; methods defined by other ASTMquipment required to meet the defined objectiddefining how spatial data will
Standards (Appendix X1) or non-ASTM techniques (Appendixbe recorded (see Section 7.1.3}) (dentification of applicable primary and

. . . condary regulatory programs, and any required coordination with government
X2) may be appropriate in some circumstances. The methocﬁ%encies and other organizatior), development of health and safety plans, where

and amount of effort required for environmental site characappropriate, (7) identification of scheduling and budgetary constraintsg) (

terization will vary with site conditions and objectives of the definition of data quality requirements for each stage of the investigat®n, (

investigation. This standard does not set mandatory guide"négentification of deliverables at intermediate stages of the investigation and upon
. K completion, (0) selection of performance measures to determine whether the

and does not constitute a list of necessary steps or procedur@(ﬁective has been achieved, arid)(definition of project decision statements.

for all investigations. In karst and fractured rock hydrogeologic ¢ Asite visit prior to extensive collection of existing data should be made unless

settings, this guide should be used in conjunction with Guidehe limited scope of a project does not allow multiple visits. The advantage of such
D 5717 a visit is that it may prevent preconceived ideas derived from inaccurate existing

information from influencing initial conceptual site model development.

. . . . . ”When contaminated sites are being investigated, field chemical analytical
3. Steps n Plannmg and Conductlng Environmental Site methods can be valuable for identifying areas where more detailed investigations

Characterization may be required, and for designing cost-effective detailed sampling and monitoring

. - .., . _plans. Surface geophysical methods may be especially valuable for guiding
5.1 The fO”OWIng minimum elements, not necessarlly in placement of exploratory drillholes and placement of vadose zone and ground water

sequential order, are required for most environmental Sitéonitoring installations. Any such field methods should be documented for quality
investigations to determine project and site strategy: assurance and quality control.
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defining the quality of data that are collected is a requiremenany field program is started. These include, but are not limited
for most environmental site investigatioks. to, topographic maps, aerial photography, satellite imagery,

5.1.6 Collection of field samples and measurements imgeologic maps, statewide or county soil surveys, and mineral
accordance with the site investigation and sampling plan.  resource surveys covering the proposed project area. Reports

5.1.7 Analysis of field and laboratory data to further refineof subsurface investigations of nearby or adjacent projects
the conceptual model of the site and preparation of a report thahould be studied. If feasible, all existing data should be
fulfills the objectives of the investigation. critically evaluated and independently confirmed.

5.2 Environmental site characterization is an iterative pro- 6.1.1 The Natural Resource Conservation Service (formerly
cess of continually refining a conceptual site model of a site abl.S. Soil Conservation Service) and the Agricultural Stabili-
new information becomes available. The objective of thezation and Conservation Service (ASCS) are the primary
investigation and availability of funds to carry out the inves-sources of aerial photographs at the county level. The U.S.
tigation will affect the final number of iterations that are Geological Survey is the primary source for satellite imagery,
possible. For example, a Phase | Environmental Site Assesand agencies other than SCS (USGS EROS Data Céfiter).
ment (Guide E 1527) for a real estate property transaction maferial photographs also may be available from the following
require only a single site visit to evaluate whether any activitiedederal agencies where lands under their jurisdiction are
may have resulted in contamination of the site. Complex sitesnvolved: Bureau of Land Management, Bureau of Reclama-
however, may require multiple site visits to collect data intion, U.S. Army Corps of Engineers, U.S. Environmental
order to develop a satisfactory conceptual model of the siteRrotection Agency Photo-Interpretation Center (EPIC), U.S.
especially if a human health and environmental risk assessmehRbrest Service, and U.S. Fish and Wildlife Service. State
is required. The number of site visits may be reduced by on-sitaatural resource agencies and local/regional planning agencies
analysis of results and real-time adjustments to the sitalso may be good sources of aerial photogr&3h& Guide
investigation plan (see Section 7). D 5518 provides additional information of how to obtain air

5.2.1 Planning for environmental site investigations shouldhotos.
recognize that regional and local differences in climate, biota, 6.1.2 The United States Geological Survey and the geologi-
soils, geology, and hydrology will influence the selection ofcal surveys of the various states are the principal sources of
appropriate methods and procedures. geologic maps, reports on mineral resources, ground water, and

5.2.2 Urban settings create special challenges for planningurface watef® Guidebooks prepared by professional associa-
environmental site investigations. Difficulties include busytions, technical journals, and published conference and sym-
streets, access to public and private property, especially occposium proceedings may also be important sources of infor-
pied buildings and fenced areas, and determining predisturation.
bance background environmental conditions. Consult with 6.1.3 United States Department of Agriculture Soil Conser-
local agencies and private property owners for relevant inforvation Service soil surveys, where available and of recent date,
mation. Select methods and schedule activities accordingly. should enable the investigator to estimate the range in soil

profile characteristics to depths of 1.62m (5 or 6 ft) foreach
6. Collection of Existing Data and Site Reconnaissance soil mapped*

6.1 Collect and review available technical data from the 6.1.4 Preliminary information on sites where commercial

literature and historical records, and conduct interviews beforand 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

18 The level of data accuracy and precision needed to meet the intended use fstored at the sité>
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 processim—————————
the U.S. EPA RCRA/Superfund program, but does not necessarily include statisti- ?° USGS EROS Data Center, Sioux Falls, SD 57198.
cally based confidence levels for assessing false negative or false positive designa-2* The following references on air-photo interpretation may be of value: Avery
tions. For chemical characterization, data quality requirements may vary dependin@),?? Ciciarelli (3), Denny et al(4), Drury (5), Dury (6), Johnson and Gnaedigner
on the phase of the investigation. For example, relatively inexpensive field7), Lattman and Ray8), Lueder(9), Miller and Miller (10), Ray (11), SCS(12),
instrumentation such as colorimetric test kits, or portable gas chromatographs can Bgrandberg13), Wright (14).
used to analyze a relatively large number of samples initially to identify areas with  2? The boldface numbers in parentheses refer to a list of references at the end of
different levels of contamination. Data requirements at this level would specify thathe text.
instrumentation used be capable only of detecting the presence of a contaminant at>>Sun and Weekg15) provide a comprehensive bibliography of the U.S.
or above the regulatory level of concern. These results in turn would guide samplin@eological Survey’s regional aquifer systems analysis program. Data from the
of a moderate number of samples for more accurate field analytical methods or RASA program are being synthesized and published in the Ground Water Atlas of
mobile laboratory. Finally, a relatively small number of samples might be selectedhe United State$l16).
for analysis that would meet the rigorous data quality requirements of EPA’s 2*Each soil type has a distinctive soil profile due to age, parent material, relief,
contract laboratory program (CLP). This phased approach has the potential falimatic condition, and biological activity. Consideration of these factors can assist
significant cost and time savings as compared to the use of CLP laboratories for the evaluating the potential for movement of contaminants in the vadose zone and
analysis of all samples. ground water based on differing soil characteristics. Boulditig) and Cameron

19 Prior to commencement of any intrusive exploration the site should be(18) provide guidance on interpretation of soil properties in relation to potential for
checked for underground utilities or other buried materials. Should evidence ofontaminant transport. Changes in soil properties in adjacent areas often indicate
potentially hazardous or otherwise contaminated materials or conditions be encounhanges in parent material or relief.
tered in the course of the investigation, work should be interrupted until the 2°Practice E 1527 and Practice E 1528 provide guidance on the types of
circumstances have been evaluated and revised instructions issued before resunmermation that should be collected and sources from which such information can

tion. be obtained. Docu ments
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6.2 Study the soil and rock in the vicinity of the proposedenvironmental site investigation will usually encompass the
project in areas where descriptive data are limited by insuffifollowing activities=°
cient or inadequate geologic or soil maps. Take advantage of all 7.1.1 Review available information, both regional and local,
exposures of the rock and soil to obtain the best understandiran the geologic history (including seismic activity and other
of them. Obtain information on both vertical and horizontal potential geologic hazards), rock, soil, ground water, surface
properties of the materials and their distribution. Make approwater, and other significant environmental and anthropogenic
priate notes and, where appropriate, illustrate by sketches. THeatures (for example, buried utilities) occurring at the pro-
notes should include data outlined in 3. posed location and in the immediate vicinity of the site.

6.3 Prepare and compile preliminary maps of the project 7.1.2 Interpret aerial photography and other remote sensing
area using aerial photography and topographic maps that shodata.
ground conditions. The scale of the map should be appropriate 7.1.3 Select appropriate methods for locational data collec-
for the area being investigated. Aerial photographs and topaion coincident with field observations and samplidrailure
graphic maps at scales of 1:15 000 to 1:24 000 are available fao accurately locate elevation aney coordinates of observa-
most parts of the United States and are usually adequate adian points and samples can severely compromise the accuracy
basis for a preliminary map of sites covering tens to hundredsf interpretations developed from the data. Where geographic
of acres. The distribution of the predominant soil and rockinformation systems (GIS) are to be used for data management,
deposits likely to be observed during the investigation may banalysis and visualization, locational accuracy should at a
shown using data obtained from geologic maps, landformminimum satisfy the resolution of the system to be used.
analysis, and limited ground reconnaissance. Experienced 7.1.4 Perform field reconnaissance for identification of
photointerpreters can deduce much subsurface data from sarficial geologic and hydrologic conditions, mapping of strati-
study of black-and-white, color, and color-infrared photo-graphic or lithologic exposures and outcrops, mapping of
graphs because similar soil or rock conditions, tend to haveegetation and other significant ecological conditions, and
similar patterns of appearance in regions of similar climate oexamination of anthropogenic features at the site.
vegetatior?’ 7.1.5 Perform on-site investigation of the surface and sub-

6.4 Perform site reconnaissance. This provides an opportisurface materials by geophysical surveys, borings, or test pits.
nity to check the accuracy of information compiled from 7.1.6 Obtain representative samples for chemical, biologi-
existing sources, and to make site observations to assist tal, and physical analysis of soil, rock, and ground water.
refining the conceptual model of the site. Site reconnaissand&hen required for the objectives of the investigation, these
should be planned to identify the site characteristics needinghould be supplemented by samples suitable for the determi-

further investigatiort® nation of in situ physical and chemical properties, such as
_ _ o hydraulic conductivity and flow-through sorption tests (see
7. Detailed Site Investigation 11.2). Measurement of in situ properties requires collection of

7.1 Review objectives of the investigation and develop aundisturbed samples (see definitions in Terminology D 653).
detailed site investigation plan. The detailed site investigatioYvhere present, wastes and sediments from surface water
plan should clearly identify the types of data that are requiredpodies should also be sampled.
to meet the objectives of the investigati®hA complete 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

*®The following major references may be useful for field geologic and (grain-size distribution), mineralogy, zone of increased or

hydrogeologic investigations: Bish@p9), Brassingtor(20), Bureau of Reclamation ~ reduced porosity and permeability, depth of occurrence, and

(21, 22) Compton(23, 24) Dutro, et al(25), Erdélyi and Galfi(26), Fetter(27),  the types and locations of structural discontinuities.

Lahee(28), LeRoy, et al(29), Low (30), Rahn(31), Tearpocke and Bischk2).

Guides for field description of rocks include: H33), Thorpe and Browi{34), and

Tucker (35). 30 . I . S
27 This preliminary map may be expanded into a detailed site map by locating all _Exgmples ol mvestlgatlons_ that may not require all of the activities in th'S.

test holes, pits, and sampling stations and by revising boundaries as determined fr:?Fctlon include environmental site assessments for real estate property transactions

the detailed subsurface survey. Geographic information systems (GIS) should Hat dolnzt identify rte;ognlzed enF\’nro?merI;tiIS;%n_(lj_lnons ltJ‘smgSPractlcFe) E 1527 d
considered for visualization, map preparation, data manipulation, and analysis. ase Ssessment Frocess or Fractice ransaction Screen Frocess, an

28 Exploratory sampling of soil solids, soil gas, or ground water using temporaryEnwronmental Audits to assess presence or degree of lead or asbestos contamination

in situ samplers may provide useful information for design of the sampling plan inin a building.

31 i T 1 H 1 -
the detailed site investigation plan. Surface geophysical methods may also be useful The dU.dS.tEPA(ﬁG)t_requweZ Iatlttygitg/ lo':ﬁ't?d; getermlr&atlon_gor all agency tal
at this stage of the investigation. sponsored data collection and activities that define or describe environmental

29 Considerations for identifying data requirements includb: data required to rht."’tlr?tﬁ”s“isdabgui a S.'tei. The Uths'dEEg) Ercl)wde_f,t.gtydancetto sel(éc;gg
comply with applicable federal, state, or local regulatory progra@)sldta required ati l(j fe Olng'?. € f_eléarn;)lna |or:‘ me (')ts. ho al positioning t?]ys ergs (ft ) ar:?
as inputs to computer models expected to be u@data required for selection and used for focating field observation points when accuracy on theé order of tens o

design of implementation measures (that is, protective measures at controlled wa: eters is sufﬁment, which is sufficient for many GIS applications (U.S. HBA).
disposal sites, remediation options at contaminated sites). ther coordinate systems (suchag coordinates referenced to a known datum,

State Plane, UTM) can also be used if more convenient in the field, and converted
to latitude and longitude, if required.
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7.1.8 Identify and measure the potentiometric surface(s) of 8.1 Equipment and procedures used in site characterization
the aquifer or aquifers. Methods for determining ground-watefor environmental purposes can be classified in the following
levels are covered in Test Method D 4750. The variability ofgeneral categories:
these positions in both short (minutes to days) and long 8.1.1 Indirect observation of surface and subsurface condi-
(months to years) time frames should be considéfed. tions using remote sensing techniques and geophysical surveys

7.1.9 Assess vertical and horizontal variations in the ped{see Section 9),
ologic, geologic, and hydrologic characteristics of the subsur- 8.1.2 Direct observation of subsurface conditions and field
face, including the vadose zone, aquifers, and confining unitslescription using visual-manual procedures (see Section 10),
When the flow direction and velocity of ground water are 8.1.3 Sampling for further physical, chemical, and biologi-
concerns, special emphasis should be placed on evaluating tbal testing and analysis (see Section 11), and
degree of aquifer anisotropy, presence of highly permeable 8.1.4 In situ testing of soil, rock, vadose zone, and aquifer
unconsolidated materials such as sands and gravels, extent agfthracteristics (see Section 12).
orientation of soil joint and rock fracture development, and 8.2 Many test methods and procedures are potentially ap-
extent of conduit development in karst limestone. Whereplicable to environmental site investigatioifs.Factors to
unconsolidated materials consist of thick loess, alluvial, lacuseonsider when selecting equipment and procedures for a site
trine materials, or glacial till, the spacing and depth of verticalinvestigation include:
soil jointing should be evaluated as potential zones of prefer- 8.2.1 Objectives and Data Quality Requirements of the
ential contaminant movemerf42). Guide D 5717 identifies Investigatior—For example, a Phase | Environmental Site
methods for characterization of karst and fractured rockAssessment may require only simple, hand-held equipment. On
aquifers. the other hand, site investigations for suitability for long-term

7.1.10 Assess temporal changes in subsurface hydrologitorage of high-level radioactive wastes involve complex and
conditions, including changes in ground-water levels usingsophisticated instrumentation and testing.
piezometers or monitoring wells, changes in soil moisture 8.2.2 Characteristics of the Site-Soils and geology of the
conditions using tensiometers (see Guide D 3404), neutron sadite and properties of known or suspected contaminants will
moisture probes (see Test Method D 5093) or other method#fluence the type of drilling methods used and selection of
and measurement or estimation of soil moisture flux. Changesampling equipment. Different aquifer test procedures and
in soil solute quality using suction lysimeters and otheranalytical methods are required based on aquifer characteristics
methods (see Guide D 4687). such as degree of confinement, presence of nearby hydrologic

7.1.11 Identify type and extent of contaminants, if presentpoundaries, and how much of an aquifer is intersected by the
and identify and assess the geochemical characteristics @éntral test well.
subsurface solids and ground water that may affect the fate and8.2.3 Characteristics of the Equipment or MethedVhen
transport of contaminants. Temporal changes in soil porgeveral alternatives are available to achieve a given objective a
liquids and ground-water quality should be characterized byiumber of factors should be considered in selecting equipment
periodic sampling from monitoring wells installed in accor- and methods. Equipment available from commercial sources is
dance with standard procedures (see Guide D 4696—porgenerally preferable to homemade equipment because specifi-
liquids, and Practice D 5092—ground-water monitoringcations can be readily documented and replacement parts can
wells). Important geochemical characteristics include organi@isually be obtained quickly and be used without affecting the
matter content, clay mineralogy, pH, Eh, specific conductancesomparability of results with the broken equipment. Equipment
and temperaturé? with the greatest durability and reliability is preferable. Stan-
dard ASTM test methods or standard operating procedures and
protocols established by government agencies should be used
whenever applicable. The timeliness of results is another

Note 2—All field procedures should be documented by identifying important consideration when selecting equipment or methods.
time, date, location, and personnel involved. Practice D 5254 identifiepethods that provide real-time data that fulfill data quality
additional basic information required for documentatior!. Guide D 5408requirements are preferable to methods that require use of
.G“idet D t54g3'}'322| it:é?;aDt_g;l;O rfgtnosn?.i‘t’s dali;:‘aecr'g'sgsf‘i grfounr;_trt‘é?fsite laboratories. Special circumstances may require use of
Important aaaiti | | IS | . A | .
adzitional discussion of locational data consideratio?us.p %ncommon or nonSta.ndard equipment, methods, or procf\edlf"tes'

The use of such equipment and procedures should be justified
in the detailed site investigation plan.

32 Other methods in addition to direct water level measurements may be useful 8.2.4 Cost of the Equipment or Methed All factors affect-
for characterizing depth to water table. For example, description of the color, depting cost should be considered before selecting equipment or

d ; L g ) . e . ;

‘;‘% ! %argﬁ:]’ZfVe;t';"fggggigésfogohuﬁgﬁ’;; g‘:&'\?:p'r’;ds'f;‘g’(; z‘;':cr:g)éegz;i%?”ahethods. For example, the higher initial cost of using dedicated
samplers for ground-water monitoring wells may be more

recently adopted by the Soil Survey Stédfl) for description and interpretation of ) ;
morphologic features indicative of soil wetness. At contaminated sites, coloiCOSt-effective in the long run as a result of reduced sample
variations can also be chemically induced or the result of staining. collection costs.
33 Microorganisms in soil and ground water may play a significant role in the
transport and fate of inorganic constituents (such as nitrate, sulfate, and redox
sensitive species, such as iron, manganese, arsenic, chromium, and selenium) and
organic chemicals. Table X1.2 identifies ASTM methods for characterization of —————————
microorganisms and biodegradation potential. 34 A recent EPA report(43) provides information eumﬂ‘ts
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8.3 Equipment and standard operating procedures (SOPsgped to map variations in water content, clay horizons, strati-
should be identified in the detailed site investigation planfication, depth to aquifer/bedrock, and conductive contaminant
Equipment design and specifications should be documentgaumes3’
and standard operating procedures defined. Any departures9.3.3 The shallow seismic refraction method can be used to
from equipment and procedures defined in the site investiganap soil horizons, stratigraphic depth profiles, and water

tion plan should be documented and justified. tables. It can be especially useful in determining depth of
unconsolidated material where bedrock is at a depth of 30 m or

9. Field Methods: Remote Sensing and Geophysical less.
Surveys 9.3.4 The seismic reflection method may be useful in

hcéelineating geological units at depths below 15 to 30 m (50 to
geological formations and for evaluating variations in soll and-%0 ft). Itis not constrained by layers of low seismic velocity

rock properties. Satellite and airborne mapping methods, suc"f"Pd is especially useful in areas of rapid stratigraphic .change.
as multispectral imagery obtained from the LANDSAT plat- 9.3.5 Mafgneglc sfurveg/s may bEt’ uslerI'tthr g?}eclf'{‘hg the
form and SLAR (side-looking airborne radar imagery), may bepresegce Of subsuriace ferrous materials withia & m ot the
used to find and map the areal extent of subsurface materig§ound surface.

and geologic structure. Interpretation of aircraft photographs 9.4 Bprehole .geophysmal r_nethods can be us_ed to obtain
and satellite imagery may locate and identify significant'nformat'on on lithology, stratigraphy and formation proper-
ies, aquifer properties, ground-water flow and direction, bore-

geologic features that may be indicative of faults and fracturei.'I le fluid ch terist taminant ch terizati d
Interpretation of aerial photography taken at different times cal ole fluid characlerislics, contaminant characterization, an

rehole/casing characterization. Major categories of borehole
ogging methods include:1j electrical and electromagnetic,
(2) nuclear, (3) acoustic and sonic, andl)( miscellaneous

9.1 Remote sensing techniques may assist in mapping t

identify changes in land use and identify areas that have be
disturbed by human activity. Some ground control is generall

required to verify information derived from remote sensingmethods such as caliper, temperature, and borehole flowme-

data. ) : : . .
9.2 Surface geophysical investigations can be a useful uidtgrs' Considerations in the selection of borehole logging
) geophy 9 9 ethods include, but are not limited tdl) (diameter of the

oo e oo S Sy vcons pporehoe, (2 presence of absence and yp of casi,
g ' geophy resence or absence and type of borehole fluid; and (4)

essential at most contaminated sites to avoid hazardous drilling o f1h ; f i
locations. Surface geophysical methods, together with pus aracteristics o t.e subsurface ormatl IS. -
: ’ 9.5 All geophysical methods require site conditions that

technologies (see 10.'1'5.)’ are eSpeC"’?‘”y valuable for ensu”.nrgrovide contrasts in the subsurface property being measured by
that permanent monitoring well locations intercept contami-

nant plumes and that background reference wells refleépe method, and, depending on the method, may be subject to

: o . jinterferences at a site, such as metal fences, powerlines, FM
uncontaminated conditions. Interpretation of surface geophysi-_ . L R
- . . radio transmission, or ground vibrations. The depth of penetra-

cal surveys should be verified by borings or test excavations, qQr ; : . o
lon and interference effects are highly site specific. Depth

confirmed by different types of geophysical measurements.enetration and resolution vary with local conditions. Data

. )

S;Jerzf‘a(l:iuan?ent;céﬁhtglebo%zﬁgrgzﬁzl OT; arlgurgggn; dp;C;\;lgf Icr?)llection and interpretation for geophysical surveys require

inter olatirz)F;I between holes. Seismic rounpd enetrating rad skilled personnel familiar with the principles and limitations of
P ' 9 P d ratahe method being used.

electrical resistivity and electromagnetic methods can be par-

ticularly valuable when distinct differences in the physical or10. Eield Methods: Direct Observation of Subsurface
electrochemical properties of contiguous subsurface materials Conditions3®

- -
are indicated. 10.1 The type of equipment required for an intrusive sub-

9.3 Major applications of ;urface.geoph)./sical methods foigrface investigation depends upon various factors including,
environmental site characterization incluife: _ ~ but not limited to, the type of subsurface material, the depth of
9.3.1 Ground penetrating radar may be useful in definingexploration, the nature of the terrain, the intended use of the

soil and rock layers, water table, and man-made structures iata, and prevention of cross-contamination of aquifers.
the depth range froris to 10 m (1 to 30 ft).
9.3.2 Electromagnetic induction, electrical resistivity, and
induced po|arization (or Comp|ex resis‘[ivity) techniques can be ¥ Test Method G 57 is intended for use in the control of corrosion in buried
structures. Use of the electrical resistivity method in environmental investigations
involves field procedures and data interpretation that differ substantially from the
procedures outlined in this guide.
38 Major references that address use of borehole geophysical methods for
3>Major references that address use of surface geophysical methods fanvironmental site characterization include: Bould{@®), Keys (50), Keys and
environmental site characterization include: Benson et4)| Boulding(45), Haeni MacCary(51), and Respold52).
(46), Ward (47,48) and Zohdy et a(49). 39 Major references on borehole drilling methods for direct observation of the
36 Depth ranges indicated here and for other geophysical methods are typicalubsurface and for installation of ground-water monitoring wells include: Aller et al
ranges for instruments available at the time this guide was written and intended t53), Eggington et a{54), Clark (55), Driscoll (56), Harlan et a(57), Lehr et al(58),
give a general idea of the capabilities of different methods. Actual depth penetratioRoscoe Moss Compar{$9), Ruda and Bossché80), and Shuter and Teasddfl).
at a particular site is dependent on site conditions, instrumentation used for field “°Plans for a program of intrusive subsurface investigation should check
measurements, and methods used to analyze the signal data. Depth of penetratinether there are requirements for licensing of installers and permits for installation
can also increase with improved instrumentation and signal analysis methods. and proper closure of bore holes and wells at the umexﬁtsion.
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Identify the location of buried utility lines, pipes, and any othersystem. The CPT methods can be used for lithologic charac-
subsurface anthropogenic features using maps or geophysiaatization, measurement of hydraulic conductivity of soils,
methods (9.2) prior to drilling. sampling of solids, soil gases and ground water, and in situ
10.1.1 Hand augers, hole diggers, shovels, and push tulihemical detection (see 11.3). Accurate lithologic characteriza-
samplers are suitable for exploration of surficial soils to depthgion using CPT requires correlation of measured resistance
of 1to 5m (3 to 15f). . with one or more direct subsurface observations for each site.
10.1.2 Earth excavation equipment, such as backhoes, dragyantages of CPT and DPT at contaminated sites include: no

glines, and drilled pier augers (screw or bucket) can allow inyitings, increased worker safety, and improved siting of
situ examination of soil deposits and sampling of mate”al%ermanent monitoring wells.

containing cobbles and boulders. 102 A strati hi file i | | is oft
10.1.3 In soil and unconsolidated material hollow-stem : stratigraphic profile in_complex geology IS often

augers are commonly used for collection of geoenvironmentdi€V€loped by correlation of lithologic character established by
samples and installation of monitoring wells. Hollow-stem & Significant number of borings, by continuous geophysical
augers commonly reach depths of up to 45 m (about 150 ff) an.eroﬁhr']g tgchmques, gnd surface mapping. This phase'of the
large auger rigs can reach depths of up to 100 m (about 330 ffjvestigation may be implemented by plotting logs of soil and
under favorable conditiorf. Greater depths are possible in 'ock exposures in walls of excavations or cut areas and by
unconsolidated material if casing advancement methods afdotting logs of the test borings. Then one may interpolate
used. Sections 11.2.2 and 11.2.3 identify ASTM methods fobetween, and extrapolate a reasonable distance beyond, these
collection of unconsolidated material samples. logs. The spacing of these investigations depends on the
10.1.4 For bedrock and for deep unconsolidated materiageologic complexity of the project area and on the importance
well drilling equipment such as rotary and cable tool system®f soil and rock continuity to the project design. Exploration
is usually required. Normally samples are collected in the fornshould be deep enough to identify all strata that might be
of sand sized cuttings captured from the return flow, whichsignificant in assessing environmental conditions at the site.
generally are not adequate for envi_ro_nmental_site characteriza- 10 3 Field description of test pits and excavations and
tion but other methods of determining stratigraphy, such agring logs are an essential element of environmental site
borehole geophysical logging methods are available (see Sef e tigations. Test pits allow observation of pedogenic soil

tion 9.4). Diamond rotary coring (see Practice D 2113) is th%eatures that are larger than the diameter of borings and allow

preferred method pf obtalnlng. Samples for phys_|cal prope.rt)fhe most accurate description of subsurface features in the soil
testing and geologic characterization of rocks. Diamond drills

are effective to depths of up to 600 m or more, even inZone that may influence movement of contaminants in the
extremely strong igneous and metamorphic rocks. As depths i adose zone. Paragrap.h 6.4.3 n dee D 5409 identifies key
unconsolidated material increase, sampling devices attached atures that should be included in field description of samples
drill rods become increasing cumbersome due to the tim@nd unconsolidated material. Additional description of samples
required to lower and retrieve the sampler. Wireline soil®f SOl @nd rock may be added after samples have been
sampling, in which the sampler is lowered, driven angtransported from the field. Subsurface observation records
retrieved on a wireline through the drill pipe, allows retrieval Should be kept in a systematic manner for each project. Such
of samples at frequent intervals and provides for prompt visualecords should include, when applicable:

identification of soil texture and subsurface features (Section 10.3.1 Description of Each Site or Area Investigate@ach
10.3). More commonly wireline systems are used for rocktest hole, boring, test pit, or geophysical test site should be
coring. Various factors affect the depth at which wirelinereferenced to an established coordinate system, datum, or
sample becomes more cost effective than drill-rod attachegermanent monument (see 7.1.3):

sampling devices, including the length of the core barrel, the 1032 Subsurface investigation logs of each test hole,

height of the mast on the rig being used, the number of hoistqring  test pit, or cut surface exposure should show the field
lines available for handling sampling tools and the hardness Qiescription and location of each material, and any water

the rock. The breakeven point for the two methods typically,,-quntered. either b . :

, y symbol or verbal description. Guide
ranges between 15_m (50 f.t) and_45_ m (150 ft).‘ As hole dept_hﬁ 5434 provides guidance for field logging of subsurface
increase, cost savings using wireline sampling methods in-

: . . .. explorations for soil and rock. Reference to a Munsell Soil or
crease. Reduced physical labor for drill crews using wirelin . o . .
. X : . ock Color Chart designation is a substantial aid to the
methods help to reduce worker fatigue, improving efficienc

and safety ydescription of soil and rock materigft§.Various soil classifi-
10.15 éone penetration technologies (CPT) and Otheclzation systems are available for description of soil and other

drive/push technologies (DPT) are being used increasingly fofconsolidated materials in the field. The selection of the
environmental field investigations to depths of 100 to 300 fclassification system depends on the purpose and data needs of

(30.5 to 100 m) depending on geology and push capacity of ththe investigat_ign gnd the end users of the informatior_L The
ASTM (Classification D 2487 and Practice D 2488) version of

the Unified Soil Classification System (USCS) is used by most
overnmental agencies and geotechnical engineering firms for
41 Fluid rotary drilling can extend to greater depths in unconsolidated materialsg 9 9 9 9

but is generally not recommended for environmental investigations because drillinghe_ descrlpt|on of 'SOI| for engineering purposes both in the
fluids can alter subsurface chemistry. United States and in many other Countﬂaag aerekgral
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system (41,63,64)Y2 developed by the Soil Conservation developed in the detailed site investigation plan. A statistically
Service for agricultural aspects of near surface soils, is esperalid method should be used to select sampling locations if
cially useful for environmental investigations because it carrequired by the data-collection objectives. Sample equipment
provide hydrologic information for soils. Using the modified and procedures should be appropriate for the medium being
Wentworth grain size scale (AGI Date Sheet 296E), which ~ sampled (soil, rock, soil gas, soil-pore liquids, ground water,
is widely used by geologists, in combination with the USDA solid/liquid waste) and be designed to minimize the introduc-
textural system will provide useful additional data on soiltion of error into physical and chemical test results. Barth et al
particle-size distribution because the Wentworth system ha&0) and Masorn(71) provide guidance on development of soll
more subdivisions in the silt and gravel particle-size classessampling plans. Gilbe({72) provides a good general reference
Field classification of samples and exposures should be comn statistical aspects of sampling and monitoring for environ-
firmed with laboratory tests (Classification D 2487, Testmental purposes. Geostatistical methods are especially useful
Method D 422, and Test Method D 1140) if the information is for developing a sampling strategy and analysis of results when
critical to the investigation prografif.Laboratory test results parameters are spatially correlatéd.
should clearly identify the textural system being used, because 11.2 Solids Samplinft)—The type of solids sample will
different systems may have slightly different grain-size cutoffsdepend on the purpose of the sample.
Use of sieves that include all divisions of the USCS, USDA 11.2.1 Disturbed or grab samples using augers (see Practice
and modified Wentworth scales will provide the greatestD 1452) and trier samplers (see Practice D 5451) are used
amount of useful information for the coarse fraction, andprimarily for chemical analyses, but are also suitable for
measurement of all relevant cutoffs for the fine fraction in thetexture analysis.
three systems will ensure that environmental and engineering 11.2.2 Split barrel samplers (see Test Method D 1586)
interpretations using all three systems will be possible. provide samples that allow description of lithology and other
10.3.3 Location and description of seepage and watersubsurface features, and laboratory measurements of soil
bearing zones, zones of low permeability, and records oparameters unaffected by sample disturbance (for example,
potentiometric elevations found in each test hole, boringwater content, gradation or particle size, organic content, and
piezometer, or test pit, nonsensitive and chemical constituents) but are not suitable for
10.3.4 Grain size distribution of unconsolidated materials inaboratory measurement of soil properties.
the interval to be screened when installation of a ground-water 11.2.3 Thin-wall tube (see Practice D 1587) and ring-lined

monitoring well is planned, barrel samplers (see Practice D 3550) collect undisturbed
10.3.5 The results and locations of in situ test results (sesamples of unconsolidated material that are suitable for labo-
Section 12), ratory testing of hydrologic properties, and diamond core

10.3.6 Percentage of core recovery and rock quality desigdrilling (see Practice D 2113) provides similar samples for
nation (RQD) in core drilling. Deere and De€i@) provides  consolidated rock. Undisturbed core samples can provide
guidance on RQD, and important information on structure, sedimentary features, sec-

10.3.7 Graphical presentation of field and laboratory datapndary porosity, and color patterns that cannot be obtained
such as graphic borehole logs, cross sections, potentiometricom disturbed samples.
maps, and contaminant concentration isopleths, facilitates 11.2.4 Guide D 4700 provides guidance on soil sampling in
interpretation and understanding of subsurface conditions. the vadose zone. Special considerations in sampling of soil for
11. Field Methods: Sampling radionuclides and volatile organics are addressed in Practice

' ' C 998 and Practice D 4547, respectively. Practice D 4220

11.1 The location, type of samples collected, and samplingovers procedures for preservation and transportation of soil
equipment should be in accordance with the sampling plagamples and Practices D 5079 does the same for rock core

samples.

42 Color photographs of rock cores, soil samples, and exposed strata may be of 11.3 Other Sampling
considerable value. Each photograph should include an identifying number or 11.3.1 Characterization of the vadose zone may require
symbol, a date, and a reference scale. Soil Conservation Sg623grovides sampling of soil gases and soil pore quuids. Guide D 5314
standardized procedures for photographic documentation of rock cores.

43Both 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 directly related to colloidal content in the soil and
resulting sorptive capacity. The USCS system is more applicable to very coarse- “*Most soil physical and chemical properties are spatially correlated, and the
grained alluvial deposits containing appreciable gravels. Saturated hydraulic corlecation of contaminants in soil and ground water are also usually spatially
ductivity can often be estimated within two or three orders of magnitude based oworrelated. Clark73) is a good introductory text on geostatistics and Isaaks and
both USCS and USDA classification, and estimates can sometimes be narrow&tivastava(74) provide advanced treatment of this subject. The ASCE Task
within one order of magnitude for clean sands or in fine-grained soils whereCommittee on Geostatistical Techniques in Geohydrol¢gfy) contains a good
descriptions of morphology (structure, macroporosity, fissures, laminations, etc.) afeview of basic concepts and applications. Several public domain geostatistical
undisturbed cores or exposures are possible. Numerous additional hydrologeoftware packages are available from U.S. EPB,77,78) Geostatistical methods
parameters have been correlated to the USDA classification system for near-surfagey not be appropriate where soil contamination exists as localized hotspots.
soils and could be useful for fine-grained unconsolidated material at greater depthg&irschky and Gilbert(79) provide guidance on statistical sampling designs for
These parameters include: capillary frin@®), specific yield(66), field moisture detecting hot spots at hazardous-waste sites.
capacity(67), and available water capaci{$8). Estimation of hydrologic param- 45 The investigation may require the collection of sufficiently large soil, rock,
eters may be useful during the initial site characterization phases, but should netaste, and ground water samples of such quality as to allow adequate testing to
replace necessary definitive field and laboratory measurements which may kdetermine the soil or rock classification or mineralogic type, or both, and chemical
required for final site evaluations. constituents of potential interest or concern. OCU ments
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