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INTRODUCTION

Many EPA programs, including those under the Resource Conservation and Recovery Act (RCRA)
and the Comprehensive Response, Compensation, and Liability Act (CERCLA), require subsurface
characterization and monitoring to detect ground-water contamination and provide data to develop plans to
prevent new contamination and remediate existing contamination. Hundreds of specific methods and techniques
exist for characterizing, sampling, and monitoring the saturated and unsaturated zones at contaminated sites.
Existing field methods are often refined and new methods are continually being developed. This guide is
designed to serve as a single, comprehensive source of information on existing and developing field methods as
of early 1993. Appendix C provides some suggestions on the best places to obtain information on new
developments that occur after this guide is completed. ‘

USE OF THIS GUIDE

As the title "Desk Reference Guide" implies, this is not a how-to handbook for the field. Instead, the
guide provides, in a single document, enough information about specific techniques to make some judgements
concerning their potential suitability for a specific site and also gives information on where to go to find more
detailed guidance on how to use the technique. This guide can be used in two major ways:

1. Development of Site Characterization and Monitoring Plans. Each subsection listed in the table of
contents represents a one-to-two page summary of a specific technique or several related techniques.
A table at the beginning of each of the 10 major sections (summarized below), provides general
comparative information on all methods covered in the sections, and cross-references relevant methods
covered in other parts of the guide. In the summary tables, boldfacing is used to identify those
techniques that are most commonly used. These tables might also be helpful in identifying new, or less
common methods that might be of value for specific objectives or site conditions. Within a grouping
of method summary sheets, techniques are listed in approximate order of frequency of use.

2. Overview of Specific Methods. Individuals who are unfamiliar with specific methods that are being used
or proposed to be used at a hazardous waste site can find a concise description of the method, its
applications, major advantages and disadvantages in its use, and major reference sources where more
detailed information can be found about the method. To locate information on a specific method, the
table of contents should be used to identify the section in which the method islocated. If the term used
to describe the method is not included in the table of contents, go to the summary table at the
beginning of the appropriate section of the guide. If the summary table does not use the term, peruse
the listing of alternative names for techniques in the individual summary sheets. For example, the
hydraulic percussion drilling method is not listed in the table of contents, but appears in summary
Table 2-1. The hollow-rod method, is listed in neither the table of contents or the summary, and
requires looking through the individual summary sheets in Section 2.1 (Drilling Methods), until Section
2.1.6 isreached, which identifies the hollow-rod method as an alternative term for hydraulic percussion.

GUIDE ORGANIZATION AND FORMAT

Site characterization, monitoring, and field screening are related activities for which there might not
be a clear dividing line. Generally, site characterization methods involve one-time field point measurements and
sampling (or continuous measurements in the case of some geophysical methods) of physical and chemical
properties of the subsurface, or multiple measurements to characterize seasonal variations at the site. Menitoring
methods, on the other hand, involve sampling or measurements at a single point or the same area over time.
Many methods can be used for both site characterization and monitoring, and site characterization activities can
continue after monitoring begins to further refine subsurface interpretations. Field sereening is a form of site
characterization that involves the use of rapid, relatively low-cost field methods (typically chemical) in the field
during site characterization to assist in the selection of locations for permanent monitoring well installations or
for guiding remediation activities. Field analytical methods are distinguished from field screening methods by
having a higher degree of precision and accuracy than field screening methods. This distinction in discussed
further in the introduction to Section 10.




This guide includes two volumes. The first volume covers solids and ground water and the second
volume covers the vadose zone. The site characterization, monitoring, and field screening methods covered in
the guide are divided into 10 major sections, which are described below. Because site characterization generally
precedes monitoring, earlier sections of the guide tend to cover site characterization methods, while later sections
cover monitoring. Finally, field screening and analytical methods are covered in Section 10. .

Section 1 (Remote Sensing and Surface Geophysical Methods) covers more than 30 airborne and
surface geophysical methods that are often valuable during the initial phases of site characterization.
These methods can provide preliminary information on the subsurface to provide guidance on
placement of boreholes for direct observation of the subsurface and installation of permanent
monitoring wells. A number of these methods can also be useful for monitoring the. movement of
contaminant plumes,

Section 2 (Drilling and Solids Sampling Methods) covers 20 drilling methods, and a variety of power-
driven and hand-held devices for sampling soils and geologic materials. The section also briefly
identifies important soil physical properties that are described in the field.

Section 3 (Geophysical Logging of Boreholes) covers more than 40 borehole logging and sensing
techniques for the physical and chemical characterization of the subsurface.

Section 4 (Aquifer Test Methods) covers 10 methods for measuring ground-water well levels or
pressure, pumping and slug tests, six categories of ground-water tracers, and several other techniques
for measurement of aquifer properties that might be needed for modeling ground-water flow and
contaminant transport. . ‘

Section § (Ground-Water Sampling Devices and Installations) covers more than 20 types of portable
ground-water sampling devices and different types of permanent well installations for portable sampling
devices. Appendix A (Design and Installation of Monitoring Wells) provides more detailed information
on such installations. Section 5 also includes various types of portable and fixed in situ sampling devices
and installations. General ground-water sampling methods are covered in Appendix B.

Section 6 (Vadose Zone Hydrologic Properties (I): Water State) covers over 20 methods for measuring
-vadose zone soil water potential, moisture content, and other soil hydrologic characteristics.

Section 7 (Vadose Zone Hydrologic Properties (II): Infiltration, Conductivity, and Flux) covers four
approaches to measuring or estimating infiltration and approximately 30 methods for measuring
unsaturated and saturated hydraulic conductivity and water flux in the vadose zone.

Section 8 (Vadose Zone Water Budget Characterization Methods) covers a large number of methods
for obtaining data that might be required for water budget calculations to assess contaminant transport
in the vadose zone. This includes 37 methods for obtaining various types of hydrometeorologic data,
and 16 methods for measuring or estimating transpiration or evapotranspiration. '

Section 9 (Vadose Zone Soil-Solute/Gas Sampling and Monitoring Methods) covers six indirect methods
for monitoring soil solute movement, more than 20 methods for direct sampling of soil solutions, and
a variety of methods for soil gas sampling and gaseous phase characterization in the vadose zone. The
- section also summarizes a number of methods to measure or estimate soil solute and ‘gas flux in the
vadose zone. .

Section 10 (Field Screening and Analytical Methods) covers a large number of techniques and. groups
of techniques for field screening and analysis: Chemical field measurement (three summary sheets),
sample extraction procedures (five summary sheets), gaseous phase analytical techniques (five summary -
sheets), luminescence/spectroscopic techniques (four summary sheets); wet chemistry methods (four
summary sheets), and other techniques (five summary sheets).




More than 280 specific field methods are covered in this guide. The large number of methods precludes
detailed coverage of any single method, which is often available from other sources. Instead, each method has
a single-page summary in a uniform format that includes:

General method category title.

Method title.

Other names used to describe method.

Uses at contaminated sites.

Method/procedure/device description.

Method selection considerations.

Frequency of use. ‘
Standard Methods/Guidelines (ASTM or other sources that give detailed instruction for use of the
specific method). . » ‘
Sources for additional information (which provides comparative information where other methods for
similar applications are available).

P
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The frequency of use ratings are very approximate, and actual usage might vary from region to region. Similarly,
the summary tables at the beginning of each section should not be relied upon as definitive. Specific
instrumentation or variants of techniques covered in this guide might have different characteristics than indicated
in the summary tables. A specific method that has been rarely used might be suited for certain site-specific
conditions. Conversely, site-specific conditions might make a widely-used technique a poor method of choice.
When in doubt, obtaining the opinion of more than one person familiar with a particular technique is advisable.

Wherever possible, one or more figures or tables that illustrate instruments or how a method is used
are included with summary sheets. These figures and tables have the same number as the section to which they
are related (i.e., Figure 1.1.1 and Table 1.1.1 are located after Section 1.1.1 on visible and near infrared remote
sensing). Each major section has a brief introduction that defines major concepts and provides an overview of
methods covered in the section. Summary tables and figures at the beginning of each section, and index
reference tables near the end of a section are numbered in sequence (i.e., Tables 1-1 to 1-3 provide summary
information on remote sensing and geophysical methods, and Tables 1-4 and 1-5 provide an index to references
contained at the end of the section).

SOURCES OF ADDITIONAL INFORMATION

As indicated above, two types of references are given for each method. First, if ASTM, EPA, or other
standard methods, protocols, or guidelines related to the method have been promulgated, or are being developed,
these are identified. Otherwise, references that give detailed instructions on how to use the method are cited,
if available.

~ Secondly, major references that provide information on the use of the method in the context of ground-
water and hazardous waste site investigations are listed. All references are in a single section. EPA documents
are indicated (with EPA and NTIS numbers). Appendix C (Guide to Major References on Subsurface
Characterization and Monitoring) provides annotated descriptions of more than 70 major books and reports and
over 80 published conference and symposium proceedings that can serve as information sources for general and
specific aspects of soil quality and ground-water field screening, characterization, and monitoring.

The following EPA documents are recommended for use as companions to this guide (all of which are
available for no cost from U.S. EPA’s Center for Environmental Research Information (see Appendix C for
ordering address): Ground-Water Handbook, Volume 1: Ground Water and Contamination; Volume 2:
Methodology (U.S. EPA, 1990 and 1991a), Site Characterization for Subsurface Remediation (U.S.EPA, 1991b),

Handbook of Suggested Practices for the Design and Installation of Ground-Water Monitoring Wells (Aller et

al,, 1991), Description and Sampling of Contaminated Soils: A Field Pocket Guide (Boulding, 1991), and Use
of Airborne, Surface, and Borehole Geophysical Techniques at Contaminated Sites: A Reference Guide (U.s.
EPA, 1993). Other EPA documents that are available from NTIS and commercially published references that
can be of potential value are too numerous to be named individually here. Appendix B should provide guidance
conceming other publications that might be worth obtaining.
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SECTION 1

REMOTE SENSING AND SURFACE GEOPHYSICAL METHODS

Basic Concepts and Terminology

Geophysical techniques measure physical and chemical properties of soils, rock, and ground water by
their response to either: (1) Various parts of the electromagnetic spectrum (EM), including gamma rays, visible
light, radar, microwave, and radio waves (see Figure 1-1), (2) acoustic and/or seismic energy, or (3) other
potential fields, such as gravity and the earth’s magnetic field. Figure 1-2 shows typical ranges for parameters
of various earth materials that can be measured by geophysical methods.

Most portions of the electromagnetic spectrum are used by one or more specific geophysical methods
(Figure 1-1). In common usage, however the term electromagnetic is restricted to techniques that measure
subsurface conductivities by low-frequency electromagnetic induction techmiques (Benson et al, 1984).
Radioactive or radiation methods refer to sensing involving the shortest wavelengths (x-rays and gamma rays).
Terminology for methods using the radar and microwave portions of the EM spectrum varies considerably.

In the broadest sense most geophysical techniques involve remote sensing, the observation of an object
or phenomenon without the sensor being in direct contact with the object being sensed. In common usage,
however, the term remote sensing is often restricted to the use of airborne sensing methods in the visible and
near-visible portions of the spectrum (see Figure 1-1). Nondestructive testing (NDT) is a term usually applied
to laboratory test methods, but has also been used to describe geophysical methods in the context of detecting
contained subsurface hazardous waste (Lord and Koerner, 1987). In this section the term surface geophysics
is used broadly to include techniques used at or near land and water sutfaces. '

Overview of Techniques

Table 1-1 provides summary information on over 30 remote sensing and surface geophysical methods
and identifies where additional information can be found about specific methods in this handbook (several
specific applications are covered in other sections of this handbook). This table provides general ratings
concerning the potential applicability of individual techniques for characterization of (1) soils and geology, (2)
conductive leachate plumes, (3) detection of buried wastes, and (4) detection of nonaqueous phase liquids
(NAPLs). Table 1-1 also provides comparative information on cost and depth of penetration of each technique.
Table 3-1 in Section 3 summarizes information on more than 30 borehole geophysical techniques.

A half dozen of the surface geophysical methods in Table 1-1 are routinely used at contaminated sites:
(1) Ground penetrating radar, (2) electromagnetic induction, (3) electrical resistivity, (4) seismic refraction, (5)
metal detection, and (6) magnetometry. Table 1-2 provides more detailed ratings of typical applications for these
six methods. )

Selection of Remote Sensing and Surface Geophysical Techniques

Surface geophysical techniques are most commonly used early in site investigations for preliminary
characterization of the geologic and hydrogeologic setting and contaminant plumes. This information serves as
a valuable guide for placement of permanent monitoring wells for ground-water sampling and monitoring. The
first four major surface geophysical methods identified above are likely candidates for almost any site (ground
penetrating radar will not work where conductivity is high near the surface); metal detection and magnetometry
are used whenever the presence of buried drums is suspected and to avoid buried pipelines or tanks when
drilling. The Geophysical Advisor Expert System (Olhoeft, 1992) might be useful in determining which of these
techniques (plus gravity and radiometric methods) are best suited for specific site and contaminant conditions.

The most basic requirement for successful use of surface geophysibal methods is to select the method
that is best at detecting the physical property contrasts of the target (i.e., buried waste, soil bedrock contact,
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Figure 1-1 The Electromagnetic spectrum: (a) Customary divisions and portions used for geophysical measurements;
(b) factors and phenomena influencing the radiation of electromagnetic waves (adapted from Erdélyi and
Galfi, 1988).
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: o
Table 1-1 Summary Information on Remote Sensing and Surface Geophysical Methods (all ratings are approximate and for general guidance :
only) o |

|

Technique Soils/ Leachate Buried NAPLs Penetration Cost® Section/Tables ‘
: Geology © Wastes Depth (m)* :

Airborne Remote Sensing and Geophysics

Visible Photography + yes yes® possibly? yes® Surf. only L 11116 L.11 !
Infrared Photography + yes yes® possibly* yes® Surf. only L-M 1.1.1/Tb 1.1.1 !
Multispectral Imaging yes yes® no yes® Surf. only L 11.1/Tb 1.1.1 i
Ultraviolet Photography yes yes® no yes® Surf. only L 1.1.2/Tb 1.1.1 |
Thermal Infrared Scanning yes yes (T) possibly’  possibly Surf. only M 1.1.3 L
Active Microwave (Radar) + yes possibly no possibly 0.1-2 M 114 {
Airborne Electromagnetics yes yes (C) yes possibly 0-100 M 1.1.5 {
Acromagnetics yes no yes no 10s-100s M 1.1.6 ;
Surface Electrical and Electromagnetic Methods ;
|
Self Potential yes yes (C) yes no S 10s - L 121 i
Electrical Resistivity + yes yes (C) yes (M) possibly S 60 (km) L-M 1.2.2,9.1.1/Tbs 1-2, i
13,121
Induced Polarization yes yes (C) yes possibly Skm L-M 123
Complex Resistivity yes yes (C) yes yes Skm - MH 123 v
Dielectric Sensors yes yes (C) no possibly S2° : LM 6.2.3/Tb 6-1 ¥
Time Domain Reflectometry yes yes (C) no yes s2° M-H 6.2.4/Tb 6-1 i
Electromagnetic Induction + yes yes () yes possibly S 60(200)/ L-M 1.3.1/Tbs 1-2, 1-3, fi
) C 15(50) ‘ 131 :
Transient Electromagnetics : yes yes (C) yes no S 150 (20004+) M-H 13.2/Tb 131 !
Metal Detectors no no yes no C/S 03 L 1.3.3/Tbs 1-2, 1-3
VLF Resistivity yes yes (C) yes no C/S 20-60 M-H 134
Magnetotellurics yes yes (C) no no S 1000+ M-H 135 '
Surface Seismic and Acoustic Methods i
|
Seismic Refraction + yes yes no no S 1-30(200+) L-M  14.1/Tbs 1-2,1-3
Shallow Seismic Reflection + yes no no no S 10-30(2000+) M-H 142 |
Continuous Seismic Profiling yes no no no C 1-100 M 143 i
Scismic Shear/Surface Waves yes no - no no S 10s-100s M-H 144 !
Acoustic Emission Monitoring yes no no no s2° L 145 E
Sonar/Fathometer yes yes no no C no limit L-H 1.4.6 !
. 1
Other Surface Geophysical Methods i
i
Ground-Penetrating Radar + yes yes (O) yes yes C 1-25 (100s) M 1.5.1/Tos 1-2, 1-3 ;
Magnetometry -+ no no yes (F) no C/S 020 L-M 1.5.2/Tbs 1-2, 1-3 {
Gravity yes yes no no S 100s+ H 153
Radiation Detection no no yes (nuclear) no C/S near surface L 154 i
3
Near Surface Geothermometry ' : i
i
Soil Temperature yes yes (T) no no s1-2° L 1.6.1 i
Ground-Water Detection yes yes (T) no no S2° L - 162 ‘ ;
Other Thermal Properties yes no no no - 812, LM 163 ¢

Boldface = Most commonly used methods at contaminated sites; + = covered in Superfund Field Operations Manual (U.S. EPA, 1987), |
(©) = plume detected when contaminant(s) change conductivity of ground water; (F) = ferrous metals only; (T) = plume detected by -
temperature rather than conductivity. !

* § = station measurement; C = continuous measurement. Depths are for typical shallow applications; ( ) = achievable depths-
* Ratings are very approximate L = low, M = moderate, H = high. i
° If leachate or NAPLs are on the ground or water surface or indirectly affect surface properties—see Table 1.1.1; field confirmation required. !
4 Disturbed areas which may contain buried waste can often be detected on aerial photographs. i
¢ Typical maximum depth, greater depths possible, but sensor placement is more difficult and cable lengths must be increased. :
{ For ferrous metal detection, greater depths require larger masses of metal for detection; 100s of meters depth can be sensed when using ]
magnetometry for mapping geologic structure. ‘ !
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Table 1-2 Typical Applications of Six Commonly Used Geophysical Methods (all ratings are for gencral guidance only; rating for a specific method
and application may differ depending on site specific conditions and instrumentation used)
Ground EM Electrical Seismic Metal Magnetometry
Application : Penetrating Induction  Resistivity Refraction  Detection
Radar ‘
Natural Conditions
Layer thickness and depth of soil and rock 1 2 1 1 NA NA®
Mapping lateral anomaly locations 1 1 1 1 NA NA®
Determining vertical anomaly depths : 1 2 1 1 NA NA
Very high resolution of lateral or vertical ‘
anomalous conditions ) 1 1. 2 2 NA NA
Depth to water table and aquifer thickness 2 2 2 1 NA NA
Water saturated fractures, shear and .
fault zones 2 2 .2 2 NA - NA
Mapping clay layers 1 1 1 2 NA NA
Cavity/sinkhole detection® 1 2 2 2 NA NA
Subsurface Contamination Leachates/Plumes
Existence of conductive contaminants
Reconnaissance Surveys) 2* 1 1 NA NA NA
Mapping contaminant boundaries 2. 1 1 NA NA NA
Determining vertical extent of contaminant 2* 2 1 NA NA NA
Quantify magnitude of contaminants NA 1 1 NA NA NA
Determine flow direction 2* 1 1 NA NA NA
Flow rate using two measurements at ‘ .
different times NA 1 1 NA NA NA
Detection of organic contaminants above and
floating on water table 2* 2* 2t NA NA NA
Detection and mapping of conductive ‘ ’
contaminants within unsaturated zone 2 1 1 NA NA NA
Location and Boundaries of Buried Wastes . - .
Bulk wastes 1 1 1 2 NA NA
Nonmetallic containers i NA NA NA NA NA
Metallic containers
- Ferrous 2 1 2 NA 1 1
- Nonferrous v . 2 1 2 NA 1 NA
Depth of burial . 1 2 1 NA 2 : 2*
Utilities v .
Location of pipes, cables, tanks 1 1 2 NA 1 1
Identification of permeable pathways associated
with loose fill in utility trenches 1 1 NA NA 1 1
Abandoned well casings 2 2 2 NA 1 1
Safety
Predrilling site clearance in order to avoid buried drums,
breaching trenches, etc. 1 1 2 ) 2 1 1
Typical Depth Range (meters) <1-25 0.75-60° 0-100+ 1-304 03 0-5 -
1 - Denotes primary use.
2 - Denotes possible applications, secondary use; however, in some special cases, 2 may be the only effective approach due to circumstances.

NA - Not applicable.
+ - Actual depth only limited by sources and length of wire available.

*Limited applications.

®Not applicable in the context used in this document.

“Deeper if using transient EM.

4Other principle methods include microgravity (ground survey) and sonar (water bottom survey).

‘Source: Modified from Benson et al. (1984)




conductive plume, etc.). Greenhouse and Monier-Williams (1985) identified six other considerations in the
selection of geophysical methods at contaminated sites: (1) Depth limits of detection and resolution (see Table
1-1); (2) susceptibility to electrical or vibrational noise (Table 1-3 identifies susceptibilities for six major
methods); (3) corroboration (confirmation of anomalies by multiple readings or use of more than one method);
(4) ties to borehole sampling (i.e., confirmation of observations by drilling of monitor wells for direct
observation); (5) simplicity (especially important if time series measurement are to be taken and there is a
possibility of multiple contractors taking the measurements); and (6) cost effectiveness. To these considerations
might be added: (7) Operator experience (most geophysical methods require specialized training for use and
interpretation of results); and (8) equipment availability. For example, many of the less commonly used remote
sensing and surface geophysical methods would probably be used more frequently if more contractors knew how
to use them and/or the equipment was more readily available.

Most geophysical techniques require highly trained and experienced personnel for data collection and
interpretation. When dealing with geophysical contractors, there should be a clear understanding about the
services being performed. Many geophysical contractors just provide the raw geophysical data as their standard
service, and charge extra for interpretation of data. :

The summaries in this section identify common conditions that enhance or inhibit the success of specific
techniques, but site specific conditions might cause problems for specific techniques, even when all other
indications are that they should work well. As a general rule, all geophysical techniques should be checked by
more direct observation and/or confirmed by a second geophysical method. Furthermore, well established
techniques should be given preference to those less commonly used unless there is clear justification based on
site conditions, cost, and the availability of trained and experienced personnel. When in doubt about the -
appropriateness of a specific technique, independent expert advice should be sought. EPA’s Environmental
Monitoring Systems Laboratory, Las Vegas, Nevada can provide such advice for EPA personnel.

Sources of Additional lnfonhaﬁon

Two useful EPA documents that contain more detailed information on commonly used surface
geophysical techniques at contaminated sites are: Geophysical Techniques for Sensing Buried Wastes and Waste
Migration (Benson et al., 1984), and the Compendium of Superfund Field Operations Methods (U.S. EPA,
1987). Table 1-4 (at the end of this section) identifies major references relating to geophysical methods in
general, and specific applications for ground-water and contaminated-site studies. The document Use of
Airborne, Surface, and Borehole Géophysical Techniques at Contaminated Sites: A Reference Guide (U.S. EPA,
1993), prepared as a companion to this guide, contains annotated descriptions of major geophysical texts and
indexes about 1,400 literature references on the operation and applications of specific remote sensing and
geophysical techniques in ground-water and contaminated site investigations. Tables 1-4 and 1-5 in this guide
provide an index of remote sensing and geophysical texts only. ’
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Table 1-3 Susceptibility of Major Geophysical Mcthods to Ambient "Noisc"

Ground EM - Electrical Seismic Metal Magnetometry
Source of Noise Penetrating Induction Resistivity Refraction Detection
Radar
Buried pipes*® 2 1 1 2 1 1
Will detect Only if within Only if survey Only if survey Any metal pipes  Steel
but may affect  several coil line is parallel is directly unless buried pipes
data spacings and close by over below detection  only
Metal fences 2 1 2 NA 2 1
May affect Only if within Only if survey Only if Steel
unshielded several coil line is parallel nearby fences
antenna if spacings and close to only
close to fence fence
Overhead wires 2 1 NA 2 NA 2
(powerline) Only if Only if within 60 Hz Some mags
unshielded several coil filter respond
antennas spacings may be
are used required
Ground vibrations NA NA NA 1 NA NA
Airborne electromagnetic "NA 2 2 NA 2 1to2
noise : (Barth’s field
' changed)
FM radio transmission 102 NA NA . NA NA NA
‘ depending
on frequency
Ground currentsfvoltage NA NA 2 NA NA NA
Trees 2 - NA NA 2 NA NA
Only if (wind
unshielded noise)
antennas
are used
Metal from buildings, 2 2 2 NA 2 2
vehicles, ete. Only if nearby Only if Only if Only if Only if
and unshielded  nearby nearby nearby nearby
antennas are
used
Small metallic debris on 2 NA NA NA 1 1
or near surface (nails, Ferrous
wire coathangers) metal only
Large metallic debris on 2 1 2 NA 1 1
or near surface (drums, Ferrous
drum covers, etc.) metal only
Ground contact/ 2 NA 1 1to2 NA NA

electrode problems

1 - Very susceptible; 2 - Minor problem; NA - Not applicable.

* A small diameter pipe (1") will have little influence if a large mass of conducting material is in the immediate area.

Source: Modified from Benson et al. (1984)




1. REMOTE SENSING AND SURFACE GEOPHYSICAL METHODS
1.1 AIRBORNE REMOTE SENSING AND GEOPHYSICS
1.1.1 Visible and Near Infrared

Other Names Used to Describe Method: Aerial photography, satellite photography, aerial remote sensing,
satellite remote sensing, aerial imaging, satellite imaging, black-and-white imaging (panchromatic), color imaging
(true and false), color and photographic infrared imaging, multiband imaging (multispectral), airborne television.

Uses at Contaminated Sites: Performing fracture trace analysis for potential zones of preferential ground-water
flow; developing topographic maps; evaluating changes in land use and vegetation from aerial photographs taken
at different times; detecting near-surface leachate/contamination; documenting preexisting physical conditions
and monitoring progress of clean-up operations; (plan emergency response actions [airborne television]); locating
abandoned wells.

Method Description: Photographs record images on film that is sensitive to the visible and near-infrared portion
of the electromagnetic spectrum, or images can be recorded electronically on tapes (video and multispectral
scanning systems). Images can be black-and-white, true color, and false color (such as color infrared film, which
records yellows and reds as green and the near infrared as red). Aerial photographs can be vertical or oblique
(Figure 1.1.1a). They can record the full visible and near infrared (not visible to the human eye) or only portions
of the spectrum (multiband images). Overlapping aerial photographs can be viewed three-dimensionally using
a stereoscope, or used to develop topographic maps using photogrammetric techniques. Someone skilled in air-
photo interpretation can develop preliminary interpretations about site geology, soils and hydrogeology that can
assist in on-the-ground site evaluation. Fracture trace analysis is an especially useful technique that uses
lineaments visible on air photos to identify potential zones of preferential movement of contaminants in ground
water (Figure 1.1.1b). Table 1.1.1 identifies surface features that can be indicative of leachate or contaminants
on the surface or in the shallow subsurface and the spectral bands that are most useful for identifying such
features.

Method Selection Considerations: Should be used at all sites in one form or another, especially when litigation
isinvolved. Advantages: (1) Relative to other site characterization activities, the cost of cameras, film, and image
processing is small unless very specialized equipment is used; (2) color photographs or videotapes are a simple
way to document on-ground conditions and activities; (3) existing aerial photography (usually black-and-white)
taken by other government agencies, such as the Soil Conservation Service and the Agricultural Stabilization and
Conservation Service is generally readily available and particularly useful in the site characterization stage and
for fracture trace analysis; and (4) aerial documentation using hand-held cameras is relatively inexpensive.
Disadvantages: (1) Aerial photography for stereoscopic interpretation or multispectral imaging requires more
sophisticated equipment and is more expensive; and (2) availability of multispectral imagery from existing sources
at the site scale is limited.

Frequency of Use: True color and black-and-white photographs are used at most, if not all, hazardous waste
sites. Ongoing aerial photographic documentation of site activities is less common. Use of color infrared
photography is uncommon, but would probably be useful at many sites. Use of false color and multispectral
imagery is uncommon.

Standard Methods/Guidelines: ASTM (1993).
Sources for Additional Information: Aller (1984), Phillipson and Sangrey (1977), Rehm et al. (1985-near

infrared), Sangrey and Phillipson (1979), U.S. EPA (1987, 1992-Chapter 2). See also, references on aerial
photography in Table 1-4.
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Table 1.1.1 Spectral Bands for Detecting Leachate Through Reflected Radiation |

Leachate Indicator Primary Bands Secondary Bands i
Gaps T
§
Vegetation/Soil, Rock Infrared, Red I
Snow/Soil, Rock Blue, Green ,
‘Wetness ' ;
Soil Infrared Red
Soil with Grass Infrared '

Spectral Anomalies (Reflective or Emissive)

In Water Red, Green Blue

On Water (lipids) Ultraviolet Blue, Infrared
On Soil Red, Green Infrared

On Grass Red ) Infrared, Green
Stressed Vegetation Infrared Green, Red

Source: Phillipson and Sangrey (1977)
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1. REMOTE SENSING AND SURFACE GEOPHYSICAL METHODS
1.1 ATRBORNE REMOTE SENSING AND GEOPHYSICS
- 1.1.2 Photographic Ultraviolet

Other Names Used to Describe Method: Photographic UV.

Uses at Contaminated Sites: Mapping of oil spills on surface water bodies; sometimes used for geologic mapping
of carbonate formations, such as limestones and dolomites; detecting surface contamination by explosives.

Method Description: Special films and filters are used to take photographs in the nonvisible ultraviolet portion
of the electromagnetic spectrum (0.3 to 0.4 micrometers). Oil and carbonate minerals are fluorescent in UV
bands when photostimulated by sunlight. Figure 1.1.2 illustrates a ground-portable UV video system for detecting
surface contamination with explosives being tested by the U.S. Army Toxic and Hazardous Materials Agency
(Barringer Research Limited, 1988).

Method Selection Considerations: Advantages: (1) Equipment is readily available and simple; and (2) ultraviolet
is the best portion of the spectrum for detecting oil slicks on water surfaces (see Table 1.1.1). Disadvantages:

The major drawback of photographic UV is high scattering of these wavelengths by the atmosphere results in
low contrast images, especially when there is dust or haze.

Frequency of Use: Uncommon.
Standard Methods/Guidelines: None.

Sources for Additional Information: Phillipson and Sangrey (1977), Redwine et al. (1985), Sangrey and
Phillipson (1979). :




Figure 1.1.2 Ultraviolet video detection system (Barringer Research Limited, 1988).
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1. REMOTE SENSING AND SURFACE GEOPHYSICA;L METHODS

1.1 AIRBORNE REMOTE SENSING AND GEOPHYSICS

1.1.3 Thermal Infrared

Other Names Used to Describe Method: Medium and far infrared, infrared radiometry/thermography.

Uses at Contaminated Sites: Detecting discharge of ground-water from a contaminated site to nearby surface
waters; detecting leaks from pipelines and underground storage tanks; monitoring soil moisture and evaporation;
directly detecting seeps and springs; characterizing shallow ground-water flow (see Section 1.6.2); identifying
water flow profiles in dams.

Method Description: Thermal infrared radiation lies between near-infrared (see Section 1.1.1) and the
microwave portions of the electromagnetic s