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Soil investigations for urban planning, development and environmental reme-
diation have become standard practice in recent years for professional engineers,
environmental scientists, and other related professionals. The need for environ-
mental site assessments and detailed site characterization of contaminated sites
and of other civil and environmental project sites has led to the development of
numerous types of site characterization methodologies. Soil investigations for
urban sites frequently involve complex characterization of atypical
soil/geological/groundwater conditions due to man-altered subsurface condi-
tions.

The purpose of this chapter is to present the range of site characterization
methodologies that are being used in professional practice in the USA. There is
no other combined reference source for all of these methods. The scope of this
chapter includes published manuals, standards, and methods used in profes-
sional practice.

ENVIRONMENTAL SITE ASSESSMENTS
Planning and Audits

Environmental Site Assessments (ESAS) involve the scientific examination
or survey of environmental data. The ESAs include soil surveys and soil investi-
gations, as well as a wide range of other types of environmental data. The Na-
tional Cooperative Soil Survey program of the U.S. Natural Resources Conserva-
tion Service (NRCS, previously SCS) and geologic surveys of the U.S. Geologic
Survey are early examples of environmental assessments. In recent times the Na-
tional Environmental Policy Act of 1969 started a process of environmental as-
sessment reports and environmental impact statements for federal projects. As a
result of the Comprehensive Environmental Response, Compensation, and Li-
ability Act of 1980 (also known as Superfund), ESAs and environmental audits
became common practice for private commercial and industrial properties. To-
day it is virtually impossible to obtain a commercial bank, real estate or construc-
tion loan in the USA without preparing an environmental site assessment.
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The ESA is the most commonly used generic professional term to refer to
what is now an extremely wide range of scientific environmental investigations.
This chapter is intended to outline the various types of ESAs that are in profes-
sional practice by soil scientists, geologists and geotechnical engineers. This body
of professional practice represents modern urban soil survey techniques and
methodologies in their broadest sense. The breadth of urban and environmental
professional practice has led to considerable specialization; however, soil science
is common to all types of environmental assessments.

Comprehensive Environmental Response, Compensation,
and Liability Act Background

In 1980 Congress created CERCLA (Comprehensive Environmental Re-
sponse, Compensation, and Liability Act; or the Superfund), 42 U.S.C. S96G1, et.
seq., to provide a comprehensive program for the cleanup of inactive hazardous
waste sites. The potentially responsible parties, if they can be identified, can be
held liable for cleanup costs of abandoned or inactive sites. The current property
owner also can be held liable unless a so-called “innocent landowner defense”
created by the U.S. Congress in the 1986 Superfund amendments applies. De-
fense is available to purchasers of contaminated property if the purchaser ac-
quired the property after the hazardous waste disposal and if it can be proven
that: (i) at the time the purchaser did not know and had no reason to know that
any hazardous substance was disposed on the property, (ii) the owner is a gov-
ernmental entity that acquired the property by any involuntary transfer or ac-
quisition or through exercise of eminent domain authority or condemnation, or
(iii) the owner acquired the facility by inheritance or bequest.

The purchaser is required to prove that he or she has satisfied one of these
requirements and has exercised due care and has taken adequate precautions. At
the time of acquisition all appropriate inquiry consistent with good commercial
or customary practice is required in order to minimize liability. These federal
requirements have led to extensive application of ESAs to essentially all com-
mercial real estate transactions. Banks and lending institutions have broadened
the scope of ESASs to include all types of environmental investigations that might
identify potentially contingent liabilities associated with the property or facili-
ties.

Real Estate Transactions

The American Society for Testing and Materials has promulgated “Phase |
Environmental Site Assessment Process” (ASTM, 1998). The Transaction Screen
Process has become the standard of practice for preliminary decision-making by
most banks and lending institutions to determine if a Phase | Environmental Site
Assessment is needed. The Phase | Environmental Site Assessment Process has
become the standard, of practice for environmental consultants in preparation of
the on-site environmental investigation report for a real estate transaction. The
ESA Process provides detailed guidance including governmental records re-
views, site reconnaissance. Interviews, and report preparation.
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Corporate Compliance Assurance

The ESAs are becoming widely used by business and industries to achieve
three objectives: (i) comply with existing laws and regulations, (ii) manage pre-
sent and failure risks, and (iii) remediate existing sites where contamination has
occurred as a result of past or present company activities (Duff, 1994). An ESA is
a survey of existing properties and facilities of a company intended to take into
account the business’ ability to meet its legal environmental obligations in the
most cost-effective manner possible (Holzer & Meyer, 1994). As such, most ESAs
for corporate compliance assurance plans are completed by environmental scien-
tists as confidential documents under the auspices of the corporate attorneys.
This process has led to substantial implementation of voluntary remediation
projects.

Facility Planning

Both governmental and corporate entities implement a range of ESAs in
conjunction with facility planning studies prior to construction of new facilities.
The ESAs are commonly used for industrial development program and site se-
lection (Findley, 1982). Environmental assessments (EAs) and environmental
impact statements (EISs) are commonly used for governmental facility planning
efforts. Numerous environmental impact assessment methodologies have been
developed to systematically rate and compare alternatives (Jain et al., 1993).
Most methodologies are geographically based and utilize published information
from soil, geologic, and topographic surveys. Agencies frequently implement
ESAs to obtain site-specific data prior to the EIS process to provide more accu-
rate baseline data.

Soil scientists, geologists, and geotechnical engineers have developed spe-
cialized site assessment methodologies to address the unique needs of various
types of urban projects. The USDA'’s soil survey and Department of Interior’s
(DOI’s) geologic survey programs provide an extremely useful source of infor-
mation for an entire metropolitan area. More specialized ESA methodologies
have been developed to deal with the need for more accurate site-specific data
for various types of engineering projects.

SOIL SURVEYS FOR URBAN AREAS

The USDA soil survey program was originally developed for agricultural pur-
poses (SCS, 1951) but has been modified to better address the needs of urban areas
(SCS, 1975a), A system of urban soil complexes was developed to more accurately re-
flect the urban landscape. More accurate urban soil mapping and classification tech-
nigues have been developed (Stein, 1978; Kays, 1981; Short, 1983; Stein et al., 1974;
Bockheim, 1974; Short et al., 1986a, b). Stein (1978), Fanning (unpublished data), Pat-
terson (unpublished data), Short (1983) and Foss’s (unpublished data) work on the
Mall in Washington, DC, and Bockheim’s (1974) work in Philadelphia, Pennsylvania,
formed the basis for actual classification of urban soils. These new classification pro-
cedures are distinctly different from the concept of mapping urban complexes used
by the National Cooperative Soil Survey. The soil survey approach wasthoughtto be
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more of an urban soil/land use map rather than a true soil map. The new proce-
dures were used to map Central Park in New York City (Warner, 1982). Kays
(1981) illustrated that even this intensive level of soil survey can frequently be
inadequate for site-specific project engineering. Kays proposed a complete in-
tensive site characterization approach for soil engineering projects.

Soil survey laboratory methods (SCS, 1967) have been appropriate for soil
sampling in urban areas. In some cases traditional field and laboratory proce-
dures do not deal with the complexity of urban sites. Intensive site characteriza-
tion procedures go keyond the traditional soil survey methods. For example,
ground-penetrating radar (Truman, 1991; Kovas, 1991; Shih & Myhre, 1994; Lord
& Koerner, 1987; Douglas et al, 1992; Chow, 1989) has begun to be useful for sites
with complex substrata, buried structures and complex hydrology. See “Case
Study” of this chapter for an example of complex soil characterization of an en-
gineering site. Urban engineering projects frequently are faced with a high de-
gree of site complexity. Therefore, complete site soil, geologic, and groundwater
characterization often is required. This site characterization approach has been
further developed for specialized purposes such as hazardous waste site investi-
gations, hydrocarbon contaminated site investigations, and other types of site
investigations.

SITECHARACTERIZATION METHODS

Hazardous Waste Site Investigations

Hazardous waste laws are contained in two major pieces of legislation: the
Resource Conservation and Recovery Act of 1976 (RCRA) and the CERCLA
(1980). The EPA has developed a Remedial Investigation Feasibility Study
(RI/FS) process to conduct CERCLA studies of hazardous waste sites. The work
involves four basic steps: (i) preliminary site assessment, (ii) scoping of the
RIZFS, (iii) remedial investigation (RI), which involves site characterization and
treatability investigations, and (iv) feasibility study (FS) that involves develop-
ment, screening, and detailed analysis of alternatives. The site characterization
process of the RI (Step 3) involves field investigations and use of soil, geologic,
hydrogeologic, surface waters, meteorologic, and ecological methodologies
(EPA, 1987a, 1988b, 1989a). The purposes of the site characterization process are
to: (i) identify the contaminants, (ii) assess exposure, (iii) assess toxicity, and (iv)
characterize risk of the hazardous waste site.

The RCRA site investigation methods are contained in the RCRA Facility
Investigation (RFI) Guidance, Volumes 1 to 4 (EFA, 1989c, d, e, f). Volume 11
(“Soil, Ground Water and Subsurface Gas Releases”) outlines site characteriza-
tion including field sampling and monitoring methods (also see EPA, 19S9b, h;
1993b; Ford & Turina, 1985; Ford et al., 1983; Plumb, 1984). “RCRA Ground Wa-
ter Monitoring” (EPA, 1993d) provides methodologies for characterization of site
hydrogeology, monitoring wells, sampling, and analysis (also see Aller, 1990;
Barthetal., 1989; EPA, 198la, 19844, c, d. 1989¢; Lesage & Jackson, 1992), sludges
(EPA, 1988c), analysis unsaturated zone (Nofziger et al., 1994); analysis of sedi-
ments (EPA; 1993c; Schumacher, 1993), RI/FS under CERCLA (EPA, 1988Db, c;
EPA, 1985a) Table 3-1 lists EPA manuals addressing site characterization. Soil



Table 3-1. List of selected EPA site characterization and design manuals.

Publication title Ground Hazardous Land Land- Underground Waste-
Publication number water waste application fills storage tanks  water
1. Manual for Groundwater/Subsurface Investigations for Hazardous
Waste Systems (EPA, 1981a) EPA 300/9-81-002 X X
2. Assessment of Current Information on Overland Flow Treatment
(EPA, 1980a) EPA 430/9-80-002 X X
3. Slow Rate Land Treatment: A Recycle Technology (EPA, 1980d) EPA 430/9-80-011a X X
4. Rapid Infiltration Land Treatment: A Recycle Technology
(EPA, 1980c) EPA 430/9-80-011b X X
5. RCRA Ground Water Monitoring: Draft Technical Guidance
(EPA, 1993d) EPA 530/R-93-001 X X X

6. Interim Final RCRA Facility Investigations (RFI) Guidance. Development on an
RFI1 Work Plan and General Considerations for RCRA Facility Investigations,

Vol. 1 (EPA, 1989c) EPA 530/5W-89-031 X
7. Interim Final RCRA Facility Investigation (RFI) Guidance. Soil, Ground Water

and Subsurface Gas Releases, Vol. 2 (EPA, 1989d) EPA 530/SW-89-031 X X X X X
8. Interim Final RCRA Facility Investigation (RFI) Guidance, Air and Surface

Water Resources, VVol. 3 (EPA, 1989%¢) EPA 530/5W-89-031 X
9. Interim Final RCRA Facility Investigations (RFI) Guidance, Case Study Examples,

Vol. 4 (EPA, 1989f) EPA 530/5W-89-031 X
10. Cleanup of Releases from Petroleum USTS; Selected Technologies

(EPA, 1988a) EPA 530/UST-88-001 X X
11. Guidance for Conducting Remedial Investigations and Feasibility Studies

Under CERCLA (EPA, 1988b) EPA 540/G-89-004 X X
12. Technology Screening Guide for Treatment of CERCLA Soils and Sludges

(EPA, 1988c) EPA 540/2-88/004 X X X X
13. Compendium of Superfund Field Operations Methods

(EPA, 1987a) EPA 540/P-87-001 X X X
14. Guidance on Feasibility Studies Under CERCLA (EPA, 1985a) EPA 540/2-84-003a X
15. Review of In-Place Treatment for Contaminated Surface Soils

(EPA, 1984c) EPA 540/2-84-003a X X
16. Soil Screening Guidance (EPA, 1996) EPA 540/R-94-101 X X X

SAIDO0TOAOHLIN NOILVZIH31OVHVHD 31IS

(continued on next page)



Table 3-1. Continued.

Publication title Ground Hazardous Land Land- Underground Waste-
Publication number water waste application fills storage tanks  water
17. Technical Background Document For Soil Screening Guidance
(EPA, 1995) EPA 540/R-95-128 X X X
18. Evaluation of Unsaturated/Vadose Zone Models for Superfund Sites
(EPA, 1993c) EPA 600/R-93-184 X X X
19. Assessment and Remediation of Contaminated Sediments (ARCS) Program:
Quality Assurance Program (EPA, 1993a) EPA 600/R-93-242 X
20. Reclamation and Redevelopment of Contaminated Land: European
Case Studies, Vol. 2 (EPA, 1992b) EPA 600/R-92-031 X X X X
21. A Study to Determine the Feasibility of Using a Ground-Penetrating Radar for
More Effective Remediation of Subsurface Contamination (EPA, 1992a) EPA 600/R-92-089 X X
22. An Assessment of Soil-Gas Measurement Technologies (EPA, 1991) EPA 600/8-91-050 X
23. Assessment UST Corrective Action Technologies: Site Assessment and Selection of
Unsaturated Zone Treatment Technologies (EPA, 1990) EPA 600/2-90-011 X X
24. Handbook of Suggested Practices for the Design and Installation of Ground Water
Monitoring Wells (EPA, 1989g) EPA 600/4-89-034 X X X X X X
25. Soil Sampling Quality Assurance Users Guide, 2nd ed. (EPA, 1989h) EPA 600/58-89-046 X X X
26. Characterization of Hazardous Waste Site—A Methods Manual, Available Sampling
Methods, Vol. 2 (EPA, 1989b) EPA 600/4-89-075 X
27. Nondestructive Testing Techniques to Detect Contained Subsurface Hazardous
Waste (EPA, 1987c) EPA 600/2-86-066 X X
28. Reclamation and Redevelopment of Contaminated Land: U.S. Case Studies,
Vol. 1 (EPA, 1986b) EPA 600/2-86-066 X X X X
29. Land Disposal, Remedial Action, Incineration and Treatment of Hazardous Waste
(EPA, 1986a) EPA 600/4-86-022 X X
30. Characterization of Hazardous Waste Sites—A Methods Manual, Available Analytical
Methods, Vol. 3 (EPA, 1984a) EPA 600/4-84-038 X

(continued on next page)
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Table 3-1. List of selected EPA site characterization and design manuals.

Publication title Ground Hazardous Land Land- Underground Waste-
Publication number water waste application fills storage tanks  water
31. Soil Sampling Quality Assurance User’s Guide (EPA, 1984c) EPA 600/54-84-043 X X X X
32. Characterization of Hazardous Waste Sites—A Methods Manual, Site Investigations;
Vol. 1 (EPA, 1984a) EPA 600/4-84-075 X X
33. Characterization of Hazardous Waste Sites—A Methods Manual, Available
Sampling Methods, Vol. 2 (EPA, 1984a) EPA 600/4-83-040 X X X X
34. Handbook for Sampling and Sample Preservation of Water and Wastewater
(EPA, 1982) EPA 600/4-82-029 X X X X X X
35. Design and Construction of Covers for Solid Waste Landfills (EPA, 1979) EPA 600/2-79-16 X
36. Management of Small Waste Flows (EPA, 1978) EPA 600/2-78-173 X X
37. DNAPL Site Evaluation (EPA, 1993b) EPA 600/R-93-022 X X
38. Underground Storage Tank Corrective Action Technologies (EPA, 1987d) EPA 625/16-87-015 X X
39. Handbook—Remedial Action at Waste Disposal Sites, rev. (EPA, 1985b)  EPA 625/6-85-006 X
40. Process Design Manual for Land Treatment of Municipal Wastewater (EPA, 1981b)
EPA 625/1-81-013 X X
41. Design Manual for On-site Wastewater Treatment and Disposal Systems
(EPA, 1980b) EPA 625/1-80-012 X X
42. Process Design Manual for Sludge Treatment and Disposal (EPA, 1974)  EPA 625/1-74-006 X X

43. Sanitary Landfill Design and Operation (EPA, 1972) EPA SW-65ts, 1972 X
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screening methods have become more standardized in the evaluation and
cleanup of contaminated soils (EPA, 1995, 1996).

Recent innovations have led to use of a variety of geophysical methods for
hazardous waste site characterizations. Nonintrusive geophysical methods are
being used because they do not require deep penetration, are frequently less ex-
pensive, and avoid aggravation of subsurface contamination. Geophysical meth-
ods include seismic refraction, seismic reflection, electric resitivity, electromag-
netic conductivity, magnetic flux and ground penetrating radar (Benson, 1988;
EPA, 1992a; Glore & Dobecki, 1992; Douglas et al., 1992; Lord & Koerner, 1987).
Remote sensing techniques have been developed for hazardous waste site detec-
tion and evaluation (Colten, 1988; EPA, 1981a; Lee, 1991).

Hydrocarbon Contamination Site Investigations

Specialized ESA methodologies have been developed to conduct detailed
site characterization of soil, geology and groundwater for hydrocarbon-
contaminated sites. These methodologies are widely used to conduct ESAs for
leaking underground storage tanks. The American Petroleum Institute has de-
veloped several manuals for site investigations (API, 1984, 1991a, b; Kane, 1987).
Detailed site characterization includes geology (subsurface lithology investiga-
tions from borings, excavations and sampling), soils in the vadose (unsaturated)
zone (subsurface investigations of water movement and areal extent of soil con-
tamination), site hydrology (areal extent of plume of groundwater contamina-
tion) (Bryden et al., 1986; Byrnes, 1990; Cole, 1994; Elrick, 1989; Manchon, 1993;
Villaume, 1985) and soil gas investigations (EPA, 1991; Rector, 1991; Pedersen &
Curtis, 1991; Tillmann et al., 1989a, b). Methodologies for characterizations of
hydrocarbon contaminants have been established (EPA, 1987c, 1988a, 1990; Parn
etal., 1991). Numerous technologies for hazardous waste treatment are depend-
ent upon in situ soil methods (EPA, 1984c, 1985a, 1986a,c, 1987b,d).

Soil vapor extraction methodologies (Kostecki & Calabrese, 1991; Shelby,
1991) and soil microbiological (Piotrowski, 1991) procedures have been devel-
oped to provide approaches to soil remediation of contaminants. The ASTM
4700 and 5126 procedures have been developed especially for soil sampling and
analysis in the vadose zone.

Wetland Site Investigations

Wetland delineations and site investigations for wetland restoration are
commonly used in most ESAs. Field methodologies for jurisdictional wetland
delineations rely on assessments of hydrophilic vegetation, hydric soil and hy-
drology (U.S. Army Corps of Eng., 1987; SCS, 1987; EPA, 1989b; Hurt et al., 1998)
for Section 404 permitting under the Clean Water Act (undated). The habitat
evaluation procedures (HEP) are used to evaluate the wetland functions (U.S.
Army Corps Eng., 1985). The SCS National Engineering Field Handbook (SCS, 1992)
is used for site investigation for planning and design of wetland restoration, en-
hancement and creation projects. Procedures for soil and hydrologic engineering
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of sites are provided. Airborne wetland detection and mapping is being devel-
oped to improve the accuracy of large-scale mapping (Lee, 1991).

Landscape Restoration Site Investigations

Landscape restoration of urban parks, historical landmarks and urban
open spaces is done to overcome deterioration of these urban, spaces. Many im-
portant urban spaces like Central Park in New York City and the Washington
Mall in Washington, DC, date to the last century. Problems due to soil compac-
tion, antiquated subsurface and surface drainage systems, and stressed trees and
plants are important issues in the restoration process. The basic procedures for
urban and soil investigation have been developed by (Kays, 1981; Kays & Patter-
son, 1981). The U.S. Forest Service (USFS) Urban Forest Soils Manual was the
first comprehensive attempt to describe these basic procedures. Kays developed
a site characterization methodology for such urban landscape and engineering
projects.

Derelict Lands Site Investigations

Urban areas are plagued with numerous types of derelict and abandoned
sites. These sites consist of waste building materials, waste metals, scrap yards,
solid waste disposal sites, and mining sites. Many of these sites involve aban-
doned industrial facilities. Other sites involve organic, chemical, and mining
waste disposal.

Scientists in the United Kingdom have developed procedures to identify,
survey and assess abandoned sites (Bridges, 1987; Bridges, 1991; Davies, 1991;
Soc. Chem. Indust., 1980). The survey and assessment procedures involve topog-
raphic, geologic, soil, chemical, and ecological survey methods (EPA, 1992b).
Great Britain’s national survey of derelict lands was intended to establish a data
base to promote reuse of waste materials and reclamation of the sites. Contami-
nated soils have become a significant problem in urban areas. Site assessment
methodologies to survey contaminated soils have become an international effort
by industrialized nations (Assink & Van Den Brink, 1986; British Stand Inst.,
1981). Airborne site assessment methodologies are being used to locate and in-
ventory abandoned sites.

In the USA, RCRA and CERCLA regulations have focused efforts on
hazardous waste sites (EPA, 1986b) while abandoned nonhazardous waste sites
have received only limited federal attention (Colten, 1988; Greenburg, 1984;
Kingsbury & Ray, 1986; Kingsbury & Bingham, 1992).

Transportation Facility Site Investigations

The U.S. Department of Transportation, Federal Highway Administration
(FHWA) and the National Highway Institute (NHI) have developed a method-
ology for environmental impact statements and, highway corridor siting and se-
lection (FHWA, 1993). The Project Development and Environmental Documentation
manual establishes project planning, environmental assessment, and NEPA
documentation procedures (1969).
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Specific procedures for wetland assessment of highway corridors and
permitting have been established (FHWA, 1988). Corridor and site assessment
methodologies for functional wetland assessment are important in corridor sit-
ing and selection (FHWA, 1983a, b). The NHI has established assessment proce-
dures for a number of soil and environmental factors.

Engineering Site Investigation

Geotechnical investigations have been conducted historically to: (i) assess
suitability of a site, (ii) provide adequate design data, (iii) determine potential for
failure prior to design, (iv) determine reasons for failure of remedial action, and
(v) determine availability and suitability of soil material for construction pur-
poses (Brink, 1982). Geotechnical investigations and soil engineering tests pre-
date most other types of ESAs. The American Society for Testing and Materials
(ASTM) has established a series of standard procedures that are used in profes-
sional practice (Table 3-2).

Specialized site characterization procedures have been established for
various types of construction projects such as highways, building and structure
foundation design, dams and hydrographic design, and damage control for
earthquakes (ASTM, Table 3-2; Sherard et al., 1963; Tomlinson, 1963).

Sanitary Landfill Site Investigations

Site characterization is important in site selection and design of sanitary
landfills (EPA, 1972). Methodologies for site characterization involve the geo-
logic and hydrogeologic aspects (Brunner, 1972), hydrologic evaluation (EPA,
1984b, e) and soil characterization for landfill capping (EPA, 1979; Lutton et al,
1979; Lutton, 1982). Modern site characterization for lined sanitary landfill is be-
coming similar to RCRA standards for hazardous waste disposal assessments.
The ASTM procedures in Table 3-2 provide standards for site characterization of
soils, geology, and groundwater applicable to landfill sites and for gas sampling
applicable to post-landfill closure.

Land Application Of Wastewater Site Investigations

The ESA for land application of wastewater generally follows soil science
procedures and methods. Methodologies involve investigation of various possi-
ble land limiting soil factors including hydraulic loading, N loading, P loading,
organic loading, salt loading and heavy metal loading of the site (Carlile & Phil-
lips, 1976; Overcash & Pal, 1979). The EPA established the Process Design Manual
for Land Treatment of Municipal Wastewater (EPA, 1981b), which serves as the basic
approach for site investigations of municipal spray irrigation wastewater sys-
tems. Site investigations for various types of land applications of wastewater in-
volve overland flow (EPA, 1980a), slow rate spray irrigation (EPA, 1980d), and
rapid rate irrigation (EPA, 1980c). The EPA also established the manual for site
investigation of municipal sludge application (EPA, 1974, 1988c) and for site in-
vestigations of small on-site wastewater treatment and disposal systems (EPA,
1978, 1980Db).
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Table 3-2, List of selected American Society for Testing and Materials Standardst for en-
vironmental sites characterization.

ASTM Title of standard

designations

D 420-93 Standard guide to site characterization for engineering, design, and construction
purposes (ASTM, 1999a)

D 653-90 Terminology relating to soil, rock, and contained fluids (ASTM, 1999b)

D 1194-94 Standard test method for bearing capacity of soil for static load and spread foot-
ings (ASTM, 1999c)

D 1195-93 Standard test method for repetitive static plate load tests of soils and flexible

pavement components, for use in evaluation and design of airport and. high-
way pavements (ASTM, 1999d)

D 1196-93 Standard test method for nonrepetitive static plate load tests of soils and flexible
pavement components, for use in evaluation and design of airport and highway
pavements (ASTM, 1999¢)

D 1356-98 Standard terminology relating to atmospheric sampling and analysis (ASTM,

1998b)

D 1357-95 Standard practice for planning the sampling of the ambient atmosphere (ASTM,
1998c)

D 1452-80 Standard practice for soil investigation and sampling by auger borings (ASTM,
1999f)

D 1586-84 Standard test method for penetration test and split-barrel sampling soils (ASTM,
19999)

D 15S7-83 Standard practice for thin-walled geotechnical sampling of soils (ASTM, 1999h)

D 1914-95 Standard practice for conversion units and factors relating to atmospheric analysis

(ASTM, 1998d)
D 2113-83 Standard practice for diamond core drilling for site investigation (ASTM, 1999i)

D 2487-93 Standard practice classification of soils for engineering purposes (Unified Soil
Classification System) (ASTM, 1999))
D 2488-93 Standard practice for description and identification of soils (visual-manual proce-

dure) (ASTM, 1999k)
D 2573-72 Standard test method for field vane shear test in cohesive soil (ASTM, 19991)

D 2652-94 Standard definitions of terms relating to activated carbon (ASTM, 1993e)

D 3017-88 Standard test method for water content of soil and rock in place by nuclear
methods (shallow depth) (ASTM, 1999m)

D 3213-91 Standard practices for handling, storing, and preparing soft undisturbed marine

soil (ASTM, 1999n)
D 3249-90 Standard practice for general ambient air analyzer procedures (ASTM, 1998f)

D 3282-93 Standard classification of soils and. soil-aggregate mixtures for highway construc-
tion purposes (ASTM, 19990)

D 3385-94 Standard test method for infiltration rate of soilsin field using double-ring infil-
trometer (ASTM, 1999p)

D 3404-91 Standard guide to measuring matric potential in the vadose zone using tensiome-

ters (ASTM, 1999q)
D 3441 -98 Standard test method for mechanical cone penetration tests of soil (ASTM,

1999r)

D 3550-84 Standard practice for ring-lined barrel sampling of soils (ASTM, 1999s)

D 3614-97 Standard guide for laboratories engaged in sampling and analysis of atmos-
pheres and emissions (ASTM, 1998g)

D 3686-95 Standard practice for sampling atmospheres to collect organic compound vapors
(activated charcoal tube adsorption method) (ASTM, 1998h)

D 3687-95 Standard practice for analysis of organic compound vapors collected by the acti-
vated charcoal tube adsorption method (ASTM, 1998i)

D 4050-96 Standard test method (field procedure) for withdrawal and injection well tests

for determining hydraulic properties of aquifer systems (ASTM, 1999t)
D 4083-89/94 Standard practice for description of frozen soils (visual-manual procedure)
(ASTM, 1999u)

(continued on next page)
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Table 3-2, Continued

ASTM Title of standard

designationt

D 4106-96 Standard test method for analytical procedure for determining transmissiv-

ity and storativity of non-leaky confined aquifers by the non-equilibrium method (ASTM, 1999v)

D 4220-95 Standard practice for preserving and transporting soil samples (ASTM, 1999w)

D 4394-84 Standard test method, for determining the in situ modulus of deformation of rock
mass using the rigid plate loading method (ASTM, 1999x)

D 4395-84 Standard test method for determining the in situ modulus of deformation of rock
mass using the flexible plate loading method (ASTM, 1999y)

D 4403-84 Standard practice for extensometers used in rock (ASTM, 1999z)

D 4428-91 Standard test methods for crosshole seismic testing (ASTM, 1999aa)

D 4429-93 Standard test method for CBR (California bearing ratio) of soils in place
(ASTM, 1999bb)

D 4448-85 Standard guide for sampling groundwater monitoring wells (ASTM, 1998j)

D 4452-85 Standard, test methods for x-ray radiography of soil samples (ASTM, 1999cc)

D 4490-96 Standard practice for measuring the concentration of toxic gases or vapors using
detector tubes (ASTM, 1998k)

D 4506-90 Standard test method for determining the in situ modulus of deformation, of rock
mass using a radial jacking Test (ASTM, 1999dd)

D 4544-86 Standard practice for estimating peat deposit thickness (ASTM, 1999¢e)

D 4553-90 Standard test method for determining the in situ creep characteristics of rock
(ASTM, 1999ff)

D 4554-90 Standard test method for in situ determination of direct shear strength of rock
discontinuities (ASTM, 1999gg)

D 4555-90 Standard test method for determining deformability and strength of weak rock by
an in situ uniaxial compressive test (ASTM, 1999hh)

D 4597-97 Standard practice for sampling workplace atmospheres to collect organic gases or
vapors with activated charcoal diffusional samplers (ASTM, 1998l)

D 4622-86 Standard test method for rock mass monitoring using inclinometers (ASTM, 1999ii)

D 4623-86 Test method for determination of in situ stress in rock mass by overcoring method
USBM borehole deformation gage (ASTM, 1999jj)

D 4630-86 Standard test method for determining transmissivity and storativity of low perme-
ability rocks by in situ measurements using the constant head injection test
(ASTM, 1999KKk)

D 4631-86 Standard test method for determining transmissivity and storativity of low perme-

D 4645-87/92
D 4696-92
D 4700-91
D 4719-87
D 4729-87
D 4750-87
D 4879-89
D 4971-89
D 5079-90

D 50SS-90

ability rocks by in situ measurements using the pressure pulse technique (ASTM,
199911)

Standard test method for determination of the in situ stress in rock using the hy-
draulic fracturing method (ASTM, 1999mm)

Standard guide for pore-liquid sampling from the vadose zone (ASTM, 1999nn)

Standard guide for soil sampling from the vadose zone (ASTM, 199900)

Standard test method for pressure meter testing in soils (ASTM, 1999pp)

Standard test method for in situ stress and modulus of deformation using the flat-
jack method (ASTM, 1999qq)

Standard test method for determining subsurface liquid levels in a borehole or
monitoring well (observation well) (ASTM, 1999rr)

Standard guide for geotechnical mapping of large underground openings in rock
(ASTM, 1999ss)

Standard test method, for determining the in situ modulus of deformation of rock
using the diametrically loaded 76-mm (3-in.) borehole jack (ASTM, 1999tt)

Standard practices for preserving and transporting rock core samples (ASTM,
1999uu)

Standard practice for decontamination of field equipment used at non-radioactive
waste sites (ASTM, 1999vv)

(continued on next page)
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Table 3-2, Continued.

ASTM Title of standard

designationt

D 5092-90 Standard practice for design and installation of ground water monitoring

wells in aquifers (ASTM, 1999ww)

D 5093-90 Standard test method for field measurement of infiltration rate using a doubling
infiltrometer with a scaled-inner ring (ASTM, 1999xx)\

D 5126-90 Standard guide for comparison of field methods for determining hydraulic conduc-
tivity in the vadose zone (ASTM, 1999yy)

D 5195-91 Test method for density of soil and rock in-place at depths below the surface by
nuclear methods (ASTM, 1999zz)

D 5254-94 Standard practice for minimum set of data elements to identify a groundwater site

(ASTM, 1999aaa)
D 5514-92 Standard guide for soil gas monitoring in the vadose zone (ASTM, 1999bbb)

D 5408-93 Standard guide for set of data elements to describe a groundwater site; part one —
additional identification descriptors (ASTM, 1999ccc)

D 5409-93 Standard guide for set of date elements to describe a groundwater site; part two —
physical descriptors (ASTM, 1999ddd)

D 5410-93 Standard guide for set of date elements to describe a groundwater site; part three—

usage descriptors (ASTM, 1999¢ee)
D 5434-97 Standard guide for field logging of subsurface explorations of soil and rock (ASTM,

1999fff)

D 5472-93 Standard test methods for determining specific capacity and estimating transmis-
sivity at the control well (ASTM, 1999gg9g)

D 5490-93 Standard guide for comparing groundwater flow model simulations to site-specific
information (ASTM, 1999hhh)

E 1527-97 Standard practice for environmental site assessments: Phase | environmental site
assessment process (ASTM, 1998a)

El 528-96 Standard practice for environmental site assessments: Transaction screen process

(ASTM, 1998m)

t American Society for Testing and Materials, Philadelphia, PA.
¥ ASTM designation number and original year approved/current year approved.

The basic site investigation methodologies apply soil science methodolo-
gies in Klute (1986), Page et al. (1982), and SCS (1967, 1975b). Field investigation
methodologies included soil profile descriptions, saturated hydraulic conductiv-
ity testing, unsaturated hydraulic conductivity testing. Infiltration testing, pie-
zometer analysis, cation exchange capacity, and phosphorus adsorption methods
(Elrick etal., 1989; EPA, 1981a, b; Kays & Patterson, 1981). Standard methodolo-
gies for wastewater chemical analysis have been developed by EPA (EPA, 1982).

CASE STUDY

Project: Great Lawn and Belvedere Lake Restoration

Location: Central Park, New York City

Owners: Central Park Conservancy. Inc., and New York City Department of
Parks and Recreation

Landscape Architects: Central Park Conservancy. Inc., and New York City
Department of Parks and Recreation

Engineers: Barrett Kays & Associates, P.A., Raleigh, NC Soil and, Environmental
Scientists: Barrett Kays & Associates, P.A., Raleigh, NC
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Background

The Central Park Conservancy. Inc., was founded in 1980 to assist in the
restoration, maintenance, and operation of the largest and most used urban park
in the USA. The park had seriously deteriorated over years of abuse and neglect.
The Central Park Conservancy. Inc., started a long-term process to rebuild and
restore the 340-m (840-acre) park.

In 1984 a group of urban soil scientists met to assist in evaluation of the
soil problems for the Great Lawn restoration project. The Great Lawn is one of
the largest open lawn areas in the park and is located behind the Metropolitan
Museum of Art. The site comprises approximately 10 m (25 acres). During the
initial site meeting the soil scientists (Drs. Fhillip Craul, Barrett Kays, and Rich-
ard Pouyat) discovered that the Great Lawn soils consisted of a thin veneer cap-
ping a debris landfill of approximately 10 m (25 acres) that Had been filled after
the turn of the century. The debris landfill filled in the abandoned Croton Reser-
voir that was originally constructed in 1842. In the 1930s the landfill was capped,
Belvedere Lake was constructed in the south end below Belvedere Castle, and
the Great Lawn landscape was created. Today, the Great Lawn is heavily used
for softball, football and other recreational purposes as well as for large outdoor
concerts. More than 17 million visitors use the site each year.

With this heavy use, the Great Lawn has deteriorated significantly. The
Lawn is heavily eroded, compacted, and has little or no grass cover. Runoff
from the lawn discharges into Belvedere Lake that has become so polluted it has
ceased to function as an attractive ecological setting.

In 1994 a major capital improvement project was begun by the Central
Park Conservancy. Inc. A site characterization study was conducted prior to be-
ginning the engineering and landscape design of the restoration project. The
purpose of the site characterization study was to: (i) determine the physical and
chemical nature of the soil above the landfill, (ii) determine the water table
depths and gradients across the landfill, (iii) determine the drainage characteris-
tics of the major soil horizons, (iv) determine the toxicity of sediments and wa-
ters in Belvedere Lake, and prepare an ecological evaluation of Belvedere Lake.

The basic findings of the site characterization study were:

1. The subsurface portions of the 1842 Croton Reservoir walls were intact
and controlled groundwater flow. A middle wall in the reservoir was
found that caused the water table elevation to drop approximately 3 m
(10 ft). The upper reservoir water surface was found to be level and
was saturated to the top of the middle wall; subsurface water was
flowing over the top of the middle wall to escape the upper reservoir.
The lower reservoir had been breached on the southeast side in the
1930s. The water surface in the lower reservoir had a gradient towards
the outlet. The water surface devation of Belvedere Lake was ap-
proximately 1 m (4 ft) above the groundwater elevation outside of the
lake.

2. The depth across the landfill exceeded 9 m (28 ft). The landfill consisted
primarily of rock, brick, plaster and concrete. There were limited
amounts of wood, metal and other debris.
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3. The soils capping the landfill averaged less than 0.5m (2 ft) in depth. The
soils were highly compacted and the surface was eroded.

4. The sediments in Belvedere Lake had eroded from the Great Lawn. The
sediments were found to have significant concentrations of Pb, Cu, Hg,
and Zn.

5. Soil laboratory analysis included hydraulic conductivity and soil mois-
ture retention data for the cap over the landfill and for a new proposed
topsoil cap. A computer simulation model was used to evaluate rain-
fall, irrigation, soil/water movement and drainage through the site. The
data was used to design the restoration improvements.

The restoration plans basically consisted of the following functional fea-
tures: (i) deep drainage lines and water control structures to control the ground-
water levels in the landfill; (ii) shallow drainage lines over the existing landfill
soil cap; (iii) addition of sandy topsoil cover over the shallow drainage lines to
provide a compaction-resistant lawn surface; (iv) addition of an irrigation system
for the Great Lawn and to control flow into Belvedere Lake; and (v) dredging of
Belvedere Lake, construction of various aquatic environments, and construction
of water control inlet and outlet structures for the lake.

The design of the restoration improvements was specialized to correct all
the problems identified in the site characterization process. Without the use of a
detailed site characterization of the soils, groundwater, and lake, the restoration
effort would contain fatal flaws. The proper use of site characterization and de-
sign can produce excellent technical solutions to complex urban soil problems.

The restoration construction project cost $18.4 million dollars and was
completed in 1997. It is thought to be the largest single landscape restoration pro-
ject for an urban park. The project is part of an overall $77 million dollar restora-
tion program in Central Park.

REFERENCES

Aller, L., T.W. Bennett, G, Hackett, R.J. Petty, J.H. Lear, H. Sedoris, D.M. Nielsen, and J.E. Denne.
1990. Handbook of suggested practices for the design and installation of groundwater moni-
toring wells, EPA Rep. 600/4-89-034. U.S. Gov. Print. Office, Washington, DC.

American Petroleum Institute. 1984. Proceeding: Sampling and analytical methods for determining
petroleum hydrocarbons in groundwater and soil. APT Rep, DR 214. API, Washington, DC.

American Petroleum Institute, 1991a. An evaluation of soil gas and geophysical techniques for detec-
tion of hydrocarbons, APl Publ. 4509, API, Washington, DC,

American Petroleum Institute. 1991b. Sampling and analysis of gasoline range organics in soil. API
Publ. 4516. API, Washington, DC.

American Society for Testing Materials. 1998a. Standard practice for environmental site assessments:
Phase | environmental site assessment process, p. 683-706. In 1998 annual book of ASTM
Standards. Vol. 11.04. ASTM, Philadelphia.

American Society for Testing Materials. 1998b. Standard terminology relating to atmospheric sam-
pling and analysis, p. 1-12. In 1998 annual book of ASTM Standards. Vol. 11.03. ASTM, Phila-
delphia, PA.

American Society for Testing Materials. 1998c. Standard practice for planning the sampling of the
ambient atmosphere, p. 13-16. In 1998 annual book of ASTM Standards. Vol. 11.03. ASTM,
Philadelphia, PA.



16 KAYS

American Society for Testing Materials. 1998d. Standard practice for conversion units and factors relat-
ing to atmospheric analysis, p. 40-46. In 1998 annual book of ASTM Standards. Vol. 11.03.
ASTM, Philadelphia, PA.

American. Society for Testing Materials. 1998e. Standard definitions of terms relating to activated car-
bon, p. 717-719. In 1998 annual book of ASTM Standards. Vol. 15.01. ASTM, Philade Iphia, PA.

American Society for Testing Materials, 1998f. Standard practice for general ambientair analyzer proce-
dures, p. 97-101. In 1998 annual book of ASTM Standards. Vol. 11.03. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1998g. Standard guide for laboratories engaged in samplingand
analysis of atmospheres and emissions, p. 160-167. In 1998 annual book of ASTM Standards.
Vol. 11.03. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1998h. Standard practice for sampling atmospheres to collect
organic compound vapors (activated charcoal tube adsorption method), p. 194-200. In 1998 an-
nual book of ASTM Standards. Vol. 11.03. ASTM, Philadelphia, PA.

American Society for Testing Materials, 1998i. Standard practice for analysis of organic compound va-
pors collected by the activated charcoal tube adsorption method, p. 201-205. In 1998 annual
book of ASTM Standards. Vol. 11.03. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1998j. Standard guide for sampling groundwater monitoring
wells, p. 23-26. In 1998 annual book of ASTM Standards. Vol. 11.04. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1998k. Standard practice for measuring the concentration of
toxic gases or vapors using detector tubes, p. 284-289. In 1998 annual book of ASTM Standards.
Vol. 11.03. ASTM, Philadelphia, PA.

American Society for Testing Materials, 1998l. Standard practice for sampling workplace atmospheresto
collect organic gases or vapors with activated charcoal diffusional samplers, p. 306-309. In 1998
annual book of ASTM Standards. Vol. 11.03. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1998m. Standard practice for environmental site assessments:
Transaction screen process, p. 707-739. In 1998 annual book of ASTM Standards. Vol. 11.04.
ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999a. Standard guide to site characterization for engineering
design and construction purposes, p. 1-7. In 1999 annual book of ASTM Standards. Vol. 4.08.
ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999b. Standard terminology relating to soil, rock, and con-
tained fluids, p. 43-77. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia,
PA.

American Society for Testing Materials. 1999c. Standard test method for bearing capacity of soil for static
load and spread footings, p. 107-109. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM,
Philadelphia, PA.

American Society for Testing Materials. 1999d. Standard test method for repetitive static plate load tests
of soils and flexible pavement components, for use in evaluation and design of airportand
highway pavements, p. 110-111. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM,
Philadelphia, PA.

American Society for Testing Materials. 1999e. Standard test method for nonrepetitive static plate load
tests of soils and flexible pavement components, for use in evaluation and design of airport and
highway pavements, p. 112-113. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM,
Philadelphia, PA.

American Society for Testing Materials, 1999f. Standard practice for soil investigation and sampling by
auger borings, p. 119-120. In 1999 annual book of ASTM Standards. VVol.4.08. ASTM, Philadel-
phia, PA.

American Society for Testing Materials, 1999g. Standard test method for penetration testand split-barrel
sampling soils, p. 138-142. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, Philadel-
phia, PA.

American Society for Testing Materials. 1999h. Standard practice for thin-walled tube geotechnical sam-
pling of soils, p. 143-145. In 1999 annual book of ASTM Standards. Vol.4.08. ASTM, Philadel-
phia, PA.

American Society for Testing Materials. 1999i. Standard practice for diamond core drilling for site inves-
tigation, p. 169-172. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia,
PA.

American Society for Testing Materials. 1999j. Standard practice for classification of soils for engineering
purposes (Unified Soil Classification System), p. 220-230. In 1999 annual book of ASTM Stan-
dards. Vol. 4.08. ASTM, Philadelphia, PA.



SITE CHARACTERIZATION METHODOLOGIES 17

American Society for Testing Materials. 1999k. Standard practice for description and identification of
soils (visual-manual procedure), p. 231-241. In 1999 annual book of ASTM Standards. VVol. 4.08.
ASTM, Philadelphia, PA.

American Society for Testing Materials. 19991. Standard test method for field vane shear test in cohesive
soil, p. 242-244. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999m. Standard test method for water co ntent of soil and rock
in place by nuclear methods (shallow depth), p. 295-302. In 1999 annual book of ASTM Stan-
dards. Vol. 4.03. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999n. Standard practice for handling, storing, and preparing
soft, undisturbed marine soil, p. 324-328. In 1999 annual book of ASTM Standards. Vol. 4.08.
ASTM, Philadelphia, PA.

American Society for Testing Materials. 19990. Standard practice for classification of soil and soil-
aggregate mixtures for highway construction purposes,, p. 329-334. In 1999 annual book of
ASTM Standards. Vol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999p. Standard test method for infiltration rate of soils in field
using double-ring infiltrometer, p. 335-341. In 1999 annual book of ASTM Standards. VVol. 4.08.
ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999¢. Standard guide to measuring matric potential in the va-
dose zone using tensiometers, p. 342-351. In 1999 annual book of ASTM Standards. Vol. 4.08.
ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999r. Standard test method, for mechanical cone penetration
tests of soil, p. 352-356. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia,
PA.

American Society for Testing Materials. 1999s. Standard practice for ring-lined barrel sampling of soils,
p. 357-359. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999t. Standard test method (field procedure) for withdrawal
and injection well tests for determining hydraulic properties of aquifer systems, p. 456-459. In
1999 annual book of ASTM Standards. VVol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999u. Standard practice for description for frozen soils (visual-
manual procedure), p. 460-465. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM,
Philadelphia, PA.

American Society for Testing Materials. 1999v. Standard test method for analytical procedure for deter-

mining transmissivity and storativity of nonleaky confined aquifers by the nonequilibrium
method, p. 475-479. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia,

PA.

American Society for Testing Materials. 1999w. Standard practice for preserving and transporting soil
samples, p. 488-497. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia,
PA.

American Society for Testing Materials. 1999x. Standard test method for determining the in situ
modulus of deformation of rock mass using the rigid plate loading method, p. 560-568. I 1999
annual book of ASTM Standards.Vol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999y. Standard test method for determining the in situ
modulus of deformation of rock mass using the flexible plate loading method, p.569-577. In 1999
annual book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999z. Standard practice for extensometersused in rock, p.578-
597. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999aa. Standard test methods for crosshole seismic testing, p.
604-613. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999bb. Standard test method for CBR (California Bearing Ra-
tio) of soils in place, p. 614-617. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM,
Philadelphia, PA.

American Society for Testing Materials. 1999cc. Standard test methods for x-ray radiography of soil
samples, p. 627-638. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia,
PA.

American Society for Testing Materials. 1999dd. Standard test method for determining the in situ
modulus of deformation of rock mass using a radial jacking test, p. 639-644. In 1999 annual book
of ASTM Standards. Vol.4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999ee. Standard practice for estimating peat deposit thickness,
p. 670-67. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia, PA.



18 KAYS

American Society for Testing Materials. 1999ff. Standard test method for determining the in situ creep
characteristics of rock, p. 679-684. In 1999 annual book of ASTM Standards. VVol. 4.08. ASTM, Phila-
delphia, PA.

American Society for Testing Materials. 1999gg. Standard test method for in situ determination of di-
rect shear strength of rock discontinuities, p. 685-690. In 1999 annual book of ASTM Standards.Vol.
4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999hh. Standard test method for determining declinability
and strength of weak rock by an in situ uniaxial compressive test, p. 691-694. In 1999 annual book
of ASTM Standards. Vol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999ii. Standard test method for rock mass monitoring using
inclinometers, p. 719-725. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, PhiladeIphia,
PA.

American Society for Testing Materials. 1999jj. Standard test method for determination of in situ stress
in rock mass by overcoring method-USBM borehole deformation gage, p.726-738.1n1999 annual
book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999kk. Standard test method for determining transmissivity
and storativity of low permeability rocks by in situ measurements using the constant head injec-
tion test, p. 739-744. In 1999 annual book of ASTM Standards. VVol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999I1. Standard test method for determining transmissivity
and storativity of low permeability rocks by in situ measurements using the pressure pulse tech-
nique, p. 745-751. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999mm. Standard test method for determination of the in situ
stress in rock using the hydraulic fracturing method, p. 760-766. In 1999 annual book of ASTM
Standards. Vol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999nn. Standard, guide for pore-liquid sampling from the va-
dose zone, p. 783-815. In 1999 annual book of ASTM Standards. VVol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 199900. Standard guide for soil sampling from the vadose
zone, p. 816-831. In 1999 annual book of ASTM Standards. VVol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999pp. Standard test method for pressure meter testingin
soils, p. 835-842. In 1999 annual book of ASTM Standards. Vol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999qq. Standard test method for in situ stress and
modulus of deformation using the flatjack method, p. 843-849. In 1999 annual book of ASTM
Standards. Vol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999rr. Standard test method for determining subsurface liquid
levels in a borehole or monitoring well (observation well), p. 849-854. In 1999 annual book of ASTM
Standards. Vol. 4.08. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999ss. Standard guide for geotechnical mapping of large un-
derground opening in rock, p. 878-888. In 1999 annual book of ASTM Standards. VVol. 4.08. ASTM,
Philadelphia, PA.

American Society for Testing Materials. 1999tt. Standard test method for determining the in situ
modulus of deformation of rock using the diametrically loaded 76-mm (3-in.) borehole jack, p. 21-
26. In 1.999 annual book of ASTM Standards. Vol. 4.09. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999uu. Standard practices for preserving and transporting rock
core samples, p. 48-53. In 1999 annual book of ASTM Standards. VVol. 4,09. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999vv. Standard practice for decontamination of field equip-
ment used at nonradioactive waste sites, p. 70-72. In 1999 annual book of ASTM Standards. Vol.
4,09. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999ww. Standard practice for design and installation of ground
water monitoring wells in aquifers, p. 73-86. In. 1999 annual book of ASTM Standards. Vol. 4.09.
ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999xx. Standard test method for field measurement of infiltra-
tion rats using a double-ring infiltrometer with a sealed-inner ring, p. 87-92. In 1999 annual book of
ASTM Standards. Vol. 4.09. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999yy. Standard guide for comparison of field methods for
determining hydraulic conductivity in the vadose zone, p. 101-111. In 1999 annual book of ASTM
Standards. Vol. 4.09. ASTM, Philadelphia, PA.



SITE CHARACTERIZATION METHODOLOGIES 19

American Society for Testing Materials. 1999zz. Standard test method for density of soil and rock in
place at depths below the surface by nuclear methods, p. 115-119. In 1999 annual book of ASTM
Standards.Vol. 4.09. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999aaa. Standard practice for minimum set of data elementsto
identify a groundwater site, p. 135-140. In 1999 annual book of ASTM Standards. VVol. 4.09. ASTM,
Philadelphia, PA.

American Society for Testing Materials. 1999bbb. Standard guide for soil gas monitoring in the vadose
zone, p. 195-229. In 1999 annual book of ASTM Standards. Vol. 4.09. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999ccc. Standard guide for set of data elementsto describe a
groundwater site; part one—additional identification descriptors, p. 249-254. In 1995 annual book of
ASTM Standards. Vol. 4.09. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999ddd. Standard guide for set of data elements to describea
groundwater site; part two—physical descriptors, p. 255-270. In 1999 annual book of ASTM Stan-
dards. Vol. 4.09. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999eee. Standard guide for set of dataelements to describea
groundwater site; part three—usage descriptors, p. 271-282. In 1999 annual book of ASTM Stan-
dards. Vol. 4.09. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999fff. Standard guide for field logging of subsurface explora-
tions of soil and rock, p. 283-285. In 1999 annual book of ASTM Standards. Vol. 4.09. ASTM, Phila-
delphia, PA.

American Society for Testing Materials. 1999ggg. Standard test method for determining specific capac-
ity and estimating transmissivity at the control well, p. 298-301. In 1999 annual book of ASTM
Standards. Vol. 4.09. ASTM, Philadelphia, PA.

American Society for Testing Materials. 1999hhh. Standard guide for comparing groundwater flow
model simulations to site-specific information, p. 330-338. In 1999 annual book of ASTM Standards.
Vol. 4.09. ASTM, Philadelphia, PA.

Assink, J.W., and W.J. Van Den Brink (ed.) 1986. Contaminated soil. Martinus Nijhoff Publ. Dordrecht,
The Netherlands.

Barth, D.S., B.J. Mason, T.H. Starks, and K.W. Brown. 1989. Soil sampling quality assurance user’s guide.
2nd ed. EPA Rep. 600/8-89-046. U.S. Gov. Print. Office, Washington, DC.

Benson, R.C. 1988. Surface and downhole geophysical techniques for hazardous waste site investiga-
tions. Hazard. Mater. Control 1(2):8.

Bockheim, J.G. 1974. Nature and properties of highly disturbed urban soils, Philadelphia Pennsylvania.
Proc. Soil Sci. Soc. Am, Annu. Meet., Chicago, IL. SSSA, Madison, WI.

Bridges, E.M. 1987. Surveying derelict land. Clarendon Press, Oxford, UK.

Bridges, E.M, 1991. Waste materials in urban soils, p. 28-46. In P. Bullock and P.J. Gregory (ed.) Soilsin
the urban environment. Blackwell Sci. Publ. Oxford, UK.

Brink, A.B.A., T.C. Partridge, and A.A.B. Williams. 1992. Soil survey for engineering monographson
soil survey. Clarendon Press, Oxford, UK.

British Standards Institution. 1981. Code of practice for site investigations. Rep. BS5930. Br. Stand. Inst.,
London, UK.

Brunner, D.R., and D.J. Keller. 1972. Sanitary landfill design and operation. EPA Rep. SW-65ts, U.S.
Gov. Print. Office, Washington, DC.

Bryden, G.W., W.R. Mabey, and K.M. Robine. 1986. Sampling for toxic contaminants in groundwater.
Groundwat. Monit. Rev. 6(2):67-72.

Byrnes, M.E. 1990. Complementary investigative techniques for site assessment with low-level con-
taminants. Groundwat. Monit. Rev. 10(2):90-95.

Byrnes, M.E. 1994. Field sampling methods for remedial investigations. Lewis Publ., Ann Arbor, ML

Carlile, B.L., and J.A. Phillips, 1976. Evaluation of soil systems for land disposal of industrial and mu-
nicipal effluents. Water Resour. Res. Inst. Rep. 118. North. Carolina State Univ., Raleigh, NC.

Central Park Conservancy. 1985. Rebuilding Central Park: A management and restoration plan. Dep.
Parks Recreat., New York.

Chow, T.L., and H.W. Rees. 1989. Identification of subsurface drain locations with GPR, Can. J. Soil Sci.
69:223-234.

Clean Water Act. No date. USC S 1251 et seq.

Cole, G.M. 1994. Assessment and remediation of petroleum contaminated sites. Lewis Publ., Ann Ar-
bor, MlI.

Colten, C.E. 1988. Historical geographical identification of hazardous waste disposal sites: lllinois ex-
amples. Environ. Prof. 10(1):54-61.



20 KAYS

Comprehensive Environmental Response, Compensation, and Liability Act. 1980. 42 USC S 9601 et seq.

Craul, P.J. 1992. Urban soil in landscape design. John Wiley & Sons. Inc., New York.

Davies, M.C.R. (ed.) 1991. Land reclamation: An end to dereliction? Elsevier Appl. Sci. London, UK.

Douglas, G.G., A.A. Burns, C.L.. Rino and R.W. Maresca, Jr. 1992. A study to determine the feasibility of
using a ground-penetrating radar for more effective remediation of subsurface contamination. EPA
Rep. 600/R-92-089. U.S. Gov. Print. Office, Washington, DC.

Duff, P.B. 1994, Converting to proactive environmental management p. 19-32. In B.J. Seldner and J.P.
Cothrel (ed.) Environmental decision making for engineering and business managers, McGraw-
Hill, New York.

Elrick, D.E., W.D. Reynolds, and K.A. Tan. 1989. Hydraulic conductivity measurements in the unsatu-
rated zone using improved well analyses. Groundwat. Moult. Rev. 9:184-193.

Federal Highway Administration. 1983a. A method for wetland functional assessment. Vol. 1. FHWA
Rep. IP-82-23. U.S. Dep. Transport., Washington, DC.

Federal Highway Administration. 1983b. A method for wetland functional assessment. Vol. 2. FHWA
Rep, IP-82-84. U.S. Dep. Transport., Washington, DC.

Federal Highway Administration, 1988. Applying the section 404 permit process to federal aid highway
projects. FHWA Rep. RE-88-028. U.S. Dep. Transport., Washington, DC.

Federal Highway Administration. 1993. Project development and environmental documentation.
FHWA Rep, HI-93-038. U.S. Dep. Transport., Washington, DC.

Findley, E.L, 1982. The value of environmental assessment in facility development. Environ, Prof. 4(3):
317-322.

Ford, P.J., P.J. Turina, and D.E. Seely. 1983, Characterization of hazardous waste sites—a methods man-
ual: Available sampling methods. Vol. 2. EPA Rep. 600/4-83-040. U.S. Gov. Print. Office, Washing-
ton, DC.

Ford, P.J., and P.J. Turina. 1985, Characterization of hazardous waste sites—a methods manual—site
investigations. Vol. 1, EPA Rep. 600/4-84-075. U.S. Gov. Print. Office, Washington, DC.

Gammagc, R.B. and B.A. Berven (ed.) 1992. Hazardous waste site investigations: Towards better deci-
sions. Lewis Publ., Ann Arbor, MI.

Glore, C.R., and T.L. Dobecki. 1992. The application of engineering geophysical techniques for the
evaluation of subsurface contamination: What is it and does it work? p. 91-116. InRB.Gammage
and B.A. Berven (ed.) Hazardous, waste site investigations: Toward better decisions. LewisPubl.,
Ann Arbor, Ml.

Greenburg, M.R., and R.F. Anderson. 1984. Hazardous waste sites: The credibility gap. Rep. Cent. for
Urban Policy Res., New Brunswick, NJ.

Holzer, S.T., and G.A. Meyer. 1994. Environmental liability and reducing corporate exposure, p. 3348.
In B.J. Seldner and J.P. Cothrel (ed.) Environmental decision-making for engineering and business
managers. McGraw-Hill, New York.

Hurt, G.W., P.M. Whiled, and R.F. Pringle (ed.). 1998, Field indicators of hydric soilsin the United States:
A guide for identifying and delineating hydric soils. Version 4.0. USDA-NRCS, Ft. Worth, TX.

Jain, R.K., L.V. Urban, G.S. Stacey, and H.E. Balbach. 1993. Environmental assessment. McGraw-Hlill,
New York, NY.

Kane, M. (ed.) 1987. Manual of sampling and analytical methods for petroleum hydrocarbons in
groundwater and soil. Publ. 4449, API, Washington, DC. Kays, B.L. 1981 - Methodology for on-site
soil analysis, p. 7.1-7.11. In P.J. Craul (ed.) Urban forest soils: A reference workbook. Proc. Work-
shop Urban Forest Soils, Univ. Maryland, College Park, MD. 26-28 Apr. 1982. SUNY, Syracuse, NY.

Kays, B.L., and J.C. Patterson. 1981. Soil drainage and infiltration, p. 5.1-5.25. In PJ. Craul (ed.) Urban
forest soils: A reference workbook. Proc. Workshop Urban Forest Soils, Univ. Maryland, College
Park, MD, 26-28 Apr. 1982. SUNY, Syracuse, NY.

Kingsbury, G.L., and R.M. Ray. 1986. Reclamation and redevelopment of contaminated land. Vol. 1. US.
case studies. EPA Rep. 600/2-86-066, U.S. Gov. Print. Office, Washington, DC.

Kingsbury, G.L., and. T. Bingham. 1992. Reclamation and redevelopment of contaminated land: Vol. 2
European case studies. EPA Rep. 600/R-92-031. U.S. Gov. Print Office, Washington, DC.

Klute, A. (ed.) 1986. Methods of soil analysis. Part 1. 2nd ed. Agron. Monogr. 9. ASA and SSSA, Madi-
son, WI.

Kostecki, P.T., and E.J. Calabrese (ed.) 1991. Hydrocarbon contaminated soils and groundwater: Analy-
sis, fats, environmental and public health effects remediation. Vol. 1. Lewis Publ., Ann Arbor, ML.

Kovas, J.E. 1991. Survey applications of GPR Survey. Land Informal: Syst. 51(3):144-148.



SITE CHARACTERIZATION METHODOLOGIES 21

Lee, K.H. 1991. Wetlands detection methods investigation, EFA Rep. 600/4-91-014, U.S. Gov. Print. Of-
fice, Washington, DC.

Lesage, S., and R.E. Jackson. 1992. Groundwater contamination and analysis at hazardous waste sites.
Marcel Dekker, New York.

Lord, A.E., Jr.,and R.M. Koemer, 1987. Nondestructive testing techniques to detect contained subsurface
hazardous waste. EPA Rep. 600/S2-87-078. U.S. Gov. Print. Office, Washington, DC.

Lutton, R.J., G.L. Regan, and L.W. Jones. 1979. Design and construction of covers for solid waste land-
fills. EPA Rep. 600/2-79-165, U.S. Gov. Print. Office, Washington, DC.

Lutton. R.J. 1982. Evaluating cover systems for solid and hazardous waste. EPA Rep. SW867. U.S. Gov.
Print. Office, Washington, DC.

Manchon, B. 1993. Cone penetrometer testing, hydropunch, and borehole geophysics applications for
environmental investigations. In P.T. Kostecki and E.J. Calabrese, (ed.) Hydrocarbon contaminated
soils and groundwater. Vol. 3. Lewis Publ., Chelsea, ML

National Environmental Policy Act. 1969. 42 USC S 4321 et seq.

Nofziger, D.L., J. Chen, and C.T. Haan. 1994. Evaluation of unsaturated/vadose zone models for Super-
fund sites. EPA Rep. 600/R-93-184. U.S. Gov. Print. Office, Washington, DC.

Overcash, M.R., and D. Pal. 1979. Design of land treatment systems for industrial wastes—theory and
practice. Ann Arbor Sci. Publ., Ann Arbor, Ml. Page, A.L., R.H. Miller., and D.R. Keeney (ed.) 1982.
Methods of soil analysis. Part 2. 2nd ed. Agron. Monogr. 9. ASA and SSSA, Madison, WI.

Parr, J.L., G. Walters, and M. Hoffman. 1991. Sampling and analysis of soils for gasoline range organics,
p. 105-132. In P.T. Kostecki and E.J. Calabrese (ed.) Hydrocarbon contaminated soils and ground-
water: Analysis, fate, environmental and public health effects, remediation. Vol. 1. Lewis Publ,, Ann
Arbor, Ml.

Pedersen, T.A., and J.T. Curtis, 1991. Soil vapor extraction technology. Noyes Data Corp., Park Ridge,
NJ.

Piotrowski, M.R. 1991. Bioremediation of hydrocarbon contaminated surface water, groundwater, and
soils: The microbiol ecology approach, p. 203-238. In P.T. Kostecki and E.J. Calabrese (ed.) Hydro-
carbon contaminated soils and groundwater: Analysis, fate, environmental, and public health ef-
fects; remediation. Vol. 1. Lewis Publ., Ann. Arbor, MlI.

Plumb, R.H., Jr. 1984. Characterization of hazardous waste sites—a methods manual. VVol. 3. Available
laboratory analytical methods. EPA Rep. 600/4-84-038. U.S. Gov. Print. Office, Washington, DC.

Rector, H.E. 1991. An assessment of soil-gas measurement technologics. EPA Rep. 600/8-91-050.U.S.
Gov. Print Office, Washington, DC.

Rees, J.R. (ed) 1992. Contaminated land treatment technologies. Proc. Int. Conf. on Contamin. Land-
Treatment Technol., London, UK, 1-2 July. Elsevier Sci., New York.

Resource Conservation and Recovery Act. 1976. 42 USC S 6901 et seq.

Schumacher, B.A. 1993. Assessment and remediation of contaminated sediments (ARCS) program:
quality assurance program plan, EPA Rep. 600/R-93-242. U.S. Gov. Print. Office, Washington, DC.

Shelby, D.A. 1991 A critical review of site assessment methodologies, p. 149-160. In P.T. Kostecki and EJ,
Calabrese (ed.) Hydrocarbon contaminated soils and groundwater: Analysis, fate, environmental
and public health effects; remediation. Vol. 1. Lewis Publ., Ann Arbor, MI.

Sherard, J.L, R.J. Woodward, S.F. Gizienski, and W.A. Clevenger. 1963. Earth and earth-rock dams,
Wiley Pub., New York.

Shih, S.F., and D.L. Myhre. 1994, GPR for salt-affected soil assessment. J. Irrig. Drain. Eng. 120(2):322-
333.

Short, J.R. 1983. Characterization and classification of highly man-influenced soils on the mall in
Washington, DC. M.S. thesis. Univ. Maryland, College Park, MD.

Short, J.R., D.S. Fanning, J.E. Foss, and J.C. Patterson. 1986a. Soils of the mall in Washington. DC: I,
Genesis, classification, and mapping. Soil Sci. Soc. Am. J. 50:705-710.

Short, J.R., D.S. Fanning, M.S. McIntosh., J.E. Foss, and J.C. Patterson. 1986b. Soil of the mall in Wash-
ington, DC: |, Statistical summary of properties. Soil Sci. Soc. Am. J. 50: 699-705.

Society of Chemical Industry. 1980, Reclamation of contaminated land. Proc. Soc. Chem. Indust, East-
borne, UK. 22-25 Oct. 1979. SCI, London, UK.

Soil Conservation Service. 1951. Soil survey manual. USDA Agric. Handb. No. 18. U.S. Gov. Print. Of-
fice, Washington, DC.

Soil Conservation Service. 1967. National engineering field handbook. U.S. Gov. Print. Office, Washing-
ton, DC.



2 KAYS

Soil Conservation Service. 1975a. Report of committee on classification of soils resulting from mining
operations and its interpretations, p. 267-304. In F.J. Carlisle (ed.) Proc. Nad. Soil Surv. Conf., Or-
lando, FL.

Soil Conservation Service, 1975b. Soil taxonomy: A basic system of soil classification for makingand
interpreting soil survey. USDA Agric. Handb. 436. U.S. Gov. Print. Office, Washington, DC.

Soil. Conservation Service. 1987. Hydric soil of United States. USDA Natl. Tech. Comm. Hydric Soils,
U.S. Gov. Print. Office, Washington, DC.

Soil Conservation Service. 1992. Wetland restoration, enhancement, or creation. Engineering Field
Handb. 13. USDA Rep. 210-EFH. U.S. Gov. Print. Office, Washington, DC.

Stein, C.E. 1978. Mapping, classification, and characterization of highly man-influenced soil in the Dis-
trict of Columbia. M.S. thesis. Univ. Maryland, College Park, MD.

Stein, C.E., D.S. Fanning, and J.C, Patterson, 1974. Classification of urban soils developed in fill materi-
als, p. 163. In Agronomy abstracts. ASA, Madison, WI.

Tillman, N., K. Ranlet, and J.T. Meyer, 1989a. Soil gas surveys. Part 1. Pollut. Eng. 21(7):186-189.

Tillmann, N., K. Ranlet, and T.J. Meyer. 1989b. Soil gas surveys. Part 2. Pollut. Eng. 21(B):79-84.

Tomlinson, M.J. 1963. Foundation design and construction. Pitman Publ., London, UK.

Truman, C.C,, L.E. Asmussen, and H.D. Allison. 1991. GPR: A tool for mapping reservoirsand lakes.J.
Soil Water Conserv. 46(5):370-372.

U.S. Army Corps of Engineers. 1987. Corps of Engineers wetland delineation manual. Corps Rep. Y-87-
1. Waterways Exp. Stn., Vicksburg, MS.

U.S. Army Corps of Engineers. 1985. Habitat evaluation methods notebook. Corps Rep. EL-85-3 Wa-
terways Exp. Stn., Vicksburgh, MS.

U.S. Environmental Protection Agency. 1972. Sanitary landfill design and operation. EPA Rep. SW-65ts.
U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1974. Process design manual for sludge treatment and disposal-
EPA Rep. 625/1-74-006. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1978. Management of small waste flows, EPA Rep. 600/2-78-
173. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1979. Design and construction of covers for solid waste landfills.
EPA Rep. 600/2-79-16. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1980a. Assessment of current information on overland flow
treatment. EPA Rep. 430/9-80-002. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1980b. Design manual for on-site wastewater treatment and
disposal systems. EPA Rep. 625/1-80-012. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection. Agency. 1980c. Rapid infiltration land treatment: A recycle technology.
EPA Rep. 430/9-80-011b. U.S. Gov. Print Office, Washington, DC.

U.S. Environmental Protection Agency. 1980d. Slow rate land treatment: A recycle technology. EPA Rep.
430/9-80-011a. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1981a. Manual for groundwater/subsurface investigationsat
hazardous waste sites. EPA Rep. 330/9-81-002. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1981b. Process design manual for land treatment of municipal
wastewater, EPA Rep. 625/1-81-013. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection, Agency, 1982. Handbook for sampling and sample preservation of water
and wastewater. EPA Rep. 600/4-82-029. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1984a. Characterization of hazardous waste sites—amethods
manual. Vol. I-1ll. EPA Reps. 600/4-84-075, 600/4-83-040, 600/4-84-038. U.S. Gov. Print. Office,
Washington, DC.

U.S. Environmental Protection Agency, 1984b. Procedures for modeling flow through clay liners to de-
termine required liner thickness. EPA Rep. 530/5W-84-001. U.S. Gov. Print Office, Washington,
DC.

U.S. Environmental Protection Agency. 1984c. Review of in-place treatment techniques for contaminated
surface soils. EPA Rep. 540/2-84-003a. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1984d. Soil sampling quality assurance users guide. EPA Rep.
600/54-84-043. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1984e. The hydrologic evaluation of landfill performance
(HELP) model. Vol. 1. EPA Rep. 530/SW-84-009. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1985a. Guidance on feasibility studies under CERCLA. EPA
Rep. 540/G-85-0022. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1985b. Handbook—remedial action at waste disposal sites rev.
EPA Rep. 625/6-85-006. U.S. Gov. Print. Office, Washington, DC.



us.

u.s.

us.

us.

us.

u.s.

u.s.

u.S.

uU.s.

u.s.

u.s.

u.s.

u.s.

u.S.

u.s.

u.s.

us.

U.s.

u.s.

uU.s.

us.

u.s.

u.s.

uU.S.

SITE CHARACTERIZATION METHODOLOGIES 23

Environmental Protection Agency, 1986a. Land disposal, remedial action. Incineration and treat-
ment of hazardous waste. EPA Rep. 600/4-86-022. U.S. Gov. Print. Office, Washington, DC.
Environmental Protection Agency. 1986b. Reclamation and redevelopment of co ntaminated land.
Vol. 1. U.S. case studies. EPA Rep. 600/2-86-066. U.S. Gov. Print. Office, Washington, DC.
Environmental Protection Agency. 1986¢c. Remedial action. Incineration and treatment of hazard-
ous waste. EPA Rep. 600/4-86-022. U.S. Gov. Print. Office, Washington, DC.

Environmental Protection Agency, 1987a. Compendium of Superfund field operations methods.
EPA Rep. 540/P-87-001. U.S. Gov. Print. Office, Washington, DC.

Environmental Protection Agency. 1987b, Handbook-remedial action, at waste disposal sites. Rev.
EPA Rep. 625/6-85-006. U.S. Gov. Print Office, Washington, DC.

Environmental Protection Agency. 1987c. Nondestructive testing techniques to detect contained
subsurface hazardous waste. EPA Rep. 600/52-87-078. U.S. Gov. Print. Office, Washington, DC.
Environmental Protection Agency. 1987d. Underground storage tank: Corrective action technolo-
gies, EPA Rep. 625/16-87-015. U.S. Gov. Print. Office, Washington, DC.

Environmental Protection Agency. 1988a. Cleanup of releases from petroleum USTS; selected tech-
nologies. EPA Rep. 530/UST-88-001. U.S. Gov. Print. Office, Washington, DC.

Environmental Protection Agency, 1988b. Guidance for conducting remedial investigationsand
feasibility studies under CERCLA. EPA Rep. 540/G-89-004. U.S. Gov. Print. Office, Washington,
DC.

Environmental Protection Agency, 1988c. Technology screening guide for treatmentof CERCLA
soils and sludges. EPA Rep. 540/2-88-004. U.S. Gov. Print. Office, Washington, DC.
Environmental Protection Agency. 1989a. Characterization of hazardous waste sites—amethods
manual. Vol. 1. Site investigations. EPA Rep. (600/4-89-075. U.S. Gov. Print. Office, Washington,
DC.

Environmental Protection Agency. 1989b. Federal manual, for identifying and delineating jurisdic-
tional wetlands, U.S. Gov. Print Office, Washington, DC.

Environmental Protection Agency. 1989c. Interim final RCRA facility investigation (RFI) guidance.
Vol. 1. Development of an RFI work plan and general considerations for RCRA facility investiga-
tions. EPA Rep. 530/SW-89-031. U.S. Gov. Print. Office, Washington, DC.

Environmental Protection Agency. 1989d. Interim final RCRA facility investigation (RFI) guidance,
groundwater and subsurface gas releases. VVol. 2. EPA Rep. 530/SW-89-031. U.S. Gov. Print. Office,
Washington, DC.

Environmental Protection Agency. 1989e. Interim final RCRA facility investigation (RFI) guidance,
air and surface water releases. Vol. 3. EPA Rep. 530/SW-89-031. U.S. Gov. Print. Office, Washing-
ton, DC.

Environmental Protection Agency. 1989f. Interim final RCRA facility investigation (RFI) guidance,
case study examples. Vol. 4. EPA Rep. 530/SW-89-031. U.S. Gov. Print. Office, Washington, DC.
Environmental Protection Agency. 1989g. Handbook of suggested practices for the design and in-
stallation of ground water monitoring wells. EPA Rep. 600/4-89-034. U.S. Gov. Print. Office, Wash-
ington, DC.

Environmental Protection Agency. 1989h. Soil sampling quality assurance usersguide. 2nd ed. EPA
Rep, 600/58-89-046. U.S. Gov. Print. Office, Washington, DC.

Environmental Protection Agency. 1989i. Characterization of hazardous waste sites—amethods
manual. Vol. 2. Available sampling methods. EPA Rep. 600/4-89-075. U.S. Gov. Print. Office, Wash-
ington, DC.

Environmental Protection Agency. 1990, Assessing UST corrective action technologies: Site assess-
ment and selection of unsaturated zone treatment technologies. EPA Rep. 600/2-90-011. U.S.Gov.
Print. Office, Washington, DC.

Environmental Protection Agency. 1991. An assessment of soil-gas measurement technologies. EPA
Rep. 600/8-91-050. U.S. Gov. Print. Office, Washington, DC.

Environmental Protection Agency. 1992a. A study to determine the feasibility of usingaground
penetrating radar for more effective remediation of subsurface co ntamination, EPA Rep. 600/R-92-
089. U.S. Gov. Print. Office, Washington, DC.

Environmental Protection Agency. 1992b. Reclamation and redevelopment of co ntaminated land:
European case studies. VVol. 2. EPA Rep. 600/R-92-031. U.S. Gov. Print. Office, Washington,
Environmental Protection Agency. 1993a. Assessment and remediation of contaminated sediments
(ARCS) program: Quality assurance program. EPA Rep. 600/R-93-242. U.S. Gov. Print. Office,
Washington, DC.



24 KAYS

U.S. Environmental Protection Agency. 1993b. DNAPL site evaluation. EPA Rep. 600/R-022. US.Gov.
Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1993c. Evaluation of unsaturated/vadose zone models for
Superfund sites. EPA Rep. 600/R-93-184. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1993d. RCRA groundwater monitoring: Draft technical guid-
ance. EPA Rep. 530/R-93-001. U.S. Gov. Print. Office, Washington, DC.

U.S. Environmental Protection Agency. 1995. Soil screening guidance. EFA Rep. 540/R-94-101. US.Gov.
Print. Office, Washington, D.C.

U.S. Environmental Protection Agency. 1996. Technical background document for soil screening guid-
ance. EPA Rep. 540/R-95-US. U.S. cov. Print. Office, Washington, DC.

Villaume, J.E. 1985. Investigations at sites contaminated with dense, non-aqueous phase liquids
(DNAPUSs), Groudwat. Monit. Rev. 5(2): 60-74.

Warner, JW., Jr. and W.E. Hanna. 1982. Soil survey of Central Park, New York. Soil Conserv. Scrv.,and
Cornell Univ. Agric. Exp. Stn., Ithaca, NY.



