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PREFACE
This research project was undertaken with the primary objective of developing a
Reference Document for handling contamination at acquisition/construction sites. The primary
purpose of the Reference Document is to integrate a broad field into a single book that deals with
all phases of this important subject. This was accomplished by first doing a literature review to
collect information on case studies on remediation, methods of site and waste characterization,
environmental site assessment, treatment technologies, regulations and specifications. A total of
sixty case histories on remediating contaminated soils and groundwater have been documented
and analyzed. Popular remedial methods for hazardous wastes and petroleum substances
contamianted soil and groundwater have been identified with cost.
Several state DOTs have developed guidelines for handling contamination on construction
sites. While few DOTs have their documents on the internet others have handbooks. Most DOTs
have training requirements as recommended by OSHA for workers on hazardous waste
contaminated sites. The Hazardous Waste Management Plan with five PHASES has been
developed for handling contamination at construction sites. Information collected from various
sources (EPA, FHWA, OSHA, TNRCC, State DOTs, ASCE, ASFE and ASTM) have been
effectively combined in developing the HWMP. Four cases for handling hazardous waste or
petroleum substances representing various stages of construction were identified and flow charts
with sequences of actions for contaminated site investigation and remediation have been
developed. The four cases are as follows: CASE 1- During Project Development
Before Site Acquisition~ CASE 3- During

Construction~

~CASE

2-

and CASE 4- During Maintenance.

Methods of site characterization, soil and groundwater sampling and waste analyses have been
summarized for various field conditions and types of contaminants. Federal and state regulations
and other specifications related to contaminated sites and Underground storage tanks have been
discussed.
This Reference Document with a chapter on "Quick Reference" will be a guidance
document to TxDOT engineers on procedures for identifying, investigating and characterizing a
site that may be, or is contaminated with hazardous materials or petroleum substances.
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ABSTRACT
The discovery of hazardous substances or petroleum products can affect an entire
highway project. However, in many instances, these surprises are avoidable through a well
planned environmental site investigation and a hazardous waste management plan (HWMP).
Remediation of a contaminated site will involve procedures which are acceptable to federal and
state regulatory agencies. Hence, several organizations and agencies have formulated technical
and procedural approaches regarding the performance of environmental site assessments. Several
state DOTs have also developed their own procedures for handling contamination at construction
sites.
In this study, an extensive literature review was done to collect information on case
studies on remediation, methods of site and waste characterization, environmental site
assessment, treatment and containment technologies, regulations and specifications. A total of
sixty case histories on remediating contaminated soils and groundwater have been documented
and analyzed. Popular treatment methods for hazardous waste and petroleum substances have
been identified with cost. The information collected from literature review was synthesized into a
well integrated Hazardous Waste Management Plan (HWMP) to address contamination at various
stages of construction and a simplified Reference Document (Handbook) for TxDOT designers
and project engineers was developed.
The Hazardous Waste Management Plan with five PHASES has been developed for
handling contamination in construction sites. Information collected from various sources (EPA,
FHWA, OSHA, TNRCC, State DOTs, ASCE, ASFE and ASTM) have been effectively
combined in developing the HWMP. Four cases for handling hazardous waste or petroleum
substances representing various stages of construction were identified and flow charts with
sequence of actions for contaminated site investigation and-remediation have been developed.
The four cases are as follows: CASE 1- During Project Development; CASE2- For Acquisition
; CASE 3 - During Construction; and CASE 4 - During Maintenance. Methods of environmental
site characterization, soil and groundwater sampling and waste analyses have been summarized
for various field conditions and types of contaminants. Federal and state regulations and other
specifications related to contaminated sites and underground storage tanks have been discussed.
Training requirement for workers and guidelines from other state oars have been summarized.
This Reference Document with a chapter on "Quick Reference" will be a guidance
document to TxDOT engineers on procedures for identifying, investigating and characterizing a
site that may be or is contaminated with hazardous materials or petroleum substances.

(iv)

SUMMARY
Hazardous waste management as a field has grown so rapidly that technology transfer
has had difficulty keeping pace with ambitious regulatory programs since the amendments to
CERCLA in 1986. The problem of handling hazardous waste or petroleum substance at
construction/acquisition sites is very complex. It can present danger to the works and public
health; increase liability to TxDOT and increase the cost to the project. Remediation is an
environmental challenge because at least one environmental medium has been contaminated by
human activities and must be corrected. It is a technical challenge because every site is unique,
and every site has many uncertainties; the technology is doubly challenged because remediation
(treatment, containment, landfilling) must be completed economically.
In this study, an extensive literature review was done to collect information on case
studies on remediation, methods of site and waste characterization, environmental site
assessment, treatment technologies, regulations and specifications. A total of sixty case histories
on remediating contaminated soils and groundwater have been documented and analyzed. Nearly
70 treatment methods have been grouped into biological, chemical, physical and thermal
methods. Popular treatment methods for hazardous wastes and petroleum substances have been
identified with cost.
The Hazardous Waste Management Plan with five PHASES has been developed for
handling contamination at acquisition/construction sites. Information collected from various
sources (EPA, FHWA. OSHA, TNRCC, State DOTs. ASCE, ASFE and ASTM) have been
effectively combined in developing the HWMP. Four cases for handling hazardous waste or
petroleum substances representing various stages of construction were identified and flow charts
with sequence of actions for contaminated site investigation and remediation have been
developed. The four cases are as follows: CASE 1- During Project Development ; CASE 2Before Site Acquisition; CASE 3- During Construction; and CASE 4- During Maintenance.
Methods of site characterization, soil and groundwater sampling and waste analyses have been
summarized for various field conditions and types of contaminants. Federal and state regulations
and other specifications related to contaminated sites and underground storage tanks have been
discussed. Training requirement for workers and guidelines from other state DOTs have been
summarized. Based on the information collected from 11 state DOTs following can be concluded:
(1) Over 50% of the cases. State Regulatory Agency (SRA) were responsible for the clean-up of

contamination. (2) Over 50% of the oars have memorandum of understanding (MOU) with the
SRA. (3) Only two of the states have a formal employee training program outlined in their

(v)

document. (4) Over 70 percent of the states have a section on Underground Storage Tanks
(USTs). (5) Only two states have information on asbestos.
This Reference Document will be a guidance document to TxDOT engineers for
handling potential contamination at acquisition/construction sites.

(vi)

IMPLEMENTATION STATEMENT
This Reference Document with a chapter on "Quick Reference 11 will be a guidance
document to TxDOT engineers on procedures for identifying. investigating and
characterizing a site that may be or is contaminated with hazardous materials or petroleum
substances. Training requirement for workers and guidelines from other state DOTs have
been summarized
The following factors should be considered in the implementation of the Reference
Document. ( 1) Developing a Memorandum of Understanding (MOU) with TNRCC to
accelerate the corrective action plan (CAP) approval process. (2) Developing a training
program for workers according to OSHA requirements (3) Placing this Reference
Document on the internet (World Wide Web) so that information can be rapidly accessed by
TxDOT engineers. (4) Updating regularly federal and state regulations and other
specifications.

(vii)
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Chapter 1
INTRODUCTION
The discovery of hazardous substances or petroleum products can affect an entire
highway project- from initial planning straight through construction and maintenance. When
soil and/or groundwater contamination is found at a construction site, completing the project
on time and within the budget is always a challenge. The most difficult situation is when
contamination is unexpectedly discovered during construction, which almost always results
in work stoppages and cost overruns. However, in many instances, these surprises are
avoidable and the delay and cost controlled through well planned environmental site
investigation and a hazardous waste management plan (HWMP) [4- 7].
Remediation of a contaminated site should involve procedures which are acceptable
to federal and state regulatory agencies. Hence, several organizations and agencies, including
the American Society Testing for Materials (ASTM). the Association of Ground Water
Scientists and Engineers (AGES). American Society of Civil Engineers (ASCE). Association
of Engineering Firms Practicing in Geosciences (ASFE) and the U.S. Environmental
Protection Agency (EPA). have formulated technical and procedural approaches regarding
the performance of environmental site assessments [1]. In general, most approaches have
been directed toward a limited environmental assessment (commonly referred to as initial site
assessment or file review and site walkover) to satisfy potential liability issues under the
CERCLA legislation and to provide protection under the SARA provisions. The ASCE
guidelines detail additional processes to conduct a subsurface investigation. and provides
preliminary summaries on remedial investigation and remedial planning. design. and
implementation [1]. Several State DOTs have also developed their own procedures for
handling contamination in construction sites.
In this study, an extensive literature review was done to collect information on case
studies. methods of site and waste characterization. environmental site assessment, treatment
technologies, regulations and specifications. The information was then synthesized into a
well integrated Hazardous Waste Management Plan to address contamination at various
stages of construction and a simplified Reference Document (Handbook) for TxDOT
designers and project engineers was developed.
Early detection before the construction begins is the best defense against added costs
and delays. especially at sites where hazardous substances and petroleum products may be
1.1

present, this makes it possible to negotiate with regulators the best approach and integrate it
into the planned or ongoing construction. The presence of contamination does not
automatically require expensive treatment strategies. TNRCC may agree to a "no-furtheraction" determination, often with appropriate land-use restrictions, when it can be
demonstrated that there is little or no risk to human health or the environment, this must be
substantiated by a site risk assessment coupled with a thorough understanding of site
geologic and hydrogeologic parameters [1-3]. Risk-assessment data may also be used to
negotiate for less stringent cleanup targets. If remediation is called for, it may take place prior
to, after or during construction, depending on site conditions and project objectives.

1. 1 OBJECTIVES
The overall objective of this study is to develop a reference document to handle
contamination in construction sites. The specific objectives are as follows:
(1) To conduct extensive literature review in handling and disposing of waste and

hazardous materials. Survey other State DOT's, FH:WA, other governmental entities
and private sector owners for additional information. Survey environmental
consultants for new technologies for site characterization and treatment processes.
(2) Evaluate the available information and identify equipment, materials and treatment
procedures that appear to be effective strategies for handling the most commonly
encountered hazardous or waste materials. The acceptability of these strategies will be
verified with the TNRCC or other regulatory agencies. Approximate cost information
with advantages and disadvantages of each treatment method will be developed.
Special training requirements for worker safety will be identified.
(3)

Develop a Reference Document that contains the information gathered in this study.
Step by step instructions will be presented to handle contamination at sites during
design/construction/maintenance of a project. Explanations and example situations
that will provide for a general understanding of the processes and equipment will be
included in the ReferellCe Document.
This Reference Document will be a guidance document to TxDOT Engineers on

procedures for identifying, investigating and characterizing a site that may be or is
contaminated with hazardous materials.
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1. 2 ORGANIZATION
In Chapter 2, methods to solve contamination problems at various stages of
construction have been presented with flow charts and a brief discussion on the HWMP. This
chapter is structured as a quick reference for the TxDOT Engineer. In Chapter 3, various
phases of hazardous waste management plan are discussed in more detail. Site
characterization, sampling and waste analysis methods are included in Chapter 4. Chapter 5
includes the remedial methods used for groundwater and contaminated soils below and above
groundwater table. Chapter 6 discusses the relevant federal and state regulations and
specifications. Also federal and state regulations for Underground Storage Tanks are
discussed separately. Other DOT experiences and information on their handbooks are
summarized in Chapter 7. Each Chapter has a separate conclusions and references.
Additional information relevant to this project is placed in the Appendix.
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2. 1. INTRODUCTION
Investigations after preliminary site visit are site specific and time consuming
since no two contaminated sites are alike. Hence a phased approach is effective because
the scope of each phase builds on information gathered in the previous phase, allowing
the engineers conducting the investigation to better identify and characterize potential
contamination problems at the site [1, 4, 5-9]. Other advantages of the phased approach
include: prevention of costly "over-investigation," better control of information flow
(more information is not always better if there is no strategy or plan to use them), and
completion of a more meaningful and directed investigation tailored to the property and
the need of the TxDOT.
In this chapter a Hazardous Waste Management Plan (HWMP) has been
developed and the sequence of actions for contaminated site investigation and
remediation is discussed briefly with the details are in Chapter 3. Four cases representing
various stages of construction are identified and flow charts have been developed with
step by step procedure for each case.
Hazardous Waste Management Plan (HWMP)

Hazardous waste management plan should follow a systematic approach
consisting of information and data gathering, planning, remedial action and post
monitoring [1, 11]. A Flow chart with the overall hazardous waste management plan is
given in Fig. 2.1. HWMP has five Phases as folJows:
Phase I :
Phase II :
Phase III:
Phase IV:
Phase V :

Preliminary Site Assessment (PSA)
Environmental Site Investigation (ESI)
(a) Remedial Investigation (RI), and Feasibility Studies (FS)
(b) Correction Action Plan (CAP)
(c) Permits and Contracting
Site Clean Up
Post Site Monitoring

Each Phase is developed fully in Chapter 3.
Phase 1: Preliminary Site Assessment (PSA)

This phase of work involves the nonintrusive data search, review of site-specific
information, a site walkover, and interviews with people familiar with the site operations
and with TNRCC/RRC/EPA personnel knowledgeable of the facility's compliance with
2.2

Project- Hazardous Waste Management Plan

PHASE I. Preliminary Site Assessment (PSA)

NO

PHASE II. Environmental Site Investigation (ESI)

Proceed with normal project
development steps

PHASE Ill(a). Remedial Investigation (RI) and
Feasibility Study (FS)

PHASE III(b). Corrective Action Plan (CAP)

PHASE Ill( c). Permits and Contracting

PHASE IV. Site Cleanup

PHASE V. Post Site Monitoring and Maintenance

Start Construction

Figure 2.1. Flow Chart for Hazardous Waste Management Plan (HWMP)
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environmental regulations. This phase may also include initial contact with the owner.
The step by step procedure to be adopted in Preliminary Site Assessment is discussed in
Chapter3.
Phase II: Environmental Site Investigation (ESA)

Phase II work generally involves invasive or intrusive testing coupled with
laboratory analysis. The media tested will depend on site specific conditions identified in
Phase I. Media to be considered for testing include, but are not limited to, soil,
groundwater, surface water, and substances at the property that require identification for
purposes of proper management. Phase II also involves pre-planning for site
investigation, collection and interpretation of data, and preparing the report.
Phase III (a): Remedial Investigation (RI) and Correction Action Plan (CAP)

Phase III (a) consists of the remedial investigation as defined by EPA and
CERCLA guidelines. This phase is generally an extension of the Phase II tasks. This
phase involves the collection of data defining the real extent of contamination, its
mobility, and potential risk to human health and the environment. Information to be used
in the latter remedial planning and design phase is generated during Phase III. It also
involves remedial planning such as evaluating treatment alternatives based on their
feasibility for implementation and development of design and other documents for
approval. The different steps in this phase include evaluation of data, risk assessment,
treatability studies, development of alternative remedial actions, screening and
evaluation of these alternatives, cost effective analysis and preparation of remedial
investigation report.
Phase III (b): Approval of Correction Action Plan (CAP)

Depending on the extent of the contamination problem, the CAP must be
reviewed and approved by the TNRCC.
Phase IV : Remediation and Site Clean Up

Phase IV involves implementation of the corrective action plan. Phase IV also
presents protocols for verifying the effectiveness of cleanup and developing a site closure
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report. The report should include the site clean-up procedure. verification methods and
preliminary plan for post monitoring.
Phase V: Post Site Monitoring

Once the site clean up has been completed the site should be monitored on a
timely basis for a certain period of time to assess the effectiveness of the cleanup and
compliance with the regulatory requirements.
SPECIAL CASES

The four most frequently encountered cases related to contamination m
construction sites are considered in this section. The different cases identified are based
when contamination is discovered in the construction site. The cases are as follows:
CASE 1: DURING PROJECT DEVELOPMENT
CASE 2: SITE ACQUISITION
CASE 3: DURING CONSTRUCTION
CASE 4: DURING MAINTENANCE

The HWMP is modified for each case.
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2. 2. CASE 1: DURING PROJECT DEVELOPMENT
During highway project development or expansion, sites both within and outside
TxDOT right-of-way are considered. Hence it is important to verify whether
contamination will be a problem at these sites. A Aow Chart (Fig. 2.2) has been
developed for this case by modifying Phase I of the HWMP. Two major steps have been
identified for this case and are discussed below.

12. 2. 1. STEP 1 :Site Visit I Field Survey
The purpose of the site visit is to evaluate current land use and environmental
conditions at the site. Also it is important to determine the potential for contaminantion in
the site soil and groundwater due to current on-site and adjacent site uses.
Specific information/data to be collected during a site reconnaissance can be
divided into two distinct categories. The first category is to characterize land uses of the
site and the second is to characterize environmental conditions at the site.

(a) Land Use Characterization
It is important to note at least the presence of the following features at the site.

(1)

What are the physical features and surface conditions?
(Information on parking lots, roads and trails, fences and gates, erosion, rock
outcroppings, land filling, drainage, waterbodies and wetlands).

(2)

What are the utilities on site?
(Power poles and transformers, water lines, sewer lines, outfalls, catch basins,
septic systems and wells).

(3)

Any buildings and other structures on site?
(Name and nature of business, age and size of structure, use of asbestos, type of
insulation, lead paint, floor drains, sumps).

(b) Environmental Characterization
(1)

Any evidance of contamination?
(Abandoned drums and barrels, discolored surface water, stained soil, vegetative
distress, distinguishable odor).

(2)

What are the waste management practices (mainly for industrial sites)?

2.6

CASE 1: Durin& Project Development

STEP l

1. Visual inspection
2. Drainage condition
3. Odor
4. Existing structures

Site Visit/ Field
Survey

Current and past land
use

STEP2

1. Buildings
2.
3.
4.
5.
6.
7.

t-----1

Historical value
Drainage
Utility supplies
MSW site?
Abandoned s ite
Ecolocrical habitat

Current and past land
Look Around (Survey
1-----t
use
the Adjacent Sites)

NO

YES

OPTIONS:
I. Recommend for ESI (Phase II )
2. Look for Alternate Routes

YES

Go Ahead with Project
Development

NO

Go to Case 2

Figure 2.2. Flow Chart for Verifying Contamination During Project Development
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(Regulatory compliance, chemical inventory, spill reports, material safety data
sheets (MSDS) ).

(3)

What are the waste disposal methods?
(Storage location, burial location, signs of spills or leaks, types and quatity of waste
generated, processing operation, recycling methods).

(4)

Any underground (UST) and aboveground storage tanks (AST)?
(Type and quanity of liquids, location and capacity of tanks, age of tanks, type of

tank materials, abandoned tanks, leaks).
12. 2. 2. STEP 2: LOOK AROUND
As part of the field survey, it is important to observe, to the extent possible,
environmental conditions of immediately adjacent properties. This is important because
of the potential for migration of contaminats. In observing adjacent properties,
information previously described (STEP 1) should be collected including the following:

1.

Any evidence of hazardous waste contamination?
(Municipal solid waste landfills, Superfund sites, leaking UST/AST, abandoned
structures).

2.

Any historical locations or ecological habitat?
(Location, historical buildings and monuments, type of endangered species,
responsible state agencies).
A comprehensive investigation of past and current uses of the adjacent sites can

help to determine the source, extent, and constituents of contaminants that may be present
in a site's soil and groundwater or in buildings and structures.
12. 2. 3. STEP 3: RECOMMENDATION AND FINAL REPORT
When the data collection is completed, information should be analyzed to identify
hazardous waste problems in the sites of interest. Based on the information available, a
decision can be made on the potential for contamination.
(1)

No, there is no contamination problem with the site and hence project
development can proceed and the site could be recommened for acqusistion with
further investigation (CASE 2).

2.8

(2)

Yes, there is contamination problem and hence recommend for ESI (Phase 2.
HWMP plan) or look for alternative route for the highway project.
After the investigation is completed a final report should be developed with the

recommendations. Findings must be provided in a clear and concise manner. The report
should also include some of the following subheadings.
Scope of Work
Study Area Boundaries
Site Description and Setting
Site History Evaluation
Regulatory Information Review
Site Reconnaissance
Regulatory Issues
Summary of Findings and Opinions
Recommendations
Limitations of the Report
References
Appendices
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2. 3. CASE 2: BEFORE SITE ACQIDSITION
This involves Phase I (HWMP) which is a nonintrusive data search and review
combined with an on-site inspection. The work involves the review of site-specific
information, site walk over, and interviews with people familiar with the site operations
and with agency personnel knowledgeable of the facility's compliance with
environmental regulations. The Row chart for this case is in Fig. 2. 3. The different steps
are explained below.

jSTEP 1: INITIAL CONTACT WITH THE OWNER
Some of the information that must be collected during the initial contact with the
owner and the questions can be grouped as follows:
(1)

Site specific information
(a) What is the physical address of the site?
(Plot number, street, city, county, zip code).
(b) What are the site boundaries and property value?

(Site maps, aerial map, land value).

(c) Current and past use of property?
(House, farm, industry, repair shop).
(d) Who are the neighbors/adjacent properties?
(Land use, owners).
(2)

Infonnation on site history

(a) What were the known past uses of the site and surrounding areas?
(Homes, industry, service station, repair garage, metal workshop, vacant land).
(b) Are tbere previous geotechnical or environmental studies of the site available?
(Name of company, reports).
(c) Are there any known past environmental problems?
(Chemical spills, contaminated soil, UST).

(d) Are there any known past or present health or safety concerns or violations?
(Waste disposal, storage of chemicals).

...
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CASE 2· Before Site Acquisition
STEP I

l
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STEP3 ,
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Federal/State regulations; air and water
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,

---
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with a site and its surrounding area.
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Analysis of Site Condition/ Regulatory
Information Review

...

STEP7 ~~

I

Final Report

j

J

'

Further Study Recommended (PHASE II)

Recommended for Acquisition

Figure 2.3. Flow Chart for Before Site Acquisition
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12. 3. Z. STEP 2: VERIFICATION OF SITE OWNERSHIP AND LOCATION
It is important that the ownership and location of the site under study be identified

and verified. Proper identification assures the client that the correct site is being
investigated. Street addresses cannot be relied upon as the sole site location identifier.
While the address may be accurate, there is no way of knowing the true boundaries of the
site. Accordingly, the current legal description of the site should be obtained. This can
usually be obtained from the owner a title company, or other sources if the tax number for
the site has been identified. Also, a current plat map of the site boundaries should be
obtained. This too is often available from the owner or from the county or local tax
assessment office. The plat should be confirmed as recorded and not in the approval
process. The legal description obtained will be based on one of two methods: metes and
bounds or plats and platting. Some of the information that must be collected during this
step is as follows:

(a) Who is the current site owner/past owners?
(Name, address, duration of ownership, title company).
(b) Who is the current site occupant?

(Name, phone, type of business, rental documents)

(e) What law firm, if any, represents the owner?
(Liability, lean on property, loans).

12. 3. 3. STEP 3 :REVIEW OF HISTORICAL/ PUBLIC RECORDS
Evaluating the site history is an important element in the site characterization
process. A comprehensive investigation of past and current uses of a site can help to
determine the source, extent, and constituents of contaminants that may be present in a
site's soil and groundwater or in buildings and structures.

Data Sources
To accomplish a good site history evaluation, a wide variety of data sources needs
to be reviewed [1, 3, 6-9]]. The extent to which these data sources can be reviewed
depends in part on the project budget and schedule. There are a variety of data sources
that contain information relating to past and current site uses. These include aerial
photographs, maps, real estate atlases, title documents, city street directories, textual
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records, building permits, and historical records. The sources for obtaining some of this
information are as follows:

(a) Federal Government Sources
Agricultuml Stabilization's Conservation Service (ASCS)
U.S. Geological Survey (USGS)
National Oceanic & Atmospheric Administration (NOAA)
Soil Conservation Service (SCS)
National Archives S Records Administration (NARA)

(b) State and Local Government Sources
Texas Natural Resources Conservation Commission (TNRCC), Austin
Department of Transportation
City and County Engineering Departments

(c) Other Sources
Commercial Vendor Sources

(d) Maps
The following classes of maps are useful in determining past and current uses of a
site:
(a) topographic,
(b) thematic (geologic, hydrologic, soil, climatologic, railroad, highway, forestry, and
land use),
(c) historic, and
(d) planimetric.

(e) Real Estate Atlas
Real estate atlases can be considered a type of thematic map and are generally
published for use in recording property ownership at the city and county level generally
published for use in recording property ownership at the city and county level. The best
known real estate atlas makers are the Metsker Map and Kroll Map companies, both
located in the state of Washington. However, there are similar companies in the midwest
and on the east coast.

(0 Title Searches and Documents
A traditional chain of title search examines the title of the owner of real estate to
determine whether it is free and clear of encumbrances, and consists of an examination of
such public records relating to or affecting real estate as established and maintained under
authority of law.
(g) City Street Directories
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Street directories exist for most first, second, and third class cities in the United
States. R.L. Polk & Company based in Kansas City, Missouri is the best known publisher
of such directories.

(h) Building Permits and Plans
An excellent source of historic site use information are building permit generally
available from city or county building departments. Building permits and plans can
provide land use information on a property over time. Building plans often accompany
building permits. These plans may have information on construction materials of concern.
(i) Textual Records

Textual records of value for site history evaluation purposes include books,
reports, monographs, dissertations, theses, newspapers, and periodicals (magazines and
journals). Textual records are available in city, county, regional, university, state, and
federal agency libraries.
(j) Archival Records and Manuscripts

Manuscripts consist of business records and personal papers collected by
museums, historical societies, and university libraries for the purpose of research. For site
history evaluation purposes, business records will prove the most valuable because they
contain records relating to business o~rations and administration. Archival records and
manuscripts can be found at the local, state, and federal level.
Some of the frequently asked questions to determine the history of the site is as
follows:

(a) Are there any documentations available on the site?
(Museums, historical societies, libraries).
(b) What were the known past history of the site and its surrounding areas ?

(Monuments, historic sites, cemetery, old/historic buildings).

12. 3. 4. STEP 4: SITE RECONNAISSANCE
The purpose of the site reconnaissance is to evaluate current land use and
environmental conditions to determine the potential for contaminants to exist in the
property's soil and groundwater based on current on-site and adjacent site uses. This is
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achieved through a combination of visual and photographic documentation, written
documentation, and personal interviews.

Personal Interviews
Available on-site and adjacent land occupants or owner/operators should be
interviewed regarding their knowledge of past and contemporary uses of the site and
surrounding areas.
Site and Environmental Characterization
Details are in CASE I (section 2.2.1).
Adjacent Properties: As part of the site reconnaissance, it is important to observe, to the
extent possible, environmental conditions of immediately adjacent properties. This is
important because of the potential for migratory contamination. In observing adjacent
properties, the items previously described should be evaluated and include the following:
(a) evidence of hazardous substances, (b) waste management practices, (c) waste disposal
methods, (d) processing operations, and (e) UST/AST.
Some of the frequently asked questions during the site reconnaissance are as
follows:

(a) What is the current use of the site and its surrounding areas?
(Homes, industry, service station, repair garage, metal workshop, vacant land,
land fill, storage tanks).
(b) Is there any environmental monitoring at the site?

(Monitoring wells).

(c) Were there any environmental problems?
(Chemical spills, contaminated soil, UST).
(d) Are there any health or safety concerns or violations?
(Waste disposal, storage of chemicals, odor).
j2. 3. 5. STEP 5: PRELIMINARY EXPLORATION
This step consist of identifying the environmental problems associated with a site
and its surrounding area [2, 17]. Exploration is done with backhoe, drill rig, hand auger,
shovel, or geophysical methods to sample soil gas, soil, surface water or groundwater.
This helps to know the extent of contaminant present and to make a decision on
acquisition.
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Some of the frequently asked questions during the preliminary exploration of the
site are as follows:

(a) What are the methods for site exploration?
(Geophysical methods, sampling methods (CHAPTER 4)).
(b) How many samples to collect and test?

(Depends on anticipated level of contamination).

(c) Depth of groundwater and direction of flow?
(d) Any wells, buried tanks or sumps?
(UST, waste disposal, storage of chemicals).
Soil samples must be analyzed to determine whether the site is contaminated. If the
site is contaminated detailed analyses must be performed on the soil samples.

12. 3. 6. STEP 6: ANALYSIS AND REGULATORY INFORMATION REVIEW
Analysis of the information collected from STEPS 1 through 5 will give a better
understanding of the condition of the site. Reviewing the local, state (TNRCC [12 -16],
RRC), and federal (EPA) regulatory information [5-7] will accomplishes the following:
(i)

Could identify known environmental problems associated with a site and its
surrounding area.

(ii)

Could describe available documented information related to a site and surrounding
area, relative to the potential for contaminants to exist on the site due to past
practices or to have migrated to the site due to past practices at other sites.

(iii) Utility department will have information on utilities on and adjacent to the property
under study. Perhaps most important will be their records pertaining to the status of
PCB oils in electrical power pole transformers
Analysis of the data collected on the site and regulatory information will
determine whether the site is contaminated.

12. 3. 7. STEP 7:

FINAL REPORT

When the investigation is completed, a final report on the findings must be
submitted. It should recommend to the TxDOT one of the following (1) acqusition of the
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property, (2) further study (ESI, HWMP Phase II) before acqusition or (3) not to acquire
the property based on documented evidence. The report should at least include the
following subheadings.
Scope of Services
Study Area Boundaries
Site Description and Setting
Site History Evaluation
Regulatory Infoimation Review
Site Reconnaissance
Regulatory Issues
Summary of Findings and Opinions
Recommendations
Limitations of the Report
References
Appendices
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2. 4. CASE 3: DURING CONSTRUCTION
The objective of CASE 3 can be achieved by effectively combining HWMP Phase
II, Phase III, Phase IV and Phase V. The Flow chart for this case is in Fig. 2. 4. If
contamination is detected during construction thefollowing steps are to be executed.

12. 4. 1. STEP 1: STOP CONSTRUCTION
If contamination is dicovered in the construction phase of a project the contactor
should stop the work on that portion of the project and immediately notify the TxDOT
engineer in charge of the discovery. Depending on the type and extent of contamination,
site my have to be cleared of construction equipments, materials and workers. The
TxDOT engineer must also contact the TNRCC about the situation and file the necessary
papers to document the incident.

12. 4. 2. STEP 2: WASTE ANALYSIS AND IDENTIFICATION
Identify the type of waste, medium and the extent of contamination (details are in
Chapter 4) must be determined. When the contaminants are identified, data on their
intrinsic toxicity and the health risks must be determined. Once the nature and extent of
contamination have been determined, the potential impacts to public health and the
environment must be evaluated. The magnitude of the health risks is generally screened
by comparing waste concentrations in soil and groundwater to regulatory limits set by
EPA or TNRCC for drinking water or Maximum Contaminant Levels (MCL's) standards
or guidelines.
Notify the TNRCC about the type and extent of contamination.

2. 4. 3. STEP 3: REVIEW GEOTECHNICAL AND HYDROGEOLOGICAL
REPORTS
The data collected during previous site investigation must be reviewed. The
reasons for missing the contamination must be investigated. Frequently asked questions
are as follows:

(a) What are the methods that were used in site investigation?
(Geophysical methods, sampling methods (CHAPI'ER 4)).
(b) How was the contamination missed during past investigation?

(Recent contamination, leaking neighbourhood tanks, past investigation didn't
include environmental site assessment).
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CASE 3: During Construction
STEPI

l

Stop Construction
STEP2
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STEP6
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,
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I
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Figure 2.4. Flow Chart for Decontaminating a Site During Construction
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I

(c)

Cause of contamination (i) existing condtion or (ii) due to an accident during
construction?
(Missed during past investigation, groundwater contamination from neighbours,
damaging utility pipes during construction).

(d)

Depth of groundwater and direction of flow?
Based on the information available on the site, additional investigations must be

planned for part or the entire construction site.

12. 4. 4. STEP 4: ENVIRONMENTAL SITE INVESTIGATION (PHASE 11-HWMP)
ESI work involves field studies coupled with laboratory analysis [2]. The media to
be tested will depend on site specific conditions identified when contaminants were
encounted on the site during construction. Detail procedures for PHASE II-HWMP are in
Chapter3.
2. 4. 5. STEP 5: REMEDIAL INVESTIGATION, CORRECTIVE ACTION PLAN
AND PERMITS (PHASE 111-HWMP)
This invovles treatability studies, work plan for remedial action, and obtaining
necessary approval from TNRCC [15]. Detail procedures for PHASE III-HWMP are
covered in Chapter 3.
j2. 4. 6. STEP 6: SITE CLEAN UP (PHASE IV-HWMP)
Based on the approval and CAP, remediation of contaminated region will be
done. Other elements important for implementation of PHASE IV -HWMP are detailed in
Chapter3.

12. 4. 7. STEP 7: POST SITE MONITORING (PHASE V-HWMP)
Once the clean up has been completed the site should be monitored on a timely
basis for a certain period of time to assess the effectiveness of Clean up. For details refer
to Chapter 3.

12. 4. 8. STEP 8:

CHANGES IN CONSTRUCTION PROCEDURE/ PLAN

Construction procedures can be reevaluated and if necessary changes must be
incorporated. Accidents with buried utility lines (gas, phone, electricity) and sewer pipes,
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especially during excavation must be avoided. If changes are made these must be
approved by appropriate TxDOT officials.
Some of the frequently asked questions are as folows:

(a)

How can further contamination on site be avoided?

(b)

Is there any risk involved for the construction workers on site?

(e)

Is there any additional cost and time involved in changes in construction
procedure?

12. 4. 9. STEP 9 : RESUME CONSTRUCTION
Construction can proceed with caution, but without any further delay.
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2. 5. CASE 4: DURING MAINTENANCE
During the maintance of TxDOT facilities contamination might be encountered
due to migration of contamination from adjoing facilities or onsite accidents. If
contamiantion is encountered the following steps must be taken to overcome the problem
and the Row chart for this case is in Fig. 2. 5.

12. 5. 1. STEP 1: IDENTFY WASTE
The type and amount of contaminant present must be identified. Also the extent of
contamination (details are in Chapter 4) must be determined. When the contaminants are
identified, data on their intrinsic toxicity and the health risks must be determined. Once
the nature and extent of contamination have been determined, the potential impacts to
public health and the environment must be evaluated. The magnitude of the health risks is
generally screened by comparing waste concentrations in soil and groundwater to
regulatory limits set by EPA or TNRCC for drinking water or Maximum Contaminant
Levels (MCL's) standards or guidelines.
Notify the TNRCC about the type and extent of contamination.

2. 5. 2. STEP 2: REVIEW GEOTECHNICAL AND HYDROGEOLOGICAL
REPORTS
The data collected during previous site investigation must be reviewed. The
reasons for missing the contamination must be investigated. Frequently asked questions
are as follows:

(a) What are the methods that were used in site investigation?
(Geophysical methods, sampling methods (CHAPfER 4)).
(b) How was the contamination missed during past investigation?

(Recent contamination, leaking neighbourhood tanks, past investigation didn't
include environmental site assessment).

(c)

Cause of contamination (i) existing condtion or (ii) due to an accident during
construction?
(Missed during past investigation, ground water contamination from neighbours,
damaging utility pipes during construction).

(d)

Depth of groundwater and direction of flow?
Based on the information available on the site, additional investigations must be

planned for part or the entire construction site.
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Figure 2.5. Flow Chart for Decontaminating the Site during Maintenance
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(2. S. 3. STEP 3: ENVIRONMENTAL SITE INVESTIGATION (PHASE 11-HWMP)

ESI work involves field studies coupled with laboratory analysis. The media to be
tested will depend on site specific conditions identified when contaminants were
encounted on the site during construction. Detail procedures for PHASE 11-HWMP are in
Chapter3.
2. S. 4.

STEP 4: REMEDIAL INVESTIGATION, CORRECTIVE ACTION PLAN
AND PERMITS (PHASE III- HWMP)
This invovles treatability studies, work plan for remedial action, and obtaining

necessary approval from TNRCC. Detail procedures for PHASE 111-HWMP are covered
in Chapter3.

12.

S. S. STEPS: SITE CLEAN UP (PHASE IV-HWMP)
Based on the approval and CAP, remediation of contaminated region will be

done. Other elements important for implementation of PHASE IV -HWMP are detailed in
Chapter3.

12. S. 6. STEP 6:

POST SITE MONITORING

Once the clean up has been completed the site should be monitored on a timely
basis for a certain period of time to assess the effectiveness of clean up. For details refer
to Chapter 3.

2.6. CONCLUSIONS
Four cases representing various stages of construction were identified and flow
charts with sequence of actions for contaminated site investigation and remediation have
been developed. The four cases are for handling hazardous waste or petroleum substances
during development (CASE 1), for acquisition (CASE 2), during construction (CASE 3)
and during maintenance (CASE 4).
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3.1

3. 0. INTRODUCTION
Hazardous Waste Management Plan (HWMP) has become an integral part of the
process when acquiring right-of-way properties or when contamination is found at construction
sites, regardless of the size of the property [2-6, 9-19]. A systematic approach emphasizing
thorough planning. project management. coordination, and standardization of all elements of
work should be utilized when developing and executing a HWMP. Many problems develop
through inadequate communication and insufficient attention to project management and
coordination. By using a systematic approach to project management and coordination, many
of the problems that could arise in meeting project commitments would not occur or would be
quickly recognized allowing action to be taken before affecting the planned construction [18-

20].
There are many skills that must be drawn upon to properly conduct the various
activities of the HWMP. As the HWMP process (broken into five phases) moves from the
limited assessment through invasive subsurface investigation techniques, and in some cases to
remedial design and cleanup, the shift in skills required will be from the scientific and
engineering disciplines to the engineering and construction disciplines. The engineer must play
an active role in all phases of work to provide for the gathering of applicable data for use in the
selection, design. and implementation of corrective measures. This Handbook will discuss the
expertise required in the five phases of work and the means by which a team is selected to best
address environmental conditions that are discovered. The review of information and reports
generated during the HWMP by qualified staff is an integral part of the process providing for
quality control and quality assurance at each and every step of the process.

3.2

3. 1. PHASE I: PRELIMINARY SITE ASSESSMENT {PSA)
Phase I PSA is a combination of data search and review with an on-site inspection. This
phase of work involves the review of site-specific information, a site walkover, and interviews
with people familiar with site operations and with agency personnel knowledgeable of the
facility's compliance with environmental regulations [2- 6].
Objective: The purpose of PHASE I PSA is to identify, to the extent possible, recognized
environmental conditions with the property. Recognized environmental conditions are as
follows: the presence or likely presence of any hazardous substances or petroleum products on
a property under conditions that indicate an existing release, a past release, or a material threat
of a release of any hazardous substances or petroleum products into structures on the property
or into the ground, groundwater, or surface water of the property.
The flow chart in Fig. 3.1 summarizes the various stages in successfully completing
PHASE I PSA and was developed by effectively combining the approaches suggested by
ASTM, ASCE and ASFE. Also, ASTM E 1527-94 is a Standard Guide for PHASE I PSA.

!3.1.1. STEP 1: SITE OWNERSHIP AND LOCATION
The success of Phase I PSA is dependent on good planning and execution. The planning
process begins with the initial client contact and consists of, but is not limited to, the following
basic questions to be answered.

(a) Site Specific Questions
(1) What is the physical address of the site?
(2) Is it located within a city or is it within an unincorporated jurisdiction?
(3) What are the site boundaries-is a site map available?
(4) Is a legal description of the property available?
(5) Who are the neighbors/adjacent properties-to get a cursory understanding of

adjacent land use?
(b) Plllyers

(1) Who is the client for billing purposes?
(Name of the owner, agency, mailing address, phone)
(2) Who is the current site owner?
3.3
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Figure 3.1. Flow Chart for Preliminary Site Assessment
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(3) Who is the current site occupant?
(4) What law firm, if any, represents the client?
(5) Who is the TXDOT representative?
(TxDOT Engineer, consultant)
(c) Site History
(1)

What are the known past uses of the site and surrounding area?

(2) Are there previous geotechnical or environmental studies of the site available?
(3) Are there any known past environmental problems?
(4) Are there any known past or present health or safety concerns or violations?
It is important that the ownership and the location of the site under study be identified

before the PSA begins. Street addresses cannot be relied upon as the sole site location
identifier. While the address may be accurate, there is no way of knowing the true boundaries
of the site. Accordingly, the current legal description of the site should be obtained. This can
usually be obtained from the client, a title company, or other sources if the tax number for the
site has been identified. Also, a current plat map of the site boundaries should be obtained. This
too is often available from the client or from the county or local tax assessment office.
In rural and undeveloped areas a survey consists of a walking tour of a property and
identifying an intersection of a government survey line. From that point, the survey describes
boundary lines, giving directions in compass degrees and the distance before reaching the next
corner of the property. This description continues around the property boundary until the
survey starting point is reached. It is also common for rural properties to be described by
natural features such as streams and outcroppings, as long as the objects and boundaries are
adequately described.

13. 1. 2. STEP 2: HISTORICAL/PUBLIC RECORDS REVIEW
The objective of consulting historical sources is to develop a history of the previous
uses of the property and surrounding area, in order to help identify the likelihood of past uses
having leads to recognized environmental conditions in connection with the property.
The site history evaluation is the first and most important element of the PHASE I PSA.
A comprehensive investigation of past and current uses of a site can help to determine the
source, extent, and constituents of contaminants that may be present in a site's soil and
groundwater or in buildings and structures. A good site history evaluation helps characterize
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known activity on and adjacent to a site from its undeveloped to its present condition, identify
past and current land uses. identify potential contaminants released to the environment. assist
engineers, geologists, and other related technical professionals in determining where to place
soil borings and install monitoring wells for chemical sampling and analysis based on the
location of historic activities of concern on a site, to fulfill all the appropriate inquiry
requirements of CERCLA and SARA and identify possible adjacent properties that may have
had releases that could migrate to the site.
The data sources that contain information relating to past and current land uses include
aerial photographs, maps, real estate atlases, title documents, city street directories, building
permits, textual records, historical records, and oral information.
Some of the questions related to this step are as follows:

1. Where can aerial photographs and maps be obtained?
(Federal government sources, state government).
2. What can you see in these maps?
(Screen site for contamination, locate UST/AST, landfill, seasonal changes, rivers).
3. Any accessability limitations?
(slopes, depressions).
4. Was previous site reports reviewed?
(Locate hot spots, type of contaminants, contminanted medium).
S. What types of investigations are planned?

(Geophysical methods, soil sampling, groundwater sampling, waste analysis
(CHAPTER4))

13. 1. 3. STEP 3: SITE RECONNAISSANCE
The purpose of the site reconnaissance is to evaluate current land use and environmental
conditions to determine the potential for contaminants to exist in the property's soil and
groundwater based on current on-site and adjacent site uses [2, 3, 28-33]. This is achieved
through a combination of visual and photographic documentation, written documentation, and
personal interviews. Information must be collected on current land uses and environmental
conditions.
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13. 1. 4. STEP 4: PRELIMINARY EXPLORATION
Soil and groundwater samples must be collected from locations at the site which are
identified as the most probable chance of contamination. Soil samples can be collected using
hand augers or split spoon samplers

[3~6].

Sampling wells should be set up to collect

groundwater samples. Preliminary exploration should be limited to a few days [2].
3. 1. S. STEP S: ANALYSIS OF SITE CONDITION
REVIEW

GULATORY INFORMATION

The acquisition and analysis of available local (city, county, regional governments),
state, and federal information related to known environmental conditions of a site and other
sites of concern within a designated radius of the site is a critical step in determining the
potential for contaminants of concern to exist on a site. Information obtained in this review
may also be valuable to the site history evaluation because local, state, and federal data sources
often include historic site use information. A thorough local, state, and federal regulatory
information review accomplishes identification of known environmental problems associated
with a site and its surrounding area and describes available documented information related to
a site and surrounding area relative to the potential for contaminants to exist on the site due to
past practices or to have migrated to the site due to past practices at other sites.
It is recommended that a checklist be developed to assist the consultant in ensuring that

all appropriate local, state, and federal agencies are contacted for information on the site and
surrounding area. To perform a thorough local, state, and federal information review, a wide
variety of data sources need to be reviewed. These data sources are available in the form of
reports, lists, databases, and original agency files.
Before commencing the regulatory information review, some thought should be given
to the size of the area around a site for which other sites of concern should be researched. The
ASTM E 1527 standard for Phase I PSAs established a set radii (called the approximate
minimum search distance) for certain types of regulatory information (called the standard
environmental record source).
Approximate Minimum Search Distance
The recommended search distances to Federal, State and Other facilities are as follows
(ASTM E 1527):
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Approximate min. search distance
kilometers (miles)
Federal NPL site
Federal CERCUS
Federal RCRA TSD facilities
Federal RCRA generators
Federal ERNS
State Hazardous sites
State Landfills
State Leaking UST
State Registered UST

1.6 (1.0)

0.8(0.5)
1.6 (1.0)

property and adjoining property
property only
1.6 (1.0)

0.8 (0.5)
0.8 (0.5)
0.8 (0.5)

(ERNS- Emergency Response Notification System, EPA)
Factors to consider in reducing the approximate minimum search distance include (1)
the location (urban, rural or suburban) of the property; and (2) the distance that the hazardous
substances or petroleum products are likely to migrate based on local geologic or
hydrogeologic conditions. Except for Federal NPL site and Federal RCRA TSD facility the
minimum search distance to other locations may be reduced on a case by case basis.

13. 1. 6. STEP 6: FINAL REPORT FORMAT
When the PHASE I PSA investigation is completed, the findings must be documented
in a clear and concise manner. The report should have sections at least on the following
subheadings.
1. Scope of Services
2. Study Area Boundaries
3. Site Description and Setting
4. Site History Evaluation
5. Site Reconnaissance and Preliminary Investigation
6. Regulatory Information Review
7. Summary of Findings and Opinions
8. Recommendations
9. Limitations of the Report
10. References
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3. 2. PHASE II: ENVIRONMENTAL SITE INVESTIGATION {ESI)
Simply stated, a Phase II Investigation is an environmental site assessment that includes
a subsurface investigation and/or sampling component whose major purpose is to charncterize
and confirm the presence of on-site contamination. In genernl, it includes invasive and noninvasive subsurface investigation, chemical analysis of air, soil, source material, surface water,
and/or groundwater samples collected on-site, evaluation of the analytical and hydrogeological
data, and frequently, some form of risk assessment. PHASE II investigation is an investigation
that builds on and confirms information identified during the PHASE I assessment. The need
for a PHASE II investigation is recommended if contamination is suspected on site.

Objective: The primary objectives of conducting a PHASE II ESI are to evaluate the
recognized environmental conditions identified in PHASE I PSA and to provide sufficient
information regarding the nature and extent of contamination to assist in determining the need
for remedial investigation for the site.
The scope of PHASE II can be broken down into four basic stages: Pre-investigation
planning, site exploration, data interpretation, and reporting. The flow chart in Fig. 3.2.
summarizes the various stages in successfully completing PHASE II. Also, ASTM E 1903-97
is a Standard Guide for PHASE II ESI [6].

13•.2. 1. STEP 1: PRE-INVESTIGATION PLANNING
The key to providing for a technically well-run project and effective cost controls lies in
good up-front planning. The primary end-product resulting from this planning stage is the
written scope of work, proposal, and work plan for PHASE II ESI.
Some of the questions related to this step are as follows:

1. What is the objective of this investigation?
(Screen site for contamination, locate UST)
.2. What are the scheduling requirements and constraints?

(Deadline for poject, seasonal changes)

3. Any accessability limitations?
(Slope, depression, fence, river)
4. What are the regulatory requirements?
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PHASE II: Environmental Site lnvestiaation (ESI)

STEP 1

,,

Pre-investigation Planning

2.a. Geophysical studies
2.b. Soil gas surveys
2.c. Invasive soil gas investigations
3.a. Sample types
3.b. Quality assurance/quality control
3.c. Sample handling
4.a. Field screening
4.b. Laboratory analysis

STEP2
1. Sampling plan
2. Identify investigative method
3. Sample collection techniques
4. Analytical methods
5. Screening level risk assessment

Onsite Investigation

STEP3

I. Risk characterization
2. Acceptable limits

1--

1. Identify objectives, budget, schedule
2. Review available information about the site
3. Prepare scope of work development
4. Project mobilization

,.

1_ _ _ 1 Data Interpretation

and Risk Assessment

l----1

1. Hydrogeologic setting
2. Analytical data evaluation
3. Screening level risk assessment

STEP4

1ir
No problem

Recommend for PHASE lli

Report

Figure 3.2. Flow Chart for Environmental Site Investigation

...
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(OSHA for workers, TNRCC)
S. Was PHASE I report reviewed?
(Locate hot spots, type of contaminants, contminanted medium)

6. What types of investigations are planned ?
(Geophysical methods, soil sampling, groundwater sampling, waste analysis)

j3. 2. 2. STEP 2: ON-SITE INVESTIGATION
The on-site data collection of the PHASE II investigation represents the heart of the
study. This investigation usually focuses on obtaining quantitative or semi-quantitative data
from chemical analyses of selected media. Qualitative physical data such as groundwater
pumping test results, soil grain size analyses, and dye tracer tests are performed as required to
obtain the necessary site conditions.
Some of the questions related to this step are as follows:

1. What kind of infonnaton is required?
(Extent of contamination, type of contamination).

2. What are the investigative methods?
(Geophysical study, soil gas survey, soil and groundwater sampling, monitoring wells)

3. What are other investigative methods?
(Cone penetrometer, test pits, pump test (Chapter 4)).

4. What are the drilling methods?
(Chapter 4, hollow-stem auger, rotary auger).
S. What are the sampling methods?

(Chapter 4, split-barrel, thin wall tub, piston sampler).

6. What are the analytical methods ?
(Chapter 4, field screen, laboratory analysis).

3. 2. 3. STEP 3: DATA INTERPRETATION & RISK ASSESSMENT
The challenge of the PHASE II ESI investigation is that it requires that the data be
critically analized to determine whether or not the site is contaminated, and if contaminated the
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extent of contamination. Information collected on the geotechnical and environmental
properties of the site should be effectively combined and analyzed in this STEP.
The aim of data evaluation is to address several major questions such as:
(1)

Does the data confirm or disprove the presence of oil or a hazardous material? If
confirmed, what is the nature and magnitude of the release, and is it from an on-site
source or from off-site property? What media are impacted?

(2)

If the data confirms the presence of petroleum product or a hazardous substance, what is

the public health significance? Is there potential for human contact?
(3)

If release of a petroleum product or a hazardous material is present, what level of risk is
involved? Are there migration mechanisms and pathways for petroleum product or
hazardous materials to migrate readily from an on-site release point to a sensitive
receptor, such as a drinking water supply well or a sensitive wetland?

(4)

Is further data collection warranted for selecting remeial methods?
These are some of the frequently asked questions and it focuses not only on the answers

but also on understanding the uncertainties inherent in interpretations and conclusions.

13 •2. 4. STEP 4 :

FINAL REPORT

At the completion of a PHASE II ESI. it should be possible to conclude. at a minimum,
that either (a) the ESI has provided suficient information to render a professional opinion that
there is no reasonable basis to suspect the presence of hazardous substance or petroleum
products on the property, or (b) the ESI has confirmed the presence of hazardous substance or
petroleum products on the property. Final report for Phase II ESI investigation must be
prepared. Foil wing subheadings must be included in the the Phase II ESI report:
1. Site Conditions

2. Scope of Current Activities
3. Results of Field Study
4. Findings. Opinions, and Recommendations
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3. 3.

a.

PHASE III (a) : REMEDIAL INVESTIGATION & FEASIBILITY
STUDY (RI/FS)

Objective: The purpose of the RIIFS is to develop the data necessary to plan the site
remediation and to use that data to determine the feasibility of various remediation alternatives.
The EPA has developed guidelines for the peiformance of the RI/FS entitled, Guidance
for Conducting Remedial Investigations and Feasibility Studies Under CERCLA, report
number EPA540 G490CI4. A flow chart for RI/FS, with modification to the EPA version, is in
Figure 3.3a.
The PHASE III(a), or Remedial Investigation/Feasibility study, is the subject of this
section. Data developed by the site and remedial investigations are used to begin screening of
remedial alternatives as PHASE Ill (a) proceeds. Under Supeifund requirements, community
involvement through a formal community relations plan is required. For complex sites, several
iterations of investigation, sampling, and analysis may be necessary to fully define acceptable
alternatives.
a. Site Remediation
Before a remedial action can be undertaken at a site, a number of questions must be
answered:
1. What are the types contaminants and the levels of contamination?

(Metal, organic, petroleum, inorganic, UST, brown field site)
2. What is the extent of contamination?
(Area, depth)
3. What is the size of the contaminated groundwater plume?
(Volume, depth)
4. Where is the contamination located and in what direction is the groundwater flow?

5. Based on the available remedial alternatives, how to select the best method?
(Treatment, containment, landfill, established/innovative technology)
6. What is the best way to clean up the site?

(Contractor, TxDOT)
7. How long will it take to complete the elean up, and what will it cost?
8. What level of protection is adequate: how clean is clean?
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PHASE Ill(a): Remedial Investigation and Corrective Action Plan CRIIFS)

STEP I
Quality Assurance/
Quality Control

n

Data Evaluation

Site characteristics

STEP 2 ,,
Effectiveness of the
alternatives

Treatability Studies

STEP 3
1. Objectives

2. Criteria

r

1

Development of Remedial
Action Alternatives

STEP4

1r

Screening of Alternatives

STEPS

1. Bench and pilot scale testing
2. Work plan preparation
3. Report

,

1. No action
2. Containment
3. On-site/in situ remedial treatment
4. Off-site treatment and disposal

I. Protection of human health and environment
2. Compliance with ARARs
1 - 3. Long term effectiveness
4. Reduction of toxicity, mobility and volume
5. Short term effectiveness
6. lmplementability
7. Cost

...

Feasibility Study Report

Figure 3.3a. Flow Chart for Remedial Investigation and Feasibility Study

3.14

Answers to these questions will help in developing an effective remedial procedure for
the contaminated site. The last question is based on TNRCC and EPA limits on contaminants.
There is simply not enough technical and health-related information available to know the
precise level of cleanup needed at any specific site. The selection of appropriate cleanup
technologies and the ultimate evaluation of cleanup performance remains a challenge.
The EPA has established a procedure for discovering releases, evaluating remedies,
determining the appropriate extent of response. and ensuring that remedies selected are costeffective. This procedure, commonly called the remedial investigation/ feasibility study (Rl/FS)
process, is outlined in the revised National Contingency Plan (NCP) in 29 CFR 300

13. 1. 1. STEP 1:

0.

DATA EVALUATION

The first step in the feasibility study is to identify existing site problems using
preliminary remedial investigation data (site background, previous studies, initial remedial
investigation activities) and determine the remedial technologies that are most applicable.
Review of the data collected on the site is an important continuous process during the Phase III
investigation [2]. The objective is to develop knowledge necessary to guide the ongoing
investigation. The data evaluation should include a description of the sources of contamination
and ultimately create a picture of the nature and extent of the contamination. This is necessary
to plan the cleanup and to determine the cost of various remedial alternatives. It will also guide
the assessment of risks. Knowing the present distribution of the contaminants is also the first
step in analyzing possible transport pathways (wind, groundwater) and future contaminant
distribution.

a. Site Characteristics
The data provided by the PHASE I and II investigations must be compiled and
summarized to create as complete a picture as possible, based on available data, of the physical
characteristics of the site. The topography, geology, and ecology of the contaminated area will
be of prime concern. Site data should be reviewed to identify conditions that may limit certain

remedial technologies.
Some of the questions related to this step are as follows:

(1)

Is there any limitation on accessabilty?
(Depressions, built in areas, gates, fences, trails, roads).

(2)

What is the topography and native vegetation?
(Rolling hills, flat land, rock out crops, steep or rugged terrain, lakes, trees, bushes).
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(3)

What is the site geology?
(depth of bedrock, bedrock type, bedrock properties (strength, permeability)).

(4)

What is the soil characteristics?
(type of soil, soil profile, engineering properties).

(5)

What is the groundwater characteristics?
(Depth of ground water, aquifer profile, seasonal fluctuations).

(6)

What is the surface water characteristics?
(Proximity of nearest lake, river and bayou, floodplain or coastal storm surge
boundaries, rainfall runoff, drainage for storm and wastewater).

(7)

What is the climatic characteristics?
(evapotranspiration parameters, wind speed and direction, temperature parameters,
precipitation, local air quality, regional air quality).

b. Waste Characteristics
Knowledge of contaminant source characteristics will be of prime value in further
investigation and action, and must be described in the greatest detail possible [3, 22, 28, 32,
33]. If an underground storage tank has leaked, it is necessary to know what compounds the
tank contained and to determine how much product was lost, in order for the investigators to
determine whether an investigation is complete. The nature and extent of the contamination is
perhaps the most obvious site characteristic to be developed. Remedial alternatives will be
constrained according to the identity of the contaminants. The costs of cleanup will rise with
the amount of soil or water that is contaminated. The fate and transport of the contaminants will
vary with the type of contaminant (and therefore its solubility, vapor pressure, and other
physical characteristics) and the type of media (soil or water) contaminated.
Some of the questions related to waste characterization are as follows:
(1)

What is the physical state?
(Solid waste, UST. contamianted soil and/or ground water)

(2)

What is the chemica) composition of waste?
(Metal, organics, salts, petroleum)

(3)

Hazardous or non-hazardous?
(Toxicity, ignitability, reactivity, corrosivity)

(4)

What is the physical composition of waste?
(Solubility, volatility, density)
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13. 3. a. 2. STEP 2: TREATABILITY STUDIES
The next step in the remedial study is to identify and screen potentially applicable
technologies to eliminate those that are difficult to implement and rely on unproven
technologies, or may not achieve the remedial objectives within a reasonable time period [23,
24, 26, 28]. This screening process focuses on eliminating the technologies that have severe
limitations for site-specific conditions. Site and waste characteristics are used to screen the
remedial technologies.

Treatability studies are part of the iterative process that moves back and forth between
ESI (PHASE II) and remedial alternative development. ESI provides the description of the
problem and based on past experience several alternative remedial methods can be selected for
evaluation. Remedial methods are greatly affected by the composition of the soils and hence,
the treatment efficiency is difficult to predict and can only be evaluated by testing. Bench scale
treatability tests are proposed at this stage which employs the proposed remedy on small
samples of site soils and groundwater.
13. 3. a. 3: STEP 3: DEVELOPMENT OF REMEDIAL ACTION ALTERNATIVES

Technologies that have passed the initial screening process then form the overall
remedial action alternatives that appear to address all site problems. Each alternative may
consist of an individual technology or a combination of technologies. These alternatives are
screened to eliminate those that are more costly, provide inadequate health protection, or have
adverse environmental impacts. Select the lowest-cost alternative that effectively mitigates and
minimizes damages and provides adequate protection of public health and the environment
Development and selection of the site remedial action is dependent on the type of
TxDOT project, workers and public health, surface water quality, groundwater quality, and air
quality. When these objectives are determined, candidate remedial action alternatives can be
developed and measured against criteria such as reliability and effectiveness, implementability,
operation and maintenance requirements, and costs.
The first step is to establish remedial action objectives based on reducing the level of
contaminantion to acceptable levels. The treatment should be typified by performance
specifications if possible so that, when achieved, assure that the TxDOT objectives are met.
The remedial action alternatives developed must be appropriate to the site for each pathway and
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contaminated environmental medium. The identified remedial alternatives must also be
consistent with the objectives and criteria developed above.
At any site, the generic remedial action alternatives can be categorized as follows: (1)
no action, (2) containment, (3) on-site/in-situ remedial treatment, and (4) off-site treatment and
disposal. The final list of generic remedial alternatives can then be expanded from general
concepts to specific remedial action alternatives for comparative screening.

3. 3. a. 4. STEP 4: SCREENING OF ALTERNATIVE REMEDIAL METHODS
The alternative remedies should be evaluated in detail. Several evaluation criteria are
considered:

(1)

What is the overall protection to human health and the environment?
(RG-36)

(l)

Is it an established or emerging treatment technology, containment technology or
land disposal?
(Chapter 5, EPA documents)
Does it comply with federal and state regulations (ARARs) and standard
specifications ?
(Chapter 6, EPA, TNRCC, RRC, ASTM)

(3)

(4)

(5)
(6)

(7)

(8)

What is the short and long term cost effectiveness?
(Partial or total stoppage of construction work, protection to workers, modification to
construction project, post monitoring requirements)
What is the reduction in toxicity, mobility, and volume?
(Eliminate toxicity, permenancy of treatment, immobilization, change in volume)
What is the cost?
(Chapter6)
How many remedial technologies should be selected?
(No more than three)
Are these technologies acceptable to the community?
All these factors must be considered and the potential technlogies should be ranked

based on the above mentioned criteria.
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3. 3. a. 5. STEP 5:

REMEDIAL NVESTIGATION
REPORT

ASIBILITY STUDY (R

A feasibility study report must be prepared using the data and information collected
from Steps 1 through 4. It should indicate how various remedial technologies were evaluated
and selected. No more than three remedial technologies must be selected. A preliminary design
report on implementing remediation technologies for the site will a part of the feasibility report.
The design report will include the following sections:
(1)

Necessary qualifications of the contractor to perform the remedial work

(2)

Conceptual design criteria for remedial process

(3)

Important steps in the remedial process and methods to ensure quality control if possible

(4)

Implementation of the remedial process

(5)

Methods of monitoring of the remedial work during the process

(6)

Any special conditions/requirements for the site

(7)

Time needed for remedial work
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3. 3. b. PHASE III (b): CORRECTIVE ACTION PLAN (CAP)
It is important to develop a corrective action plan (CAP) to handle the contamination on
the site. TNRCC may or may not reguire a CAP depending on the level of contamination and
the intended use of the site. Should TxDOT have any questions regarding the need for CAP, the
TNRCC coordinator for the Remediation Section in Austin, Texas must be contacted. If a CAP
is required by TNRCC the following procedure can be used to develop a comprehensive CAP
for the site [fNRCC, RG-36]. The identification and quantification of risks to human health
and the environment from uncontrolled and highly complex hazardous waste sites is difficult.
Risk assessment and site cleanup usually has to proceed on the basis of very limited
knowledge. Even if a CAP is not required, it in the best interest of TxDOT to develop a
comprehensive CAP for the site.

13. 3. b. 1. STEP 1: RISK ASSESSMENT
The first step in the CAP process is to establish risk-based target concentrations. The
PST Division of TNRCC has established two risk-based evaluations, Plan A and Plan B [RG36]. The Plan A evaluation is a comparison of the maximum contaminant levels at a site to a
table of conservative target cleanup goals based upon the appropriately selected beneficial
ground water use category and land use (example: residential, commercial or industrial). The
site should first be screened under Plan A for possible site closure, to set target cleanup goals,
or to determine the need for further evaluation under Plan B.

a. How to detennine target cleanup goals?
Plan B evaluation involves the determination of site-specific target cleanup goals based
upon site specific information. In most cases, a Plan B evaluation will result in more
appropriate (often, less stringent) target cleanup levels than those that would have been
established under Plan A. Remediating a site to a less stringent target cleanup levels usually
results in substantial cost and time savimgs; therefore, the TNRCC highly recommends the use
of the Plan B evaluation in establishing target cleanup levels for all LPST sites.
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PHASE III {b): Corrective Action Plan (CAP)

Go to PHASE IV

TNRCC/EPA

Not ready for a CAP

::::::::~-----""'

Verification monitoring as
appropriate or no further action

Submit Tentative Work Plan

No

Pilot Tests

No

Submit Complete Work Plan and Cost

Figure 3.3 b. Flow Chart for Corrective Action Plan
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13. 3. b. 2. STEP 2: IS REMEDIATION NECESSARY?
Following evaluation under Plan A or Plan B procedures, one can detennine whether
remediation is necessary at the site. If remediation is necessary, the target cleanup goals that
must be met at the site are those that were detennined in the Plan A or Plan B evaluation.
13. 3. b. 3. STEP 3: IS PILOT TEST NECESSARY?
Once the need for remediation and the target cleanup goals have been established, the
next step is to detennine what type of remedial technologies might be appropriate for the site.
Based on the remedial technology for the possible use, identify any pilot or feasibility tests that
may be required to demonstrate the feasibility of the selected technology and to collect data
essential for system design. Pilot tests are required for most types of remedial technologies,
including soil vapor extraction, bioventing, air sparging, and bioremediation. In addition,
acquifer pump tests are required for any remedial system involving groundwater extraction.
Tx.DOT can perfonn the pilot test or subcontract the work out.
Some of the questions related to this step are as follows:

(1)
(2)

Who will do the PILOT test?
(Specialty Contractor, Tx.DOT District Office/Austin)
Who will do the monitoring of the test?
(Specialty Contractor, Consultant, TxDOT)

13. 3. b. 4. STEP 4: SUBMIT WORK PLAN
Once the need for pilot and/or acquifer pump tests are identified, submit a work plan/
cost proposal (if eligible for reimbursement) and a brief description of the remedial
technologies being considered for the site to the TNRCC coordinator for the proposed
activities.
Some of the questions related to this step are as follows:

(1)

Who will develop the work plan?
(Specialty Contractor, TxDOT District Office/Austin)
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3. 3. b. S. STEPS: COMPLETE PILOT TESTS
Following preapproval of the proposed activities, complete pilot tests on all potential
remedial technologies considered for the site.

13. 3. b. 6. STEP 6: ANALYSIS OF TEST RESULTS
Following preapproval of the proposed activities, complete all necessary remedial
technologies considered for the site, re-evaluate the need for additional pilot testing or
alternative remedial methods. If the results are favorable, select the appropriate technology and
move forward in the CAP process.

13. 3. b. 7. STEP 7: SUBMIT WORK PLAN
At this point in the CAP process, TxDOT should submit a work plan/cost proposal (if
eligible for reimbursement) for the development of a CAP [TNRCC RG-36] using the selected
remedial technology for the site. The results of any pilot and/or aquifer pump tests; a discussion
of why the selected remedial technology was chosen over other technologies; a brief conceptual
discussion of the proposed CAP; and the Remedial Technology Screening (RTS) form must be
included with the work plan/cost proposal for the preparation of a CAP.
CAP WORKSHEETS :New CAP worksheets have been developed that are technologyspecific and are intended to facilitate TNRCC review of CAPs. Completion of the CAP worksheets will ensure that the minimum criteria necessary for approval of a CAP is submitted and
will facilitate TNRCC review by providing the critical information in a concise and consistent
manner. The CAP worksheets for the selected remedial technology are required and must be
included with the CAP. If two or more remedial technologies will be combined at a site, then
all applicable CAP worksheets must be completed. When submitting more than one CAP worksheet, it is not necessary to duplicate some of the supporting documentation. The CAP worksheet, "Ground water Extraction" must be completed whenever ground water extraction is
being performed, either by itself or in conjunction with another remedial technology.
All information supplied on the CAP worksheet for the specified technology(ies) must
be supported by data and calculations wherever applicable. Include any equipment brochures,
contractor information and remedial system component specifications from the contractor.
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3. 3. 3. PHASE III (c): PERMITS AND CONTRACTING

13. 3. 3. STEP 1: SUBMIT CAP TO REGULATORY AGENCY
The CAP must be submitted to TNRCC with all the necessary and supporting
documents. The time for approval must be verified at this time with the apppropriate
authorities. After the CAP is approved by the TNRCC, submit a Notice of Remedial System
Installation (NRSI) form ( TNRCC-0694) to both the appropriate TNRCC Regional Office and
the Central Office in Austin.
TxDOT or the designated party must get the CAP approved before proceeding with the
rest of the work. The delay in approval can be substantially reduced if the TNRCC officer for
the project is identified in time. Having a MOU (memorandum of understanding) between the
TxDOT and TNRCC will go a long way in reducing the delay in getting the CAP approved.
Some of the questions related to this step are as follows:

(1)

How soon will the CAP be approved?
(Weeks, months)

13. 3. 3. 2. STEP 2: SELECT CONTRACTOR
In order to implement the CAP, TxDOT can hire a specialty contractor or use its trained
employees. The majority of the other state DOTs use speciality contractors and some have
standby contractors already in place for rapid response to the problem. In fact, several states
indicated that a key element of their contracts required that the contractor be on the site within
24 hours of notification. Other DOTs indicated that they were securing contractors on a caseby-case basis, but that they were either considering or moving to a standby contract. In
addition, some DOTs use multiple consultants, with one responsible for carrying out the task
and another responsible for oversight of that consultant and for verification of the completion
and effectiveness of the solution. With the ability to get a rapid response and to have a firm
control over the remediation process some DOTs are planning to develop their inhouse
expertise to conduct the remediation [NCHRP Report No. 351]. TxDOT should also consult
with TNRCC to get information on potential contractors. TNRCC Innovative Technology
Program has developed a vendor list for various treatment methods. Some of the typical
questions that need to be asked are as follows:
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Call for bids

f--

(1)
(2)

How is contractor selected?
(TNRCC list, EPA vendor list, World Wide Web)
Is special training and insurance needed?
(OSHA requirements, TNRCC)

13. 3. 3. 3. STEP 3: CONTRACT REMEDIATION WORK

Working with the contractor, the TxDOT engineer must identify the actions to be taken
on the site that will lead to achievement of the remedial goals. The contractor shall prepare and
submit to the TxDOT engineer for approval a preliminary network analysis of the remediation
progress schedule within a specified time (reccommended ten (10) days) after award of
contract. This method of analysis is generally referred to as the Critical Path Method/CPM).
This analysis shall include as a minimum a graphic representation of not less than 50
significant activities and events involved in the construction of the project, and a written
statement explanatory thereof if necessary, for a complete understanding of the diagram. The
network graphic representation (Arrow Diagram) and statement must clearly depict and
describe the sequence of activities planned by the contractor, their interdependence and the
times estimated to perform each activity. All time shall be shown in 'working days." The
Contractor shall include with the initial schedule calendar dates for each activity.

a. Health and Safety Plan
Adequate and effective health and safety plans for all workers involved in the
remediation work are a key concern for known hazardous waste problems. Health and safety
plans are critical elements of any remedial action plan. It should be noted that the contractors
are subject to OSHA and EPA hazardous waste site health and safety regulations. Nevertheless,
responsible contract oversight dictates that TxDOT project managers have full knowledge of
the regulations that apply to construction contractors. In fact, training of TxDOT staff may
often be arranged through specialized remediation consultants and contractors.

b. Work Area Security
The drawings should indicate the area requiring fencing to completely isolate the
contaminated area from regular traffic and disturbances. The Contractor shall be responsible for
all costs associated with relocating existing fences, providing additional fences, maintaining all
fences during remediation and removing temporary fencing at the conclusion of remediation.
Because each site holds unique health hazards, both known and unknown, it is mandatory that
the contractor implement remediation strictly in accordance with the CAP. The contractor must
retain the ability to resourcefully react to unforeseen circumstances.
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3. 4. PHASE IV: SITE CLEAN-UP
The primary objective is to implement the approved procedures in the shortest possible
time. Hence schedules and time sequence of actions must be developed for remedial actions.
Other elements important to implementation are management and administrative
considerations. The flow chart for PHASE IV is in Figure 3. 4.

13. 4. 1. STEP 1: DEVELOPMENT OF THE PROJECT SCHEDULE
Advance planning avoids unnecessary delays during execution of the project. As an aid
to this planning, the contractor should develop a summary sheet listing required actions. The
schedule should identify the field and administrative activities in sequential order, and reflects
the interdependencies of each.
When developing the schedule, the contractor can use the following guidelines:
I. Description of each major task and responsible party.

2. Starting and ending dates for each major task
3. Remarks about the possible critical nature of each task or potential slack time available.
A graphic schedule of the project will display a detailed listing of tasks with
predecessors and succesors as well as start dates and duration of the activities.

a. Project Organization
The organization of the parties to a remediation project is a fundamental concern and is
critical to the progres of the work. No site undergoing remediation is typical, and none
proceeds according to the remediation plan without deviation. Under such circumstances, the
plan of the work has to be changed immediately. Representatives of the parties of interest who
have decision-making authority must be available and willing to make the necessary decisions
expeditiously; and, so that thay can reach a consensus, the lines of authority and
communication must have been specified in advance.
Two types of organization are delineated and announced prior to the start of work: the
internal organization of each party (contractor and TxDOT) and the way the parties interact.
Further, within each party, two components are defined:
1. The degree of authority for each individual.

2. The availability of each key decision-maker.
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PHASE IV: Site Cleanup/ Remedial Implementation
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Figure 3.4. Flow Chart for Site Cleanup
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TNRCC,RRC

As the work on the site progresses, it is important that supervision be provided by
individuals with decision-making authority or that responsible individuals be available at all
times.
In every case the organization should be designed to maximize communication among
decision-makers. The responsible party communicates with the TNRCC on a regular basis or
on preselected dates and then advises both the TxDOT engineer and the contractor. Throughout
the term of the project, the principal parties confer periodically. These meetings are used to
clarify all outstanding issues and questions, and they permit the regular reviews of the progress
of the remediation.

b. Work Schedule
TxDOT's engineer can approve or request for modifying the network analysis submitted
by the contractor (PHASE Illc). The Contractor should be required to obtain written approval
of the Work Schedule from the TxDOT Engineer prior to initiating the work and shall submit
updates of the Work schedule on a monthly basis or as requested by the TxDOT engineer.
Some of the questions related to this step are as follows:

(1)

Have important tasks and respossible persons been identified?
(Contractor, TxDOT engineer, TNRCC representative, third party consultant).

(2)
(3)

Has time for each task assigned?
(Days, weeks, months).
Has the chain of command been identified?

(4)

(Contractor, TxDOT).
Have the TNRCC contacts been identified?
(Regional, Headoffice in Austin).

(5)

Are there any room for changes/modification in the project schedule?
(Delay due to weather, changes in site condition, equipment breakdown).

13. 4. 2. STEP 2:

CHECKING ON BASELINE DATA

Before any work begins on the site, it is important that the contractor collect and record
data describing the site and the physical condition of the people who will work on the site. This
is done for the contractor's protection. This data is the baseline against which future data will be
compared.
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Typical categories of data collected about hazards on the site can be summarized as follows:
(1)

Chemical exposure (via any route)

(2) General safety hazards (trecherous temrin, heavy equipment)
(3)
(4)

Fire & explosion
Biological hazards (infectious wastes or poisonous plants or animals)

(5)

Electrical hazards

(6)

Temperature (heat stress, exposure to cold)

(7)

Noise

(8)

Air pollution

(9)

Water (stonn water/wastewater)

The major environmental factors are:
1. Soil: The area where the ground's surface has been contaminated is marked before workers

are allowed on the site. During remediation. dust and water erosion can cause
contamination to become concentrated or broadcast
2. Presence or absence of explosive conditions
3. Average temperature and humidity, also temperature and humidity extremes
4. Wind direction: The prevailing winds travel across neighboring residences, they might carry
smells, or dangerous organic compounds to the inhabitants. It is mandatory that the
contractor find ways to prevent the migration of hazardous substances.
All right-to-know laws, regulations of OSHA, and labor laws are followed to the letter,
both to protect worker's safety and to preempt any claims of negligence against the contractor
and/or TxDOT after the work is complete. Once the remediation has begun, it is necessary to
monitor continually the environmental parameters and the health of workers. This data is
recorded and maintained. All parameters monitored at the outset are checked periodically
during the progress of the remediation, although the individual parameters should be monitored
at different frequencies.
Some of the questions related to this step are as follows:

(1)

Who should collect and document data?
(Contractor and TxDOT Engineer)
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13. 4. 3. STEP 3: REMEDIATION OF SITE
Once the project has been planned, the schedule has been laid out, and all issues have
been adressed by the contract documents or consent order, the actual remediation of the site
may commence. From the beginning of the project it is essential that the project manager:
1.

Direct the progress of the work to ensure that it advances correctly.

2.

Coordinate the individual tasks, and communicate with organizations involved in the
work.

3.

Document all aspects of the work and discussions with TxDOT and TNRCC.
The contractor follows the basic practices of construction management in implementing

the remedial alternative. These practices include schedule control, quality control, competitive
pricing and purchasing, project cost monitoring, and man power allocation.
Some of the questions related to this step are as follows:

(1)

Are there any possible delays in starting project?
(Weather, TNRCC approvals, Equipment problems).

13. 4. 4. STEP 4: MONITORING PROGRESS AND DOCUMENTATION
Site remediation must be monitored and documented. In a hazardous site, such control
is necessary because not only must the project proceed according to the accepted plan, but
problems must be viewed with as much foresight as possible in order that positive solutions can
be prepared. The monitoring also includes quality control.
Throughout the course of a remediation project, it is the role of the project manager to
maintain high standards for the work. The quality control data should be prepared in a
specifically designed form which then becomes the basis for the documentation of quality
control efforts.

a. Documentation
The project manager must determine the amount of record keeping that is sufficient.
Documentation is necessary for several reasons, its primary purpose is to permit investigators
to reestablish the level of effort that was expended on the site, it also certifies how and when
the work was performed, and whether or not the work was done in accordance with the
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established remediation requirements (CAP). When a hazardous waste site is corrected, the
following records, at a minimum, must be maintained.
A diary records daily events such as conversations, site visits, daily activities, and
statistics on the labor and equipment resourses expended. Daily reports are taken from the

.

-

diaries and summarize this data. Prior to the start of the project, photographs are taken of the
site to record its condition before remediation. During remediation, photographs are taken to
document every phase and aspect of the work. Video equipment is especially useful in this
regard. Additional data and documentation may be required if the project poses special
problems, if cost information is especially important, or if the public insists upon it.
Some of the questions related to this step are as follows:

(1)

...

How often should the remediation operation be monitored?
(Daily, weekly, monthly)

(2)

How many photographs are needed?
(Before, during and after remediation)

(3)

....

What are the methods for documentation?
(Written notes, photographs, video tapes, audio taping interviews)

13. 4. 5. STEP 5:

COMPLETE CLEAN-UP

The TxDOT engineer (or representative) must ensure that the whole site clean-up has
been completed according to the CAP. If the cleanup is unsatisfactory the contractor must go
back to the site to perorm additional remediation and meet the clean-up levels set forth in the
CAP document or TNRCC regulations or to the satisfaction of the TxDOT engineer.
Some of the questions for this step are as follows:

(1)

Who should check clean-up?
(TxDOT engineer, TNRCC representative, third party consultant)

(2)

What should be checked?
(Soil sample, leachability, groundwater samples)

(3)

If the treatment results are ditTerent from CAP, what should be done?
(Inform TNRCC and contractor, additional treatment at contractors cost)

13. 4. 6. STEP 6: DIALOGUE WITH REGULATORY AGENCIES

(EPA, TNRCC, RRC)

After every aspect of the entire remediation (initiation, planning, implementation,
review) is executed according to CAP, TNRCC must be informed. One function of the TNRCC
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official responsible for the remediation is to interpret the specific requirements and to explain
further the regulations as applied to the specific TxDOT job. Therefore. communication
between, on the one hand, the contractor and the responsible party (TxDOT), on the other hand,
the TNRCC must be maintained throughout the work effort. It is in the best interest of TxDOT
to have continuous dialogue with TNRCC.
Some of the questions for this step are as follows:
(1)

Who should be contacted?
(TNRCC, contractor for construction)

(2)

What infonnation must be presented?
(Consultant report, TxDOT in-house report, complete TNRCC standard form)

(3)

Does this require any special training?
(OSHA, TNRCC/ RG-41)

(4)

Are there any federal or state requirements?
(TNRCC/RG-261)

(5)

How often should the measurement be taken ?
(Hourly, daily, weekly, monthly, quaterly, semi-annually)

13. 4. 7.

STEP 7: FINAL REPORT
The entire clean-up operation must be dated and documented. Monitoring methods in

place must be clearly discribed. The level of treatment achieved must be documented.
Report should address the following questions.
(1)

Was the clean-up done in accordance with the CAP? Any deviation from the original
plan?

(2)

Any suprises during the remediation process?
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3. 5. PHASE V: POST SITE MONITORING
Once the clean-up has been completed the site should be monitored on a timely basis
for a certain period of time to assess the quality of clean-up achieved and to monitor migration
of contaminats from adjoining sites. PHASE V can be done by Tx.DOT engineers or by a
consultant. The flow chart for PHASE Vis in Figure 3. 5.

13. 5.1. STEP 1: IDENTIFY MONITORING METHODS
Selection of monitoring methods will depend on the type of contaminant (VOC,
petroleum), medium (soil, groundwater, sludge) and type of treatment. TNRCC RG-261
guidance document, Operation, Monitoring and Performance (OMP) of Remedial Systems
(1996) can be used as reference to identify the monitoring methods.
Some of the questions for this step are as follows:
(1)

(2)
(3)
(4)
(5)

What needs to be measured?
(VOC, metal, PAH, groundwater).
Can TxDOT do it ?
(Equipment availability, cost, other alternative, consultants)
Does it require any special training?
(OSHA, TNRCC/ RG-41).
Are there any federal or state requirements?
(TNRCC/RG-261).
How often should the measurements be taken ?
(Hourly, daily, weekly, monthly, quaterly, semi-annually).

13. 5. 2.

STEP 2: SELECT LOCATIONS ON SITE
In order to monitor the treatment efficiency, several sampling points should be selected.

(1)

Any spacing requirement for sampling?
(Minimum/maximum spacings for monitoring wells; Interference with construction
project, accessability)
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Treated Contaminated Soil

13. 5. 3. STEP 3: SAMPLING AND ANALYSIS
Sampling interval, amount and depth of sampling must be established. Adequate
samples should be collected. Collected samples can be analyzed in the field or transported to a
testing laboratory. Chain of custody of the samples should be maintained.
Some of the questions for this step are as follows:

(1)

What are the type of tests?
(Leaching (TCLP, TNRCC), compressive strength, vapor analysis, moisture content)

...

(l)

How many samples ?
(Types of tests, accuracy)

...

(3)

How to store specimens?
(TNRCC/ RG-41)
How long tests are planned?
(TNRCC/RG-261)

(4)
(5)

...

What type of equipment will be used for waste analysis ?
(GC, ICP, IC, compressive strength, oven (CHAPTER 4))

13. 5. 4. STEP 4: COMPLIANCE WITH REGULATIONS
Contaminants in the samples should be below the TNRCC and EPA limits.
Some of the questions for this step are as follows:

(1)

What are the acceptable limits?
(EPA, TNRCC, see Appendix)

13. 5. 5. STEP 5: REPORT
An annual report must be prepared based on the Post Monitoring test results. If a
consultant was used for Post Site Monitoring, the report should be submitted to TxDOT.
TxDOT can file this document with the TNRCC to indicate compliance with the CAP and to
clear the site of contamination and unlist the site for further monitoring if necessary.
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3. 6. CONCLUSIONS
A comprehensive Hazardous Waste Mangement Plan with five PHASES has been

developed for handling contamination in construction sites. Information collected from various
sources (EPA, FHWA, OSHA, TNRCC, State DOTs, ASCE, ASFE and ASTM) have been
effectively combined in developing the HWMP.

3.37

3. 7. REFERENCES
[1]

American Petroleum Institute (1984), Recommended Practice for Abandonment or
Removal of Used Underground Service Station Tanks, API Bulletin 1604; Underground
Spill Cleanup Manual, API Bulletin 1628, Washington, D. C.

[2]

ASCE (1996), "Environmental Site Investigation Guidance Manual", Report No. 83,
American Society of Civil Engineers, New York, NY.

[3]

ASTM Annual Book Volume 11.04 (1998), Standards Relating to Hazardous
Substances and Oil Spill Response; Waste Management; Environmental Assessment;
Environmental Risk Management, Philadelphia, PA.

[4]

ASTM E 1527-94 (1995), Standard Practice for Environmental Site Assesments: Phase
1 Environmental Site Assessment Process, ASTM, Annual Book of ASTM Standards,
Vol. 11.04.

[5]

ASTM E 1528-93 (1995), Standard Practice for Environmental Site Assesments:
Transaction Screen Process, ASTM, Annual Book of ASM Standards, Vol. 11.04.

[6]

ASTM E 1903-97 (1998), Standard Guide for Environmental Site Assessment: Phase II
Environmental Site Assessment Process, ASTM, Annual Book of ASM Standards, Vol.
11.04.

[7]

Bellandi, R. (1988), Hazardous Waste Site Remediation: The Engineer's Perspective,
Van Nostrand Reinhold, New York, NY, 422 p.

[8]

Buonicore J. A. (1995), "Cleanup Criteria for Contaminated Soil and Groundwater",
ASTM Publication No. DS 64, 324 p.

[9]

Cade, D. L. (November 1995), "Transportation Agencies as Potentially Responsible
Parties at Hazardous Waste Sites," NCHRP, Legal Research Digest, No. 34, 29 p.

[10]

Chemical Manufacturers Association lnc.(1982), A Hazardous Waste Site Management
Plan, CMA, Washington, D. C.

[11]

Cheremisinoff N. P., Wu C. Y. (1994), "Hazardous Waste Management Handbook",
PTR Prentice Ha1l, Englewood Cliffs, NJ, 480 p.

[12]

Friend, D. and Connery, J. (1988), Dealing with Hazardous Waste Sites: A Copendium
for Highway Agencies, NCHRP Report No. 310, 1fJ7 p.

[13]

Karnofsky B. ( 1997), "Hazardous Waste Management Compliance Handbook", Second
edition, Van Nostrand Reinhold, New York, 530 p.

[14]

Lieberman L. J. (1994), "A Practical Guide to Hazardous Waste Management,
Administration, and Compliance", pp. 238.

[15]

Marsh, J. R. Green, K.W. and Dong, T. (1996), "Standardizing Environmental
Assessments: A Practical Perspective," Journal of Environmental Engineering, ASCE,
Vol. 122, No.3, pp. 222-226.

3.38

...

...

...

[16]

National Institute for Occupational Safety and Health (1985), "Occupational Safety and
Health Guidance Manual for Hazardous Waste Site Activities," DHHS, pp. 85-115.

[17]

Sara, M. N. (1994), Standard Handbook for Solid and Hazardous Waste Facility
Assessments, Lewis Publishers, Ann Arbor, MI, 345 p.

[18]

Soesilo A. J., and WilsonS. R.(1995), "Hazardous Waste Planning", Lewis Publishers,
Ann Arbor, MI, 275 p.

[19]

Shineldecker, C. L. (1992), Handbook of Environmental Contaminants: A Guide for
Site Assessment, Lewis Publishers, Ann Arbor, MI, 371 p.

[20]

Skinner, R. E. and Dayton, M. (1993), Hazardous Wastes in Highway Rights-of-Way,
NCHRP Report No. 351, 114 p.

[21]

Tarricone, P. (1990), "Let the Buyer Beware," Civil Engineering Magazine, ASCE,
August 1990, pp. 56-59.

[22]

TNRCC (1993), Guidleines for the Classification & Coding of Industrial Wastes and
Hazardous Wastes, RG-22, 46 p.

[23]

TNRCC (1996), Guidance for Risk-Based Assessments at LPST Sites in Texas, RG175, Austin, Texas.

[24]

TNRCC (1993), Risk-Based Corrective Action for Leaking Petroleum Storage Tanks
Sites, RG-36, Austin, Texas.

[25]

U.S. Department of Labor, Occupational Safety and Health Administration ( 1986),
Hazardous Waste Inspections Reference Manual, Washington, D. C.

[26]

U.S.EPA and US Air Force (1993), Remediation Technologies Screening Matrix and
Reference Guide: Version I, EPA 542-B-93-005.

[27]

U.S.EPA (1986), Drum Handling Procedures at Hazardous Waste Sites, EPA 600/2-86013.

[28]

U.S.EPA (1986), Characterization of Hazardous Waste Sites- A Methods Manual.
Volume !-Overview, Volume 2-A vailable Sampling Methods, EPA 600/4-84-076.

[29]

U.S.EPA(1997), "Expedited Site Assessment Tools for Underground Storage Tank
Sites: A Guide for Regulators", EPA 510-B-97-001, Washington, DC.

[30]

U.S.EPA (1986), Cost of Remediational Actions at Hazardous Waste Sites: Worker
Health and Safety Consideration, Final Report, SCS Engineers Inc., EPA, Washington,
D.C.

[31]

U.S.EPA, Office of Research and Development (1984), Geophysical Techniques for
Sensing Buried Wastes and Waste Migration, EPA 60017-84-064.

[32]

U.S.EPA, Environmental Monitoring System Laboratory (1985), Characterization of
Hazardous Waste Sites-A Methods Manual. Volume- 1-Site Investigation, EPA 600/284/075.

3.39

[33]

U.S.EPA, Office of Emergency and Remedial Response and Office of Waste Programs
Enforcement and Office of Research and Development (1985), Guidance on Fesibility
Studies Under CERCLA, EPA 540/G-85-002.

[34]

U.S.EPA, Hazardous Waste Engineering Research Laboratory and Office of SolidWaste and Emergency Response (1987), Underground Storage Tank Corrective Action
Technologies, EPA 625/6-87/015.

[35]

U.S.EPA, Office of Emergency and Remedial Response (1986), Superfund State-Lead
Remedial Project Management Handbook, EPA 540/G-87-002.

[36]

U.S.EPA, Office of Solid Waste and Emergency Response Technology Innovation
Office (1994), Soil Vapor Extraction (SVE) Treatment Technology Resource Guide,
EPA 542/B-94-007.

[37]

U.S.EPA, Office of Solid Waste and Emergency Response Office (1995), The
Superfund Innovative Technology Evaluation Program: Annual Report to Congress FY
1994, EPA 542/R-95/522.

...
...

3.40

Chapter 4
Environmental Site Characterization
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4. 1

4. 1. INTRODUCTION
Federal regulations such as RCRA and CERCLA, and State guidelines from TNRCC
require environmental site characterization and monitoring to detect contamination and to
provide data to develop plans for site remediation [12, 15, 21]. Environmental site
characterization is the comer-stone of most projects with contamination problems [1, 6, 7, 14,
18]. By achieving a reasonable level of site characterization, it can assure that the risk
assessment (PHASE Ill (b)) and site clean-up (PHASE IV) of a project can be reasonably
successful.
There are three key components to environmental site characterization:
(1)

determining the spatial changes in the site's geology and hydrology;

(2)

defining the spatial distribution of contaminants and predicting their movement; and

(3)

quantifying the engineering properties of soil, rock, groundwater and type of
contamination.
Hundreds of methods and techniques exist for characterizing, sampling and

performing waste analysis on soils and water in the saturated and unsaturated zones in the
contaminated sites [AS1M Vols. 04.08 and 04.09]. The primary factor affecting the accuracy
of any environmental site characterization effon is the limited number of sample points or
borings, resulting in insufficient spatial sampling to adequately characterize the site. To
achieve a reasonable statistical sampling of hydrogeologic site conditions can require borings
or other methods of sampling placed in a close-order grid. The number of borings required to
detect a burial site, tank, or permeable pathway can be calculated [6, 7]. Such calculations
show that it is not uncommon to require lOO's to 1.000 of borings to achieve a 90%
confidence level for detection. But in practice only a limited number of borings and other
methods of sampling to characterize large areas and complex geologic settings are made.
Also included in this chapter are soil, groundwater and soil gas sampling methods and waste
analysis methods.

4. 2. IN SITU TEST METHODS
4. 2. 1. GEOPHYSICAL METHODS
Each geophysical method responds to some physical, electrical, or chemical
parameter of the soil, rock and pore fluids or buried wastes [2-4, 8-10, 19, 20, 26, 28-31].
They respond to either (1) electromagnetic energy, (2) acoustic and seismic energy and (3)
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other potential field such as gravity and earth's magnetic field. Therefore, for a geophysical
method to detect a change in geologic conditions or contaminants there must be a sufficient
contrast in the property being measured. Remote, surface [ASTM PS 78-97] and borehole
[ASTM D 5753] geophysical measurements can be made relatively quickly. Continuous data
acquisition can be obtained with certain geophysical methods at speeds up to several miles
per hour. In some cases, total site coverage is economically possible. Because of the greater
sample density using geophysical methods, anomalous conditions are more likely to be
detected and background conditions defined, resulting in an accurate characterization of
surface and subsurface conditions.
The geophysical methods encompass a wide range of airborne, surface, and borehole
methods which can be used to improve the accuracy of site characterization. Geophysical
methods, like any other means of measurement, have advantages and limitations. There is no
single, universally applicable surface or borehole geophysical method to meet all site
characterization needs. There are over 30 remote sensing and surface geophysical methods
and hence the user must be able to select the method or methods carefully and understand
how they should be applied to specific site conditions to meet project requirements. Radar
has the highest resolution (both horizontally and vertically) of any surface geophysical
method and can delineate targets as small as reinforced steel bars in concrete. The resolution
of all of the surface geophysical methods decreases with increasing depth.

4. 2. 1. 1. Remote Sensing Methods
Eight technologies have been identified in this category [EPA 625/R-93/003a].
Remote sensing is often restricted to the use of airborne sensing methods in the visible and
near-visible spectrum. Some of the questions related to remote sensing are as follows:

1. What are some of the remote sensing methods?
(visible photography, infrared photography, ultraviolet photography, thermal infrared
scanning, multispectral imaging, active microwave (radar), airborne electromagnetics
(AEM) and aeromagnetics [EPN625/R-93/003a].
2. When will remote sensing be used?
(CASE 2, PHASE I)
3. Can it detect contaminants? what type?
(Yes, if located on the surface.)
4. Can it detect buried objects ?
(No; Only disturbed surfaces due to buried waste can be detected.)
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5. Can it detect contamination in the soil/ground water?
(No)
6. Penetration depth and cost?
(Surface only; low cost)

...

7. Most popular remote sensing method?
(Visible photography)

4. 2. 1. 2. Surface Methods
Twenty four technologies have been identified [EPA/625/R-93/003a]. Some of the
questions related to this technology are as follows:

...

1. What are some of the popular surface methods?
(Ground penetrating radar (GPR), electromagnetic induction, electrical resistivity

..

[ASTM G 57], sesismic refraction [D 5777], metal detection and magnetometry
[EPA/625/R-93/003a].
2. When will surface methods be used?
(CASE 2; PHASE I & II)
3. What are the applications?
(Details are in Table 4.1)
4. 2. 1. 3. Borehole Logging Methods
There are more than 40 borehole geophysical techniques. This technique most
commonly uses probes that are lowered on a cable. Some of the questions related to this
technology are as follows:
1. What are some of the types of logging methods?

(Electrical and Electromagnetic Logs, Nuclear Logs, Acoustic and Sonic, and
Seismic Logs, and Miscellaneous Logs)
2. What are some of the popular electrical logging methods?
(Resistivity, Fluid conductivity)
3. What is the popular electromagnetic logging method?
(Induction)
4. What are some of the popular nuclear logging methods?
(Neutron, Gamma-Gamma, Natural Gamma)
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Table 4. 1. Typical Applications for Surface Geophysical Methods
Radar

Application

Electro
mllan..tics

Resistivity
Soundin2

Seismic

Magneto
meter

1. Natural Conditions
a

Layer thickness and deoth of soil and rock

1

2

1

I

NA

b

Mappina lateral anomaly locations

I

1

1

1

NA

c

Determinin2 vertical anomaly deoths

I

2

1

1

NA

d

Deoth to water table

2

2

1

1

NA

2. Sub-Surface Contamination Leachates !Plumes
a

Existence of conductive contaminants

2*

1

1

NA

b

Maooina contaminant Boundaries

2*

1

1

NA

NA

c

Determining vertical extent of

2*

2

1

NA

NA

contaminant
d

Ouantifv maanitude of contaminants

NA

1

1

NA

NA

e

Determine flow direction

2*

1

1

NA

NA

f

Detect or2:anics floatinl! on water table

2*

2*

2*

NA

NA

g

Detection & mapping of contaminants

2

2*

1

NA

NA

-

within unsaturated zone
3. Location and Boundaries of Buried Wastes:
a

Bulk Wastes

1

1

1

2

NA

b

Non-metallic containers

1

1

1

2

NA

c

Metallic -ferrous containers

2

1

NA

NA

1

d

Metallic-non-ferrous

2

1

NA

NA

NA

Depth of burial

2

2

1

2

2*

I e

4. Otbers
a

Location of pioes, cables tanks

1

1

NA

2

1

b

Identification of permeable pathways due

1

1

NA

2

1

NA

NA

NA

NA

1

to utilitv trench fill
c

Abandoned well casini!S

5. General Information
a

Penetration deoth (m)

b

Cost3

Note:

<1-25

0.75-60

0-100

1-30

0-5

M

L-M

L-M

L-M

L-M

1-Denotes primary use; 2- Denotes possible applications. secondary use. In some cases this may
be the only effective approach due to circumstances. NA- Not Applicable. *-limited applications;
3- Cost ratings are relative and approximate: L = low, M =moderate, =high
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5. What is the popular acoustic and seismic logging methods?
(Acoustic Velocity/Sonic method)
6. Typical bore hole diameter?
(38 to 100 mm diameter)
7. What factors to select in borehole techniques?
(Subsurface characteristics, Casing (cased/uncased), Borehole condition (wet

...

(conductive fluid), dry)

8. Are there any ASTM standard?
(Yes. D 5753)
4. 2. 2. CONE PENETROMETER

...

The cone penetration test (CPT) involves hydraulically pushing a cone-shaped
instrument into the soil and measuring resistance to penetration, pore pressure development
and collecting samples of soil, gas and groundwater for analyses [ASTM D 3441, D 4633, D

•

5778]. Also in situ hydraulic conductivity can be determined. With a variety of in situ
physical and chemical sensors, this technology is being increasingly used for environmental
site characterization [11, 14]. Some of the questions related to CPT are as follows:

1. When can CPT be used?
(CASE 1, 2, 3 & 4, PHASE I, II & V)
2. What is the maximum depth?
(30 to 100m depending on geology and push capacity of the system)
3. Can it be pushed through asphalt and concrete?
(Yes for asphalt. No for concrete)
4. Are there any ASTM standard?
(Yes. D 5778)

4. 3. SAMPLING METHODS
The location, type of samples collected, and sampling equipment should be in
accordance with the sampling plan developed in the detailed site investigation plan [1, 18].
Sampling equipment and procedures should be appropriate for the medium being sampled
(soil, groundwater, gas) and be designed to minimize the introduction of errors into physical
and chemical test results. Table 4.2 summarizes the commonly used techniques for sampling.
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4. 3. 1. Solids (Soil) Sampling
The primary objectives of soil sampling programs are generally to determine the
surface area and vertical extent of soil contamination. Soil sampling can be done with hand
operated or power driven equipment. Some of the questions related to soil sampling are as
follows:
1. What is the difference between regular and environmental soil sampling?
(Same methods except that precautions must be taken against contaminating adjacent
strata/areas; Sampling tubes have to be lined to avoid chemical reactions; Equipment
must be decontaminated before next use or leaving site)
2. What are some of the hand operated sampling methods?
(Scoops, spoons, shovels, hole diggers, tubes, and augers (several types))
3. What are the advantages of scoops and spoons?
(Inexpensive, easy to use, readily available, easily decontaminated, easily
transportable)
4. What are the advantages of hand operated augers?
(Inexpensive, easy to use, readily available, easily transportable, large volume of
samples)
5. To what depth can hand-operated samplers be used?
(2 to 3 meters)
6. What are the types of power-driven sampling devices?
(Split-spoon, split barrel, rotating Core, thin wall open tube (Shelby tube, continuous
tube), piston samplers)
7. Are there any ASTM standards?
(Yes. 0 1452,01586,01587,0 2113,0 3550 and 0 5451)
4. 3. 2. Water Sampling
Water state in the subsurface is measured in terms of hydraulic head in the saturated
zone, and negative pressure potential or suction in the unsaturated (vadose zone). There are
more than 20 types of water sampling devices available. Some of the questions related to
water sampling are as follows:

1. What is the difference between regular and environmental water sampling?
(Same methods except that precautions must be taken to prevent (a) volatilization of
contaminants and (b) contaminating adjacent strata/areas; sampling tubes have to be
lined to avoid chemical reactions; equipment must be decontaminated before next
use or leaving site)
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Table 4. 2. Summary of Sampling Methods for Environmental Site Investigations [D 5730]

Soil

Descriptions

Method

Media

Scoops, spoons, shovels

Augers

Hand operated; Collect surface or

Applications
CASE2;

Remarks JAS1Ml
Not for PHASE II

shallow soil samples; Yield disturbed PHASE I

or PHASE V; [D

samples.

4700, D 6169]
Recommended for
above ground
water; [D 1452, D
6151]

Hand or motor operated; Collect soil

CASE2, 3,4;

sample up to 3 m; Yield disturbed

PHASE I& II

and non representative samples;
Power driven~ Collect soil samples

CASE2, 3 &4; [D 1586]

up to 20m; Yield disturbed and

PHASE I, II &

representative samples

v

Thin-walled tube

Power driven; Collect soil samples

PHASE II & V [D 1587, D 2113,

sampler, Piston sampler

up to any depth; Undisturbed

Split spoon sampler

D 3550]

samoles
Ground

Open bailer

CASE2;

samples from well, drains, sumps.

PHASE I

Positive displacement

Power driven; submergible pump

CASE2, 3 & 4; [D 3856, D 5358,

pump

placed below static water level.

PHASE II& V

water
[D4448]

Some loss of
volatile
compounds
[0420]

Hand or power driven; Collect water

D 5717, D 5903]

Collect water samples at the surface.
Suction lift pump

Power driven; pump placed at the
surface. Collect water samples at the

Some loss of
CASE2, 3 &4; volatile
PHASE II& V compounds
[D 5717)

surface.
Gas

Whole-air methods

Sample a mixture of gases, including CASE 1, 2, 3 & [ 04696; D 5314]
contaminants and non-contaminant

4; PHASE I, II

vaPOrs

&V

Whole air-passive

Collect bulk gases near surface

CASE2, 3 & 4; Monitor gas

approach

through a flux chamber

PHASE I, II &

emission from soil

v

1D 53141

Sorbed contaminants-

Collect bulk gases through a probe

CASE2, 3 & 4; Monitor gas

active approach

then extract interested contaminants

PHASE I, II&

emission from soil

by adsorption

v

[D 5314]

Sorbed contaminants-

Use the passive movement of

CASE2, 3&4; Monitor gas

passive approach

contaminants in soil to a sorbent

PHASE I, II &

emission from soil

collection device over time

v

[D 53141
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2. How are water sampling methods classified?
(Portable samplers and portable in situ sampler)
3. When are portable samplers used?
(Permanently installed and screened monitoring wells)
4. What are the popular portable samplers ?
(Bladder pumps, piston pumps, suction pumps, open bailer, syringe sampler)
5. What is the minimum well diameter ?
(13 to 50 mm)
6. What are the other factors that must be considered ?
(Maximum sampling depth, sampling rate, Table 4. 2)
7. What are the popular portable in situ samplers ?
(CPT samplers, New technologies are being developed [EPA/625/R-93/003a])
8. Are there any ASTM standards ?
(Yes. 04696 for sampling soil pore liquids in the vadose zone and 04448 for
groundwater)

4. 3. 3. Gas Sampling
There are a variety of methods for soil gas sampling in the unsaturated zone (vadose
zone). Sampling of soil gases (volatile contaminants or gases such as methane and carbon
dioxide, which are indicators of increased microbial activity resulting for organic
contaminants) has gained rapid acceptance as a method for preliminary mapping of
contaminant plumes in groundwater, and monitoring of underground storage tanks. Soil gas
surveys are also gaining popularity as an effective screening technique for mapping the
extent of VOCs, particularly low molecular weight halogenated compounds (solvents). Some
of the questions related to gas sampling are as follows:
1. How many gas sampling systems exist ?

(Six, Few are listed in Table 4.2)

2. What are the major limitations of gas monitoring?
(Soil gas monitoring does not provide repeatable quantitative information over time
due primarily to the dynamic nature of phase equilibria. Thus, it can be utilized as a
stand alone quantification technique)
3. What precautions need to be taken?
(An experienced personnel technique is needed to perform gas sampling)

4. Are there any ASTM standards?
(Yes. D 5314)
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4. 3. 4. Unsaturated Zone (Vadose Zone)
Water movement in the vadose zone is important in determining the migration of
contaminants. There are over 20 methods for measuring soil water potential, moisture
content, and other soil hydrological characteristics.
(a) Some of the questions related to the Basic Characteristics of unsaturated zone (vadose
zone) are as follows:

1. What are the three types of potentials?
((1) Matric potential (the attraction of water to solids in the subsurface); (2) Osmotic
potential (the attraction of solute ions to water molecules); (3) gravitational potential
(the attraction of gravity forces))
2. What is matric potential?
(The energy required to extract water from a soil against the capillary and adsorptive
forces of the soil matrix, [D 3404])
3. What is Osmotic Potential?
(The component of the total soil-water potential associated with dissolved ions)
4. What is the popular method to measure water potential?
(Porous cup tensiometer)
5. What are the emerging techniques to measure moisture content in the field?
(Dielectric or capacitance sensor, time domain reflectometry (TDR))

-

..

...

(b) Some of the questions related to the INFIL1RATION, CONDUCTIVITY AND FLUX in
the vadose zone are as follows:

1. What is unsaturated hydraulic conductivity, infiltration rate, and flux?
(Hydraulic conductivity of soil at negative pressure potentials and various moisture
contents; infiltration rate: the maximum rate at which water enters a soil; flux: the
volume of water crossing a unit area of porous material per unit time)
2. How many methods are available to measure unsaturated hydraulic conductivity?
(Nine)

,..

3. What are the popular methods?
(Instantaneous profile, draining profile, tension infiltrometer [EPN625/R-93/003a])
4. What is water flux in the vadose zone?
(Amount of water that passes through and enters the groundwater)
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5. How to measure water flux?
(tracers, soil-water flux meter.lysimeters)
6. Are there any ASTM standards?
(Yes. Hydraulic conductivity [D 5126], Infiltration rate [D 3385 and D 5093]
4. 3. 5. Soil Solute Sampling
A variety of methods are available for locating and monitoring areas of high soil
salinity. There are several methods for monitoring soil solute movement and more than 20
methods for sampling solute solutions.
(a) Some of the questions related to the soil solute sampling in the vadose zone are as
follows:

1. What are the popular methods to measure soil salinity?
(Four probe electrical method. porous matrix salinity sensors)
2. What is measured using these two methods?
(Resistivity)
3. Is there any depth limitation in using the two methods?
(Yes. four-probe method is limited to near surface; no depth limitation for the porous
sensor)
4. What are the popular methods to sample soil solute ?
(Vacuum type porous cup.lysimeter)
4. 4. WASTE ANALYSIS
There are large numbers of techniques for field screening and analysis. Field
screening methods provide an indication of presence or absence of waste. Field analytical
methods include all chemical analysis methods capable of providing chemical-specific
quantitative data in the field. Table 4.3 summarizes the common used techniques for waste
analysis.

4. 4. 1 Field Method
Field methods can be classified as portable and are more rapid and generally less
expensive than laboratory methods.
(a) Some of the questions related to the field methods are as follows:
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1. What are some of the field methods ?
(pH, alkalinity, acidity, electrical potential (Eh), electrical conductance, ion selective
electrode, detector tubes, portable gas chromatography, x-ray fluorescence, radiation
detectors, field bioassessment )

..

Table 4. 3. Summary of Waste Analytical Methods for Environmental Site Investigations
Media
Soil

Instrument

Parameter
pH

Field

Lab

"
"
"
"
"
"

""
"
"
"
"
"
"
"
"
"
""
"
"
"
"

pH meter

AlkalinityI Acidity
Eh

Electrodes

Organic

GC,LC,

Petroleum

HPLC, TOC

VOC/SVOC
Inorganic

AA,ICP

Limited

Ion

IC

Limited

Ground

pH

pH meter

water

Alkalinity/Acidity
Eh

Electrodes

Organic

GC,LC,

Petroleum

HPLC, TOC

"
"
"
"
"
"

VOC/SVOC

Gas

Inonzanic

AA,ICP

Limited

Ion

IC

Limited

voc,svoc

GC, TOC

"

(See also ASTM Vols. 11.01 and 11.02)

Detection Limit

Standard Methods

0.01 unit

G 51/D4972

0.1 mg/L

D 1067

0.1mv

D 1498

1 IJ.giL

D3871

0.1 mg/L

D5765

...
...

D5241
1 US!:IL

D 4542/D 5463

1 US!IL

D 5738/D 4878

0.01 unit

D 1293/D 5464

0.1 mg/L

D 1067

0.1mv

D 1498

1 JJ.g/L

D3871

0.1 mg/L

D5765

...

D5241
1 uS!:IL

D4542/D 5463

1 Ull/L

D 5738/D 4878

1 U!!IL

D 1292/D 5314

2. What are the advantages of the field methods?
(Quick results, generally lower cost per sample)
3. What are the disadvantages of the field methods?
(QA/QC procedure are more difficult, less accurate instruments)
4. 4. 2. Laboratory Method
For detailed and more accurate analysis the samples must be transported to the
laboratory for testing.

....
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(a) Some of the questions related to the laboratory methods are as follows:
1. What are some of the laboratory methods?

(pH, alkalinity, acidity, electrical potential (Eh), electrical conductance, ion selective
electrode, gas chromatography, x-ray fluorescence, atomic absorption, ionic coupled
plasma, total organic analyzer)
2. What are the advantages of the laboratory methods?

(More accurate and lower detection limit than field methods, QNQC, procedures are
better adaptable)
3. What are the disadvantages of the laboratory methods?

(Time consuming, sample handling and storing, cost depends on the number of
samples)
4. 5. CONCLUSIONS

This chapter serves as guidance or a starting point for detailed environmental site
investigation. Five popular surface geophysical methods have been discussed in relation to
their applications. There are several ASTM standards/guide for environmental site
characterization and sampling of soil, water and gas. Also a section on waste analyses has
been included.
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5.1

S.l. INTRODUCTION
When a site is contaminated with either hazardous wastes or petroleum products it
will require remediation [2, 5, 8, 10, 11, 14, 16]. Remediation will include treatment, land
disposal and containment [1, 18, 21, 28, 29, 31, 33]. Based on the type and level of
contamination the remedial methods can be selected to comply with the federal and state
environmental regulations.
Case studies (Table 5.1) have been analyzed to identify popular methods used in
hazardous waste and petroleum products contaminated sites remediation. The results are
also compared to remediation methods used in Superfund sites in Texas and other parts of
the country for remediating hazardous wastes. Treatment technologies are grouped into
biological, chemical, physical and thermal methods.

5.1.1. Media
The nature and concentration of contaminants, their distribution through the site, the
affected media influence the preselection of treatment technologies. The summary of
treatment methods considering their suitability for different media is presented in Tables 5.2
through 5.5. The media through which contamination occurs can be classified into:
(1) Soil, Sediment, and Sludge and
(2) Groundwater, Surfacewater, and Leachate.

5.1.2. Contaminants
Contaminants are generally grouped as follows (EPA/542/B-94/013, 1994) [34]:
(1) Volatile Organic Compounds (VOCs), which include acetone, dichloroethane (0027-

029), BTEX, vinyl acetate, carbontetrachloride, ethylene dibromide, chloroform
(0022), dichloromethane.
(2) Semivolatile Organic Compounds (SVOCs), which include aldrin, anthracene, 4chloro-3-cresol, 2,4- dinitrophenol, benzyl alcohol, tetrachlorophenol.
(3) Fuels, which include benzene, cyclohexane, naphthalene, flourene, isobutane, phenol,
pyrene.
(4) Inorganics and metals, which include sulfur, ammonia, asbestos, cyanide, fluorine,

lead, cadmium (0006), chromium (0007).
(5) Explosives, which include TNT, RDX, TNB, Nitroglycerine.

5.2

...

Depending on the type of contaminant and the extent of contamination, various remedial
options are available for different site condition [1, 2, 21]. The costs involved in the
remediation and the duration of the treatment also governs the selection of a remediation
technology [21, 33, 34].

5.1.3. Remedial Technologies
Depending on the type of contaminant and the extent of contamination, various
remedial options are available for the application to a particular site. The costs involved in
the remediation and the duration of the treatment also govern the selection of a remediation
technology.
Three primary strategies are used separately or in conjunction to remedy sites.
These are as follows:
(1) Treatment technologies: Destruction or alteration of contaminants (section 5.3),
(2) Containment technologies: Isolating the waste by creating barriers (section 5.4), and
(3) Disposal technologies: Removal of waste from site (section 5.5).

5.1.4. Petroleum Contaminated Soils
Petroleum contamination is exempted from being considered hazardous under
RCRA and EPA's final regualtions establishing TCLP. The frequency of discovery by
DOTs of petroleum contamination is highest of all problem waste by a large margin
[NCHRP Report 351]. A survey found that approximately 90 percent of the petroleum
contaminated sites being cleaned up by state transportation agencies involve gasoline and/or
diesel fuel contaminated soils [NCHRP Synthesis 226]. Information on petroleum
contaminated soil is in section 5.6.

5.2. CASE STUDIES
5.2.1. Background
Information on 60 case studies has been collected and documented (Appendix C).
The case studies were collected from books, magazines, journals, proceedings, EPA
documents and personal contacts. The case studies include DOT, DOE, DOD, Superfund
and RCRA projects.

5.3

Case studies are summarized in Table 5.1. The yearly distribution and type of
contaminants are shown in Figs. 5.1 and 5.2 respectively. The case studies collected to
date in this study are analyzed and compared to the EPA reported Superfund case studies
(total of 697 cases) in Figs. 5.3 and 5.4 to identify the popular remediation technologies.
The analyses show that physical technologies are the most popular technologies among all
the available methods followed by biological and thermal technologies.

...

•

....

...
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Table 5.1 Summary of Case Studies: Remediation of Contaminated Sites
Major Contaminants/
Concentrations

No I
Year

State I
Country

Location

1/82

Ontario I
C11nad1

Local road,
Lake clear

Washingt
on

Polycyclic aromatic
Tacoma
hydrocarbons (PAHs)
Spur
Freeway (SR

1/84

PCB
150 to 700 Jlg/g

Contaminated
Remedial
Cost of
Technologies
Remediation
Areal volume
Considered!Adopted
of Site
$850,000
Solidification and
6260 cubic
Stabilization
meters

Dumtion of
Remediation
Not available

florida

Superfund*
Site, Maine

1/87

Michigan

Superfund*
Site, Battle
Creek

1/88

Michigan

Superfund*
Site,
Verona

2/88

Michigan

Grayling

Commninated soil. Large 9
project. Non-petroleum.
Regulations as per Ontario
regulation 309. Average
PCB concentration after
treatment was 21.5 u~/~.
Contaminated soil. Large 47
project. Non-petroleum.
Regulations as per
Washington state
dangerous wa'lte
reRulations.
26
A disposal pit, Depth of
water table and
cont:'Ullination not
available. 11,500 tons of
soil was treated.

Excavation and
Removal

$6 million

Not known

Chlorinated
Aliphatics, BTEX ,
PAHs I 3,310 mglkg
TCE, 130 mg/kg
Ethyl benzene, and 35
mRikR Toluene
BTEX, PCE, TCE I
22,000 kg in soil m1d
19,000 mg/L in
ground water.

8,800 cubic
meters

Thennal
Desorption

$290,000

10 months

I acre

Not available 4 years

Chlorinated and
non chlorinated
aliphatics I 3,900 lb.
in groundwater and
I 700 lb. in soil
BTEX, and total
petroleum
hydrocarbons (TPHC)

Not available

Air Stripping for
Ground water and
Soil Vapor
Extraction for Soil
treatment
Soil Vapor
Extraction

$1, 600,000

4 years

Bioremediation
using Bioreactors

$39 to$ 59
per cubic
meter

One and a half Contaminated soil. Small
year
project. Cleanup goal for
TPHC was 10 ppm.
Depth of groundwater at
3.0 to 4.6 m.

705),

8,400 cubic

meters

* Superfund Sttes
5. 5

Case
No.

Not known

Tacoma
1/86

Remarks

Contaminated soil m1d
ground water. No
regulations. Water t:'lble
was 6.1 m below the

37

~rade.

Contaminated soil. Large II
project. Regulations as per
1991 Record of Decision
(ROD).
45

Table 5.1 Summary of Case Studies: Remediation of Contaminated Sites (Continued)
State I
Country

No/
Year

Location

Major Controninants/
Concentrations

3/88

New
Jersey

1-287 in
Petroleum
northern New hydrocarbons
Jersey

1189

Ontario/
Cilllada

Agricultural
lillld,
Southern
Ontario

2/89

California Superfund
Site, * San
Jose

3/89

Missouri

4/89

florida

5/89

Aorida

Lumber
ComproJy
Superfund*
Site, Alton
Wood
Preserving
Superfund*
site, Live
Oak
Wood
Preserving
Superfund*
site, Live
Oak

Arsenic, Lead,
Cadmium, Zinc
Copper and
Molybdenum

Remedial
Controninated
Cost of
Technologies
Areal volume
Remediation
Considered/Adopted
of Site
Excavation ro1d
Not available
4-ha
Disposal

28.5 acres

Chlorinated ro1d Non- Not available
Chlorinated Aliphatics

Remarks

Not available

Contaminated soil. Large
project. Regulations as per
New Jersey Deparlment of
Environmental Protection
roJd Ener~v.
Contaminated soil. Small
project. Depth
contamination not
available. No regulations.
Over 43,000 tons of soil
was trucked.
Contaminated soil.
Medium project. Nonpetroleum. Had
regulations.
Contaminated soil. No
Regulations. Non
Petroleum.

Excavation and
Landfilling of soil

Not available Not available

Soil vapor
extraction

$2,100,000

15 months

PAlls

Not available

Bioremediation

$4,047,000

2 years

PAlls

Not available

8 ioremediation

$565,400

PAlls /100 to 208
mg/kg.

250cubic
Onsite Incineration
meters of soil and Offsite
was excavated Incineration were
considered I LroJd
Treatment adopted

One roJd a half Contaminated soil. Depth
years
of contamination and
Depth of water table not
known. Regulations
adopted.
18 months
Contaminated soil and
groundwater. Regulations
as peer TCIC levelsCleanup goal of 100
mg/kg of TCIC wru;
established bru;ed on risk
assessment.

* Superfund Sites
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Dumtionof
Remediation

'

$565,410

('asc
No.

49

7

15

17

18

35

Table 5.1 Summary of Case Studies: Remediation of Contaminated Sites <Continued)
No/
Year

State I
Country

Location

Major Contmninants/
Concentrations

Cost of
Remedial
Contaminated
Areal volume
Technologies
Remediation
of Site
Considered/Adopted
Not available
920 cubic
Biological Land
meters or soil Treaunent
and 32,000L
(8,400 gal) of
diesel fuel

Duration of
Remediation
1 year

6/89

New
Jersey

AI a
warehouse

Total Petroleum
Hydrocarbons (TPII)
and Metals

7/89

Michigan

Detroit

Lead

40,500 cubic Containment using
meters of soil slurry walls

$8,000,000

Not available

8/89

Michigan

Detroit

Lead

5,570 sq.m

$80,000

Not available

1/90

Nebraska

Large diesel
spill site,
Railroad
Facility
New York WideDeach
Development Superfu-nd
Site*, New
York
Utah
Air force
base, Ogden

D'lliX , #2 Diesel oil
and Other petroleum
hydrocarbons

Not available

PCDs

Not available

Thermal
Desorption and
Dehalogenation

TPHs I 20 to 20,000
mg/kg

1250 sq. m

South
Carolina

Chlorinated Aliphatics

1200 acres

Bioventing preceded $335,000
by Soil Vapor
Extraction
Insitu Air
$400,000
Stripping

2/90

3/90
4190

At a U.S.
Department
of Energy
Site, Aiken

'

In-situ
Containment Cell
for encapsulation
Insitu Bioventing

* Superfund Sttes

5. 7

$10 per cubic Two years
meter
$11,600,000

Remarks

Case
No.

Contaminated soil. lnsitu. 44
based on the New Jersey
Pollutant Discharge
Elimination SystemDischarge to Groundwater
(NJPDES-OOW)
reR.ulations.
Contaminated soil.
46
Regulations based on
Michigan Department of
Natural Resources. Depth
of contamination up to
6m.
Contaminated soil. ESA, 55
RI and site cleanup
{PHASE II III & IV}
Contaminated soil.
12
Medium project.
Petroleum contamimmts.

One year

Contaminated soil. Large
project. Non Petroleum.
Had regulations.

21

2 years

Contaminated soil. lnsitu.
Regulatory cleanup level
was 38 mg/kR,.
Contaminated soil. Depth
of Water table and
Contamination not
available.

25

3 years

32

Table 5.1 Summary of Case Studies: Remediation of Contaminated SUes (Continued)
No I
Year

State I
Country

Location

1191

Texas

Highway
expansion
project

2191

NE United Residential
sites
States

3/91

Califomia

4/91

Oklahoma Air force
base,
Oklahoma
City

5/91

AJaska

6/91

Arizona

IBM
facility, San
Jose

Major Contaminants/
Concentrations
Petroleum Products

Remedial
Contaminated
Cost of
Duration of
Technologies
Areal volume
Remediation Remediation
Considered/Adopted
of Site
Onsite thennal
2 acres
Not available 4.5 months
desorption

Lead, Mercury, Zinc,
Copper, Barium (660
ppm), Selenium (1
ppm)

20acre..c;

Excavation and
Lmtdfilling of soil

Volatile Organic
Compounds

Not available

Dual system of air $5.75
stripping and stemn million
stripping

Tens of
millions of
dollars

Chromium6+ (80,000 61.8 acres I
Groundwater
J.lgiL) and Trichloroplume 220
ethylene(330,000
acres
J.lg/L)

Air or steam
$13 million
stripping of VOCs
and precipitation of
chromium

Air force
base,
Fairbmtks

PAHmtd BTEX

Not available

Bioventing

$758,077

Luke Air
Force Base

TPHs, BTEX, and
Methyl ethy1 ketone

Not available

Soil Vapor
Extraction

$507,185

(MEK)

Remarks

Ca~

No.

Contaminated soil.
500,000 gallons of
contaminated water was
bioremediated mtd 27,500
tons of soil was treated.
6 to 12 weeks Contaminated soil.
Restoration of 150
properties in the flood
plain. Depth of
contamination was 1.52
m, depth of Water Table
not known.
Not available Contaminated
groundwater. Depth of
contamination mtd water
table are mot known.
2 years
Contaminated
groundwater. Depth of
contamination was 15-25
m below the surface;
Depth of water table was
4.5-9 m. Treated water
was used for industrial
applications.
3 years
Contaminated soil. Depth
of contamination wac; at
6.1 m. Depth of water
tab1e not known.
14 months
Contaminated soil.
Treatment had reduced
TPH and BTEX to I00
and 412 mglkg
respectively.

2

3

5

6

23

29

• Supe~r: und
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Table 5.1 Summary of Case Studies: Remediation of Contaminated Sites (Continued)
No I
Year

State I
Country

Location

Major Contaminants/
Concentrations

7/91

Florida

I-595,
Bmward
County

Benzene (D()18) and
Volatile Organic
Aromatics

8/91

Michigan

Adrain,
Lewanee
County

I lalogenated and
nonhalogenated VOCs
, PAlls, and Metals

9/91

Polynuclear aromatic
hydrocarbons (PAHs) I
4,000 mglkg
Chlorinated and NonNew York SMS
Instruments Chlorinated Aliphatics
(1,500 g/kg) and
Superfund*
Semivolatile Organic
site, Deer
Compounds (1,200
Park
mg/kg)
Washingt Commencem Chlorinated aliphatics
ent Bay,
which includes
on
dichlorocthane (OCE),
Tacoma
PCA,PCE,TCE
BTEX and TPHs
Colorado Lowry Air
Force Base in
Denver
Michigan Superfund."~'
Chlorinated
Aliphatics, PAHs,
Site in
Other
organics and
Adrian
Metals

1/92

2/92

3/92
4/92

Mississip
pi

Superfund
Site,*
Canton

Cost of
Cont.::uninated
Remedial
Technologies
Remediation
Areal volume
of Site
Considered!Adopted
Not available Grmmdwater
$750,000
treatment with
filtration,
clarification, and
carbon adsorption
treaunent

Duration of
Remediation
5 months

12.5 acres

Thermal
Desorption

$190-$340
per ton of
soil treated

18 months

10,500 cubic
yards

Slurry-phase
bioremediation

$230 per
cubic yard

3 years

Not available

$450,420
Soil Vapor
Extraction system
that used horizontal
vapor extraction
wells

Not available

Soil vapor
extraction

Not available

Din-remediation

Not available

Thermal desorption
(Residence time 90
minutes; temperatu
re was 500-530°F)

*Superfund
5. 9

$5,313,973

1.5 years

Remarks

Case
No.

Groundwater treatment.
38
99% of Benzene and 95%
of Volatile organic
aromatics were removed.
Regulation levels were I
ppb for benzene and 50
ppb for VOCs
Contaminated soil. Depth 36
of contamination and
Depth of water table not
known. Clean up of 5,100
tons of soil was
comoleted.
51
Contaminated soil and
slurry. 14, 140 tons of soil
need treatment.
Contmninated soil.
Cleanup levels ranged
from 3.5 to 5.5 mg/kg.
Depth of water table m1d
contmnination not known.

13

Contmninated soil. Depth 14
of contamination was 12
m. Depth of water table
not known.
$104,257
1.5 years
Contaminated soil. Depth 16
of water table and
contamination not known.
Not available One and a half Contaminated soil. The
19
year
regulations for methylene
chloroaniline in soil was
1.68 mg/kg.
2 years

Table 5.1 Summary of Case Studies: Remediation of Contaminated Sites (Continued)
No I
Year

State I
Country

Location

Major Contaminants/
Concentrations

French
Limited
Superfund*
Site, Crosby

PAlls, Chlorinated
Aliphatics (5,000
mglkg), PCBs, Metals
(500 mglkg).

5/92

Texas

6/92

California Gasoline
BTEX
spill site,
Califomia
Explosives
Oregon
CERCLA
soils
operable
unit,
Hermiston
Hastings
Chlorinated aliphatics
Nebraska
groundwater
contaminatio
n site
BTEX and heating oil
Colorado Lowry Air
Force Base,
Denver

7/92

8/92

9/92

10/92 Florida

Interstate I595, Fort
Lauderdale,
Broward
County

Petrolewn based
contaminants

Remedial
Cost of
Contaminated
Areal volume
Technologies
Remediation
of Site
Considered/Adopted
30,000 tons
Slurry phase
$49,000,000
Bioremediation

800 acres

Dynamic
underground

187 cubic
meters

Composting

Duration of
Remediation
22 months

$5,400,000

I year

$1,840,000

6 months

$370,000

1 year

strippin~

141,450 cubic Soil Vapor
Extraction
meters
3,000 cubic
yards of soil

Land Farming

$17 per ton
of soil
excavated and
treated.

1 year, 3
months

Not available

Horizontal drains
and vertical wells
for recovery

$750,000

3 months

* Su pertuno

Remarks

Case
No.

Contaminated soil.
24
Maximum allowable
limits for contaminants
were established. Depth of
the water table and
contamination were not
available.
Contaminated soil.
31
Petroleum Contamination.
No regulations.
Contaminated soil. Depth 33
of water table and
contamination was not
known.
Contaminated soil. Depth
of water table and
contamination was not
known.
Contaminated soil and
groundwater. Regulations
as per Colorado
Department of Health and
specifications a<> per
American Petroleum
Institute Recommended
Practice 1604 and the
National Fire Protection
Association Code 30.
Groundwater. Depth of
GW at 5 ft while the
contamination extended to
50 ft. Regulations as per
FDEP.

34

43

48
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Table 5.1 Summary of Case Studies: Remediation of Contaminated Sites (Continued)
No I
Year

State I
Country

Location

Major Contaminants/
Concentrations

11/92 New York Fuel dispense BTEX I Not Available
ing area,
Watertown

Remedial
Cost of
Contaminated
Technologies
Remediation
Areal volume
Considered/Adopted
of Site
Not available Air stripping and
$958, 780
granular activated
carbon

12/92 Georgia

Superfund
Site

Halogenated volatile
organic compounds

1,600 cubic
yards of soil

1/93

Ohio

Nuclear fuel
processing
plant,
Southern
Ohio

VOCs

2418
sq. m.

3/93

New
Jersey

Chromium, Copper,
Nickel and Volatile
organic compounds

10 acres

2/93

Colorado

Piney
Hollow
Road,
Winslow
Township
Oil sump at
a truck
maintenance
facility,
Denver

BTEX, TPHs, Total
organic compounds

Not available

4/93

New
Jersey

Beryllium,
Chromium, Copper,
Nickel, Zinc, Lead,
Mercury

19,200 tons
of soil

Superfund
Site* ,
Winslow
Township

Duration of
Remediation
One and half
years

Remarks

Contaminated soil and
groundwater. Leaks from
UST. Site cleanup
(PHASE IV).
Soil Vapor
$413 per
6 months
Contaminated soil. Before
Extraction
cubic yard
construction. Illegal
disposal of wastes. Site
cleanup (PHASE IV).
Shallow soil
$131 per
The treaunent Contaminated soil. After
mixing with hot air cubic meter
of680
construction.
injection and
columns was Contamination was due to
vacuum extraction
completed in past land fanning activity.
10 weeks.
Depth of water table was 4
m. Depth of
contamination was 6.7 m.
Soil washing
Not available 3.5 months
Contaminated soil rutd
ground water. 19,507 tons
of soil was treated. Depth
of contrunination was not
known.
In situ
Not available 2.5 years
Contaminated soil rutd
Bioremediation
ground water. Expansion
project. Monitoring wells
were used for site
investigation. Depth of
water table was 4 m.
Soil Washing and
$7,700,000
Four months Contaminated soil. Wa.'ite
Offsite disposal of
recycling facility. Soil
sludge
cleanup levels were
established. 19,200 tons
of soil was treated.

"'~u pertuno
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Case
No.

56

58

I

8

4

20

Table 5.1 Summary of Case Studies: Remediation of Contaminated Sites <Continued)
State I
Country

No/
Year

Location
Agriculture,
Nutrition
Company
Superfund*
Site, Albany

5/93

Georgia

6/93

Parsons/
ETM
Enterprises
Superfund*
Site
California Air force
base
Superfund*
site
Superfund
Ohio
Site* ,
Reading
Michigan

7/93

8/93

Michigan

9/93

10/93 Colorado

Major Contaminants/
Concentrations
Halogenated Organic
Pesticides like
dieldrin, toxaphene,
DDT, lindane

Duration of
Remediation
3 months

Pesticides, Heavy
Metals, Phthalates,
PAI-ls, and Dioxins

2,290 cubic
meters

Insitu Vitrification

$1,763,000

1 year

Chlorinated aliphatics

Not available

In situ soil vapor
extraction

$3.8 million

1 year

VOCs, SVOCs,
PAifs, Metals

12,800 tons
of soil

Thennal
Desorption

Not available 5 months

3,000 cubic
yards of soil

Insitu Vitrification

Not available

I year

6 months

Metals, Dioxins,
Superfund
Site* , Grand Pesticides
Ledge
Commerce
City*

Remedial
Cost of
Contaminated
Areal volume
Technologies
Remediation
of Site
Considered/Adopted
$849,996
4,300 tons of 'Ibennal
Desorption
(operating
soil
temperatures
833-10800F)

Ilalogenated volatile
organic compound'>

684 pounds of Soil vapor
extraction (SVE)
soil

$2,140,000

BTEX I Benzene 3.8
mg/L

67,500
square meters

Not available 3 months

Remarks

Case
No.

Contaminated soil. Soil
cleanup levels were
established. (Pesticides<
I00 mg/kg; and 90%
reduction). Depth of
ground water and
contamination are not
known.
Contaminated soil. Soil
cleanup standards were
chosen. Depth of ground
water and contamination
are not known.
Contaminated soil. A 25%
reduction in VOCs was
selected as soil cleanup
standards.
Contaminated soil. Soil
cleanup standards were
established. 62% cleanup
was achieved.
Contaminated soil. Depth
of ground water and
contamination are not
known. Soil cleanup
standards were established.
Contaminated soil and
groundwater. RI and site
cleanup (PHASES III &

22

27

28

39

40

52

IV]

11193 Oklahoma Fedeml
Aviation
Administrati
on Facility

Pneumatic
Fracturing

"' supertuna
\
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54
Contaminated soil and
groundwater. Site Cleanup
(PHASE IV]

Table 5.1 Summary of Case Studies: Remediation of Contaminated Sites (Continued)
No/
Year

State I
Country

Location

12/93 Florida

Superfund
site,* in
Cantonment

Major Comruninants/
Concentrations
Polynuclear aromatic
hydrocarbons I 0.578
to 367 mg/kg

Remedial
Cost of
Contruninated
Areal volume
Technologies
Remediation
of Site
Considered/Adopted
Composting
19,705 tons
$266 per ton
of soil

Duration of
Remediation

Remarks

Case
No.

6 months

Contaminated soil and
groundwater. RI and site
cleanup (PHASES Ill &

$1,270,000

Not available

Contaminated soil. DeptJ1
of contrunination was I to
2.4 m, depth of water
table 4.5 m.

10

$12.4
millions

10 months

30

$3.8 million

Not available

Contaminated soil. Soil
cleanup struu:lards were
established.
Contaminated soil.
Geophysical methods.
During construction
[CASE 31.
Contaminated soil. DeptJ1
contamination extended to
0 to 13m.
Contaminated soil ru1d
groundwater. Site cleanup
[PHASE IV].

59

IV]_

1/94

California Petroleum
storage tru1k
in Southern
California

#6 Fuel oil

Not available

2/94

Michigan

85 acres

1195

New
Jersey

Benzene,
Chlorobenzene, TCE
and Toluene
Polychlorinated
biphenyl/ Above SO
ppm.

1/96

New
Mexico

2/96

3/96
4/96

5/96

Bofors-Nobel
Superfund·
Site *
NortJlern
New Jersey

1148 square
meters

At KirUand
Semi volatiles
air force base
Albuquerque
Minnesota Blaine
Gasoline Constituents

80 kg of
diesel range

New York Superfund *
Site
California Southern
California

PCDs I 5,000 ppm

446squarc
meters

Halogenated
hydrocarbons

up to 2.5 m.

New York At an
Cadmium I 130 mg/kg
industrial site in soil

Superfund stte

or~~:anics

Not available

Excavation and
Backfilling.
Thermal treatment
of excavated soil at
1400°F.
Ultraviolet
oxidation with
Ammonia stripping
Excavation and
Landfill
Enhanced SVE
using radio
frequency heating
Radio frequency
heating enhanced
SVEandair
sparging
lnsitu thermal
desorption

Not available Not available
Not available 3 weeks

Not available 4 months

In situ soil aeration Not available Not available
and biopulsing.
Stabilization using
jet grouting

Not available Not available

Contaminated soil. Site
cleanup [PHASE IV].
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41
53

57

42
Contruninated soil ru1d
groundwater. ESA and site
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Contruninated soil and
60
groundwater. RI mtd site
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IV]
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5.2.2. Analysis of the Case studies
(a) Distribution of Case Studies [Figure 5.1]:
Information on a total of 60 case studies has been collected and documented in this
study for the period 1982 • 1996. The distribution of case studies with time (2 years
interval) is shown in Figure 5.1. Fifty·seven percent of the case studies (34 out of 60 case
studies) were reported during the period 1991·1993. Lower number of cases for the final
period is due to the fact that infonnation on recent cases has not been published yet.
(b) Type of Contaminant [Figure 5.2]:
Thirty three percent of the case studies were related to petroleum contamination.
Other sites documented were contaminated with other organic compounds (86%), inorganic
(3%) and/or metals (33%). NCHRP Report 226 had reported over 76 projects on

,..

petroleum contaminated soils.

...
(c) Remedial Technologies [Figure 5.3]:
The analysis of case studies indicates that physical methods were used in 43% of
the total cases documented. Biological and thermal treatment technologies were in 27% and
15% of the cases (respectively) of the treatment technologies. The chemical method was the
least popular. Containment and disposal technologies were 10% and 6% respectively.

5.2.3. EPA Superfund Projects
The analysis for EPA Superfund sites where established and innovative treatment
technologies were used is shown in Fig. 5.4. The trends in treatment methods for case
studies is similar to the distribution of EPA Superfund sites. Analysis of EPA data shows
that physical treatment methods were selected in remediating 54% of the sites. Physical
methods were fallowed by thennal (32%) and biological (10%) treatment methods.
Distribution of treatment technologies (EPA Superfund sites) in the established and
innovative categories are shown in Figs. 5.5 and 5.6. In the established treatment methods
category, 50% of the projects adopted the solidification/stabilization (physical) method
which was the most popular method. The second popular method in the established
category was the thermal method, accounting for 46% of the projects. In the innovative
treatment methods category (Figure 5.6) physical, biological and thermal methods were
used in 58%, 22% and 18% of the cases (respectively).
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Figure 5.6. Distribution of Superfund - Innovative Technologies
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5.2.4. Texas Projects
Distribution of established and innovative treatment methods adopted in Texas are
shown in Figs. 5. 7 and 5.8. In the established treatment methods. thermal treatment
method (54%) was the most popular method. Solidification/stabilization was adopted in
40% of the projects. In the innovative category. physical (50%) and biological (50%) were
the popular methods.

5.2.5. Other Projects (DOD, DOE, and RCRA)
Physical methods were adopted in 58% of the projects, biological methods were
used in 36% of the projects.

5.2.6. Cost Analysis
Several factors such as type of contaminant. type of soil, depth of treatment can
significantly affect the cost of treatment Figure 5.10 shows the treatment cost for different
treatment technologies. The soil vapor extraction treatment, which is a physical method,
costs the least and was in the range of $10 to $50 per cubic meter of soil. While the
chemical reduction treatment, which is a chemical treatment method. costs $200 to $600
per cubic meter of soil. The cost of biological treatment varied from $10 to $80 per cubic

-

meter of contaminated soil. Solidification/stabilization treatment cost was in the range of
$50 to $80 per cubic meter of soil. Thermal treatment varied from $30 to $130 per cubic
meter of soil.

5.2. 7. Summary
A total of 60 case studies were collected and documented in this study. The case
studies were analyzed for the most popular remedial technologies and the treatment
technologies were compared to EPA Superfund projects and other projects. Of the 60 case
studies collected, 35% were related to petroleum contamination. The analysis showed that
the physical treatment technologies were the most popular technologies. The cost of
physical treatment varied from $10 to $80 per cubic meter of soil. Biological and thermal
methods also have been used in many projects.
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Figure 5.10. Costs of Various Technologies
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5.3. TREATMENT TECHNOLOGIES
5.3.1. Background
Treatment methods comprise of biological, physical, chemical, and thermal
treatment technologies and a combination of two or more of these technologies. The EPA
has separated treatment technologies into established technologies and innovative
technologies. The treatment technologies can be mainly classified into biological, chemical,
physical and thermal technologies. The treatment technologies can be applied both in situ
and ex situ.
a) In situ Treatment
The main advantage of in situ treatment is that it allows soil to be treated without being
excavated and transported, resulting in potentially significant cost savings. However, in
situ treatment technologies require longer time for remediation, and there is less
certainty about the uniformity of the treatment because of the variability in soil
characteristics.
b) Ex situ Treatment:
The main advantage of ex situ treatment is that it generally requires shorter time periods
than in situ treatment, and there is more certainty about the uniformity of treatment.
However, ex situ treatment requires excavation of soils, leading to increased costs and
engineering for equipment, possible permitting, and material handling and worker
exposure conditions.
Table 5.2 through Table 5.5 list all the treatment technologies identified so far and
summarizes their applicability to different media and contaminants. Sixty seven treatment
technologies have been identified in the study. Of the 67 technologies identified, biological,
chemical, physical and thermal technologies had 18, 14, 18 and 17 respectively.
5.3 •.2. Biological Technologies
Biological treatment refers to the application of natural microbial metabolic
processes to remedy contaminated soils and other wastes. The process requires more time
and it is difficult to determine whether contaminants have been destroyed. Nutrients can be

5.21

added to enhance the system thereby sustaining the bacterial growth. This method is
effective in treating soils contaminated with organics like petroleum hydrocarbons and
chlorinated solvents [EPA/542/8-94/013]. The rate at which microorganisms degrade
contaminants is influenced by the specific contaminants present, oxygen supply, moisture,
temperature, pH, nutrient supply, bioaugmentation, and cometabolism. The biological
technologies can be applied both in situ and ex situ.
a) In situ Biological Treatment:
Most commonly used in situ biological treatment technologies include biodegradation,
and bioventing [EPA/542/B-94/013].
b) Ex situ Biological Treatment:
Most commonly used ex situ biological treatment technologies include com posting,
controlled solid phase biological treatment, land farming, and slurry phase biological
treatment [EPA/542/B-94/013].
A total of 18 biological treatment methods have been identified (Table 5.2). The
biological methods are most commonly used for treating organic wastes in all the three
possible media such as unsaturated zone, saturated zone and groundwater.

5.3.3. Chemical Technologies
Chemical methods use the contaminated medium to destroy or chemically convert,
separate or contain the contamination; these may either destroy contaminants or make them
less hazardous. Surfactants can be added to the flushing solution to chemically increase the
solubility of the contaminant. There are a wide variety of these treatments such as
neutralization, oxidation, ion exchange, ozonization, and electrolysis.
The disadvantage of these treatments is that they generate byproducts that are as
hazardous as, or even more hazardous than, the original contaminants. The residuals from
the treatment technology require further treatment which will add to the cost of the treatment
method. These can be applied in situ or ex situ.
a) In situ Chemical Treatment:
The most commonly used in situ chemical treatment methods include soil flushing,
vacuum extraction and hot gas injection [EPA/54218-94/013].

...
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Table 5.2. Biological Treatment Technologies
No.

Treatment
Technology

B2
B3
B4

Biological
Activated Carbon
Treatment
Air injection
Biofiltration
Biopiles

B5
B6
B7

B
Bl

Type of Waste
Soil
Unsaturated
Saturated
0 p I M 0 p I M

X

X

X

X

GroundWater

0

p

X

X

Case
Studies

-

Not available

None

X
X

-

X

X

Bioreactors
Bioreclamation
Bioslurry Reactors

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

B8

Bioventing

X

X

B9
BIO
Bll
Bl2

Compos tin!!
Fixed Bed Reactors
Fluidized Bed Reactors
Insitu Bioremediation

X

X

-

X

-

X

X

Innovative

X

X

Not available
None
Not available
None
$60 to $165 per cubic
None
meter
Not available
45
Not available
None
Not available
None

X

X

X

X

X

X

X

X

X

X

X

X

Innovative
Innovative

X

X

-

$10 to $70 per cubic
meter
$200 oer cubic meter
Not available
Not available
$30 to $100 per cubic
meter
$30 to $70 per cubic
meter
Not available
Not available
Not available

Innovative

-

X

-

X

-

X

X

X

X

X

X

-

X

X

X

X

X

X

Innovative

X

X

X

X

X

X

X

Established

X

X

X

x - recommended treatment methods; 0 - Organic; P- Petroleum; I - Inorganic; M - Metal
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Reference

M

X

X

Bl4 Nitrate Enhancement
DIS Oxygen Enhancement
Bl6 Sequencing Batch
Reactors
Bl7 Solid Phase Biological
Treatment
Bl8 Tricklin~ Filters

Cost

X
X

Bl3 Landfanning

I

EPA
Classification

12, 25, 23
33
None
None
4, 16, 17, 18
43

15
26
7, 29
25
3, 6
27
14, 35,
38 39
6, 24
6
25
ll 13 25

26
6

None
None
None

6
6
25

Not available

None

6

Not available

None

7

b) Ex situ Chemical Treatment:
The most commonly used ex situ chemical treatment technologies include chemical
oxidation and reduction, dehalogenation and solvent extraction [EPA/542/B-94/013].
A total of 14 chemical methods were identified in the study (Table 5. 3). Most of
the technologies may be applied in all the media on all types of contaminants.

5.3.4. Physical Technologies
Physical treatments generally change the volume of wastes or render hazardous
constituents inert. These treatments are either separation techniques or immobilization
techniques. In separation processes, hazardous constituents are removed from a larger
body of waste which is often done by separation of phases, such as solids or gases from
liquid waste. Physical treatment is cost effective and can be completed in short time periods
but sometimes the treatment of the residuals produced will add to the cost. This can be
applied ex situ and in situ.
a) In situ Physical Treatment
Most commonly used in situ physical treatment methods include soil vapor extraction,
solidification/stabilization, air stripping and soil venting [EPA/542/B-94/013].
b) Ex situ Physical Treatment:
Most commonly used ex situ physical treatment technologies include vacuum
extraction, physical separation, soil washing and solidification/stabilization
[EPA/542/B-94/013].
A total of 18 technologies have been identified among the physical methods (Table
5.4). The most popular methods among these are soil vapor extraction, solidification/
stabilization treatment, vitrification and air sparging. Few technologies such as steam
stripping, in situ adsorption. vitrification, supercritical extraction are applied only in the
soil; they are not suitable for treating groundwater. Some technologies such as carbon
adsorption, flocculation/precipitation, catalytic oxidation are applied only in the
groundwater. Hence the selection of a remediation technology depends mostly on the media
to be treated.
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Table 5.3: Chemical Treatment Technologies
No.

Treabnent
Technology

c

Chemical

Cl
C2
C3

Catalytic Oxidation
Dechlorination
Dehalogenation

C4
C5
C6
C7
C8

ElectroChemical Method
Hydrolysis
Ion Excham~e
Neutralization
Oxidation I Hydrogen
Peroxide
Polymerization
Precipitation
Reduction
Soil FlushinJ!
Soil Washing

C9
C10
ClJ
CJ2
C13

C14 Ultraviolet Oxidation

Type of Waste
GrolllldWater
EPA
Soil
Unsaturated
Classification
Saturated
0 p I M 0 p I M 0 p I M
X

X

X

X

X
X

X

X

X

X
X

X

X

X
X

X

X
X

X
X

Innovative
Innovative
Innovative

X

X

X

X

X

X
X

X

X
X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Innovative
Innovative
Innovative
Established
Innovative
Innovative
Innovative
Innovative
Innovative
Innovative
Innovative

X

x - recommended methods; 0 - Organic; P - Petroleum; I - Inorganic; M - Metal
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Cost

Cao;;e
Studies

Not available
Not available
$200 to $500 per ton
of soil
Not available
Not available
Not available
Not available
$190 to $660

None
None
None

6
25
6

None
None
None
None
None

24
6
25
6, 30

Not available
None
Not available
6
Not available
None
None
Not available
$130 to $220 per ton 8, 20
of soil
$0.01 to $1.5 per
None
1000 gallons of water

Rcfcrcnn:

19

25
6
6
6, 24
6, 17
6, 33

Table 5.4: Physical Treatment Technologies
No.

Trcaunent
Technology

p
P1
P2

Physical
Air soarl!i Ill!
Air stripping

P3
P4
P5
P6

Ammonia stripping
Carbon Adsorption
Catalytic Oxidation
Directional Wells

Type of Waste
Soil
GroundWater
EPA
Cla<;sification
Unsaturated
Saturated
0 p I M 0 p I M 0 p I M

X

X

X

X

X

X

X

X

X

X

Innovative
Innovative

X
X

X

X

X

X

X

Evaporation
Filtration
P9 Aocculation I Precipitation
PIO 1n situ Adsorption
Pll In situ Soil Venting

X

Pl2 In situ Steam Extraction
Treaunent
Pl3 Molten Glass
Pl4 Particle Radiation
PIS Soil Vapor Extraction

X

X

P16 Solidification/Stabilization

X

X

Pl7 Solvent extraction

X

X

P18 Vitrification

X

X

P7
P8

X

X

X

X

X
X

Innovative

X

Innovative
Innovative
Innovative

Not available
Not available
$10 to $50 per cubic
meter

Established

$30 to $200 per ton
of soil
$110 to $440 per
metric ton
$1,300- $1,570

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

None
None
11, 13, 14, 15,
25, 28, 29, 34,
37, 41,
9

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

Innovative
X

X

x - recommended methods; 0 - Organic; P - Petroleum; I - Inorganic; M - Metal
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Innovative

Refl--rcncc

None
1. 6
37, 32, 5, 6, 31, 15, 23, 25
1
30
12
None
6, 25
None
15
48
6

X

X

Cac;e
Studies

Not available
$0.01 to $0.04 per
cubic meter
Not available
Not available
Not available
$60 to $250 per cubic
meter
Not available
Not available
Not available
Not available
$20 to $295 per cubic
meter
Not available

Innovative
Innovative
Established
Innovative
Innovative

X

X
X

X

Innovative
Innovative
Innovative
Innovative

Cost

None
None
None
None
None

25
25
25
25
23

None

None
40, 27

25
25
2, 6, 29
6, 36, 39
6
6

5.3.5. Thermal Technologies
Thermal treatments are in the forefront of current techniques because of their
efficiency in destroying a variety of contaminants in a variety of media Thermal treatments
use combustion to induce chemical reactions that destroy contaminants. These treatments
can be performed either in the presence of oxygen (incineration) or in the absence of
oxygen (pyrolysis). Incineration can treat a potentially wide variety of wastes. Thermal
treatment offers quick clean up times but involves a higher cosl
A total of 17 thermal technologies have been identified in the study (Table 5. 5).
Incineration, thermal desorption and pyrolysis are the commonly used thermal methods.

5.3.6. Summary
The available treatment technologies are identified and are listed in Tables 5.2- 5.5
with their suitability for the different media such as unsaturated, saturated and groundwater
zones. Biological technologies are mostly suitable for treating organics in the soil and
groundwater and are not suitable for metals and inorganics treatment
Chemical technologies may be applied for all the of contaminants in all the media.
But they are less frequently used because of the high costs. Physical technologies are
widely used and may be applied to all media for all the contaminants. Soil vapor extraction
and solidification/ stabilization techniques are the most commonly used methods among the
physical technologies. Thermal technologies are used for all the contaminants other than
metals in all the media. Thermal treatment is not favorable because of the high expenses
involved.
Table 5.2 through 5.5 summarizes the cost ranges for the most commonly used
treatment technologies. Figure 5.5 shows the cost ranges for some of the popular treatment
technologies. The plots and the table suggests that the popularity of the physical methods is
reflected by the low costs involved in employing these technologies. Chemical technologies
are the most expensive technologies.
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Table 5.5: Thermal Treatment Technologies
No.

Treatment
Technology

T
Tl
T2
T3
T4

Thermal
Electric Reactors
Auidized Bed Reactors
Fuel Blending
High Temperature Auid
Wall
Incineration

Type of Waste
GrmmdWater
EPA
Soil
Classification
Unsaturated
Saturated
0 p I M 0 p I M 0 p I M
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Innovative
Innovative
Innovative
Innovative

X

X

X

X

X

Established

T6

X

X

X

X

X

X

X

X

T7

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Innovative
Innovative
Innovative

X

X

X

X

X

X

X

X

X

X

X

X

X

X

T5

Industrial Boilers
Infrared Incineration
T8 In situ Steam Enhanced
Extraction
T9 In situ Thennal
Destruction
TlO Molten Salt
Tll PYrolysis
Tl2 Radio Frequency Ground
1

X

X

X
X

X

X

Innovative
Innovative
Innovative
Innovative

X

Cost

Case
Studies

Reference

Not available
Not available
Not available
Not available

None
None
None
None

25
II, 13, 25
25
31

$220 to $1,100 per
metric ton
Not available
Not available
Not available
Not available
Not available
$330 ver metric ton
Not available

35

6
None
None
None

25
25
27

None

25

None
None

25
6
22, 27

None
None

24
25

2, 10, 19, 21,
22, 26 39
None

6, 26

None

6

Heatin~

T13 Rotary Kiln Incineration
Tl4 Supercritical Water
Oxidation
T15 Thennal Desorption
T16 Thennal Plasma
Reduction
Tl? Thennally Enhanced SVE

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Established
Innovative

Not available
Not available

Innovative

$60-98 per cubic
meter
Not available

Innovative

X

Innovative

x - recommended method; 0 - Organic; P - Petroleum; I - Inorganic; M - Metal
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$30 to $130 per cubic
meter
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5.4 CONTAINMENT TECHNOLOGIES
5.4.1. Background
The potential for migration of pollutants from former industrial sites and landfills is
accepted as a serious problem. If there were no consideration of cost, it is desired that all
contaminated sites should be cleaned so as to remove the pollutants. Containment may be
necessary because:
•

There is no proven or environmentally cost effective cleanup technique available.

•

Containment can provide immediate control.

•

Some contaminants such as heavy metals cannot be destroyed and thus containment or
extraction and recycling are the only options.

•

The available cleanup options are so slow in operation that the pollution will spread to
an unacceptable extent during the clean-up process.
The simplest approach to containment is to require that there should be no leakage

of the contained material [16]. The barriers of a containment system may have to retain not
only water but also aggressive aqueous solutions, non aqueous phase liquids (NAPLs),
gases and solids and semi-solids. The rate of escape will be controlled by the overall
permeability of the barrier. Barriers may need to be installed at existing contaminated sites
or at new sites such as landfills.
Some of the containment systems in use are:
1. Clay Liners:

The clay liners are manufactured using bentonite clay. The clay liners consist of
clay cement mixes and clay with other additives. These are used for landfills, surface
impoundments and other disposal systems.

2. Cover Layers:
The main function of the cover layers is to prevent upward migration of
contaminants and to limit human intrusion rather than to prevent the infiltration of
rainwater. It may also be necessary to provide a capillary break layer under a clay cap to
prevent the upward migration of contaminants by capillary in dry seasons.
The cover layer for a landfill should have a permeability of I0-9 mls or less. If the
cover is to be formed from clay, it will be necessary to specify the compaction procedure
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and in addition it would be useful to specify the parameters such as minimum clay content
of 10%, a liquid limit not exceeding 90% and a plasticity index not exceeding 65%.

3. Slurry Trench Cutoff Walls:
If a trench is excavated in the ground, in order to keep the trench open and excavate

to almost any depth without collapse, it should be filled with an appropriate fluid. The fluid
must exert sufficient hydrostatic pressure to maintain trench stability and it must not drain
away into the ground to an unacceptable extent There are a significant number of different
types of slurry trench cutoff walls such as clay cutoffs, clay-cement cutoffs, cutoffs with
membranes, high density walls, bentonite clay slurry walls, and bentonite cement slurry
cutoff walls.

4. Capping/Sealing:
The containment with capping and sealing aids in that it prevents and restricts
surface water infiltration and leachate formation. It controls erosion and contains
contaminated wastes.

S. Horizontal Barriers:
The techniques available to form horizontal barriers under a contaminated area are
limited to grout injection or jet grouting. To obtain a low permeability barrier it is necessary
to use several stages of grouting at reducing centers. In this case, the overall permeability
significantly better than I0-7mJs can be achieved.

6. Secant Piling:
Secant piling is often used to provide structural walls which also function of cutoff.
Secant pile type walls can be formed by mix-in-place techniques whereby a grout is mixed
into the soil with a system of augers. The system may be used to produce either vertical or
inclined walls.

7. Activated Bioscreens:
In situ bioscreens represent a new and emerging technology for in situ isolation and
extensive remediation of contaminated sites. An in situ bioscreen is a local zone in a natural
porous medium that has a high contaminant retention capacity and an increased bioactivity
towards the biodegradation of hazardous organics and/or the immobilization of dissolved
heavy metals. Contaminants are thus removed from groundwater flowing through such a
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screen. The groundwater flows through the bioscreen under the influence of natural
hydraulic potential gradient slightly adjusted by a minimum for pumping.

8. Bio·barriers:
Bio-barriers are used to clog a leachate or gas migration path with the clogging
bacteria actually feeding on the leachate or gas. Certain bacteria species on staving may
remain viable but reduce very substantially in size and develop an electrically neutral cell
wall. The formation to be blocked is permeated with a culture of the ultra-micro bacteria
and a slow acting feed. When provided with food, the bacteria slowly develop and may
expand sufficiently to block the formation.
9. Vertical Barriers:
Vertical barriers are widely used for pollution control and especially for gas and
leachate control. Sluny trench walls are the most widely used form of vertical barriers.
10. Shallow Cutoff Walls:
Shallow cutoff walls may be formed by excavating a narrow slot with some form of
trench cutter and inserting a geomembrane. An alternative way of forming a shallow cut off
is to excavate a wide trench and backfill it with compacted clay. The trench needs to have
battered sides to avoid any risk of collapse during the compaction works.
11. Driven Barriers:
Driven barriers may be formed by driving sheet piles, or concrete or HDPE
membrane elements into the ground. The fundamental requirements are that the elements
are durable and can be joined to form a suitably impermeable wall. The advantage of driven
barriers is that there is no need for excavation and disposal of possibly contaminated
arisings.
12. Vibrated Beam Wall:
The vibrated beam wall is a combination of a driven barrier and an injected barrier.
In the process, an H-pile is vibrated into the ground and then extracted. During extraction,
a cement based grout is injected at the toe of the pile. The pile is then stepped forward and
re-driven. The technique produces a relatively thin wall which is not ideal for pollution
controL
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Out of the 60 case studies documented, 10% used containment technologies. Since
the wastes are contained within a certain area, the remediation is not complete and hence,
contaminating groundwater with time is a possibility. This calls for monitoring of the
groundwater in the vicinity~ but in cases where time is a constraint, containment is a better
solution rather than using treatment technologies.

5.4.2. Summary
Containment technologies are not the permanent solution to the contamination, but
the waste is contained within an area so that it prevents migration and spreading of
contamination to the surroundings. The containment technologies are becoming popular
and are considered to be more cost effective if the sites are away from population centers.
About 10% of the case studies collected during this study have used containment
technologies.

...
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5.5 LAND DISPOSAL METHODS
5.5.1. Background
Land disJX>sal is the most cost·effective option available to many transportation
agencies for disJX>sing of contaminated soils, particularly in states where contaminated soil
has not been banned or become too costly to diSJX>Se of in landfills. The high frequency of
landfilling or land disJX>sal occurs despite the long term liability that may accompany this
activity. The land disposal is the most preferred soil remediation option for most
transJX>rtation agencies and it is inexpensive in many states compared to other remedial
options, especially when small quantities of soil are involved. Many state transJX>rtation
agencies resort to the landfill option only when disposing of soils that contain very low
concentrations of contaminants.
The classification systems adopted by the state of California in 1984 are the most
widely accepted classification systems for landfills (Tchobanoglous et. al., 1994). In these
systems, three classifications are used:
Class I- Waste Management Units for Hazardous Waste
These sites have become residual repositories and accept only hazardous waste
treatment residues. A Class I site must be designed and constructed to have ground water
monitoring wells, leak detection systems, covers, liners and leachate collection systems. In
addition to these, one would expect to implement air, wildlife, surface runoff,
abandonment and other environmental and community protection systems.
Class II- Waste Management Units for Designated Waste
These sites allow only certain solid hazardous wastes, such as soil with low-level
contamination and asbestos, for which they are specifically designed. The Class II sites
have some, but not all, of the control systems present in a Class I site.
Class III- Landfills for Nonhazardous Waste
These sites accept common household trash and construction debris and are
normally called municipal solid waste (MSW) landfills. In many cases, however,
hazardous waste ends up in these sites because or error, ignorance, or lack of concern and
results in environmental damage.
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The use of landfills as the preferred disposal option may not JXlSe as great a risk as
would the use for disJXlsing of soils contaminated with heavier petroleum products or
hazardous waste. Under Texas Environmental Regulations, the Texas Department of
Transportation can dispose of mildly contaminated soil (TPH<1500 ppm, BTEX<lO ppm,
when referred to petroleum contamination) in municipal landfills for approximately $13 per
cubic meters. Soils containing higher levels of petroleum contamination are sent to
commercial biopads where they are treated to below 1500 ppm TPH and then sent to a
municipal landfill for use as daily cover. This method will cost around $40 per cubic
meters.
On October 19, 1991, the EPA published amended rules governing MSW landfills
in response to directives contained in Subtitle D of the RCRA. Texas has subsequently
amended its MSW rules to comply with the federal requirements (TNRCC, Municipal Solid
Waste Management in Texas: Status Report). With the implementation of SubtitleD
requirements, there are now only two types of MSW landfills in Texas, Type I and Type
IV. Type I landfills are the standard facilities for the disposal of MSW and the waste must
be compacted and covered daily. In 1994, there were 217 Type I landfills open in Texas.
Type IV landfills may only accept construction & demolition debris, brush and other
nonputrescible materials. Type IV landfills must be compacted and covered at least weekly.
In 1994, there were 40 Type IV landfills open in Texas.

5.5.2. Summary
Land disposal methods are selected when there is not enough time for treating the
soil. But the increasing costs involved in land disposal makes the option unattractive for
disposal of large volumes of contaminated soils.
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5.6 PETROLEUM CONTAMINATED SOILS
5.6.1. Background

Millions of underground storage tanks which have been installed over the years
leaked and released their stored contents, usually petroleum products, into the environment.
Many agencies have become responsible for cleaning up the petroleum contamination from
leaking storage tanks they encounter when acquiring the land for, or during the
construction of, new transportation facilities.
A survey found that approximately 90 percent of the petroleum contaminated sites
being cleaned up by state transportation agencies involve gasoline and/or diesel fuel
contaminated soils. Remediation of petroleum contaminated soils requires careful planning.
Sites can be as simple as a comer service station with little contamination to a refinery
contaminated with hundreds of compounds covering the entire area. The situation has
become so serious that it is no longer a matter of digging out to the property line and
backfilling the excavation. Remedial technologies that are effective for removing petroleum
hydrocarbons that exist in one phase may not work well with another phase, and
remediation systems that work at one site may not work at a different site. Effective
remediation is thus determined on a site by site basis and is designed to address the
contamination present in all phases and media affected at that location. No one technology
is presently available to singularly remedy contaminants present in all phases and media
The factors affecting the selection of a soil remediation technology are:
(1) Site Screening: Specific conditions at the contaminated site are carefully evaluated. The

type of contaminants found at the site may affect the selection of a technology. Time
requirements may also be important in the selection process.
(2) Regulatory Screening: An environmental regulatory agency's receptivity to a particular
type of remediation technology, the agency's existing corrective action requirements,
and its approach to the establishment of cleanup standards at petroleum contaminated
sites can often unduly influence the cleanup options available to a transportation
agency.
(3) Technology Screening: Specific information and data concerning the design of a
technology and its anticipated cost and effectiveness are assembled and evaluated. In
this phase, a particular technology is more carefully matched with the site conditions
and site cleanup levels established in the earlier phases.
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Remedial options available for the treatment of petroleum contaminated soils can be
segregated into the following two main categories:
(1) In situ treatment technologies that do not require the removal of soil from the ground;
(2) Ex situ technologies requiring excavation of the soils. Once excavated, contaminated
soils can be treated on site or brought off-site for treatment

5.6.2. Biological Technologies
a) In situ Biological Technologies: Passive Biodegradation, Bioventing, In situ
Biodegradation [NCHRP Report 226].
b) Ex situ Biological Technologies: Biopiles, Land Treatment or Land Farming, Slurry
Biodegradation [NCHRP Report 226].
5.6.3. Chemical Technologies
a) In situ Chemical Technologies: Chemical Oxidation/Reduction [NCHRP Report 226].
b) Ex situ Chemical Technologies: Solvent Extraction, Chemical Oxidation/Reduction
[NCHRP Report 226].
5.6.4. Physical Technologies
a) In situ Physical Technologies: Conventional Soil Venting, Hot Air or Steam Stripping,
Soil Rushing [NCHRP Report 226].
b) Ex situ Physical Technologies: Soil Washing, Coal Tar Agglomeration [NCHRP
Report 226].
5.6.5. Thermal Technologies
a) In situ Thermal Technologies: Vitrification, Radio Frequency Heating [NCHRP Report
226].
b) Ex situ Thermal Technologies: Thermal Desorption by Low and High Temperature
Thermal Strippers, Vitrification [NCHRP Report 226].
5.6.6. Analysis of Treatment Methods for Petroleum Contaminated Soils
Data provided in NCHRP 226 was analyzed. A total of 76 projects have been
documented. The distribution of various treatment methods used on petroleum
contaminated sites and the costs are shown in Figs. 5.11 and 5.12.

Landfarming/

composting is the most popular technology. Landfarming/composting is a controlled
biological process by which biodegradable hazardous materials are converted by
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microorganisms to innocuous, stabilized byproducts, typically at elevated temperatures in
the range of 50 to SSOC. From the projects reported. biological methods were used in 46%
of the cases. Land disposal (18%) and thermal methods (17%) have also been used in
treating petrolum contaminated sites. No chemical method was used. Even though
biological methods take longer time for treatment. they are the most popular for remediating
petroleum contaminated sites.

5.6. 7. Summary
Biological technologies are the most commonly used method for treating petroleum
contaminated sites. Land disposal and thermal methods are also used.
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5.7 CONCLUSIONS
The contaminants detected at a site and remedial technology used are reviewed in
this chapter. The fallowing conclusions can be advanced:
(1) Over 70 treatment methods and 12 containment methods have been identified. Also

cost of remediation is included for some of the methods.
(2) Physical treatment methods are the most popular and economical technologies to

remedy hazardous waste contamianted sites. Biological and thermal methods have also
been used.

(3) For petroleum contaminted sites, especially related to DOT sites. biological methods
were the the most popular. Land disposal and thermal treatment methods are also used.
(4) Containment methods are becoming popular in recent times but very limited
information is available in the literature.
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6.1

6.1. INTRODUCTION
The Environmental Protection Agncy (EPA) is the federal agency with
environmental protection regulatory and enforcement authority. The EPA administers
such acts as the Clean Air Act (CAA}, Clean Water Act (CWA), Resource Conservation
and Recovery Act (RCRA), Comprehensive Environmental Reponse, Compensation, and
Liability Act (CERCLA), Superfund Amendments and Reauthorization Act (SARA),
Toxic Substance Control Act (TSCA) and other federal environmental laws. RCRA
(1976), CERCLA (1980) and SARA (1986) are the three most important federal

...

regulations that are of concern in hazardous waste site remediation. Some states also have
regulations with regard to site remediation [1, 4, 6, 10, 11, 16, 28, 29]. Both federal and
state requirements must be complied with during remediation. The basic goals of an
environmental cleanup, under state and federal programs, is the prevention of adverse
impacts on human health and the environment.
During the early 1970's, several environmental regulations were promulgated. As
these regulations grew in complexity, a process called environmental auditing evolved to
serve as a tool for managing environmental compliance with the regulations and to
resolve liabilities associated with the ownership of contaminated property. The history of
various federal and State of Texas laws that were introduced are summarized in Table 6.1
in chronological order.
Since the enactment of the CERCLA in 1980, previous and current owners and
operators of a property can be held strictly liable for contamination on their property
regardless of how long the situation existed or who was responsible for creating the
contamination. The SARA (1986) offers a provision for a landowner to establish
innocence regarding knowledge that on-site contamination had occurred. To establish this
defense, the owner must demonstrate that, at the time of the acquisition, the owner did
not know or have reason to know that hazardous substances were released or disposed of
on the property. To preserve that defense, the owner must demonstrate that he carried out
"all appropriate inquiry into the previous ownership and uses of the property consistent
with good commercial and customary practice in an effort to minimize liability"
(CERCLA, § 101(35)(b)).
In response to liability under the CERCLA legislation and to provide protection
under the SARA provisions, various professional associations and technical societies
have developed guidance or standards for conducting appropriate inquiry into the
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environmental status of property. Professional societies such as the Association of
GroundWater Scientists and Engineers (AGWSE) and Professional Firms Practicing in
Geosciences (ASFE) have developed procedures for Initial Site Investigation (Phase I).
American Society of Civil Engineers (ASCE) guideline [1] details the process to conduct
Phase I and Phase II of the HWMP and provides preliminary summaries on Phase III and
Phase IV (ASCE, 1996). ASTM standards are focused on the Phase I (ASTM E 1527)
and Phase II (ASTM E 1903) processes of the HWMP; also, several other ASTM
standards are available for detailed site investigations.
CERCLA imposes joint liability on potentially responsible parties (PRP's)
without regard to fault for all costs associated with cleaning up contaminated properties.
PRP's include, but are not limited to:
(I) the owner or operator of the property,
(2) the owner or operator of the property at the time the hazardous substances were
disposed of,
(3) any person who arranged (by contract, agreement, or otherwise) for the disposal or
treatment, or arranged with a transporter for transport for disposal or treatment of the
hazardous substances, and
(4) any person who accepts hazardous substances for transport to disposal or treatment
facilities.
Also, CERCLA provides four opportunities for minimizing liabilities in real
estate transactions. Section 107(b) of the act allows a defendant to minimize or escape
liability, known as the "Third Party Defense," if they can establish "by a preponderance
of the evidence" that the release or threatened release of hazardous substances and
resulting damages were caused solely by:
(a) an act of God,
(b)

an act of war,

(c)

an act or omission of a third party other than an employee or agent of the defendant,
or that one whose act or omission occurs in connection with a contractual
relationship, existing directly or indirectly with the defendant.., if the defendant
establishes that
(i) he exercised due care with respect to the hazardous substance and

(ii) he took precautions against foreseeable acts or omissions of any such third party
(d)

and the consequences that could foreseeably result from such acts or omissions, and
any combination of (a), (b) or (c).

6.3

With the passage of SARA (1986), other provisions for minimizing liability were
made available:
(1) at the time the defendant acquired the facility the defendant did not know and had no
reason to know that any hazardous substance which is the subject of the release or
threatened release was disposed of on, in, or at the facility,
(2) the defendant is a government entity that acquired the facility by escheat. or through
any other involuntary transfer or acquisition, or through the exercise of eminent
domain authority by purchase or condemnation, and
(3) the defendant acquired the facility by inheritance or bequest.

,..

Some of the federal and state regulations are discussed in sections 6.2 through 6.5
in this chapter.
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Table 6.1. Summary of Important Environmental Regulations and Special Events
Year

Act or Event

Objective

Details

Comments

1963

Clean Air Act
(CAA)

Regulates air pollution and sets emission
standaros

Ua71lftlous Waste
Managemelll hy
Charles A. Wentz,
1995

1970
1970

EPA was created

Mission is for pollution prevention and to
stop producing hazardous wastes.
Regulates occupational exposures to
hazardous substances.

Title I: Air pollution prevention and control; Title II: Emission
standards and moving sources; Title III: General; Title IV: Acid
deposition control; Title V: Permits; Title VI: Stratospheric
ozone; Title VII: Acid precipitation program and carbon dioxide
studv.
To streamline activities around the nation. Develop rules and
guidelines for handling hazardous wastes.
Health related requirements of OSHA typically key on the presence of
TOTAL amounts of listed elemental constituents.

Occupational
Safety and Health
Act (OSHA)

Established for the regulation of site safety procedures. worker
training. and worker safety and health standards.

1974
1976

1976

A specific listing of chemicals is found in Table Z, 29 CFR
1910.1000.
MCLs are used by EPA as the basis for groundwater cleanup criteria
under CERCLA

Establishes and regulates Maximum
Contaminant Levels (MCL) of hazardous
substances for public drinking water
systems.
Gave EPA the power to regulate hazardous Title II: Solid waste disposal (a) Subtitle C - Regulates the
Resource
wastes.
Conservation and
ongoing generation, transportation, treatment, storage, and disposal of
Recovery Act
hazardous wastes. Subtitle I - Regulates management of
(RCRA)
TI1e act regulates not only the generation. underground storage tanks. Each owner must notify the state or local
transportaliun. ~a~nt. slo[ag~ and
controlling agency as to the existence of such a tank, detailing Ute
(Replaced the Solid disposal of hazardous ~. but also
age, size, type, location, and use. releases must also be reported and
Waste Disposal Act municipal solid waste disposal facilities.
corrective actions taken. Subtitle J - Regulates medical waste.
of 1965)
RCRA seeks to better manage~ hazardous waste treatment,
storage, and disposal facilities so new superfund sites will not be
created in the future.
Regulates the manufacturer and
Toxic Substance
Title I: Control of toxic substances.
Control Act
distribution of hazardous chemical
(TSCA)
substances within the United States.
Participants must maintain records and
submit reports to EPA on routine basis.

Safe Drinking
Water Act
(SDWA)
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U.S. Congress.
Title 29 CFR
(Code of Federal
Regulations)
sections 1910 and
1926.

lla7..ardous Waste
Management by
Charles A. Wentz,
1995
Hazardous Waste
Management by
Charles A. Wentz,
1995

Ha1..ardous W!lstc
Management by
Charles A. Wentz,
1995

Year

1977

1980

1986

1986
1990
1990

1991
(Centenni
al)

Objective

Act or Event
Clean Water Act
(CWA)

Regulates the amount of discharge of oil
or hazardous substances into or upon the
navigable waters and adjoining shorelines
of the United States in any hannful
quantity as detennined by regulations

Comprehensive
Environmental
Response,
Compensation, and
Liability Act
(CERCLA or
the "Superfund"
Act)

Requires notification of any release of
"reportable quantities" of hazardous
substances ( does not apply to federally
permitted releases or to the application of
pesticides). Gives the federal government
the power to respond to releases. or
threatened releases, of any hazardous
substance into the environment and danger
to public health or welfare.

Superfund
Amendments and
Reauthorization
Act (SARA)

Amplifies CERCLA requirements.
Amended CERCLA and introouced more
stringent and detailed guidelines for
cleanups.

Details
Title 1: Research and related programs; Title II: Grants for
construction of treatment works; Title Ill: Standards and
enforcement; Title IV: Permits and licenses; Title V: General
provisions; Title VI: State water pollution control revolving funds.

40 CFR Parts 300
to 355.

CERCLA is a remedial statute designed to deal with problems of past
mismanagement of hazardous waste. Focuses on the cleanup of
uncontrolled or abandoned site. Under CERCLA, the government
created a process for identifying liable parties and ordering them to
take the responsibility for cleanup operations.
Title Ill: Emergency planning and community right-to-know act of
1986- Requires certain businesses to prepare inventory reports listing
hazardous chemicals in their possession, t o assist in the development
of local emergency response plans, to prepare annual reports of
releases of hazardous substances, and to report immediately certain
ultra-hazardous releases; Title IV: Radon gas and indoor air quality
research
Included as Title II in TSCA (1976). If the material is found, it
must be removed prior to demolition for health and environmental
protection reasons.

Hazardous Waste
Management by
Charles A. Wentz,
1995

Regulates asbestos management and
control procedures in public schools.

Storm water pollution program

Includes methods to minimize problems in storm sewers.

Rail Road
Commission of
Texas (RRC)

To regulate and control natural resources
such as gas and oil

RRC was created in 1891. Has rules on cleanup of soil contaminated
by oil spill. Also has rules for management of hazardous oil and gas
waste

air quality issues.

llazardous Waste
M;magcmcnt hy
Charles A. Wclllz.
1995

Restore and maintain the chemical, physical, and biological integrity
of Nation's waters.
Title I: Hazardous substances releases, liability, compensation;
Title II: Establishment of hazardous substance response trust fund;
Title Ill: Miscellaneous provisions; Title IV: Pollution
insurance.

Asbestos Hazard
Emergency
response Act
(A HERA)
Clean Air Act
Amendments
National Pollutant
Discharge
Elimination
System (NPDES)

Re~ulates

Comments

Amendments to the 1963 CAA.

llaz.ardous Waste
Management by
Charles A. Wentz,
1995
Charles A. Wentz,
1995
Govenuncnt
publication 55 FR
47990 (November
16, 1990) and 57
FR 11394 (April
2 1992).
Rail Road
Commission 1997
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Year

Act or Event

1993

Texas Natural
Resource
Conservation
Commission
(TNRCC)

1993

RRC Rule 91

1993

'INRCC. 30 T AC
Chapter 334;
Subchapter K;

1996

RRC Rule 98

1995

TNRCC. 30 T AC
Chapter 334;
Subchapter A;
Section 334.1
TNRCC

1996

Objtx:tive

Details
lNRCC adopts and administers rules under 'INRCC was created on September 1, 1993 by consolidating the
Title 30 of the Texas Administrative Code following agencies: Texas Water Commission; Texas Air Control
(TAC)
Board; Water Well Drillers Board and Board of Irrigators; and Texao;
Department of Health Programs (Solid Waste, Water Hygiene,
Radioactive Waste, On-site Sewage Disposal and Wac;tewater
Treatment Research.
Includes requirements for cleanup, remedialion of soil and reporting.
Cleaning-up of Soil Contaminated by a
Crude Oil Spill
Rules and conditions for storing and treating petroleum wastes. Reuse
Section 334.484; Registration for
petroleum storage and treaunent facilities. of petroleum wastes.
Section 334.503; Reuse of petroleum
substance waste. Section 334.504;
Contaminant assessment program and
corrective action.
Includes general prohibitions, hazardous waste determination ,
Standards for Management of Hazardous
notification, contingency plan and emergency procedures personnel
Oil and Gas Wastes
training, disposition of hazardous oil and gao; waste, and record
keeping and reporting.

Comments
Texas Senate Dill2
of the 72nd Texas
Legislature

Section l91; Rail
Road Commission
30 TAC Chapter
334.

Section 3.98; Rail
Road Commission

Comprehensive regulatory program for
underground storage tanks and above
ground storage tanks.

To establish minimum strutdards and procedures to protect and
maintain the quality of state' groundwater and surface water.

30 TAC Chapter
334.

Suggested Analytical Testing for Special
Waste disposal

Methods for analyzing for various contaminants in the waste

RG-69/Reviscd 996. TNRCC
Publication
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6.2. FEDERAL REGULATIONS
In this section, each federal regulation which impacts the cleaning up operations is
introduced and the regulations are summarized in the Table 6.2.
6.2.1. Occupational Safety and Health Act (OSHA) (29 CFR Section 1910 and 1926)
(a) What is OSHA (1970) ?

The Occupational Safety and Health Act (OSHA) of 1970 was passed to "assure
so far as possible every working man and woman in the nation safe and healthy working

...

conditions and to preserve human resources". OSHA also has training requirements for
workers on hazardous waste sites.
6.2.2. Resource Conservation and Recovery Act (RCRA) (40 CFR 260-272)
(a) What is RCRA (1976) ?

The Resource Conservation and Recovery Act of 1976 (RCRA) is about the

-

policy concerning the methods of managing hazardous waste.
The goals set in RCRA as follows:
(i)

Protection of human health and the environment

(ii)

Reduction of waste and conservation of energy and natural resources
(iii) Reduction or termination of hazardous waste generation.

(b) What is 'Hazardous Waste' ? (40 CFR 261.3, 40 CFR 6903)

Hazardous waste is defined as a solid waste, or a combination of solid wastes,
which because of its "quantity, concentration, or physical, chemical, or infectious
characteristics" may cause or significantly contribute to increases in mortality or serious
illnesses, or pose a substantial threat to human health or the environment when
improperly treated, stored, transported, or disposed of, or otherwise managed.
The four characteristics of a hazardous waste as determined by the EPA are as follows:
a) Ignitability: A liquid, except aqueous solutions containing less than 24% alcohol that
has a flash point less than 60° C, which under standard temperature and pressure may
cause a fire through friction, moisture absorption or spontaneous reactions, and bum
so energetically that it creates a hazard; or an oxidizer or ignitable compressed gas
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under Department of Transportation (DOT) regulations 49 CFR 173. Ignitable
hazardous wastes have EPA hazardous waste number DOOI. (Examples of ignitable
wates are paint wastes, degreasers, solvents).
b) Corrosivity: A liquid that has a pH of between 2.0 and 12.5 and corrodes steel faster
than one quarter inch per year under certain conditions. Corrosive hazardous wastes
have EPA hazardous waste number 0002. (Examples of corrosive wastes are rust
removers, alkaline cleaning fluids, and battery acid).
c) Reactivity: The liquid is very unstable and readily undergoes violent change without
detonating; it reacts violently, forms potentially explosive mixtures, or generates
dangerous toxic gases when mixed with water; it may explode or detonate under
certain conditions; it can generate dangerous toxic gases when exposed to a pH level
of between 2 and 12.5; or it is a forbidden explosive by 49 CFR 173. Reactive
hazardous wastes have EPA hazardous waste number D003. (Examples of reactive
wastes are cyanide plating wastes, waste bleaches, other waste oxidizers).
d) Toxicity: The extract from a representative sample contains certain contaminants in
greater concentrations than permissible as listed in Table 1 of Section 261.24 (40
CFR). The test method used to determine toxicity is Toxicity Characteristic Leaching
Procedure (TCLP). Toxic hazardous wastes have EPA hazardous waste numbers
D004 to D043 as summarized in Table 1. (Examples of toxic wastes are mercury
(D009), cadmium (D006), lead (D008) and specific pesticides).
6.2.3. Toxic Substances Control Act (TSCA) (15 SC sections 2601-2692 and 40 CF
700-766)
(a) What is TSCA (1976) ?
TSCA is the federal legislation governing the use, production and distribution of
toxic substances and is implemented by 40 CF 700-766. The policy behind TSCA is that
the manufacturers or processors of chemical substances must develop adequate data to
understand the effects of their products on human health and environment.
(b) What are the Reporting and Record Keeping Requirements ?
The reporting and record-keeping requirements for in 40 CF 704.3 and 710.2.
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(c) What are the Emergency Plans and Notification Requirements?
The regulations for emergency plans and notification are in (40 CF 355.30).
Determine if the facility contains PQ (threshold planning quantity) amounts of extremely
hazardous substances and triggers the regulatory requirements.
No : No compliance program necessary.
Yes: Notify State Emergency Response Commission and designate a facility
emergency coordinator to participate in local emergency planning.
Does the facility store CERCLA hazardous substances or extremely hazardous
substances?
No: No reporting necessary.
Yes: Facility must have in place spill reporting procedures per 40 CF 355.40.

6.2.4. Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA) (42 SC sections 9601-9675)
(a) What is CERCLA (1980) ?
CERCLA is unique among environmental laws in that is does not focus much
effort on regulating current behavior, but instead deals with cleaning up the results of the
past actions or present spills. CERCLA authorizes the federal government, states, private
parties and Indian tribes to cleanup polluted sites and to impose liability on others to
recover some or all of the cleanup costs [Bremen, 1996].

(b) What are the objectives under CERCLA?

...

CERCLA compliance program may be broken into three main parts:
1. Involving the only major behavioral requirement, which in section 42 SC 9603 directs

facilities to report certain releases of hazardous substances;
2. EPA's liability either to respond to a contamination incident on its own under section
42 USC 9604 or to direct a facility, under 42 USC 9606, to conduct cleanup actions.
3. A compliance officer must be well versed in the liability issues presented by both
CERCLA and by courts interpreting the act.
(c) What are the Notification Requirements?

42 USC 9603 of the Act requires ..any person in charge" of a vessel or facility to
notify the National Response Center (1-800-424-8802) when there is an unpermitted
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release of a hazardous substance above a specific quantity take place. Failure to provide
prompt notification of a release after gaining knowledge of it can result in significant
criminal and civil liabilities for the person in charge of the relevant vessel or facility. The
penalties include up to 5 years in prison and fines or penalties up to $25,()(X) per day.
(d) What are the Cleanup Standards?
The five requirements that all CERCLA remediation actions must meet are as
follows (42 USC 9621 ):
1. Protect human health and the environment.
2. Utilize permanent solutions and alternative treatment/resource recovery
technologies as much as practicable.
3. Be cost-effective.
4. Attain compliance with applicable or relevant and appropriate requirements where
hazardous substances will remain on site.
5. Be in accordance with National Contingency Plan as much as possible.
(e) Who may be liable ?
CERCLA liability, as described in 42 USC 9607 of the Act, include the present·
owner and operator of the site, as well as any other owner or operator of the site during
the time it was contaminated, any transporters who selected the site and anyone who
arranged for treatment or disposal of the hazardous substance.
6.2.5. Superfund Amendments and Reauthorization Act (SARA) (40 CFR 355-372)
(a) What is SARA (1986) ?
The Superfund Amendments and Reauthorization Act (SARA) of 1986
strengthened CERCLA (1980) by providing new cleanup standards, requiring cleanup
schedules, aiming certain provisions directly at federal facilities, and increasing
settlement, liability and enforcement powers for the Environmental Protection agency
(EPA) and private citizens.
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Table 6.2. Relevant EPA Regulations Related to Contaminated Sites
Chapter

42USC
(CERCLA)

40CFR

40 CFR Parts
260281
(RCRA)

Chapter Title

Section

Contents

9601
9603

Unspecified

302
300.430
300.400
300

Subtitle C

305 & 307
300.575
430
261.3001
262.3002
263.3003

Definitions of Removal, Remedial Action, Response
Directions to Report the Releases of Hazardous Substances, Notification
ReQuirements
EPA's Ability to Respond to a Contamination Incident on its Own
EPA's Ability to Direct a Facility to Respond to a Contamination Incident,
Conductio~ Cleanup actions, Abatement Actions
Awards for Information on Violation, Fines
Filin~ Suits, Judicial Implementation
Responsibility for Response Costs
Cleanup Standards
Authorization for Cleanup
State Involvement in Superfund Cleanups
Liability, Parties Liable
State and Federal Government Liabilities, Definition of Owner or Operator,
Federal Owned Properties
Explain Notification ReQuirements in Detail
Steps to Establish a Remediation Plan
EPA's right to enter and Carry out Response Actions
Requirements on Response Actions to Oil Releases and Hazardous Substance
Releases
Process to Seek Compensation from the Superfund
Nonfinacial ReQuirements for State Involvement in EPA led Responses
Concentration Levels, Standards, PSIRI Programs
Identification and Listin~ of Hazardous Waste
Standards applicable to generators of hazardous waste
Standards applicable to transporters of hazardous waste

268.3013
270.3005
271.3006
280.9003

Land Disposal Restrictions
Permits
State hazardous waste program
Corrective Action

Unspecified

9604
9605
9606
9609
9659
9607
9621
9622
9221
9607
9620
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Purpose

Contaminated
soil ~md
Groundwater

Contaminated
soil and
Groundwater,
PSTs

Contaminated
soil and
Groundwater

TNRCC REGULATIONS
-6.3.
(URL: http://www.tnrcc.state.tx.us)
The TNRCC regulations related to Hazardous Waste Management Plan are
summarized in Table 6.3. Responses to some of the frequently asked questions are
summarized below.

6.3.1. General
(a) What are the groundwater standards available under TNRCC ?
The groundwater standards are defined under 30 T AC 330.235.

(b) What is corrective action assessment under TNRCC ?
The corrective action assessment is described in 30 TAC 330.236. Within 30 days of
completion of the assessment of corrective action, the owner shall submit a report to the
executive director for review and approval.

(c) Where are the standards for management of wastes specified?
The standards for management of wastes relating to implementation of corrective action
program are specified in 30 T A C 330.238.

6. 3. 2 Hazardous Waste
(a) What is hazardous waste ? (RG-86, July 1994)
TNRCC embrace the same definition of 'hazardous waste' as found in Title 40
Code of Federal Regulations (CFR) section 261.3.

(b) What is characteristically hazardous waste according to TNRCC? (40 CFR
Part 261 Subpart C)
Any waste that exhibits the characteristic of ignitability, corrosivity, reactivity
and/or toxicity as defined by the EPA in 40 CFR Part 261 Subpart C. These are often
referred to as the "D" wastes.

(c) How do you determine hazardous waste? (RG-100, November 1994) (30 TAC
335.504)
Under 30 TAC Chapter 335, Subchapter A of the TNRCC rules, aiJ solid waste
must be managed in accordance to its classification as hazardous or nonhazardous. Once
the material is found to be solid waste, it is required to make a hazardous waste
determination pursuant to 30 T AC 335.62. If analytical results show that a waste exhibits
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one or more characteristics of a hazardous waste as defined in 40 CFR Part 261 Subpart
C, the waste must be managed under industrial and hazardous waste rules in 30 T AC
Chapter 335.

(d) What is Class 1 waste under TNRCC? (30 TAC 335.1)
Any waste or mixture of waste which, because of its concentration or physical or
chemical characteristics is toxic, corrosive, flammable, a strong sensitizer or irritant, a
generator of sudden pressure by decomposition, heat or other means, and may pose a
substantial present or potential danger to human health or the environment when
improperly processed, stored, transported, or disposed of or otherwise.
6. 3. 3. Nonhazardous Waste
(a) What is Class 2 waste under TNRCC ? (30 TAC 335.1)
Any individual waste or combination of waste which cannot be described as
hazardous, Class 1 or Class 3 waste.

(b) What is Class 3 waste under TNRCC ? (30 TAC 335.1)
Inert and essentially insoluble waste, usually including but not limited to, materials such as rock, brick, glass, dirt, and certain plastics and rubber. etc. that are not
readily decomposable.

(c) What are mediacal wastes? (30.TAC 335.508)
Nonhazardous medical wastes which are subject to the provisions of 30 TAC
Chapter 330 Subchapter Yare designated as class 2 wasts. An example of such wastes is
needle bearing syringes from hospitals.
6. 3. 4. Petroleum Wastes
(a) What are the petroleum wastes ? (30 TAC 335.508)
Wastes resulting from the cleanup of leaking underground storage tanks (USTs)
which are regulated under 30 TAC Chapter 334 Subchapter K (relating to petroleum
waste) are not subject to classification under 30 TAC Chapter 335 Subchapter R.

(b) What are the peroleum substances according to TNRCC? (RG-22, August 1995)
A crude oil or any refined or unrefined fraction or derivative of crude oil which is
a liquid at standard conditions of temperature and pressure. Various types of petroleum
substances are as follows:
6.14

(i) basic petroleum substances - crude oils, crude oil fractions, petroleum feed stocks.
and petroleum fractions;
(ii) motor fuels - a petroleum substance which is typically used for the operation of
internal combustion engines and /or motors (which includes but is not limited to
stationary engines and engines used in transportation vehicles and marine vessels);
(iii) aviation gasoline- Grade 80, Grade 100, and Grade 100-LL;
(iv) aviation jet fuels- Jet A, Jet A-1, Jet B, JP-4, JP-5, JP-8;
(v) distillate fuel oils- Number 1-D, Number 1, Number 2-D, and Number 2;
(vi) residual fuel oils- Number 4-D, Number 4-light, Number 4, Number 5-light, Number
5-heavy, and Number 6;
(vii) gas-turbine fuel oils- Grade 0-GT, Grade 1-GT, Grade 2-GT, and Grade 3-GT;
(viii) illuminating oils - kerosene, mineral seal oil, long-term burning oils, 300 oil, and
mineral colza oil;
(ix) lubricants - automotive and industrial lubricants;
(x) building materials- liquid asphalt and dust-laying oils;
(xi) insulating and water proofing materials- transformer oils and cable oils;

( xii) used oils.

(c) What material is not considered petroleum substance according to TNRCC?
(RG-22, August 1995)
The following materials are not considered petroleum substances:
(i) polymerized materials, i.e., plastics, synthetic rubber, polystyrene, high and low

density polyethylene;
(ii) animal, microbial, and vegetable fats;
(iii) food grade oils;
(iv) hardened asphalt and solid asphaltic materials- i.e., roofing shingles, roofing felt,
hot mix; and
(v) cosmetics.
6.3.5. Others
(a) How to analyze the groundwater and soil samples? (RG-17, October 1996)
Samples should be analyzed using the analytical methods specified in the TNRCC
publication 'Soil and Groundwater and Sampling and Analysis (RG-14)'".

6.15

Table 6.3: Relevant TNRCC Regulations Related to Contaminated Sites
Chapter I
subchapter

305/
Subchapter
G

308/
Subchapter
A
314/
Subchapter
A
323

Unspecified

Section

Section Title/ Date
Effective

305.141

Applicability /June 14, 1996

Consolidated Pcnnits

305.143

Record keeping

I Additional
Conditions for

305.145

Release or Discharges of Solid
Waste

Hazardous and

305.146

Reporting

Industrial Solid
Waste Storage,
Processing, or
Disposal Pennits

305.148

Criteria and Standards
for Imposing
Technology Based
Treatment
Requirements
Toxic Pollutant
Effluent Standards

308.1

314.1

Toxic Pollutant Effluent
Standards and Prohibitions

Refer Section 40 CFR part 129,
subpart A

Contaminated Soil,
Hazardous waste

Waste Disposal
Approvals

323.21

Rating Systems I April 24, 1995

Approval of system for
evaluating waste disposal
facilities

Unspecified

RG-4

Asbestos Waste Disposal/
September, 1996

Definitions for Asbestos
Materials, Management of
Regulated Asbestos Containing
Material

Contaminated Soil,
Municipal and
Industrial
Hazardous waste
Contaminated Soil

Chapter Title

305.149

Contents

Purpose

All hazardous and industrial solid
waste storage, processing, or
disposal pennits
Records for groundwater
monitoring wells and associated
groundwater surface elevations Contaminated Soil,
Municipal
Solid waste release, fire or
and Industrial
explosion from a facility, notice
Hazardous wa11te
requirements
Manifest discrepancy report,
wa<;te report, annual report,
monthly summary
Pennit, land use

Impact of New Hazardous Waste
Management Facilities on Local
Land Use
Time Limitation for Construction Storage, processing or disposal of
of Commercial Units I November hazardous waste, pennits as per
20, 1996
the class under which the waste
falls
Criteria and Standards for
Refer Section 40 CFR part 125, Contaminated Soil,
Imposing Technology Based
subpart A
Municipal and
Treatment Requirements I
Industrial
October 8, 1990.
Hazardous waste
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Table 6.3: Relevant TNRCC Regulations Related to Contaminated Sites (Contd.)
Chapter I
subchapter

Chapter Title

Section

Section Title/ Date
Effective

335.1

Definitions I September 23,
1997

335.92
335.93

Hazardous Waste Discharges

335.3
Industrial Solid Waste
and
Municipal Hazardous
Waste in General

335.4
335.6

335.8

335.28
335.91

335
Subchapter
D

Standards Applicable
to
Transporters of
Hazardous Waste

Purpose

Definitions of aboveground
storage tanks, class I waste, class
II waste, class III waste,
contingency plan, disposal
facility closure, hazardous waste
Pennit Required I September Penn it for physical construction
23, 1997
of a new waste management
facility, no pennit required
condition
For collection, handling, storage,
Technical Guidelines I
processing, and disposal of
September 23, 1997
industrial solid waste, recycling Contaminated Soil,
Municipal and
General Prohibitions I
Endangerment of public healtll,
Industrial,
September 23, 1997
and welfare
Hazardous waste,
Storage Tanks
Notification Requirements I Requirements to store, process, or
March 6, 1996
dispose of industrial solid waste
and for generator of hazardous
waste, recycling
Closure I September 23, 1997
Regulations for closure of
facilities used for storage,
processing or disposal of waste,
notification of spills
Adoption of Memoranda of
MOU between commission and
Understanding I November
otller state agencies as in 1WC
20, 1996
section 5.104
Scope
Establishes standards for
transporters of hazardous waste
to offsite storage, processing or
disposal facilities
Contaminated Soil,
Hazardous Waste
EPA Identification Number Requirement for EPA ID number

335.2

3351
Subchapter
A

Contents
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Notification, cleanup, report

Table 6.3: Relevant TNRCC Regulations Related to Contaminated Sites (Contd.)
Chapter I
subchapter

Chapter Title

Section

Unspecified

Unspecified

RG-86

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Section Title/ Date
Effective

Waste Transportation
Hazardous Waste Transportation,
Regulation in Texas I July
Transportation of Other Wastes
1994
RG-69 Suggested Analytical Testing
Table with Infonnation on
for Special Wastes Disposal/ Treaunent or Testing Suggested
September 1996
with Reference to Waste Items
RG-14
Soil and Groundwater
Soil Sample Collection, sample
Sampling and Analysis I April
handling and selection,
1995
groundwater sample collection,
soil and groundwater sample
analysis
RG-44
Selecting an Environmental
Researching consulting
Consultant or Corrective
companies, selection making,
action specialist I February
1NRCC registration of
1995
consultants
storing and treating hazardous
RG-234B Managing Hazardous waste
generation and/ or handling I
waste, hazardous wastes vs.
May 1996
Hazardous materials
Disposal of Special Wastes Table with infonnation on RCRA
RG-03
Associated with Development
exempt, treaunent or testing
of Oil, Gas and Geothennal
recommended, 1NRCC approval
Resources
necessary for landfill disposal for
waste items
What is 'Special Waste'? I
RG-29
Spedal Waste, Approval
September 1996
Requirement
RG-74
Guidelines for Preparing a
Sample collection, preservation,
Groundwater Sampling and
QA/QC, Statistical models,
Analysis Plan I May 1994
Reporlin~ and Submittals
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Contents

Purpose
Contaminated Soil
Contmninated Soil,
Municipal Solid
Waste Landfills
Contaminated Soil,
Groundwater

Contaminated Soil

Hazardous waste
sites
Municipal solid
waste, Municipal
landfills
Municipal Solid
Waste
Municipal
Landfills

RAILROAD COMMISSION OF TEXAS (RRC)
-6.4. (URL:
http://www.rrc.state.tx.us/) Established in 1891.
The relevant RRC regulations are summarized in the Table 6.4 and some of the
regulations are discussed.
6.4.1. Cleanup of Soil Contaminated by a Crude Oil Spill (Section 3.91: Rule 91):
(Adopted Effective November 1, 1993).
The rule deals with the procedures and standards applied to the cleanup of soil
contaminated with crude oil spills. These cleanup standards and procedures apply to the
cleanup of soil in non-sensitive areas contaminated by crude oil spills from activities
associated with the exploration, development, and production, including transportation, of
oil or gas or geothermal resources. Cleanup requirements for crude oil contamination that
occurred wholly or partially prior to the effective date of this section will also be
determined on a case-by-case basis.
(a) What are the requirements for cleanup?
(i)

Removal

c:f

Free Oil:- To minimize the depth of oil penetration, all free oil must be

removed immediately for reclamation or disposal.
(ii)

Delineation:- Once all free oil has been removed, the area of contamination must be
immediately delineated, both vertically and horizontally. The area of contamination
means the affected area with more than 1.0% by weight total petroleum
hydrocarbons.

(iii) Excavation:- At a minimum, all soil containing over 1.0% by weight total petroleum
hydrocarbons must be brought to the surface for disposal or remediation.
(iv) Prevention of storm water contamination:- To prevent storm water contamination,
soil excavated from the spill site containing over 5.0% by weight total petroleum
hydrocarbons must immediately be:
(a) mixed in place; or
(b) removed to an approved disposal site;
(c) removed to a secure interim storage location for future remediation or disposal.
(b) What is the final cleanup level for total hydrocarbons ? (Remediation of soU)
A final cleanup level of 1.0% by weight total hydrocarbons must be achieved as
soon as technically feasible, but not later than one year after the spill incident.
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(c) What are the requirements for Bioremediation?
The soil to be bioremediated must be mixed with ambient or other soil to achieve
a uniform mix that is no more than 18 inches in depth and that it contains no more than
5.0% by weight TPHs.
6.4.2. What are the standards for management of hazardous oil and gas waste ?
(Section 3.98: Rule 98): (Adopted Effective April 1, 1996).
The purpose of this section is to establish standards for management of hazardous
and oil wastes. The parameters discussed are:

(a) Who does it apply ?
(i)

To any person who generates hazardous oil and gas waste and to any person who
transports hazardous oil and gas waste.

(ii)

An owner or operator of a treatment, storage, or disposal facility regulated by
TNRCC' s industrial and hazardous waste program, shall be subject to the standards
for generators of hazardous waste found in Title 30, Texas Administrative Code
(T AC), Chapter 335, Subchapter C.

(b) Any General Prohibitions ?
No person may cause, suffer, allow, or permit the collection, handling, storage,
transportation, treatment, or disposal of hazardous oil and gas waste in a manner that
would violate the provisions of this section.

(c) How to determine Hazardous Waste Site?
The operator of a facility where waste is generated shall determine if such waste is
hazardous oil and gas waste as provided in this subsection. A hazardous oil and gas waste
is a waste that:
(i) is defined in subsection (b) of this section (relating to definitions) as an oil and gas
waste;
(ii)

is not described in 40 CFR, §261.4(a) (which describes wastes that are not
considered solid wastes); and

(iii) is not described in 40 CFR, §261.4(b) (which describes solid wastes that are exempt

from regulation under RCRA Subtitle C).

(d) What are the Standards Used for Tank Systems?
(1) Large Quantity Generators (LQGs): LQGs accumulating hazardous oil and gas waste

in tanks must:
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(i)

comply with the provisions applicable to owners or operators of 40 CFR. Part 265.

(ii)

Subpart J. except 265.197(c) and §265.200;
comply with the provisions applicable to owners or operators of 40 CFR, §265.111
and ti265.114 (relating to closure performance standards and disposal of
contaminated equipment and media); and

(iii) clearly label or mark each tank being used to accumulate

(2) Small Quantity Generators <SQGs): SQGs accumulating hazardous oil and gas waste
in tanks must:
(i)

comply with the provisions of 40 CFR, §265.201 (relating to accumulation of waste
in tanks by small quantity generators); and

(ii)

clearly label or mark each tank being used to accumulate hazardous oil and gas
waste with the words "Hazardous Waste."

(e) What are the procedures for disposition of hazardous oil and gas waste?

( 1)

On-site treatment, storage, disposal, recycling, and reclamation. Except as otherwise
specifically provided in this section, no person may treat, store, dispose of, recycle,
or reclaim any hazardous oil and gas waste on-site.

(2)

Transport to Authorized Facility.
(A) Except as otherwise specifically provided in this section and subject to all other
applicable requirements of state or federal law, a generator of hazardous oil and gas
waste must send his or her waste to one of the following categories of facilities for
treatment, storage. disposal, recycling, or reclamation:
(i)

an authorized recycling or reclamation facility;

(ii)

an authorized treatment, storage, or disposal facility;

(iii) a facility located outside the United States, provided that the requirements of
subsection (v)(l) of this section (relating to exports of hazardous waste) are
met;
(iv) a transfer facility, provided that the requirements of subsection (w)(3) of this
section are met;
(v)

if the waste is generated by a CESQG, a facility pennitted licensed, or
registered by a state to manage municipal or industrial solid waste;

(vi) if the waste is generated by a CESQG, a centralized W8 collection facility
(CWCF) that meets the requirements of subsection (m)(3).
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(B) Notwithstanding any contrary provision of this subsection, hazardous oil and
gas wastes may be treated or stored on-site in an element neutralization unit or a
totally enclosed treatment facility.
(3) Centralized Collection of Hazardous Oil and Gas Waste.
Provided that the requirements of this paragraph are met, a person may maintain at a
CWCF hazardous oil and gas waste that is generated:
(i)

by that person; and

(ii)

at sites where that person is considered a CESQG under the provisions of this
section.

(e) EPA ID Numbers:
(1) Generators: No LQG or SQG may transport or offer for transportation any hazardous

oil and gas waste until such generator has obtained an EPA ID number by filing the
prescribed form (currently EPA Fonn 8700-12) with the Commission.
(2) Transporters: No LQG or SQG may allow his or her hazardous oil and gas waste to be
transported by a transporter that does not have an EPA ID number.
(3) Treatment. Storage. or Disposal Facilities: Except in the case of facilities specified in
subsection (m)(2)(A)(iii), (vi), and (v) of this section, no LQG or SQG may send his or
her hazardous oil and gas waste to a treatment, storage, or disposal facility unless that
facility:
(A) is a designated facility as defined in this section; and
(B) has an EPA ID number.
(f) Discharges:

( 1) Reportinji Requirements.
(A) Commission. A person subject to regulation under this section shall immediately
notify the Commission upon discovery of any discharge in which a reportable quantity of
a hazardous oil and gas waste is discharged. Such notification shall be made by
contacting the appropriate Commission district office.
(B) Federal. Persons subject to regulation under this section shall comply with

applicable reporting requirements of 40 CPR, Parts 1 17, 263, and 302.
(2)

Initial Response.
(A) Immediate Action. Upon discovery of a discharge of hazardous oil and gas waste,

the generator or transporter must take appropriate immediate action to protect human
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health and the environment (e.g., notify local authorities, where appropriate. and dike the
discharge area).
(B) Permitting Exemption. The prohibition of on-site treatment, storage, disposal.
recycling, or reclamation activities in subsection (m)(l) of this section does not apply to
activities performed by a person engaged in treatment or containment activities during
immediate response to a discharge of hazardous oil and gas waste; an imminent and
substantial threat of a discharge of hazardous oil and gas waste; or a discharge of a
substance

which~

when discharged, would become a hazardous oil and gas waste,

provided that:
(i)

any hazardous oil and gas waste associated with such discharge is managed in
accordance with applicable provisions of subsections (h)

(ii)

the applicable discharge reporting requirements of subsection (x) of this section are
complied with.
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Table 6.4: Relevant RRC Regulations Related to Contaminated Sites
Section

Date Effective

Rule

3.91

November l. 1993

91

3.98

April 1, 1996

98

Rule Title

Contents

Scope: Application of these slandards to the
cleanup of soil.
Requirements for Cleanup: Removal of free
oil, Excavation, Prevention of storm water
contamination
Cleanup of Soil Contaminated Remediation of Soli: Final cleanup level,
by a Crude Oil Spill
requirements for bioremediation
Reporting Requirements: for Crude oil spills
over five barrels, Crude oil spills over 25
barrels, Crude oil spills of five barrels or less
Alternatives: Alternatives to the slandards,
Approval by commission
Purpose: To establish standards for
mana2ement of hazardous waste
Definitions: Authorized facility, contaminated
media, EPA hazardous waste number
Applicability: For persons who transports oil
and ~as waste
Hazardous Waste Determination:
Determination, Land ban, Exclusions and
Exemptions
Slandards for Management of Disposition of Hazardous Oil and Gas Waste:
Hazardous Oil and Gas Waste Onsite treatment, storage, disposal, recycling,
and reclamation transoort to authorized facilitv
EPA ID Numbers: Transporters, Treatment,
stora~e and disposal facilities
Record Keeping: Annual reports, exception
reports, insooction reports, extension
Standards: For transporters of hazardous waste
and oil
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Purpose

Contaminated Soil

Contaminated Soil

~REGULATIONS

FOR UST

6.5.1. EPA Regulations
EPA regulations for USTs are summarized in the Table 6.5.
(a) What is an UST? (40 CFR 280.12)
An UST is any tank, including underground piping connected to the tank, that has
at least 10 percent of its volume underground. The regulations apply only to USTs storing
either petroleum or certain hazardous chemicals.
(b) What is the primary regulatory program for USTs ? (40 CFR 280)
RCRA Subtitle I, which is codified in the Solid Waste disposal act 42 USC 6991.
The federal regulations are located at 40 CFR 280.
(c) Why the USTs needs special consideration ? (EPA, 1995)
Congress estimated that there were between 75,CXXJ and IOO,CXXJ leaking USTs in
the US. The concern with USTs revolve around whether they leak, how to keep them
from leaking and what to do if they are leaking.
(d) What are the notification requirements ofUSTs? (40 CFR 280.22)
One notification may be used for several tanks located on one site, but owners of tanks located at more than one place of operation must file a separate notification form
for each place of operation. Specific notification requirements are listed in 40 CFR
280.22. The notification forms themselves are published in Appendix I of 40 CFR 264
and the agencies to which notification should e sent are listed in Appendix II.
(e) How to detect leaks from USTs? (40 CFR 280, Subpart D)
Tanks must be checked at least once a month to see if they are leaking, and must
use one (or a combination) of the following monthly monitoring methods:
(i)
Automatic tank gauging;
(ii)

Monitoring for vapors in the soil;

(iii)

Intestinal monitoring; and
Other approved methods.

(iv)

The release detection requirements differ for petroleum UST systems than for
hazardous substance UST systems [Lieberman, 1994].
(f) What are the regulatory standards for USTs? (40 CFR 280, Subpart E)

40 CFR 280.50 requires that owners and operators of UST systems must report
suspected or known releases of regulated substances from a UST to the agency within 24
hours or within some other reasonable time period specified by the agency.
6.25

Table 6.5 EPA Regulations Related to USTs

Chapter

42USC
Subtitle I

Chapter Title

Regulation of
Underground Storage
Tanks

Section

Contents

Purpose

9001
9003

Definitions for under~round stora~e tank, re~ulated substance
Regulations, Distinctions in regulations, Requirements, Financial
responsibility. Performance standards, Effective dates, EPA response
program for petroleum, priority of corrective actions, Recovery of
costs, State Authorities, Definition of owner
Approval of state programs, elements , Federal standards, Financial
responsibility, EPA determination, Withdrawal of authorization

USTs, PSTs

9004
9005
9006
9007
9008
9009

40CFR

Technical Standards
and Corrective
Action Requirements
for Owners and
Operators of USTs

9002
281
280.22
subpartD
subpartE

Inspections, monitoring, testing, and corrective action, Furnishing
infonnation, Confidentiality
Federal enforcement, Compliance orders, Contents of order, Civil
penalties
Federal facilities Application Presidential exemption
State authority
Petroleum tanks, Other tanks, Elements of studies, Reports,
Reimbursement,
Notification Under~round stora~e tanks, State Inventories
Regulations to protect human health and environment from USTs
Notification reauirements
Release detection
Release reporting, investigation, and conflflllation

subpartF

Release response and corrective action for UST systems containing
petroleum and hazardous substances

282,50282.105
280.31

Codification of individual state and territorial UST programs
Operation and Maintenance
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USTs, PSTs

(g) What are the corrective action ? (40 CFR 280, subpart F)
Corrective action is implemented in accordance with 40 CFR 280 Subpart F.
(b) What are the closure requirements? (40 CFR subpart G)
The closure requirements of an UST must comply with those stated in 40 CFR
subpart G. UST systems may be shut down temporarily or permanently. If a system is
only temporarily closed, compliance officers should contact local authorities to determine
how long a UST may be closed before it must be removed.

6.5.2. TNRCC Regulations
TNRCC is the responsible organization in the state that provided regulations on
hazardous waste and petroleum contaminants. TNRCC regulations for USTs are listed
and summarized in the Table 6.6.

(a) What is the definition for UST under TNRCC ? (RG-42, November 1995)
A UST is defined under Title 30, Texas Administrative Code, Chapter 334.2 as
any one or combination of underground tanks and any connecting underground pipes
used to contain an accumulation of regulated substances, the volume of which, including
the volume of the underground pipes, is ten percent or more beneath the surface of the
ground.

(b) What is hazardous waste ? (RG-86, July 1994)
TNRCC embrace the same defmition of 'hazardous waste' as found in Title 40
Code of Federal Regulations (CFR) section 261.3.

(c) What is the definition of 'Release' under TNRCC? (RG-17, October 1996)
Release is defined in 30 TAC section 334.2 as 'any spilling including overfills,
leaking, emitting, discharging, escaping, leaching, or disposing from an underground
storage tank into groundwater, surface water, or subsurface soils'.
(d) Where should the release be reported? (RG-17, October 1996)
The release must be reported to the local TNRCC office within 24 hours of
confirmation.

(e) Who should be contacted regarding the information on CAP? (RG-41, November
1996)
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For any questions regarding Corrective Action Plan (CAP), TNRCC coordinator
assigned to the case or Responsible Party Remediation Section of the PST division should
be contacted at (512) 239-2200.
(f) What are the action levels of the contaminants under TNRCC? (RG-17, October

1996)
The term 'action level' indicate the concentration of constituents in the native soil
or water at which some level of corrective action will be required. The action levels are
given in the PST document RG-17 of TNRCC regulatory guidance.

(g) What should you do when a storage tank is leaking ? (RG-018, May 1996)
If a storage tank is leaking, the following actions should be taken:
(i)

Act on hazards (protect on site workers and neighbours)

{ii)

Report the leak or spill {at TNRCC regional office within 24 hours of discovering
a spill). The regional offices are listed in the PST document RG-0 18.

(iii)

Find the leak

(iv)

Stop the release

(v)

Begin cleanup

(vi)

File report with TNRCC within 20 days of discovery or suspicion of a leak {formnumber: TNRCC-0621).

{h) What are the guidelines for groundwater monitoring and reporting at leaking
petroleum storage tank sites ? {RG-43, September, 1996)
The guidelines can be obtained from the TNRCC regulatory guidance document
RG-43, 'Groundwater Monitoring and Reporting'.
(i) Where is the information on Remedial Action Plans available? {RG-41!PST April

1995)
The information on Remedial Action Plans is available in TNRCC technical
guidance document RG-41/PST Aprill995.

(j) Where is CAP guidance manuaJ available ? {RG-41, November 1996)
TNRCC petroleum storage tank division use EPA CAP manual (EPA 510-B-95007, May 1995) for leaking petroleum storage tank sites. Copies of the document can be
ordered by calling EPA's hotline at 1-800-424-9346.

{k) When is CAP necessary? {RG-41, November 1996)
A CAP is necessary for sites that do not meet the closure criteria.
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(I) What should be in the CAP report ? (RG-41, November 1996)

The contents of the CAP will vary according to the type of remedial technology
proposed. The details of the information that must be submitted in CAP can be obtained
from the TNRCC regulatory guidance document RG-41, November 1996.

(m) What is OMP plan ? (RG-261, October 1996)
OMP plan is 'Operation, Maintenance, and Performance Plan' and is an integral
part of any corrective action plan and is essential for determining remedial system
success and attainment of cleanup goals.

(n) Is your underground storage tank regulated ?
Owners of certain underground storage tanks (USTs) existing on or after
September 1, 1987 are required to register these tanks with the Texas Natural Resource
Conservation Commission (TNRCC), unless they were emptied and filled in place before
January 1, 1974. Tanks that are empty or unused still need to be registered.
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Table 6.6 TNRCC Regulations Related to USTs

Chapter I
subchapter

Chapter Title

Section

Section Title/ Date
Effective

Contents

Purpose

Unspecified

Unspecified

RG-018

Leaking Storage Tanks - What
Should I Do? I May, 1996

USTs, PSTs

Unspecified

Unspecified

RG-17

Unspecified

Unspecified

RG-42

Action Levels for LPST Sites I
October 1996
Am I Regulated? I November,
1995

Act on Hazards, Report the Leak,
Find the Leak, Stop the Relea.•;e,
Begin Cleanup, File Report,
Re);(ional Offices List
Action Levels, Screening Levels

USTs, PSTs

Unspecified

Unspecified

RG-16

How To Remove Your UST
From the Ground

334.484

Registration Required for
Petroleum Substance Waste
Storage or Treatment Facilities I
March, 1993
Location standards for Class A
Petroleum Substance Waste
storage or treatment Facilitates I
December, 1996
Reuse of Petroleum Substance
Waste I December, 1996

Definition of Petroleum Products,
Registration Requirements of the
Tanks
Notification and Advance
Preparation, Tank Removal, Tank
Transportation, Release
Determination, Release
Reporting, Waste Handling,
Disposal or Treatment, Tank
Removal Documentation
Registration Requirements

3341
Subchapter
K

Underground and
Aboveground Storage
Tanks I Storage,
Treatment, and reuse
Procedures for
Petroleum Substance
Contaminated Soil

334.495

334.503
334.504
334.508

Contaminant assessment Program
and Corrective Action I
December,.1996
Closure Requirements Applicable
to Class A and Class B Facilities

6.30

PSTs

USTs

Standards

Conditions for Reusing
Petroleum Substance Waste
Corrective Action
Closure Requirements

Contaminated Soil
USTs, PSTs

Table 6.6 TNRCC Regulations Related to USTs (contd.)
Chapter I
subchapter

Chapter Tille

Section

Section Title/ Date
Effective

Contents

Purpose

37/
Subchapter
K

Financial Assurance
Requirements for
Class A or Petroleum
Substance
Contaminated Soil
Storage, Treatment
and Reuse Facilities

37.1001

Applicability I December 30,
1996

Storage, Treatment and Reuse
Facilitates

37.1011

Financial Assurance
Requirements for Class A and
B Facilities I December 30,
1996
Operation, Monitoring and
Perfonnance (OMP) of
Remedial Systems at LPST
Sites/ October 1996

Requirements, Closure, Financial
Assurance

Petroleum
Contaminated
Soils
USTs, PSTs

RG-261
Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

Unspecified

RG-43

RG-41

OMP plan, OMP report, existing
remedial systems, Groundwater
monitoring at existing sites,
tables with monitoring
requirements for remedial
techniQues
Groundwater Monitoring and Sampling, Gauging and submittal
Reporting I September 1996 of gradient maps,/ reporting, GW
monitoring and remedial action,
Final monitorin~
Remedial Action Plans I April
Technology selection criteria,
1995
background data requirements,
remedial technology and testing
requirements, remedial action
plan implementation

6.31

PSTs

PSTs

PSTs

6.6. SPECIFICATIONS
The ASTM specifications that are available for conducting site assessments and
site characterization are summarized in Table 6.7 (URL: http://www.astm.org). The
specifications mainly pertain to ASTM standards that are available in the volumes 4.08.
4.09. 11.04 and 11.05.

(a) ASTM E 1527-94 (Vol. 11.04) "Standard Practice for Environmental Site
Assessments: Phase I Environmental Site Assessment Process"
The purpose of this practice and practice E 1528 is to define commercial and
customary practice in the United States of America for conducting an environmental site
assessment for a commercial property with respect to the potential presence of a range of
contaminants which are within the scope of CERCLA as well as petroleum products.
(b) ASTM E-1903-97 (Vol. 11.04) "Standard Guide for Environmental Site
Assessments: Phase II Environmental Site Assessment Process 11
This guide covers a framework for employing good commercial and customary
practices in conducting a Phase II Environmental Site Assessment (ESA) of a commercial
property with respect to the potential presence of a range of contaminants which are
within the scope of CERCLA as well as petroleum products. This guide is intended to
provide practical procedural guidance for the continuation of an assessment conducted in
accordance with the most recent edition of the practice E 1527 orE 1528.
(c) ASTM E-1599-94 (Vol. 11.04) "Standard Guide for Corrective Action for
Petroleum Releases"
This guide covers corrective action for petroleum releases. It describes the
approach for assessment and remediation of releases to protect human health, safety, and
the environment. It is intended to complement but not supersede federal, state and local
regulations.

6.7. CONCLUSIONS
The federal and state regulations that affect the environmental site assessment and
remedial alternative for cleaning up a site have been summarized . The federal regulations
from EPA, RCRA, CERCLA are mainly discussed. State agencies, TNRCC and RRC,
have regulations for contaminated sites. Federal and state regulations for Underground
Storage Tanks are discussed separately. The ASTM specifications that provide guidelines
for environmental site characterization and waste sampling have been listed.
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Table 6. 7 Listing of ASTM Standards for Site Characterization, Sampling and Petroleum Release
Topic

Site
Characterization

ASTM
designation

Year

D 420-93
D 2113-83(1993)
D 2487-93
D 2488-93
D 5126-90
D 5434-93
D 5730-96

1993
1993
1993
1993
1990
1993
1996

D 5745-95
D 5746-95
D 5753-95
D 5777-95
D 5781-95

1995
1995
1995
1995
1995

D 5782-95

1995

D 5783-95

1995

D 5784-95

1995

D 5872-95

1995

D 5878-95
D 5979-96
D 5980-96

1995
1996
1996

D 5995-96
D 6000-96
06008-96
E 1527-97
E 1528-96
E 1689-95
E 1903-97
PS 3-95

1996
1996
1996
1997
1996
1995
1998
1995

Title
Site Characterization for Engineerin~. Desi~n. and Construction Purposes
Diamond Core Drilling for Site Investigation
Soils for Engineering Purposes (Unified Soil Classification System)
Description and Identification of Soils (Visual-Manual Procedure)
Comparison of Field Methods for Determining Hydraulic Conductivity in the Vadose Zone
Field LoJ;u!ing of Subsurface Explorations of Soil and Rock
Site Characteristics for Environmental Purposes With Empha-;is on Soil, Rock, the Vadose
Zone and Ground Water
DevelopinJt and Implementing Short-Tenn Measures or Early Actions for Site Remediation
Environmental Condition of Property Area Types
Planninl! and Conductinl! Borehole Geophysical LoJ:tgiu!Z
Using the Seismic Refraction Method for Subsurface InvestiJ;tation
Use of Dual-Wall Reverse-Circulation Drilling for Geoenvironmental Exploration and the
Installation of Subsurface Water-Quality Monitoring Devices
Use of Direct Air-Rotary Drilling for Geoenvironmental Exploration and the Installation of
Subsurface Water-Quality Monitoring Devices
Use of Direct Rotary Drilling with Water-Based Drilliug Auid for Geoenvironmental
Exploration and the Installation of Subsurface Water-Quality Monitoring Devices
Use of Hollow-Stem Augers for Geoenvironmental Exploration and the Installation of
Subsurface Water-Quality Monitoring Devices
Use of Casiug Advancement Drilling Methods for Geoenvironmental Exploration and
Installation of Subsurface Water-Quality Mouitorinl! Devices
Usin~ Rock Mass Classification Systems for Engineerim~ Purposes
Conceptualization and Characterization of Grouud-Water Systems
Selection and Documentation of Existing Wells for Use in Environmental
Site Characterization and MonitorinJl
Environmental Site Characterization in Cold Re!Zious
Presentation of Water-Level Information From Ground-Water Sites
Conductin!Z Environmental Baseline Survevs
Environmental Site Assessments: Phase l Enviroumental Site Assessmelll Process
Environmental Site Assessments: Tmnsaction Screen Process
Developing Conceptual Site Models for Contaminated Sites
Environmental Site Assessments: Phase II Environmental Site Assessment Process
Accelerated Site Characterization for Confmned or Suspected Petroleum Releases
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Volume
4.08
4.08
4.09
4.08
4.09
4.09
4.09
11.04
11.04
4.09
4.09
4.09
4.09
4.09
4.09
4.09
4.09
4.09
4.09
4.09
4.09
11.04
11.04
11.04
11.05
11.04
11.04

Table 6.7 Listing of ASTM Standards for Site Characterization, Sampling and Petroleum Release (contd.)

Title

Topic

AS1M
designation

Year

Site
Characterization

PS 11-95
PS 78-97
PS 85-96

1995
1997
1996

Environmental Re~ulatory Compliance Audits
Professional Guide for Selecting Surface Geophysical Methods
Expedited Site Characterization of Hazardous Waste Contaminated Sites

11.04
4.09
4.09

D 1452-80(1995)
D 1586-84(1992)
D 1587-94
D 3017-96
03404-91
D 3550-84(1995)
04220-95
04696-92
D 4700-91
04944-89

1995
1992
1994
1996
1991
1995
1995
1992
1991
1989

4.08
4.08
4.08
4.08
4.08
4.08
4.08
4.08
4.08
4.09

05079-90
D 5220-92

1990
1992

D 5314-92
06031-96

1992
1996

Soil Investigation and Sampling by Auger Borings
Penetration Test and Split-Barrel Sampling of Soils
Thin-Walled Tube Geotechnical Samplin~ of Soils
Water Content of Soil and Rock in Place by Nuclear Methods (Shallow Depth)
Measurimt Matric Potential in the Vadose Zone Usin~ Tensiometers
Ring-Lined Barrel Sampling of Soils
PreservinJ:t and TranspartinR: Soil Samples
Pore-Liquid Sampling from the Vadose Zone
Soil Samplin~ from the Vadose Zone
Field Determination of Water (Moisture) Content of Soil by the Calcium Carbide Gas
Pressure Tester Method
Preserving and Transporting Rock Core Samples
Water Content of Soil and Rock In-Place by the Neutron Depth Probe
Method
Soil Gas Monitoring in the Vadose Zone
Logging In Situ Moisture Content and Density of Soil and Rock by the
Nuclear Method in Horizontal, Slanted, and Vertical Access Tubes

E 1599-94
E 1739-95

1994
1995

Sampling

Petroleum
Release

Corrective Action for Petroleum Release
Risk-Based Corrective Action Applied at Petroleum Release Sites
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4.09
4.09
4.09
4.09

11.04
11.04
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7.1

7.1. INTRODUCTION
The presence or likely presence of hazardous substances or petroleum products can
pose health and safety risks and also cause a series of legal, regulatory, financial and
technical problems to TxDOT. Because of the seriousness of the safety and health hazards
related to hazardous waste operations, the Occupational Safety and Health Administration
(OSHA) has issued a final standard specifically developed to protect workers in this
environment and to help them handle hazardous wastes safely and effectively [13, 15].
Training programs and Safety and Health programs (OSHA 3110, 1989) are an integral part
of a cost effective waste management program. Training for workers involved with
hazardous substances is required by OSHA (29 CFR), EPA (40 CFR) and DOT (49 CFR). In
this chapter, guidelines and procedures developed by eleven other state DOTs to handle
contamination in construction sites have been summarized. Also, the training programs
adopted by other state DOTs have been reviewed [1- 8, 10, 12, 14, 17, 18].

7.2. TRAINING REQUIREMENTS
Why Training?

TxDOT personnel, unfamiliar with the signs and properties of hazardous substances
or petroleum products, can expose themselves to considerable safety and health risks.
Training makes workers aware of the potential hazards they may encounter and provides the
necessary knowledge and skills to peiform their work with minimal risk to their safety and
health. Hence all TxDOT personnel likely to be on sites should be given basic training in
hazardous waste awareness, so that they understand OSHA, EPA and DOT policies and
know how to protect themselves.
Who should be trained?

Employee training requirements are defined by the nature of the work. Based on the
type of work involved, the training requirements for workers are summarized in Table 7.1
and 7.2 (OSHA 3114, 54 FR 42:9294, March 6, 1989). OSHA has identified a total of
fourteen training topics for three job categories. It should be noted that these training
requirements were developed for cleanup operations at hazardous waste sites and at EPAlicensed waste treatment, storage and disposal facilities. It also covers workers responding to
emergencies involving hazardous materials (example: spills). Some state DOTs have adopted
these training requirements for their staff and managers. It should be noted that the training
7.2
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Table 7.1. Recommended Training by Job Category (OSHA 3114, Session 9.1A, NIOSH, 1985)
Training Topic

Emphasis of Training

General Site
Worker

Onsite Management
and Supervisors

Health and
Safety Staff

Biology. chemistry. and
physics of hazardous
materials
Toxicology

•

Chemical and physical properties, chemical reactions, chemical
compatibilities.

R

R

R

•

R

R

R

loduslrial Hygiene

•

Dosage, routes of exposure, toxic effects, immediately dangerous to
life or health values. permissible exposure limits, recommended
ex~ure limits, threshold limit values.
Selection and monitoring of personal protective clothing and
equipment.
Calculation of doses and exposure levels, evaluation of hazards,
selection of worker health and safety protective measures.
Applicable provisions of title 29 of the Code of Federal Regulations
(the OSHA Act)
Functions, capabilities, selection, use, limitations, and maintenance.

R

R

R

R

R

R

R

R

R

R

R

R
R
0
R

R
R
R
R

R

R
R
R

R
R
R

R

R

R

0

•
Rights and responsibilities of
workers under OSHA
Moni loring Equipment
Hanud Evaluation

•

•
•

•
•

Site safety plan

•

Standard operating procedures
(SOPs)
Engineering controls

•
•
•

Personal protective clothing
and equipment (PPE)

•

•
Medical program

•
•

•
Decontamination

•
•

•
Legal and regulatory aspects

•

Emergencies

•
•

Techniques of sampling and assessment.
Evaluation of field and lab results.
Risk Assessment
Safe practices, safety briefings and meetings, standard operating
procedures, site safety map
Hands-on practice
Development and compliance
The use of barriers, isolation, and distance to minimize hazards
Assignment, sizipg. fit-testing, maintenance. use, limitation and
hands-on training.
Selection of PPE
Ergonomics
Medical monitoring, first aid, stress recognition.
Advanced first aid, cardiopulmonary resuscitation, emergency drills.
Design, Planning and implementation.
Hands-on training using simulated field conditions.
Design and maintenance.
Applicable safety and health regulations (OSHA, EPA,)
Emergency help and self rescue; emergency drills.
Response to emergencies; follow-up investigation and
documentation.

R - Recommended; 0 - Optional
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R

R
0

R
R

R
R
0

R
R
R

R
R
R
R
R
R
R
R

R

R
R

R
R

requirement for general site employees in treatment and disposal sites will be less (compared

-

to Table 7.2).
Table 7.2. Training Hours for Workers on Hazardous Waste Clean-Up Sites
(29 CFR 1910 120 (e))
Type of Worker

Amount of Training

General Site Workers

40 hours initial+ 24 hours field experience

Occasional

Site

Workers

(minimal

24 hours initial + 8 hours field experience

exposure)
Non-routine site workers

24 hours initial + 8 hours of field
experience

Managers and Supervisors

40 hours initial + 24 hours field+ 8 hours
hazardous waste management

Emergency Response Personnel

Trained to a level of competency

All site workers

8 hours of annual refresher training

It is unlikely that TxDOT will experience hazardous waste problems frequently

enough to justify more specialized training. If personnel do receive specialized training, it
must be updated periodically, and TxDOT must commit resources to keeping current with

-

changes in technology, regulations, and field experiences. All emergency responders must
receive refresher training sufficient to maintain or demonstrate competency annually. There
are two general components to training requirements in 40 CFR 265.16 (EPA regulations
regarding personnel training). Personnel must be taught the following:
(1)

how to perform their duties in a way that ensures TxDOT compliance with the
regulations, and

(2)

how to respond to emergencies (spills, accidents) involving hazardous substances or
petroleum products.

What is a Safety and Health Program ?
A comprehensive safety and health program is essential in reducing work-related
injuries and illnesses and in maintaining a safe and healthy work environment at the
construction sites (OSHA). This program should include the following: ( 1) personal
protective equipment program (2) monitoring (3) decontamination procedures and (4)
emergency response program. The written safety and health program must be periodically
updated and made available to all affected employees, contractors and subcontractors.
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What Happened to the NHI Course ?
For several years the National Highway Institute (NHI) had a course entitled
"Hazardous Waste: Impacts on Highway Project Development, Construction, and
Maintenance" (NHI Course# 14229; NHI, 1992). This course has been discontinued. NHI is
in the process of modifying and updating the course notes.

7.3. OTHER DOTs
All the state DOTs were contacted either by phone, fax, and/or email and were asked
to provide information on their hazardous waste management plan, only twelve responded.
Ten DOTs had handbooks/documentation on handling contamination on construction sites
and the California DOT had it on their web site. The South Dakota DOT and Oklahoma DOT
had the most comprehensive handbooks. Guidelines and procedures collected from eleven
DOTs have been summarized in Table 7.3 and Section 7.5. Some state DOTs responded in
the following manner:
(1)

The Aorida DOT responded. But the contact person said that there were no written
procedures in dealing with the cleanup of contaminated sites in the DOT projects.

(2)

The contact person at the Oregon DOT informed that the ODOT follows the standard
FHW A guidelines for dealing with contaminated construction sites and that they have
no special procedures of their own.

(3)

The contact person at the Ohio DOT informed that they do not have specific guidelines
for contaminated sites.

(4)

The contact person at the Washington DOT provided some useful information but
admitted that there are no written procedures in the form of an Handbook in dealing
with contaminated sites. The information provided is summarized in section 7.5.

Based on the information collected from 11 DOTs the following can be concluded.
(1)

Over 50% of the cases~ State Regulatory Agencies (SRA's) were responsible for the
cleanup of contamination.

(2)

Over 50% of the DOTs have a Memorandum of Understanding (MOU) with the SRA.
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Table 7.3 Summary of Other DOT Handbooks Related to Contaminated Sites
No.

State
(year)

1

Alaska
(1994)

2
3

California
(NA)
IUinois
(1989)

MOU

Agency Responsible
for Cleanup
Alaska Department of
Environemtnal
Conservation
Owner I responsible
party (s)
Division of Highways,
Department of
Transportation

Training
Program

Federal
Aaencies
U.S.FPA

MOU
available

Not
available

MOU
available
Not
available

Not

U.S.FPA

available
Not
available

U.S.FPA

Available

U.S.FPA,
OSHA
U.S.FPA

5

Iowa
(1995)
Kansas

Iowa Department of
Natural Resources
DOT/ the Owner

Not
available
Not
available

6

Louisiana

Director of Engineering
Design and Contract
Manaaement
New Jersey Department
of Environmental
Protection
Oklahoma Department
of Environmental

MOU
available

available

MOU
available

Not
available

U.S.EPA,
FHWA

MOU
available

Available

U.S.FPA

Not
South Dakota
available
Departemnt of
Environment and
Natural Resources
Owner I responsible
Not
party (s)
available
MOU
Wyoming Department
available
of Environmental
Quality
6of 11
Department of
Environmental quality I states have
Natural Resources is
MOU.
the responsible agency.

Not
available

U.S.FPA

4

(1993)

7

New Jersey
(1994)

8

Oklahoma
(1995)

Quality

9

South Dakota
(1995)

10

Washington
(NAl
Wyoming
(1993)

11
Remarks

Total of 11
DOTs

Not
available
Not

U.S.FPA

State Agencies
Alaska DEC and
Alaska DOT/PF
Departement of Health
Services
State EPA, Department
of Transporation,
Office of the State Fire
Marshall
IowaDNR

Section on
UST
Not available
Available
Available

Available

2of II
states have
training
proaram.

Costs

Not
available

Available

Not
available
Not
available

Not
available
Available

Available

Not
available
Available

Available
Kansas Department of
Health and
Environment
Louisiana DOT,
Available
Department of
Enviromental Quality.
New Jersey Department Not available
of Environmental
Protection
ODEQ, ODH, OCC
Available

Available

SDDENR, Department
of COmmerce and
Regulation

.

Not
available
Not
available

Asbestos

Available

Not
available

Available

Not
available

Available

Not
available

Available

Not
available

Not
available

Available
Caltrans Environmental
Not
Not
available
Departement
Available
Not
Wyoming Department
Available
U.S.FPA
Not
available
of Environmental
available
Quality
7of 11
U.S. EPA acts
2of 11
Department of
8 of 11 states
states have a states have
Environmental quality I
have a
as federal
a section
section on
section on
guiding agency Natural Resources is
on costs.
asbestos.
the responsible aaency.
USTs.
U.S.FPA
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(3)

Only two of the states have a formal employee training program outlined in their
document.

(4)

Over 70 percent of the states have a section on UST.

(5)

Only two states have information on asbestos.

7. 4. CONCLUSIONS
Based on the review of OSHA documents and analyses of the information provided
by eleven other state DOTs the following can be concluded:
(1)

Training for personnel dealing with contamination on construction sites should be
provided according to OSHA regulations. It should be noted that these training
requirements were developed for cleanup operations at hazardous waste sites and at
EPA-licensed waste treatment, storage and disposal facilities. Only 20% of the state
DOTs have a section on training in their handbooks.

(2)

Over 70% of the state DOTs have a section on underground storage tanks (USTs). Only
20% of the DOTs have a section on asbestos. U.S. EPA acts as the federal guiding
agency for all state DOTs.
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7. S. 1 Alaska DOT (1994)
1.

-

REPORT TITLE: Memorandum of Agreement (MOA) between the Alaska
Department of Environmental Conservation (DEC) and the Alaska Department of
Transportation and Public Facilities (DOT/PF).

2.

PREPARED BY: Alaska DEC, Alaska DOT IPF.

...

3.

PUBLISHED DATE: June 8, 1994.

4.

WHO IS IN CHARGE? Alaska DEC or Alaska DOT /PF

-

5.

IS IT A CENTRALIZED OPERATION: Yes.

6.

WHO DOES THE CLEAN UP? Alaska DEC is charged with the responsibility to

...

conduct, oversee and approve cleanup activities associated hazardous substance
pollution or abandoned containers holding hazardous substances.
7.

FEDERALAGENCIESIN ACTION:.

8.

STATE AGENCIES IN ACTION: DEC and DOT/PF.

9.

ENVIRONMENTAL REGULATIONS: Regulations as per U.S.EPA and
Department of Environmental Conservation.

10.

REGULATORY CLEANUP LEVELS: Not available.

11.

UNDERGROUND STORAGE TANKS (UST): Section not available on USTs.

12.

PETROLEUM CONTAMINATED SOILS: Not available.

13.

PETROLEUM CONTAMINATED PROJECTS REPORTED (NCHRP 226):
None

14.

COMMONLY ENCOUNTERED PETROLEUM CONTAMINANTS: Not
available.

15.

ASBESTOS: Not available.

16.

TRAINING PROGRAM: Not available.

17.

HAZARDOUS WASTE MANAGEMENT PLAN (HWMP): Not available.

18.

COSTS: FolJowing completion of cost recovery actions against third parties by DEC,
DOT/PF, in conjunction with DEC, will prepare a special budget request to the
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legislature for that portion of the expenses from the response fund for activities under
this MOA where costs were not recovered.
19.

CLOSURE REPORT: Not available.

20.

DETAILED SUMMARY: Alaska DEC is charged with responsibility under Alaska
Statute AS 46.03, AS 46.04, and AS 46.09, and Alaska Regulations 48 AAC 20 and
AAC 75 to conduct and oversee, and approve activities associated with oil and
hazardous substance pollution cleanup. DOT/PF is charged with responsibility under
Alaska Statute Titles 2, 19, 25 and 35 to plan, construct, maintain, protect and control
land associated with state highways, airports and public works. DOT/PF will assign a
project manager with responsibility for overseeing the general non-technical efforts
during the cleanup. DEC will perform in an oversight and technical role during
restoration activities.

21.

CONTACT PERSON: Greg Otto, Alaska DOT, 3132 Channel Drive, Juneau, Alaska
99801-7898; Phone: (907) 465-2960
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7. 5. 2 California DOT
(www. dot.ca.gov/hq/oppd/pdpm)

1.

REPORT TITLE: California State Department of Transportation Project Development
Procedures Manual (PDPM)- Chapter 18-Hazardous Waste.

2.

PREPARED BY: California State Department of Transportation.

3.

PUBLISHED DATE: Not available.

4.

WHO IS IN CHARGE? Environmental Program, California Department of
Transportation (Caltrans).

5.

IS IT A CENTRALIZED OPERATION: No. The central office and divisions
cooperate in their plan of action.

6.

WHO DOES THE CLEAN UP? The owner or responsible party(s) should investigate
and cleanup the contamination.

7.

FEDERAL AGENCIES IN ACTION: U.S.EPA.

8.

STATE AGENCIES IN ACTION: California Department of Health Services (DHS)
and Caltrans, Hazardous Waste Management Office in the Environmental Program

9.

ENVIRONMENTAL REGULATIONS: Not available in detail, but all the actions
follow Cal trans environmental department guidelines.

-

-

...

-

10. REGULATORY CLEANUP LEVELS: Not available.
11.

UNDERGROUND STORAGE TANKS (UST): A Special report on "A California
Tank Owner's Guide for Upgrading Underground Storage Tanks" is also included in
with the documented (State Water Resources Control Board, Sacramento California).

12. PETROLEUM CONTAMINATED SOILS: Not available.
13. PETROLEUM CONTAMINATED PROJECTS REPORTED (NCHRP 226): 5
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14.

COMMONLY ENCOUNTERED PETROLEUM CONTAMINANTS: Gasoline
and Diesel fuel oil

15.

ASBESTOS: Not available.

Hi.

TRAINING PROGRAM: Not available.

17.

HAZARDOUS WASTE MANAGEMENT PLAN (HWMP): Has a detailed
explanation of all the phases but post site monitoring is not included.

18.

COSTS: Not available.

19.

CLOSURE REPORT: Not available.

20.

DETAILED SUMMARY: California state has its own Hazardous Waste Management
Plan that completes the process from initial site investigation through remedial action
implementation. MOU was signed on July 14. 1989 with DHS to over see cleanups of
contaminated sites or actual cleanups itself [Schick. TRR 1312].

21.

CONTACT PERSON: Edward J. Imai, Senior Environmental Planner, Department of
Transportation. Environmental Program, Hazardous Waste Management Office, 1120 N
Street, P.O. Box 942874, Sacramento, CA 94274-0001. Phone: (916) 653-3352; Fax:
(916) 653-5927; email: eimai@tnnx3.dotca.gov.
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7. 5. 3 Illinois DOT (1989)
1.

REPORT TITLE: Policy On Identifying And Responding To Hazardous Substances,
Hazardous Wastes, And Special Wastes In Highway Project Development

2.

PREPARED BY: Illinois Department of Transportation - Departmental Policies.

3.

PUBLISHED DATE: June 19, 1989.

4.

WHO IS IN CHARGE? Bureau of Location and Environment, Office of Division of

...

Hig~ways.

5.

IS IT A CENTRALIZED OPERATION: No. The central office and divisions
cooperate in their plan of action.

6.

WHO DOES THE CLEAN UP? Division of Highways, Department of
Transportation.

7.

FEDERAL AGENCIES IN ACTION: U.S.EPA.

8.

STATE AGENCIES IN ACTION: Illinois State EPA, Illinois Department of
Transportation, Office of the State Fire Marshall (OSFM)

9.

ENVIRONMENTAL REGULATIONS: Offices of the Division of Highways
(Division) is responsible for development and implementation of State highway
projects shall consider hazardous substances, hazardous wastes, and special wastes in
project development and shall comply with applicable controls. Where hazardous
substances, hazardous wastes, or special wastes are located on property acquired or
otherwise under state control for state highway project purposes, or where such
substances or wastes are generated as a result of project actions, treatment of the
substances and/or wastes shall conform to current legal and regulatory requirements.
Where other parties are responsible under the law for hazardous substances,
hazardous wastes, or special wastes on property under state control for State highway
project purposes, or on properties to the acquired for highway purposes, all available
avenues shall be considered for recovering costs from such parties for assessment and
remediation of the hazardous substances and/or petroleum products.

10.

REGULATORY CLEANUP LEVELS: The levels to be followed are as defined by
OSFM and Illinois EPA.
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11.

UNDERGROUND STORAGE TANKS (UST): A Special report on "Leaking
Underground Storage Tank Program" has been developed by Illinois Environmental
Protection Agency. Illinois has entered into a cooperative agreement with U.S.EPA in
which Illinois EPA and the Office of the State Fire Marshall (OSFM) administer a
comprehensive underground storage tank program at the state level. Under a
Memorandum of Agreement (MOA), OSFM administers the preventive side of the state
program, and Illinois EPA administers the remedial investigation and corrective action
portion of the state program and the state UST fund reimbursements.
Once the site has met the appropriate remediation objectives and program
requirements, the Illinois EPA issues a "No Further Remediation" letter for the release.
The OSFM regulates daily operation and maintenance of UST programs, including
oversight for tank removals.

12.

PETROLEUM CONTAMINATED SOILS: Not available.

13.

PETROLEUM CONTAMINATED PROJECTS REPORTED (NCHRP 226): 1

14.

COMMONLY ENCOUNTERED PETROLEUM CONTAMINANTS: Gasoline
and Diesel fuel oil

15.

ASBESTOS: Not available.

16. TRAINING PROGRAM: Not available.
17.

HAZARDOUS WASTE MANAGEMENT PLAN (HWMP): Has a detailed
explanation of all the phases.

18.

COSTS: Federal regulations require petroleum tank owners and operators to
demonstrate the financial ability to remediate tank releases and to pay for damages to
third parties. Federal UST regulations allow, but do not require, states to set up publicly
financed UST funds.

19. CLOSURE REPORT: Not available.
20.

DETAILED SUMMARY: Districts shall screen all highway projects to determine
whether they require further assessment for special waste contamination. Districts shall
follow the Special Waste Assessment (SWA) Screening Criteria flow chart
accompanying this memorandum and shall use the SWA Screen/Survey Request Form
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,..
(issued vta BDE Technical Environmental Memorandum) for documenting the
screening results). The district need not undertake further action to identify and evaluate
special wastes if completion of the SWA screening process results in the determination
of new right-of-way easements.
The district person preparing the SWA screen I survey request form shall sign

...

-

and date the form. If application of the SWA screening procedure leads to a
determination that further assessment of the project for special wastes is required, a
Preliminary Environmental Site Assessment will be necessary.

21.

CONTACT PERSON: John R. Washburn, Manager, Geologic and Waste Assessment
Unit, Environment Section, Bureau of Design and Environment, Illinois Department of
Transportation, Phone: (217) 782-7074, Fax: (217) 524-9356.

....

....

...

,.,
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7. 5. 4 Iowa DOT (1995)
1.

REPORT TITLE: Construction Manual- Chapter 10, Environmental.

2.

PREPARED BY: Not available.

3.

PUBLISHED DATE: December 1st, 1995.

4.

WHO IS IN CHARGE? Iowa Department of Natural Resources and U.S.
Environmental Protection Agency.

5.

IS IT A CENTRALIZED OPERATION: Yes.

6.

WHO DOES THE CLEAN UP? Iowa Department of Natural Resources.

7.

FEDERAL AGENCIES IN ACTION: U.S.EPA, OSHA (Occupational Safety and
Health Act).

8.

STATE AGENCIES IN ACTION: Iowa Department of Natural Resources.

9.

ENVIRONMENTAL REGULATIONS: Regulations as per U.S.EPA (which is
responsible for CERCLA and RCRA programs), OSHA and Iowa DNR.

10.

REGULATORY CLEANUP LEVELS: The regulatory levels are listed in Appendix
10.3 of the document.

11.

UNDERGROUND STORAGE TANKS {UST): In Iowa DOT, this division is
administrated by Iowa DNR. All USTs were required to be registered with the Iowa
DNR by October 1989. Tanks < 3,164 L have a permanent tag issued, while tanks> 3,
164 L are issued a yearly tag on or about Aprill.
Removal of USTs: The procedure is based on Iowa DNR regulations codified in 567
lAC, chapters 135 and 136.
Removal of known USTs: These tanks are the once identified on the project plans and
will be noted for removal.
(a) Removal Process: Check for the registration tag. If the tank is registered, the
registration number is noted. Otherwise, the project engineer must notify the office of
construction immediately. Non registered tanks cannot be removed until they have been
registered.
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(b) Closure Notification: The project engineer submits a notification for tank closure

-

and he must sign the form as Iowa DOT's authorized agent. After the form has been
processed, Iowa DNR will send the necessary instructions to the project engineer.

12.

PETROLEUM CONTAMINATED SOILS: Not available.

13.

PETROLEUM CONTAMINATED PROJECTS REPORTED (NCHRP 226):0

14. COMMONLY ENCOUNTERED PETROLEUM CONTAMINANTS: Not
available
IS.

ASBESTOS: U.S.EPA regulates the asbestos-containing material from buildings and

....

structures which are being demolished and renovated. The following procedure is
•

followed:
Buildings and structures that are scheduled for renovation or demolition shall be

•

inspected for the presence of asbestos.
U.S.EPA, Iowa DNR, ad Iowa Division of Labor shall be notified at least 10 calendar

•

days prior to asbestos abatement activities.
Regulated Asbestos-Containing material must be removed prior to any activities that

•

would disturb the materials or prevent future access to them for removal.
All asbestos removal and handling operations must be performed under the supervision
of an individual trained and certified in asbestos handling by the Iowa Division of

•

Labor.
U.S.DOT regulates the transportation of asbestos and identifies it as a hazardous
material.

16. TRAINING PROGRAM: Employees shall not engage in field activities until they
have been trained to a level commensurate with their job function. Regulations require
that everyone entering a hazardous waste site must be able to recognize and understand
the potential hazards to health and safety associated with the work at the site. OSHA
has two levels of training depending in the individual's involvement at the site:
1.

40-hr training is required of anyone involving actively in the cleanup activity.

2.

20-Hr training is required for anyone who is not actively involved, but has intermittent
occasion to be on site.

17. HAZARDOUS WASTE MANAGEMENT PLAN: Not available.
18.

COSTS: Not available.
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19.

CLOSURE REPORT: The contract and /or the contractor's environmental consultant
are responsible to complete the closure report. These reports are to be submitted to the
project engineer within 20 days of completion of sample analysis.

20.

DETAILED SUMMARY: Iowa DNR does have specific regulatory authorities in
Iowa. Iowa DNR has sign-off responsibility for RCRA and CERCLA actions in Iowa.
Very often Iowa DNR is asked to be the regulatory agency's on site coordinator.
Section 10.40 of the Construction Manual covers the Worker Health and Safety. A flow
chart has been developed for evaluating hazardous waste on construction site.

21.

CONTACT PERSON: Jim Rost, Iowa DOT

7.17

...
7. 5. 5 Kansas DOT
1.

REPORT TITLE: Hazardous Waste Site Detection- Section 5.1.7.

2.

PREPARED BY: Not available.

3.

PUBLISHED DATE: Not available.

4.

WHO IS IN CHARGE? Once contaminated property is purchased, the current owner
is responsible and liable for all of the impacts of past, hazardous waste disposal, and for
the total cost of finding and implementing an acceptable remedy. An owner is
responsible for the transportation and disposal of the wastes at a site and assumes
additional liability for any site to which the waste is sent for disposal. Kansas
Department of Health and Environment (KDHE) regulates the USTs in the state.

5.

IS IT A CENTRALIZED OPERATION?Yes.

6.

WHO DOES THE CLEAN UP? Once contaminated property is purchased, the
current owner is responsible and liable for all of the impacts of past, hazardous waste
disposal, and for the total cost of finding and implementing an acceptable remedy.

7.

FEDERAL AGENCIES IN ACTION: U.S.EPA.

8.

STATE AGENCIES IN ACTION: KDHE.

9.

ENVIRONMENTAL REGULATIONS: The regulations are followed as per EPA,
KDHE, CERCLA, RCRA, SARA and BER (Bureau of Environmental Regulations).

10.

REGULATORY CLEANUP LEVELS: Not available.

11.

UNDERGROUND STORAGE TANKS (UST): The existence of underground
storage tanks may be discovered during the hazardous waste assessment process. The
following procedure should be followed when ever an UST is found at the site:
Determine the approximate location of the proposed right-of-way limits and the

•

location and approximate boundary of all tanks as well as the approximate date of their

•

installation.
Determine if right-of-way needs will necessitate removing or relocating tanks. If the
project right-of-way is no closer than five feet to the closest point of any tank and there
are no other obvious reasons to suspect hazardous waste contamination, the project can
proceed without further investigation.
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•

If operating facilities are within five feet of the right-of-way, further investigation is

•

warranted.
If abandoned tanks are found near the proposed right-of-way, a site assessment may be

•

initiated to determine if the right-of-way is contaminated.
If tanks are located within the right-of-way and need removing, determine the contents
so they can be safely emptied and removed. Any surrounding soil contaminated by the
contents of the tanks must also be considered hazardous, and should be disposed of in
accordance with KDHE recommendations.

12.

PETROLEUM CONTAMINATED SOILS: A separate section is not available.

13.

PETROLEUM CONTAMINATED PROJECTS REPORTED (NCHRP 226):3

14.

COMMONLY ENCOUNTERED PETROLEUM CONTAMINANTS: Gasoline
and diesel fuel in soil and water.

IS.

ASBESTOS: Anytime asbestos is discovered at a project site and must be removed,
either a licensed asbestos removal contractor should be employed or trained department
personnel should be notified to ascertain the cost of removal.

16.

TRAINING PROGRAM: Not available.

17.

HAZARDOUS WASTE MANAGEMENT PLAN: Hazardous waste management
plan is available.

18.

COSTS: Once contaminated property is purchased, the current owner is responsible
and liable for all of the impacts of past, hazardous waste disposal, and for the total cost
of finding and implementing an acceptable remedy.

19.

CLOSURE REPORT: Not available.

20.

DETAILED SUMMARY: In dealing with hazardous waste, the U.S.EPA and KDHE
must be consulted. General procedure for Initial Site Assessment (ISA) and Detailed
Site Investigation are available.

21.

CONTACT PERSONS: Ken Miller, Kansas DOT
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7. 5. 6. Louisiana DOT (1993)
1.

REPORT TITLE: Louisiana Department of Transportation and Development
Secretary's Policy and Procedure Memorandum - Underground Storage Tank and
Contaminated Site Policy.

2.

PREPARED BY: Louisiana Department of Transportation.

3.

PUBLISHED DATE: April 30, 1993.

4.

WHO IS IN CHARGE? The Director of Engineering Design and Contract
Management is responsible for coordination of the Department of Transportation and

-

Development's policy regarding underground storage tanks and contaminated sites.

5.

IS IT A CENTRALIZED OPERATION: Yes.

6.

WHO DOES THE CLEAN UP? Not available.

7.

FEDERAL AGENCIES IN ACTION: U.S.EPA.

8.

STATE AGENCIES IN ACTION: Louisiana DOT, Department of Environmental
Quality.

9.

ENVIRONMENTAL REGULATIONS: Not available.

10.

REGULATORY CLEANUP LEVELS: Not available.

11.

UNDERGROUND STORAGE TANKS (UST): The Memorandum of Agreement
(MOA) is for underground storage tanks.

12.

PETROLEUM CONTAMINATED SOILS: No separate section on petroleum
contaminated soils is available.

13.

PETROLEUM CONTAMINATED PROJECTS REPORTED (NCHRP 226): 1

14.

COMMONLY ENCOUNTERED PETROLEUM CONTAMINANTS: Gasoline,
diesel fuel and used oil in soil and ground water.

15.

ASBESTOS: Not available.

16.

TRAINING PROGRAM: Not available.

17.

HAZARDOUS WASTE MANAGEMENT PLAN: Notavailable.
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18.

COSTS: Not available.

19.

CLOSURE REPORT: Not available.

20.

DETAILED SUMMARY: The Department's policy regarding the handling of possibly
contaminated sites will be divided into four categories or phases of activity:

a Pre-Design.
b. Design.
c. Acquisition.
d. Construction.
Pre-Design:
(a) The Environmental Section wi1l study the scope of the project in relation to
available aerial photographs, historical data, and other available information to
determine possible contaminated sites.
(b)

Preliminary site inspections by the respective Design Section(s) should include a

representative of the Environmental Section to ensure that signs of possible
contaminated sites are recognized.
(c)

If signs of contamination are found during preliminary site inspections, the

UST/Contaminated Site Information Form will be completed and furnished to the
Materials and Testing Section.
(d)

Upon receipt of a UST/Contaminated Site Information Form, the Materials and

Testing Section will inspect and investigate the site, perform testing if necessary, and
determine if contamination is present. If no contamination is found, the normal project
development process will continue to the Design phase 1
(e)

The Materials and Testing Section may perform additional testing to further define

the limits of contamination or to determine if an assessment will be required by DEQ. If
an assessment is required, the Materials and Testing Section will then obtain approval
from the Director of Engineering Design and contract Management to contract with an
assessment firm to continue the assessment process to determine the full extent of the
contamination.
(f)

An estimated cost of clean-up will be developed by the Materials and Testing

Section, in coordination with the Contracts and Specifications Section.
Design:
Personnel conducting plan-in-hand and design-stage site inspections will look
for signs of previously undiscovered possible contaminated sites. If contamination is
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found to be present on the project the Director of Engineering Design and Contract
Management will make the decision as to what direction the development of the project
should take. His decision will be based on such factors as degree of contamination
(hazardous, non-hazardous, etc.), possible alternatives, priority of and need for project,
cost of clean-up, consequences and cost of avoidance, and other factors which may
arise on a project by project basis.

....

Acquisition:
(a) When contamination is discovered during pre-design or design phases of the
project, but the decision is made to acquire the contaminated property for the project
construction, the Real Estate Directorate will take the necessary steps to notify the
owner of the contaminated property
(b)

that he/she is responsible for clean-up.

...

In those instances where the presence of contamination does not become known

until after definite alignment has been chosen or design has been completed, the Real
Estate Directorate will adhere to the established policy and guidelines.

....
Possible Options to the Department in Handling the Contamination are as
Follows:
(a) Department may enter into a separate contract with an environmental remediation

·-

firm.
(b) Site clean-up specifications may be included in the proposal and contract for the
project.
(c) Department may request that DEQ take legal action against the property owner to
force a clean-up of the property prior to acquisition.
(d) Site clean-up may be performed by the owner. One possible course of action where
clean-up will be handled by the owner is for the cost of clean-up to be deducted from
just compensation, held in escrow, and released to the owner upon receipt of sufficient
documentation that the clean-up is completed.
21.

CONTACT PERSON: Curtis A. Fletcher, Materials Research Manager, 4101
Gourrier, Baton Rouge, Louisiana 70808, Phone: (504) 767-9131, Fax: (504) 7679108.
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7. 5. 7. New Jersey DOT (1994)
1.

REPORT TITLE: Alternatives to the Disposal of Contaminated Soil - Guidance
Manual.

2.

PREPARED BY: New Jersey Hazardous Substance Research Center.

3.

PUBLISHED DATE: April, 1994.

4.

WHO IS IN CHARGE? Bureau of Environmental Analysis is responsible for
providing basic guidance on environmental issues of highway projects.

S.

IS IT A CENTRALIZED OPERATION: Yes.

6.

WHO DOES THE CLEAN UP? New Jersey Department of Environmental Protection
(NJDEP) is responsible for the cleanup.

7.

FEDERAL AGENCIES IN ACTION: FHWA, U.S.EPA

8.

STATE AGENCIES IN ACTION: New Jersey Department of Environmental
Protection (NJDEP).

9.

ENVIRONMENTAL REGULATIONS: Regulations as per U.S.EPA, New Jersey
Department of Environmental Protection should be used.

10.

REGULATORY CLEANUP LEVELS: Information not included.

11.

UNDERGROUND STORAGE TANKS (UST): Section not available on USTs.

12.

PETROLEUM CONTAMINATED SOILS: The report is prepared for mainly
petroleum contaminated soils even though other contaminants are also considered.

13.

PETROLEUM CONTAMINATED PROJECTS REPORTED(NCHRP 226): 0

14.

COMMONLY ENCOUNTERED PETROLEUM CONTAMINANTS: Total
Petroleum Hydrocarbons.

1S.

ASBESTOS: Not available.

16. TRAINING PROGRAM: Not available.
17.

HAZARDOUS WASTE MANAGEMENT PLAN: Yes.

18.

COSTS: Where contamination is found, the Department always seek cost recovery
unless there are compelling reasons to refrain from cost recovery.
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19.

CLOSURE REPORT: Upon completion of the remedial investigation, the Remedial
Action Report should be submitted to NJDEP which details final placement of
contaminated soils, final costs and any other special measures.

.20.

DETAILED SUMMARY: The Manual discusses various treatment technologies for
contaminated soils. It has been noted that total petroleum hydrocarbon contaminated
soil is a major contaminant associated with the acquisition of gas stations, fuel depots
and industrial sites. MOU was signed between NJDOT and NJDEP in 1989.

.21.

CONTACT PERSONS: Bob Cebrick, New Jersey DOT, Phone: (609) 530-2838.

...

...
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7. 5. 8. Oklahoma DOT (1995)
1.

REPORT TITLE: Hazardous Waste and Leaking Underground Storage Tank Task
Force.

2.

PREPARED BY: Oklahoma Department of Transportation Task Force

3.

PUBLISHED DATE: January 25, 1995.

4.

WHO IS IN CHARGE? Oklahoma Department of Environmental Quality.
Maintenance Division is responsible for administering the hazardous waste response
and removal contract.

5.

IS IT A CENTRALIZED OPERATION: Yes.

6.

WHO DOES THE CLEAN UP? The Department of Environmental Quality (DEQ) is
the agency that monitors the compliance of rules and regulations for hazardous
materials handling and disposal. DEQ has a 24 hour number which can be used for
emergencies (1-800-522-0206).

7.

FEDERAL AGENCIES IN ACTION: U.S.EPA

8.

STATE AGENCIES IN ACTION: Oklahoma Corporation Commission, Oklahoma
Department of Environmental Quality, Oklahoma Department of Health, Waste
Management.

9.

ENVIRONMENTAL REGULATIONS: Regulations as per U.S.EPA and Oklahoma
Department of Environmental Quality should be followed.

10.

REGULATORY CLEANUP LEVELS: Not available.

11.

UNDERGROUND STORAGE TANKS (UST): ODOT has a Memorandum of
Understanding with the Oklahoma Corporation Commission to meet the goals of
completing transportation projects and protecting the public health and environment
while complying with state and federal laws and regulations for Underground Storage
Tanks.
The following procedures are used when the USTs are encountered during the
construction of a project:

1.

If the UST is located within present right-of-way or is partially located on private

property, then it should be treated as an encroachment. A "Notice and Demand" form
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should be delivered to the proper individual, and a reasonable time frame (normally 7 to
10 days) allowed for the tank removal and site cleanup.

2.

Should the individual referenced above refuse to comply with the removal notice, or if
the UST is located entirely within the new right-of-way, the excavation is immediately
suspended and the respective Division Engineer and the State Construction Engineer of
the UST are notified. The State Construction Engineer will then notify the Maintenance
Division, who will be entirely responsible for the physical site closure, as well as

...

insuring that proper documentation of the site closure is completed and submitted to the
Oklahoma Corporation Commission. The contract time may be suspended during the

...

UST site closure if the delay affects critical path activities.

USTs Discovered Prior to ODOT Assuming Ownership:
The responsibility for corrective measures taken in association with UST rests
on the owner of the tank. This may be the owner of the property or any second party
holding a title to the tank. State indemnity funds are available for all private UST
owners in which a release has occurred. Under this program, funds are available for the
removal and remediation efforts associated with the tank once it has been determined

-

that release has occurred. The indemnity fund will pay up to 100% of all these costs
after the owner pays the initial deductible amount of $5,0CXl

USTs Discovered After ODOT Assumes Ownership:
Upon the discovery of UST's on ODOT right-of-way, Maintenance Division,
Safety and Hazards Branch shall be notified as soon s practical. If a UST is identified
during the construction phase, the resident engineer shall notify the field division
engineer or field construction engineer and state construction engineer. The state
construction engineer will then notify the Maintenance Division, Safety and Hazards
Branch, who will perform the site closure.

12. PETROLEUM CONTAMINATED SOILS: No special section on Petroleum
Contaminated soils is available.

13. PETROLEUM CONTAMINATED PROJECTS REPORTED(NCHRP 226): 1
14.

COMMONLY ENCOUNTERED PETROLEUM CONTAMINANTS: Gasoline,
diesel fuel and kerosene in soil and ground water.

15.

ASBESTOS: Not available.
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16.

TRAINING PROGRAM: Training is the other essential element in a successful
program. A fonnal training program needs to be established for Department personnel
and management who may have contact with or responsibilities for these issues. Formal
training may include the FHWA training class (NHI Course#l4229) entitled:
Hazardous Waste: Impacts on Highway Project Development"; Health and Safety
Training, such as OSHA 8-24-40 hour courses, and courses held at universities. Due to
technical nature of these issues, more than one person in each essential area should have
training. Hazardous waste and LUST research and/or training could be contracted to
universities. Possible subjects include investigating the Department's hazardous waste
history, mitigation projects ad training programs.
Table showing the details of training required for different personnel:
Type of Employee

Required Trainin&

Specifically Identified Project Inspectors

UST Identification+ Appropriate Actions

Specifically Identified Resident Engineers

UST Identification + Appropriate Actions

Specifically Identified Construction

UST Identification+ Appropriate Actions

Engineers
Specifically Identified Personnel in

UST Identification+ Appropriate Actions

Maintenance Division, Safety and Hazards

OCC UST Regulations*

Branch

EPA UST Regulations*

Specifically Identified Personnel in

UST Identification+ Appropriate Actions

Preconstruction such as: Hazardous Waste

OCC UST Regulations*

Coordinators, Environmental

EPA UST Regulations*

-

Coordinators, Survey Supervisors, Project
Engineers, Right-of-Way Personnel

* Outside training may be required in these areas.
17.

HAZARDOUS WASTE MANAGEMENT PLAN: Post monitoring is not included.

18.

COSTS: Cost of the disposal of any liquid will be paid in accordance with subsection
619.06 of this report. Removal of Underground storage tanks will be measured for
payment for each tank removed. Removal of contaminated soil will be measured for
payment by the cubic yard.

19.

CLOSURE REPORT: Not available.
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20.

DETAILED SUMMARY: The Department of Environmental Quality (DEQ) is the
agency that monitors the compliance of rules and regulations for hazardous materials
handling and disposal. DEQ has a 24 hour number which can be used for emergencies
(1-800-522..0206).
If any hazardous waste or spills are encountered on ODOT's right-of-way, the
safety and hazards branch is available to help each division with the proper disposal of
any contamination, the Safety and Hazards Branch can be reached at (405) 521-3025.

...
...

Actions to be Taken:
• Avoid contact with spilled material.
• Avoid breathing vapors, smoke, or dust originating from the material.
• Stay upwind; Keep out of low areas.
• Do not cleanup any unfamiliar, unknown, or suspected hazardous material.
Hazardous Waste Sites Discovered Prior to ODOT Assuming Ownership:
If a hazardous waste site is located during preconstruction phases the Hazardous Waste
Coordinator in Planning Division should be contacted immediately. The Hazardous
Waste Coordinator will coordinate preliminary site investigations.
Hazardous Waste Sites Discovered After ODOT Assumes Ownership:
Maintenance Division is the responsible Division for administering the hazardous waste
response and removal contract.
21.

,,

CONTACT PERSONS: Dawn R.Sullivan, Associate Engineer, Quality Specialist,
Planning Division, 200 N.E. 21st street, Oklahoma City, OK 73105-3204, Phone: (405)
521-2515.
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7. 5. 9. South Dakota DOT(1995)
1.

REPORT TITLE: Handbook for Investigation and Corrective Action Requirements
for Discharges from Storage Tanks, Piping Systems and Other Releases.

2.

PREPARED BY: The South Dakota Department of Environment and Natural
Resources- Groundwater Quality Program.

3.

PUBLISHED DATE: Report Version 1.1- December 18, 1995.

4.

WHO IS IN CHARGE? South Dakota Department of Environment and Natural
Resources. In charge of assessment and corrective action at petroleum and other
regulated substance release sites.

5.

IS IT A CENTRALIZED OPERATION: Yes.

6.

WHO DOES THE CLEAN UP? Based on the Administrative rules of South Dakota
Chapter 74:03:33 "Remediation Criteria for Petroleum Contaminated Soils .. , the
responsible parties must implement the corrective action to reduce the risks associated
with petroleum contaminated soils.

7.

FEDERAL AGENCIES IN ACTION: U.S. Environmental Protection Agency.

8.

STATE AGENCIES IN ACTION: South Dakota Department of Environment and
Natural Resources, Department of Commerce and Regulation.

9.

ENVIRONMENTAL REGULATIONS: The State of South Dakota has promulgated
rules to establish reportable quantities, or limits, for the amount of a substance that can
e re1eased before the incident becomes reportable.
Regulated Substances: A material is considered a "regulated substance" if it is any

•

one of the foil owing:
Any substance named in the title III list of lists (U.S.EPA, 1994);

•

Any commercial fertilizer;

•

Any pesticide;

•

Any waste classified as Hazardous waste;

•

Any material released in a location where it threatens the waters of the state.

10.

REGULATORY CLEANUP LEVELS: The cleanup goals for sites contaminated
with metals, semi-volatiles, volatiles and other substances may use the Toxicity
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Characteristic Leaching Procedure (TCLP) standards for hazardous waste. In some
cases, it is acceptable to use a total analysis rather than the TCLP analysis. The result of
the total analysis is then divided by 20 to arrive at an estimate of what the TCLP value
for the sample would be. If the resulting number is greater than or equal to the TCLP

-

standard, a TCLP analysis will be required to decide if the sample does exceed the
standard.
11.

UNDERGROUND STORAGE TANKS (UST): The "source" of the release should be
determined immediately after discovery of a spill or release of a regulated substance. If
free product is detected, recovery must be implemented as soon as possible after it has
been detected as per ASRD 74:03:28:20 for Underground Storage Tanks and ASRD
74:03:30:24 for above ground storage tanks and regulated substances under ASRD
chapter 74:34:01.
The initial steps for tank abandonment were taken from the American
Petroleum Institute, "Removal and Disposal of Used Underground Petroleum Storage
Tanks", API Recommended Practice 1604, Second Edition, December 1987.

12.

PETROLEUM CONTAMINATED SOILS: In South Dakota, rules identify any type
of petroleum, or petroleum substance, as a regulated substance. The rules specify that
any known reportable quantity release must be reported to the department immediately,
and that any suspected reportable quantity release of a regulated substance must be
reported to the department within 24 hours.
Reportable Quantity Releases:A petroleum substance release must be reported to the state and is considered
a "reportable quantity" release, if one of the following conditions is met:
1) more than 25 gallons of the substance was released;
2) the discharge is reportable under SARA Title III Section 304;
3) the release occurs in a location where it harms or threatens to impact surface water
or ground water.
4) the release was not cleaned up within 24 hours.
Release Notification or Reporting Requirements:
When a reportable quantity release occurs, the responsible party must
immediately notify the Department's office. If the release is less than 25 gallons and
does not impact surface or ground water and is cleaned up within 24 hours it does not
have to be reported.

...
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To report an incident to the department, call (60%)-773-3231 during regular
office hours (8 am. to 5 p.m.). If surface water is impacted by a release of a regulated
substance, the Environmental Protection Agency must also be notified immediately by
calling the National Response Center at (800) 424-8802.

Steps Taken After a Petroleum Release is Reported:
When a known or suspected release is reported to the department, state
program personnel fill out a "SD spill Report Form", and the department will send a
letter to the responsible party, which outlines the assessment I remediation work
required. The responsible party must complete the form and return it to the Department
within 20 days of receipt of the letter or by the date specified in the letter. If a release
poses an immediate threat to human health or the environment, or if such a threat arises,
immediate action must be taken by the responsible party.
The soil remediation rules require corrective action if data indicate petroleum
vapors have adversely affected structures or utilities or in the opinion of the department,
have the potential to occur in future.

13.

PETROLEUM CONTAMINATED PROJECTS REPORTED (NCHRP 226): 2

14.

COMMONLY ENCOUNTERED PETROLEUM CONTAMINANTS: Gasoline
and Fuel oil.

15.

ASBESTOS: Not available.

16.

TRAINING PROGRAM: Not available.

17.

HAZARDOUS WASTE MANAGEMENT PLAN: Yes. FHWA flow chart was
adopted with slight modification.

18.

COSTS: Not available.

19.

CLOSURE REPORT:
Inactive Site Closure:
When a site is classified as inactive closure, the Department will not require
additional monitoring or remediation at the site, wile acknowledging the site does not
meet state remediation standards, and may never meet these standards.

Active Closure:
When a site has been remediated to the levels specified in ASRD 74:03:33 and
the groundwater quality standards have been met, the department will issue a closure
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letter for the site. The closure letter will see that if future problems arise from the site,
that additional assessment and cleanup may be required, and the responsible party will
be required to perform the work. The closure letter will be sent to the responsible party,
with copies to the consultant, the county civil defense director and the petroleum
release compensation fund.
20.

DETAILED SUMMARY: The Department requires that each site be classified
according to the site characterization into 4 classes:
Class 1 sites:
A class 1 site s a site that poses and immediate threat to human health, safety
or sensitive environmental receptors.
Class 2 sites:
A class 2 site s a site that poses a short term (0-2 years) threat to human
health, safety or sensitive environmental receptors.
Class 3 sites:
A class 3 sites a site that poses a long term {2 to 10 years) threat to human
health, safety, or sensitive environmental receptors.

....

Class 4 sites:
A class 4 site s a site that pose no demonstrable long term threat to human
health, safety or sensitive environmental receptors.
Corrective Action Plan Report and Corrective Action Report:
The corrective action plan report can be submitted as part of the assessment
report. The purpose of this report is to propose a corrective action to the department.
The corrective action plan must be designed to reduce the risks a site poses to
acceptable levels.
If the corrective action plan includes remediation by excavation, soil vapor
extraction, pump and treat, air sparging, or other remedial alternatives, the plans and
specifications for the remedial action must be submitted to At:fter ddpartment.
corrective action plan has been approved by the Department and implemented by the
responsible party, a report that details the effectiveness and outcome of the corrective
action plan must be submitted to the Department.
21.

CONTACT PERSONS: Gary H. Haag, Hydrologist, Department of Environment and
Natural Resources, JOE FOSS Building, 523 East Capitol, Pierre South Dakota
57501-3181.
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7.5.10. Washington DOT
1.

REPORT TITLE: No written document. Infonnation collected from Washington DOT
Citizen's Representative Office (by e-mail).

2.

PREPARED BY: Washington State Department of Transportation.

3.

PUBLISHED DATE: Not applicable.

4.

WHO IS IN CHARGE? Washington State Department of Transportation.

5.

IS IT A CENTRALIZED OPERATION: Yes.

6.

WHO DOES THE CLEAN UP? Not available.

7.

FEDERAL AGENCIES IN ACTION: U.S.EPA

8.

STATE AGENCIES IN ACTION: Not available.

9.

ENVIRONMENTAL REGULATIONS: Taxies Control Act (Revised Code of
Washington 70-105D as promulgated through Washington Administrative Code 173340).

10. REGULATORY CLEANUP LEVELS: It had adopted it's own cleanup standards for
contaminants.

11.

UNDERGROUND STORAGE TANKS (UST): Not available.

12.

PETROLEUM CONTAMINATED SOILS: The vast majority of cleanups have
involved petroleum contamination (total petroleum hydrocarbons). The most common
disposal methods in Washington state are landfilling and thennal destruction.

13. PETROLEUM CONTAMINATED PROJECTS REPORTED (NCHRP 226): 0
14.

COMMONLY ENCOUNTERED PETROLEUM CONTAMINANTS: Petroleum
products including coal tar.

15.

ASBESTOS: Not available.

16. TRAINING PROGRAM: Not available.
17. HAZARDOUS WASTE MANAGEMENT PLAN: Not available.
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18.

COSTS: Transportation cost is around $3 per ton. For thermal treatment around $35 to

$42 per ton.
19.
20.

CLOSURE REPORT: Not avaiable.
DETAILED SUMMARY: The vast majority of cleanups have involved petroleum

contamination (total petroleum hydrocarbons). The most common disposal methods in
Washington state are landfilling and thermal destruction. Both are very competitive in price,
especially in the more population western part of our state (Puget Sound basin). For
landfilling, commonly, TPH-contaminated soil is taken to one of several large, lined, regional
landfills. The major landfill in Washington accepting TPH soil is the landfill in south-central
Washington, near the Columbia River (Regional Disposal Company). Transportation cost is
around $3 per ton.
For thermal treatment, they generally use a major fixed facility in the Tacoma
area(TPS Technologies). Costs are slightly higher than landfilling, but it can be cheaping
when you factor in the transportaton costs. They routinely run around $35 to $42 per ton.
They have limited experience with other types of remediation, with the exception of
coal tar contaminated soil. They have had a major cleanup involving this contaminant. It was
treated similarly to the TPH (taken to TPS in Tacoma for thermal destruction). What they
couldn't take was taken to the hazardous waste landfill in Arlington, OR (Waste Management
Inc.)
21. CONTACT PERSONS: Rick Singer, Washington State Deparment of Transportation.

Phone: (360) 705-7402; e-mail: rsinger@wsdot. wagov
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7.5.11 Wyoming DOT (1995)
1.

REPORT TITLE: Solid Waste Guideline #2, Petroleum Contaminated Soils.

2.

PREPARED BY: Wyoming Department of Environmental Quality, Solid and
Hazardous Waste Division.

3.

PUBLISHED DATE: Issued October, 1989 and revised April, 1993.

4.

WHO IS IN CHARGE? Wyoming Department of Environmental Quality, Solid and
Hazardous Waste Division.

5.

IS IT A CENTRALIZED OPERATION: Yes.

6.

WHO DOES THE CLEAN UP? Not available.

7.

FEDERAL AGENCIES IN ACTION: U.S.EPA

8.

STATE AGENCIES IN ACTION: Wyoming Department of Environmental Quality.

9.

ENVIRONMENTAL REGULATIONS: Regulations as per U.S.EPA, Wyoming
Department of Environmental Quality.

10.

REGULATORY CLEANUP LEVELS: According to TCLP levels by Wyoming
Department of Environmental Quality, Solid and Hazardous Waste Division.

11.

UNDERGROUND STORAGE TANKS (UST): Section available on USTs.

12. PETROLEUM CONTAMINATED SOILS: The report is prepared for mainly
petroleum contaminated soils and is not applicable to other wastes.
13. PETROLEUM CONTAMINATED PROJECTS REPORTED (NCHRP 226): 0
14. COMMONLY ENCOUNTERED PETROLEUM CONTAMINANTS:
available.
15. ASBESTOS: Not available.
16. TRAINING PROGRAM: Not available.
17. HAZARDOUS WASTE MANAGEMENT PLAN: Not available.
18. COSTS: Not available.
19.

CLOSURE REPORT: Not available.
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20.

DETAILED SUMMARY: The main focus is on petroleum contaminated soils. Soils
may be screened in the field using an organic vapor analyzer (OVA) and readings in

excess of 20 ppm transported to SHWD-approved storage or treatment unit. The
documents provides guidelines for the treatment and disposal of soils which are
contaminated with petroleum products. Petroleum contaminated soils are treated and
disposed of in compliance with Wyoming Solid waste rules and regulations and
properly characterized using the TCLP (EPA method).
21. CONTACT PERSONS: David A. Finley, Administrator, Solids and Hazardous Waste

Division, Wyoming DEQ, Wyoming.

...

....

..
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APPENDIX A

ACRONYMS

A. 1

AASHTO
ACT
ANSI
API
ARSD
ASTM
BTEX

American Association of State Highway and Transportation Officials
Association for Composite Tanks
American National Standards Institute.
American Petroleum Institute.
Administrative Rules of South Dakota
American Society for Testing and Materials Standards
Benzene, Toluene, Ethyl benzene and Xylene

CAA
CAMU

Clean Air Act

CAP

Corrective Action Plan

CERCLA
CFR
CMI
CMS

Comprehensive Environmental Response, Compensation and Liability Act

coc

Chemical of Concern

CWA

Clean Water Act

DEP

Department of Environmental Protection

DER

Department of Environmental Regulation

DHS

Department of Health Services

DOD

U.S. Department of Defense

DOE

Department of Energy

DOT

Department of Transportation

DSI

Detailed Site Investigation

ECRA

Environmental Cleanup Responsibility Act

EPA

,Environmental Protection Agency

FHWA

Federal Highway Administration

FID
FLDER

Aame Ionization Detector

FR

Federal Register

FS
GC/MS

Feasibility Study

HEAST

Health Effects Assessment Summary Tables

HI

Hazard Index

HQ

Hazard Quotient

HSWA

Hazardous and Solid Waste Amendments

HWMP

Hazardous Waste Management Plan

Corrective Action Management Units

Code of Federal Regulations
Corrective Measures Implementation
Corrective Measures Study

Aorida Department of Environmental Regulation

Gas Chromatography/Mass Spectrometer

A.2

IRIS
ISA

LDR
LNAPL
LPST
LUST
MADEP
MCL
MOU
MRC
MSW
NACE
NAPL
NCHRP
NFPA
NHI
NJDEP
NPL
NRC
OSHA

OVA
PCBs
PEl
PID
Plan A:
Plan B:
ppb

ppm

PRPs
PSI

PVC
QAJQC

RBCA
RCAS

Integrated Risk Information System
Initial Site Assessment
Land Disposal Restrictions
Light non-aqueous phase liquids
Leaking petroleum storage tank
Leaking underground storage tank
Massachusetts Department of Environmental Protection
Maximum Contaminant Levels
Memorandum of Understanding
Minimum Regulatory Control
Municipal Solid Waste
National Association of Corrosion Engineers
Non Aqueous Phase Liquid
National Cooperative Highway Research Program
National Fire Protection Association.
National Highway Institute
New Jersey Department of Environmental Protection
National Priorities List
National Research Council
Occupational Safety and Health Administration
Organic Vapor Analyzer
Polychlorinated Biphenals
Petroleum Equipment Institute.
Photo-Ionization Detector
Involves comparison of a site's degree of contamination to general
standards for cleanup.
Involves site specific cleanup goals based on site specific information aoout
contamination.
parts per billion
parts per million
Potentially Responsible Parties
Preliminary Site Investigation
Polyvinyl Chloride
Quality Assurance/Quality Control
Risk-Based Corrective Action
Registered Corrective Action Specialist
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RCRA
RFA
RFD
ROD
ROW
RPI
RPR
RRC
RTS form
SARA
SD DENR
SD PRCF
SDGS
SOP
SPLP
STI
SVE
SWDA
SWMU
TAC
TCE
TCLP
TCLP
TECE
TNRCC
TPH
TRB
TSCA
TSDF
TWC
US EPA
USGS
UST
VOC

Resource Conservation and Recovery Act
RCRA Facility Assessment
Reference Dose
Record of Decision
Right -of -way
TNRCC's Responsible Party Investigation Section
TNRCC's Responsible Party Remediation Section
Rail Road Commission, Texas
Remedial Technology Screening Form
Superfund Amendments and Reauthorization Act
South Dakota Department of Environment and Natural Resources
South Dakota Petroleum Release Compensation Fund
South Dakota Geological Survey
Standard Operating Procedure
Synthetic Precipitation Leaching Procedure
Steel Tank Institute.
Soil Vapor Extraction
Solid Waste Disposal Act
Solid Waste Management Unit
Texas Administrative Code
Trichloroethylene
Toxicity Characteristic Leaching Procedure
Toxicity Characteristic Leaching Procedure
Tetrachloroethylene
Texas Natural Resources Conservation Commission
Total Petroleum Hydrocarbons
Transportation Research Board
Toxic Substances Control Act
Treatment, Storage. and Disposal Facilities
Texas Water Commission
United States Environmental Protection Agency
United States Geological Survey
Underground Storage Tank
Volatile Organic Compounds

A.4

APPENDIX B

GLOSSARY OF TERMS

B. 1

Abandonment in-place - A method of permanent removal of an underground storage
tank from service where the tank is left in the ground after appropriate preparation and
filling with an_acceptable solid inert material.

Aboveground release - Any release to the surface of the land or to surface water,
including, but not limited to, releases from the aboveground portion of an underground
storage tank system and releases associated with overfills and transfer operations during the
dispensing, delivering, or removal of regulated substances into or out of an underground
storage tank system.

Aboveground tank- A device meeting the definition of 'tank' and is situated in such a
way that the entire surface area of the tank is completely above the plane of the adjacent
surrounding surface and the entire surface area of the tank is able to be visually inspected.

Accidental release - Any sudden or non sudden release of a petroleum substance from
an underground storage tank that results in a need for corrective action and/or compensation
for bodily injury or property damage neither expected nor intended by the tank owner or
operator.

Action levels- Numeric values or other performance criteria that are protective of human
health, safety and the environment

Ancillary equipment - Any devices that are used to distribute, meter, or control the flow
of petroleum substances or hazardous substances into or out of an underground storage
tank, including, but not limited to, piping, fittings, flanges, valves, and pumps.

Appropriate district office -The district field office which has jurisdiction for
conducting authorized regulatory activities in the area.

Aquifer - A geologic formation or part of a geologic formation that contains sufficient
saturated permeable material to yield economical quantities of water to wells and springs.

Below-ground release - Any release to the subsurface of the land or to groundwater,
including, but not limited to, releases from the below-ground portions of an underground
storage tank system and releases associated with overfills and transfer operations during the
dispensing, delivering, or removal of regulated substances or petroleum products into or
out of an underground storage tank system.
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Bulk storage tank - An underground storage tank having a capacity of 20,000 gallons or
more.
Cathodic protection - A technique to prevent corrosion of a metal surface by making
that surface the cathode of an electrochemical cell, normally by means of either the
attachment of galvanic anodes or the application of impressed current.
CERCLA - The federal Comprehensive Environmental Response, Compensation, and
Liability Act of 1980, as amended.
Chemicals of concern- Specific constituents that are identified for evaluation in the risk
assessment process;
Closure letter - A letter issued by the TNRCC to the owner or operator which states that
based on the information available, the TNRCC agrees that the owner or operator has
completed the corrective action requirements for the referenced release in accordance with
commission requirements.
Commission- Texas Natural Resource Conservation Commission, or its predecessor or
successor agencies, as applicable.
Containment - The prevention of the spreading of oil and other hazardous materials by
placing booms or physical barriers and the use of absorbents, gelling or hardening agents
or other materials. It can be used to mitigate the effects of the spill.
Contaminant: means any physical, chemical or biological substance or matter in water
and/or soil.
Corrective action - The sequence of actions at a release site that include site assessment,
interim remedial action, remedial action, operation and maintenance of equipment,
monitoring of progress, and termination of the remedial action.
Corrective Action Plan - As defined in 30 Texas Administrative (TAC) Chapter 334,
a corrective action plan is a detailed plan to address the site remediation of soil,
groundwater or surface water contamination that provides for adequate protection of human
health, safety and the environment
Direct exposure pathway - an exposure pathway were the point of exposure is at the
source, without a release to any other medium
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Discharge or hazardous waste discharge - Accidental or intentional spilling,
leaking. pumping, pouring, emitting, emptying, or dumping of hazardous waste or
petroleum products into or on any land and water.
Disposal facility • A facility at which hazardous waste or petroleum product is
intentionally placed into or on any land and water, and at which the waste will remain after
closure.
Excavation area • the area containing the tank system and backfill material bounded by
the ground surface, the walls and floor of the pit, and the trenches into which the
underground storage tank system was placed at the time of installation; or two feet around
the underground storage tank system if the limits of the original excavation cannot be
determined.
Existing UST system - An underground storage tank system which is used or designed
to contain an accumulation of regulated substances for which installation either has
commenced prior to December 22, 1988, or has been completed on or prior to December
22, 1988. Installation will be considered to have commenced if the owner or operator has
obtained all federal, state, and local approvals or permits necessary to begin physical
construction at the site or installation of the tank system, and if either a continuous on-site
physical construction or installation program has begun or the owner or operator has
entered into contractual obligations (which cannot be canceled or modified without
substantial loss) which require that the physical construction at the site or installation of the
tank system is to be completed within a reasonable time.

Exposure • contact with a chemical of concern
Exposure assessment - the estimation (qualitative or quantitative) of the magnitude,
frequency, and duration of exposure to a chemical of concern, and the route of exposure
Exposure pathway • the course a chemical or physical agent takes from a source to an
exposed person/population. An exposure pathway describes a unique mechanism by which
an individual or population is exposed to chemicals or physical agents at or originating
from a site. Each exposure pathway includes a source or release from a source, an
exposure point, and an exposure route. If the exposure point differs from a source, a
transpolifexposure medium (wind, water) is also included.
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External release detection - A method of release detection which includes equipment
or procedures designed to effectively monitor or measure for the presence of regulated
substances in the excavation zone, soil, or other media outside of a single-wall or doublewall underground storage tank system.
Facility - The site, tract, or other defined area where one or more underground storage
tank systems are located, and which includes all adjoining contiguous land and associated
improvements.
Facility owner - Any person who currently holds legal possession or ownership of a
total or partial interest in an underground storage tank or other facility.
Free phase product - Petroleum product floating on the groundwater or surface water,
or on the ground surface.
Free-product - A regulated substance in its free-flowing non-aqueous liquid phase at
standard conditions of temperature and pressure.
Generator: means any person, by site location, whose act or process produces hazardous
waste or petroleum product identified.
Hazardous substance- Any substance defined or listed in the federal Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), §101(14)
(42 United States Code §9601, et seq.), and which is not regulated as a hazardous waste
under the federal Solid Waste Disposal Act, Subtitle C (42 United States Code §6921, et
seq.).
In operation - The description of an in-service underground storage tank which is
currently being used on a regular basis for its intended purpose.
Indirect exposure pathway - An exposure pathway with at least one intermediate
release to any media (soil, groundwater) between the source and the point(s) of exposure.
Installer- A person who participates in or supervises the installation, repair, or removal
of underground storage tanks.
Land disposal - Placement in or on the land and includes, but is not limited to placement
in a landfill, surface impoundment, waste pile, injection well, land treatment facility, salt
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dome fonnation, salt bed fonnation, underground mine or cave, or placement in a concrete
vault or bunker intended for disposal purposes.

Landfill - Disposal facility or part of a facility where hazardous waste or petroleum
product is placed in or on land.
Maximum contaminant level (MCL) - The maximum pennissible level of a
contaminant in water which is delivered to the free flowing outlet of the ultimate user of a
public water system, except in the case of turbidity where the maximum pennissible level is
measured at the point of entry to the distribution system.
Monitoring well - An artificial excavation constructed to measure or monitor the quantity
or movement of substances, elements, chemicals, or fluids below the surface of the
ground. The tenn shall not include any monitoring well which is used in conjunction with
the production of oil, gas, or any other minerals.
Necessary work/technically necessary work - Work which is required and
approved by the commission to assess or remediate a leaking petroleum storage tank site.
New UST system- An underground storage tank system which is used or designed to
contain an accumulation of regulated substances for which installation has commenced after
December 22, 1988; or an underground storage system which is converted from the storage
of materials other than regulated substances to the storage of regulated substances after
December 22, 1988.
Observation well - A monitoring well or other vertical tubular structure which is
constructed, installed, or placed within any portion of a UST excavation zone (including
the tank hole and piping trench), and which is designed or used for the observation or
monitoring of groundwater, or for the observation, monitoring, recovery, or withdrawal of
either released regulated substances (in liquid or vapor phase) or groundwater contaminated
by such released regulated substances.
Operator- Any person in control of or having responsibility for, the daily operation of an
underground storage tank system.
Owner - Any person who currently holds legal possession or ownership of a total or
partial interest in the underground storage tank system. Owner does not include a person
who holds an interest in an UST system solely for financial security purposes unless,

....
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through foreclosure or other related actions, the holder of such security interest has taken
legal possession of the UST system.

Permanent removal from service - The termination of the use and the operational life
of an underground storage tank by means of either removal from the ground, abandonment
in-place, or change-in-service.

Petroleum substance- A crude oil or any refined or unrefined fraction or derivative of
crude oil which is liquid at standard conditions of temperature and pressure. A "petroleum
substance" shall be limited to one or a combination of the substances or mixtures as
follows:
(A) basic petroleum substances- crude oils, crude oil fractions, petroleum feed stocks,
and petroleum fractions;
(B) motor fuels- (see defmition for "motor fuel" in this section);
(C) aviation gasoline- Grade 80, Grade 100, and Grade 100-LL;
(D) aviation jet fuels- Jet A, Jet A-1, Jet B, JP-4, JP-5, and JP-8;
(E)

distillate fuel oils- Number 1-D, Number 1, Number 2-D, and Number 2;

(F)

residual fuel oils - Number 4-D, Number 4-light, Number 4, Number 5-light,
Number 5-heavy, and Number 6;

(G) gas-turbine fuel oils- Grade 0-GT, Grade 1-GT, Grade 2-GT, Grade 3-GT, and
Grade4-GT;
(H) illuminating oils - kerosene, mineral seal oil, long-time burning oils, 300 oil, and
mineral colza oil;
(I)

solvents - Standard solvent, petroleum spirits, mineral spirits, petroleum ether,
varnish makers' and painters' naphthas, petroleum extender oils, and commercial

(J)

hexane;
lubricants - automotive and industrial lubricants;

(K) building materials -liquid asphalt and dust-laying oils;
(L) insulating and waterproofing materials - transformer oils and cable oils;
(M) used oils- (see definition for "used oil" in this section);
(N) any other petroleum-based material having physical and chemical properties similar to
the above materials and receiving approval by the executive director for designation as
a petroleum substance.

Petroleum UST system - An underground storage tank system that contains, has
contained, or will contain a petroleum substance, a mixture of two or more petroleum
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substances, or a mixture of one or more petroleum substances with very small amounts of
one or more hazardous substances.
Reasonable maximum exposure - the highest exposure to a chemical of concern
expected to occur at a site.
Receptor - persons, structures, utilities, surface water, groundwater, or water supply
wells that are or may be adversely affected by a hazardous waste or petroleum product
release.
Regulated substance - An element, compound, mixture, sol uti on, or substance that,
when released into the environment, may present substantial danger to the public health,
welfare, or the environment.
Release - Any spilling including overfills, leaking, emitting, discharging, escaping,
leaching, or disposing from an underground storage tank into groundwater, surface water,
or subsurface soils.
Release detection - The process of determining whether a release of a regulated
substance has occurred from an underground storage tank system.
Repair - The restoration, renovation, or mending of a damaged or malfunctioning tank or
UST system component.
Residential tank- A tank located on property used primarily for dwelling purposes.
Risk-based corrective action - Site assessment or site remediation, the timing, type,
and degree of which is determined according to case-by-case consideration of actual or
potential risk to public health from environmental exposure to a regulated substance
released from a leaking underground or aboveground storage tank.
SARA- Superfund Amendments and Reauthorization Act of 1986.
Secondary containment - A containment method by which a secondary wall or barrier
is installed around the primary storage vessel (tank or piping) in a manner designed to
prevent a release from migrating beyond the secondary wall or barrier before the release can
be detected. Secondary containment systems include, but are not limited to, impervious
liners or vaults surrounding a primary (single-wall) tank and/or piping system, and doublewall tank and/or pi ping systems.
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Spill - A release of a regulated substance which results during the filling, placement, or
transfer of regulated substances into a UST or during the transfer or removal of regulated
substances from a UST system.

Standard conditions of temperature and pressure- A temperature of 60 degrees
Fahrenheit and an atmospheric pressure of 14.7 pounds per square inch absolute.
Surface impoundment - A natural topographic depression, man-made excavation, or
diked area formed primarily of earthen materials (but possibly lined with man-made
materials) that is designed to hold an accumulation of regulated substances.

Tank - A stationary device designed or used to contain an accumulation of regulated
substances which is constructed of a non-earthen material (concrete, steel, or plastic) that
provides structural support.

Tier 1 assessment- a risk-based analysis to develop non-site specific values for direct
and indirect exposure pathways utilizing conservative exposure factors and fate and
transport for potential pathways and various property use categories
Tier 2 assessment - a risk-based analysis applying the direct exposure values
established under a Tier 1 assessment at the point(s) of exposure developed for a specific
site and development of values for potential indirect exposure pathways at the point(s) of
exposure based on site specific conditions

Tier 3 assessment - a risk-based analysis to develop values for potential direct and
indirect
Texas Water Commission (TWC) - Abolished after August 31, 1993, and now
refereed as the Texas Natural Resource Conservation Commission (TNRCC).
Underground storage tank - Any one or combination of underground tanks and any
connecting underground pipes used to contain an accumulation of regulated substances or
petroleum products.

Underground storage tank system - All associated piping and ancillary equipment,
spill and overfill prevention equipment, release detection equipment, corrosion protection
system, secondary containment equipment, and all other related systems and equipment
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Unsaturated (vadose) zone - The subsurface zone containing water under pressure

less than that of the atmosphere (including water held by capillary forces within the soil).
Used oil - Any oil or similar petroleum substance that has been refined from crude oil,

used for its designed or intended purposes, and contaminated as a result of such use by
physical or chemical impurities (spent motor vehicle and aircraft lubricating oils)
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APPENDIX C

CASE STUDIES
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CASE STUDY [ ll • l/93
1. TYPE OF PROJECT:·
(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Other site (not Superfund, DOT, RCRA, DOE or DOD)
Z. LOCATION:- At a Nuclear fuel processing plant in Southern Ohio.

3. NATURE OF SOIL:- Silts and clays with a permeability of w-6 em/sec.
4. AREA OF SITE I CONTAMINATED SITE:- 2418 sq. m. (26,000 sq. ft.)

S. DEPTH OF GROUNDWATER TABLE/CONTAMINATION:- Ground water table
was 4m below the grade. Depth of contamination was 6.7 m below the grade.
6. ENVIRONMENTAL SITE ASSESSMENT:· Not available.
7. SITE CHARACTERIZATION:· Not available.
8. MAJOR CONTAMINANTS:Volatile organic compounds which include
trichloroethylene (D040), 1,1,1-trichloroethane (F002), 1,1-dichloroethylene (D029),
trans1,2,-dichloroethylene, 1,2-dichloroethane (0028), methylenechloride (F002).
9. SOURCE OF CONTAMINANTS:- Past land farming activities of waste oils and
degreasing solvents.
10. CONCENTRATION OF CONTAMINANTS:- Total mass of target volatile organic
compounds were estimated to be 300 kg. 70% of the volatile organic compounds need to be
removed.
11. REGULATIONS:· Not available.
12. SPECIFICATIONS:· Not known.
13. TREATMENT TECHNOLOGY:·
(a) Screening technology:- None.
(b) Selected Shallow soil mixing combined with hot air injection and vacuum extraction.
14. CONTAINMENT TECHNOLOGY:- No.
15. RISK ASSESSMENT:· Details to be collected.
16. DESCRIPTION OF THE TECHNOLOGY:· The technology was based on the injection
of heated air through jets at the base of the mixing auger, the collection of vapors in a hood
which covered the mixing area, and the extraction and treatment of those vapors and dust by
vacuum extraction system. Samples were collected from some of every three shallow soil
mixing (SSM) columns, at discrete depth intervals. The samples were analyzed on-site for the
target volatile organic compounds using a Gas Chromatography equipped with an FID
detector and using EPA method 3810 of analysis. 20% of the samples were sent for off-site
confirmatory analysis using EPA methods 8260. The vapor recovery system was comprised
of three high power vacuum extraction units. Vapor treatment was accomplished using 4536
Cl. 1
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kg ( 10.000 pounds) of granular activated carbon. Injected air flow rates ranged between 1.000
to 1.500 standard cubic feet per minute of air heated approximately 2500F·

17. DURATION OF REMEDIATION:- Soil remediation generally required about 1 to 4
hours of mixing and air injection per stroke . The treatment of 680 columns was completed in
10 weeks, operating around the clock seven days per week.
18. COST OF REMEDIATION:- The approximate cost of remediation was $130.78 per cubic
meter ($100 per cubic yard).
19. RESULTS:- The project resulted in the extraction of approximately 500 kg of volatile
organic compounds and 90% reduction in average soil concentration.
20. TRAINING PROGRAM:- None.

21. OTHER INFORMATION:* The shallow soil mixing columns were 2.4 meters in diameter with 10% overlaps.
* Diameter of the mixing auger is I to 4 meters.
* The method is capable of treating soils up to lOrn deep without excavation, shoring
or dewatering.
* The technology was suggested by the scientists of the Oak Ridge National Laboratories
(ORNL).
22. CONCLUSIONS:- The project was a complete success and it can undoubtedly be used in
the future at sites where in situ vapor Extraction would require a long remedial time frame due
to the low permeability of the soils. The technology may have difficulties with saturated
conditions.
23. REFERENCES:- Day, S.R. and Ryan, C.R.(1995). "Containment, Stabilization and
Treatment of contaminated soils using in situ soil mixing", Proceedings, ASCE specialty
conference, New Orleans, Louisiana, February 22-24, pp 21-29. Published in the book
"Innovative technologies for the site remediation and hazardous waste management". Call no:
TD 1052. E58 1995.
24. KEYWORDS:- Contaminated soils, Air stripping, Shallow soil mixing, In situ treatment.
25. CONTACT PERSONS:· None.
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CASE STUDY f2] !. 1/91
1.

TYPE OF PROJECT:(a) Treating contaminated saturated soiL
(b) Site clean-up (HWMP- PHASE IV).
(c) DOT (not Superfund, RCRA, DOE or DOD)

2.

LOCATION:- For a highway expansion in Texas.

3.

NATURE OF SOIL:- Not specified.

4.

AREA OF SITE/ CONTAMINATION:- The area of the site was 2 acres. 8000 tons of soil
needed treatment.

5.

DEPTH OF GROUND WATER I CONTAMINATION:- Depth of contamination was
5.5 m. (18ft.)

6.

ENVIRONMENTAL SITE ASSESSMENT:- Not available.

7.

SITE CHARACTERIZATION:- Not available.

8.

MAJOR CONTAMIN ANTS:-Petroleum products.

9.

SOURCE OF CONTAMINANTS:- Not known.

10. CONCENTRATION OF CONTAMINANTS:- Notknown.
11. REGULATIONS:- Not available.
12. SPECIFICATIONS:- Not available.
13. TREATMENTTECHNOLOGY:(a) Screening technology:- None.
(b) Selected On site thermal desorption. Bioremediation of pumped water.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Not available ..
16. DESCRIPTION OF TECHNOLOGY:- The technology involves heating soil to volatalize
adsorbed contamination. The treatment plan called for a simultaneous, sequential operations
in which soil would be
(a) categorized according to the degree of contamination present,
(b) excavated,
(c) stockpiled.
(d) treated by thermal desorption,
(e) backfilled into the previously excavated area.
The thermal desorption unit was installed by obtaining permission to erect it on concrete
slab on adjacent property. While erecting the unit. 8 underground storage tanks were
excavated and removed. Shortly after installation. the thermal desorption unit began
operating 24 hours a day. A laboratory was set up on site to analyze soil and ground water
samples as they were collected. Since the soil contamination extended so far below the water

C2. 1

"'

table, they have to pump water out of the work area during excavation. Approximately
1,892,506 liters (500,000 gallons) of contaminated water were bioremediated in a temporary
above ground storage tank prior to reuse on site to moisten soils for compaction or discharge
into a storm sewer system.

17. DURATION OF REMEDIATION:- Not available ..
18. COST OF REMEDIATION:- Not available.
19. RESULTS:- The thermal desorption unit processed 500 tons of soil per day. In four and
half months, 27,500 tons of soil were excavated, treated and backfilled. The project was
completed in 1991, at a cost 10% below the adjusted budget and 2 weeks ahead of the
adjusted schedule.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- Thennal desorption was used as the remedial option.
23. REFERENCES:- E. A.. Wood, J. R. Crossbie (1994). "CIVIL ENGINEERING", October
1994. pp. 50-53.
24. KEYWORDS:- Soil contamination, Thermal desorption, Bioremediation, Highway project,
Petroleum contaminated site.
25. CONTACT PERSONS:- None.
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CASE STUDYf31 • 2/91
1 . TYPE OF PROJECT:(a) Treating contaminated soil.
(b) Site clean-up (HWMP - PHASE IV).
(c) Other (not Superfund, DOT, RCRA, DOE or DOD)
2. LOCATION:- Residential properties along the length of a stream in Northeastern United
States.
3. NATURE OF SOIL:- Not known.
4. AREA OF SITE I CONTAMINATED SITE:- 20 acres.
5. DEPTH OF GROUNDWATERTABLE/CONTAMINATION:- The depth of
contamination was extended to 1.52 m. (5 ft depth).
6. ENVIRONMENTAL SITE ASSESSMENT:· Details to be known.
7. SITE CHARACTERIZATION:- Details to be collected.
8.

MAJOR CONTAMINANTS:- Lead, Mercury, Zinc, Copper, Barium, Selenium.

9. SOURCE OF CONTAMINATION:- An explosives manufacturing plant in Northeastern
States.
10. CONCENTRATION OF CONTAMINANTS:-

Lead
Mercury
Copper
Barium
Zinc
Selenium

- 250 parts per million,
- 14 parts per million,
- 1000 parts per million,
- 660 parts per million,
- 1500 parts per million,
- 1 part per million.

11. REGULATIONS:- Not available.
12. SPECIFICATIONS:- Not available.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected Excavation and land filling of soiL
14. CONTAINMENT TECHNOLOGY:· None.
15. RISK ASSESSMENT:- Details not known.
16. DESCRIPTION OF TECHNOLOGY:· Remediation began in September 1991. More
than 5000 samples were taken over the 20 acre area. To reduce the time between sampling
events, the owner decided to proceed in advance of approval by federal or state regulators.
The majority of the contamination was near the surface and extended to 1.52 m. (5 ft.) of the
surface. Lead and Mercury were the most prevalent metals and the other metal concentrations
were usually below levels of concern. Excavation and land filling of soil was chosen over
other remedial alternatives. The excavation proceeded according to these steps :
* The homeowner was offered relocation to a nearby house or apartment
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* The area was surrounded by a temporary fence.
* Windows and doors were covered to prevent dust from entering homes.
* Vegetation and yard structures such as sheds and fences are removed.
* Contaminated soil was excavated.
* The bottom and perimeter of the excavation were tested to confmn that all
contamination was removed.
* The excavation was backfilled with new soil.
* Fencing and other yard items were installed.
* The yard was landscaped.
* Temporary fencing was moved to the next area.
* Homeowners who had been moved returned to their homes.
The soils were shipped to the Model City landfill in New York. the Grows landfill in
Pennsylvania and a landfill in Utah. The remediation ended in late 1994.

17. DURATION OF REMEDIATION:- The entire process of excavation took from six to
twelve weeks.
18. COST OF REMEDIATION:- The estimated cost of remediation was tens of millions of
dollars.
19. RESULTS:- The remediation involved the excavation and restoration of 150 properties
within and near the stream flood plain.
20. TRAINING PROGRAM:- None.

21. OTHER INFORMATION:- The project ended in 1994 successfully removing the
contamination several years earlier than would have been possible if any other remedial option
is selected.
22. CONCLUSIONS:- The project accomplished its major goal of removing the contamination
and restoring the affected homes. The project team is in the process of finalizing post
remediation reports.

23. REFERENCE:- N. E. Kramer. (1994), "Civil Engineering", September 1995. Vol. 65,
No. 9, pp. 68-69.
24. KEY WORDS:- Land filling, Contaminated soil, Metals. Residential site.
25. CONTACT PERSONS:- None.
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CASE STUDY [41. 2/93
1

2

o

0

3o

TYPE OF PROJECT:(a) Treating contaminated soil nd groundwater.
(b) ESI and Site clean-up (HWMP - PHASE II & PHASE IV).
(c) Other (not Superfund, DOT, RCRA, DOE or DOD)
LOCATION:-An oil sump at a truck maintenance facility in Denver.
NATURE OF SOIL:- The site is underlain at a depth of about 11m by interbedded
claystone and sandstone bedrock of the Denver formation. Alluvial sand and gravel deposits,
which are dense and interbedded about 9m thick are overlying the bedrock. A layer of stiff,
sandy and silty clay ranging from 1.2 to 3m thick rests on the sand and gravel.

4. AREA OF SITE I CONTAMINATION:- Not available.

5o DEPTH OF GROUND WATER I CONTAMINATION:- Groundwater depth of 4 m.
6. ENVIRONMENTAL SITE ASSESSMENT:- Site assessment included about 9
monitoring wells, about 7.6 m deep using 102 mm diameter polyvinyl chloride casings and a
3 m screen interval. The site assessment indicated that :
*The primary site contaminant was waste oil located in the saturated and unsaturated sediment
beneath the former used oil sump.
*A large population of hydrocarbon using bacteria existed within the zone of contamination.
Their growth appeared to be restricted by limiting nutrient and oxygen conditions.
* Groundwater occurred at a shallow depth in sediments that appeared to be relatively
permeable.
* Groundwater samples showed high levels of BTEX, Total petroleum hydrocarbons (TPH)
and Total organic compounds (TOG), with localized but detectable levels of chlorinated
organics.
7 o SITE CHARACTERIZATION:- Groundwater samples collected from monitoring well 8
located near the former oil sump, contained contamination with highest levels of B'IEX,Total
petroleum hydrocarbons (TPH) with relatively low but detectable levels chlorinated organics.
8

o

MAJOR CONTAMINANTS:- BTEX, Total petroleum hydrocarbons (TPH),Total organic
compounds (TOG).

9 • SOURCE OF CONTAMINANTS:- Nonvolatile petroleum hydrocarbons from used
Motor oil, diesel, gasoline and other automotive fluids released to an oil sump.
10. CONCENTRATION OF CONTAMINANTS:- Initial mass balance estimates indicated
that about 272 kg of hydrocarbons existed in the zone of groundwater and about 11.7 tons
existed in unsaturated and saturated sediments located beneath the former used oil sump.
11. REGULATIONS:- Not available.
12. SPECIFICATIONS:- Not known.

13o TREATMENT TECHNOLOGY:(a) Screening technology:- Not available.
(b) Selected in situ bioremediation.
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14. CONTAMINANT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Details not available.
16. DESCRIPTION OF THE TECHNOLOGY:- In situ bioremediation. the indigenous
microbial populations are stimulated to degrade the contaminants. the method converts organic
wastes into biomass and harmless byproducts of metabolism such as COz. water and
inorganic salts. Oxygen was added by either injecting hydrogen peroxide or installing an air
sparging system. For vadose zone contamination, nutrients are added through percolation or
injection.
The primary targets for the in situ bioremediation system were sorbed hydrocarbons
in the unsaturated and the saturated sediments located beneath the area of the former used oil
sump. The primary functions of the system included groundwater recovery, treatment and
reinjection, vapor extraction and discharge, stimulation of in situ bioremediation by subsurface
inorganic nutrient and oxygen additions, and phase separated hydrocarbon recovery. A 72
hour pump test generated aquifer data for ground water modeling. the modeling showed that a
recovery well pumping at a rate of 10 gpm, would induce a sufficient hydraulic gradient to
capture injected nutrients and dissolved hydrocarbons. Laboratory tests showed that the
hydrogen peroxide and nutrient loading worked best in sediments from the 4m interval. Crews
conducted field analysis tests, sampled groundwater and gauged monitoring wells. Average
quarterly results showed that benzene and BTEX decreased significantly, especially in
monitoring wells 1 and 8. Total petroleum hydrocarbons (TPH) decreased to below detection
limits in monitoring well 1 and to approximately 15 ppm in monitoring well 8.
17. DURATION OF REMEDIATION:- Two and a half years.

18 COST OF REMEDIATION:- Not known.
19. RESULTS:- The total petroleum hydrocarbons (TPH) level decreased from 5,200 mg/kg
to 55 mglkg. Total organic compounds (TOG) decreased from 12,000 mglkg to 1,900 mglkg.
In two and a half years, a total of 16.3 ton of contaminant mass was removed. Phase
separated hydrocarbon removed 680 kg (4% of the contamination) from monitoring wells.
The vapor-extraction system volatalized 354 kg (2% ).
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.

22. CONCLUSIONS:- Bioremediation removed contaminant. It was shown that nitrate was
very effective electron acceptor in the bioremediation of Alkylbenzene compounds in ground
water. Nitrate has a relatively high electron - accepting capacity, compared to oxygen and
hydrogen peroxide. and tends to be more stable during ground water migration, thereby
having a greater potential to affect downgradient plume areas. EPA conducted additional soil
sampling and ground water modeling under the Bioremediation Field Initiative Program to
further investigative the results of the remedial effort. The site is currently in closure with the
Colorado Department of Health.

23. REFERENCES:- C.H. Nelson, (1993), "Civil Engineering", March 1993, pp. 57-59.
24.

KEYWORDS:- Clean up, In situ treatment, Bioremediation, Contaminated soil.
Groundwater treatment.. Petroleum products

25. CONTACT PERSONS:- None.
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CASE STUDY [5]. 3/91
1.

TYPE OF PROJECT :(a) Treating groundwater.
(b) Site clean-up (HWMP - PHASE IV).
(c) Other (not Superfund, DOT, RCRA, DOE or DOD)

2.

LOCATION :- An IBM facility in San Jose, California.

3.

NATURE OF SOD...:- Not known.

4.

AREA OF SITE I CONTAMINATED SITE:- Not available.

5.

DEPTH OF GROUNDWATER TABLE I CONTAMINATION:- Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Details not known.

7.

SITE CHARACTERIZATION:- Details not available.

8.

MAJOR CONTAMINANTS:- Low levels of volatile organic compounds.

9.

SOURCE OF CONTAMINANTS:- The plant was in operation since 1956 and has used
trichloroethane (F002) , freon 113, isopropanol, xylene, acetone, petroleum napthas and
other organic chemicals for the manufacturing of computer systems. The contamination was
due to chemicals leaking from underground pipings and fittings and from chemical handling
spills.

10. CONCENTRATION OF CONTAMINANTS:- The levels of volatile organic compounds
were less than 1 part per million by volume.

11. REGULATIONS:- Not available.
12. SPECIFICATIONS:- Not known..
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected Dual system of air stripping and steam stripping.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Not available.
16. DESCRIPTION OF TECHNOLOGY:- The treatment plant consists primarily of two
series air-stripping towers and a steam-stripping tower, an equalization tank, and the control
room with associated auxiliary systems. The plant treats nearly 1 million gallons of water
per day. The air-stripping system has a capacity if 1,000 gpm (gallons per minute) and the
steam-stripping system has a capacity of 40 gpm (gallons per minute). Both systems remove
organic compounds from extracted ground water with an effectiveness rate of greater than
99%. Engineers assessed ground water from each of 22 extraction wells and only seven
wells contained semivolatiles or nonvolatiles.
The air-stripping system consists of two fiberglass-reinforced plastic towers, each 9.75 m
(32ft.) high and 2.1 m (7ft.) in diameter. Ground water from 15 boundary wells at the edge
of the site is pumped into the air stripper at the rate of up to 1,000 gpm (gallons per minute).
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The extracted water is then raised to the top of the 9.75 m (32ft.) high tower, where it falls
downward through a maze of 30,000 plastic packing units. As the water cascades down, a
powerful suction fan forces air to ascend the tower at the rate of up to 7,300 cu ft/min. to
meet the onrushing flood. the result is a perpetual storm that mixes air and water with a 65:1
ratio, causing the chemicals to volatalize from the water and rise as vapor. Emissions are
released to the atmosphere.
The steam-stripping system includes a 5,000 gallon equalization tank, water softener
package, heat exchanger, steam re boiler, steam-stripping tower, condenser, accumulator,
overhead product tank and related process pumping system. Extracted ground water from
seven wells near source areas on site, containing the less volatile chemicals, is pumped to
the steam stripper at the rate of up to 40 gpm(gallons per minute). The water is pumped to
the top of a 12m (40ft.) high stainless steel tower. The tower is packed with thousands of
metal rings that, like the plastic snowflakes in the air stripping system, increase the surface
area of the water. the temperature of the steam-stripping process is critical and must be kept
between 190F and 210F. An overhead condenser condenses and captures the vapor. After
the extracted ground water is cleansed, it is collected in two large seismic-braced storage
tanks that hold the water for reuse and aquifer recharge. This water is then kept for reuse
purpose.
17. DURATION OF REMEDIATION:- Not known.
18. COST OF REMEDIATION:- The estimated cost of dual system is about $5.75 million.
19. RESULTS:- The treated water can be used for five different reuse options. Currently, the
water irrigates 70 acres of commercial orchard and 140 acres of landscape, fills a fire
prevention lake and cooling towers, and provides aquifer injection for recharge.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:* Aquifer injection is the most reliable means to achieve 100% reuse.
* Engineers designed the ground water treatment plant's control system as an integral
part of the manufacturing facility's main control system. It can operate the entire treatment
system automatically, from the extraction wells to the treatment processes to reuse.
* McLaren I Hart received an award for the plant design from HAZMACON 1992 in a
nationwide competition.
22. CONCLUSIONS:- The project contributes to the social and economic welfare of the area,
and ensures that the region will have enough water for the future.

23. REFERENCES:- C. D. Ngo, G.M.Carlton, P.J.Mitchell, J. T. Su, (1992), Civil Engineering
Magazine, August 1992, pp. 45-47.
24. KEY WORDS:- Groundwater, Air stripping, Stearn stripping, Petroleum products

25. CONTACT PERSONS:- None.
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CASE STUDY [61. 4/91
1.

TYPE OF PROJECT:(a) Treating contaminated groundwater.
(b) Site clean-up (HWMP- PHASE IV).
(c) DOD (not Superfund, DOT, RCRA or DOE)

2.

LOCATION:- At Tinker air force base in Oklahoma city.

3.

NATURE OF SOIL:- Not known.

4.

AREA OF SITE I CONTAMINATED SITE:- The area of site is 61.8 acre. The extent of
contaminated ground water plume is 220 acres.

5.

DEPTH OF GROUND WATER TABLE I CONTAMINATION:- The depth of water
table is 4.5-9 m (15-30 ft). Contaminants were found in the top of regional aquifer zone at
depths 15-25 m (50-80 ft), and in the regional aquifer to depths of about 53 m (175 ft).

6.

ENVIRONMENTAL SITE ASSESSMENT:- Not known.

7.

SITE CHARACTERIZATION:- Not known.

8.

MAJOR CONTAMINANTS:- Hexavalent chromium (Cr. 6+) and Trichloroethylene
(TCE).

9.

SOURCE OF CONTAMINANTS:- The contamination resulted from industrial activities
in the building and the continued servicing, repairing and upgrading military aircraft and
their engines. The contaminants entered the ground water under and adjacent to building
through:
* Leakage from subsurface de greasing pits.
* The intentional discharge of solvents and waste waters into unlined concrete trenches and
storm
drains.
* Improper connections between the waste water and storm drains.
* Accidental spills.

10. CONCENTRATION OF CONTAMINANTS:- Hexavalent chromium (Cr6+)
concentrations ranged from 80,000 J..lg/L directly beneath the building in the perched aquifer
zone to less than 10 J..lg/L at the plume limits. Trichloroethylene levels ranged from 330,000
J..lg/L under the building to less than 5J..lg/L at the plume limits.
11. REGULATIONS:- Not available.
12. SPECIFICATIONS:· Not known.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected air or steam stripping of the volatile organic contaminants and precipitation
of the chromium. The Air force selected a sodium metabisulfate for more evaluation.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Details not available.
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16. DESCRIPTION OF TECHNOLOGY:- Horizontal directional drilling was used. This
would result in capital costs several times higher than for conventional wells. The entire
length of a well must be double cased to avoid leaking contaminated ground water into
uncontaminated or less contaminated strata. The horizontal extraction wells could be
installed without disrupting any activities conducted within the building or disturbing the
multitude of utilities buried both beneath and adjacent to the building. These horizontal
wells would allow a pumping rate several times greater than vertical wells, accelerating the
remediation process and potentially reducing its overall cost.
The studies indicated that the aquifer was of relatively low permeability and would yield
only 60 gpm total flow over the entire area. The total number of wells required for
contaminated plume control was 33. The site, 61 m (200 ft) west of the building was
selected as the initial point from where the well has to be excavated. Five horizontal
extraction wells were installed; three in the perched zone, one in the top of the regional zone
and one in the regional zone. The remaining 28 were standard vertical wells, divided among
three zones. The wells were installed between 12.2 m (40 ft) and 46 m (150 ft) below
building floor level and extended horizontally nearly 274 m (900 ft). The wells are
controlled automatically from the operator's station in the treatment facility.
The ground water treatment system was designed for an average flow rate of 150 gpm
and for peak flows of up to 200 gpm. The treatment system consists of a counterflow,
packed bed air-stripping tower to remove volatile organic compounds and a sodium bisulfite
reduction or precipitation process that removes the chromium. The stripping tower removes
nearly 100% of the TCE and other volatile organics from the ground water. Effluent air from
the stripper was passed through activated carbon canisters for vapor phase removal of the
stripped organics prior to discharge to the atmosphere. Following air stripping, the water is
pumped to the facility's metals removal setup. There, the water is mixed with liquid 38%
sodium bisulfite, a reductant, and its pH is lowered by the addition of 95% sulfuric acid.
These two processes accelerate the reduction of hexavalent chromium to trivalent chromium.
Once the reduction action is complete, the pH is elevated in two steps, using first 50%
sodium hydroxide and then 10 % sodium hydroxide to achieve the ideal pH, precipitating
chromium hydroxide. The chromium hydroxide flocculent settled out in a plate settler and
the effluent water from this settler flows via gravity through continuous backwash sand
filters to remove any remaining suspended particles.
17. DURATION OF REMEDIATION:- December 1991 to February 1993.

18. COST OF REMEDIATION:- The estimated cost of project was $13 million.
19. RESULTS:- The quality of effluent discharged from the building ground water treatment

facility is superior to current drinking water standards.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- This system resulted in a capital cost less than for a vertical drilling
system and also this is the more effective way of decontaminating a site. The treated water
from this system is returned for use in industrial purposes.
23. REFERENCES:- V. M. Reid, K. W. Wyatt, J. A. Horn, (1994), Civil Engineering
Magazine, April 1994, pp. 56-58.
24. KEY WORDS:- Ground water, Horizontal drilling, Chromium. TCE.
25. CONTACT PERSONS:- None.
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CASE STUDY [7]. 1/89
1.

TYPE OF PROJECT:(a) Treating contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Other (not Superfund, DOT, RCRA, DOE or DOD)

2.

LOCATION:- An Agricultural land in Southern Ontario.

3.

NATURE OF SOIL:- The site's stratigraphy is reasonably uniform and comprises up to
2.5m of brown, fine to coarse grained, loose sand above 0.35m to 2.4m of gravel.
Underlying the gravel unit is up to l.3m of gray, loose to compact, saturated silt and about
20m of gray, soft to firm, wet to saturated clay deposited on limestone bedrock.

4.

AREA OF SITE I CONTAMINATED SITE:- The area of site is 11.5 ha. The area of
contamination is 0. 7 ha.

5.

DEPTH OF GROUND WATER TABLE I CONTAMINATION:- The ground water is
about 1.2m below the surface.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Not known.

7.

SITE CHARACTERIZATION:- Not available.

8.

MAJOR CONTAMINANTS:- Arsenic. cadmium, lead, nickel, zinc. copper, and
molybdenum.

9.

.
...

SOURCE OF CONTAMINANTS:- Not known.

10. CONCENTRATION OF CONTAMINANTS:- Details not known.
11. REGULATIONS:- Not available.

-

12. SPECIFICATIONS:- Not known.

13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Excavation and land filling of the soil.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Not known.
16. DESCRIPTION OF TECHNOLOGY:- It was planned to install a dewatering system,
outside the clean line, around the area to be excavated to facilitate excavation and to avoid
the concentration of heavy metals in the bottom of the excavation due to settling out in the
ground water. The pond was pumped out in about 24 hours by submersible electric pumps
prior to the installation of the dewatering system. A trench was excavated about 3.5m down
to the clay, and the well points were placed in the position and backfilled with the excavated
material. The installation took five days to complete.
Excavation of the contaminated material began with the removal of the wet organic
sediments and contaminated soils from the bottom of the drained pond. Prior to receiving
permission to use the landfill. these materials were stored temporarily on a concrete
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composting pad at an transfer station nearby. Accumulated sediment in the sewer was
cleaned on a regular basis and added to the contaminated material for land filling. A total of
51 different vehicles was used to haul the excavated material initially to the transfer station
and after to the landfill. Excavation of the main pond and ditch area within in the clean line
was completed in two 6-day weeks and the whole job in three weeks. A total of 44,610 tons
of contaminated soil was shipped out in 1,773 truck loads.
Confirmatory soil testing for the clean line comprised 17 sampling lines at right angles to
the main pond and ditch excavation at intervals of 15m. All the samples were analyzed for
arsenic, cadmium, copper, molybdenum and zinc. Molybdenum was the only metal that was
present in levels above its residential decommissioning guidelines (RDG) of 5 ppm.
17. DURATION OF REMEDIATION:- Not known.
18. COST OF REMEDIATION:- Not known.
19. RESULTS:- The results indicated that some arsenic and molybdenum values in two test pits
were above acceptable levels. Further excavation was done and confirmatory testing showed
that all contamination above residential decommissioning guidelines (RDG) levels had been
removed. Altogether 1,858 tons of soil were removed in 87 truck loads. The backfilling
material which was acceptable with respect to the residential decommissioning guidelines
(RDG) and also Ontario Regulation 309 leachate analysis. Approximately 43,000 tons of fill
were imported, placed and compacted immediately after the excavation work and
confirmatory sampling had verified a clean line.
20. TRAINING PROGRAM:- None.

21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- The investigation and remediation were successfully completed within
the required time frame and the purchase and sale agreement was executed. The construction
began shortly thereafter.
23. REFERENCES:- "Proceedings, Canadian Geotechnical Conference, 1989", vol. 44, no 2,
pp. 84/1-84/13.
24. KEY WORDS:- Contamination soil, Metal, Land filling.
25. CONTACT PERSONS:- None.
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CASE STUDY £81.3/93
1.

TYPE OF PROJECT:(a) Treating saturated contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Other (not Superfund, DOT, RCRA, DOE or DOD)

2.

LOCATION:- The site is located on Piney Hollow Road in Winslow Township. New
Jersey.

3.

NATURE OF SOIL:- Not known.

4.

AREA OF SITE I CONTAMINATED SITE:- The area of the site is approximately 10
acres.

5.

DEPTH OF GROUND WATER TABLE I CONTAMINATION:- Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Details to be collected.

7.

SITE CHARACTERIZATION:- Details not known.

8.

MAJOR CONTAMINANTS:- Metals like chromium, copper, and nickel and volatile
organic compounds.

9.

SOURCE OF CONTAMINANTS:- Not known.

-

10. CONCENTRATION OF CONTAMINANTS:- Not known.
11. REGULATIONS:- Not available.

....

12. SPECIFICATIONS:· Not known.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Soil washing was adopted as a remedial technology.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Not known.
16. DESCRIPTION OF TECHNOLOGY:- The first step taken in designing the soil
washing plant to clean on-site soils was to conduct treatability and bench-scale studies to
define the contaminant or particle-size relationship and construct the particle size curve. A
demonstration run was then performed which successfully treated the soils and sludges to the
cleanup levels specified in the record of decision (ROD).
The plant consists of four major sub-systems.
* Screening
* Separation
* Froth Floatation
* Sludge Management
During March 1993, the remedial action for soils began with the
excavation and off-site
disposal of lagoon 4. The treatability studies conducted early in 1992 determined that lagoon
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4 contained sludge only and was not amenable to on-site treatment. Following delivery and
construction of the soil washing plant at the site, a pilot run was conducted on 1,000 tons of
contaminated soils excavated from the site. the pilot run was successful, and again cleanup
levels well below the record of decision (ROD)- specified standards were met Full scale soil
washing operations began on June 28, 1993 and were completed on October 10, 1993.
During the operation of the soil washing facility, the cleaned soils were returned to the site as
backfill. The contaminated fraction was disposed at an off-site facility.

1 7. DURATION OF REMEDIATION:- Soil washing operations began on June 28, 1993
and were completed on October 10, 1993.

18. COST OF REMEDIATION:- Not known.
19. RESULTS:- The entire project treated 19,507 tons with an achieved volume reduction of
83%.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- This is the first full-scale soil washing remedial action
performed in the united states.
2 2. CONCLUSIONS:- The conclusions listed are:* Treatability studies should focus on the products of the process, specifically the oversize,
the sand, and the sludge cake.
* The demonstration of a full-scale process capability prior to the site implementation was
extremely helpful.
* Since there are many definitions of "soil washing", the project team should clearly
understand the technology details for implementation on a specific site.
* Defme the sampling and analysis program before the process is utilized in the field.

23. REFERENCES:- "Environmental Progress", Summer, 1996, Vol. 15, No. 2, pp. 108111.
2 4. KEY WORDS:- Soil washing, Contamianted soil, Metals, VOC.
2 5. CONTACT PERSONS:- None.
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CASE STUDY £91 . 1/82
1•

TYPE OF PROJECT:(a) Treating saturated contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Other (not Superfund, DOT, RCRA, DOE or DOD)

2.

LOCATION:- A road base in Lake Clear, Ontario.

3•

NATURE OF SOIL:- Not known.

4.

AREA OF SITE/CONTAMINATED SITE:- The total volume of contaminated material
was estimated to be about 6260 cubic meters.

5.

DEPTH OF GROUND WATER I CONTAMINATION:- Not given.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Details to be collected.

7.

SITE CHARACTERIZATION:- Not known.
I'

8.

MAJOR CONTAMINANTS:- High PCB Concentrations.

9.

SOURCE OF CONTAMINANTS:- Not known.

,..,

10. CONCENTRATION OF CONTAMINANTS:- Relatively high levels. in the range of
50 to 700 J..Lg/g, were identified in the upper levels of the granular road base. The high PCB
concentrations at the surface decreased to about 1 J..Lg/g at a depth of about 0.5 m.
11. REGULATIONS:- After the curing period. the samples were submitted to an
environmental laboratory for distilled water leach and Ontario Regulation 309 (acid) leachate
extraction analysis. PCB concentration in groundwater should be less than Ontario Drinking
Water Quality Objective of 3J..Lg/l.

..

12. SPECIFICATIONS:- Not known.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Selected solidification and stabilization of the contaminant
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Not known.
16. DESCRIPTION OF TECHNOLOGY:- The criteria made for remediation were:

*
*
*

Contaminated soil was to be stabilized into a solid mass having a permeability of less than
1* w-7 em/sec.
Any offsite migration was to be within acceptable limits.
If considered appropriate after technical evaluation. the disposal site was to be on an
identified parcel of crown land about 600m from the lake.
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The objectives of the remediation were to encapsulate the PCB contaminated soil into a
monolithic. durable mass to prevent the loss of free particles and to reduce the permeability of
the mass to less than 1* 1o-7 em/sec. On the basis of laboratory tests conducted on type 10
portland cement, bentonite. cement-bentonite, it was concluded that satisfactory stabilization
and solidification was achieved by using Type 1 Portland cement. The sub excavation of the
contaminated soils and road reconstruction were completed under one contract, and the
mixing and disposal of the contaminated material were conducted under a separate contract.
Contaminated soil was mixed with the stabilizing agents in advance using a central plant.
then the mixture was transported, placed, and compacted at the disposal sites using
conventional soil-cement procedures. Before the contaminated soil was processed in the
plant. any oversized rocks and boulders were removed by screening. Contaminated materials
and the stabilization and solidification mixture were monitored continuously measuring
moisture content, Compressive strength development and field compaction.

17. DURATION OF REMEDIATION:· Not known.
18. COST OF REMEDIATION:- The cost of remediation was about $850.000.
19. RESULTS:- The final volume of the stabilized and solidified monofill was measured to be
8100 cubic meter, with the increase in volume of 1840 cubic meter attributed to the
stabilizing agents and some native material picked up when cleaning up the work area. The
average PCB concentration of the contaminated soil after screening was about 21.5 ~g/g.
20. TRAINING PROGRAM:· None.

21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- The concentration of PCB in the groundwater beneath the monofill was
between 0.01 and 0.05 ~gil, which is well below the Ontario drinking water objective. The
Ontario Ministry of the Environment considered the remediation an acceptable solution to
treat the PCB residues in Lake Clear.
23. REFERENCES:- M.Mackay, J.Emery, "Transportation Research Record", No. 1458, pp.
67-69.
24. KEY WORDS:- Contaminated soil, Solidification and Stabilization, PCB.
25. CONTACT PERSONS:- None.
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CASE STUDY flO). 1/94
1.

TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Other (not Superfund, DOT, RCRA, DOE or DOD)

2.

LOCATION :- Petroleum storage tank in Southern California.

3.

NATURE OF SOIL:- The aggregate was founded on 1.5 m (5 ft) of compacted soil, which
consisted of silty sand, clayey sand, silt, clay, peat and lenses of sand. Permeability of the
soil composite was very low.

4.

AREA OF SITE I CONTAMINATED SITE:· The contamination contained 151,400 lb.
(40,000 gallons) of #6 fuel oil which had leaked into the soil beneath the tank.

5.

DEPTH OF GROUND WATER/ CONTAMINATION:- The depth of ground water was
4.5 m ( 15 ft) below the tank bottom. The contamination extended to an average depth of 1
m (3ft), and as much as 2.4 m (8ft) at several locations, and had migrated to 1.5 m (5 ft)
beyond the tank perimeter.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Laboratory analysis was performed to show
that the concentrations of metals, limits of volatile organic compounds and toxicity were
within Environmental Protection Agency (EPA) guidelines for non hazardous material, and
that the oil met California used oil requirements.

7.

SITE CHARACTERIZATION:- The field exploration at oil tank 3 included 15
exploratory borings, 3 shallow trenches, and soil sampling which showed the following:
The tank was founded on 12 inches of 3/4 inch, crushed aggregate,
* The aggregate was founded on 1.5 m (5 ft) of compacted soil. which consisted of silty
sand, clayey sand, silt, clay, peat and lenses of sand,
* Permeability of the soil composite was very low,
* Oil had saturated the aggregate and soil beneath the tank to an average depth of 0.91 m (3
ft) for a distance of 1.5 m (5 ft) beyond the perimeter of the tank.

*

8.

MAJOR CONTAMINANTS:- #6 fuel oil.

9.

SOURCE OF CONTAMINANTS:- An oil spill or leak from one of the tanks which were
used to store fuel oil reserves for emergency steam generation.

10. CONCENTRATION OF CONTAMINANTS :- 1,51,400 lb. (40,000 gallons) of the #6
fuel oil.

11. REGULATIONS:- Details to be collected.
12. SPECIFICATIONS:- Not available.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Excavation and replacing of the contaminated soil .

14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Details not available.
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16. DESCRIPTION OF TECHNOLOGY:- The goal of their remediation was to
* To reclaim the excess oil from the aggregate,
* To support the tab on concrete foundation to allow excavation and replacement of the
contaminated soil,
* To process the contaminated aggregate in to a cold mix asphalt concrete for paving the
tank basin,
* To thermally treat the contaminated soil for use as engineered fill.
They made an attempt to drain the excess oil from the aggregate, but the whether
conditions made it impossible steam cleaned the aggregate with 300°F steam. It took 4
hours to clean 0.765 cubic meters (1 cubic yard). The deeper excavations were backfilled
immediately with a sand cement slurry. The excavation was backfilled to grade with clean
imported sandy soil from outside the tank as soon as concrete attained sufficient strength
and completed before starting the interior excavation. The soil was tested for petroleum
hydrocarbons and, as necessary., the excavation continued until all the contaminated soil
was removed.The thermal treatment plant used was a mobile processing unit with a
capacity of 50 tons of soil per hour. The operation consisted of transporting the soil through
a low temperature furnace set at to vaporize the oil and moisture. Then the vapors were
passed through a baghouse to collect dust particles and finally through a secondary furnace
set at 140QOF to destroy the hydrocarbons. The treated soil was placed in 10 tons piles and
tested for total petroleum hydrocarbons.
17. DURATION OF REMEDIATION:- Not available.
18. COST OF REMEDIATION:- It cost $25,000 to evaluate the site, write the specifications
and prepare drawings. The actual cost for the remediation was $1,270,000.
19. RESULTS:- While performing the remediation they encountered four problem areas.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- The lessons learned from each of the problem were:
* There was sudden rain and because of that, the schedule during the efforts to reclaim the oil
was difficult. From this they leameo that oil should be collected as soon after discovery as
possible, and the work schedule must consider weather conditions.
* During grading of the tank basins, the cathodic protection cables were damaged. From this
they could learn that Cathodic protection replacement should be included in the initial
scope of work.
* Problems with the cold mix asphalt concrete were in obtaining uniform mixing, uniform
placement depth and keeping the subgrade soil out of the mix. From this they learned to
expect some subgrade soils to be mixed with the aggregate.
22. CONCLUSIONS:- The resulting 2,000 tons of contaminated aggregate was recycled to
make asphalt concrete for paving the tank basin and the remaining 5,600 tons of oily soil
was thermally treated on site for use as engineered fill at another location. This successful
operation provided an economical clean-up solution and eliminated the long term liability
of landfill disposal.
23. REFERENCES:- "G. Wallace, Proceedings, American Power Conference", 1994, Call no.
TD5.A55, Vol. 56, No.I 1994.
24. KEY WORDS:- Contaminated soil, Fuel oil, Asphalt, Recycling.
25. CONTACT PERSONS:- None.
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CASE STUDY [11] • 1/88
1.

TYPE OF PROJECT:·
(a) Treating contaminated soil and groundwater.
(b) Site clean-up (HWMP - PHASE IV).
(c) Superfund

2.

LOCATION:- At Verona well field Superfund site, Michigan.

3.

NATURE OF SOIL:- The subsurface comprised of clayey soil.

4.

AREA OF SITE I CONTAMINATED SITE:- Not known.

5.

DEPTH OF GROUND WATER/ CONTAMINATION:- Information not available.

6.

ENVIRONl\IIENTAL SITE ASSESSMENT:- Details to be collected.

7.

SITE CHARACTERIZATION:- The soil has a clay content less than 5%, moisture
content 5% and permeability of lo-3 em/sec.

8.

MAJOR CONTAMINANTS:- Chlorinated and Non chlorinated aliphatics.

9.

SOURCE OF CONTAMINANTS:- Solvent storage, blending, repackaging, distribution,
and disposal.

10. CONCENTRATION OF CONTAMINANTS:- The volume of organic compounds has
been estimated to be 3,900 lb. in groundwater and 1,700 lb. in soiL
11. REGULATIONS:- The regulatory requirements are as per 1991 Record of Decision (ROD)
for 19 constituents. The standards in soil ranged from 0.014 mglkg for carbon tetrachloride
and tetrachloroethane to 16 mglkg for toluene. The standards in groundwater ranged from
0.001 mg/1 for vinyl chloride and benzene to 0.8 mglkg for toluene.
12. SPECIFICATIONS:- Not known.
13. TREATMENT TECHNOLOGY:·
(a) Screening technology:- None.
(b) Selected technology:- Selected Soil vapor extraction.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Details to be collected.
16. DESCRIPTION OF TECHNOLOGY:- The full scale operation of an Soil vapor
extraction system to treat the soil began in March 1988 and ran intermittently until May
1992. Over the course of soil vapor extraction operation, both carbon adsorption and
catalytic oxidation were utilized to treat the extracted vapors prior to atmospheric
discharge. Dual vacuum extraction and nitrogen sparging were implemented to enhance
recovery rates during the latter stages of the groundwater remediation effort. A total of
45,000 pounds of volatile organic compounds were removed from the subsurface soil, and
10,000 pounds from the groundwater, during the remediation. Clean-up verification
sampling of the soil occurred in June 1992 and the analytical results indicated that soil
vapor extraction reduced the constituent concentrations in the soil at this operable unit.
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17. DURATION OF REMEDIATION:- The period of operation for the technology was from
March 1988 to May 1992.
18. COST OF REMEDIATION:- The cost attributed to treatment activities for this soil vapor
extraction application was approximately $1, 600,000.
19. RESULTS:- The constituent-specific soil cleanup standards established in 1991 Record of
Decision (ROD) were met.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- Catalytic oxidation was identified as preferable for treatment of
extracted vapors instead of carbon adsorption for the period of the application where the
contaminant mass removed by soil vapor extraction was much greater than 10 to 20 lb/day.
23. REFERENCES:- Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, pp. 80-81.
24. KEY WORDS:- Contminated soil and groundwater, Soil vapor extraction, Chlorinated
aliphatics, Volatile organic Compounds.
25. CONTACT PERSONS:- Margaret Guerriere, U.S.EPA Region 5, 77 W. Jackson
Boulevard, Chicago, IL 60604, Ph: (312) 886-0399.
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CASE STUDY [121 .1/90
1. TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Other (not Superfund, DOT, RCRA, DOE or DOD)

2 . LOCATION :- At a large diesel spill site located at a major railroad facility in Nebraska.

3. NATURE OF SOIL:- The soil consists of fine to medium grained, silty sands.
4. AREA OF SITE I CONTAMINATED SITE:- The estimated area of contamination was
11,500 cubic meters.

5. DEPTH OF GROUND WATER I CONTAMINATION:- The contamination extended
to a depth of 20m. Groundwater was observed at depths ranging from 20 to 21 meters below
the surface.

6. ENVIRONMENTAL SITE ASSESSMENT:- Soils were analyzed using EPA method
418.1 for total recoverable petroleum hydrocarbons. These concentrations are plotted on the
geologic section. Based on initial soil analysis, and observations made during drilling, it
appears that diesel fuel migrated rapidly downward at the spill site until it encountered the
interbedded sand and silt/clay zone at approximately 9.1 to 10.7 meters. At this depth the fuel
spread laterally and continued its downward movement through more permeable sand lenses
in the interbedded layer.

7. SITE CHARACTERIZATION:- The results of site characterization were:
* The soil consists of fine to medium grained, silty sands from the ground surface to
approximately 9.1 to 10.7 meters below ground surface (upper sand zone), interbedded
sand and silt I clay lenses that extend 10.7 to 15.2 meters below ground surface (interbedded
zone), and another layer of fme to medium grained silty sand that extends to a depth of 21.3
to 22.9 meters (intermediate sand zone).
* Soil moisture varied from 2 percent in the intermediate sand to 11 percent in the interbedded
silts
and clays.

8. MAJOR CONTAMINANTS:- BTEX (Benzene, toluene, ethyl benzene and xylene), #2
diesel oil and total petroleum hydrocarbons.

9. SOURCE OF CONTAMINANTS:- Fuel spilling from a pump house due to a ruptured
pipe.
10. CONCENTRATION OF CONTAMINANTS :- Benzene and total petroleum
hydrocarbon concentrations exceeded their respective cleanup goals of 5 micrograms per liter
(mg/1) and 2 micrograms per liter (mg/1), respectively.
11. REGULATIONS:- BTEX (Benzene, toluene, ethyl benzene and xylene) compounds have
been detected in the ground water. However only benzene and total petroleum hydrocarbon
concentrations exceeded their respective cleanup goals of 5 micrograms per liter (mg/1) and 2
micrograms per liter (mg/1), respectively.
12. SPECIFICATIONS:- Not known.
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13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Selected in situ bioventing.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Not known.
16. DESCRIPTION OF TECHNOLOGY:- Bioventing incorporates soil vapor extraction or
air injection with the objective of supplying oxygen to subsurface bacteria to enhance fuel
biodegradation. Soil bacteria also require a variety of nutrients to sustain hydrocarbon
degradation. These nutrients include nitrogen, phosphorus, sulfur and metals such as calcium
and iron.
Based on the air permeability and oxygen influence, an extraction rate of 2.8 standard cubic
meters per minute (m3/min.) was selected for bioventing operations. A 7-hp regenerative
blower was required to produce this flow rate. Extraction from the central vent well was
selected over air injection because of the immediate need to remove volatile and soluble
BTEX compounds from the soil. The bioventing system has operated continuously for over
two years with minimum maintenance downtime. At 6-month intervals, an engineer or a
technician has inspected the system and performed an in situ respiration test to estimate the
level of fuel biodegradation occurring near each vapor monitoring point (VMP).A sample of
the soil gas extracted at the vapor extraction well is also sent to a certified laboratory for
B TEX analysis.
17. DURATION OF REMEDIATION:- The bioventing system has operated continuously
for over two years with minimum maintenance downtime.
18. COST OF REMEDIATION:- The total cost to date of bioventing at this site has been less
than $10 per cubic meter.
19. RESULTS:- The results of respiration tests indicate that in soils with low initial total
recoverable petroleum hydrocarbon (TRPH) levels, the apparent rate of oxygen utilization
has significantly decrease over the time. The soil sampling at vapor monitoring point 3
(VMP3) confirmed that total recoverable petroleum hydrocarbon (TRPH) levels have been
reduced from 194 mglkg to less than 6 mg/k.g.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- The bioventing at this diesel spill site has produced encouraging results
during the first two years of operation. Remediation is taking place throughout a 20m soil
profile with no disruption to railroad activities. To date 90% of the removal can be attributed
to insitu biodegradation, while volatilization accounts for less than 10% of the total
hydrocarbon removal.
23. REFERENCES:- P. R.. Guest, J.W. Ratz, "Environmental Progress", May. 1995 vol. 14,
No.2, pp. 121-125.
24. KEY WORDS:- Contaminated soil, Bioventing, Biodegradation, #2 fuel oiL
25. CONTACT PERSONS:- None.
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CASE STUDY [131.1/92
1.

TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Other (not Superfund, DOT, RCRA, DOE or DOD)

2.

LOCATION:- SMS Instruments Superfund site in Deer Park, New York.

3.

NATURE OF SOIL:- The subsurface soil consisted of well-sorted sands to silty sands with
fine gravel, the penneability being 0.00227 to 0.00333 cmisec.

4.

AREA OF SITE I CONTAMINATED SITE:- Not known.

5.

DEPTH OF GROUNDWATER I CONTAMINATION:- Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Details to be collected.

7.

SITE CHARACTERIZATION:- Not known.

8.

MAJOR CONTAMINANTS:- Chlorinated and Non-Chlorinated Aliphatics and
Semivolatile Organic Compounds.

9.

SOURCE OF CONTAMINANTS:- Leakage from the Underground storage tank.

10. CONCENTRATION OF CONTAMINANTS :-Concentration of specific volatiles ranged
as high as 1,200 mglkg and the concentration of specific semivolatiles ranged as high as
1,800 glkg.
11. REGULATIONS:- Soil cleanup levels established for 9 volatiles and 9 semivolatiles
ranged from 0.5 to 5.5 mglkg.
12. SPECIFICATIONS:- Not known.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Selected Soil Vapor Extraction system that used horizontal vapor
extraction wells and a process control system.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Not known.
16. DESCRIPTION OF TECHNOLOGY:- The soil vapor extraction system included two
horizontal vapor extraction wells installed in trenches adjacent to the contaminated areas, a
catalytic oxidizer, and acid gas scrubber. The treatment unit included two horizontal vapor
extraction wells. They were installed in trenches 4.6 m deep, 0.6 m wide, and 23 m long.
The extracted vapors were treated using catalytic incineration and scrubbing. A process
control system which allowed for remote system monitoring and oversight was used. Based
on the results of soil boring data, Soil vapor extraction achieved the cleanup levels and
standards for 17 of the 18 specified organic constituents.
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17. DURATION OF REMEDIATION:- The operation began in May 1992 and was completed
in October 1993.
18. COST OF REMEDIATION:- The total treatment cost for this application was $450.420.
19. RESULTS:- Soil clean-up was achieved within approximately 400 days after system
operation began. 956 cubic meters (1,250 cubic yards) of soil was treated in this application.
The treatment method achieved the cleanup levels and standards for 17 of the 18 specified
organic constituents. For one constituent, Concentrations were above the specified cleanup
levels. According to the EPA, this result may be an anomaly since its concentration in the
treated soil was greater than the concentrations identified during the remedial investigation
at the site. In addition, the state ambient air guidelines were met during the operation of this
system.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- The treatment indicated that the costs associated with the
instrumentation were greater than anticipated and that there was a problem with corrosion of
ductwork. The vendor suggested several ideas for reducing the costs of future similar
applications including ways to reduce air monitoring costs.
23. REFERENCES:- Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, pp. 78-79.
24. KEY WORDS:- Contaminated soil, Soil vapor extraction, Chlorinated compounds.
25. CONTACT PERSONS:- Abram Miko Fayon, Remedial project Manager.
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CASE STUDY [141 • 2/92
1 . TYPE OF PROJECT:(a) Treating saturated contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Other (not Superfund, DOT, RCRA, DOE or DOD)

2. LOCATION:- At Commencement Bay in Tacoma in Washington.
3. NATURE OF SOIL:- Upper aquifer consisted of unconfined sand and gravel. Surface soil
permeability ranged from 2.8 to 3.6 x1o-3 em/sec.

4. AREA OF SITE I CONTAMINATED SITE:- The volume of the contaminated soil was
reported as 75,000 cubic meters (98,203 cubic yards).

5. DEPTH OF GROUND WATER I CONTAMINATION:- Depth of contamination was
extended up to 12 m (40 ft).

6. ENVIRONMENTAL SITE ASSESSMENT:- Details not known.
7. SITE CHARACTERIZATION:- Upper aquifer which extended for 15 m (50 ft.)
thickness consists of unconfined sand and gravel. Separate liquid phases of volatile organic
compounds in soil and ground water were suspected. Also Tar like compounds were also
suspected in the soil.

8. MAJOR

CONTAMINANTS:-

Chlorinated

aliphatics

which

includes

dichloroethane(DCE), PCA, PCE, TCE.

9. SOURCE OF CONTAMINANTS:- The main source is storage drums. Also there was
some contamination due to pour off from processing tanks.

10. CONCENTRATION OF CONTAMINANTS :-Average volatile organic compound
concentrations in top 7.5 m (25ft.) of soil ranged from 10 to 100 mg/kg. The average PCA
concentrations in soil borings ranged from 6,200 at 9 m (30ft.) depth to over 19,000 mg/kg
at 12 m (40 ft.) depth. Approximately 260,000 kg (571,000 lb.) of volatile organic
compounds present in unsaturated zone.

11. REGULATIONS:- There are no specific cleanup goals identified in Record of Decision.
Local permission was required for air emissions. The objective for the treatment system was
set at 99% removal.

12. SPECIFICATIONS:- Air discharge limits are specified as

* PCA

* PCE
* TCE

0.07 kg/hr (0.149lbs/hr)
0.04 kg/hr (0.095 lb./hr)
0.16 kg/hr (0.344lb./hr).

13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Selected Soil vapor extraction.

14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Not known.
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16. DESCRIPTION OF TECHNOLOGY:- A full scale soil vapor extraction was
constructed in 1992. This treatment was selected because of the relatively large volume of the
contaminated soil to be treated and also because of the possible presence of separate liquid
phases of volatile organic compounds and tar like compounds in soil. The soil vapor
extraction system included 22 wells used for vapor extraction, air inlet, and observation.
Granular activated carbon (GAC) was used to treat extracted vapors, was regenerated on site
using low pressure steam, which was subsequently condensed. The on-site solvent recovery
system was used to separate volatile organic compounds from condensate. The design flow
rate for the extraction system was at 84 cubic meters per minute (3,CXJO standard cubic feet
per minute (scfm)).
17. DURATION OF REMEDIATION:- The treatment is still ongoing by the time the report
is made and the report covers the duration between august 1992 to February 1994.
18. COST OF REMEDIATION:- The total capital cost for the treatment was estimated to be
$5,313,973.
19. RESULTS:- Computer modeling results showed predicted removal rates for VOCs as a
function of time. No results were provided for air emissions, treatment system removals or
mass discharge rates. Problems were experienced with the operation of the solvent recovery
system. The condensed mixed solvents formed an emulsion which did not separate readily
from the water.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- While no performance data were available at that time, it was noted that
soil vapor extraction system seems to be performing
23. REFERENCES:- Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, pp. 62-63.
24. KEY WORDS:- Contaminated soil, Soil vapor extraction, Chlorinated Aliphatics.

ZS. CONTACT PERSONS:· Phil Stoa, Remedial Project Manager, U.S.Army corps of
Engineers, Seattle district.
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CASE STUDY [151 • ~
1.

.2.

TYPE OF PROJECT:(a) Treating saturated contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Superfund
LOCATION :-

At Fairchild semiconductor corporation superfund site in SanJose,

California.

3.

NATURE OF SOIL:- The subsurface was comprised of sands, silts and clays, the air
permeability being 0.12-0.83 em/sec and the transmissivity being 69,000 to 810,000 gpd/ft.

4.

AREA OF SITE I CONTAMINATED SITE:- The volume of contaminated site was
32,000 cubic meters (42,000 cubic yards).

5.

DEPTH OF GROUND WATER I CONTAMINATION:- Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Not known.

7.

SITE CHARACTERIZATION:- The subsurface was comprised of sands, silts and clays.
Since the site comprised of a complex hydrogeology, the soil vapor extraction was selected a
sa treatment technology.

8.

MAJOR CONTAMINANTS:· Chlorinated and Non-Chlorinated Aliphatics.

9.

SOURCE OF CONTAMINANTS:· Leaking from the underground storage tank which
was used to store organic solvents.

10. CONCENTRATION OF CONTAMINANTS :· The maximum concentration of the total
solvents in soil was 4,500 mg/kg. Trichloroethane measured as high as 3,530 mg/kg in soil
whereas xylenes measured as high as 141 mg/kg in soil.
11. REGULATIONS:- The regulatory requirement was to continue the operation of soil vapor
system until total chemical removal rate was less than 4.5 kg/day (10 lb./day) and the
chemical removal rate from individual wells decreased to 10% or less of the initial removal
rate or the chemical removal rate declined at a rate of less than 1% per day for 10
consecutive days.
1.2. SPECIFICATIONS:- None available.
13. TREATMENT TECHNOLOGY:·
(a) Screening technology:- None.
(b) Selected technology:-Selected a full scale cleanup by Soil vapor extraction.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Details not available.
16. DESCRIPTION OF TECHNOLOGY:· The soil vapor extraction system consisted of 39
extraction wells, two vacuum pumps of capacity 126 cubic meters per minute (4,500 cubic
feet per minute) at 0.5 m (20 inches) of mercury. The system operated from January 1989 to
April 1990. The vapor treatment system used was dehumidification unit and vapor phase
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granular activated carbon. The most rapid reductions in contaminant concentrations occurred
during the first two months of operation. After 8 months of operation, the Soil vapor
extraction system achieved the cleanup goal of less than 4.5 kg/day (10 lb./day) for total
chemical removed. After 16 months of operation, the system achieved a chemical removal
rate of less than 1.8 kg/day (4 lb./day), at which time the system was shut off.
17. DURATION OF REMEDIATION:- The duration of the remediation was from January
1989 to April 1990.
18. COST OF REMEDIATION:- The actual capital costs for the soil vapor extraction
treatment system were $2,100,000 including installation of wells and vapor extraction
system, and engineering services. The total operation and maintenance costs for 16 months
was $1,800,CX:Xl
19. RESULTS:· The soil vapor extraction treatment system achieved the clean-up goal for the
4.5 kg/day (10 lb./day) total chemical removal rate in 8 months. After 16 months of
operation, the removal rate for total chemicals was less than 1.8 kg/day (4lb./day).
20. TRAINING PROGRAM:· None.
21. OTHER INFORMATION:· None.
22. CONCLUSIONS:- The annual costs were about 7% less than the projected costs because
the time required for clean-up was less than originally estimated. This treatment application
was part of a multi-faceted cleanup program which included the installation of a slurry wall
and dewatering of the aquifer which accelerated contaminant removal from the soil costs .
23. REFERENCES:- Abstracts of remediation case studies by EPA. EPA-542-R-95-001,
March 1995, pp. 64-65.
24. KEY WORDS:- Contaminated soil, Soil vapor extraction, Chlorinated aliphatics.

25. CONTACT PERSONS:- Belinda Wei, U.S. EPA Region 9, 75 Hawthorne Street, San
Fransisco, CA 94105, Ph. (415) 744-2280.
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CASE STUDY [16] • ~
1.

TYPE OF PROJECT:(a) Treating saturated contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Other (not Superfund, DOT, RCRA, DOE or DOD)

,..

z.

LOCATION :- Lowry Air Force Base in Denver, Colorado.

3.

NATURE OF SOIL:· The sub surface comprised of firm sandy clay and medium to coarse
grained sand.

4.

AREA OF SITE I CONTAMINATED SITE:- Volume of contaminated soil was 4130
cubic meters (5400 cubic yards).

-

5.

DEPTH OF GROUND WATER I CONTAMINATION:- Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Details to be collected.

-

7.

SITE CHARACTERIZATION:- The sub surface comprised of firm sandy clay and
medium to coarse grained sand. The soil moisture content ranged from 6% to 11%.

8.

MAJOR CONTAMINANTS:· Benzene, toluene, ethyl benzene and xylene (BTEX) and
Total Petroleum Hydrocarbons (TPH).

9.

SOURCE OF CONTAMINANTS:· A leak from the underground storage tanks.

-

10. CONCENTRATION OF CONTAMINANTS:· The BTEX concentration is less than 100
mg/kg. The total recoverable petroleum hydrocarbons were upto 11000 mg/kg. The average
being 3100 mg/kg.
11. REGULATIONS:For the treated soils TPH should be less than 500 mg/kg, TRPH
should be less than 500 mg/kg and BTEX should be less than 100 mg/kg. The clean up
was conducted under EPA and State of Colorado Underground Storage Tanks Regulations
and the Colorado Department of Health's Remedial Action Category III (RAC III) action
levels.
12. SPECIF1CATIONS:- Not known.
13. TREATMENTTECHNOLOGY:(a) Screening technology:- None
(b) Selected technology:- Selected Bio-remediation.
14. CONTAINMENTTECHNOLOGY:- None
15. RISK ASSESSMENT:- Not known.
16. DESCRIPTION OF TECHNOLOGY:- The underground storage tanks in the area were
removed and the contaminated soil was excavated. Land treatment was selected for the
excavated soil and treatment of about 4130 cubic meters began in July 1992. For this land
treatment application, nutrients (Ammonium Nitrate) were added in a one time application,
the soils tilled twice a month and soil moisture content is kept between 10 to 15 % by
weight. The treatment had not been completed as of September 1993. The levels of total
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extractable Petroleum Hydrocarbons sampled as of 1993 showed levels in the range of
1300 to 1700 mg/kg. These results indicated that the land treatment will be effective.

17. DURATION OF REMEDIATION:- The treatment is still ongoing by the time the report
is made and the report covers the duration from July 1992 to September 1993.

18. COST OF REMEDIATION:-

The total capital cost fir the project was estimated to be
$104257 and the estimated annual operation costs were $18460 per year.

19. RESULTS:- The land treatment project was not complete at the time of this report and no
TRPH, BTEX and TPH data are available at this time. The total extractable petroleum
hydrocarbons levels as of September 1993 ranged from 1300 to 1700 mg/kg.

20. TRAINING PROGRAM:- None
21. OTHERINFORMATION:· None
22. CONCLUSIONS:- The available information to date indicates that the credibility of the
land treatment soil assessment would have been improved if an adequate, random sampling
program had been used for sample collection.

23. REFERENCES:· Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, PP 30-31.

24. KEY WORDS:· Contaminated soil, Bioremediation, Land treatment, Petroleum products.
25. CONTACT PERSONS:· Lt Tom Williams, 3415 CES/DEV, Lowry AFB, CO 80230.

C16. 2

...
CASE STUDY [17]. 3/89
1.

TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Superfund

2.

LOCATION:- Scott Lumber Company Superfund Site in Alton, Missouri.

3.

NATURE OF SOIL:- The soil was classified as sand as per USBA system.

4.

AREA OF SITE I CONTAMINATED SITE:- 15961 tons of soil needed treatment.

5.

DEPTH OF GROUND WATER I CONTAMINATION:- Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Details to be collected.

7.

SITE CHARACTERIZATION:- Approximately 4% of soil passed the #200 sieve. The
soil was classified as sand as per USDA system.

8.

MAJOR CONTAMINANTS:- Poly Nuclear Aromatic Hydrocarbons.

9.

SOURCE OF CONTAMINANTS:- Surface Impoundment and spill.

10. CONCENTRATION OF CONTAMINANTS:- PAH concentrations were measured as
high as 0.326 mg/kg in lagoon water, 12400 mglkg in sludge, and 63000 mg/kg in soils.
Benzo(a)pyrene ranged from 16 to 23 mglkg at initiation of treatment.
11. REGULATIONS:- The action levels in soils were established for total PAH at 500 mg/kg.
and for benzopyrene at 14 mg/kg. Total PAH was defined as the sum of 16 specific PAH
constituents.
12. SPECIFICATIONS:- None
13. TREATMENT TECHNOLOGY:·
(a) Screening technology:- None
(b) Selected technology:- Land treatment by bioremediation.
14. CONTAINMENT TECHNOLOGY:- None
15. RISK ASSESSMENT:- Details to be collected.
16. DESCRIPTION OF TECHNOLOGY:- An Action Memorandum was signed in July
1987 which specified the construction and operation of a land treatment unit (LTU) as a
removal action for treatment of PAH- contaminated soils at the site. Cleanup activities were
performed in three phases. The first two phases involved decontamination and removing of
surface debris and sludge at the site of excavation and stockpiling of contaminated soil at the
site. Phase III involved on site land treatment of contaminated stockpiled soil.
Land treatment was performed from December 1989 through September 1991, and
15961 tons of soil were treated during this application. Stockpiled soil was placed in the
LTU in two lifts. Approximately 91 kg per acre of ammonium phosphate fertilizer were
added to the first lift to adjust the nutrients in the soil. No nutrient adjustments were made to

C17. 1

-

-

..;;

-

the second lift. Each lift was cultivated once or twice a week and irrigated, as necessary. to
maintain a moisture content between I% and 4%.

17. DURATION OF REMEDIATION:- The treatment started in December 1989 to
September 1991.
18. COST OF REMEDIATION:- The total costs for removal action was estimated to be
approximately $4,047,000.
19. RESULTS:- Land treatment achieved specified action levels.
••

20. TRAINING PROGRAM:· None.
21. OTHER INFORMATION:- None.

....
.-

--

22. CONCLUSIONS:- Land treatment at the site reduced levels of Benzoapyrene(BAP) and
total polynuclear aromatic hydrocarbons(PAHs) to below action levels. In lift 1,
Benzoapyrene(BAP) concentrations were reduced from 16 mg/kg to 8 mg/kg and total
polynuclear aromatic hydrocarbon (PAH) concentrations were reduced from 560 mg/kg to
130 mg/kg within 6 months. In lift 2, concentrations were reduced from 23 mglkg to 10
mg/kg for Benzoapyrene(BAP) and from 700 mg/kg to 155 mg/kg for total polynuclear
aromatic hydrocarbons (PAHs) within 3 months.
23• REFERENCES:· Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, pp. 32-33.
24. KEY WORDS:- Contaminated soil, Bioremediation, Polynuclear aromatic hydrocarbons,
Benzoapyrene.

25. CONTACT PERSONS:· Bruce A. Morrison, Remedial Project Manager, U.S. EPA Region
7, Emergency Planning and Response Branch, 25 Funston Road, Kansas city, KS 66115, Ph.
(913) 551-7755.

-

-
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CASE STUDY [191 • 4~
1.

TYPE OF PROJECT:·
(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Superfund

2.

LOCATION :- At the Anderson Development company Superfund Site in Adrian,
Michigan.

3.

NATURE OF SOIL:- Not known.

4.

AREA OF SITE I CONTAMINATED SITE:- 5,100 tons of soil needed treatment.

5.

DEPTHOFGROUNDWATER/CONTAMINATION:· Notknown.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Details to be collected.

7.

SITE CHARACTERIZATION:-The soil sludge was reported to be 65-70% before
dewatering and 41-44% after dewatering. The pH of the soil was 7 before dewatering and
10.9-11.2 after dewatering.

8.

MAJOR CONTAMINANTS:- Chlorinated Aliphatics, Polynuclear Aromatic
Hydrocarbons, Other organics and Metals.

9.

SOURCE OF CONTAMINANTS:· The site was formerly used for the manufacture of 4,4methylene bis(2-chloroaniline), a hardening agent used in plastics manufacturing. Process
waste waters were discharged to an unlined lagoon.

10. CONCENTRATION OF CONTAMINANTS :-The concentration of the primary
contaminant 4,4-methylene bis(2-chloroaniline) in untreated soil was above the regulatory
limits and the level of concentration ~f Manganese was up to 10%.
11. REGULATIONS:- The regulations for 4,4-methylene bis(2-chloroaniline) in the soil was
1.684 mglkg.
12. SPECIFICATIONS:· Not known.
13. TREATMENT TECHNOLOGY:·
(a) Screening technology:- None.
(b) Selected technology:- Selected Thermal desorption.
14. CONTAINMENT TECHNOLOGY:· None.
15. RISK ASSESSMENT:- Not known.
16. DESCRIPTION OF TECHNOLOGY:· A remedial investigation determined that soil and
sludges in and around the lagoon were contaminated. Contaminated soils and sludges were
excavated, dewatered, and stockpiled. A Record of Decision (ROD), signed in September
1991, specified thermal desorption as the remedial technology for the excavated soil. Soil
cleanup goals were established for the contaminants. Thermal desorption was performed
from January 1992 to June 1993. The thermal processor consisted of two jacketed troughs.
The solids were pretreated by shredding, screening, and dewatering. Hollow screw
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conveyors move soil across the troughs, and act to mix and heat the contaminated soil. The
soil residence time was 90 minutes and the temperature of the sludge or soil was 5005300F. The treated soil was discharged into a conditioner, where it was sprayed with water.
Thermal desorption achieved the soil cleanup goals specified for the contaminants.
17. DURATION OF REMEDIATION:- The treatment was started in January 1992 and
continued till June 1993.
18. COST OF REMEDIATION:· Information not available.
19. RESULTS:- Analytical data for 6 piles of treated soil indicated that the cleanup goals for
4,4-methylene bis(2-chloroaniline) and volatile organic compounds were met. Seven of
eight semivolatile organic constituents met cleanup goals. Analytical problems were
identified for bis(2-ethylhexyl)phthalate. The treated soil was disposed off site due to
elevated manganese levels.
20. TRAINING PROGRAM:· None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- Information on costs were not available at the time of report. the treated
soils were to be used as backfill for the lagoon. However, the state required off-site disposal
of treated soils due to the presence of elevated levels of manganese.
23. REFERENCES:- Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, pp. 84-85.
24. KEY WORDS:- Contaminated soil, Thermal desorption. Chlorinated aliphatics.

25. CONTACT PERSONS:- Jim Hahnenburg, Remedial Project Manager, U.S. EPA Region 5,
77 West Jackson Boulevard, Chicago, IL 60504, Ph. (312) 353-4213.
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CASE STUDY [201 . 4~
1.

TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Supeifund

-

2.

LOCATION :- At King Of Prussia Technical Corporation Supeifund Site in Winslow
Township, New Jersey.

3.

NATURE OF SOIL:- Not known.

4.

AREA OF SITE I CONTAMINATED SITE:- 19,200 tons of soil needed treatment.

5.

DEPTH OF GROUND WATER I CONTAMINATION:- Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Not known.

-

7.

SITE CHARACTERIZATION:- The soil and sludge has a moisture content of
approximately 15%. The pH of the soil was 6.5.

...

8.

MAJOR CONTAMINANTS:- The major contaminants were the metals Beryllium,
Chromium, Copper, Nickel, Zinc, Lead, Mercury.

9.

SOURCE OF CONTAMINANTS:- The site has previously been used as a waste recycling
facility and an estimated 15 million gallons of liquid industrial waste were processed in six
lagoons. This has resulted in the contamination.

10. CONCENTRATION OF CONTAMINANTS:- Highest concentrations in the sediments:Chromium - 8,010 mglkg,
Copper
- 9,CJ70 mglkg,
Mercury
- 100 mg/kg.
Highest metal concentrations in sludge:Chromium - 11.300 mg/kg,
Copper
- 16.300 mglkg,
Lead
- 389 mg/kg,
Nickel
- 11,100 mglkg.
11. REGULATIONS:- Record of Decision (ROD) for 1990 identified soil cleanup levels for 11
metals as:Arsenic
- 190 mglkg,
Beryllium - 485 mglkg,
Cadmium - 1CJ7 mg/kg,
Copper
- 3,571 mg/kg,
Lead
- 500 mg/kg,
Mercury - 1 mg/kg,
Nickel
- 1,935 mglkg,
4 mglkg,
Selenium
Silver
- 5 mglkg,
Zinc
- 3,800 mglkg.
12. SPECIFICATIONS:- Not known.
13. TREATMENT TECHNOLOGY:-
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(a) Screening technology:- None.
(b) Selected technology:- Selected Soil Washing.

14. CONTAINMENT TECHNOLOGY:· None.
15. RISK ASSESSMENT:- Not known.
16. DESCRIPTION OF TECHNOLOGY:· The soil washing system at KOP was selected
based on the results of a treatability study and data from a demonstration using KOP soil at
a full scale unit in the Netherlands. In the process, the materials handling included selective
excavation of metals-contaminated soil using visual inspection, confirmed using on-site Xray fluorescence. The soil washing system consisted a series of hydroclones, conditioners,
and froth floatation cells. The soil washing system included four components at a rated feed
capacity of 25 tons/hour. The screening unit consisted of multiple screens, coarse screens
greater than 0.2 m (8 inches), process oversize greater than 0.05 m (2 inches), and wet
screening of less than 0.05 m (2 inch) materials.
The separation unit consisted of hydroclones which separate coarse and fine grained
materials. The air floatation treatment units were used for froth floatation. Approximately
19,200 tons of contaminated soil and sludge were treated during this application.
17. DURATION OF REMEDIATION:- The operation began in June 1993 and extended to
October 1993.
18. COST OF REMEDIATION:- The total cost for this application was $7,700,000, including
off-site disposal costs for the sludge cake.
19. RESULTS:- The cleanup goals were met for all the 11 metals and these cleanup goals were
achieved in less than 4 months.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- Selective excavation reduced the overall costs for the application by
reducing the amount of soil requiring treatment by a factor of two. Further, the data from the
demonstration run expedited the design schedule of the full-scale unit by more than a year.
23. REFERENCES:- Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, pp. 86-87.
24. KEY WORDS:- Contaminated soil, Soil washing, Metals.
25. CONTACT PERSONS:- John Gorin, Remedila Project Manager, U.S. EPA Region 2, 26
Federal plaza, New York, NY, Ph. (202) 264-7592.
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CASE STUDY [211 • 2£2!!
1.

TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Superfund

l.

LOCATION:- At the Wide Beach Development Superfund Site in Brant, New York.

3.

NATURE OF SOIL:- Not known.

4.

AREA OF SITE I CONTAMINATED SITE:· 42,000 tons of soil needed treatment.

S.

DEPTH OF GROUNDWATER I CONTAMINATION:- Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Details to be collected.

7.

SITE CHARACTERIZATION:- The soil had a moisture of 18.3%. The soil consisted of
12,8% clay and 30.3% silt. The pH of the soil was 7.7.

8.

MAJOR CONTAMINANTS:· Polychlorinated Biphenyls (PCBs).

9.

SOURCE OF CONTAMINANTS:· The contamination occurred due to road oiling, the
application of Polychlorinated Biphenyls (PCBs) containing waste oils to the roadways for
dust control.

..

-

10. CONCENTRATION OF CONTAMINANTS:- The stockpiled soil contained 10 to 5,000
mg/kg Polychlorinated Biphenyls (PCBs). The material fed into the thermal desorber
contained 11 to 68 mg/kg Polychlorinated Biphenyls (PCBs).

11. REGULATIONS:· The regulatory requirements or cleanup goals for Polychlorinated
Biphenyls (PCBs) in soil are 2 mg/kg.

12. SPECIFICATIONS:- Not known.

-

13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Selected Thermal Desorption and.Dehalogenation.

14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Details not known.
16. DESCRIPTION OF TECHNOLOGY:- Contamination of soil at this site resulted from the
spraying of waste oil containing polychlorinated biphenyls (PCBs) over the roadways in the
community to control dust. This project is notable for using full-scale treatment application
using soil Tech's A TP system in conjunction with APEG dechlorination to treat soil at a
Superfund site contaminated with PCBs.
During the full scale treatment of soils at the site. samples of untreated soil were
occasionally collected from the feed conveyor of the ATP system. The concentrations of
polychlorinated biphenyls (PCBs)measured in these samples ranged from 11 to 68 mglkg,
with an average polychlorinated biphenyl (PCB) concentration of 24 mg/kg. Samples of the
treated soil were collected either from the treated solids staging area or the tailings
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conveyor of the ATP system. The concentrations of polychlorinated biphenyls (PCBs)
measured in these samples were generally less than or near the detection limit
(approximately 0.5 mg/kg) and all samples were below the 2 mg/kg cleanup level during
the treatment application.

17. DURATION OF REMEDIATION:· The remediation operation started in October 1990
and completed in September 1991.
18. COST OF REMEDIATION:· The actual total costs for cost elements directly associated
with treatment were $11,600,000 which included solids preparation and handling, startup,
equipment, and operation.
19. RESULTS:- The Polychlorinated Biphenyl (PCB) concentrations reduced from up to 68 to
less than 2 mg/kg.
20. TRAINING PROGRAM:· None.
21. OTHER INFORMATION:· None.
22. CONCLUSIONS:- An EPA SITE demonstration was conducted during the full-scale
operation in May of 1991. The SITE demonstration results indicated that 98% of the
Polychlorinated Biphenyls (PCBs) that entered the thermal processor were de chlorinated.
23. REFERENCES:· Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, pp. 98-99.
24. KEY WORDS:- Contaminated soil, Polychlorinated Biphenyls (PCB), Thermal desorption.

25. CONTACT PERSONS:* Herb King(RPM), U.S. EPA Region 2, 26 Federal Plaza, New York, NY 10278, Ph. (212)
264- 1129.
* Joe Salvatore, USACE c/o 914 TAG, Bldg. 322, Niagara Falls Inti. Airport, Niagara Falls,
NY 14304, Ph. (716) 297-8531.
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CASE STUDY [22]. 5/93

-

1 . TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Superfund
2. LOCATION :- At T.H. Agriculture and Nutrition Company Superfund Site in Albany,
Georgia

...

3. NATURE OF SOIL:- Not known.
4. AREA OF SITE I CONTAMINATED SITE:- 4,300 tons of soil needed treatment.

5. DEPTH OF GROUND WATER I CONTAMINATION:- Not known.

-

6. ENVIRONMENTAL SITE ASSESSMENT:- Details to be collected.
7. SITE CHARACTERIZATION:- The subsurface soil had a bulk density of 125.8 to
129.7 lb./cubic feet. The moisture content of the soil was 13 to 19%. The pH of the soil
ranged from 5. 7 to 6.2.
8 • MAJOR CONTAMINANTS:- Halogenated Organic Pesticides like dieldrin, toxaphene,
DDT,lindane.
9. SOURCE OF CONTAMINANTS:- The site was previously used for pesticide
formulation and storage. This manufacturing process resulted in the contamination.
10. CONCENTRATION OF CONTAMINANTS :- The total organic contents were
reported to be 0.2 to 0.23 mg/kg.
11. REGULATIONS:- The clean-up goals were identified in March 1992. Unilateral
administrative order had treatability variance for proof of process performance test and full
scale treatment were:* Total Organochlorine(OCL) pesticides should be less than 100 mglkg
* The four constituents measured (DDT. toxaphene, BHC-alpha, BHC-beta) should be
greater than 90% of measured reduction in concentration.

-

12. SPECIFICATIONS:- Not known.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Selected Thermal Desorption.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:· None.
16. DESCRIPTION OF TECHNOLOGY:· The thermal desorption unit consisted of rotary
kiln thermal desorber operated at 833 to 1,080°F (soil exit temperature) and a 15-minute
residence time. An interlock (waste feed cutofO process control system was used in this
application to maintain operation of the unit within allowable limits. The system was operated
from July to October 1993. The offgases routed through a baghouse, a water quenching unit,
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a reheater, and a vapor phase carbon adsorption bed. Thermal desorption achieved the
specified cleanup levels for organochlorine pesticides and air emission rates. Total
organochlorine pesticide concentrations in the treated soil ranged from 0.009 to 4.2 mg/kg
with an average concentration of 0.5 mg/kg. Average removal efficiencies for the four target
organochlorine pesticides were grater than 98%.

17. DURATION OF REMEDIATION:· The treatment began in July 1993 and was
completed in October 1993.

18. COST OF REMEDIATION:- The total treatment cost was estimated to be $849,996
which included solids preparation and handling, mobilization, startup, system operation, and
demobilization.

19. RESULTS:- The cleanup goals for soil were met for both total organochlorine pesticides
and individual constituents. Air emission standards were achieved during both the proof of
process test and during the full scale remediation. The average organochlorine pesticides
concentration in treated soil was found to be 0.51 mg/kg. The average removal efficiencies
for individual constituents were greater than 98%.

20. TRAINING PROGRAM:· None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- The proof of process performance test conducted well before the
application provided information on operating conditions and air emissions that were used for
the full scale treatment application. The removal efficiencies were greater than 98% and the
technology proved to perform as per the expectations for the site.

23. REFERENCES:- Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, PP 96-97.
24. KEY WORDS:- Contamination, Thermal Desorption, Organic Contaminants.
25. CONTACT PERSONS:· RDonald Rigger, On-Scene Coordinator, U.S.EPA Region IV,
345 Courtland Street, N.E., Atlanta, GA 30365, Ph. (404) 347-3931.
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CASE STUDY [231 . ~
1 • TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) DOD site

l • LOCATION :-At Eielson air force base in Fairbanks, Alaska.
3 . NATURE OF SOIL:- The subsurface soil consisted of interbedded layers of loose to
medium dense gravel and sands with varying amounts of silt to 6-9 feet This is underlain by
600 feet of medium dense to dense sandy gravel.

_,

4 . AREA OF SITE I CONTAMINATED SITE:- Not known.
5. DEPTH OF GROUND WATER I CONTAMINATION:- Depth of contamination
extended to 6.1 meters in the saturated zone.

6. ENVIRONMENTAL SITE ASSESSMENT:- Details to be collected.

...

7. SITE CHARACTERIZATION:- Not known.
8. MAJOR CONTAMINANTS:- Total Petroleum Hydrocarbons (TPH) and Benzene,
Toluene, Ethyl benzenes, Xylenes (BTEX).

"'

9 • SOURCE OF CONTAMINANTS:- The spills and leaks of JP-4 jet fuel caused the
contamination.

10. CONCENTRATION OF CONTAMINANTS :- Soil Total Petroleum Hydrocarbon
(TPH) levels averaged 1,500 mglkg.

11. REGULATIONS:- The regulatory requirements specified that the Total Petroleum
Hydrocarbons (TPH) should be less than 200 mg/kg in soil. The Benzene concentration
should be less than 2 lbs/day in extracted soil gas. The remedial activities were to be
conducted in accordance with a Federal Facilities Agreement between U.S. Air Force, U.S.
EPA, and the Alaska Department of Environmental Conservation.
12. SPECIFICATIONS:- Not known.

13. TREATMENT TECHNOLOGY:·
(a) Screening technology:- None.
(b) Selected technology:- Selected Bioventing.

14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:· Details not known.
16. DESCRIPTION OF TECHNOLOGY:- A field demonstration of bioventing and three
soil warming techniques began in July 1991 including active warming, passive warming and
surface warming. Available respiration test data for oxygen consumption rates confirmed the
occurrence of biological degradation processes. Preliminary results indicate that bioventing
with soil warming achieves biodegradation year round in the subarctic environment. Active
warming was found to achieve a higher biodegradation rate than passive or surface warming.
It was noted that biodegradation was enhanced by adequate soil oxygen, moisture, and
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nutrient levels, that injection wells were impracticaJ at the source areas with naturally high
concentration of iron in the groundwater. Also the high moisture content interferes with soil
gas monitoring and reduces the number of soil gas monitoring samples that can be sampled.

17. DURATION OF REMEDIATION:· The report covers the period of operation from July
1991 to July 1994.
18. COST OF REMEDIATION:· The estimated capital costs were $758,077 an the estimated
annual operations and maintenance costs were $1,77,160.
19. RESULTS:- Active warming was found to achieve a higher biodegradation rate than passive
or surface warming.
20. TRAINING PROGRAM:· None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:· Full scale remedial activities at the site were conducted in accordance
with a Federal Facilities Agreement between the U.S.AirForce, U.S.EPA, and the Alaska
Department of Environmental Conservation.
23. REFERENCES:· Abstracts of remediation case studies by EPA, EPA-542-R-95-(X)l,
March 1995, pp 20-21.
24. KEY WORDS:· Contaminated soil, Bioremediation, Bioventing, Petroleum substances,
BTEX.
25. CONTACT PERSONS:· Capt. Timothy Merrymon, 354 CES/CEVR, 2258 Central
A venue, Suite 1, Eielson AFB, Alaska 99702.

C23. 2

CASE STUDY [241 • ~
1 • TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Superfund site

...

2. LOCATION:- At French Limited Superfund Site in Crosby, Texas.
3. NATURE OF SOIL:· The soils varied from a fine grained silts to coarse sand.
4. AREA OF SITE I CONTAMINATED SITE:- Approximately 300,000 tons of soil
needed remediation.
5. DEPTH OF GROUND WATER I CONTAMINATION:- Not known.

6. ENVIRONMENTAL SITE ASSESSMENT:- Details to be collected.
7. SITE CHARACTERIZATION:- The soils varied from a fine grained silts to coarse sand.
The sludges consisted of tar like substance comprising of a mixture of petrochemical sludges,
kiln dust, styrene and oils.

...

8. MAJOR CONTAMINANTS:- Polynuclear Aromatic Hydrocarbons (PAHs) and
Chlorinated Aliphatics.
9. SOURCE OF CONTAMINANTS:- The site was a industrial waste disposal facility
where an estimated 70 million gallons of petrochemical wastes were disposed in an unlined
lagoon.
10. CONCENTRATION OF CONTAMINANTS :-The volatile organics ranged upto 400
mg!Kg. Pentachlorophenol ranged up to 750 mg/kg. Seem volatiles ranged up to 5000 mglkg.
Metals ranged up to 5000 mglkg and PCB's up to 616 mglkg.
11. REGULATIONS:- The Record of Decision (ROD) specified maximum allowable
concentrations in the lagoons of soils and slugs for 5 contaminants as given:
* Benz(a)pyre - 9 mg/kg
* Total PCBs
- 23 mg/kg
* Vinyl chloride - 43 mglkg
* Arsenic
- 7 mglkg
* Benzene
- 14 mglkg.
The Record of Decision (ROD) specified an action level for total volatile organic compounds ()
of 11 pp. for 5 minutes at the site boundary at any time during treatment
12. SPECIFICATIONS:- Not known.
13. TREATMENT TECHNOLOGY:·
(a) Screening technology:-None.
(b) Selected technology:- Selected Slurry phase.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Not known.

...
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16. DESCRIPTION OF TECHNOLOGY:· The slurry phase Be-redemption has been
specified by the Record of Decision signed in March 1998. The technology consisted of two
treatment cells designed to hold 17 million gallons each. An innovative system was used for
aeration in the emissions while supplying oxygen to the Bio-mass. This system used pure
oxygen and a series of educators to oxygenate the mixed liquor while minimizing air
emissions. During this time, approximately 300,000 tons of contaminated sludge and soils in
the lagoon were treated to levels below those specified in the record of decision. The aeration
system was used to maintain dissolved oxygen concentration at 2 mg/liter. Tarry sludge was
dredged and treated separately from sub-soils in lagoon. In addition air emission limits
specified in the Record of Decisions were not exceeded during treatment
17. DURATION OF REMEDIATION:· The operation began in January 1992 and was
completed in November 1993.
18. COST OF REMEDIATION:- The total cost were approximately $49,000,000 including
project management, pilot studies, technology development, EPA oversight and backfill of the
lagoon.
19. RESULTS:· The specified clean up criterion were met within 10 months treatment for cell E
and 11 months treatment for cell F. There were no exceedances of the established criterion for
VOC air emissions.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:· None.
22. CONCLUSIONS:- The slurry phase bioremediation application was notable as being the
first application of this kind at a Superfund site, and included approximately $12,000,000 in
technology development and pilot scale and testing work. According to French Limited Task
Group, the costs for future applications of slurry phase hie-remediation depend on site
specific chemical and physical conditions with oxygen and nutrient supply being key factors
affection the cost of hie-remediation systems.
23. REFERENCES:- Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, PP 22-23.
24. KEY WORDS:· Contaminated soil, slurry phase bioremediation, polynuclear aromatic
hydrocarbons, chlorinated aliphatics.
25. CONTACT PERSONS:- Judith Black, Remedial Project Manager, U.S. EPA Region 6,
1445 Ross Avenue, Dallas, TX 75202, Ph: (214)-665-6739.
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CASE STUDY f25l • 3/90
1 . TYPE OF PROJECT:-

(a) Treating saturated contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) DOD site
2. LOCATION :- At Hill air force base in Ogden, Utah.
3. NATURE OF SOIL:- The subsurface consisted of mixed sands and gravels with
occasional clay lenses.

-

-

4. AREA OF SITE I CONTAMINATED SITE:- 1250 sq. m (13,500 sq. ft) of surface
area was contaminated by spill.
5. DEPTH OF GROUND WATER I CONTAMINATION:- Not available.
6. ENVIRONMENTAL SITE ASSESSMENT:- To be collected.
7. SITE CHARACTERIZATION:- Approximate extent of 10,000 mglkg JP-4 contour
covered area 30 by 46 m (100 by 150 ft.). The air penneability ranged from 4.7 to 7.8
darcies.

8. MAJOR CONTAMINANTS:- Total Petroleum Hydrocarbons (TPH).

-

9. SOURCE OF CONTAMINANTS:- The spill of JP-4 Jet Fuel.

10. CONCENTRATION OF CONTAMINANTS :- Total Petroleum Hydrocarbons (TPH)
concentrations in untreated soil ranged from less than 20 to 10,2000 mglkg with an average
soil Total Petroleum Hydrocarbons (TPH) concentration of 411 mg/k:g.
11. REGULATIONS:- The regulatory or cleanup goal was 38.1 mglkg Total Petroleum
Hydrocarbons (TPH). The cleanup was conducted under Utah Department of Health's
"Guidelines for Estimating Numeric Cleanup Levels for Petroleum Contaminated Soil at
Underground Storage Tank Release Sites".

...

12. SPECIFICATIONS:- To be collected.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Selected Bioventing preceded by Soil Vapor Extraction.

14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Not known.
16. DESCRIPTION OF TECHNOLOGY:- The remediation of this spill area was conducted
from October 1988 to December 1990 in two phases, the soil vapor extraction phase followed
by the bioventing phase. The soil vapor extraction system included 7 vent wells located in the
areas of highest contamination, 31 monitoring wells and a catalytic incinerator. The typical air
flow rate through the vent wells was 700 acfm, with a maximum of 1,500 acfm. In addition, a
plastic liner was installed over part of the spill area surface to prevent local air infiltration and
bypassing of the airflow to the vent well directly from the surface. Within a year the soil vapor

C25. 1

...

extraction system removed hydrocarbons from the soil to levels ranging from 33 to 101
mglkg. Further reduction of the hydrocarbon concentration in the soil, to levels below the
specified Total Petroleum Hydrocarbons (TPH) limit, was achieved by using bioventing for
15 months. The bioventing system included 4 vent wells, located on the southern perimeter of
the spill area, and the monitoring wells used for soil vapor extraction system. Because
hydrocarbon concentrations were less than 50 mg/1 in the extracted vapors, the catalytic
incinerator was not required for this phase. Biodegradation was enhanced by injecting
oxygen, moisture and nutrients to the soil. Average Total Petroleum Hydrocarbon (TPH)
concentrations in the treated soil were less than 6 mglkg.
In monitoring biodegradation rates, oxygen depletion was found to be a more accurate
estimator of biodegradation rate than carbon dioxide formation. Carbon dioxide sinks, suchas
biomass, solubility in water, and reaction with the soil, limited the usefulness of carbon
dioxide formation as a process control parameter.
17. DURATION OF REMEDIATION:- The remediation of this spill area was conducted
from October 1988 to December 1990.
18. COST OF REMEDIATION:- The total cost of remediation was $3,35,000, including
capital and 2 years of operating costs. The annual operating costs were estimated to be
$1,32,000.
19. RESULTS:- The average Total Petroleum Hydrocarbon (TPH) soil concentrations in treated
soil reduced to less than 6 mglkg. 95,700 kg (2, 11,000 lb.) of Total Petroleum Hydrocarbon
(TPH) removed in approximately 2 years of operation. The removal rate ranged from 9 to 180
kg/day (20 to 400 lb./day).
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None .
. 22. CONCLUSIONS:- The remediation project achieved specified Total Petroleum
Hydrocarbon (TPH) levels.
23. REFERENCES:- Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, pp 26-27.
24. KEY WORDS:- Contaminated soil, Bioremediation, Soil vapor extraction, Total petroleum
hydrocarbons.
25. CONTACT PERSONS:- Robert Elliot, 00-ACCIEMR, 7274 Wardleigh Road, Hill AFB,
Utah, 84055.
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CASE STUDY [26] • 1/86
1.

TYPE OF PROJECT:·
(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Superfund site

2.

LOCATION:- At McKin Company Superfund Site in Maine, Florida.

3.

NATURE OF SOIL:· No information available.

4.

...

AREA OF SITE I CONTAMINATED SITE:· 8,800 cubic meters of soil needed
treatment.

5.

DEPTH OF GROUND WATER I CONTAMINATION:· Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:· To be collected.

7.

SITE CHARACTERIZATION:· No information available.

8.

MAJOR CONTAMINANTS:- Chlorinated Aliphatics, BTEX (Benzene, Toluene, Ethyl
benzene, Xylene), Polynuclear Aromatic Hydrocarbons (PAHs).

9.

SOURCE OF CONTAMINANTS:· A disposal pit

10. CONCENTRATION OF CONTAMINANTS:· The excavated soil contained up to 3,310
mg/kg trichloroethylene, 130 mglkg Ethyl benzene, and 35 mg/kg Toluene.

...

..

11. REGULATIONS:- The soil performance standard of 0.1 mg/kg is allowed for
trichloroethylene, 1 mg/kg for individual aromatic organic compounds, 1 mg/kg for
individual Polynuclear Aromatic Hydrocarbons (PAHs), and 10 mg/kg for total Polynuclear
Aromatic Hydrocarbons (PAHs).
12. SPECIFICATIONS:- Not known.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Selected Thermal Desorption.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:· Not available.
16. DESCRIPTION OF TECHNOLOGY:- The Record of decision (ROD) identified several
areas at the site that required on-site thermal desorption treatment for contaminated soil.
These areas were grouped into "VOC- Contaminated area" and "Petroleum Contaminated
area". The treatment performance standard, stipulated in the Record of decision (ROD),
required treatment of trichloroethylene in the soil to a concentration of 0.1 mg/kg. In
addition to the trichloroethylene requirement, treatment performance standards for
Polynuclear Aromatic Hydrocarbons {PAHs) and aromatic organics were specified for the
petroleum contaminated area. Ambient air monitoring was required during the application.
The thermal desorption system included a rotary kiln desorber with off gases treated
using a filter, baghouse, scrubber, and carbon adsorption. Thermal desorption of
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approximately 8410 cubic meters of soil was completed between July 1986 and April 1987.
This treatment application was notable for being one of the earliest full scale applications of
thermal desorption to remediate halogenated volatile organic compounds at a superfund site.
Treatment performance and air monitoring data collected during this application indicated
that all performance standards and monitoring requirements were achieved through use of
the thermal desorption technology.
17. DURATION OF REMEDIATION:- The period of operation was from July 1986 and
Apri11987.
18. COST OF REMEDIATION:- The total cost of the project was $2,90,000.
19. RESULTS:- All cleanup goals were achieved by the remediation. 11,500 tons of soil treated
within 10 months. The ambient air concentrations for volatile organic compounds (VOCs)
were less than 2 ppm above background.
20. TRAINING PROGRAM:· None.
21. OTHER INFORMATION:· None.
22. CONCLUSIONS:- A pilot scale treatability study indicated that thermal desorption would
be effective in treating soils at this site.
23. REFERENCES:- Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, pp. 88-89.
24. KEY WORDS:- Contaminated soil, Thermal desorption, Chlorinated aliphatics, BTEX,
Petroleum substances.
25. CONTACT PERSONS:· Sheila Eckman, Remedial project manager, U.S.EPA Region I,
John F. Kennedy Federal Bldg., Room 2203, Boston, MA 02203, Ph: (617) 573-5784.
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CASE STUDY [271 • 6/93
1.

TYPE OF PROJECT:(a) Treating saturated contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Superfund site

2.

LOCATION :-At Parsons Chemicals/ ETM Enterprises Superfund Site, Michigan.

3.

NATURE OF SOIL:- The subsurface comprised of silty clay with high moisture content.

4.

AREA OF SITE I CONTAMINATED SITE:- 2,290 cubic meters of soil needed
treatment.

S.

DEPTH OF GROUND WATER/ CONTAMINATION:- Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:· Details not available.

7.

SITE CHARACTERIZATION:· The soil was reported to be difficult to work with under
very wet and very dry conditions.

8.

MAJOR CONTAMINANT~:- Pesticides, Heavy Metals, Phthalates, Polynuclear Aromatic
Hydrocarbons (PAHs), and Dioxins.

9.

SOURCE OF CONTAMINANTS:· Discharge to sewer or surface water.

-

..

-..
-

10. CONCENTRATION OF CONTAMINANTS :-The concentration of pesticides was up to
340 mg/kg. The concentration of heavy metals ranged up to 34 mg/kg for mercury and that
of dioxin ranged up to 1.13 1-1glkg.

..

11. REGULATIONS:- The soil cleanup or offgas standards were as follows:* Chlordane - 1 mg/kg per 25 Jb./hr
* DDT
- 4 mg/kg per 0.01 lb./hr
* Dieldrin - 0.08 mglkg per 0.00028lb./hr
* Mercury - 12 mg/kg per 0.00059lb./hr.

.

12. SPECIFICATIONS:- Not known.

-

13. TREATMENT TECHNOLOGY:·
(a) Screening technology:- None.
(b) Selected technology:- Selected Insitu Vitrification.

...

14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:· Not available.
16. DESCRIPTION OF TECHNOLOGY:- A full scale soil remediation system using insitu
vitrification (ISV) was conducted s and sediments at the site were contaminated with
pesticides, heavy metals, phthalates, Polynuclear Aromatic Hydrocarbons (PAHs), and
dioxins as a result of former agricultural chemical manufacturing processes. Soil cleanup
requirements were established for four constituents. In addition, the offgases from the insitu
vitrification (ISV) unit were required to meet state air requirements for these constituents
during operation.
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The insitu vitrification (ISV) system used at this site included 9 melt cells and an air
emmissions control system. Contaminated soil was excavated and staged at the site due to
the shallow nature of the contamination. The melt cells were installed in a treatment trench.
Eight melts were completed from June 1993 to May 1994. The melts ranged in the duration
from 10 to 19.5 days and consumed between 559,000 and 1,100,000 kilowatt-hours of
electricity per melt. Several operational problems were encountered during this period
including fires and equipment problems. These problems were addressed through
modifications to equipment and operating practices. Because the melt requires
approximately one year to cool before samples of the subsurface can be collected, data on
the performance of the insitu vitrification would not be available then.

17. DURATION OF REMEDIATION:- The period of operation was from May 1993 to May
1994.
18. COST OF REMEDIATION:- The cost for this application was $1,763,000.
19. RESULTS:- According to the verification results, near-surface vitrified materials had
acceptable levels of pesticides and mercury. Data on air emissions indicates off gases met
the state air emission standards.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- Because the melt requires approximately one year to cool before
samples of the subsurface can be collected, data on the performance of the in situ
vitrification would not be available then.
23. REFERENCES:- Abstracts of remediation case studies by EPA, EPA-.542-R-95-001,
March 1995, pp. 92-93.
24. KEY WORDS:- Contaminated soil, In situ vitrification, Pesticides, Metals, Phthalates,
Polynuclear aromatic hydrocarbons, Dioxins.
25. CONTACT PERSONS:- Len Zintak, OSC, U.S.EPA Region 5, 77 West Jackson
Boulevard, Chicago, IL 60604, Ph: (312) 886-4246.
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CASE STUDY [281 • 7/93
1 • TYPE OF PROJECT:·
(a) Treating saturated contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Superfund- DOD site
2. LOCATION :· At an air force base Superfund site, California.
3. NATURE OF SOIL:· The subsurface soil comprised of silty sands and sandy silt with oily
material, wirewood, and debris.
4. AREA OF SITE I CONTAMINATED SITE:- Not known.

...

5. DEPTH OF GROUND WATER I CONTAMINATION:- No information available.
6 • ENVIRONMENTAL SITE ASSESSMENT:· Not known.

...

7. SITE CHARACTERIZATION:- The contamination extended into three zones viz., waste
pit, intermediate alluvium, and deep alluvium. The permeability of the soil ranged from O.(X)l
darcies for silty clay to 1.7 darcies for sand.
8 • MAJOR CONTAMINANTS:· Chlorinated aliphatics, Tetrachloroethene (PCE) (U208),
Trichloroethene (TCE) (U227), 1,1-Dichloroethene (U028), Vinyl chloride (D043), 1,1,1Trichloroethane (U227), 1,2-Dichloroethane (0028), Freon 113.

..
...

9. SOURCE OF CONTAMINANTS:- A disposal pit for fuels and solvents.
10. CONCENTRATION OF CONTAMINANTS :· Tetrachloroethene (PCE),
Trichloroethene (TCE), 1,1-Dichloroethene, Vinyl chloride, 1,1,1-Trichloroethane, 1,2Dichloroethane, Freon 113 account for over 99% of the speciated volatile organic compound
mass in the vadose zone. Maximum borehole concentration of volatile organic compounds in
vadose zone was reported up to 2,975,0CYJ f.lg/kg.

..

11. REGULATIONS:- The regulatory requirement for air emissions was 95% destruction of
total volatile organic compounds, required by the Sacramento Air Quality Management
District
12. SPECIFICATIONS:- To be collected.

...

13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- In situ soil vapor extraction.
14. CONTAINMENT TECHNOLOGY:· None.
15. RISK ASSESSMENT:· Information to be collected.
16. DESCRIPTION OF TECHNOLOGY:- Soil was contaminated with chlorinated and
petroleum based volatile organic compounds (VOCs). A 95% destruction and removal
efficiency for total volatile organic compounds (VOCs) in the extracted vapors was required
by the Sacramento Air Quality Management District.

...
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The Soil vapor extraction system included 17 vapor extraction wells, vapor I liquid
separators, a catalytic oxidizer, and a scrubber. These 17 vapor extraction wells extended in
three contamination zones. The scrubber was used to control air emissions. The total system
average air flow rate was 2,500 standard cubic feet per minute. Results showed that
approximately 512.50 kgs (113,000 pounds) of volatile organic compounds were extracted in
15 weeks of operation.
17. DURATION OF REMEDIATION:· The project started in 1993 and extended to May
1994.
18. COST OF REMEDIATION:- The total costs of operation were around $3.8 million.
19. RESULTS:- Approximately 20860 kgs (46,000 lb.) and 51250 kgs (113,000 lb.) of
speciated volatile organic compounds were extracted and treated during initial 6 weeks and 15
weeks of operation respectively. More than 90% of the mass of the contaminants was reported
to be removed. Up to 68040 kgs (150,000 lb.) of contaminants believed to had been
biodegraded in situ during initial6 weeks of operation.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- During this application, it had been observed that the heterogeneity of
the soils at this site caused the radius of influence for the extraction wells to vary from 4.6 to
18.2 m (15 to 60ft.) for a single well. It was also noted that soil vapor extraction (SVE) air
pollution control systems should be designed with sufficient capacity to provide for
operational flexibility.
23. REFERENCES:-Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, pp. 72-73.
24. KEY WORDS:- Contaminated soil, Volatile organic compounds, In situ, Soil vapor
extraction, Chlorinated ali phatics.
25. CONTACT PERSONS:· Kendall Tanner, Remedial Project Manager, McClellan, AFB.
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CASE STUDY [291. 6/91
1 . TYPE OF PROJECT:·
(a) Treating saturated contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) DOD site
2. LOCATION:- At the Luke Air Force Base, North Fire Training Area, Arizona.
3 • NATURE OF SOIL:- The soil comprised of silty sands, clean well graded to poorly
graded sands, and permeable to low permeability inorganic silts.
4. AREA OF SITE I CONTAMINATED SITE:- Not known.

...
•

5. DEPTH OF GROUND WATER I CONTAMINATION:- Not known.
6 • ENVIRONMENTAL SITE ASSESSMENT:- Not known.

...

7. SITE CHARACTERIZATION:- The soil comprised of permeable silty sands, very
permeable, clean well graded to poorly graded sands, and permeable to low permeability
inorganic silts. The moisture content of the soil was 10%. The permeability of top soils ranged
from 1x1o-4 to 3xw-3 em/sec. The porosity of the soils ranged from 36 to 46%.
8. MAJOR CONTAMINANTS:- Total Petroleum Hydrocarbons (TPHs), Benzene,
Toluene, Ethyl benzene, Xylenes (BTEX), and Methyl ethyl ketone (MEK).
9. SOURCE OF CONTAMINANTS:- A fire training area.
10. CONCENTRATION OF CONTAMINANTS :-The initial soil contamination in two
fire training pits had the concentrations of Benzene, Toluene, Ethyl benzene and Xylene as 0.2
to 16 mg/kg, 10 to 183 mg/kg, 21 to 84 mg/kg, 69 to 336 mg/kg respectively. The
concentrations of total recoverable petroleum hydrocarbons was 151 to 1380 mglk:g.
11. REGULATIONS:- As per the Arizona action levels for soil, the concentrations of the total
petroleum hydrocarbons should be 100 mglkg. and that of BTEX be 412 mglkg.
12. SPECIFICATIONS:- Not available.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Soil Vapor Extraction.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:· Details to be collected.
16. DESCRIPTION OF TECHNOLOGY:- A full scale cleanup using Soil Vapor extraction
of the soil in the two pits was conducted from October 1991 until December 1992. The system
consisted of one extraction well for each of two fire pits. These wells were constructed with
35 foot screens to depths up to 57 feet. A thermal oxidizer was used for destruction of organic
vapors extracted from the soil. The full scale system which used the thermal oxidizer,
removed 12,000 pounds of contaminants in 30 weeks of operation. Total Petroleum
Hydrocarbons (TPHs) and BTEX levels were below the Arizona action levels after five
months of operation, with total petroleum hydrocarbons (TPHs) and benzene as not detected
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in March 1992. Sampling in November 1992 showed that ethyl benzene, toluene and xylene
were not detected. System downtime was 1% during this period. After a temporary shutdown
period, an attempt to restart the system caused a malfunction in the thermal oxidizer and the
destruction of the burner.
17. DURATION OF REMEDIATION:- The Treatment started in October 1991 and was
completed in December 1992.
18. COST OF REMEDIATION:- The total cost of the remediation was $507,185.
19. RESULTS:- The treated soil concentrations indicated that the total petroleum hydrocarbons
and BTEX were below the Arizona action levels. 12,000 lb. of contaminants were removed
during 30 weeks of operation. The removal rate remained at 40 lb./day after 30 weeks of
operation. the soil gas concentration reductions achieved in 6 months for 8 constituents ranged
from 72 to 96%.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- It was found that the site investigation underestimated the amount of
contamination at the site. Due to unexpectedly high concentrations of volatile organic
constituents, the carbon supply was exhausted after two days of operation. Finally, the project
was a success.
23. REFERENCES:- Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, pp. 70-71.
24. KEY WORDS:- Contaminated soil, Soil vapor extraction, Total petroleum hydrocarbons
(TPHs), Methyl ethyl ketone, BTEX.
25. CONTACT PERSONS:- Jerome Stolinksi, CERMO, U.S.Army Corps of Engineers,
Omaha District
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CASE STUDY [301 • ~
1.

TYPE OF PROJECT:(a) Treating saturated contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Superfund site

2.

LOCATION:- At the Bofors-Nobel Superfund Site, Michigan.

3.

NATURE OF SOIL:- Not known.

4.

AREA OF SITE I CONTAMINATED SITE:- 85 acres.

5.

DEPTH OF GROUND WATER I CONTAMINATION:- Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:· Details to be collected.

7.

SITE CHARACTERIZATION:- Not known.

8.

MAJOR CONTAMINANTS:- The site was found to have as many as 69 different organic
compounds and 24 metal species of which benzene, chlorobenzene, tetrachloroethylene and
toluene were found to be significant.

9.

SOURCE OF CONTAMINANTS:- The site was previously identified as a manufacturing
site for dyes, detergents, pesticides and herbicides. The chemicals used and the raw
materials like sulfurdioxide, aqua ammonia, nitrobenzene, methanol and benzene led to the
contamination.

...

...

...

10. CONCENTRATION OF CONTAMINANTS :·Benzene registered from undetectable
levels to 1,800 ppb, chlorobenzene up to 220 ppb, tetrachloroethylene up to 340 ppb,
toluene up to 1,500 ppb, and 2-chloroaniline up to 1,500 ppb.
11. REGULATIONS:- Not available.
12. SPECIFICATIONS:· Information to be collected.
13. TREATMENT TECHNOLOGY:·
(a) Screening technology:- Pump and treat method and treating ground water with powder
activated carbon.
(b) Selected technology:- Ultraviolet oxidation with Ammonia stripping.

...

14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:· Information to be collected.
16. DESCRIPTION OF TECHNOLOGY:- After the contamination had been detected at the
site, they have excavated some of the land and landfilled at a site which was never used for
contaminated soils and installed 13 migration wells to prevent further migration of
contaminated ground water. Ultraviolet oxidation was a proven destruction technology
especially appropriate in treating volatile and semivolatile organic compounds. The cost is
due primarily to the amount of electricity needed to produce ozone, which must be
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generated on site since it only had a half life of 25-30 minutes. Still Ultraviolet oxidation
was considered the best alternative, because the other efficient alternative, using powder
activated carbon, would have cost even more.
Polymer is added to assist in the formation of floc particles that settle and are then pumped
to a thickening processor. Water flows by gravity through dual media.

17. DURATION OF REMEDIATION:· The remediation was started in December 1993 and
was completed in September 1994
18. COST OF REMEDIATION:· The remediation costs were reported to be $12.4 millions.
19. RESULTS:- During the first week of contaminated water treatment, crews collected samples
at key sites to ensure that the ultraviolet oxidation process met bid specifications. All
sample locations were tested for 16 metals, 16 volatile organic compounds and 15
semivolatile organic compounds. The final samplings of water discharged from the site
indicated that all the regulated contaminants fell below 5 ppb.
20. TRAINING PROGRAM:· None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:· The final samplings of water discharged from the site indicated that all
the regulated contaminants fell below 5 ppb which was rendered to be undetectable. This
was estimated to be cleaner than the effluent from many municipal water-treatment
systems.
23. REFERENCES:- "Greening of Ground Water" by Kevin J.Dulle, Ted H.Streckfuss; "Civil
Engineering", April, 1995, pp. 62-65.
24. KEY WORDS:- Contamianted groundwater, Ultraviolet oxidation, Volatile organic
compounds.

25. CONTACT PERSONS:- None.
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CASE STUDY [311 • 6/92
1.

TYPE OF PROJECT:·
(a) Treating saturated contaminated soil and groundwater.
(b) Site clean-up (HWMP- PHASE IV).
(c) Other site (not Superfund, DOT, RCRA, DOE or DOD)

2.

LOCATION :-At a Gasoline spill site, California.

3.

NATURE OF SOIL:· Not known.

4.

AREA OF SITE I CONTAMINATED SITE:- 800 acres.

5.

DEPTH OF GROUND WATER I CONTAMINATION:- Details not available.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Not known.

7.

SITE CHARACTERIZATION:- 100,000 cubic yards were heated to at least 200oF. Four
hydrogeologic units and seven hydrostratigraphic layers identified near gas pad. The
hydraulic conductivity ranged from 0.45 gpd./ sq.m (5 gpd.lsq. ft.) to 100 gpd./ sq.m (1,070
gpd/sq. ft.). Low groundwater velocities kept contamination confined to a relatively smaller

""

.
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.

area
8.

MAJOR CONTAMINANTS:- Benzene, Toluene, Ethyl benzene, Total Xylenes (BTEX).

9.

SOURCE OF CONTAMINANTS:- Underground storage tanks.

10. CONCENTRATION OF CONTAMINANTS:- The concentrations of fuel hydrocarbons
in gasoline were as high as 5.100 ppm in saturated sediments near center of vadose zone.
Benzene levels in groundwater were greater than 1 ppb found within 91 m (300 ft.) of
release point. Benzene levels in soil were as high as 50 ppm.
11. REGULATIONS:· The groundwater cleanup levels based on California Maximum cleanup
levels were 1 ppb, 680 ppb, 1,750 ppb for benzene, ethyl benzene and xylene respectively.
Remediation was required until soil contaminant concentrations were identified as not
adversely impacting groundwater.
12. SPECIFICATIONS:· Not known.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Dynamic underground stripping.

...

14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Not known.
16. DESCRIPTION OF TECHNOLOGY:· Soil and ground water at the site were found to be
contaminated with BTEX and fuel hydrocarbons. It had been decided to treat the
contamination at the site using dynamic underground stripping. Dynamic under ground
stripping is basically a combination of three technologies which includes steam injection at
the periphery of contaminated area to drive contaminants to centrally located vacuum
extractions, then electrical heating of less permeable soils and underground imaging to

..
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delineate heated areas. The dynamic underground stripping system used at the site thus
employed 6 steam injection or electrical heating wells approximately 44 m ( 145 ft.) deep,
0.1 m (4 inch) diameter and screened in upper and lower steam zones. It also employed
three electrical heating wells approximately 36 m (120 ft.) deep with 0.05 m (2 inch)
diameter, one ground water and vapor extraction well approximately 47 m ( 155 ft.) deep
with 0.2 m (8 inch) diameter. The extracted water had been processed through an air cooled
heat exchanger, oil- water separators, filters, ultraviolet or hydrogen peroxide treatment
unit, air stripping and GAC. The extracted vapors were processed through heat exchanger,
demister and internal combustion engines.

17. DURATION OF REMEDIATION:· The remediation operation started in November
1992 and was completed in December 1993.
18.

COST OF REMEDIATION:- The total costs of remediation were $1,700,000 for beforetreatment costs and $5,400,000 for treatment activities.

19. RESULTS:· Over 7,600 gallons of gasoline was removed during the operation. Most of
the gasoline was recovered in vapor stream and not from extracted groundwater.
20.

TRAINING PROGRAM:· None.

21.

OTHER INFORMATION:- None.

22.

CONCLUSIONS:· Over 7,600 gallons of gasoline was removed during the operation.
Potential cost savings of $4,000,000 were identified for the operation.

23.

REFERENCES:- Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, pp. 46-47.

24.

KEY WORDS:· Contaminated groundwater, BTEX, Dynamic underground stripping.

25.

CONTACT PERSONS:- Kathy Willis, University of California office of Tech Transfer,
1320 Harbor Bay Parkway, Suite 150, Alameda, CA 94501, Ph:- (510) 748-6595.
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CASE STUDY [321 . ~
1.

TYPE OF PROJECT:·
(a) Treating contaminated groundwater.
(b) Site clean·up (HWMP • PHASE IV).
(c) DOE site

2.

LOCATION:- At a U.S. Department of Energy Site, Aiken, South Carolina.

3.

NATURE OF SOIL:· The subsurface comprised of discontinuous sand and clay layers.

4.

AREA OF SITE I CONTAMINATED SITE:· The contaminated groundwater extended to
a depth of about 150ft. and covered about 1,200 acres.

5.

DEPTH OF GROUND WATER I CONTAMINATION:· Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:· Information to be collected.

7.

SITE CHARACTERIZATION:- The area of volatile organic compound contaminated
groundwater has an approximate thickness of 45 m (150ft.) and covers about 1,200 acres.
The aquifer units were characterized to 55 m (180ft.) below ground surface showing
complex hydrogeology and discontinuous sand and clay layers. The hydraulic conductivity
was reported to be 2.75 · 22m/day (9-73 ft./day) and the transmissivity was reported to be
175 to 12,500 gpd/day.

8.

MAJOR CONTAMINANTS:- Chlorinated Aliphatics.

9.

SOURCE OF CONTAMINANTS:· Surface impoundment.

...
...

10. CONCENTRATION OF CONTAMINANTS :-The concentrations of volatile organic
compounds in ground water was reported as high as 500 ppm. The ground water
trichloroethene concentrations were over 48 ppm. The ground water also contained 117936
to 204120 kg (260,000 to 450,000 pounds) of dissolved organic solvents in concentrations
greater than 0.01 ppm. The soil trichloroethene concentrations were found to be over
10,000 t.tg/1 and also dense nonaqueous phase liquids were present in ground water.
11. REGULATIONS:- The regulations were based on permissions based on the South Carolina
Department of Health and Environmental Control, Air Quality Control and Underground
Injection Control.
12. SPECIFICATIONS:· Not known.

13. TREATMENT TECHNOLOGY:·
(a) Screening technology:- None.
(b) Selected technology:- lnsitu Air Stripping.
14. CONTAINMENT TECHNOLOGY:· None.
15. RISK ASSESSMENT:· Not known.
16. DESCRIPTION OF TECHNOLOGY:· In the air stripping process, air was injected into a
lower horizontal well in the saturated zone and extracted through the horizontal well in the
vadose zone. The system installed 7 horizontal wells out of which 2 were used for field
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demonstration. The wells were installed both in saturated zone, vadose zone and the
targeted contaminated sands. The air had been injected through lower horizontal well below
the water table. Here, the treatment was focused on supplementing pump and treat efforts.
The insitu air stripping had increased volatile organic compound removal over
conventional vacuum extraction from 49 kg (109 pounds) per day to 58 kg (129 pounds)
per day. Nearly 7258 kg (16,000 pounds) of volatile organic compounds were removed
during the treatment period. A cost analysis performed at the site showed that in situ air
stripping can remove volatile organic compounds for approximately 69% of the cost for
conventional methods. Installation costs for horizontal wells is greater than for vertical
wells. Several implementation concerns were identified for installing horizontal wells at the
site.

17. DURATION OF REMEDIATION:· The period of operation started on July 1990 and
extended till September 1993.
18. COST OF REMEDIATION:- The total cost for the equipment was $253,525, site costs
were $5,000, total annual labor costs were $62,620 and total annual consumable costs were
$157,761.
19. RESULTS:· The substantial changes were measured in ground water volatile organic
compound concentrations measured during demonstration. Increased microbial numbers
and metabolic activity was exhibited during air injection period. The 139 day
demonstration removed as much as 7258 kg (16,000 pounds) of volatile organic
compounds.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:· None.
22. CONCLUSIONS:- A cost analysis performed at the site showed that in situ air stripping can
remove volatile organic compounds for approximately 69% of the cost for conventional
methods. Installation costs for horizontal wells is greater than for vertical wells. Several
implementation concerns were identified for installing horizontal wells at the site.
23. REFERENCES:· Abstracts of remediation case studies by EPA, EPA-542-R-95-001, March
1995, pp 58-59.
24. KEY WORDS:- Chlorinated aliphatics, Contaminated ground Water, In situ air stripping.

25. CONTACT PERSONS:- G.E. Turner, DOE, Savannah River Operating Office,
environmental Restoration Division, Aiken, SC.
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CASE STUDY [331 • 7./21
1. TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Other site (not Superfund, DOT, RCRA, DOE or DOD)
2. LOCATION:· Hermiston, Oregon.

...

-

3. NATURE OF SOIL:· The subsurface was found to consist of quincy fine sand and quincy
loamy fine sand.
4. AREA OF SITE I CONTAMINATED SITE:· 187 cubic meters of soil needed
remediation.

S. DEPTH OF GROUND WATER I CONTAMINATION:- Not known.
6. ENVIRONMENTAL SITE ASSESSMENT:· Not known.

7. SITE CHARACTERIZATION:- The site predominantly consisted of quincy fine sand and
quincy loamy fine sand.

8. MAJOR CONTAMINANTS:- The major contamination was due to explosives which
include 2,4,6-trinitrotoluene (U234), hexahydro-1,3,5-trinitro-1,3,5-triazine (U213), and
octahydro-1 ,3,5,7-tetranitro-1,3.5.7-tetrazocine (P085).
9. SOURCE OF CONTAMINANTS:· Surface impoundment and lagoons.

10. CONCENTRATION OF CONTAMINANTS:- The contaminant levels were greater than
100 ppm limited to soils in the first 0.6 to 1.2 m below the surface of the lagoons.
11. REGULATIONS:- The regulatory levels for the concentrations of explosives in soil were
to be below 30 ppm. The top 1.5 m of the soil below the lagoons was to be excavated,
treated, and returned to the excavated area.
12. SPECIFICATIONS:- Not known.

13. TREATMENT TECHNOLOGY:·
(a) Screening technology:- None.
(b) Selected technology:- Composting.
14. CONTAINMENT TECHNOLOGY:- None.

lS. RISK ASSESSMENT:- Details to be collected.
16. DESCRIPTION OF TECHNOLOGY:· Windrow Composting was used as a treatment
technology at this site to treat 187 cubic meters of contaminated soil. Non aerated and
aerated windrows were treated for 40 days, using several soil amendments. and tested for
residual contamination. The excavated soil was screened and mixed with soil amendments.
The treated soil was then mixed with top soil and re vegetated, re deposited in excavated
area and landfilled. This is done 3 to 7 times per week, the temperature being maintained at
15 to 6CPC, oxygen content up to 21%, Moisture being 30 to 40% and a pH of 5 to 9. 2,4,6-
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trinitrotoluene (TNT) was reduced from 1,600 to 4 ppm, hexahydro-1,3,5-trinitro-1,3,5triazine reduced from 1,000 to 7 ppm, and octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
reduced from 200 to 47 ppm in a 40 day treatment period.
17. DURATION OF REMEDIATION:- The remediation was started in May 1992 and was
concluded in November 1992.
18. COST OF REMEDIATION:- The capital cost for treatment activities was $1,840,000.
19. RESULTS:- After 40-day treatment, the 2,4,6-trinitrotoluene reduced from 1,600 to 4 ppm,
hexahydro-1,3,5-trinitro-1,3,5-triazine reduced from 1,000 to 7 ppm, and octahydro1,3,5,7-tetranitro-1,3,5,7-tetrazocine reduced from 200 to 47 ppm.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- The project was a complete success with all the contaminant levels
brought down to below regulatory levels.
23. REFERENCES:- Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, pp 34-35.
24. KEY WORDS:- Contaminated soil, Composting, Explosives.
25. CONTACT PERSONS:- Remedial Project Manager, Umatilla Army Depot Activity,
Hermiston, OR.
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CASE STUDY [34] • ~
1.

TYPE OF PROJECT:(a) Treating contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Other site (not Superfund, DOT, RCRA, DOE or DOD)

2.

LOCATION:· Hastings, Nebraska.

3.

NATURE OF SOIL:· Not known.

4.

AREA OF SITE I CONTAMINATED SITE:· 141,450 cubic meters of soil needed
treatment.

5.

DEPTH OF GROUNDWATER I CONTAMINATION:· Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:· Details to be collected.

7.

SITE CHARACTERIZATION:· In the shallow zone, the moisture content was reported to
be 26.3%, the air permeability was 1.9xto-10 cm2, and the total organic content was 270
mg/kg. In the deep zone, the moisture content was reported to be 5%, air permeability was
6.2xto-8 cm2, and the total organic content was less than 50 mg/kg.

8.

MAJOR CONTAMINANTS:· Chlorinated aliphatics which included carbon tetrachloride
(D019), chloroform (0022), trichloroethylene (D040), 1,1-dichloroethane (U076). 1,1,1trichloroethane (U226) and perchloroethylene (U068).

9.

SOURCE OF CONTAMINANTS:- Spills and contaminated aquifers.

"'' "

...

...

10. CONCENTRATION OF CONTAMINANTS :· The highest carbon tetrachloride
concentration measured in soil gas was 1,234 ppm at 34m below ground surface.
11.

REGULATIONS:- The regulatory requirements established in 1992 by EPA and Nebraska
Department of Environmental Quality recommended an extraction rate for carbon
tetrachloride of 4.5x10-4 kg/hr.

12.

SPECIFICATIONS:- Not known.

13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Soil Vapor Extraction.
14. CONTAINMENT TECHNOLOGY:· None.
15.

RISK ASSESSMENT:- Details not known.

16. DESCRIPTION OF TECHNOLOGY:· The full scale soil vapor extraction system
consisted of 10 extraction wells out of which 5 were deep. 3 intermediate and 2 shallow.
EPA and Nebraska Department of Environmental Quality established a recommendation of
an extraction rate for carbon tetrachloride of 4.5xto-4 kg/hr. The equipment consisted of 5
monitoring wells. an air-water separator. vacuum pump, and vapor phase granular activated
carbon unit. The operation of the system continued until the field analytical results were
verified through laboratory analysis and confirmation of no rebounding of carbon
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tetrachloride. The soil vapor extraction system achieved the 4.5x1o-4 kg/hr extraction rate
within 6 months with the results verified and no rebounding confirmed.
17. DURATION OF REMEDIATION:· The operation started in June 1992 and was concluded
in July 1993.
18. COST OF REMEDIATION:· The total cost of remediation was $370,000.
19. RESULTS:· The Soil Vapor extraction system achieved the cleanup goals of 4.5x104
kglhr extraction rate for caroon tetrachloride within 9 months of operation. Approximately
272 kg of caroon tetrachloride extracted, about 20 kg extracted within the first two months
of operation.
20.

TRAINING PROGRAM:· None.

21.

OTHER INFORMATION:- None.

22.

CONCLUSIONS:- The project was a complete success. The cleanup goals had been
reached after only 9 months as against estimated 2 years based on treatability studies.

23. REFERENCES:· Abstracts of remediation case studies by EPA, EPA-542-R-95-001,
March 1995, pp 66-67.
24.

KEY WORDS:- Contaminated soil, Chlorinated aliphatics, Soil vapor extraction.

25. CONTACT PERSONS:· Diane Easley, U.S.EPA Region 7, 726 Minnesota Avenue,
Kansas City, KS 66101, Ph: (913) 551-7797.
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CASE STUDY [35] • ~
1.

TYPE OF PROJECT:·
(a) Treating contaminated soil and lagoon water.
(b) Site clean-up (HWMP- PHASE IV).
(c) Supetfund site

2.

LOCATION:- Supetfund Site. Live Oak. Aorida.

3.

NATURE OF SOIL:- Clayey sand.

4.

AREA OF SITE I CONTAMINATED SITE:- 81,()(X) cubic yards of soil needed treatment
and 200,000 gallons of lagoon water needed treatment.

S.

DEPTH OF GROUND WATER/ CONTAMINATION:- Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:· To be collected.

7.

SITE'CHARACTERIZATION:- The lagoon had a clay bottom and sandy contents, which
ranged from silty clay to fine sand.

8.

MAJOR CONTAMINANTS:· Polyaromatic Hydrocarbons (PAHs).

9.

SOURCE OF CONTAMINANTS:- The site was used for wood preserving which caused
contamination.

10. CONCENTRATION OF CONTAMINANTS:- The contamination levels ranged from 100
to 208 mg/kg.
11. REGULATIONS:· A cleanup goal of 100 mg/kg of total carcinogenic indicator chemicals
was established.
12. SPECIFICATIONS:- Not available.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- No action. On site Incineration. Off site Incineration. Biological
treatment.
(b) Selected technology:- Land treatment.
14. CONTAINMENT TECHNOLOGY:· None.
15. RISK ASSESSMENT:- Not known.
16. DESCRIPTION OF TECHNOLOGY:- A clay liner. which ranged from 1 to 3 ft. in
thickness was constructed. Swales were run outside the treatment area to prevent flowing
sutface water from entering the site. A subsutface drainage system consisted of lateral
pipes spaced 50 ft. apart across the treatment area connected to a main collector pipe. A
750.000 gallon retention pond to hold runoff from from the site was constructed. Land
treatment was performed in three lifts. A composite sample was collected during each
quarterly sampling event until the concentrations of TCICs contained in the soil was less
than 100 mg/kg. The land treatment application met the cleanup goal for TCICs in 18
months.
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17. DURATION OF REMEDIATION:- The system operated from January 1989 to July 1990.
18. COST OF REMEDIATION:- The total cost for the remediation was $565,400
corresponding to $70 per cubic yard of soil treated.
19. RESULTS:- The final concentration of TCICs measured was 23 to 92 mg/kg.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- This was of one of the early applications of land treatment of
creosote contaminated soil at a superfund site.
22. CONCLUSIONS:- The project was a complete success with the contaminant levels brought
down to below regulatory levels.
23. REFERENCES:- Abstracts of remediation case studies by EPA, EPA-542-R-95-001, March
1995, pp. 68-69.
24. KEY WORDS:- Contaminated soil, Contaminated lagoon, Land treatment, Creosote, PAHs.
25. CONTACT PERSONS:· None.
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CASE STUDY fJCil • 8/91
1.

TYPE OF PROJECT:(a) Treating contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Superfund site

2.

LOCATION:- Arsenal Superfund Site, Commerce City, Colorado.

3.

NATURE OF SOIL:- Silty Clay.

4.

AREA OF SITE I CONTAMINATED SITE:- 26,000 cubic meters (34,()(X) cubic yards)
of soil.

5.

DEPTH OF GROUND WATER I CONTAMINATION:- Not available.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Not available.

7.

SITE CHARACTERIZATION:- The unconsolidated deposits beneath the site area
consisted of discontinuous sand and gravel lenses, interbedded with silt and clay. In the
area of the SVE system, a low permeability clayey sand to clay layer 0.3 to 1 m (1 to 3 feet)
thick exists between 9.5 and 11.5 m (32 and 38 feet) below ground surface. The water table
is approximately 20m (65 feet) below groundsurface in the site area

8.

MAJOR CONTAMINANTS:- Halogenated VOCs primarily trichloroethylene (TCE)
(U228).

9.

SOURCE OF CONTAMINANTS:- The site was used for cleaning and servicing
equipment for storing diesel, gasoline, and oil products in aboveground and underground
storage tanks.

10. CONCENTRATION OF CONTAMINANTS :- The initial TCE levels were 65 ppm.
11. REGULATIONS:- No specific regulations or cleanup goals were adopted.
1_2. SPECIFICATIONS:· Not available.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Soil Vapor Extraction and activated carbon system for extracted
vapors.

14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Not available.
16. DESCRIPTION OF TECHNOLOGY:- The soil vapor extraction system consisted of a
shallow soil vapor extraction well, located above the clay layer and a deep extraction well
located below the clay layer. The extraction wells were connected by insulated PVC pipe to
a liquid vapor separator tank designed to remove condensed water. a sediment filter and a
blower. Exhaust air from the blower was discharged to vapor phase granular activated
carbon canisters.
The rate of extraction of TCE by the soil vapor extraction system decreased over time.
Approximately 16 kgs (35 pounds) of TCE were removed during the first 30 days of
operation.
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17. DURATION OF REMEDIATION:· The treatment started in July 1991 and completed
successfully in December 1991.
18. COST OF REMEDIATION:- The total cost for the remediation was $74,600
corresponding to $2.5 per cubic meter of soil treated.
19. RESULTS:- 26,000 cubic meters (34,000 cubic yards) of soil was treated. The results
inducated that TCE concentration in vapor monitoring wells were less than 6 ppm prior to
start of the test and decreased to less than 1 ppm after completion of the test.

20. TRAINING PROGRAM:· None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- TCE levels in the soil vapor at the site were reduced within 5 months of
operation from levels upto 65 ppm to levels of less than 1 ppm. Approximately 32 kgs (70
pounds) of TCE were recovered during the cleanup action.
23. REFERENCES:- Remediation Case Studies: Bioremediation, PB95-182911, from
Internet, location, http://cl u-in.com/pubindex.htm#2.
24. KEY WORDS:· Contaminated soil, Bioremediation, Land treatment, VOCs,
Trichloroethylene.
25. CONTACT PERSONS:· None.
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CASE STUDY [371 • !L!Z.
1. TYPE OF PROJECT:(a) Treating contaminated soil and groundwater.
(b) ESI, RI/FS and Site clean-up (HWMP- PHASE II, PHASE Ill and PHASE IV).
(c) Superfund site
2. LOCATION:- At the Verona Well Field Superfund Site in Battle Creek, Michigan.
3 • NATURE OF SOIL:· The soil comprised of fine to coarse grained sand with traces of silt,
clay, and pebbles.
4. AREA OF SITE I CONTAMINATED SITE:- The site covered an area of 1 acre.

S. DEPTH OF GROUND WATER I CONTAMINATION:-The water table is 6.1 m
below the grade.
6. ENVIRONMENTAL SITE ASSESSMENT:· Details to be collected.
7. SITE CHARACTERIZATION:· The site was located in the bottom of a wide river
valley. The site topography was flat The lithology of the site consists of fine to coarse grained
sand with traces of silt, clay and pebbles. The hydraulic gradient was towards the well field
and the hydraulic conductivity was of the order of w-2 to w-3 em/sec.

...

8. MAJOR CONTAMINANTS:- The primary contaminants were benzene (0018), toluene
(U220), xylene (U239), ethyl benzene (U239) (BTEX), tetrachloroethene (U208),
trichloroethene (U226) and their breakdown products.
9. SOURCE OF CONTAMINANTS:- Contamination of the soil and ground water was

thought to have resulted from underground tank leakage and surface spills in the tank truck
loading I unloading areas.
10. CONCENTRATION OF CONTAMINANTS :-The ground water concentrations were
as high as 19,000 f,A.g/1 total VOCs. The soil concentrations were as high as 22,000 kg. The
NAPL concentration was about 550 liters.
11. REGULATIONS:· Not known.

-

12. SPECIFICATIONS:- Not known.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Selected ground water extraction for ground water remediation
and soil vapor extraction for the soil in the vadose zone. The extracted ground water was
treated in a nearby air stripper. Both vapor phase carbon and catalytic oxidation were used to
treat soil vapor extraction system off gas.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Not known.
16. DESCRIPTION OF TECHNOLOGY:- The installation of 9 ground water extraction
wells at the site began in the fall of 1987. The extracted ground water is pumped from the
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submersible well pumps to a monitoring building on site where the water discharges into a
common header and then flows via gravity to an air stripper located in the well field for
treatment. More than 6,4CX) kg of VOCs have been extracted with the ground water. Ground
water concentrations have decreased from 19,000 J,tg/l total VOCs to 5(X) J,lgll total VOCs. 550
liters of NAPL recovered through dual extraction. Total VOC concentrations in ground water
downgradient from the site and outside the contaminated zone have decreased by 50 percent
since system startup through natural attenuation.
Full scale operation of soil vapor extraction system began in March 1988. The soil vapor
extraction system included 23 vapor extraction wells, an air water separator, offgas treatment
equipment, and two system blowers. Each of the vapor extraction well had a throttling valve,
sample port, and a vacuum gauge. The wells were connected by means of an above ground
surface manifold. During the course of operation, the soil vapor extraction system removed
approximately 20,500 kg of VOCs from the site vadose zone. The total VOC loading rate
dropped form an initial high of approximately 490 kg of VOCs removed per day to under 0.5
kg per day.
Off gas from the soil vapor extraction system was initially treated using a vapor phase
activated carbon adsorption to remove the contaminants from the vapor stream. the system
was later replaced with a catalytic oxidation unit. A ground water sparging system using
nitrogen as the sparging gas was implemented to address residual NAPL contamination in the
capillary zone soils.
17. DURATION OF REMEDIATION:- Continuously operated from 1987 to 1991.
18. COST OF REMEDIATION:- Information not available.
19. RESULTS:· Ground water concentrations have decreased from 19,000 J,tg/1 total VOCs to
500 J,tg/1 total VOCs. 550 liters of NAPL recovered through dual extraction. During the
course of operation, the soil vapor extraction system removed approximately 20,500 kg of
VOCs from the site vadose zone. The total VOC loading rate dropped form an initial high of
approximately 490 kg of VOCs removed per day to under 0.5 kg per day.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- The lessons that have been learned during the course of
system implementation and operation were:
• Use care when applying site characterization data to design.
• Understand the site conceptual model before starting remediation and update the site
conceptual model, as necessary, during remediation.
• Consider all the regulations that will apply to the remedial action.
• Be flexible in selecting and implementing treatment technologies.
• Evaluate more than just the key contaminants.
• Plan effective, inclusive coordination with all relevant federal, state and local agencies.
• Do not underestimate the importance of effective public relations.
22. CONCLUSIONS:- The project was a success with some lessons learnt during the
application of the remediation program.
23. REFERENCES:- McCann, M. , Boersma, P. and Danko, J. , Environmental Progress,
Vol. 13, No.3, August, 1994, pp. 208-213.
24. KEY WORDS:- Volatile Organic Compounds, Soil vapor extraction, Groundwater
Extraction, Treatment, NAPL.
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CASE STUDY [381 • 1!2!
1.

TYPE OF PROJECT:(a) Treating contaminated soil and groundwater.
(b) ESI and Site clean-up (HWMP- PHASE II and PHASE IV).
(c) DOT site

2.

LOCATION:· The expansion project of 1-595 through Broward county, florida.

3.

NATURE OF SOIL:- Not known.

4.

AREA OF SITE I CONTAMINATED SITE:- Information not available.

5.

DEPTH OF GROUND WATER I CONTAMINATION:- Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Not known.

7.

SITE CHARACTERIZATION:- The monitoring program determined that the mounding
effect pushed the contaminant plume to the recovery system. The characterization details are
to be collected.

8.

MAJOR CONTAMINANTS:- Benzene (0018) and total volatile organic aromatics.

9.

SOURCE OF CONTAMINANTS:- The site was previously a gasoline station and the
gasoline leaks contaminated the site.

10. CONCENTRATION OF CONTAMINANTS :- Not known.

11. REGULATIONS:- The regulatory discharge levels were 1 part per billion for benzene and
50 parts per billion for total volatile organic aromatics.

12. SPECIFICATIONS:- To be collected.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Selected ground water recovery system employing filtration,
clarification and carbon adsorption treatment.

14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Information not available.
16. DESCRIPTION OF TECHNOLOGY:- The ground water recovery system consisted of
six horizontal drains which are made of corrugated, perforated polyvinyl chloride pipes. the
specific discharge capacity of those drains was estimated to be 11.15 Umin. per 1 m of the
pipe. The horizontal drains were installed typically at 4,88- 5.49 m below land surface using
a pipe trencher. Five vertical recovery wells recovered deeper elements of the contaminated
ground water plume. The treatment method consist of three stages.
Filtration: A filtration system removed suspended solids from the ground water pumped
from drains and wells. The system consisted of a clarifier to remove larger particles
followed by bag filters to remove fine particles.
Carbon Adsorption: a granular activated carbon system, which consisted of two parallel
banks of dual 2.29 m diameter, 4,450 kg carbon adsorbers, operated in series.
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Infiltration: a portion of the treated effluent was routed back over the site in designated areas
to flush the vadose zone soils.
17. DURATION OF REMEDIATION:- The period of operation started in September 1991
and continued till February 1992.
18. COST OF REMEDIATION:- The total project costs approximated to $750,000.
19. RESULTS:- The system performed as expected, recovering and treating approximately
132.475 million liters from the site over a period of 90 days. Analytical monitoring showed
no treated effluent discharge above required regulatory discharge levels. More than 99% of
the benzene and 95% of the total volatile organic aromatics had been removed in three
months, keeping the highway project on track.
20. TRAINING PROGRAM:· None.
21. OTHER INFORMATION:- In the initial stages of treatment system operation, the bag
fllers clogged with fine sand and silt particles. Addition of a calrifier to the system limited
this problem.
22. CONCLUSIONS:- The treatment system operated efficiently through out the treatment
period. Analytical monitoring showed no treated effluent discharge above required
regulatory discharge levels. The rapid remediation action saved $3.3 million over the
conventional pump and treat method.
23. REFERENCES:· Berry, J.G. and Frantz, L.A.. , Civil Engineering, October 1995, pp. 6365.
24. KEY WORDS:- Groundwater, Volatile organic aromatics, Benzene.
25. CONTACT PERSONS:- None.
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CASE STUDY [391 • 8/93
1.

TYPE OF PROJECT:(a) Treating contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Superfund site

2.

LOCATION :· Superfund site, Reading, Ohio.

3.

NATURE OF SOIL:- Not available.

4.

AREA OF SITE I CONTAMINATED SITE:- 12,800 tons of contaminated soil needed
treatment.

S.

DEPTH OF GROUND WATER/ CONTAMINATION:- Not available.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Not available.

7.

SITE CHARACTERIZATION:-

8.

MAJOR CONTAMINANTS:- Volatile and semivolatile organics, PAHs, inorganic metals,
sulfur.

9.

SOURCE OF CONTAMINANTS:-

10. CONCENTRATION OF CONTAMINANTS :- The concentration of volatile organics
ranged from non detection levels to 140 ppb, that of semivolatile organics ranged from non
detection levels to 130 ppb, that of lead ranged from 26 ppm to 1,100 ppm. The soil was
determined to contain sulfur in excess of 2% by weight.
11. REGULATIONS:- The cleanup goals for tetrachloroethane are 3.24 J,J.glkg, chloroform was
2.04 J.Lg/kg, and that of benzene was 116 Jlg/kg.
12. SPECIFICATIONS:13. TREATMENT TECHNOLOGY:(a) Screening technology:- None
(b) Selected technology:- Composting
14. CONTAINMENT TECHNOLOGY:- None
15. RISK ASSESSMENT:- Not available
16. DESCRIPTION OF TECHNOLOGY:- Indigenous bacteria present in petroleum
contaminated soil broke down the petroleum hydrocarbons, which are a source of energy
for bacteria. The advantage of treating petroleum contaminated soils exsitu is the ability to
amend the contaminated soil with nutrients, bacteria and bulking agents. Biomounds with
four different soil amendment combinations were constructed for this study.
17. DURATION OF REMEDIATION:- Not available
18. COST OF REMEDIATION:- Not available
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19. RESULTS:- Approximately 190 cubic meters of soil was excavated and placed in
biomounds for treatment. Mn!DOT successfully treated excavated petroleum contaminated
soil by using biomounding treatment.
20. TRAINING PROGRAM:- None
21. OTHER INFORMATION:- None
22. CONCLUSIONS:- The project was successful even though it is still a developing treatment
method. The project also has the advantage of being accepted by the local bodies of
government with little opposition from public.
23. REFERENCES:- Kamnikar Brian, "Biomounds Pass Tests in Minnesota," Soil and
Groundwater Clean-up-Bioremediation. http://www .sgcleanup.comlbio/biomound.html
24. KEY WORDS:- Contaminated soil, Petroleum substance, Composting, Biomounding
25. CONTACT PERSONS:- None
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CASE STUDY [40). 9/93
1.

TYPE OF PROJECT:(a) Treating saturated contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Supeifund site

2.

LOCATION:- Superfund Site, Grand Ledge, Michigan.

3.

NATURE OF SOIL:- Silty clay.

4.

AREA OF SITE I CONTAMINATED SITE:- 2.300 cubic meters (3,000 cubic yards) of
soil.

5.

DEPTH OF GROUND WATER I CONTAMINATION:- Not available.

6.

ENVIRONMENTAL SITE ASSESSMENT:· Not available;

7.

SITE CHARACTERIZATION:- The soil was reported to be difficult to work with under
very wet and very dry conditions. The soil also had high moisture content, and the soil
moisture contained a high level of dissolved solids.

8.

MAJOR CONTAMINANTS:- Pesticides, heavy metals, and dioxins.

9.

SOURCE OF CONTAMINANTS:- The site was formerly an agricultural chemicals
mixing, manufacturing, and packaging facility.

...

10. CONCENTRATION OF CONTAMINANTS:- The concentration of contaminants are as
follows:
Chlordane
89,000 J.tglkg
Dieldrin
87,000 J.tg/kg
Hexachlorobenzene
2,600 J.l g/kg
Mercury
34,000 f.t glkg
1.50,000 J.tg/kg
Zinc
Pyrene
1,400 f.t g/kg

11. REGULATIONS:· Cleanup goals are as per clean up standards for soil as given below:
Chlordane
1 mg/kg
0.08 mglkg
Dieldrin
Mercury
12 mg/kg
12. SPECIFICATIONS:- To be collected.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Insitu Vitrification.
14. CONTAINMENT TECHNOLOGY:· None.

...
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15. RISK ASSESSMENT:· Not known.
16. DESCRIPTION OF TECHNOLOGY:· Insitu Vitrification is an immobilization
technology designed to treat media contaminated with organic, inorganic and radioactive
contaminants. The primary residual generated by In situ Vitrification is the vitrified soil
product. The In situ Vitrification system used at the site consisted of 9 melt cells, an air
emissions control system and associated equipment. The air emissions control system used
at the site consisted of an off gas collection hood, a quencher, a water scrubber, and a
thermal oxidizer. The In situ Vitrification system operated by means of four graphite
electrodes, arranged in a square and inserted a short distance into the soil to be treated.
When power is fed to the electrodes, the graphite and glass frit conducts the current through
the soil, heating the surrounding area and melting directly adjacent soil. The electrodes are
allowed to progress down into the soil as it becomes molten, continuing the melting process
to the desired treatment depth. To increase the economic viability of the treatment at this
site, the contaminated soil was excavated and consolidated into a series of nine treatment
cells.
17. DURATION OF REMEDIATION:- The treatment was started in May 1993 and was
completed in May 1994.
18. COST OF REMEDIATION:· The total costs for the remediation were $1,763,000.
19. RESULTS:- The results indicated a reduction in total waste analysis concentrations from
levels as high a s 23,000 ~-tglkg to levels less than 11 ~-tg/kg for chlordane and dieldrin in
surface soil samples. Concentrations of metals in a TCLP extract were shown to be reduced
from levels as high as 21,000 !J.g/L to levels less than 5,000 !J.g/L.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- This was notable for being the first application of In situ
Vitrification treatment at a Superfund site.
22. CONCLUSIONS:- The surface soil samples and gas emission results met the soil cleanup
standards and emission standards for this application.
23. REFERENCES:- Remediation Case Studies: Thermal Treatment. PB95-182911, from
Internet, location, http://clu-in.com/pubindex.htm#2.
24. KEY WORDS:- Contaminated soil, Vitrification, Metals, Dioxins.
25. CONTACT PERSONS:- None.
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CASE STUDY [411. ~
1.

TYPE OF PROJECT:·
(a) Treating saturated contaminated soil .
(b) ESI and Site clean-up (HWMP- PHASE II and PHASE IV).
(c) Superfund site

2.

LOCATION:· Brockport, New York.

3.

NATURE OF SOIL:- Not available.

4.

AREA OF SITE I CONTAMINATED SITE:· Not available.

S.

DEPTH OF GROUND WATER I CONTAMINATION:- Not available.

6.

ENVIRONMENTAL SITE ASSESSMENT:· Site investigations conducted by NYSDEC
revealed that the drums were buried throughout the landfill. the sampling of soils was tested
for elevated levels of TCE, PCE, VOCs, and SVOCs. A remedial investigation identified
source areas and determined the extent of vertical and horizontal migration of contaminants
at the site.

7.

SITE CHARACTERIZATION:- Not available.

8.

MAJOR CONTAMINANTS:· The contamination is due to the presence of semi volatiles.

9.

SOURCE OF CONTAMINANTS:· The site was used as a landfill to dispose of
construction I demollition debris and hazardous wastes.

10. CONCENTRATION OF CONTAMINANTS :- The concentration of petroleum
hydrocarbons were extended up to 22,000 mg/kg.

11. REGULATIONS:- As per New York State Department of Environmental Conservation
cleanup criteria.

12. SPECIFICATIONS:· Notavailable.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:-Selected Ultraviolet biotreatment.

14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:· Not available.
16. DESCRIPTION OF TECHNOLOGY:- The UVB system installed at the site consisted of
a groundwater circulation well. The bioreactor contained granualr activated carbon as
biosupport for native micro organisms. The top of the bioreactor was connected to an aerator
I stripper with an aboveground ambient air intake pipe. Groundwater entering the lower
screen was pumped through the in situ bioreactor. Untreated VOCs leaving the bioreactor
were stripped as the water flowed through the stripper I aerator. The treated, aerated and
oxygen enriched groundwater was discharged from the well through the upper screen at the
water table leveL During the system operation, the concentration of target VOCs in
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groundwater was monitored in 15 deep and shallow monitoring wells positioned
strategically around the treatment system.

17. DURATION OF REMEDIATION:- The treatment was adopted for 15 months.
18. COST OF REMEDIATION:- Not available.
19. RESULTS:- The average concentrations of target compounds was reduced by 49 percent in
groundwater. 70% of the soil samples collected met the NY state Department of
Environmental Conservation Cleanup criteria. Overall reduction of all nonchlorinated
compounds was 88 percent.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- The overall reduction of all nonchlorinated compounds was 88 percent.
The data for chlorinated solvents showed a 52 percent average reduction in total mass.
23. REFERENCES:- Susanne M.Borchert, Fayaz S.Lakhwala, James G.Muella, "UVB
technology Invigorates Microbes at Superfund Site", Soil and Groundwater Cleanup Bioremediation, http://www.sgcleanup.com/bio/uvb.htm.
24. KEY WORDS:- Contaminated groundwater, Chlorinated solvents, Bioremediation.
25. CONTACT PERSONS:- None.
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CASE STUDY [421 .4/96
1 . TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) ESI and Site clean-up (HWMP- PHASE IT and PHASE IV).
(c) Other site (not Superfund, DOT, RCRA, DOE or DOD)

2 • LOCATION:- At at an aerospace components manufacturing facility, Southern California.
3. NATURE OF SOIL:- The soil at the site include silty sands and sandy to silty clay.
4. AREA OF SITE I CONTAMINATED SITE:- Not available.
5. DEPTH OF GROUNDWATER TABLE/CONTAMINATION:- The depth to
groundwater was 2. 7 to 3.0 m.

6. ENVIRONMENTAL

SITE ASSESSMENT:- Soil samples were collected at
approximately 0.3, 1.2, and 2.4. m depths from surface and are analyzed for petroleum
hydrocarbons. Groundwater was also affected.

7. SITE CHARACTERIZATION:- A soil sampling program was conducted to evaluate the
extent and concentrations of impacted soil. A geoprobe direct-push sampling rig was used to
collect soil samples form 15 soil borings drilled to an approximate depth of 2.4 m.

8. MAJOR CONTAMINANTS:- Halogenated hydrocarbons, mainly trichloroethylene and
dichloroethene.

9.

SOURCE OF CONTAMINANTS:- Soil and groundwater had been impacted at the
facility from historical releases of petroleum and halogenated hydrocarbons from the
underground piping.

10. CONCENTRATION OF CONTAMINANTS:- The petroleum hydrocarbons in the
diesel fuel range was detected to a maximum concentration of 14,300 mglkg.

11. REGULATIONS:- The local regulatory agency mandated that impacted soil be remediated
to a level of 1,000 mglkg. because the concentrations of halogenated hydrocarbons in
groundwater were relatively low, the regulatory agency required quarterly testing and
reporting.

12. SPECIFICATIONS:- Selected soil samples were analyzed for petroleum hydrocarbons by
EPA method 8015 as diesel fuel and for BTEX by EPA method 8020.

13. TREATMENT TECHNOLOGY:(a) Screening technology :-None.
(b) Selected In situ soil aeration and biopulsing.

14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Details to be collected.
16. DESCRIPTION OF THE TECHNOLOGY:-
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17. DURATION OF REMEDIATION:- The project had begun in 1996 and concluded within
3 months.
18. COST OF REMEDIATION:19. RESULTS:- The evaluation of remediation activities indicate that approximately 32 kg of
diesel fuel present within the impacted zone of soil has been bioremediated.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- Treatment was successfuL
23. REFERENCES:- Gupta, S. Hari, Marshal, R. T. (1996), "Biopulsing; An In situ Aeration
Remediation Strategy'" Proceedings, In situ Remediation of the Geoenvironment, GSP 71,
ASCE, pp. 516-531.
24. KEYWORDS:- Contaminated soil, Petroleum substance, Bioremediation
25. CONTACT PERSONS:- None.
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CASE STUDY [431 . 9/92
1 . TYPE OF PROJECT:·
(a) Treating contaminated soil and UST.
(b) Site clean-up (HWMP- PHASE IV).
(c) DOD site
Z. LOCATION :- Lowry Air Force Base, Denver, Colorado.

3. NATURE OF SOIL:· Not known.
4. AREA OF SITE I CONTAMINATED SITE:- 3,000 cubic yards of soil needed
treatment

S. DEPTH OF GROUND WATER I CONTAMINATION:- The depth of groundwater is
at 45 feet below the ground surface.

6 • ENVIRONMENTAL SITE ASSESSMENT:- Information not known.
7. SITE CHARACTERIZATION:- Thicknesses of unconsolidated alluvium >80 feet occur
at the location of the DFAS-DE tanks. A layer of moist, firm sandy clay occupies the top 10 to
15 feet. The next 15 to 80 feet is a medium to coarse-grained sand. Aquifer is a water table
aquifer. Groundwater gradient is roughly 0.4%. Approximately 3,000 cubic yards of sandy
clay soil excavated from above the tanks was stockpiled separately and used for backfill of the
excavation. Clean fill from off site was used to backfill remainder of the excavation.

8. MAJOR CONTAMINANTS:· BTEX and heating oil.
9. SOURCE OF CONTAMINANTS:· A suspected leak of 10,500 gallons of heating fuel
oil was discovered which led to the removal of underground storage tank.

10. CONCENTRATION OF CONTAMINANTS :· Ground water benzene concentrations
ranged from 1.7 to 3.1 J.tg/L. Concentrations of toluene, ethylbenzene, and xylenes were well
below State standards and MCLs. Low TRPH concentrations (0.3 mg/L or less were
measured 23 mg!L of TRPH was observed in the soil.

11. REGULATIONS:- The Colorado Department of Health (CDH Action Levels are:
Total (Recoverable) Petroleum Hydrocarbons (TRPH): 500 mglkg
Total Benzene, Toluene, Ethyl benzene, and Xylenes (BTEX): 100 mg/kg.
The MCL standard for benzene is 5 }lg/L, the MCL for xylenes is 10,000 Jlg/L, but there is no
MCLforTPH.

12. SPECIFICATIONS:· The USTs were removed in conformance with American Petroleum
Institute Recommended Practice 1604 and the National Fire Protection Association Code 30.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Land Farming.

14. CONTAINMENT TECHNOLOGY:· None.
IS. RISK ASSESSMENT:· Details to be collected.
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16. DESCRIPTION OF TECHNOLOGY:- Soil berms, 2 feet wide by 2 feet high, were
constructed on plastic sheeting used for the landfarming operation and the edges rolled back
over the berms. Contaminated soil was spread on the plastic sheets to a thickness of 15
inches. Orange synthetic mesh fencing 3 to 4 feet high was installed around the landfarm for
security and to prevent animal intrusions. The application of agricultural fertilizers to soil used
in landfarming operations had C:N:P ratios to 200:10:1 as recommended for hydrocarbon
biodegradation. Ammonium nitrate nutrients with this ratio were applied and tilled into the
soils once. Optimum moisture for biodegradation ranges from 10 to 15% by weight. Moisture
was added to the landfarming soils during the dry summer months to maintain this range.
Based on Lowry AFB soil and contaminant conditions, a minimum landfarming treatment
period of 12 to 18 months was expected for reduction of heating oil residuals from 3,100
mglkg to <500 mglkg.
Assuming that a maximum of 10% by weight of the heating fuel oil will volatilize, 1.9 tons
of total volatile hydrocarbons could volatilize to the atmosphere during the anticipated
landfarming treatment term. 5,400 cubic yards of petroleum contaminated soil was removed
from the excavation. Soil was removed from the tanks to a depth of 35 to 40 feet below
ground surface. Soil that was saturated with fuel oil or had olfactory or PID indications of
hydrocarbons present was excavated by a track hoe, hauled to a treatment location on an
abandoned paved airstrip, and stockpiled on plastic sheets. The stockpiled soils had an
average TRPH concentration of 3,100 mg/kg (the maximum observed was 11,000 mglkg).
BTEX was <100 mg/kg. The soil is being remediated using above ground biotreatment
(landfarming). In landfarming, soil microbes use petroleum hydrocarbons as their primary
carbon source. Soil tilling supplies sufficient oxygen to the soils for biodegradation and
produces a homogeneous mixture of soil, moisture, and added nutrients. Nutrients including
available nitrogen (N), phosphorous (P), and various trace elements were added once by
application of an agricultural fertilizer in aqueous solution. The thickness of the stockpiled
soils during treatment was 14 to 18 inches.
1 7.

DURATION OF REMEDIATION:· The treatment began in July 1992 and completed
in September 1993.

18.

COST OF REMEDIATION:- The total estimated cost was $60,340 which
approximated to $17 per ton of soil excavated and treated.

19.

RESULTS:- 9,000 cubic yards of soil were removed from the excavation. 3,000 cubic
yards of this were clean soil removed from over the tanks.

20.

TRAINING PROGRAM:-None.

21.

OTHER INFORMATION:- Adequate space for landfarming is required. Time is
required for biotreatment. For example, it is slower than other treatment method, such as
incineration. Soils must be excavated for landfarming to be used.

22.

CONCLUSIONS:- Landfarming (above ground bioremediation) appear to have been
successful at this site with all the measured levels after treatment being much below the
regulatory standards.

2 3.

REFERENCES:- From internet, with location
HITP://128.174.5.51/denix/Public/Library/Remedy remedy.html.

24.

KEY WORDS:- Contaminated soil, UST, Land farming, BTEX, Bioremediation.

25.

CONTACT PERSONS:- None.
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CASE STUDY [44]. ~
1.

TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Other site (not Superfund, DOT, RCRA, DOE or DOD)

2.

LOCATION:- At a warehouse, New Jersey.

3.

NATURE OF SOIL:- The subsoil consisted of layers of sandy loam, loam, and silty loam.

4.

AREA OF SITE I CONTAMINATED SITE:- Approximately 920 cubic meters (1200
cubic yards) of soil needed treatment. The site consisted of 32,000 L (8,400 gal) of diesel
fuel spilled into the soil.

5.

DEPTH OF GROUND WATER/CONTAMINATION:- Not available.
''"

6.

ENVIRONMENTAL SITE ASSESSMENT:· Information to be collected.

7.

SITE CHARACTERIZATION:- The surface and subsoil consisted of layers of sandy
loam, loam, and silty loam. Permeability is moderately rapid in the subsoil and the available
water capacity was high.

8.

MAJOR CONTAMINANTS:· Total Petroleum Hydrocarbons (TPH) and Metals.

9.

SOURCE OF CONTAMINANTS:· The contamination was due to a spill from the
dispensing nozzle of an under ground storage tank.

10. CONCENTRATION OF CONTAMINANTS :-The results from the sampling and
analysis indicated TPH concentrations of 1470 ppm. The concentration of metals was well
below the regulatory limits.
11. REGULATIONS:- The cleanup levels were based on the New Jersey Pollutant Discharge
Elimination System- Discharge to Groundwater (NJPDES-DGW) regulations.
12. SPECIFICATIONS:- The regulatory level as per NJPDES-DGW for TPH was 100 mg/kg.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Biological Land Treatment.
14. CONTAINMENT TECHNOLOGY:-None.
15. RISK ASSESSMENT:· Not available.
16. DESCRIPTION OF TECHNOLOGY:- Land treatment is described as the managed
treatment and ultimate disposal process that involves the regulated application of the waste
to a soil. For land treatment of contaminants under aerobic conditions, oxygen transfer into
soil is generally considered to be the limiting factor for remediation of the soil. Oxygen
transfer into the soil was provided by a soil ripper and it is combined with a bottom plow for
effective aeration. Excess water drained from the treatment cell through the draining system
was pumped to the holding pools outside the treatment system.
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Samples were collected and analyzed on a weekly, monthly, and quarterly basis to assess
biological treatment. The soil in the cell was monitored regularly for moisture content, pH,
mineral nutrient concentrations, and aerobic bacterial population density. After written
approval was received from the NJDEP that the TPH content of the soil was less than 100
mg/kg, the treatment was decided for closure.
17. DURATION OF REMEDIATION:- The biological land treatment began in September
1989 and was concluded in November 1990.
18. COST OF REMEDIATION:- Information not available.
19. RESULTS:- Approximately 920 cubic meters of soil were excavated and treated from the
contaminated area The TPH concentrations were below 100 mg/kg at the closure of the
treatment.

20. TRAINING PROGRAM:- None.
21. OTHERINFORMATION:- None.
22. CONCLUSIONS:- The project was a success and had operated for one year. Biological
land treatment was proved to be a viable option for the remediation of diesel fuel
contaminated soils. The diesel fuel contaminated soil was amenable to enhanced land
treatment by indigenous microorganisms when the soil was supplemented with mineral
nutrients and under proper conditions of moisture and pH.
.23. REFERENCES:- Troy M.A., Berry S.W., Jerger D.E., ••Biological Land Treatment of
Diesel Fuel Contaminated Soil", Bioremediation: A Field Experience, Call Number TD
192.5.B557, 1994, pp. 145-160.
24. KEY WORDS:- Contaminated soil, Bioremediation, Diesel Fuel, TPH, Land treatment.
25. CONTACT PERSONS:-None.
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CASE STUDY [451 • 2/88
1. TYPE OF PROJECT:(a) Treating contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Other site (not Superfund, Dar, RCRA, DOE or DOD)
2. LOCATION:- Grayling, Michigan.
3 • NATURE OF SOIL:- The subsoil consisted of mixed sand and intermittent clay.
4. AREA OF SITE/CONTAMINATED SITE:- 8,400 cubic meters (11,000 cubic yards)
of soil needed treatment

...

5. DEPTH OF GROUND WATER I CONTAMINATION:- The depth of groundwater is
reported to be 3.0 to 4.6 m (10- 15ft.).
6. ENVIRONMENTAL SITE ASSESSMENT:- Information to be collected.

7. SITE CHARACTERIZATION:- The subsoil consisted of mixed sands and intermittent
clay. The hydraulic conductivity tat the site was 10"2 to 10·3 em/sec.

...

8. MAJOR CONTAMINANTS:-The contamination was due to the presence of diesel fuel.
The major contaminants were BTEX, and total petroleum hydrocarbons (TPH).
9 • SOURCE OF CONTAMINANTS:- The contamination was due to leaking of diesel fuel
from an underground fuel transfer pipe.
1 0. CONCENTRATION OF CONTAMINANTS :- The concentrations of BTEX were
10,500 ppb on an average and that ofTPH were 1,700 ppm.
11. REGULATIONS:- The cleanup goal for TPH concentration was 10 ppm ..
12. SPECIFICATIONS:- Information to be collected.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Bioremediation using Bioreactors.
14. CONTAINMENT TECHNOLOGY:-None.
15. RISK ASSESSMENT:- Not available.
16. DESCRIPTION OF TECHNOLOGY:-The site provided a typical "ideal"
Bioremediation scenario. The bioremediation system was sized to process a 95 to 132 Umin
flow rate in the aboveground bioreactor. A series of 6 deep recovery wells were installed
along the axis of the groundwater dissolved contaminant plume. Nutrient loading was
balanced based on the anticipated carbon loading observed in the site assessment and
biofeasibility evaluation. Diesel fuel degrading microorganisms were introduced into the
bioreactors to accelerate colonization of the submerged media in the bioreactors. The effluent
of the reactors was collected in a tank. Additional nutrients were added, and then the treated
effluent containing the nutrients, dissolved oxygen, and acclimated bacteria derived from the
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bioreactors was pumped to two sets of horizontal recharge lines laid in the vadose zone.
During the period of treatment, 64 million liters of groundwater were processed.
Despite exposure to biologically nonconducive temperatures, BTEX removal efficiencies
stated above 90% during the project and were generally closer to 100% during the warmer
months. The source of residual contamination of TPH is the vadose soil. While treating the
soil, samples were collected after 3, 8, and 12 months of system operation. Final
concentrations of nitrogen and phosphorus in the soil averaged 1.17 and 0.12 ppm,
respectively, indicating that the application of these mineral nutrients was effective in limiting
the amount of residual nutrients in the soiL
17. DURATION OF REMEDIATION:- The bioremediation system was installed in
September 1988 and was completed in April, 1990.
18. COST OF REMEDIATION:- The cost for the cleanup ranged from $300,000 to
$400,000 which averaged to $39 to $ 59 per cubic meter.
1 9. RESULTS:- BTEX concentration was reduced in the areas of heaviest contamination from
242,000 ppb to 50 ppb, while TPH concentrations were reduced from 20,500 ppm to less
than 10 ppm.
2 0. TRAINING PROGRAM:- None.
21 • OTHER INFORMATION:- None.
22. CONCLUSIONS:- Bioremediation was shown to be an effective technology for treating
soil and groundwater contaminated by biodegradable chemicals such as petroleum
hydrocarbons. There was 99.8% removal of BTEX, and 70.6% of TPH at the conclusion of
the treatment.
23. REFERENCES:- Lieberman M. T .. , Schmitt E. K., Caplan J. A., "Remediation of Soil
and Groundwater Contaminated With Petroleum Hydrocarbons Using the Bioremediation
System", Bioremediation: Field Experience, Call Number TD 192.5.B557, 1994, pp. 477490.
24. KEY WORDS:- Petroleum substances, Contaminated soil, Bioreactors.
25. CONTACT PERSONS:-None.
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CASE STUDY [461. 7/89
1 . TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP- PHASE IV).
(c) Other site (not Superfund, Dar. RCRA, DOE or DOD)
2 . LOCATION :- Detroit, Michigan.
3. NATURE OF SOIL:- The subsoil consisted of mixed sand and homogeneous native silty
clay.
4. AREA OF SITE I CONTAMINATED SITE:- The area of the site was extended to
5,570 square meters. 40,500 cubic meters (11,000 cubic yards) of soil needed treatment.
5. DEPTH OF GROUND WATER I CONTAMINATION:- The contamination was
extended to 6m depth.
6. ENVIRONMENTAL SITE ASSESSMENT:· Information to be collected.
7. SITE CHARACTERIZATION:- The site investigation has shown that approximately 6m
of contaminated fill was underlain by approximately 20m of relatively homogeneous. native
silty clay. The groundwater of the area did not contain significant concentrations of dissolved
lead. The lead contamination present in the fill soils appeared to be bound to the soil matrix
and not highly mobile.
8. MAJOR CONTAMINANTS:- Lead.
9. SOURCE OF CONTAMINANTS:- The contamination was due to past industrial
discharges into the soil.
10. CONCENTRATION OF CONTAMINANTS :- The concentration of lead in the soil
was 33,000 ppm.
11. REGULATIONS:- The regulations of the treatment were followed as per Michigan
Department of Natural Resources.
12. SPECIFICATIONS:- Information to be collected.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- None.
14. CONTAINMENT TECHNOLOGY:- In-place Encapsulation using cement-bentonite
slurry wall with flyash admixture around the contaminated area followed by capping of the
soils at the surface.
15. RISK ASSESSMENT:- The results of risk assessment were to establish a target cleanup
level of 1.000 ppm total lead. All soils having total lead concentrations greater than 1,000 ppm
were intended to be encapsualted within the cell.
16. DESCRIPTION OF TECHNOLOGY:- The soil-bentonite slurry wall was constructed
in-situ using a technology called deep soil mixing. This technology uses a large diameter
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mixing blade that is mounted on a drilling rig to construct a continuous, in-situ cutoff wall
formed by tangential, overlapping soil-bentonite columns. The in-situ containment cell was
constructed using conventional trenched methods with imported soil materials. The fill
materials excavated to create the trench was disposed off at a licensed facility. It had been
observed that cement-bentonite mixture would produce higher permeabilitties than a soilbentonite mixture, and that the addition of fly ash to the mix would raise the permeability
further. The mix design was 16% cement, 11% fly ash, 3% bentonite and 70% water (all by
weight). The selected mix resulted in the permeability of the order of 3.0xl0·6 em/sec. The
slurry wall was designed to be a minimum of 0.6 m thick.
17. DURATION OF REMEDIATION:- Information not available.
18. COST OF REMEDIATION:- The proposed cost of remediation was $8,000,000.
19. RESULTS:- The remediation was based on both risk assessment and cost effective solution
and was successful.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- The in situ containment technologies employed resulted in the
development of lead contaminated area which was put into use as parking lot and for other
purposes that protects the public.
23. REFERENCES:- Grant J. M., Smits B. S .. , Swaffar K. M., "In situ Remediation of the
Geoenvironment". Geotechnical Special Publication No.71, ASCE.
24. KEY WORDS:- Containment, Lead, Contaminated soil.
2S. CONTACT PERSONS:-None.
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CASE STUDY [471. 1/84
1.

TYPE OF PROJECT:(a) Treating saturated contaminated soil.
(b) PSA, ESI and Site clean-up (HWMP- PHASE I, PHASE II and PHASE IV).
(c) Other site (not Superfund, DOT, RCRA, DOE or DOD)

2.

LOCATION:- Tacoma Spur Freeway (SR 705), Tacoma, Washington State.

3.

NATURE OF SOIL:- Not known.

4.

AREA OF SITE I CONTAMINATED SITE:- Not known.

5.

DEPTH OF GROUND WATER/ CONTAMINATION:- Not known.

6.

ENVIRONMENTAL SITE ASSESSMENT:- To reconstruct the history of the site,
newspapers, books, maps, and photos were reviewed. Preliminary subsurface borings were
also used.

7.

SITE CHARACTERIZATION:- A series of 29 soil borings/monitoring wells was used to
define types and extent of soil and groundwater contamination. Priority pollutant analyses
based on both organic vapor readings and on visual classification were made on selected
samples. Analyses findings were compared with the list of contaminants likely to result
from coal gasification activities.

8.

MAJOR CONTAMINANTS:- Polycyclic aromatic hydrocarbons (PAHs) were the
contaminants of most concern.

9.

SOURCE OF CONTAMINANTS:- a) Coal gasification plant.
b) Two large buried tanks filled with tar waste.
c) Copper contamination from ore spilled in an old train derailment.

10. CONCENTRATION OF CONTAMINANTS :- P AH concentrations greater than 1%.
11. REGULATIONS:- Washington State dangerous waste regulations (WAC 173-303) classify
waste containing 1 percent or more total PAH (as quantified by Washington Department of
Ecology's (WDOE's) P AH test) as extremely hazardous waste. Lower concentrations are not
officially classified but are generally referred to as problem waste. Problem waste materials
fall into a gray area which contains no clear cut regulations to guide disposal: they are not
entirely clean, yet at the same time not dirty enough to necessitate the stringent disposal
procedures required for extremely hazardous waste.

12. SPECIFICATIONS:- Metals, volatile organics, and other contaminant concentrations
found were judged to fall below federal and state waste and drinking water classification
standards.

13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Fifteen thousand and nine hundred tons (15,900) of extremely
hazardous waste (PAH concentration > 1%) was removed and disposed to a hazardous waste
facility in Arlington, Oregon.
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14. CONTAINMENT TECHNOLOGY:- Three on-site concrete vaults were specially
designed to store 26,450 tons of problem waste (PAH concentration< 1%).
15. RISK ASSESSMENT:- None.
16. DESCRIPTION OF TECHNOLOGY:- Not known.
17. DURATION OF REMEDIATION:· Not known.
18. COST OF REMEDIATION:- The total cost is approximately $6 million.
Handling and disposal of extremely hazardous waste: $4 million.
Handling and disposal of problem waste: $550,000.
Handling and disposal of copper contaminated soil: $600,000.
Treatment of contaminated water: $350,000.
Consulting services: $350,000.
19. RESULTS:- The project was successful with the concentration of PAH less than the
specified levels.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- From the experience gained on the Spur Project, WSDOT has
developed a Hazardous Waste Response Program, which includes WSDOT "Hazardous
Waste Guidelines." The guidelines describe general procedures to be used if hazardous
waste is discovered on future WSDOT projects, and address both the design and
construction phases of a project.
22. CONCLUSIONS:- Separation of the contaminated material into extremely hazardous waste
and problem waste sharply reduced the total cleanup costs.
Using the on-site concrete vauJts to permanently store problem waste effectively isolated
that contamination from its surroundings.
The cost of building the vaults and depositing the problem waste on site was $6 million
lower than the cost of transporting and disposing of the same amount of material at the
hazardous waste site in Arlington.
23. REFERENCES:- Oscar, R, G., and Mark, G. U., "Washington State DOT Meets the
Challenge of Hazardous Waste," Transportation Research Record 1192, pp. 85-93.
24. KEY WORDS:- Excavation, Land disposal, Contaminated soil,'PAH.
25. CONTACT PERSONS:- None.
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CASE STUDY [481 • 10/92
1.

TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) ESI, RI/FS and Site clean-up (HWMP- PHASE II, PHASE III and PHASE IV).
(c) SDOT site

2.

LOCATION :-Interstate highway 1-595, Fort Lauderdale, Broward County, Florida.

3.

NATURE OF SOIL:- Sand.

4.

AREA OF SITE I CONTAMINATED SITE:· Not available.

5.

DEPTH OF GROUND WATER I CONTAMINATION:- The depth of groundwater
extended upto 5 ft and the contamination extended up to 50 ft.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Upon reviewing the data provided in the
contaminant assessment report (CAR), it was determined that additional investigation was
necessary to delineate the horizontal and vertical extents of the affected groundwater and
soils.

7.

SITE CHARACTERIZATION:1) In addition to the existing wells, additional monitoring wells were installed to determine
the plumes' horizontal and vertical extent
2) Groundwater samples were collected from newly installed wells and existing wells.
3) The parcels were surveyed, depth to water was measured, and water table contour maps
were constructed.

8.

MAJOR CONTAMINANTS:- Petroleum based contaminants (Benzene, volatile organic
aromatics).

9.

SOURCE OF CONTAMINANTS:- Oil company, gasoline station.

10. CONCENTRATION OF CONTAMINANTS:- Benzene: up to 2700 ppb; Volatile organic
aromatics: up to 27000 ppb.

11. REGULATIONS:- Petroleum contaminated sites in Florida are administered by FDEP under
the criteria of Chapter 17-770 Florida Administrative Code (FA C), Petroleum Contamination
Site Cleanup Criteria. These criteria require that petroleum-contaminated sites undergo a
sequence of studies and submittals to FDEP designed to identify the extent of the
contamination and the plans for remedial action. The principal documentation required to be
submitted is:
Contamination assessment report (CAR), Remedial action plan (RAP), and Site rehabilitation
completion report (SRCR).
EPA regulations: lppb for benzene and 50 ppb for total VOA.
12. SPECIFICATIONS:- None.

13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Horizontal drains and vertical wells for recovery, clarification,
filtration, and carbon adsorption for treatment and surface infiltration for disposal.
14. CONTAINMENT TECHNOLOGY:- None.
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15. RISK ASSESSMENT:- None.

16. DESCRIPTION OF TECHNOLOGY:· Groundwater recovery: The horizontal drains
consisted of corrugated. perforated PVC pipes. 40 to 60 m long and 12.7 em in diameter. The
horizontal drains were installed typical1y at 4.88 to 5.49 m below land surface using a
trencher. The trencher was configured to excavate the trench, place the pipe, and backfill the
trench in a single operation. The corrugated pipe was fitted with continuous geotextile filter
fabric cover to filter out fine sand particles.
Vertical recovery wells were used to recover deeper elements of the plume of contaminated
groundwater. These deep wells were 20.3 em in diameter and screened from 1.53 to 10.68 m
below land surface and from 6.10 to 15.25 m near the middle of the plume. The location of
the screened interval was based on the depth of the plume being captured.
Groundwater treatment: The recovered groundwater was pumped from the drains or wells
through a filtration system to remove suspended solids. The system consisted of a clarifier to
remove the larger particles followed by bag filters to remove the fine particles (>50!J.m). The
groundwater was then passed through a granular activated carbon system. A portion of the
treated effluent was routed back over the site in designated areas to flush the vadose zone
soils.
Treated water discharge: The effluent from the groundwater treatment system was discharged
into three recharge ponds. Additionally. five horizontal perforated PVC pipes, paralleling the
drain pipes, were installed above the horizontal under drains at a depth of approximately 5 ft
to discharge treated effluent.
17. DURATION OF REMEDIATION:· 3 months (Mid December 1991-mid February 1992).

18. COST OF REMEDIATION:- $750,000.
19. RESULTS:- Groundwater remediation was effective at the site, removing more than 99% of
the benzene and 95% of the total volatile organic aromatics.
20. TRAINING PROGRAM:· None.
21. OTHER INFORMATION:· Samples from the monitoring wells and other points of interest
were collected and analyzed daily to assess the conditions of the plume distribution. After
periods of rainfall, elevated contaminant levels were noted in the effluent and most of the
monitoring wells around the center of the plume at the site. These anomalous readings were
attributed to desorption of contaminants from the vadose zone soil matrix by infiltration of
rainfall. When this phenomenon was discovered, it was decided that the treated effluent
would be reapplied to the site by horizontal drains to flush the soil.

22. CONCLUSIONS:·
• A method of soil flushing within the vadose zone must be implemented to minimize the
rebound effect typical of most pump and treat remedial operations.
• Given an expedited construction schedule and defined budget, it wass imperative that there be
frequent and thorough coordination among the regulatory agencies, contracting agency or
client, remedial contractor or consultants, and other participating entities.
• Because of the close and intense coordination required. each participant had a point of contact.
23. REFERENCES:- Berry, J. G., and Frantz, L., "Expedited Remedial Action by Florida
Department of Transportation at I-595 and Davie Boulevard Corridor Expansion Project: Case
History," Transportation Research Record 1475, pp. 99-109.
24. KEY WORDS:- Florida DOT, groundwater, benzene, volatile organic aromatics, horizontal
drains, vertical wells, clarification, filtration, carbon adsorption.
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CASE STUDY [491 • ~
I.

TYPE OF PROJECT:(a) Treating contaminated soil.
(b) ESI and Site clean-up (HWMP- PHASE II and PHASE IV).
(c) SDOT site

l.

LOCATION:- 1-287 in northern New Jersey.

3.

NATURE OF SOIL:- Not available.

4.

AREA OF SITE I CONTAMINATED SITE:· Area of site is 4-ha.

S.

DEPTH OF GROUND WATER I CONTAMINATION:· Not available.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Not available.

7.

SITE CHARACTERIZATION:·
1) Preliminary soil sampling was carried out in areas of the USTs and ASTs by the NJDOT
during construction.
2) Additional soil sampling in the interiors of the buildings and drum storage areas.
3) Thirteen shallow monitoring wells were installed to obtain ground water samples and was
found that there was no threat to the ground water.

8.

9.

MAJOR CONTAMINANTS:- Petroleum hydrocarbons were detected in the areas around
the ASTs and USTs. Contaminants such as base/neutral organic compounds consisting of
primarily of polyaromatic hydrocarbons.

...

,..
•··

...

SOURCE OF CONTAMINANTS:- Concrete pipe manufacturing plant (Two above
ground storage tanks and four underground storage tanks).

10. CONCENTRATION OF
from inside the building

CONT~MINANTS

:· TPH: 340 to 23000 ppm, 74000 ppm

...

11. REGULATIONS:- Followed New Jersey Department of Environmental Protection and
energy (NJDEPE) regulations.

...

12. SPECIFICATIONS:- The excavated soils from the remedial activities were analyzed for
the federal Resource Conservation Recovery Act (RCRA) waste classification parameters
of Extraction Procedure (EP) toxicity metals, corrosivity, ignitability, total petroleum
hydrocarbons (TPHs) and reactivity to cyanide and sulfide.

13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- The stockpile from the Building 1 interior (25 m3) which
contained TPHs at 74000 ppm was manifested, transported, and disposed of as a hazardous
waste. The rest of the contaminated soil (13760 m3) was to be placed directly beneath the
70-cm-thick roadway pavement box, which eliminated the potential for infiltration and
resultant leaching of the contamination into the environment
14. CONTAINMENT TECHNOLOGY:- Not applicable.
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1.S. RISK ASSESSMENT:· A qualitative risk analysis was performed as a part of the soil reuse
plan. The analysis evaluated short-term and long-term pathways and exposure rates of the
contaminants in relation to the guidelines of the National Institute for Occupational Safety
and Health and the American Conference of Governmental Industrial Hygeienists.
16. DESCRIPTION OF TECHNOLOGY:· There was no treatment technology adopted
except that part of the soil was manifested, transported, and disposed of as a hazardous
waste and the rest of the soil, which was classified as ID-27 material (contaminated but
nonhazardous dry industrial waste), was reused as highway embankment material at $91m3.
17. DURATION OF REMEDIATION:· Not available.
18. COST OF REMEDIATION:- Not available.
19. RESULTS:· A soil reuse plan was developed which addressed the types of soil
contamination present, proposed method of reuse, proposed construction methods, and
health and safety requirements during construction.
20. TRAINING PROGRAM:· None.
21. OTHER INFORMATION:· The NJDOT presented to the NJDEPE's Bureau of Hazardous
Waste Classification and Regulation a waste classification sampling plan in November
1988 to characterize the 13,760 m3 soil stockpile. NJDEPE accepted a modified form of
the sampling plan because of the large volume of soil to be sampled. The NJDOT plan
modified NJDEPE's standard sampling protocol of one five-part composite sample per 75
m3 to one five-part composite sample per 200m3. The soil stockpile was systematically
divided into 72 sampling units, with each unit representing 200m3 in accordance with the
modified sampling plan.
22. CONCLUSIONS:- By reusing the contaminated soils within the project area, a savings of
approximately $2,000,000 in disposal costs was realized by NJDOT.
23. REFERENCES:- Fekete, A., Caiazza, N., Morgan, L. 0., and Dunne, K. P., "Interstate 2f57
Wetland Mitigation Project: Turning an Environmental Liability into an Environmental
Asset," Transportation Research Record 1444, pp. 64-68.
24. KEY WORDS:- NJDOT, contaminated soil, Petroleum hydrocarbons, polyaromatic
hydrocarbons, disposal, soil reuse.
2.5. CONTACT PERSONS:- None.
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CASE STUDY [50]. 1/95
1.

TYPE OF PROJECT:·
(a) Treating saturated contaminated soil.
(b) ESI and Site clean-up (HWMP- PHASE II and PHASE IV).
(c) Other site (not Superfund. DOT, RCRA, DOE or DOD)

.Z.

LOCATION:- Northern New Jersey.

3.

NATURE OF SOIL:· Not available.

4.

AREA OF SITE I CONTAMINATED SITE:- Excavation area was approximately 1148
m2.

5.

DEPTH OF GROUND WATER I CONTAMINATION:- Average depth of excavation
was approximately 1.83 m.

6.

ENVIRONMENTAL SITE ASSESSMENT:· Three geophysical techniques:
Magnetometer (MAG), electrmagnetics (EM), and ground penetrating radar (GPR) were
used during the preliminary site investigation to assess the amount of buried waste and
drums and to delineate their physical extent.

7.

SITE CHARACTERIZATION:- Field testing kits employing immunoassay technology
were used to segregate soil and minimize the number of post excavation samples submitted
for laboratory analysis.

8.

MAJOR CONTAMINANTS:- Polychlorinated biphenyl (PCB).

9.

SOURCE OF CONTAMINANTS:· Buried drums.

10. CONCENTRATION OF CONTAMINANTS:- Above 50 ppm.
11. REGULATIONS:· The federal Toxic Substance Control Act (TSCA) regulates PCB wastes
as hazardous if their concentration is > 50 ppm. The New Jersey Department of
Environmental Protection did not require the remediation of surface soil (0 to 0.61 m) with
PCB concentrations below 0.49 ppm on residential sites and or up to 2 ppm on sites
designated as industrial. For subsurface soils (below 0.61 m), soil with PCB concentrations
up to 100 ppm could remain in place. However, if the soil is excavated and brought to the
surface, it is judged a hazardous waste under TSCA if it contains PCB concentrations greater
than 50 ppm; solids must be disposed of in a specially designed lined landfill, and liquids, in
a specially licensed incinerator.
1.2. SPECIFICATIONS:- None.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Fill during highway construction, disposal to a landfill.
14. CONTAINMENT TECHNOLOGY:· None.
15. RISK ASSESSMENT:· None.
,.
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16. DESCRIPTION OF TECHNOLOGY:- During phase 1, approximately 9904 Mg of
overburden material that was mounded over the buried drums was removed and used as fill
during mainline highway construction. In phase 2, the actual hazardous waste remediation,
the decomposed drums and drummed wastewere removed from the excavation, loaded
directly in dump trucks, and taken to a specially constructed, TSCA-regulated landfill.
17. DURATION OF REMEDIATION:- Not available.
18. COST OF REMEDIATION:- The actual site remediation cost was $3.8 million. The use
of immunoassay testing kits, up front negotiation of cleanup levels, soil segregation, and soil
reuse resulted in a $1 million savings from the estimated cleanup cost.
19. RESULTS:- To compare the results of PCB analysis by field and laboratory methods, six
soil samples were analyzed for PCBs by both the field PCB test and by the gas
chromatography/electron capture detector method according to the EPA contract Laboratory
Program. The results obtained by the field testing method for two samples are greater than
those obtained by the laboratory method.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- Immunoassay testing techniques were selected for PCB
analysis because they possess a significant advantage over other field screening tests in that
the chemistry is PCB specific. This feature precludes interference from other compounds
and from native chlorine, such as that typically found in certain soils and other waste
mixtures. Immunoassay technology is a semiquantitative colorimetric method, which uses
tubes coated with antibodies that specifically detect PCBs. The test is "competitive," since
the immobilized antibodies will bind to the PCB contaminant in a sample, the enzyme
conjugate supplied with the test kit, or both in proportion to their relative concentrations.
After the used tubes are washed to remove the sample solution, leaving behind the enzyme
conjugate and PCB molecule immobilized by the antibodies, a chromogenic substrate that
produces a vivid blue color in the presence of horseradish peroxidase is added to the test
tubes. Color production is inversely proportional to the concentration of PCB contaminant
in the sample: the more enzyme conjugate present, the faster the solution turns color and the
darker it becomes. On the other hand, the more sample PCB molecules present, the fewer
sites available for the enzyme conjugate and the lighter the solution. Therefore, the depth of
the color determines the concentration range of the sample PCB solution.
22. CONCLUSIONS:- The geophysical surveys provided a noninvasive technique for defining
the limits of the buried drums and approximating the amount of waste and potentially
impacted soil before the start of excavation. After the excavation was complete, geophysical
surveys helped establish that all of the buried drums had been removed.
Field screening immunoassay testing for PCBs allowed for a rapid and inexpensive way to
segregate the soils and minimize the number of post excavation samples submitted for
laboratory analysis. The site was remediated below the NJDEP proposed cleanup levels. No
residual contamination was left on site, as indicated by the results of the postexcavation
sample analyses. The environmental solution resolved the contamination issue without
modifying the construction ramp and highway design.
23. REFERENCES:- Ferrel, S. L., Ivanciu, I., and Sweet, J., "Geophysical and Immunoassay
Techniques to Accelerate Hazardous Waste Site Remediation," Transportation Research
record 1475, pp. 45-49.
24. KEY WORDS:- Buried drums, contaminated soil, polychlorinated biphnyl (PCB),
geophysical, magnetometry, ground penetrating radar, electromagnetics, immunoassay
testing, Landfill.
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CASE STUDY [511 .1/91
1 • TYPE OF PROJECT:(a) Treating contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Superfund site
2. LOCATION:- Southeastern Wood Preserving Site, Canton, Mississippi.
3. NATURE OF SOIL:· Not available.
4. AREA OF SITE I CONTAMINATED SITE:- 14,140 tons (10,.500 cubic yards) of soil
needed treatment.

...

5. DEPTH OF GROUNDWATER TABLE/CONTAMINATION:- Not available.
6. ENVIRONMENTAL SITE ASSESSMENT:- Excavation was based on a visual
assessment of contamination. EPA sampled this material in April 1989, and found it to be
contaminated with polynuclear aromatic hydrocarbons (PAHs), at levels of approximately
4,()(X) mglk:g, The contaminated material from the lagoon was classified as a RCRA K001listed hazardous waste.
7. SITE CHARACTERIZATION:· Various types of debris were present in the contaminated
soil and sludge excavated at the site. The debris included large stones, plastic sheeting,
concrete, and railroad ties.
8. MAJOR CONTAMINANTS:· Polynuclear aromatic hydrocarbons (PAHs).
9 • SOURCE OF CONTAMINANTS:· Creosote wood preserving, Manufacturing Process,
Surface Impoundment/.
10. CONCENTRATION OF CONTAMINANTS:· The excavated material at the site
contained PAH concentrations of approximately 4,()(X) mglk:g dry weight for total PAHs and
from 1,()(X) to 2,500 mg/k:g dry weight carcinogenic PAHs.
11. REGULATIONS:- Cleanup goals were developed based on the results of bench-scale and
field pilot studies using bioremediation and a site-specific health-based risk: analysis. cleanup
goals for this application:

...

• 950 mg/k:g dry weight soil solids total PAHs; and
• 180 mg/k:y dry weight soil solids of benzo(a)pyrene (B(a)P)- equivalent carcinogenicPAHs.
12. SPECIFICATIONS:- At the beginning of this application, soil was classified as RCRA
hazardous waste KOOL However, in February 1992, soon after full-scale operation began, an
LDR treatability variance was obtained so that the soil would not need to be treated to meet the
LDR treatment standards for KOOL
13. TREATMENT TECHNOLOGY:·
(a) Screening technology:- None.
(b) Slurry-phase bioremediation was selected for this application on the basis of cost.
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14. CONTAINMENT TECHNOLOGY:· None.
15. RISK ASSESSMENT:· Details to be collected.
16. DESCRIPTION OF THE TECHNOLOGY:- The slurry phase bioremediation system
used at Southeastern Wood Preserving included a power screen, a slurry mix tank, four slurry
phase bioremediation reactors (bioreactors), and a slurry dewatering unit. This system, shown
in Figure 2, was used to separate out the larger particles (greater than 200 mesh, or 0.0029
inches) from the stockpiled soil and sludge, and to biologically treat the remaining soil and
sludge particles (less than 200 mesh). As shown on Figure 2, soil and sludge from the
stockpile were power-screened to remove debris greater than 0.5 inches such as large stones,
plastic sheeting, and railroad ties. The power-screening step removed approximately 450 cubic
yards of material. Soil and sludge that passed the power screening step were loaded into a
slurry mix tank for soil washing. The mix tank contained three compartments:
• Compartment No. 1 -Water was added to slurry the solids.
• Compartment No.2- The slurry was pumped to a shaker screen to remove debris between
12 mesh (0.0661 inches) and 0.5 inches. Approximately 1,500 cubic yards of debris were
removed by the shaker screen.
• Compartment No.3- A hydrocyclone removed approximately 1,500 cubic yards of materials
(sand) and other materials between 200 mesh and 12 mesh.
In addition, nutrients and slurry conditioning chemicals (including a dispersant and defoarning
agent) were added and mixed with the slurry in this compartment.

17. DURATION OF REMEDIATION:· The period of operation was between 1991-1994.
18. COST OF REMEDIATION:- The total costs for activities directly attributed to treatment
corresponds to $170 per ton ($230 per cubic yard) of soil and sludge treated.

19. RESULTS:- The average total PAH concentration was reduced from 8,545 mg/kg to 634
mg/kg, which corresponds to a treatment efficiency of 93 percent. The average B(a)Pequivalent concentration was reduced from 467 mg/kg to 152 mg/kg, or 67 percent.
Carcinogenic PAHs showed a similar reduction, from 1,160 mg/kg to 374 mg/kg, or 67
percent.
20. TRAINING PROGRAM:· None.
21. OTHER INFORMATION:· None.

22. CONCLUSIONS:· The technology was successful.
23. REFERENCES:- This case study was prepared for the U.S. Environmental Protection
Agency's Office of Solid Waste and Emergency Response, Technology Innovation Office.
Assistance was provided by Radian International under EPA Contract No. 68-W3-0001 and
U.S. Army Corps of Engineers Contract No. DACA45-96-D-0016.
24. KEYWORDS:- Contaminated soils, Petroleum substances, Slurry bioreactors
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...

1 • TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) ESI, R1 and Site clean-up (HWMP- PHASE II, PHASE III and PHASE IV).
(c) Superfund site

2. LOCATION:- Commerce City, Colorado.
3. NATURE OF SOIL:- Sandy loams, loamy sands.
4. AREA OF SITE I CONTAMINATED SITE:- 684 pounds of soil needed treatment.
5. DEPTH OF GROUNDWATER TABLE/CONTAMINATION:- Not known.
6. ENVIRONMENTAL SITE ASSESSMENT:- EPA conducted a Remedial Investigation
(RI) at the site from 1984 to 1988. Soils identified as contaminated with pesticides were
excavated and hauled off site for incineration. Additional soil contamination at the site was
identified by the vendor as consisting of mixed petroleum and halogenated hydrocarbons, with
some of the hydrocarbons classified as semivolatile or non-volatile, including hydrocarbons of
aromatic range and heavier hydrocarbons to C-24.

7. SITE CHARACTERIZATION:- The Moisture Content was found to be 3.0- 30.1%.
The RI indicated that the site is underlain by alluvial deposits consisting of high-penneability
sands and gravels, interbedded with low-permeability clayey and silty layers. Two
groundwater units underlie the site, separated by a relatively impenneab1e layer 10 to 20 feet
thick. The upper deposit is up to 40 feet thick and is primarily unsaturated (i.e., contains little
to no groundwater). The lower deposit is up to 44 feet thick and generally exists under confined
conditions.

8. MAJOR CONTAMINANTS:- Halogenated volatile organic compounds (VOCs),
specifically chloroform, methylene chloride, trichloroethene (TCE), and tetrachloroethene
(PCE), and nonhalogenated VOCs, including mixed petroleum hydrocarbons.

...

9. SOURCE OF CONTAMINANTS:- Boiler feed water draining into a common surface
drainage.

10. CONCENTRATION OF CONTAMINANTS:- The maximum soil concentrations of
halogenated VOCs:
chlorofom1 - 0.820 mglkg,
methylene chloride - 5.8 mg/kg,
TCE- 0.087 mg/kg, and
PCE - 9.34 mglkg.

11. REGULATIONS:- The modified ROD specified soil cleanup standards for the four target
VOCs as follows: chloroform -0.165 mg/kg, methylene chloride - 0.075 mg/kg, TCE - 0.285
mg/kg, and PCE - 1.095 mg/kg. No soil cleanup standards were identified for the
nonhalogenated VOCs.

12. SPECIFICATIONS:- Not known.
13. TREATMENT TECHNOLOGY:(a) Screening technology :- None.
(b) Selected soil vapor extraction (SVE).
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14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Details to be collected.
16. DESCRIPTION OF THE TECHNOLOGY:- The soil vapor extraction system used at
Sand Creek consisted of 31 vertical wells and 1 horizontal well. and was thermally-enhanced
by fluid injection with vacuum extraction (referred to as the FIVE system). The wells were
grouped into three sub-areas at the site: SVE-1, SVE-2, and SVE-3. Thirteen vertical wells
and the horizontal well were located in SVE-1 (wells 101 through 113 and H12). SVE-2
contained 12 wells (wells 201 through 212) and SVE-3 contained 6 wells (wells 301 through
306). Well H12 is a horizontal well, and all other wells are vertical. For several of the wells
in each sub-area, operation of the wells was alternated between vacuum extraction and air
injection during the course of remediation. Extracted water was separated from the vapors
using an air/water separator. Following separation, extracted vapors were diluted with ambient
air (between 12% and 50% by volume) and treated using a catalytic oxidizer. The emissions
from the catalytic oxidizer were either re-injected into the soil through the vertical and
horizontal wells, or released to the atmosphere. The system included two blowers for air
injection, operated one at a time.
17. DURATION OF REMEDIATION:- Six months.
18. COST OF REMEDIATION:- The total actual costs for this application were approximately
$2,140,000. The costs directly attributed to treatment correspond to $39-65 per cubic yard of
soil treated (based on a range of soil quantity treated estimates of 31,440 to 52,920 cubic yards,
as provided by the vendor) and $11.70 per pound of VOC removed (based on 176,500 pounds).
19. RESULTS:- Confirmatory soil borings collected in April 1994 showed that the
concentrations for all four target contaminants were less than the cleanup standards set in the
ROD. The maximum concentration of target contaminants measured in the confirmation soil
borings was: chloroform - 0.0099 mglkg, methylene chloride - not detected, TCE - 0.10 mg/kg,
and PCE -0.28 mglkg. Approximately 176,500 pounds of total VOCs were extracted during this
application, including 3,250 pounds of the four target contaminants.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- The treatment indicated that the SVE ·system used at Sand Creek met the
soil cleanup goals for VOCs within 6 months of operation. Soil concentrations were reduced
from as high as 9.34 mg/kg (the maximum concentration shown in the RI for tetrachloroethene)
to less than the cleanup goals. The maximum concentration of target constituents measured by
the off-site laboratory for the confirmation soil borings was: chloroform - 0.0099 mg/kg;
methylene chloride - not detected; trichloroethene - 0.10 mg/kg; and tetrachloroethene - 0.28
mg/kg. Less than 20% of the soil boring samples (i.e., soil borings at specific depths) contained
at least one target constituent measured at a detectable concentration.
23. REFERENCES:- This case study was prepared for the U.S. Environmental Protection
Agency's Office of Solid Waste and Emergency Response, Technology Innovation Office.
Assistance was provided by Radian International under EPA Contract No. 68-W3-0001 and
U.S. Army Corps of Engineers Contract No. DACA45-96-D-0016.
24. KEYWORDS:- Contaminated soils, Petroleum substances, Soil vapor extraction
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CASE STUDY [531 • 2/96
1.

TYPE OF PROJECT:(a) Treating contaminated soil and groundwater .
(b) Site clean-up (HWMP- PHASE IV).
(c) Other site (not Superfund, DOT, RCRA, DOE or DOD)

2.

LOCATION:- Blaine, Minnesota

3.

NATURE OF SOIL:- Not available.

4.

AREA OF SITE I CONTAMINATED SITE:- Approximately 6.8. kg of contaminants
must be removed from soil and groundwater.

5.

DEPTH OF GROUND WATER I CONTAMINATION:- The depth of groundwater is 34.57 m. The depth of contamination was 2.74-3.66 m.

6.

ENVIRONMENTAL SITE ASSESSMENT:- Not available.

7.

SITE CHARACTERIZATION:- The site rests atop an expansive glacial plain. The sand
plain consists of primarily brown, fme to medium grained sand. The sand plain is typically
present from ground surface to depths of greater than 24.4 m.

8.

MAJOR CONTAMINANTS:- Gasoline Constituents such as Benzene, Ethyl Benzene,
Toluene and Xylene, and PCE (tetrachloroethylene).

9.

SOURCE OF CONTAMINANTS:- The site was a former gasoline station.

...

10. CONCENTRATION OF CONTAMINANTS :- Not available.
11. REGULATIONS:- Not available.
12. SPECIFICATIONS:- Not available.

••

13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected technology:- Radio frequency heating enhanced soil vapor extraction and air
sparging
14. CONTAINMENT TECHNOLOGY:- None.

...

15. RISK ASSESSMENT:- None.
16. DESCRIPTION OF TECHNOLOGY:- Radio frequency heating provides a tool for
accelerating site remediation that augments many other site remediation technologies by
supplying thermal energy to soils and groundwater. The in situ application of Radio
frequency heating provides a subsurface, focused pattern of thermal energy thereby
increasing the vapor pressure and bioavailability of contaminants, enhancing soil
permeability and reducing the viscosity of liquids.
The equipment to supply the power for radio frequency heating was contained within a
mobile trailer and consisted of a 25 kilowatt radio frequency generator. Additional
equipment operating the soil vapor extraction and air sparging systems are housed in a
separate mobile remediation unit. On March 5, 1996, the SVE portion of the system was
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started with anticipated three week heating period. The two soil vapor vents were set at the
same flow rate to maintain a uniform vacuum at the radio frequency heating well.
17. DURATION OF REMEDIATION:- Three weeks.
18. COST OF REMEDIATION:· Not available.
19. RESULTS:· The three week demonstration resulted in the significant decreases in both soil

and groundwater impact. These reductions are attributed to accelerated volatilization of
hydrocarbons by radio frequency heating. Groundwater concentrations were reduced by
one or two orders of magnitude in most sampling locations. The remediation resulted in the
removal of approximately 6.8 kg of contaminants from soil and groundwater in the treated
zone and a measurable decrease in both soil and groundwater impact.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- The project was a big success and the radio frequency heating can thus

be used to remediate soil contaminated with organic contaminants.
23. REFERENCES:- Kasevich S. Raymond, Price L. Stephen, Wiberg Dan, Johnson Mark,
"lnsitu Radio Frequency Heating for Remediation of Soil and Groundwater
Contamination" Proceedings of the conference "lnsitu remediation of the geoenvironment",
Geotechnical Special Publication No.71, pp. 574-589.
24. KEY WORDS:- Contaminated soil and groundwater, Radio Frequency heating, BTEX.
25. CONTACT PERSONS:- None.
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1 . TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) Site clean-up (HWMP - PHASE IV).
(c) Other (not Superfund, DOT, RCRA, DOE or DOD)

2. LOCATION:- At a Federal Aviation Administration Facility in Oklahoma
3 . NATURE OF SOIL:- Red brown shale with layers of limestone.
4. AREA OF SITE I CONTAMINATED SITE:- The area of the site was 67, 500 square
meters.

5. DEPTH OF GROUNDWATER TABLE/CONTAMINATION:- Not known.
6. ENVIRONMENTAL SITE ASSESSMENT:- Details not available.
7. SITE CHARACTERIZATION:- The geology beneath the site consists of a red-brown
shale with layers of siltstone. The shale is highly weathered and fissile near the surface. The
siltstone occurs in well defmed layers generally a few centimeters thick. Fracture sets oriented
at approximately 90, 45 and 30 degrees to the horizontal have been observed. Groundwater
flow appears to occur within fissures ands fractures within the weathered shales and siltstones
and is confmed by overlying less permeable shales. The results of permeability tests indicated
·
hydraulic conductivity ranged from 10-3 em/sec to 10-2 em/sec.

8. MAJOR CONTAMINANTS:- BTEX.
9. SOURCE OF CONTAMINANTS:- The site has previously served as logistical center,
training facility, supply depot, research center, and aircraft maintenance and modification
center.

10. CONCENTRATION OF CONTAMINANTS:- The average benzene concentration was
reported to be 3.8 mg/L, and benzene was the only BTEX compound to exceed state cleanup
levels.

11. REGULATIONS:- Not available.
12. SPECIFICATIONS:- Not known.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected Pneumatic Fracturing.

14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Details to be collected.
16. DESCRIPTION OF THE TECHNOLOGY:- The injection and extraction well borings
used for the treatment were fractured to reduce the effect of preferential flow paths during
groundwater circulation. Groundwater low rate was maintained at approximately 4.2 liters per
minute. A nutrient amendment was initially prepared using diammonium phosphate. Estimates
of the biological activity occurring in the aquifer were obtained through a microbial
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enumeration technique. Each well was sampled approximately every 14 days for BTEX. TPH
and additional nutrients.

17. DURATION OF REMEDIATION:- 3 months.
18. COST OF REMEDIATION:- Not available.
19. RESULTS:- The results indicated a significant decrease in BTEX concentrations between
the injection well and observation wells. By four months, the benzene concentration at one of
the observation wells was less than the desired state cleanup goal of 0.05 mg!L.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- The limitation of the in situ biodegration system in the difficulty
encountered in effectively distributing nutrients and electron acceptors to contaminated sites
within the aquifer.
23. REFERENCES:- Cleirigh D. 0 .. , Christopher M., Coryea H., Vaughn C., "BTEX
Biodegradation in Fractured Shale" in Proceedings of the conference "In situ remediation of
the geoenvironment", Geotechnical Special Publication No. 71, pp. 489-502.
24. KEYWORDS:- Contaminated soils, Biological, BTEX
25. CONTACT PERSONS:- None.
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1 • TYPE OF PROJECT:~
(a) Treating saturated contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Other (not Superfund, DOT, RCRA, DOE or DOD)

...
...

2. LOCATION:- Porter field's Marina Village Project, Detroit, Michigan
3 . NATURE OF SOIL:- The site is comprised of clay fill soils containing foundry slag and
sand, cinders, brick and other foreign materials.
4. AREA OF SITE I CONTAMINATED SITE:- The area of contamination was reported
to be 5,570 sq.m.

...

.

5. DEPTH OF GROUNDWATER TABLE/CONTAMINATION:- The depth of
contamination was reported to be 6m.
6. ENVIRONMENTAL SITE ASSESSMENT:- During an initial environmental sampling
and testing program, an area of lead contamination was encountered within the southwest
portion of the site. Subsequent studies indicated the lead levels in the soil ranged up to 33,000
ppm. The lead contamination present in the fill soil appeared to be bound to the soil matrix and
not highly mobile.
7.

SITE CHARACTERIZATION:- The site consisted of relatively homogeneous clay
beneath the contaminated deposits to a depth of approximately 20 m. A hydrogeologic study
performed using monitoring wells in the region of the proposed containment cell indicated
that the groundwater of the area did not contain significant quantities of dissolved lead.

8.

MAJOR CONTAMINANTS:- The contamination was mainly due to Lead.

9 • SOURCE OF CONTAMINANTS:- The contamination was due to past environmental
activities. The site was used for industrial purposes.
10. CONCENTRATION OF CONTAMINANTS:11. REGULATIONS:- The regulations followed were as per those of Michigan Department of
Natural Resources (MDNR), Michigan Department of Environmental Quality.
12. SPECIFICATIONS:- The results of risk assessment were used to specify the cleanup
levels of 1,000 ppm total lead in the soil. All soils having total lead concentrations greater than
1,000 ppm were intended to be encapsulated within the cell. But the cleanup levels are
changed according to MDNR to 50 ppm total lead regardless of the findings of the health
based risk assessment.
13. TREATMENT TECHNOLOGY:(a) Screening technology :- Abandoning the site and leaving the contamination in place
(b) Selected containment technology.
14.

CONTAINMENT TECHNOLOGY:encapsulation.
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Selected In-situ Containment Cell for

-

""

15. RISK ASSESSMENT:- A health-based risk assessment was performed to consider site
features and conditions, future site usage, exposure pathways, and potential impacts to human
health and environment. The results of risk assessment were used to specify the cleanup levels
of 1,000 ppm total lead in the soiL
16. DESCRIPTION OF THE TECHNOLOGY:- It had been decided to construct the in-situ
containment cell using conventional trench methods with imported soil materials. The fill
materials excavated to create the trench were disposed at an appropriately licensed facility. A
cement-bentonite mixture would produce higher permeabilities than a soil-bentonite mixture,
and that the addition of fly ash to the mix would probably raise the permeability further. The
design mix consisted of 16% cement, 11% fly ash, 3% bentonite, and 70% water. The slurry
wall was designed to be minimum of 0.6 m thick. The in-situ slurry wall was also designed to
be keyed to the native clay to create a greater barrier to lateral groundwater movement out of
the cell. An additional component of the in-situ containment cell design was the maintenance
of an inward gradient at all times to reduce the potential for leaching of lead outside the cell
boundary.
17. DURATION OF REMEDIATION:- Not available.

18. COST OF REMEDIATION:- The proposed cost for treatment was $80.000.
19. RESULTS:- The containment method worked as expected containing the lead contaminated
soil.
The remediation resulted in the reclamation of the formerly industrial site and the
development of an useful community asset
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- Although the discovery of hazardous lead concentrations in soil
threatened to force cancellation of the project, open communication and negotiations with the
MDNR, an innovative cost-effective remediation was developed which was proved to be a
success at the site.
23. REFERENCES:24. KEYWORDS:- Contaminated soils, Lead, Containment
25. CONTACT

PERSONS:- None.
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CASE STUDY [561 • 11/92
1 . TYPE OF PROJECT:(a) Treating saturated contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Other (not Superfund, DOT, RCRA, DOE or DOD)
2. LOCATION:- Fuel dispensing area, Watertown, New York.

3. NATURE OF SOD..:- The soil subsurface comprised of fine-grained well sorted sand
4. AREA OF SITE I CONTAMINATED SITE:5. DEPTH OF GROUNDWATER TABLE/CONTAMINATION:6. ENVIRONMENTAL SITE ASSESSMENT:- Laboratory analytical results have
indicated that the detected petroleum contamination is gasoline and #2 fuel oiL The free
product and the petroleum contaminated soil and groundwater appears to be located in a
narrow zone hydraulically down gradient and downstream from the fuel dispensing area.
Petroleum hydrocarbons and lead have been detected in surface water and sediment samples
collected from the stream at locations downstream the dike.
7. SITE CHARACTERIZATION:- The soil subsurface comprised of fine-grained well
sorted sand. BTEX, total volatile aromatic hydrocarbons and lead were detected in surface
water. The unconsolidated material observed is primarily fine grained well sorted sand. The
site is unpaved; infiltration precipitation affects contamination mobilization and migration.
8. MAJOR CONTAMINANTS:- BTEX.
9. SOURCE OF CONTAMINANTS:- Due to leaks from an underground storage tank
10. CONCENTRATION OF CONTAMINANTS:- Not available.
11. REGULATIONS:- The regulations are defined as per New York Department of
Environmental Conservation. The discharge limits are defmed as:
• Benzene : 3mg/L
• Toluene: 35 mg!L
• Xylenes: 190 mg!L
•
Ethylbenzene : 8 mg/L
12. SPECIFICATIONS:- Not known.

13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected Air stripping and granular activated carbon.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- A preliminary human health risk assessment indicated that
petroleum contamination poses an increased lifetime cancer risk of greater than IXlQ-6.
16. DESCRIPTION OF THE TECHNOLOGY:- Free petroleum product accumulating in
the recovery wells is pumped into a product storage tank. Water from the wells is pumped into
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the oil/water separator to remove residual free product and is treated by air stripping and
granular activated carbon to remove dissolved hydrocarbons. Treated water is then discharged
to a publicly owned treatment works.

17. DURATION OF REMEDIATION:- The system operation started in 1992 and was
concluded in 1994.
18. COST OF REMEDIATION:- The total cost for the remediation are $958, 780.
19. RESULTS:- The project was a success with 98% removal of contaminants.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None
22. CONCLUSIONS:- Activated carbon efficiency was limited by iron and biomass. Even
though there were few limitations, the overall project was a success.
23. REFERENCES:- http://128.174.5.51/denix/Public/Library/remedy/ftdrumOl.html
24. KEYWORDS:- Contaminated groundwater, Granular activated carbon, Petroleum products
25. CONTACT PERSONS:- None.
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CASE STUDY [571 • 3/9 6
1 • TYPE OF PROJECT:(a) Treating saturated contaminated soil.
(b) Site clean-up (HWMP - PHASE IV).
(c) Superfund site

2. LOCATION:- New York.

...

..

3. NATURE OF SOIL:·
4. AREA OF SITE I CONTAMINATED SITE:· The area of contamination was 446
square meters.

5. DEPTH OF GROUNDWATER TABLE/CONTAMINATION:- The depth of
contamination was 0.45 m.

6. ENVIRONMENTAL SITE ASSESSMENT:- At the EPA's request, discrete samples
were analyzed to verify that lateral and vertical migration did not occur as a result of treatment.
Samples were collected to evaluate the potential for lateral migration of PCBs from the heated
area, and transport and condensation of vapors into the surrounding unheated soil.

7. SITE CHARACTERIZATION:- For pre-treatment soil sampling, the site was divided
into 30.5 m by 30.5 m grids to delineate the concentrations of PCBs in he soil. The PCBs
were found primarily in the top .15 m of soil across the site. Pre treatment samples were
collected to verify the average concentration in the test area and determine the concentration
variance within the test area.

8. MAJOR CONTAMINANTS:- PCB contamination.
9. SOURCE OF CONTAMINANTS:- Not available
10. CONCENTRATION OF CONTAMINANTS:- The concentrations are as high as 5,000
ppm. The PCB concentration in the treatment zone ranged from 75 to 1, 264 ppm, with a
maximum concentration of 5,212 ppm at some locations.

...

11. REGULATIONS:- The regulations are as per Toxic Substances Control Act (TSCA) permit
for
remediation of surficial soils.

12. SPECIFICATIONS:- Three continuous stack tests were performed which were consistent
with EPA method 23 procedures to determine the quantities of PCBs, polychlorinated
bibenzofuron, polychlorinated bibenzo-p-dioxin, and semivlatile products of incomplete
combustion released to the environment from the thermal blanket.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected in situ thermal desorption.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Details to be collected.
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16. DESCRIPTION OF THE TECHNOLOGY:- The in situ thermal desorption process is
an integrated system with two key components: the thermal blanket and a vapor treaunent
system. Thermal blankets are covered over the contaminated soil. Contaminants are vaporized
by heating the soil with the blankets. Heating elements in each blanket reach up to 800 to
1,oooo C at the surface. As the heat front moves through the soil. contaminants are vaporized
and a vacuum system draws the vapors towards and through the blankets. Most contaminants
are destroyed in the soil near the heat source. Remaining vapors are cleaned in a trailer mounted
vapor treaunent system, which emits only carbon dioxide and water vapor. The remediated site
is then ready for re-vegetation.
17. DURATION OF REMEDIATION:- The treaunent system began in 1996 and is operated
for 4 months.

18. COST OF REMEDIATION:- Not available.
19. RESULTS:- The contaminants were reduced to below 2 ppm. The application suggests that
the thermal blanket is effective on contaminants to a depth of about a meter. Post treaunent
samples demonstrated the cleanup levels of less than 2 ppm from PCBs while meeting ambient
air quality standards with respect to air emissions and worker exposure limits.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:22. CONCLUSIONS:-The PCBs did not migrate away from the thermal blankets during
treaunent Existing or recommended worker exposure levels were not exceeded. The approach
was cost effective and intrusive.
23. REFERENCES:- ""Throwing a blanket on the problem" Soil and groundwater cleanup-from the internet.
24. KEYWORDS:- Contaminated soils, PCB, Thermal desorption
25. CONTACT PERSONS:- None.
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CASE STUDY [581 . /92
1 • TYPE OF PROJECT:·
(a) Treating contaminated soil.
(b) Site clean-up (HWMP- PHASE IV).
(c) Other site (not Superfund, DOT, RCRA, DOE or DOD)

...

2 . LOCATION:- Basket Creek Impoundment site, Georgia.
3 . NATURE OF SOIL:- Not available.
4. AREA OF SITE I CONTAMINATED SITE:· Approximately 1,600 cubic yards of soil
needed treatment

-

5. DEPTH OF GROUNDWATER TABLE/CONTAMINATION:-

..

6. ENVIRONMENTAL SITE ASSESSMENT:- Initial activities included sampling to
characterize the nature and extent of contamination at the site. The soil was found to be a
RCRA hazardous waste by exhibiting the Toxicity characteristic for lead (0008), methyl ethyl
ketone (D035), and trich1oroethene (0039).
7. SITE CHARACTERIZATION:· Details not available.
8. MAJOR CONTAMINANTS:- Halogenated volatile organic compounds including
trichloroethene (TCE), tetrachloroethene (PCE), and non halogenated volatile organic
compounds including toluene, xylenes, methyl isobutyl ketone (MIBK) and methyl ehtyl
ketone (MEK).
9 . SOURCE OF CONTAMINANTS:- The site was used for illegal disposal of liquid
refinery and other hazardous wastes.
10. CONCENTRATION OF CONTAMINANTS:TCE - below detection limit to 8,600 mglkg;
PCE - below detection limit to 2, 700 mg!kg;
Toluene - below detection limit to 220,000 mg!kg;
Xylenes- below detection limit to 7,300 mglkg;
MEK -below detection limit to 23,000 mg!kg;
MffiK- below detection limit to 66,000 mg!kg;
11. REGULATIONS:- The cleanup levels ranged from 0.2 to 200 mg!L for all contaminants
except total HOCs. The target for total HOCs was 1,000 mg!kg, based on the land disposal
restrictions of California List Wastes. In addition EPA and State of Georgia required that the
thermal oxidizer maintain a minimum destruction efficiency of95%.
12. SPECIFICATIONS:- Not known.
13. TREATMENT TECHNOLOGY:(a) Screening technology :- Off-site incineration, in situ soil vapor extraction, low
temperature thermal
desorption.
(b) Selected Soil Vapor Extraction.
14. CONTAINMENT TECHNOLOGY:- None.
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15. RISK ASSESSMENT:- Details to be collected.
16. DESCRIPTION OF THE TECHNOLOGY:17. DURATION OF REMEDIATION:- The system was run from November 1992 to
February 1993, and again from March to April 1993, for a total of 6 months of operation.
18. COST OF REMEDIATION:- Approximately $413 per cubic yard treated, $275 per ton of
soil treated, $9.20 per pound of VOC removed.
19. RESULTS:- A total of 72,000 lbs of total VOCs are recovered from the soiL Toluene was
the largest quantity VOC recovered, accounting for approximately 80% of the VOCs
recovered. The thermal oxidized achieved a minimum destruction efficiency of at least 95%
during system operation, and for three months of at least 98%.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None
22. CONCLUSIONS:- In situ SVE was rejected because of low permeability of the
contaminated soiL Ex situ SVE was adopted. The removal efficiency was 98%.
23. REFERENCES:- U.S. EPA, Office of Solid Waste and Emergency Response, Technology
Innovation Office, EPA Contract No. 68-W3-001.
24. KEYWORDS:- Contaminated soils, VOC, Soil vapor extraction
25. CONTACT PERSONS:- None.
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CASE STlTDY [59]. 12/93
1 • TYPE OF PROJECT:(a) Treating saturated contaminated soil .
(b) RI and Site clean-up (HWMP- PHASE Ill and PHASE N).
(c) Superfund site
2. LOCATION:- Dubose Oil Products Co. site, Cantonment, Florida.
3. NATURE OF SOIL:- Not known.
4. AREA OF SITE I CONTAMINATED SITE:- 19,705 tons of soil needed treatment.
5. DEPTH OF GROUNDWATER TABLE/CONTAMINATION:6. ENVIRONMENTAL SITE ASSESSMENT:- The RI was conducted in 1988, and
revealed contamination above health-based levels in the vault soils, shallow aquifer and
benzene, toluene, and xylenes and semivolatile organic compounds including polynuclear
aromatic hydrocarbons (PAHs) and phenols (e.g., pentachlorophenol, or PCP).

..,

7. SITE CHARACTERIZATION:- Details not available.
8. MAJOR CONTAMINANTS:- Polynuclear aromatic hydrocarbons (PAHs),
pentachlorophenol (PCP), and volatile organic compounds (VOCs), including benzene,
xylene, trichloroethylene (TCE), and 1,2-dichloroethene (DCE).
9. SOURCE OF CONTAMINANTS:- The site was a former waste storage, treatment,
recycling, and disposal facility.

"'

10. CONCENTRATION OF CONTAMINANTS:- The site was found to be contaminated
with PAHs (total) at concentrations ranging from 0.578 to 367 mglkg, PCP ranging from
0.058 to 51 mglkg, and VOCs ranging from 0.022 to 38.27 mg/kg.
11. REGULATIONS:- Soil cleanup goals included PAHs (total)- 50 mglkg, PCP- 50 mglkg,
benzene - 10 mglkg, xylenes (total) - 1.5 mglkg, TCE - 0.05 mglkg, and DCE -0.07 mglkg.
Leachate discharge standards ranged from 1 to 50 J.Lg/L for the target constituents/parameters.
12. SPECIFICATIONS:- Not known.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected Com posting.
14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Details to be collected.
16. DESCRIPTION OF THE TECHNOLOGY:- The composting system used at Dubose
consisted of a treatment structure, a leachate collection system, an aeration system, an
inoculum growth and application system, and an on-site wastewater treatment system.
Contaminated soil was treated in batches, with each batch containing from 660 to 2,310 tons
of soiL For most of the batches, soil depth ranged from 4.0 to 4.25 feet. Soil was aerated to
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maintain a pore space oxygen content of approximately 20 percent, and inoculum was added
over a period of two days (typically), until the entire surface area of the soil was moistened. A
moisture content of approximately 15% and a carbon: nitrogen: phosphorus ratio of 120:10:2
was maintained during the application. Off-gasses collected by the aeration equipment were
treated using granular activated carbon (GAC) adsorbers prior to discharge to the atmosphere.

17. DURATION OF REMEDIATION:- Composting activities were performed from May to
November 1993,
18. COST OF REMEDIATION:- $7,736,700 corresponding to $266 per ton of soil treated
(19,705 tons).
19. RESULTS:- For total PAHs, before-treatment concentrations ranged from 50.8 to 576.2
mglkg, while after-treatment concentrations ranged from 3.3 to 49.9 mglkg (average- 19
mglkg). For PCP, before treatment concentrations ranged from 7.67 to 160 mglkg, while
after-treatment concentrations ranged from 16.5 to 36.3 mglkg.
20. TRAINING PROGRAM:- None.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- Soil cleanup goals for all 19,705 tons of soil treated at the DOPC site
were met in this application. Of the 58,559 tons excavated, 19,705 tons required treatment
because one or more constituents were measured at concentrations greater than the cleanup
goals, including 8,783 tons containing total PAHs at concentrations greater than the cleanup
goals, and 10,922 tons containing VOCs (primarily xylenes).
23. REFERENCES:- This case study was prepared for the U.S. Environmental Protection
Agency's Office of Solid Waste and Emergency Response, Technology Innovation Office.
Assistance was provided by Radian International under EPA Contract No. 68-W3-0001 and
U.S. Army Corps of Engineers Contract No. DACA45-96-D-0016.
24. KEYWORDS:- Contaminated soils, Biological, PAH, VOC
25. CONTACT

PERSONS:- None.
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CASE STUDY [601 • 5/96
1 . TYPE OF PROJECT:(a) Treating contaminated soil.
(b) ESI, RI and Site clean-up (HWMP- PHASE II, PHASE III and PHASE IV).
(c) Other site (not Superfund, DOT, RCRA, DOE or DOD)
2. LOCATION:- At an industrial site, New York.
3. NATURE OF SOIL:- The subsurface comprised of dense sand and gravel.
4. AREA OF SITE I CONTAMINATED SITE:- 4,100 cubic meters of soil needed
treaunent
5. DEPTH OF GROUNDWATER TABLE/CONTAMINATION:- The depth of
groundwater as well as contamination extended to 11 m below surface.
6. ENVIRONMENTAL SITE ASSESSMENT:- A facility-wide remedial investigation
(RI) was conducted under the purview of consent order with the New York State Deparunent
of Environmental Conservation. The findings of RI are summarized as follows:
• The soil contamination extended over an area of 650 square meters up to 11 m deep,
approximately the level of water table in the area.
• Cadmium contamination was present in concentrations up to 9000 mglkg, but much of the
contamination was detected in concentrations from 10 to 1000 mglkg.
• Groundwater in the vicinity is not contaminated.

...

...

7. SITE CHARACTERIZATION:- The subsurface comprises of dense sand and gravel.
The soil sin the area requiring remediation are sands and coarse gravel with some silty layers
and occasional cobbles.
8. MAJOR CONTAMINANTS:· Cadmium.
9. SOURCE OF CONTAMINANTS:- The site is a portion of an active chemicals
manufacturing facility in Eastern New York. Various historical spill sand leaks from process
vessels in and around the waste water system resulted in environmental contamination by
cadmium.

..

10. CONCENTRATION OF CONTAMINANTS:- Total cadmium concentrations in the
soil were approximately 130 mglkg with Toxicity Characteristics Leaching Procedure (TCLP)
leachable cadmium concentrations of 2.2 mg!L.
11. REGULATIONS:- The remediation criteria for the site were established on the basis of
total cadmium concentrations- 10 ppm for surface soils and 50 ppm for subsurface. The
regulations are according to New York state which requires that the soils were to be treated to
meet the RCRA (Resource Conservation Recovery Act) TCLP criteria of 1.0 mgiL in the
leachate for cadmium.
12. SPECIFICATIONS:- TCLP regulatory limit for cadmium is 1.0 mgiL.
13. TREATMENT TECHNOLOGY:(a) Screening technology:- None.
(b) Selected stabilization using jet grouting.

C60.1

...

14. CONTAINMENT TECHNOLOGY:- None.
15. RISK ASSESSMENT:- Information not available.
16. DESCRIPTION OF THE TECHNOLOGY:- Non -replacement jet grouting was
selected a the preferred jet grouting method. Jet mixing consists of drilling or driving a drill
stem to the required depth and then injecting grout through horizontal jets at very high
pressures. The drill stem is slowly rotated and raised during injection.
Construction began with the demolition of the former buildings floor slab footings, tank
foundations and manholes. The structures are broken u, excavated and removed form the site.
After demolition, a test program was conducted to establish jet grouting parameters, and verify
column diameters and material properties. No cadmium was detected in the leachate for the test
columns. The regular columns are thus constructed using the jet grouting technique.
17. DURATION OF REMEDIATION:- The project was successfully completed in
December 1996.
18. COST OF REMEDIATION:- Not available.
19. RESULTS:- All results after the treatment showed cadmium not detected to a detection limit
of 0.048 or 0.004 mg/L. The state approval of the remediation was received within two
months after the completion of construction and submission of required reports.
20. TRAINING PROGRAM:- Health and safety for the project included measures to protect
the construction crew and limit access to the public. All workers were trained in accordance
with the OSHA hazard standard 40 CFR 1910.120 and subjected to physicals including blood
analysis.
21. OTHER INFORMATION:- None.
22. CONCLUSIONS:- The in-situ treatment of cadmium contamination was highly successful
at this site. The project was completed on low budget, and on schedule.
23. REFERENCES:- Steven R. Day, Stephen J. Zarlinski, Peter Jacobson, "Stabilization of
Cadmium-Impacted Soils using Jet-Grouting Techniques", Proceedings of the conference In
situ Remediation of the Geoenvironment, Geotechnical Special Publication No. 7 L pp. 3884-2.
24. KEYWORDS:- Contaminated soils, Stabilization, Jet Grouting, Cadmium
25. CONTACT PERSONS:- None.
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TEXAS NATURAL RESOURCE CONSERVATION COMMISSION
P.O. &:Jz 1301!! • Austin, Te.ms 78711-3087 • 5121239-1000

REGIONAL OFFICES
TNRCC REGIONS

AIR PROGR.Al\I

WATERJ
WASTE PROGRAl\IS

...

1·Amarillo
3918 Canyon Drive, Amarillo, TX 79109-4996
8061353-9251 FAX: 8061358-9545
Regional MaDager - Brad Jones
2-Lubbock
4630 50th St., Suite 600, Lubbock, TX 79414-3509
8061796-7092 FAX: 8061'796-7107
Regional MaDager - Jim Estes
3-Abilene
209 South Danville, Suite 200B, Abilene, TX 79605
9151698-9674 FAX: 9151692-5869
Regional Mauager- Winona Hemy

4-ArliD.pm

....

817n32-5531 FAX: 817n32-0175
Regional MaDager • Melvin Lewis

6421 Camp Bowie Blvd., Suite 312
Fort Worth, TX 76116
817n32-5531 FAX: 817n32-0175

5-Tyler
9031566-0476 FAX: 9031566-9216
Regional Manager • Leroy Biggers

1304 Sou.tb. Vme Ave.
Tyler, TX 75701
9031595-2639 FAX: 9031595-1562

1019 N. Duncanville Rd.
Duncanville, TX 75116-2201
2141298-6171 FAX: 214n09-1181
~"--------407 North Cedar Ridge, Suite 230,
Duncanville, TX 75116
2141283-3703 FAX: 214n09-1181
11406 Hwy. 64 East
Rt. 14, Box 254, Tyler, TX 75707
9031566-04 76 FAX: 9031566-9216
2916 Teague, Tyler, TX 75701 "
9031595-5466 FAX: 9031593-2542

1-----------

6-ElPaso
7500 VJSCOunt Blvd., Suite 147, El Paso, TX 79925
915f178-9634 FAX: 915n78-4576
Regional Manager - Frank Espino

, 7-0dessa
2626 J.B. Shepperd Pkwy. Blvd., Bldg. B-101, Odessa, TX 79761
9151362-6997 FAX: 9151362-4517
Regional MaDager • Jed Barker
8-SaD ADgelo
301 W. Beauregard Ave., Suite 202, San Angelo, TX 76903
9151655-9479 FAX: 915f658-5431
Regional Manager - John Haagensen
9-Waco

...

6801 Sanger Ave., Suite 2500, Waco, TX 76710-7807
817n51-0335 FAX: 817n72-9241
Regional Manager - Gene Fulton

-

1Q..Beaumont
3870 Easte:r. Fwy., Suite 110, Beaumont, TX 77703-1830
4091898-3838 FAX: 4091892-2119
Regional Manager - Vie Fair
11-Aust:i:D
1921 Cedar Bend, Ste. 150, Austin, TX 78758
512/339.2929 FAX: 5121339-3795
Regional Manager • Larry Smith
12-Hou.ston
5425 Polk Avenue, Suite H, Houston, TX 77023-1423
7131767-3500 FAX: 7131767-3520
Regional Manager • Allen Parker
13-San AntoDio
140 Heimer Rd., Suite 360, San Antonio, TX 78232-5042
210/490-3096 FAX: 2101545-4329
Regional Manager • Richard Garcia
14-Corpus Christi
5121851-8484 FAX: 5121851-2666
Regional Manager - Buddy Stanley

...
1231 Apes St., Suite 103
Corpus Ch:rist:i. TX 78401
5121882-5828 FAX: 51W882-7364

4410 Dillon Ln., Suite 47
Corpus Christi, TX. 78415-5326
5121851-8484 FAX: 5121851-2666

15-Barlingeu
134 E. Van Buren, Suite 301, Harlingen, TX 78550
210f425-6010 FAX: 210/412-5059
Regional Manager • Tony Franco
TNRCC Laboratory
5144 E. Sam Houston Pkwy. N., Houston, TX 77015
7131457-5229 FAX: 7131457-9107
Lab Manager- Jim Buseeme
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1
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2
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3
Arlington
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10
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11
Houston
12
San Antonio
13
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14
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TNRCC REGULATORY GUIDANCEPetroleum Storage Tank Division
RG-17

October 1996

-

suBJecT: Action Levels for LPST Sites
INTRODUCTION
This docwnent provides guidance for detemlining when to consider a confumed release as a Leaking Petroleum .....
Storage.Tank (LPST) case. The term RELEASE is defined in 30 TAC §334.2 as "any spilling including ...
overfills, leaking, emitting, discharging, escaping, leaching, or disposing from an underground storage tank into :: ·
groundwater, smface water, or subsurface soils." Therefore, a release is considered to have occuned when any •
amount of contamination is detected using quaJ!titative analytical methods ()n SOil or water samples, or when
non-aqueous phase liquid (NAPL) is present. !The release must be reported to the local1NRCC regional office ' · .
within 24 homs of confbmation,._ Samples shoiud be analyzed using tbe analytical ~thods specified in the
1NRCC publication, Soiltind .Groundwater Sampling and Analysis (RG-14). ..< -~
..

ACTION LEVELS
The presence of contamination does not necessarily mean tluit.comCtive action.is necessary. To detennine the
~ for additional corrective action (which includes assessment..arid/Or-'temediatioii), compare the contaminant
1evels to the action leve~ listed in the "Action Levels and Screeni4g Levels" table'on page 2. dbe term ACflON
LEVEL indicates the q()ncentration of constituents in th~. native.~il o:n ~ter at which some level of corrective action levels are not used
deantip ·~;vets; ~y are simply levels that signal
action \Vill be requifeQ.
LPST case designation ari4 the need for additional site evaluaP,on. ;·fug~neral, except'~hen NAPL is present in
the tankhold, constiwent levels in native soils and groundwater niii.st exceed an:f of the listed action levels for the ...
release incident to be corisi9ered an LPST case. Based on actual site conditionS, profeSsional judgement should
be used to detennine the aPl'I'O})riate application of these levels.

'ifb.ese

as

When analytical results o~ from tank: removai:from-:seiV£& QJ:: other release detennination information
indicates that the constituent levels in the natiVe soils arid/or Water e~ceedJ\!lY. of the action levels, the release
will be considered an LPST case and an LPST ID nmnber yro.I be,assigned. When the· beniene, ethylbenzene,
toluene, and xylenes (BTEX) Components are less t1ian 1iction, l~vels anl.fonly the tatal petro~eum
hydrocarbon (I'PH) level exceed$. the TPH screening leve4, thes~l~·'!jth the _highestTPH level should be
.~
analyzed for polynuclear aromatic hydrocarbons (PAH},.as liSted below -(remember that PAH analyses have a 14day holding time); The results should then be conipared, ,tO the acti9ftlevels~ ~If the PAH levels (and the BTEX
concentrations) do not exceed 1he action levelS, the site willnot be considered an: LPST site,

the

Texas Natural Resource Conservation Commission • PO Box 13087 • Austin, Texas • 78711-3087

ACITON LEVELS AND SCREENING LEVELS

.
CONSTITUENTS

SOn. ACfiON LEVELS (mg/kg)

GROUNDWATER ·
ACITON LEVELS (J1121L)

Fine--Grained SoU* .

Coarse-Grained
Soil*

0.50

0.50

0.005

70

10

0.70

100

20

1.0

Total xylenes

560

70

10

Acenaphthene

314

314

0.010

Anthracene

13

13

0.010

Benzo(a)antbracene

0.877

0.877

0.010

Benzo(b)fluoranthene

0.877

0.877

0.010

Benzo(.k)fluoranthene

8.77

8.77

0.010

0.0877

0.0877

0.010

7.2

7.2

0.010

0.0877

0.0877

0.010

Fluoranthene

156

156

0.010

Fluorene

247

247

0.010

0.877

0.877

0.010

Naphthalene

389

389

0.010

Pyrene

99

99

0.010

Benzene
Ethylbenzene
. Toluene

Benzo(a)pyrene
Chrysene
Dibenz(a,h)anthracene

Indeno(1.2,3-cd)pyrene

SCREENING LEVELS
Total petroleum hydrocarbons
(TPH) for middle distillate
releases**

500

500

5

Total petroleum hydrocarbons
rl•.t>H) for gasoline releases**

100

100

5

*

Apply the fine--grained soil standard to sites dominated with clays and silts. Apply the coarse-grained
soil standards to sites dominated with sands, gravels, and rock llllits.
Apply the middle distillate 1PH standard to diesel. kerosene, jet fuel, hydraulic oil, and used oil releaser
Apply the gasoline standard to gasoline and aviation gasoline releases. At sites where both gasoline anC..
middle distillate releases have occurred in the same area or tank hold. the gasoline standard will apply.

.The listed action levels do not apply and the site should be listed as an LPST site when:
·)
smface water is known or suspected to be impacted by the release;
•
a water well or smface water intake is impacted or threatened;
•
buildings or utilities are impacted with vapors;
•
nuisance conditions such as odors, or water supply discoloration or taste degradation exist; or
•
NAPL is present in the tankhold or in the native soil or groundwater.

-

fant owners should comple~ :.Od submit the Release Determi~don R~n (RDR) form (TNRCC-o621) within ....
20 days from the date of release confirmation. Jrypically.t!he next step will be to conduct a risk-based assessment
to detennine the degree of contamination presen9 except in cases with minor spil contamination as described

•

below in the Second Set of CoTifirmation Samples section of this document. A proposal for a risk-based ·
assessment (or other appropriate activities) should be submitted with the RDR fo~

*"

,SECOND SET OF CONFIRMATION SAMPLES

.....

In situations where the release is discovered during a tank removal-from-service activity and analytical results
indicate that the contaminant levels only slightly exceed the action levels, even though the site is considered an
LPST site ('mdicate as such on the RDR form), a risk-based assessment may not be warranted. Instead, the tank
owner or operator may be allowed, with approval from the appropriate TNRCC regional office staff, to conduct
additional investigative steps by collecting a second set of verification samples. This option is available only
when:
The tank removal-from-service activities have just been completed and the tank:hold and piping chases
have not been filled. The second set of samples must be collected immediately after the results of the
initial sampling are received when the sampling locations are easily accessible. However, the tankhold
and piping chases must not be left open if they pose a safety hazard in any way;
No more than two of the native soil samples collected for release determination purposes during a tank
removal from service activity exceed action levels. This includes samples collected from the piping
chases and from under the dispenser islands as well as samples from the tankhold;
Verification samples are collected at a location a maximum of five feet vertically (or horizontally if only
lateral migration has occmred) from the initial sampling points;
Groundwater is not present in the excavation;
Groundwater or surface water is not impacted or threatened;
There is no indication that the release poses a threat to the public, and the extent (degree of spreading) of
the contaminant is minimal;
Non-aqueous phase liquid (NAPL) is not present in the excavation;
The tank removal was not initiated in response to a docmnented impact to a sensitive receptor (water
supply well, subsurface utility, spring, etc); and
The case is not an apparent Priority 1, 2 or 3 (1.1 through 3.5) as described in the Assessment Report
form (lNRCC-0562). ·

•

•

•
•
•
•
•
•
•

If all the above conditions are met and the results of this second confirmation sampling indicate contaminant
levels are below action levels, the site may be closed.)

.,.,

..

..
.-

...

....

,..
...
~·

/

If you have additional questions, contact the Petroleum Storage Tank: Division staff at (512) 239-2200.

-
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TNRCC TECHNICAL GUIDANCE

lild

MUNICIPAL SOLID WASTE DIVSION

SUBJECT:

Suggested Analytical Testing
for Special Wastes Disposal

Suggested analytical testing requirement for disposal of special waste at municipal landfills permitted by
the Texas Natural Resource Conservation Commission {TNRCC). This testing should take into consideration that generators of special waste can use process knowledge. See the last page for explanation of
asterisks and abbreviations.
Description of Waste Items

Treatment or Testing Suggested

Abrasives (sandblasting wastes, steel shots,
iron shot dust. spent blast media)

determine what was being blasted, TCLP Inorganic* (nOl to exceed the level in
Appendix I, Table I of Subchapter R**, case-by-case review

Asbestos (friable and nonfriable)
Regulated Asbestos Containing
Material (RACM) > l% Asbestos

None. follow TNRCC disposal guideline in 30 T AC §330. J36

Asphaltic material (not weathered)

do hazardous waste determination,* TCLP organic not to exceed in Appendix I.
Table I of Subchapter R, • TCLP semi-volatile (method 8270 or 8250). recycle!

Asphaltic material (weathered)

ASTM D2887 or D37l0, recycle!

Coal ash

TCLP Inorganic* and Dioxins (not to exceed the level in Appendix I,
Table I of Subchapter R**

Commercial garbage and rubbish
(uncontaminated)

None

Construction debris
(lead base paint contaminated)

hazardous waste determination, TCLP Inorganic* (not to exceed in Appendix I,
Table I of Subchapter R**, case-by-case review

Cooling tower wastes

TCLP Inorganic* (not to exceed the level in Appendix I, Table 1 of
Subchapter R**. case-by-case review

Creosote wood floor blocks

TPH (<1500 ppm). PNAs (method &310 or 8270 for hazardous waste
determination). case-by-case review

Cured epoxy resin

None

Baghouse dust

TCLP Inorganic (not to exceed the level in Appendix I, Taole I of
Subchpater R**, case-by-case review
None. follow TNRCC disposal guideline

Electroplating wastes

TCLP Inorganic"' (not to exceed the level in Appendix I, Table 1 of
Subchapter R**. TPH (<1500 ppm). pH (~.0 or ~12.5), case-by-case review

Filter cake

TCLP Inorganic* (not to exceed the level in
Subchapter R**. TPH, case-by-case review

Appendi:~t

I, Table 1 of
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Description of Waste Items

I·

Treatment or Testing Suggested

Floor sweepings

do hazardous waste determination, TPH. case-by-case review

Fluorescent lamps

hazardous waste determination for TCLP mercury (<0.2 mg/1)*, recycle!

Fly ash

TCLP Inorganic * and Dioxins(not to exceed the level in Appendix I, Table I of
Subchapter R**,case-by-case review

FOod waste

None, follow TNRCC disposal guideline, compost!

Fuel filter waste
fuel

TCLP Lead (<1.5 mg/1), BTEX (<150 mglkg (ppm)*), TPH (<1500 ppm), alternate

Grease trap waste

* TCLP Inorganic (not to exceed the level in Appendix 1. Table 1 of Subchapter R*"'.
paint filter liquid test, compost!

Grit trap wastes

TPH (<1500 ppm).* TCLP lead (<1.5 mg/1), * TCLP benzene (<0.5 mgll), paint filter
liquid test, case-by-case review

Incinerator ash

TCLP Inorganic • (not to exceed the level in Appendix I, Table 1 of Subchapter R*"'

Insulation (nonasbestos)

None

Light ballast

PCBs (not to exceed 50 ppm)

Mercury salts

* TCLP Mercury (<0.2 mg/1). reactivity test. pH (<2 or >12.5)

Molecular sieve

TPH (< 1.500 ppm) and * TCLP benzene (<0.5 mg/1)

Oil filters from internal
combustion engines

Prohibited from land disposal, see 30 T AC §330.136 (c), ret:yde!, alternate fuel

Paint booth filters

MSDS for paints. TCLP Inorganic • (not to exceed in Appendix I, Table I of
Subchapter R **, case-by-case review

Paint-contaminated material

TPH (<1500 ppm), TCLP metals, • TCLP volatiles and semi- volatiles • (not to exceed
the level in Appendix I, Table 1 of Subchapter R**

PCB > 50 ppm (small nonleaking
capacitors from industrial facility)

None, TNRCC does not approve the disposal of a nonPCB-eontaining electrical
components. TNRCC allows small PCB ballast generated by routine maintenance to be
disposed of in Type 1 municipal landfills as long as the total weight does not exceed
3 lbs. (pounds of ballast per day)

Pesticide containers

None if it is triple rinsed and rendered unusable, recycle!

Railroad ties and telephone poles (used)

None

Railroad ties and telephone poles (new)

TPH (<1500 ppm). cresol test (<200 mg/1 (milligrams per liter))

Sludges from industrial process

• Full TCLP (not to exceed the level in Appendix I. Table I of Subchapter R, paint filter
liquid test. case-by-ease review

Sludges from grinding

.

...

....

..

TPH (<1500 ppm) base on process knowledge. • TCLP Organic and Inorganic (not to
exceed the level in Appendix J, Table I of Subchapter R**, paint filter liquid test.
case-by-case review

Sludges from zinc phosphate
(electroplating proeess)

• Full TCLP (not to exceed the level in Appendix I. Table I of Subchapter R (**).
• TCLP benzene. flash point(> 140 degrees). paint filter liquid test, case-by-case review

Soil contaminated with automotive
gasoline

TPH ( <600 ppm). * TCLP benzene (<0.5 mgll), * TCLP lead (<1.5 mgll). reeyc:le!,

remediate

L------------------------L-------------2------------------------------------~

I

Description .or Waste Items

..

Treatment or Testing Suggested

~:·,

!

l

Soil contaminated with diesel fuel

TPH (600 ppm), • TCLP benzene (<0.5 mgll) recycle!, remediate

Soil contaminated with horne
heating oil

TPH (<600 ppm), • TCLP benzene (<0.5 mgfl), remediate, recycle!

Soil contaminated with hydraulic oil

TPH ( <600 ppm), • TCLP benzene (<0.5 mgfl), • TCLP Inorganic (not to exceed the
the level in Appendix I, Table I of Subchapter R**, TOX (<50 mglkg),
PCB (<50 mglkg), recycle!, remediate

Soil contaminated with jet fuel

TPH ( <600 ppm), • TCLP benzene ( <0.5 mgll), remediate

· Soil contaminated with kerosene

TPH (<600 ppm), • TCLP benzene (<0.5 mgll), remediate

Soil contaminated with mineral spirits

TPH ( <600 ppm), • TCLP benzene (<05 mgll), remediate

Soil contaminated with motor oil

TPH (<600 ppm), • TCLP benzene (<0.5 mgfl). • TCLP lead (<1.5 mg/1),
TOX (<50 mglkg). recycle!, remediate

Soil contaminated with natural gas
condensate

Full TCLP * (not to exceed the level in Appendix I, Table l of Subchapter R), TPH
(<600 ppm), remediate

Soil contaminated .with other
petroleum product

TPH (<600 ppm),* TCLP benzene (<0.5 mgfl). * TCLP lead (<1.5 mgfl),
case-by-case review, recyc:le!, remediate

Soil contaminated with other waste oil

TPH (<600 ppm).* * TCLP benzene (<0.5 mgfl). TOX (<50 mglkg), PCB (<50 mglkg),
• TCLP Inorganic (not to exceed the level in Appendix I, Table I of Subchapter R**,
case-by-case review, recycle!, remediate

Soil contaminated with transformer oil

TPH (<600 ppm),* TCLP benzene (<0.5 mgfl). * TCLP Inorganic (not to exceed the
the level in Appendix I, Table J of Subchapter R**. TOX (<50 mglkg).
PCB (<50 mglkg), recycle!, remediate

Soil contaminated with unknown
substance

waste determination, pesticides, full TCLP* (not to exceed the level in Appendix 1,
Table I of Subchapter R**,* TCLP benzene (<0.5 mgfl). TPH (<600 ppm),
PCB (<50 mglkg). case-by-case review. recycle!, remediate

Sorbent materials

do a hazardous waste determination, TPH (<1500 ppm),* TCLP benzene (<0.05 mg/1),
case-by-case review, recycle (burn for energy recovery)

Spent lead acid batteries

None, TNRCC does not approve the disposal of lead acid batteries into a municipal landfill.
This waste is subject to General Prohibitions under the new rule 30 T AC §330.5 (e)( 1)
and mu.sr be recycled.

Tank sediments

Full TCLP • (not to exceed the level in Appendix I. Table I of Subchapter R **.
case-by-case review

Wine

pH factor

Wood chips
case-by-case review

TCLP Inorganic* (not to exceed the level in Appendix I, Table I of Subchapter R**,

Zinc dust

(~.0

or ~2.5), may require neutralization

TCLP lead •, zinc ignitability test in water

!

I
(Footnotes on back page)
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I

A total analysis may be used as a screen prior to Toxicity Cbaracterisl:ic Leaching Procedure (TCLP). If a total analysis (i.e. Total Lead,
Total Benzene, etc.) for screening exceeds the limitS listed below, then TCLP must be perfonned and the TCLP resultS must not exceed the
stated limits:

Analyte

Total Limit

Benzene
Atsenic
Barium
Cadmium (Cd)
Chromium (Cr)
Lead (Pb)
Mercwy (Hg)
Selenium (Se)
Silver (Ag}
Xylene

TCLPLimit

10 mglkg

0.5 mgll

36.mglkg
2000 mglkg
10 mglkg
100 mglkg
30 mglkg
4 mglkg
20 mglkg
100 mglkg
140000 mglkg

I.Smgll
JOOmgll
0.5 mgll
S.Omglt
1.5 mglt
o.imglt
l.Omglt
S.Omg/L
7000 mg/1.

Results of the following analyses must be within the limits stated for landfill disposal in a municipal solid waste facility:

=

<600 mglkg (for soils in mostlandliHs)
< 1500 mglkg (for soils in 30 specific landfills)
TOX
<50. mglkg
=
<50 .mglkg
PCBs
PNAs
< 1500· PPRJ
Chlorides
<3000 mglkg
Sulfide
< 500 mglkg (vapor) SW846 Method 376.1
< 250 mglkg (vapor) SW846 Method 9010
Cyanide

1PH

=
=
=
=
=

**

Approximately 75% ofthe special waste that is managed in Texas is generated by industrial generators. Although the generation of industrial
waste is subject to the industrial and hazardous waste rules (Chapter 355). upon disposal into a municipal solid waste facility, the waste is
subject to the municipal solid waste rules (Chapter 330). The same waste streams that are generated by a nonindustrial generator are also
special waste. While evaluating the nature of a waste stream. TNRCC applies the values found in 30 TAC Chapter 335 Subchapter R. since
these values are the best technical infonnation currently available and the waste stream environmental impact is the same regardless of who
generates it.

Abbreviations:

BTEX
1PH
TCLP
TOX
PCBs
PNAs
MSDS
mglkg
mgll
ppm
ur/hr
Subchapter R
ASTM

I

I

Total Benzene (B), Total Toluene(T). Total Ethylbenzene (E). Total Xylene (X)
Total Petroleum Hydrocarbon
Toxicity Characteristic Leaching Procedure
Total Organic Halides (X= Fluorine. Chlorine, Bromine. or Iodine)
Polychlorinated Biphenyls
Polynuclear Aromatics
Material Safety Data Sheet(s)
milligrams per kilogram
milligrams per liter
pans per million
microRoentgen
Refers to Tide 30 Texas Administrative Code (TAC)
American Society Testing Materials

I!

1
1

1

:

NOTE:

State law considers landfill disposal as the least desjrable method of disposal. State policy established a waste recycling rate of 40% by
1994 (Senate Bill 1340. 72nd Legislature, Regular Session). This requires recycling of all metal items whenever possible.

Thf! TNRCC is .m equal opponunily/a~ action ~. Thf! ~does not dow discrimination on rile basis oi race. color. religion. national origin, 5ell. disabili!y,
~ sexual orientation or sutuS. In c~ wilh liwl A.mericans wilh OiAbilitiK Act this document milY bto rtqVt'Sled in allemate rormat5 by
conuaing 1M lNRCC al (512)239-0010. Fa.: 239-0055. 0< 1-800-Rtl..AY·TX {TOO}. 0< by W'rilin3 P.O. Box 13087. Austin.TX 78711·3087.
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suBJECT: ·

Groundwater Monitoring and Reporting

INTRODUCTION
This document provides guidelines for gro1mdwater monitoring (sampling and gauging) and reporting at leaking petroleum
storage taDk (LPST) sites. Groundwater monitoring activities are needed at LPST sites to document any significant changes
that may occur in the·subsUrface conditions. In most instances, one semiannual partial sampling event and two complete
gauging events will be adequate to moDitor groundwater conditions after the groundwater flow direction and contaminant
levels have been documented through quarterly monitoring events. If a respoilSIDle party elects to conduct groundwater
monitoring activities exceeding those required by this guideline or by the TNRCC case coordinator, the additional
activities will not be allowable for reimbursement Workplans and cost proposals for groundwater monitoring activities
should continue to be submitted on an annual basis, but should only include costs to prepare one annual report If a site is
not eligible for reimbursement or a responsible party does not intend to seek reimbursement, only the workplan should be
submitted.

SAMPLING
The following are guidelines for the sampling frequency of groundwater monitoring wells. These guidelines should only
be considered after the groundwater contaminant levels have been well dOcumented from previous sampling events. Only
groundwater samples collected from adequately screened monitoring wells are considered representative of actual
gro1mdwater conditions.
•

If the results of two successive quarterly sampling events indicate the contaminant concentrations detected in a
specific monitoring well are comparable (approximately the same order of magnitude) to the concentrations
previously detected. the sampling frequency for that particular well may be reduced to once every 6 months
(semiannually).

•

If the results of two successive quarterly sampling events indicate that the concentrations of the constituents
analyzed (total BTEX. benzene. TPH, P AHs. etc.) have consistently remained at or below the site cleanup goals in
a specific monitoring well, then the frequency of analysis for that particular constituent (or group of constituents)
in the affected well(s) sbould be reduced to once per year (annually).

•

Monitoring wells that are positioned either upgradient or outside the periphery of the contaminant plume boundary
and yield nondetectable contaminant concentrations for two successive quarterly sampling events should be
sampled once per year (annually). This does not apply to the monitoring well situated immediately
downgrad.ient.

•

The monitoring well situated immediately downgradient of the somce area must be sampled during every
sampling event

Texas Natural Resource Conservation Commission • PO Box 13087 • Austin, Texas • 78711-3087

•

Following the installation of additional monitoring wells, all mooitoring 'Wells not containing nonaqueous-phase
liquid (NAPL) should be sampled. This sampling event will fulfill the JeqUirement for a quarterly. semiannUal. or
annual sampling event. Thereafter, the newly iDstalled monitoring wells should be sampled on a quarterly basis
only until contaminant levels are well documented

•

Regardless of contaminant concentrations. samples should be collected from all on-site 8nd off-site monitoring
wells not containing NAPL at least once per year, and these samples should be analyzed for all the appmpriate
constituents (based upon the substance released).

•

The analysis of methyl tertiary butyl ether (MTBE}is necessary right after the installation of a monitoring well•
Subsequently. it is necessary only in monitoring wenS located downgridient or outside the periphery of a gasoline
contaminant plume boundary.

•

Monitoring wells that contain NAPL should not be sampled unless the TNRCC specifically requests. laboratory
analysis of the product to assist in product or source identification.

•

The mnnber of wells sampled and the sampling frequency should be reduced to a level sufficient for monitoring
plume migration and/or the effectiveness of a remediation system.

...

-

GAUGING AND SUBMITTAL OF GROUNDWATER GRADIENT MAPS
The following are guidelines for the gauging frequency of monitoring wells and the submittal .of updated, drafted
groundwater gradient maps. These guidelines should only be considered once the groundwater ·flow direction bas been wen
documented from previous gauging events. Except wben NAPL is present, the groundwater gauging frequency should
coincide with the frequency of groundwater sampling events.

•

H the groundwater flow direction at a site bas essentially remained the same as that of the previous gauging event.
then an updated groundwater gradient map should not be drafted and submitted for the current sampling event. H a
site visit is conducted to sample any wells, all existing wells should be gauged and inspected for damage during
the visit. Additionally, tankpit observation wells should be gauged for the presence of NAPL during each gauging
event, but the groundwater elevations from these wells should not be incorporated into the groundwater gradient
map unless the tank:pit water is hydrologically continuous with the native groundwater.

•

Following the installation of additional monitoring wells, all monitoring wells should be gauged. and an updated.
contoured groundwater gradient map should be constructed. drafted. and submitted. Unless the direction of
groundwater flow changes significantly. an updated, contoured grolDldwater gradient map needs to be drafted and
submitted only on an annual basis.

•

When NAPL is present. the gauging frequency should be based on product thicknesses and method of product

...

.

-

recovery.

REPORTING
Following the completion of groundwater monitoring activities for a period of one year. an annual groundwater monitoring
report that contains the results of all sampling and gauging events for that year should be prepared and submitted to the
TNRCC. The report should summarize the monitoring events for the past year and provide a discussion of any significant
changes that may have OCCUlTed in the subsmface conditions. Amlual monitoring reports should contain the following

inform.atioo:

L

Report Summary

•

A brief and concise overview of all information contained in the report.

...

..

•

A brief description of the groundwater monitoring activities covered by the report that includes the degree of
coutamination encomttered

R

Chronology of Events

•

The dates and brief descriptions of all significant events that have occurred since a problem was suspected at the
facility. Begin with the first date a problem was suspected and continue through the most recent activity described
in the report.

•

After submittal of the initial report chronology, each subsequent chronology of events should be a continuation of
the previous chronology.

m

Tables and Maps

•

A cumulative list of analytical results. The results should be tabulated such that each sampling date is listed under
each monitor well in chronological order from oldest to most recent Each chemical must be specified (e.g.,
benzene, toluene, ethylbenzene, total xylenes, etc).

•

A cumulative list of groundwater-level measurements and NAPL thickness measurements (when phase-separated
product is present). This list should include surveyed top-Of-casing elevations, depth-to-water measurements;
calculated groundwater elevations, and the date of measurement. If product is present. the apparent product
thickness and correction factor used to adjust the apparent thickness should be indicated. 1be results should be
tabulated such that each measuring event is listed under each monitor well in chronological order from oldest to
most recent

•

An updated hydrocarbon distribution map for each complete sampling event. This map should portray the
dissolved-phase contaminant concentrations for benzene. total BTEX, and TPH, any other constituent specifically
requested by the TNRCC, or phase-separated product thickness for each well.

•

Groundwater gradient map(s).

•

An account of the disposition of any recovered NAPL and contaminated groundwater. If these wastes/materials are
transported off-site for disposal, treatment, storage, or recycling, then copies of signed receipts from receiving
facilities or any uniform hazardous waste manifests (if required) must be submitted.

IV.

Conclusions and Recommendations

•

A discussion of any ttends or changes noted in analytical results or site conditions and a summary of any ongoing
assessment or remediation activities. If applicable. provide a brief discussion of the effectiveness of the current
remediation system and a proposal for any recommended system modifications.

V.

Qwility Assurance/Quality Control Procedures

•

A description of the standard quality assurance/quality controJ (QA/QS::'J procedures that are practiced in order to
ensure that samples collected are representative of actual conditions and that analytical results are valid.

•

A concise discussion of the specific sampling tecbniques employed during the coDection of all groundwater
samples.

•

A description of the EPA-approved methods used to extract and analyze the samples submitted to the laboratory.
Reference the maximum recommended sample holding time for each type of analysis preformed.

VI..

Appendices

•

Copies of signed laboratOiy.reports providing the results of all sample analyses, including QA/QC laboratorY data
sheets confuming the use of blanks, surrogates, spike recoveries, and any other required QC measures taken to
ensure the validity of the data.·

..,

···

•

Copies of all corresponding cJWn..of-custody documentation.

•

A detailed description of sample collection, preservation, and analytical procedures for all samples collected
during that. year.

•

A cumulative list of groundwater-level measurements and product thickness measurements. when applicable.

•

Waste/material disposition records.

..

-

-

A case coordinator may request the submittal of groundwater monitoring information on a more frequent basis if deemed
Cumulative tables of analytical results and groundwater elevation data should
be maintained throughout the ·anmial monitoring cycle and attached to any proposals or reports submitted to the TNRCC
for reView. These cumulative tables should include the most cmrent groundwater monitoring results and should be made
available to the TNRCC during the course of the annual monitoring cycle if specifically requested by the case coocQinator.

~.based on site-specific conditions.

GROUNDWATE~

MONITORING AND REMEDIAL ACTION

Please note that the change to. just annual reporting applies to rautine groundwater monitoring only. Groundwater
sampling, gauging, and reporting associated with Iellledial action performance monitoring or operation and maintenance
monitoring may require d.ifft::fent frequencies as set forth in other guidance documents or as directed by the case
coordinator. Such monitoring programs should be developed and proposed as part of proposed remedial action plans.
Therefore, if a site has entered the remediation phase, and the groundwater monitoring and reporting frequency has already
been approved, the approved activities should be completed. Future monitoring and reporting frequencies sbou.Id be
·
determined based on available guidance or as approved by a case coordinator, based on site-specific conditions. In most
cases, groundwater monitoring results will be reported annually in a remediation system performance report.

...

...

FINAL MONITORING
The following are reporting requirement guidelines for final groundwater monitoring activities. Fmal monitoring should
only be implemented once the responsible party has documented, and the TNRCC has CODcurred, that either a) the site
appears to be adequately cleaned by the remediation system and the remediation system can be shut off orb) the
documented contaminant levels are at or below the site cleanup goals for all monitoring wells.
•

All on-site and off-site monitoring wells should be sampled and gauged on a three-month (quarterly) basis.

•

Following the completion of four groundwater monitoring events, an annual groundwater monitoring report that
contains the results of all four sampling and gauging events should be prepared.

•

After the annual groundwater monitoring report has been completed, submit a Site Closure Request form (TNRCC0028) if collected soil and groUDdwater monitoring data con:firms that the site has been remediated to the site
cleanup goals. If no further corrective action or monitoring is warranted, the TNRCC will grant approval for site
closure. A Final Site Closure Request form (TNRCC-0030) should then be completed and submitted to the
TNRCC to documem actual site closure activities.

..
..
...

...

TNRCC REGULATORY GUIDANCE
Municipal Solid Waste Division
RG-29
September 1996

SUBJECT:

What Is "Special Waste"?

To Find Out, Answer These Question.s
To find out whether you have a special waste, answer the following questions.
•

By process knowledge or chemicat analysis, is the waste contaminated with any hazardous substances found in Title 40 Code
of Federal Regulations (CFR), Part 261, Appendix VIII?

•

Is it large or bulky; a liquid; a containerized liquid; or a containerized gas?

•

Is it noxious or likely to attract disease vectors?

•

Before or during disposal, will·it require treatment or special handling (e.g., immediate burial, worker protection,
solidification, bi~remediation, analysis, engineering controls or any other special preparation to receive the waste) because
of its quantity, concentration, or physical or chemical characteristics?

•

Is it a regulated medical waste or a waste from a health-care-related facility?
Is it a suostance controlled by the Drug Enforcement Agency (DEA) or the Food and Drug Administration (FDA)?

•

Does it contain, or is it contaminated with, PCB's?

•

Is it a waste resulting from the exploration, production, or development of oil, gas, or geothermal resources (from facilities
regulated by the Railroad Commission of Texas- RRC)?

•

Is it reactive, corrosive, ignitable, or toxic?

•

Is it contaminated with any petroleum hydrocarbons?

•

Was the waste generated outside Texas, other than household waste?

•

Is the waste specifically listed under 30 TAC Section 330.2, relating to the definition of special waste?

If you answered "yes" to any of the above questions, and the waste is to be disposed of in a landfill permitted by TNRCC' s Municipal
Solid Waste (MSW) Division, tbeu your waste is a special waste and requires approval from TNRCC before acceptance of tbe
waste into a municipal solid waste landfilL
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To receive authorization for disposal, please submit fonn TNRCC-0152 with appropriate analyti~l reports to the Technical
Assistance Team, Pennits Section!MC 124, Municipal Solid Waste Division, P.O. Box 13087, Austin, Texas 78711-3087. For more
infonnation call (512) 239-6781

"When in doubt,
it is a special waste."
Wastes That Do Not Require Approval before Disposal
The following specific special wastes do not require agency approval before disposal, with the noted provisions.

•

wastes from health-care-related facilities that have been treated in accordance with the specific procedures in 30 TAC
Sections 330.1001-1009, rela~g to medical waste management;

•

dead animals that are covered immediately with three feet of other solid waste or two feet of soil;

•

nonregulated asbestos-containing material;

•

regulated asbestos-containing material in approved Type I facilities provided the conditions outlined in 30 TAC Section
330. 136(b)(3), relating to disposal of regulated asbestos-containing material, have been met;

•

empty containers that held pesticides, herbicides, fungicides, or rodenticides and that have been triple rinsed and rendered
unusable-provided that the containers are covered by the end of the same day they were received;

•

empty containers .that cannot be triple rinsed but not exceeding 2.20 pounds ( l 00 kilograms) monthly from a single generator,
in Type I facilities;

•

hazardous waste from CESQGs (Conditionally Exempt Small Quantity·Generators) but not exceeding 220 pounds ( l.OO Kg)
from a single generator per month, in Type I facilities;

•

sludges, grit trap waste, grease trap waste, or liquid wastes from munidpal sources-provided that the waste has been, or is
to be, treated to pass the paint filter test (EPA Method 9095), in Type I facilities that have been approved to process liquids;

•

certain specific wastes generated by facilities regulated by the Railroad Commission of Texas (see TNRCC publication RG-3
for details);

•

petrolewn-contaminated soils that meet the requirements of the current TNRCC soils policy;

•

nonhazardous auto shredder fluff; and

•

wastes that do not require special handling.

Regulations covering the management of special waste may be found in Title 30 Texas Administrative Code (TAq Section
330.136 and Section 330.137. Tbe definition of"special waste" may be round in 30 TAC Section 330.~ relating to definitions.

RG-29-2
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TNRCC REGULATORY GUIDANCE
Municipal Solid Waste Division
RG-4
September 1996

SUBJECT:

Asbestos Wastes Disposal

DEFINITIONS
· Friable and Nonfriable Asbestos-Containing Materials
Materials containing asbestos can be in two fonns: friable and nonfriable
Definition: friable asbestos-containing material. when dry, can be crushed to a powder by hand pressure, and includes:
•
blown-in insulation,
•
some pipe wrapping, and
•
some ceiling tiles.
Definition: nonfriable asbestos-containing materials when dry, cannot be crushed to a powder by hand pressure.
•
Category I nonfriable asbestos-containing material includes:
-gaskets,
-packing,
-resilient floor covering. and
-asphalt roofing products.
•

Category II nonfriable asbestos-containing material includes:
-transite shingle,
-transite pipe, and
-any nonfriable asbestos-containing material not defmed as Category I.

Regulated and Nonregulated Asbestos-Containing Materials
The Texas Natural Resource Conservation Commission (TNRCC) recognizes two types of asbestos-containing materials. See
30 Texas Administrative Code (TAC) 330.2 (Definitions).
Definition: regulated asbestos-containing material, as defmed in 40 Code of federal Regulations (CFR) Part 61, is:
•
friable asbestos-containing material that contains greater than I percent asbestos using the method specified in
Appendix A of Subpart Fin 40 CFR Part 763, Section I;
•
nonfriable asbestos-containing material that contains greater than I percent asbestos but has been subjected to
sanding, grinding, cutting, or abrading, or that has a high probability of being reduced to powder in the course of
demolition or renovation; or
•
any asbestos-containing material from outside the boundaries of Texas.
Definition: nonregulated asbestos-containing material is:
•
any materiaJ containing Jess than 1 percent asbestos, or
•
any nonfriable asbestos-containing material not identified as regulated above.
Management of an asbestos-containing material depends on its regulatory status.

MANAGEMENT OF REGULATED ASBESTOS-CONTAINING MATERIAL
Regulated asbestos-containing material [see 30 TAC 330.136(bX3) pertaining to friable asbestos-containing material]
•
Must go to an approved laDdfiJJ, which:
.. must notify the 1NRCC Office of Air Quality and the Texas Department of Health (TDH) Toxic Substances
Texas Natural Resource Conservation Commission • PO Box 13087 • Austin, Texas • 78711-3087
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Control Division of intent to accept asbestos-containing material (see Guidance Document EPA 340/1-90-016);
must coordinate with the generator for receipt of the waste;
·
must accept the waste only in a wetted condition;
must accept the waste only in undamaged containers or bags as approved by the TNRCC;
must place bags or containers at or below grade level or not in an area that may be subject to erosion·or
weathering; and
must place, not dump, the bags or containers and cover immediately.

•

Requires a TNRCC Manifest (TWC 0311) for the fo11owing generators:
.. industrial generators, including manufacturing facilities, agricultural activiti es, and mining operations; and
.. nonindustrial generators, such as schools and churches; commercial, retail, and service businesses; and oil and
gas exploration, development, or production.

•

Requires TNRCC authorization for disposal for the following generators:
.. wastes generated under Railroad Commission of Texas (RRC) jurisdiction, and
.. wastes generated outside the boundaries· of Texas.

...

MANAGEMENT OF NONREGULATED ASBESTOS-CONTAINING ]\IATERIAL
Nonregulated asbestos-containing material [see 30 TAC 330.136(bX4)]
May go to any municipal solid waste landfill, which:.
•
.. must place the waste on the active working face of the landfill, and
..
must cover it immediately.
Does not require a manifest.
•
Does not require TNRCC authorization for disposal, unless it falls under RRC jurisdiction.
•

FOR MORE INFORMATION
For more information on asbestos-containing material disposal or authorization for disposal of special wastes, please contact:
Technical Assistance Team, Permits Section!MC 124
Municipal Solid Waste Division, TNRCC
P.O. Box 13087
Austin, Texas 78711-3087
Phone (512) 239-6781 Fax (512) 239-6717

...

-
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TNRCC TECHNICAL GUIDANCE
MUNICIPAL SOLID WASTE DIVISION

SUBJECT:

Disposal of Special Wastes Associated with
Development of Oil, Gas, and Geothermal Resources

Recommendations for the management of wastes associated with the exploration, development or production of
oil,"gas, or geothermal resources regulated by the Railroad Commission of Texas (RRCT) in landfills permitted
by the Municipal So1id Waste (MSW) Division of the Texas Natural Resource Conservation Commission
(TNRCC). See the last page of table for explanation of asterisks and abbreviations.
Description of
Waste Items

RCRA
Exempt

RRCT Minor Permit
Required for Disposal
in TNRCC Landfill

Treatment or Testing
Recommended

TNRCC Approval
Necessary for
Landfill Disposal
!at MSW Permiltd Sitt!s)

Asbestos and
asbestos-contaminated
waste material

YES

YES

comply with federal &
state regs. for asbestos.
remove asbestos from
metal. recycle metal

NO
for sites that
are approved to
take asbestos

Bags, paper

NO

NO

NONE [bags must be empty]

NO

Brush & vegetation
from dearing land.
uncontaminated

NO

NO

NONE. compost

NO

Buckets, detergent

NO

NO

NONE [must be empty]-recyde if
possible (scrap metal)

NO

Buckets, grease

NO

NO

NONE [must be empty]-recycle if
possible (scrap metal)

NO

NO
Concrete, contaminated
from plants, compressor
stations and other oil
& gas facilities

YES

testing determined
on case-by-case basis

YES

concrete, uncontaminated
from facilities

NO

NO

NONE
if uncontaminated

NO

Containers, empty

NO

NO

NONE [must be empty]-recyde if
possible (scrap metal)

NO

Drill cuttings

YES

YES

only cuttings. MSDS for

YES

additives. chlorides
Barrels/drums
5-gallon buckets

NO

NO

NONE-recycle as scrap metal

NO

Fiberglass tanks
and pipe

NO

NO

must be empty & c.lean,
cut up or shredded

NO
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Description .or
Waste Items

RCRA
Exempt

RRCT Minor Permit
Required for Disposal
in TNRCC LandfiD

Treatment or Testing
Recommended

TNRCC Approval
Necessary for
Landfill Disposal
(M MSW hrmilu4 Simi

{~~

1'-.

Filters, amine

YES

YES

drain. air dry for 48 hours
TPH, TCLP benzene*

YES

Filters,
cooling tower

YES

YES

drain, air dry, TCLP

YES
chromium*

Filter media,
dehydration

YES

XES

drain. air dry 48 hours
TPH, TO.P benzene*

YES

Filters,
gas condensate

YES

YES

drain, air dry 48 hours
TPH. TO.P benzene*

YES

Filters, glycol

YES

YES

drain, air dry 48 hours
TPH. TCLP benzene*

YES

Filters, saltwater

YES

YES

drain, air dry 48 hours, pH
and total chlorides, TPH

YES

Filters, waste oil
( 1) entire unit is
inside metal container

NO

YES

separate & recycle oil
& metal parts

(1) Subject to

31 TAC330.136(c)

recycle. waste-to-energy

{2)YES

{2) replaceable inside
units (paper/fiber)

I
I

NO

YES

.

-

...

-

drain for at least 24 hrs .•
TCLP lead & benzene*

Iron sponge

YES

YES

allow to oxidize completely
to prevent threat of combustion

YES

Metal plate. metal
pipe. metal cable

NO

NO

NONE-recycle as scrap metal

NO

Molecular sieves

YES

YES

cool in non-hydrocarbon,
inen atmosphere; hydrate
in ambient air 24 hours:
TPH; TCLP benzene*

YES

Muds, drilling

YES

YES

TCLP Barium*, TPH, BTEX*
treatment to reduce
hydrocarbons may be required

YES
:

Muds, drilling
sacks of unused

NO

YES

MSDS
return to vendor or use
at other site if usable

YES

Mud additives, unused

NO

YES

(Barium), MSDS
approval for small
quantities only

YES

"Pigging waste" from
gathering lines

YES

YES

TPH, TCLP benzene*. TCLP
metals*. NORM, MSDS
for corrosion inhibitors.
TCLP arsenic*

YES

"Pigging waste" from
transmission Jines

NO

YES

TPH. TCLP benzene*,
NORM. MSDS for corrosion
inhibitors, TCLP arsenic*

YES

2

...

Description or
Wasteltems
-:·

RCRA
Exempt

:\

RRCT Minor Permit
Required ror Disposal
in TNRCC LandfiD

Treatment or Testing
Recommended

TNRCC Approval· ,. ·
Necessary for
Landfill Disposal
tat MSW Pnmittl!d Siln1

. ..:

'I

Pipe scale & other
deposits removed from
piping and equipment

YES

YES

TPH, TOX, TCLP metals*,
NORM

YES

Pipe dope. unused

NO

YES

MSDS-may contain lead
.re-use if possible

YES

Plastic pit liners

YES

YES

detennine type of
contamination,
clean well

NO

Pumps. junked,
valves, etc.

NO

NO

NORM, recycle

NO

Rags/gloves, soiled

NO

NO

NONE

NO

Sand, produced

YES

YES

TPH, TCLP benzene•, NORM
TCLP arsenic•

YES

Soils, hydrocarbon bearing
(crude oil)

YES

YES

TPH. TCLP benzene*
see TNRCC policy
on contaminated soils

YES

Soils, hydrocarbon bearing
(lube oil)

NO

TCLP cadmium, chromium,
lead*: TPH; TCLP
benzene*; PCB's

YES

Sulfur. ferrous
elemental sulfur
& soil contaminated
with sulfur

NO

if Wlcontaminated
recover & se II as
raw material

YES

requires approval on
a case-by-case basis

Sorbent pads (crude
oil & other exempt
wastes)

YES

TPH, TCLP benzene•.
(TPH usually too high.
treat for recovery/reuse)

YES

i I
l!

TPH is usually
too high for LFs

''
I'
I j

Sorbent pads (lube
oil & other non-exempt

NO

YES

TPH, TCLP benzene•
TPH is usually
too high for LFs

YES

Tank seals, rubber

NO

YES

drain, reCJcle (tire
recycling facility)

YES

Tower packing

NO

YES

recycle. TCLP chromium

YES

Water treatment
backwash solids

YES

YES

NORM. TCLP metals*

YES

Wooden pallets

NO

NO

NONE unless contaminated

NO

I
I

I' Ii
I I
I1 II
I l

YES

YES

!i .

' II

YES

I
I

'II·
l

I i

IIi

I

Ii

II

II
!I
!l
1

I

I
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alternative to TCLP Analysis is a Totals Analysis. If a total analysis (i.e. Total Lead. Total Ben-

zene. etc,) exceeds the l~ts listed below. then TCLP must be perfonned, and the TCLP results must not exceed the
-stated limits-Jor MSW-IandfiH disposal:
Analyte
Benzene
Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

-

ICLeLimil

Total Limit
IOmg!Kg
36mg!Kg
2000mg!Kg
lOmg!Kg
IOOmg!Kg
30mgtKg
4mg!Kg
20mg/Kg
lOOmg!Kg

0.5 mgiL
1.8 mgiL
100 mg/L
0.5 mg!L
5.0mg!L
1.5 mgfL
0.2 mgiL
1.0 mgiL
S.Omg/L

..
...

...

Results of the following analyses must be within the limits stated for landfill disposal in a Municipal Solid Waste
facility:
TPH
= 1500 mg!Kg (for soils, other wastes on case-by-case review)
TOX
= SOmg!Kg
r.·
= <50mg!Kg
.
PCBs
Chlorides = case-by-case review
= below regulatory limit
!
NORM

.

Explanation of abbreviations:
LF
MSDS
MSW
NORM
PCB
RCRA
RRCT
TCLP
TOX
TPH

= Landfill
= Material Safety Data Sheet(s)
= Municipal Solid Waste (Division of TNRCC)
= Naturally Occurring Radioactive Materials
= Polychlorinated Biphenyls
= Resource Conservation and Recovery Act
= Railroad Commission of Texas
= Toxicity Characteristic Leaching Procedure
= Total Organic Halides (X= Fluorine, Chlorine. Bromine, or Iodine)
= Total Petroleum Hydrocarbons (EPA method 418.1 with known standard)

NOTE: The TNRCC considers landfill disposal as the least desirable method of waste management.
State policy established a waste recycling rate of 40% by 1994 (Senate Bill 1340, 72nd Legislature, Regular Session). This requires recycling of all metal items whenever possible! Areas where recycling may be readily available
are noted in italics.
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age. ......at orientalion or~,• .,. staiiiS. In c:ompli;ana wid> lhe Amef~Qns with 0~ Acl. rhis document m.ay be r~td in alternate fonMu by
contX!ing tf>e TNRCC at (5121239-00ID. Fu 239-00SS. or 1-8~£LAY·TX {TOOl"" by writing P.O. Box 13087, Ausrin. TX 78711·3087.
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TNRCC REGULATORY GUIDAN.CE ··
Petroleum Storage Tank Division
RG-018

May 1996

SUBJECT:

Leaking Storage TanksWhat Should I Do?

If your storage tank is leaking, this is what you should do:

.'
., .

Act on Hazards

.-..~·

• Evacuate the area immediately if there is a fire or explosion hazard.
• Extinguish open flames (No Smoking).
• Take the leaking system out of service.
• Tum off electrical equipment if safe to do so.
• Stop any immediate threats or impacts to human health and safety. Call the local fire department
nd request a test for explosive conditions. The fire department can help you decide what other
·
tions or precautions you should take to eliminate hazards.

Report the Leak or Spill
• Report all spills, leaks or suspected leaks.
• Contact the local TNRCC regional office in your area within 24 hours of discovering or suspecting
. _a leak or spill. A list of all TNRCC regional offices is included inside.

Find the Leak
• Use your senses--do you see or smell it?
• Check product pumps for proper operation.

~·
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• Check inventory records for product losses.
• If necessary, have the tanks and lines professionally tested.
• Check tank pit observation wells for product.

Stop the Release
• If the piping is leaking, discontinue use of the dispenser serviced with the leaking piping.
• If the tank is leaking, remove the product from the tank.
Do not put any more product in the system.
'!
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Begin cleanup
• Contact the TNRCC for guidaf'iC& regaraing the cleanup of the spill or release ..
f Air emissions must have prior TNRCC registration.
• Contact profe$siona1s to help you clean up the leak or spill. Please refer to the PST pamphlet titled ..
Selecting an Environmental Consultant and the rules in Trtle 30, Texas Administrative Code, Chapter •
3$,4, Subchapter J, for the requirements for consultants. Single copies may be obtained free of
charge bY contacting the TNRCC's Agency Publications at (512) 239-0028.
• Comply with TNRCC directives and reporting requirements.

File Report
• A release report (form humber: TNRCC-0621) should be filed with the TNRCC within 20 days of
discovery or suspicion of a leak or spill to document all initial actions taken to investigate, stop and
clean up the leak or spill.
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