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Abstract 

Despite great efforts and advancements in Groundwater remediation/restoration (GR) since the 

passage of the Superfund legislation in the U.S., many sites have still have not been cleaned up 

to drinking water standards or to a status of unlimited use/unlimited exposure (UU/UE). While 

overcoming technical obstacles to full cleanup remains a central focus of practitioners, there are 

a number of policy, legal, political, and local community issues that may hold equal if not more 

weight when it comes to real-world decision making and site management.  The GR community, 

technical and non-technical, has experience and insights about many aspects of the field that are 

not bounded by their particular professional roles. As an exploratory research technique, oral 

history (OH) was used to focus more directly on the experience(s) of a full spectrum of GR 

stakeholders, including community members, site owners, regulators, consultants, etc., to 

understand better a central research question: why does contaminated groundwater take so long 

to clean up? 

Digital work environments have allowed timecode-based indexing methods to emerge for more 

efficient processing and data mapping of oral histories.  Oral history digital indexing (OHDI) is a 

practice and process that includes the use of software tools for interviewing, reviewing, 

analyzing, and thematically coding OH content for retrieval of passages across a collection, by 

topic.  For the OH in GR project, OHDI was used to develop a “code frame” to organize 221 

terms used to encode 538 GR interview passages, subsequently accessed for the research 

presented here. 
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Results of 37 interviews included new insights from GR stakeholders on topics like technical 

impracticability (TI), adaptive site management (ASM), long-term management, “complex” 

sites, site characterization, and the importance and value of community engagement.  Long-term 

management and “complex sites” were identified as concepts in need of better definition and 

more clarity, given their frequent use in the field currently. While deepening understanding of 

known topics/issues in GR, OH revealed new problems and perspectives to consider that might 

not have emerged or been documented otherwise. Two such examples include the 

influence/effect of property values on the quality of remediation, and a rarely discussed issue of 

the competency of consultants in the GR field.  

OHDI is a growing subfield in oral history, a field that is not technically focused in general. The 

emergence OHDI systems and digital publication of oral histories in libraries has led to some 

gaps in understanding between the field’s librarians, its non-technical people, and those closely 

familiar in OHDI. To the end of introducing and embracing technical work at multiple levels, 

OHDI and its “metadata” were defined for a general audience and some standard terminology for 

communicating OHDI metadata between systems were proposed. 

ix 



 

 

  

  

 

  

  

   

   

   

   

     

   

 

    

  

    

    

   

    

   

 

    

 

 

1. Introduction and overview: Advancing groundwater restoration research 

using oral history 

1.1 Introduction 

Groundwater restoration/remediation (GR) and oral history (OH) are fields that are practiced by 

professionals from a diversity of specialties. GR is traditionally a field within civil and 

environmental engineering, but those practicing it come from chemical engineering, 

geology/hydrogeology, and computer science as well as from supporting fundamental sciences 

(e.g., biology, chemistry, physics, and mathematics). Similarly, oral history is field much more 

diverse than its name implies (a specialty within history). Oral history is a sub-discipline but 

also distinctly a research method adopted for social science and other research contexts where 

oral sources are key to understanding particular problems or issues. 

GR historically has been a technical field focused on developing and applying tools to remove 

subsurface contamination. A major assumption early on in GR was that through aggressive 

remediation, all GR sites could and eventually would be cleaned up to drinking water quality 

levels.  As the limits of GR technology became more apparent, differing views emerged about 

what should be done about the large number of sites not yet cleaned. New proposals have 

introduced alternative approaches to meeting the challenges of GR, including an emphasis on 

management of sites rather than cleanup. These approaches raise a number of concerns, and 

understanding them fully requires and understanding of GR practitioner opinion, interpretation, 

and experience. To engage and understand these matters, OH and content analysis methods 

were used to investigate topics that are not the central focus of GR work, but are very much 

about GR. 
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The research described in this dissertation includes a literature review of GR and some of the 

major topics concerned with new, alternative approaches to meeting the challenges of GR (found 

as background within Sections 1-3). Content analysis methods and tools from oral history are 

described in detail, including their specific application to GR, and in the context of a 

multidisciplinary project (Section 2). Results based on interviewing and subsequent analysis are 

presented, emphasizing both interviewee commentary on known GR topics, and featuring 

interview-derived issues in GR that were unanticipated (Section 3). Responses to these 

discussions are presented (Section 5) and new definitions for GR and new interview research 

questions are included. Oral history methods are also presented within a broader context of 

emerging oral history indexing practices (Section 4). Broader results and potential contributions 

of OH in a variety of contexts are also presented (Section 5). 

1.2 Background on GR 

Historical industrial waste management practices included indiscriminate burying, dumping, or 

washing away of unwanted cleaning products or other chemicals. Furthermore, many storage 

drums and underground tanks used to contain dangerous fluids or waste, leaked. These practices 

led to underground pollution that often reached the water table and eventually dissolved into 

groundwater. 

The passage of a series of new environmental laws in the 1970s and 1980s, including the Clean 

Water Act (CWA, 33 U.S.C. §1251 et seq. (1972)), the Safe Drinking Water Act (SDWA, 42 

U.S.C. §300f et seq. (1974)), the Resource Conservation and Recovery Act (RCRA, 42 U.S.C. 

§6901 et seq. (1976)), and the Superfund Act (CERCLA, 42 U.S.C. §9601 et seq. (1980)) led to 
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“maximum contaminant level” (MCL) regulations for drinking water for multiple contaminants. 

These standards were later applied to the nation’s groundwater resources (Hadley & Newell, 

2012). Polluted groundwater, found where petroleum products are used and in areas of industrial 

activities, needed to be cleaned up. Chlorinated solvents, a particular category of contaminants 

which were used for everything from dry-cleaning to circuit board cleaning, were and are 

especially widespread and difficult to get out of the ground. GR as a field developed around 

researchers and consultants focused on techniques and technologies for removing the extensive 

groundwater contamination nationwide, and eventually worldwide.  

A major strategy for cleaning groundwater was and continues to be pump and treat, which 

involves injection and pumping wells running water through a contaminated area in the ground 

and into a treatment plant on the surface (D. M. Mackay & Cherry, 1989). Around that time, the 

prevalence, and difficulty of removing chlorinated solvents and other contaminants in dense non-

aqueous phase liquid (DNAPL) form was being discovered.  By 1994, it was established that 

more than pump and treat would be needed to clean groundwater (NRC, 1994). Later, the 

distinction between the “source zone” (containing DNAPL) and “contaminant plume” became 

better understood. This division became the working conceptual model for more targeted and 

resource-conscious approaches to remediation. New tools, techniques and technologies (e.g., soil 

heating; biological methods) emerged to address source zone DNAPL (NRC, 2005). More 

recently recognized phenomena associated with persistent aqueous contaminant plumes include 

“back diffusion” (Liu & Ball, 2002; Parker, Chapman, & Guilbeault, 2008) and 

“adsorption/desorption” (e.g., Allen-King, Grathwohl, & Ball, 2002; Rabideau & Miller, 1994). 

These areas are a continued focus of quantitative research in GR. 

3 



 

 

 

  

   

   

   

  

  

     

   

     

  

    

 

  

 

   

  

   

  

Paralleling these phases in the discovery of GR problems, there have been responses to the 

perceived insurmountable challenges in cleaning up groundwater to drinking water levels. 

Around the time DNAPL was being understood, a legal waiver from MCL requirements was 

established by the United States Environmental Protection Agency (USEPA) called technical 

impracticability, or TI (USEPA, 1993). A National Research Council (NRC) study in 1994 used 

a similar term, “technical infeasibility,” to describe the most difficult sites of the time and 

categorized sites, qualitatively, in those terms. Later, new approaches were presented including 

the “adaptive site management,” or ASM, model (NRC, 2003). Later, another management-

centered concept, “long-term management,” was introduced (NRC, 2013) and it was tied to the 

concept of “complex” sites.  “Complex sites” is a term that has been increasingly embraced in 

the GR field (e.g., NRC, 2013; Price, Spreng, Hawley, & Deeb, 2017), though a strong definition 

for a GR context has not been published to date.  These new management paradigms constitute, 

for some, a deliberate transition from the strictest regulatory requirements in GR to a different 

prioritization and work flow. Such a transition is not considered trivial or even possible by some 

GR stakeholders, particularly not by the regulators whose are charged to ensure the best cleanups 

possible take place. In the meantime, possibly hundreds of thousands of sites remain un-restored 

and it remains unclear what fraction can be restored in < 100 years (NRC, 2013). 

Current capabilities to remove or contain contamination reported by the NRC (2013) include 

thermal treatment, chemical transformation processes, and extraction technologies, which are 

typically used for source zones—those areas where the preponderance of mass from the original 

contamination source still exists. Pump and treat, physical containment, bioremediation, 
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permeable reactive barriers, and monitored natural attenuation (MNA) are ideal for contaminant 

plumes.  There are also “combined remedies.” All remedies have in common a need for quality 

site characterization. Site characterization is an essential part of the remediation process because 

the more information regarding the particular geometry and contaminant distribution in the 

subsurface is available, the more likely a proper remedy can be identified and applied with 

success.  

Conceptual site models (CSMs) are used to locate and predict the movement of contamination 

through groundwater and are informed by data about geology, hydrogeology, and established 

concentrations of contamination found in well borings. Recent emphasis has been on new 

techniques and technologies for high-resolution site characterization (HRSC), which is 

promising in terms of more and better data for models, but also may be limited in that not all of 

the additional data generated by HRSC necessarily contribute to solving GR problems. Both 

traditional and HRSC are increasingly understood as part of iterative processes, rather than a 

single, early stage in remediation. The idea of updating a CSM based on results of a remedy are 

commonplace, at least in theoretical contexts (ITRC, 2017; NRC, 2003). 

GR research and practice are documented in different places and at different levels. There is an 

explicit knowledge base in the GR field, documented and transferable. Research papers and 

reports, training materials, internal corporate documents and websites, the content of conferences 

and webinars, etc. are some examples. There is also an implicit knowledge base embodied in 

GR practitioners and all related GR stakeholders. Such ideas may get expressed informally, or 
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not at all. Within “implicit knowledge” there may be valuable content for others in the GR to 

hear and discuss. 

1.3 Background on OH and OHDI research, systems, “metadata” 

Oral history (OH) has provided a vessel, and a path, a framework, and a community for allowing 

personal stories and multiple layers personal experience to be transmitted and transferred and 

communicated (Gunnufson, 2012). OH is often perceived as a platform for “stories” shared by 

elders describing earlier times or important events. Within and around OH storytelling, there is 

also a research tool, which has a history of being used to round out documented-centered 

historical work. This quality and a strength of OH was recognized in 1979 by Alessandro 

Portelli (Reprinted in Perks & Thomson, 2006), who went so far as to say that “historical work 

excluding oral sources (where available) is incomplete by definition.” 

Since the theoretical underpinnings were established for OH (see other chapters in Perks & 

Thomson, 2006), digital tools have made oral histories easier to record, process, organize and 

publish.  Michael Frisch originated a suite of audio/video content management methods for oral 

history collections that were developed through direct project experience with audio/video 

indexing software (Frisch, 2006). Working through his consulting firm, The Randforce 

Associates, that work had an emphasis on creating better access to oral histories, within and 

across interviews, for publication online and for research purposes (Lambert & Frisch, 2013). 

Both modes are predicated on software tools providing digital access to recordings the timecode 

level. “Digital indexing” was used to describe different layers of access created for OH 

collections, which included using “codes” in a manner much like back-of-the-book indexing but 
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for audio and video. For research purposes, the same coding work was referred to as a form of 

qualitative analysis (QA). 

Other OH processes, methods, and software tools evolved from, and was contemporaneous to the 

Randforce work. This ongoing body of practices and methods can be described generally as oral 

history digital indexing (OHDI), and it begins with the process of subdividing long-form 

interviews with smaller units indexed to timecodes. These systems (described in Section 4) vary 

in structure and functionality from the original software adapted for OH indexing by Frisch, 

called Interclipper. OHDI systems have in common the facilitation of timecode indexing 

approaches, which are generally more efficient than traditional OH word-for-word transcription.  

Systems can be used for research purposes by providing a platform for interview data and 

“metadata” to be systematically developed and assembled, and then later browsed, explored, and 

searched via “timecode passages.” OHDI methods also make online curation of oral histories 

possible, especially when using systems that are specifically set up to do so, such as the oral 

history metadata synchronizer, or OHMS (Boyd, 2013). 

Metadata is a library science term, which for OH can be paraphrased as “the electronic data 

involved in building, managing, displaying or transferring oral history documents within and 

between digital systems.” A group of oral historians who are also librarians have promoted, 

encouraged, and created more awareness of metadata for the OH community over the past 5-7 

years (Nelson & Kata, 2012). Their focused has been on broad, catalog level metadata for 

library, museum, and other archival collections, and less focused on OHDI metadata. OHDI 

work is important for oral history’s librarians to consider to complete the OH metadata picture, 
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and library concepts at the OHDI level also have not been presented for the average oral 

historian. 

As of 2013, options for OHDI systems included Interclipper, Stories Matter, Rutgers University 

“Analytic” tool, and OHMS, in addition to Microsoft Excel, which is capable of and ideal for 

managing some of the indexing data used in OHDI processes. More recently, an OHDI system 

built for the National Library of Australia (NLA) called the Audio Management and Delivery 

(AMAD) system was introduced, which is specifically for the NLA content (Bradley, 2014). 

These different OHDI tools have some similar or identical functionality and also many features 

that are different. One potential way to examine those similarities and differences is through their 

metadata. 

1.4 Background on OH in GR, the GROH project 

The research described in this dissertation took place within a large multi-year project conducted 

by an interdisciplinary University at Buffalo based team.  This collaboration was made possible 

by advancements in digital processing that have made OH more efficient and accessible to 

researchers from multiple disciplines, including GR.  The basic OH interview recording provided 

a means to gather and document GR experience spanning the diversity of GR stakeholders 

(defined as all players in the field from citizens and community members to site owners, 

consultants, regulators, etc.)  OH offered an outlet for conversations and content that are 

sensitive, difficult, or otherwise discouraged in GR. An example includes discussions about new 

approaches to GR that are not aggressive, technical, or aimed at complete cleanup. OH also 

offered a means to make more explicit stakeholder reactions to the “alternatives” in GR, such as 

adaptive site management and long-term management of “complex” sites. OH also offered a 
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way to examine topics in GR that are currently popular, but some feel are getting excessive 

attention, like site characterization and HRSC. 

Use of OH alone might not be ideal, because in traditional OH there is the problem of how to 

process and access hours of interviews once they are recorded. OHDI processes are now 

available to work with OH material for research purposes and other goals. For a collection of 

recorded interviews, OHDI provides a platform for multiple layers and phases of content 

analyses. OHDI processes lead to a body of interview recordings, data, and metadata, which can 

be interacted with over time.  For GR or similar fields of research, a collection of OH interviews 

can be used for retrieving specific passages in the short term, or developing new research 

hypotheses for further work. 

To explore and explore this approach, an interdisciplinary team was formed in 2013 to apply OH 

and OHDI methods to qualitative research in the field of GR. This exploratory project is called 

the groundwater restoration oral history (GROH) project and OHDI was used for a research and 

analysis focus, as opposed to curational and publication-focused work common in OH.  This 

work was centered on understanding issues in GR, though the project team, the interviewees, and 

question topics were cast somewhat wider. The team included environmental engineers (Douglas 

Lambert and Alan Rabideau), who together were present for all 37 interviews recorded, 

including 30 interviews were performed with GR stakeholders. 

The team project collaborators also included Dr. Ken Shockley (philosopher), Dr. Erin Robinson 

(sociologist) and Dr. Michael Frisch (oral historian). For the OHDI work, 538 passages were 
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annotated (by Lambert) and located by specific timecodes within a database of interviews 

(assembled in Interclipper). Code development and organization into a 221 term “code frame” 

(described in Section 2) was a team effort by Lambert, Shockley, and Robinson, with oversight 

by Rabideau and Frisch.  Timecode passages, assembled in Microsoft Excel, were coded 

(Lambert) using terms from a late version of the code frame (Version 2.2). Timecode passages 

were filtered by the codes and content was used, retrieved, and directly referred to in the results 

presented in Section 3. 

1.5 Research Approach and Expected Contributions 

The problem in GR of contaminants in the subsurface persisting in possibly hundreds of 

thousands of sites (NRC, 2013) suggests that new formulations of the GR problem could 

generate fresh insights into potential solutions. For the GROH project, the goal was to use OH as 

a means to facilitate conversations and generate new understanding in known as well as 

undocumented subjects in the field. A cycle of qualitative hypothesis generation and 

regeneration was anticipated through the process of planning and preparing for interviews 

(selecting people and preparing questions), responding in real time to those discussions, 

absorbing content from analysis after the interview, and incorporating new knowledge into future 

interviewing questions. This iterative cycle precluded hypothesis driven queries more typical in 

engineering contexts.  This work was made possible and efficient through the already existing 

methodological and analytical processes from OH and OHDI. 

The goal of using OH in GR was to use open-ended interviews, cast to a breadth of stakeholders, 

to reframe the relevant GR policy questions. Hence, this original OH inquiry was considered 

exploratory rather than hypothesis driven.  That is, OH in GR was expected to open the door for 
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insights that would not be possible to draw out, document, or otherwise communicate through 

fixed surveys, (rare) commentaries in the academic literature, or regulatory guidance documents. 

Consistent with this approach, preliminary interview topics were identified at the beginning of 

the study, with additional topics added as interviewing progressed. To initiate the discussion with 

interviewees, the inquiry was built on two well-understood but unresolved issues in GR, one 

long-standing (the problem of long cleanup times) and one emerging (long-term management). 

These GR issues, stated as research questions, included: 

 Why does contaminated groundwater take so long to restore? 

 What are the implications of a formalized adoption of long-term management for GR? 

These questions were not expected to be asked directly in every interview, but they were 

expected to be part of the natural dialogue of the oral history conversations. “Responses” to these 

questions were woven into the interrelated themes discussed, later to be organized and 

retrievable through indexing. 

Other anticipated topics included: 

 “Management, Monitoring, and Maintenance Codified,” based on a recognized need for 

more clarity in GR language, 

 “How Property Values Affect the Quality of Cleanup,” based on preliminary interviews 

that indicated this pattern, and 
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 “Can Records of Decision Tell Us Anything?,” which was an attempt to build on 

previous work in this area (Hennessey, 2015) 

Beginning with the above targets, additional questions could be formulated in preparation for 

interviews, as well as during interviews. All questions were broadly aimed at bringing 

conceptual clarity to these research questions and a whole range of multi-faceted GR topics. 

From the evolved collection of open-ended interviews, the knowledge collected from 

interviewees provided multiple insights relevant to policy makers and to the entire GR 

community, to be communicated through publication in journals, white papers, memos, and 

workshops. Through interviewing and OHDI analysis, a “state of the GR field” snapshot was 

expected via interviewees’ responses to specific issues in the field. Long-term management was 

a particular focus, and engaging GR stakeholders directly about its meaning and associated 

problems was a priority.  Interview responses were expected to lead to more conceptual clarity 

on long-term management and related topics and possibly lead to specific recommendations for 

policy adjustments. The analysis of multiple interviews was expected to result in new arguments 

that offer prospective new directions for the GR research agenda, which would be of interest for 

the USEPA, and potentially to every active research organization affiliated with GR. 

A core element of the GROH research project was a qualitative research approach that involved 

multiple team members from different disciplines in the OH process, from interviewing through 

the analysis. New collaborations between sociologists, engineers, philosophers, and oral 

historians were fostered, and lessons learned working through the OHDI processes jointly were 
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expected to generate new, reportable research. These experiences were (and are) anticipated to 

become the subject of new work in each team member’s field, as well as in the literature on 

multidisciplinary research. Also, the physical collection of recorded interviews in a flexible and 

indexed database was an expected product/asset, and an anticipated long-term benefit of the 

GROH project (see the “PRMP,” Section 2.) 

1.6 Organization of this dissertation (Road Map) 

This dissertation includes contributions to the fields of environmental engineering (groundwater 

remediation) and oral history, organized as follows.  Section 2 presents the OH methods used in 

the GR study, including the multiple phases and elements of OHDI. Those methods were used to 

support the collection of interview data and organization of content for Section 3. From the 

resulting collection of interviews, eight GR topics are presented in Section 3 that have 

particularly relevance to the current state of the GR field. Supporting the research contribution 

to the field of OH, Section 4 provides the context for OHDI methods, which are part of broad 

and growing OHDI practices in the OH community, including the refinements developed as part 

of this dissertation. Key results are summarized in Section 5, including a discussion of 

problematic GR concepts reported in Section 3, along with section summaries and a discussion 

of potential future contributions of OH to GR and to other topics and professional communities. 

More detailed description of the main dissertation sections are provided, below. 

Section 2, “Advancing Environmental Engineering Research with Oral History Content, 

Methods, and QA Approaches,” introduces the GROH project and OHDI, first in general terms, 

then in terms of its development over time in OH practice, and later through some of its specific 

elements and methods used in the GROH project. The specific application of OH and OHDI in 
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GR is outlined, including how the data were retrieved to produce results for a GR-focused output 

document (i.e., Section 3). The phases of work began with OH interviewing and included the 

preparation and real-time adjustments made to questions during the recorded conversation. 

During OHDI processes, “timecode markup” involved discernment of topical stop/starts and 

establishment of ideal breaks through an interview recording (i.e., creating “timecode passages”). 

“Annotation” involved reinterpreting statements made on the audio recording and turning them 

into readable, paraphrased sentences in text. 

Annotations were read, reviewed, and analyzed to develop codes for indexing the timecode 

passages. Codes were organized and located on a “code frame,” for categorical placement and 

easier indexing and retrieval. Codes were later assigned to every timecode passage based on 

reading each annotation. This allowed the researchers to later use the code frame to browse, 

search, and find specific passages from the interviews both in text and, if desired, play the 

original recorded passage. Section 3 includes a summarized version of these OH/OHDI 

methods, and exemplifies their application. These methods, which included multiple 

collaborative phases and some multidisciplinary components, will be the subject of at least one 

collaborative paper in a sociology journal, Journal of Applied Sociology, with GROH project co-

team member Erin Robinson. 

Section 3 “Perspectives on groundwater remediation: Insights from oral history,” is centered on 

the results of the OH inquiry, which covered GR topics known in the field, and some that have 

been discussed less. For “GR Themes,” technical impracticability (TI), adaptive site management 

(ASM), long-term management, “complex” sites, and site characterization were each placed in 
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context in the current GR literature, and a breadth of commentary from interviewees on each 

topic was presented. Additional topics less prominent in GR were presented including 

Community Engagement/Public Participation, stories related about the apparent relationship 

between property values and the quality of cleanups, and issues of consultant and other 

professional competency. Each theme is summarized at the end of Section 3, focusing on the 

most poignant comments and insights. In Section 5, responses to some of these Section 3 

concepts are presented. They include some potential new questions for future GROH inquiries 

(Section 5.3). 

Section 4, titled “Oral History Digital Indexing and Metadata: an introduction, an inventory, 

some initial definitions, and a foray into standards,” has its focus on establishing and defining 

OHDI and its elements, and also elucidating “metadata.” Metadata is a library concept, and some 

oral historians who are also librarians have laid some groundwork for understanding metadata in 

the context of digital OH (N. MacKay, 2012; Mazé, 2012), but with little focus on OHDI 

systems. OHDI and metadata work is typically understood to be the domain of oral historians 

who are technically skilled and/or librarians. In this section, the presentation is targeted toward 

non-technical oral historians. An analysis, using three existing OHDI systems is presented to 

exemplify a possible metadata standard for OHDI systems.  This section will be submitted for 

peer review to the Oral History Review, the official journal of the Oral History Association. 
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2. Advancing Environmental Engineering Research with Oral History 

Content, Methods, and Analysis 

2.1 Introduction 

Groundwater remediation/restoration (GR) is a field within environmental engineering (as well 

as geology, geochemistry, chemical engineering, and others) focused on the complex problem of 

waste improperly disposed of at the surface that later entered the ground, contaminated the soil, 

and eventually the groundwater below.  Removing the material from the subsurface is extremely 

difficult, and physical approaches, led by a technically-oriented GR industry over the past 35+ 

years, have proven limited. Recent calls to move away from complete cleanups and focus more 

on long-term management of sites (NRC, 2013) has opened the door for looking at the problem 

from new, and not primarily technical, perspectives.  Oral history (OH) interviewing was used as 

a primary data gathering technique to emphasize a breadth of perspectives and opinions of GR 

stakeholders and on the state of GR.  Research presented here and in accompanying work 

(Section 3) constitutes a groundwater restoration oral history (GROH) project that successfully 

captured ideas and concepts about GR that are not otherwise expressed in existing literature or 

media.  

This section outlines the methods and approaches used by a research team to look at the GR 

problem using OH as an alternate research paradigm for a science/engineering context. The 

project centered on documenting multiple perspectives on GR and a breadth of environmental 

stakeholders.  The content of these OH interviews were annotated, analyzed, and coded for short-

and long-term research access using techniques that evolved in recent years in the OH field.  

Oral history digital indexing (OHDI) includes the creation of summary annotations based on 
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digital audio timecodes that provide a direct link between the source audio recordings from 

interviews and descriptive text that can be browsed and otherwise worked with.  With 

annotations that cover every minute of every interview recorded in the project (i.e. “unit 

annotations,” described below), additional forms of OHDI proceeded, including content analysis 

and code application to index the material. Codes can be formulated similar to back-of-the-book 

(BoB) index terms (Fetters, 2008), and function as a lookup tool providing access within and 

across the interviews.  Analysis is built into multiple elements of these processes, including the 

OH recording event, all of the steps of the OHDI process, and as codes were retrieved for more 

pointed, analytical research and writing. 

2.2 Background 

2.2.1 Groundwater Remediation/Restoration 

Groundwater remediation/restoration (GR) is a field that has grown in the United States and 

other countries over the past four decades. The core problem is likely as old as industry itself: 

liquid materials from industrial practices were used and not recaptured or disposed of properly. 

These materials, like solvents, petroleum products, and other waste made their way into the 

ground and eventually groundwater.  These types of problems achieved widespread awareness in 

the late 1970’s when sites like Love Canal were covered extensively in the media.  The 

formation of the United States Environmental Protection Agency (USEPA) in 1970, the updated 

Clean Water Act (1972), and a number of hazardous waste sites in the public eye set the stage for 

the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

(CERCLA). Commonly known as “Superfund,” an entire industry developed around cleaning up 

waste-contaminated soils and the groundwater affected.  Groundwater contamination is a 
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persistent, complex, and still-far-from-solved environmental problem. Recent estimates (NRC, 

2013) cite over 100,000 sites across the country that have not yet been cleaned to the legal 

standards called for under Superfund. 

Basic geometry of polluted groundwater typically begins with some chemical released at the 

surface, or from buried containers that are leaking or dumped indiscriminately, which begins a 

path downward via gravity into the subsurface.  Some contaminants are lighter than water, while 

others, known as dense nonaqueous phase liquids (DNAPL), continue to sink. Concentrated 

chemicals have a drive to disperse and spread in multiple directions when in contact in water, 

and at the same time groundwater is always moving, even if slowly.  Beginning from the first 

location of contact (sometimes referred to as the “source zone”), contaminant “plumes” form and 

grow, generally in an elliptical shape that stretches in the direction of groundwater flow.  Plumes 

can grow large, making them difficult to find or delineate completely and causing additional 

complications when they cross property boundaries.  DNAPL will continue to sink unless 

impeded by impermeable layers in the subsurface, meaning it is often hard to discover in its 

entirety for a site, and thus impossible to remediate entirely. 

More background on GR is given in Section 3, which focuses particularly on the challenges of 

that field. 

2.2.2 The GROH Research Project 

In 2013, a research team was assembled to look more closely at the long-standing and persistent 

problem of groundwater contamination and the GR practice that emerged around it.  Supported 
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by the National Science Foundation (NSF) under the Integrated NSF Support Promoting 

Interdisciplinary Research and Education (INSPIRE) program, the group, comprised of members 

with backgrounds in engineering, oral history, philosophy, and sociology, used oral history (OH) 

to collect a breadth of personal testimonies from GR stakeholders about their careers and their 

views on the many challenges in the field.  The title of the project, Advancing groundwater 

restoration through qualitative analysis: What participants and stakeholders care about and why 

it matters, refers to the unique methodology used for GR research which included OH in addition 

to OHDI methods for content analysis.  GR was the central content focus, though interviewing 

and some of the analyses were broader, reflecting the interests of non-GR team members. For 

later analysis by the team engineers (as represented in Section 3), the scope was focused on GR. 

Another distinct element of the project was that interviewing and post-interview analyses were 

performed as a collaborative group/team. This form of interdisciplinary work was carried out at 

various stages of the research, where partners cooperated in a profound and authentic way, 

making decisions together, and learning about each other’s fields. The key personnel involved in 

executing the OH, OHDI, and associated writing/research are listed in Table 2-1. 

The GROH project, on a broad level, is distinctive because it represents an experimental attempt 

to include use of social science tools in the natural sciences.  GR research is typically the domain 

of technical researchers and practitioners. Fields that tend to dominate GR are technical, like 

environmental and chemical engineering, geology, geochemistry, inorganic and organic 

chemistry, etc. as well as sub-disciplines like wastewater treatment or mathematical 
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Table 2-1. Project personnel. 

Participant Role Home Specialty pertaining to 

Department team members 

Alan Rabideau, PhD Project PI 
Environmental 

Engineering 

Groundwater 

Restoration 

Ken Shockley, PhD co-PI Philosophy 
Ecological 

Restoration 

Erin Robinson, PhD co-PI Sociology 
Community 

Engagement 

Mike Frisch, PhD co-PI History 
Oral History,          

OHDI Methods 

Groundwater 

Douglas Lambert PhD Candidate 
Environmental 

Engineering 

Restoration, Oral 

History, OHDI 

Methods 

Environmental 
Brandon Rudroff PhD student Philosophy 

Philosophy 

groundwater flow modeling.  During the GROH inquiry, experts in those fields and other non-

technical areas were asked for their ideas, opinions, and perspectives about the field overall—not 

necessarily constrained to their area of expertise.  Casting questions to a variety of GR 

stakeholders opened new conversations that were heretofore unarticulated, and were made 

explicit only through OH and the OHDI processes. 

2.2.3 OHDI: Oral History and “Digital Indexing” 

OH developed and has grown as a field supporting theory, research, and practices for historians 

along with countless qualitative researchers in many other fields (Hesse-Biber & Leavy, 2008; 

Perks & Thomson, 2006; Ritchie, 2003). For complex research areas, especially those with 

limited information or evidence to refer to, OH is not only a supplemental source of information, 

but can be the primary form of documentation. Early on, reel-to-reel and later cassette tapes were 

used for recording, and full word-for-word transcription was the suggested and accepted 

approach to process the content of OH recorded interviews.  Recording became easier over time 
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as increasingly compact and then digital recorders became commercially available and 

affordable. Transcriptions were practical means for doing something with recorded oral histories, 

and for a long time were accepted as the only means—though they were always time consuming 

and/or expensive to generate. 

In 1998, Michael Frisch, an OH scholar known for understanding and articulating the distinctly 

two-way conversation that takes place in an OH interview (see “A Shared Authority”, Frisch, 

1990), was introduced to new software that prompted him to reconsider the processing of OH 

recordings (Frisch, 2006). “Interclipper” 1 allowed for the direct connection of digitally recorded 

files though audio (or video) timecodes with various modes of markup: transcription, annotation, 

and indexing/coding (Frisch, 2008), sometimes referred to as “digital indexing.” Frisch’s 

consulting and research entity, The Randforce Associates, LLC, has developed, promoted, and 

shared new techniques for managing digital audio/video files since 2002. This work was 

expanded and refined through a number of private and publicly funded projects, including five 

major research grants sponsored by the Institute of Museum and Library Services (IMLS). (E.g., 

see IMLS grant log numbers LG-24-07-0047-07 (2007), LG-24-09-0075-09 (2009), and LG-07-

12-0551-12 (2012), IMLS, 2018) Digital indexing has not been limited to oral histories or 

audio/video, and is sometimes referred to in broader terms as part of audio/video “content 

management” (Lambert & Frisch, 2013). 

1 The Interclipper software was released previously by Document, LLC as a tool in the area of market research. 

Interclipper was later distributed solely by The Randforce Associates, LLC, Frisch’s consulting company, for use in 
OH and other audio/video content management projects. 
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Since the earliest digital indexing projects that made use of Interclipper software, other software 

tools have emerged with similar capacities.  Systems like StoriesMatter and the Oral History 

Metadata Synchronizer (OHMS)2 share common elements with Interclipper and facilitate their 

own version of a digital indexing process. Other systems and research groups have specific 

instructions on how to create sequential index points in an interview file, which may vary in 

frequency, depth, and amount of data. A common function between systems is a linkage between 

source recordings at the level of audio/video file timecodes and various forms of text markup. 

These and other emerging practices, software, and methods in OH can be referred to as oral 

history digital indexing, or OHDI, as defined and described in Section 4. 

OHDI can involve multiple elements that serve to make OH recordings more accessible.  OHDI 

ideally includes these two concepts, at a minimum: 

 Timecode markup focused on indexing in a digital/database environment, rather than 

using full transcript documents 

 Annotation of passages preferred over word-for-word transcription, relaying content 

meaning more concisely 

Timecode markup involves establishment of timecodes (in/out points or in points only) used to 

define “timecode passages” within a longer interview file.  “Annotation” text is affiliated with 

the timecode passage, including one or more of the following: passage titles, annotations, 

keywords, a transcript portion. The resulting timecode passages then become the building 

2 These and other tools were considered for use in the project, though not adopted. Indexing trials were made by 

putting recordings into OHMS, but its publication-oriented design was found inflexible for this research. 

22 



 

 

    

 

 

 

 

    

   

     

 

 

    

 

 

   

 

   

   

  

 

   

    

                                                 
          

         

blocks upon which additional analysis and markup can proceed. Timecode passages can also be 

described as a “unit annotations,” as it will be henceforth in this section. 

Some additional elements of OHDI, used frequently in Frisch’s practice, include: 

 Code development, creating a controlled vocabulary of terms3 focused on content 

meaning and anticipated audience (similar to back-of-book-style indexing) 

 Code management, organizing terms via a structured framework (i.e., code frame, see 

next section) 

A critical part of the processing and analyzing of recorded interviews is the creation of summary 

annotations of the interviews. A core method for this was developed previously for Randforce 

projects, called the “Unit/Story Method” (Lambert & Frisch, 2012), and is described in the 

following section. 

2.2.4 OHDI: The Unit/Story method 

When using OHDI for interviews, some general methodology must be followed to regulate the 

process for consistency and readability.  For software like Interclipper, where each passage is 

defined by both an in and an out point, the Unit/Story method, developed by Frisch and Lambert 

for OH (Lambert & Frisch, 2012), outlines a framework for database-centric annotation of long-

form interviews. As digital environments make full transcriptions no longer imperative for OH, 

the Unit/Story method offers a way to instill structure into post-interview markup. The Units are 

3 “terms” could take the form of “keywords” (to use digital library vocabulary), “indexing terms” (e.g., like in a 

traditional book index), or qualitative analysis “codes,” described in the following section 
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made comprehensively to cover the entire content of the recording, so when the method is 

followed, the result will always be a body of unit annotations that together comprise a 

representation of the entire content of interviews. Stories are less regimented and are typically 

used to highlight content or go into more detail for some small passage. They are smaller 

passages within units, and as such, story annotations can range in quantity from none to 

hundreds within a collection. 

The Unit/Story method teaches a fragment-style composition known as “paraphrased transcript,” 

particularly useful for unit annotations. By eliminating personal pronouns for the interviewee, 

notes can be written and read faster, and occupy less screen or print space.  As annotations are 

composed, the method provides instruction on how to establish timecodes for a particular section 

of content. It encourages exploitation of natural breaks in the discussion, but accommodates 

long-winded speakers who tend not to create any breaks.  Once the annotation is complete, 

passages can be given a title which serves as a quick identifier and initial beacon for retrieval of 

a passage. 

The resulting collection, which is comprised of sometimes hundreds of passages, is uniquely 

browsable.  Titles allow for a quick glance at the content, annotations allow for a deeper read 

into the content of the passage.  When pouring over multiple passages from multiple interviews, 

the value of relatively short passages with concisely composed text is apparent.  They are more 

browsable compared with transcripts, which are relatively dense, linear, long, and impenetrable. 

An example passage from the GR interviews shows this. The transcription reflects actual flow of 

speech, which is somewhat circuitous: 
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Transcription: 

“Probably an important part with regard to groundwater contamination that I was 

involved in the early 80’s was, I guess, the realization of the importance of the DNAPL 

form of particular types of chemicals…” 

An annotation in the paraphrased transcript style is a distillation of that, concise and still 

containing all the information that a researcher would want to know about this passage: 

Annotation: 

Involved in the realization of the importance of DNAPL 

The combination of titles, annotations, and eventual codes set up by the Unit/Story method 

creates a “zoomabilility” in and out and across the content. Thus a structure of unit and story 

annotations is beneficial in the short term because it allows abbreviated text mark-up, which 

takes less time for researchers than transcriptions. Later, researchers and other users can revisit 

content at a glance or very quickly, across many interviews. 

Several institutions have variations on OHDI methods via their instruction sheets for their 

particular system (Concordia University, “Stories Matter,” University of Kentucky, “OHMS,” 

National Library of Australia, “AMAD,” discussed in Section 4). The Unit/Story method is 

distinct from those because, although it proceeded from the particular design and features of the 

OHDI system Interclipper, it was published with the intention of being adopted on its own merits 

as a process (Lambert & Frisch, 2012, 2013). Unit/Story contributed to the larger OH methods 
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conversation by embracing the possibility that OHDI data and metadata could be independent of 

OHDI systems (also discussed in Section 4). OHDI systems have the common element of 

linking text and recordings via audio/video timecodes, but they also shape the data and metadata 

in specific ways.  Once adopting a system, users are somewhat compelled to stick to a particular 

system because working between systems requires migration, conversion, or otherwise 

remapping of the data/metadata within.  This issue of communication across OHDI systems is 

taken up in detail in Section 4. 

2.2.5 OHDI: Indexing and qualitative analysis via codes and code frames 

Digital environments like web browsers, MS Office programs, and Adobe Acrobat (PDF) readers 

have made hard character searches (e.g., Ctrl+F, Command+F) a very common search mode.  

There are also Google and other web search engines that allow users to cast into the internet with 

or without a precise search term and still obtain results that are helpful.  Though these 

approaches to data retrieval are ubiquitous and dominant for day-to-day usage, there are alternate 

approaches and tools that have roots in print media, which play a significant role in qualitative 

analysis (QA) techniques, and can also benefit from the connectivity of digital environments. 

Indexing modes and methods are not new, even though they may have taken a back seat in the 

context of modern information retrieval. Back-of-the-book (BoB) style indexing, as well as QA, 

can be included as part of OHDI. 

BoB indexing, typically done by trained professionals like librarians, involves recognizing 

meaningful content in the work, creating a concise word or phrase to identify the idea, 

maintaining cross-references for each occurrence (by page number and/or electronic link), and 

eventually editing, selecting, and refining the body of terms (Fetters, 2008). BoB indexes are 
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usually intended to represent the content in a balanced manner, in terms of the coverage of pages, 

chapters, files, etc. represented. A BoB indexing approach within OHDI, and the resulting body 

of terms, is primarily informed by and shaped by the content of the material it refers to. 

Qualitative analysis4 is practiced in social science research, and includes multiple formalized 

approaches to situational and content analysis (e.g., ethnography, narrative, phenomenological 

study, grounded theory, and case study) that typically involve interviewing (Sauro, 2015). In 

QA, a key activity which is similar to indexing in that it involves mindful composition of terms, 

is coding5. In QA, descriptive terms are used as labels for ideas or concepts within the material, 

and are often called “codes.”  Codes evolve in ways that echo the vocabulary of the researcher(s) 

and their research fields, which may be different than the vocabulary found within the particular 

document being coded.  QA codes are not necessarily intended to suit an anticipated, third-party 

reader, nor are they expected to be applied systematically: e.g., there may be whole sections with 

no references, others with many. Codes and sets of codes can be applied to multiple documents 

and used within and across them, enabling and expanding access. When audio/video is involved 

and there is sound and visual but no text by default, coding can potentially be the only form of 

text markup, thus creating the critical bridge from audio and video to digital retrieval via text.  

The process and practice of QA code development is very similar to the process of developing 

indexing terms.  Put another way, both BoB indexing and QA are effectively coding processes.  

The subtleties of the similarities and differences between these processes are not explored here.  

4 Or more generally “qualitative research,” see https://en.wikipedia.org/wiki/Qualitative_research 
5 https://en.wikipedia.org/wiki/Coding_(social_sciences) 
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In this document henceforth, “code,” “codes” and “coding” will be used preferably to “term(s)” 

or “indexing” when it comes to the code development phase of OHDI. 

Sets of codes can be organized spatially to establish and order concepts in a way that emphasizes 

relationships between terms.  One popular QA software (called InVivo) is ideal for working with 

text documents and allows for codes to be developed and also organized/arranged in a hierarchy 

by the researcher’s design and for their benefit.  A similar approach has been used in OH for 

projects ranging from family oral histories, to research projects such as GROH.  Frisch et al. 

have used “code frames” to provide a broad snapshot of a collection, with categorized, grouped 

terms that can function like a menu. A code frame allows users to browse and explore the 

collection through codes by subject areas, rather than via the alphabet or a strict hierarchy.  This 

visualization approach can be used for both BoB-style indexing or more QA-oriented work and 

is discussed in the main presentation of OHDI, below. 

2.2.6 Recordings and metadata: separate, united, now separable 

Before Interclipper, recorded media (usually cassette tapes) and their textual representations 

(usually transcripts) were decidedly separate entities. Playback of a recording required a tape 

machine, and transcripts were read on paper.  Occasionally, curators of OH collections took 

advantage of tape counter numbers to cross reference a specific spot on a tape and its 

corresponding text on paper. But overall, tapes and transcripts were separate, and emphasis was 

typically on the latter.  At some institutions, cassettes/reels were discarded after a transcript was 

created. Transcripts were the more workable, usable type of document, so in both perception and 

sometimes the physical reality, the transcripts were the data. Interclipper, and the OHDI work 
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and systems that evolved from it, marked the beginning of a new union between the raw 

recorded media data with its textual markup. 

As mentioned above, OHDI systems have in common the creation of a linkage between 

recordings and “the metadata” (as all the markup is referred to in the OHMS system).  The exact 

metadata layout varies between systems, but a common conceptual and data field element 

between them is always the timecodes. Timecodes are fundamental to OHDI systems and to 

OHDI processes.  For an OHDI system, it is the ability for the timecode information to be used 

digitally that is the crux of the synchronization between a media player and metadata.  But the 

timecodes are also just pieces of information which could be created on paper and read and used 

on paper. They are cross-referencing links with or without a computer system---systems just 

make the referencing a lot faster and easier. 

One way to emphasize this distinction between system and process, as well as distinguishing the 

system from the data, is to give an identity to a complete OHDI project. As the GROH project 

was being formulated, a descriptive phrase (and requisite acronym) was established for naming 

the product of timecode annotations and organized coding for an OH collection: recorded audio 

data, or RAD. Although RAD was helpful in establishing the “thingness” of the recording and 

metadata, it was not explicit about what is included. For the purposes of this document, calling 

an OHDI project a “processed recording and metadata package” (PRMP) might be more helpful. 

This description is explicit about the recordings as well as its metadata being part of the 

collection package, and furthermore that the collection package is a result of a process (but not 

necessarily a specific system) like OHDI. 
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The OHDI metadata for the GROH project was developed with multiple software, including 

Interclipper which is an OHDI system. Several OHDI processes were done outside of 

Interclipper, mostly in Excel and Google Docs, such that the resulting PRMP is best viewed, 

manipulated, and otherwise accessed in a spreadsheet program, or potentially a database 

program.  For connecting metadata back to the original recordings, it can be done either by cross-

referencing a master identification number for each unit annotation from Excel back to 

Interclipper, or by cross-referencing timecodes within interviews to the progress bar on a media 

player.  Hence to have a full multimedia experience with the PRMP for the groundwater 

stakeholder and GROH project, some cross-referencing must be done manually, thus hearkening 

back to the use of tape counters. However, now the cross-referencing is between two (or more) 

randomly accessible digital media environments, i.e., software programs, and allows for more 

immediate access than in the days of tape. 

2.3 Oral History Methods and Approaches for GR research 

Using oral history (OH) to document phenomena within and around a specific engineering field 

like groundwater restoration (GR) is a unique, and perhaps a seemingly incongruous endeavor.  

Yet from an OH perspective, GR is just another domain of content, defined by the selection of 

interviewees who have agreed to have their experiences recorded. Previously, oral historians 

only had one apparent option for post-processing the recordings and it was to make full, word-

for-word transcriptions.  Since their introduction in the early 2000’s, OHDI systems have made 

some of that work easier and more efficient, and its elements (timecode markup, annotation, 

code development, and code management) are increasingly being adopted in various forms (see 

Section 4). For the GROH project, that process was the same, but also took a unique path, 
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influenced especially by the interdisciplinary nature of the project at every phase. For 

understanding the methods involved, the project processes are outlined below as four phases 

(with OHDI divided into two) that frame the flow of data (i.e., the PRMP) from its 

creation/manifestation to its fate as a content resource.  

The following outline contains the elements involved in collecting the OH interviewing and 

analysis used in the project (including personnel involved): 

 Interview Phase 

o Selecting interviewees (All) 

o Preparing for interviews (All) 

o Conducting interviews (All) 

o Recording (Lambert) 

 OHDI: Annotation, Review, and Pre-code Development 

o Import into Interclipper timecode indexing system (Lambert) 

o Annotation of interviews (Lambert, Robinson, Rabideau) 

o Interdisciplinary response pass to interviews (All) 

o Interdisciplinary proto-coding (All) 

 OHDI: Codes and Code Frame Development 

o Codes and their application to unit annotations 

o The GR Code Frame (Lambert, Robinson, Shockley) 

o The Code Frame, collaboration and versions (Lambert, Robinson, Shockley) 

o Supplementary code frame for GR (Lambert) 

 Content retrieval (Lambert, Rabideau) 

2.3.1 Interview Phase 

As with any OH project, some approach to the selection and/or selection criteria for interviewees 

must be developed.  In the case of the GROH project, an initial list of potential interviewees was 

developed by recording short interviews with project principal investigators (PIs) themselves to 
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discuss and list potential colleagues, mentors, and other distinctive people in their fields.  

Potential candidates included those affiliated with the field of GR, including several who were 

collaborators on the then recently published book by the National Research Council (NRC) 

Alternatives for Managing the Nation’s Complex Contaminated Groundwater Sites (NRC, 2013). 

The majority of GR interviewees identified were widely recognized leaders in the field including 

regulators, consultants, and academics.  Other candidates deeply engaged in environmental work 

and the research specialties of PIs Shockley and Robinson were identified.  Not every person 

originally listed was interviewed; rather a list was assembled to be a starting point and seed the 

eventual interview roster. 

Interview selection began by categorizing the master interviewee list (in spreadsheet form) by 

broad geographical considerations. Locations/regions where multiple interviewees were based 

were noted, including those in Buffalo/Western New York.  Because of the convenience of 

planning and logistics, many local interviews were arranged and performed early on. One of the 

project PIs (usually Rabideau) made contact and scheduled interviews. Out of town trips were 

arranged and made over the course of the project, including to Washington, D.C. (two trips), 

California (Battelle Chlorinated conference), Ontario, Canada (two trips), New York City, and 

Colorado. One interview was made by a recorded Skype call (to California, Bay Area).  

Additional interviewee selection derived from an approach called “snowball sampling6,” where 

new suggestions/contacts for interviews came from interviewees themselves based on 

themes/interests that came up during an interview.  There were also additional “opportunistic” 

6 https://en.wikipedia.org/wiki/Snowball_sampling 
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interviews performed, for example when someone of interest came to the University at Buffalo 

campus for another purpose and could easily schedule an interview with the GROH research 

team. Another “opportunistic” set of interviews was arranged by contacting people in advance 

who were planning to attend the GR-centered Battelle conference in Palm Springs, CA. By 

setting up a recording environment in close proximity to the conference, several interviews with 

high-level GR people were arranged before and during the conference and conducted nearby. 

Preparation for interviews was generally informal and done individually by whatever team 

members planned to attend. The PI most familiar with an interviewee typically would inform the 

rest of the team of the person’s basic career parameters and his or her area of environmental 

expertise, either via email or in meetings prior to the interview.  Additional research (e.g., online) 

could be done by individual researchers prior to the interview.  The first interview questions 

were typically about the person’s career trajectory, and how they got from early or pre-career to 

the position they currently hold.  From this, individual PIs took turns asking questions from the 

perspective of their own academic domains/specialties, including groundwater/environment 

topics, environmental philosophy, and community engagement. Not all PIs attended all 

interviews. The actual configuration in individual interviews varied between one-on-one 

interviews (usually Lambert interviewing, GR related), multiple PIs/students interviewing one 

person (project PIs taking the lead), and in one case multiple PIs/students interviewing multiple 

interviewees (set up similar to a focus group).  Several (usually out of town) GR interviews 

where performed by Lambert and PI Rabideau—i.e., two interviewers to one interviewee. 
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For interviews with people experienced in GR specifically, a subset of pointed themes was 

referred to. One incarnation of these more pointed GR questions included: 

 the extent of site cleanup, 

 the nature of cleanup limitations (e.g., physical, legal, monetary), 

 the role/importance of adaptive and long-term management, 

 the phenomenon of “complex” sites, 

 the role/importance of the public participatory process, and, 

 personal drivers. 

The stakeholders interviewed in the GROH project included: 

 Regulators, USEPA federal, USEPA regional, and State (11) 

 Consultants academically-based (8) 

 Consultants firm-based (9) 

 Responsibly party (RP) / Site owner (0) 

 RP / site owner technical consultants (13) 

 Industry/government RP staff engineer (2) 

 Academic researchers (8) 

 Citizen liaisons, Representatives, Affiliates (technical and non-technical) (8) 

 Activists, Organizers (6) 

 Environmental attorneys (3) 

 Environmental economist (1) 

 Canadian academic researchers/consultants (6) 

Several interviewees represented multiple categories of these 12. 

Most interviews were recorded using two portable digital recorders, usually Marantz 620’s, with 

a primary recorder in stereo (two channel), and a second as a supplemental device.  Depending 

on the configuration of the room and the number of interviewees present, the additional 
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recorder/microphones were used, either as backup recordings, or to maximize pickup of the 

voices of multiple people speaking.  For interviews of a single interviewee, a lapel mic was used, 

when available, to obtain the strongest signal possible.  Recorded audio files were imported into 

Adobe Audition 1.5 software to select and process the 1-4 individual tracks recorded and to 

generate a single, monaural, .wav file for use when establishing the audio timecodes in 

Interclipper. 

The institutional review board (IRB) at the University at Buffalo was consulted regarding 

interview protocols, and an exemption from IRB review was granted for this project (Project # 

489022-2, Advancing groundwater restoration through qualitative analysis, effective July 16, 

2013). Each interviewee signed a consent form, shown in Appendix A.  Additional project 

information (see Appendix B) was provided to all interviewees.  Interviewees were informed that 

their names would be kept confidential for all publication purposes, unless explicit permission to 

do so was requested and granted later. Additional information about interviewees is available by 

contacting the GROH project PI, Alan Rabideau (see Appendix C). 

2.3.2 OHDI: Annotation, Review and Pre-Code Development 

OHDI is an approach, a process, and a technique for managing content of an OH collection. As 

discussed above, its key elements, particularly beneficial for research purposes include timecode 

markup, annotation, code development, and code management.  Different parts of the process 

are emphasized or deemphasized on a project-by-project basis. For the GROH project, all of 

those OHDI elements outlined above were incorporated, expanded to accommodate dynamics of 

multiple team members collaborating during the coding process. 
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Using the .wav files processed after each interview, files were imported into the Interclipper 

software for timecode-based annotation.  Interclipper was originally designed for real-time 

recording, so there are extra steps that need to be taken before annotation can begin. The process 

requires access to a particular utility software called DBSYS.exe that allows one to open an 

Interclipper project as raw database tables. “Importing” the newly recorded files from the 

Marantz 620 entailed naming the .wav file (usually as the interviewee’s last name) and then 

ensuring that that same name is placed in the correct field/row in a particular table in the 

Interclipper project file (namely Audio.dat, in the “DOSFileName” field).  

Annotation of interviews followed the Unit/Story method (Lambert & Frisch, 2012). Unit 

annotations are comprised of a title (which includes a Unit #, and a brief text description or 

collection of keywords), beginning and ending timecodes (established systematically as part of 

the Unit/Story method in combination with the Interclipper software tool), and an annotation of 

that passage.  Unit annotations have been described previously as “paraphrased transcripts,” 

because the summaries loosely track the progression of ideas within the passage, but are 

typically written as sentence fragments (i.e., with minimal repetition of names/pronouns).  The 

majority of annotations for interviews were composed in Interclipper, and all annotations were 

made by one of the researchers who was present and/or active during the actual interview being 

annotated7. 

7 
Most interviews were annotated by author Lambert in Interclipper. Others were made by Robinson or Rabideau, 

who composed annotations in Microsoft Word or Excel, noting the correct timecodes manually from the media 

player. Those annotations were later manually copy/pasted into Interclipper so that all interviews could be played 

centrally. 
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Stories, which are shorter versions of the longer Units, were used only on a limited basis, in part 

because logistical difficulties inhibited training and/or access to Interclipper by all project 

personnel.  However, the major value overall of the Unit/Story method was still realized: the 

systematic process allowed for the creation of sequential, manageable units of meaning that in 

turn provided a basis for subsequent discussion, analysis, coding, and access. 

Once annotations were complete, the entire team was given the opportunity to review the 

interview, make notes about it on a unit-by-unit basis, and later to discuss observations during 

group meetings. Annotations were exported to an Excel spreadsheet, and later to a Google Sheet, 

where a specific set of cells was created for each PI/student to type comments as they reviewed 

and reacted to interview unit annotations individually, prior to group meetings.  In some cases, 

annotated interviews were reviewed on a printout, optimally formatted for review. Copies of 

interview audio files, as .mp3, were made available for listening to the source recording when 

needed. Team members were encouraged to read through all the unit annotations, if possible, and 

make notes in preparation for a group discussion on a particular interview. This process was not 

only valuable as a preliminary analysis of the interviews, but it also assured that team members 

not present at an interview could be made aware of its content. 

Lambert usually led group discussions, and prepared by assembling the electronic team notes 

available before the scheduled working meetings.  Discussions focused on, but were not limited 

to, 

 commentary on, and interpretations of statements made by the interviewee, 

 identifying new themes and other observations emerging from interviews, 

 connections between interview content and previous interviews or larger project themes, 
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 ideas for future interview categories, people, or special subjects to consider.  

These post-interview discussions were recorded, and depending on availability of additional 

assistance, some annotations of those recordings were developed and circulated to the group.  

Ideas and conclusions developed at this phase were also noted by team members and managed 

individually, through their personal paper or electronic notes. 

Once a significant number on interviews were performed, annotated, and reviewed, the group 

analysis work shifted focus toward coding.  Reviewing the interviews previously discussed, the 

team developed specific terms, phrases, and concepts to label the content of each unit annotation. 

This brainstorming was aimed at selecting terms for an eventual code frame.  For this process, 

the group shared one cell per unit annotation (to avoid repeats) and listed a collection of possibly 

usable “proto codes” after his or her initials, e.g.: 

KS, Adaptive Management, Legal Framework, Polluter Pays, Role of Regulator, 

Regulator as Steward, DL, personal background, financial feasibility, confines of law, 

"PRP lead", ER, efficiency, community frustration, creative limits within law, BR, costs, 

motivations behind the practice 

This brainstorming of proto-codes was performed for the first group of interviews and on new 

interviews as they were completed.  Once the terms accumulated, a master term list was made 

and redacted, in preparation for developing a master set of terms for the project. At this phase, 

the scope of the set of terms was intended to accommodate both GR and GR-specific concepts, 

as well as representation of community dynamics and other themes from sociology and 

environmental philosophy perspectives.  Some terms at this phase were anticipated, especially 

because they were built into the original interview questioning (e.g., DNAPL, adaptive 
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management, public participation).  At the same time, many topics and ideas arose 

serendipitously during the interviews and were first identified, conceptualized, and formulated at 

this coding refinement phase (e.g, property values, and competency). 

2.3.3 OHDI: Codes and Code Frame development 

Codes and their application to unit annotations 

A central focal point of the QA within the OHDI processes was the development and 

establishment of codes and a code frame.  This work was done in additional, smaller, team 

meetings, typically including Robinson, Shockley, and Lambert. Codes were developed by 

generating a list of terms during review of the interviews by project PIs/students (i.e., proto-

codes, described above). For many codes, the precise nomenclature was obvious and/or easy to 

agree upon immediately.  For others, refinement was needed, which involved a process of 

grouping and dividing themes and coming to an agreement about terminology.  In some cases, 

extensive discussion was needed to establish what things a particular code might be applied to or 

not. For the most part, explicit definitions for each code were not written out8. 

The code/code frame meetings involved refining and choosing final code names, and organizing 

them into code frame “terms,” “categories,” and “facets.”  The process was an editorial one, 

forcing agreement between researchers and choices to be made about specific term wording and 

placement within the frame.  Stacks of file cards, paper, and a large conference facilitated these 

8 
Defining codes can be helpful toward the end of establishing consistency of meaning between different coders and 

between coders and later users. “Intercoder reliability” can be an issue because words or phrases mean different 

things to different people. 
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processes. Several early drafts led to the final codes and code frame layout, presented the 

sections below.  

Codes were applied to the unit annotations to make them searchable only after a stable version of 

the code frame was established. 

The GR Code Frame 

Codes applied to unit annotations, or any form of data, are most useful when potential users 

know they exist.  With codes displayed in a menu-like code frame, a researcher or other user is 

provided a meaningful offering of “what’s there” in the collection. A code frame is like a map, 

offering a user a number of meaningful entry points that can be used to find and cross-reference 

OH content within and across the original interviews.  In a digital environment, multiple codes 

can be searched/applied to filter down or expand results meaningfully. 

Figure 2-1 shows one part of the master code frame (Version 2.2)9 for the GROH project, 

developed over time during both group and individual work sessions in 2014-16. As seen in this 

example, a code frame has an organizational structure that is generally hierarchical in 

appearance, from the broad to the specific in a vertical direction and also implied by the 

relationship between categories and terms in each grouping. This code frame as a whole is 

arranged more laterally than vertically, as shown in Figure 2-2, which was by design and 

intended to emphasize equality across the major headings. 

9 
The approximate meanings of the code frame version numbers, seen within Figures 2-1 and 2-2 and which will be 

referenced below, are, for Version “X.Y.Z”: 

 X = Major structural revisions, adding/removing facets, columns, categories 

 Y = Adding more terms, re-ordering, minor revisions to categories 

 Z = Adding terms to categories on a limited basis (1-5 terms) 
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During development of the code frame specific names were assigned to the code frame structure 

elements, as seen in Figure 2-3. The elements include “terms,’ which are the most specific and 

numerous type of descriptors in the code frame, and “categories,” which are terms themselves 

but broader, used to group and organize terms. Terms and categories were the only elements in 

the code frame used for assignment to the unit annotations of the collection.  

Figure 2-1. The GROH code frame, “Problem Domain” and “Socio-institutional Context” 
facets, (Version 2.2). 

Figure 2-2. Entire GROH code frame, displayed to show the lateral extent of the organization, 

(Version 2.2). 
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Figure 2-3. Code frame structure. 

Facets are the highest level organizational unit in the code frame structure. They function as a 

broad categorization/organization tool for the code frame, but they were conceptualized 

specifically as facets (as opposed to categories, groups, classes, headings, etc.) because they are 

meant to be understood as parallel to each other, favoring no particular disciplinary concept or 

jargon, yet applicable to all disciplines represented. Displayed as six colored headings in Figure 

2-2, the 6 facets representing the content of the GROH interview collection include: 

 PROBLEM DOMAIN (Blue) 

 SOCIO-INSTITUTIONAL CONTENT (Yellow) 

 PROCESSES (Black) 

 VALUE ENGAGEMENT (Green) 

 FRAMING (Red) 

 ORAL HISTORY (White) 

The facets selected are distinctly analytical, and representative of the unified, interdisciplinary 

approach of the entire project. It is noteworthy that the facets do not track to the project PI’s 

disciplines, but are assembled around concepts that cut across those disciplines. For example, 

“Problem Domain” (Figure 2-1) is mostly GR themes, but includes topics that are other 

“Environmental (Not GR)” topics.  “Socio-institutional context” is split between the relevant GR 
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institutions and programs and some broad “social contexts” (community, organizations, personal, 

and relational contexts). “Processes” (Figure 2-4) include “GR processes,” “related processes” 

(including “corporate economics”) and “Community Engagement” processes. Within most of the 

facets, each of the major specialties of the project PIs are represented---environmental 

engineering, community engagement, and environmental philosophy. There is more emphasis 

on GR/environmental engineering topics because of the overall GR focus of the study. 

Figure 2-4. The “Processes” facet of the GROH code frame. 
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An additional facet more focused on the sociological and/or environmental philosophy view of 

the material is “Value Engagement” (Figure 2-5). Though this array of terms was shaped by PIs 

Robinson and Shockley, the concepts were understood and used by the engineers during the 

interviewing and through the process of coding and retrieval.  Similarly, “Oral History” (Figure 

2-5) was added as a facet to provide codes for looking more analytically at the interview process 

itself, including terms for identifying elements of a typical OH interview, like “Historical 

content” and “lessons learned.” It also has a term for project-level process issues, i.e., 

“Method/Process issues.” 

Figure 2-5. “Value Engagement” and “Oral History” facets of the GROH code frame. 
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The remaining facet, called Framing shown in Figure 2-6, is a very broad facet that mirrors the 

code frame development process itself.  Because “framing” operates on multiple levels in the 

context of content analysis and coding, below is a clarification of its relevant variants: 

 framing in the broadest terms in this context could mean to build a code frame. In that 

case, it is a metaphor from architecture or construction, e.g., where a professional house 

framer creates a structure that is thoughtfully designed, incomplete in that it is only 

skeletal, yet can stand alone as a coherent, complete, and useful entity. 

 “code framing” is a possible variant for the above term that would be more explicit for 

this context, but will not be used. 

 framing in general has a specific meanings in social sciences10. 

 The “Framing” facet in the code frame was not meant to be profound, rather it simply 

made a convenient catch-all facet. 

 The “Framing” facet suggests that the authors had an understanding that creating a code 

frame constitutes not only framing as a code organizational process, but that each and 

every code—by naming concepts with a particular language/perspective—is an act of 

framing. 

10 https://en.wikipedia.org/wiki/Framing_(social_sciences) 
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Figure 2-6. The “Framing” facet of the GROH code frame. 

As seen in Figures 2-1 and Figures 2-4 thru 2-6, facets that had more than one column worth of 

terms/categories were given broad “column headings.” Facets with one column were also given 

a column heading, which in those cases provide slightly more information than the facet name.  

This element of the code frame was helpful when arranging, or rearranging categories and terms, 

and in describing elements of the facets. For the Framing facet (Figure 2-6), column names were 

used for organization of the categories differently than under the other facets.  The columns 

under the framing facet can each be understood to modify framing, i.e., “framing by people,” 

“framing by big relevant concepts,” “framing by social issues,” and “framing by discursive 

tools.” 
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As a product in and of itself, the finalized codes and code frame are a resource for all project 

collaborators for accessing the collection. Facets, categories, and terms are intended to have no 

inherent value based on their position, but the organization and positioning has a purpose of 

mapping and placing the facets, categories, and terms specifically, distinctively, and predictably 

so that they can be referenced in the future in a consistent location. The code frame is essentially 

a topical map of areas learned about by the group that can be browsed and absorbed by the team, 

and potentially by a larger audience. The code frame potentially can be arranged as part of an 

online website, as is often a goal of digital OH collections.  In this context, the GROH 

stakeholder interviews are not being published. The material will remain in the control of the 

project data managers (i.e., Rabideau, with Lambert) and be accessed only locally until future 

interest or a new project context leads to further development. The code frame was used for 

research to support an engineering journal paper supported by the GR material (see Section 3), 

and it can potentially inform new research, writing, and discovery of new themes in the future. 

The Code Frame, collaboration and versions 

The code frame document embodies not only the work resulting from developing and arranging 

codes, but the group work processes involved as well.  Arriving at codes and a code frame 

requires the collaborators to learn about and understand each other’s disciplinary terminology, 

discuss differences between terms, make collective choices, and in general agree and/or 

compromise for the collective benefit of the group and project. In this project, the 

interdisciplinary team was comprised of members trained in sociology, philosophy, engineering, 

and oral history.  The intention was to create a code frame that represented both some depth in 

those subjects while being easily understood both by the other members as well as larger 

audiences. This work, performed in iterations by team members, represents an important mode of 
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interdisciplinary collaboration that is sometimes overlooked—that of true collaboration vs. a 

more simple, passive cooperation (Shockley, Tulowiecki, & Hirsch, 2015). The code frame 

developed (Figures 2-1 thru 2-6) is a uniquely democratic representation of the interview 

collection because the thematic content represents an intelligence far greater than the sum of its 

disciplinary parts. 

An initial code frame version (Version 1, worked on by Shockley, Lambert, Robinson on 

12/3/15) was based on a selection of terms from the original “proto codes.”  The process 

included culling and refining those terms using printouts containing different organizational 

options, coupled with notecards, sheets of paper, pens and markers, and a large conference table 

to test various arrangements. Refinement was largely comprised of agreeing on, altering, or re-

composing words or groups of words to establish a code/concept. For this process, the adage that 

two minds (or three) are better than one holds true and the mode of interaction, which involved 

between 2-5 people, also made the process efficient.  The mode could be described most simply 

as “rational discussion.” Some notable attributes of this particular discussion included collegial, 

open attitudes, with an equal balance between confidence in one’s own ideas and willingness to 

contribute, and a ready willingness to accept alternate opinions.  Also, all parties understood the 

scope of the endeavor and the limited amount of time there was to work, particularly together in 

person.  This resulted in a team motivated to make concrete decisions about word choice and 

organization very rapidly and very definitively. Although some decisions would be tabled and 

delayed if difficulties occurred, for the most part, finding agreement and making decisions was 

not challenging in this particular context. 
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Once the initial code frame was established, Lambert applied the code frame to all of the 

interview unit annotations that were available up to that point in time (approximately 20 

interviews). Codes were assigned based on reading the annotations for an interview, and the 

applicable codes were assigned to the unit annotations in the master project spreadsheet11. This 

trial application, along with additional proto codes from incoming interviews, were used to 

inform the development of an updated code frame, Version 2.0 and shortly after Version 2.1 

(printed on 6/15/16).  No major revisions to the code frame were made after Version 2, 

particularly to its structure at the facet, column, or category level. Some new terms were added to 

the frame leading to versions 2.3 and 2.4 based mostly on changes prompted by later interviews 

that focused on GR professionals and revealed new subtopics in that area.  Also, applying the 

later code frames (2.2 thru 2.4) to new interviews revealed some small but obvious gaps in the 

code frame. For example, the topic of “US/Canada Differences” was not added to the code frame 

until Version 2.3 (in Aug 2016), even though that topic was discussed in the very first interview 

(with a Canadian hydrogeologist).  Version 2.4.3 (2018) is the latest version of the code frame, 

reflecting changes made up and through the John Cherry interview (one new term added, “Extent 

of the problem”) and the Michael Kavanaugh interview (final interview, no additions to the code 

frame). 

Version 2.2 was the first version used to code all the interviews completed to date, which was 

done in spring of 2016.  Interviews conducted in May 2016 or after were coded using version 2.3 

or later.  The fact that changes were made to the code frame after a significant portion of the 

collection was already coded potentially could be of concern.  To remedy this issue would 

11 The optimal setup for applying codes is the same as the first two steps for content retrieval, outlined in Section 

2.3.4. 
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require a complete re-code with the “final” code frame, if and when it can be established. That 

would require one, and ideally multiple researchers, to revisit all of the coding choices and 

recode where necessary, to assure that terms added late are considered throughout and to cross-

check consistency in coding.  However, 

 Two final interviews for the project were completed, annotated, and coded only recently 

(June 2018), so the final version “2.4.3” has only just been made available. 

 Some terms added in the latest versions did get coded retroactively, to the extent the 

coder (Lambert) was able to recall and easily find earlier instances where a new code 

belonged. 

 17 terms were added to version 2.2 (184) to create version 2.3 (201). Another 20 terms 

were added between versions 2.3 and 2.4.3 (221). Thus less than 10% of the code frame 

was changed by late additions. In some cases, codes added later may in fact only apply to 

the later interviews. 

 The 184 codes in Version 2.2 are an extensive representation of the collection, and 

include the major project themes. They also adequately supported the research/writing in 

the first draft of Section 3. Additional codes added can mostly be considered “gravy.” 

 If coding consistency and reliability is a goal to be optimized and maximized then a 

multi-coder process should be established and executed. 

Arguably, the code frame and its application as it stands are adequate for providing robust access 

across the collection.  Investing time on “perfecting” this incarnation of the project code frame 

would have to be weighed and considered against other potential refinement efforts.  For 

example, if the team were reassembled to work on code frames, time might be best spent creating 
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and coding with new, more specific sub-topic or sub-discipline code frames.  For example, a 

code frame has been created (drafted) for GR and engineering and is presented below. 

Supplementary Code Frame for GR 

A disciplinary-specific GR code frame was drafted for the specific topic of groundwater 

contamination.  This code frame, seen in Figure 2-7 & Figure 2-8, was approached in a similar 

manner to the code frame discussed above.  Though this code frame was not used to code the 

main set or a subset of unit annotations, that process could be done in the future.  Even without 

direct linkage to the annotations, this code frame was useful in the research process.  As with 

creating any code frame, it is a means to take inventory of subject matter, condense ideas that are 

similar, or establish distinctions using explicit language.  Drafting the GR code frame helped 

inform and fine-tune questions for later interviews by getting closer to the subject matter even as 

the interviewing, review, analysis, and coding was still underway. This GR-specific version was 

also used to identify a subset of topics for initial, exploratory writing in GR (in support of 

eventual journal publication), shown in Figure 2-9. 
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Figure 2-7. Code frame specific to research in GR, 1 of 2. 

Figure 2-8. Code frame specific to research in GR, 2 of 2. 
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Figure 2-9. Example of use of the GR code frame for selecting initial writing topics. 

2.3.4 The PRMP and content retrieval 

The data created, built up, and otherwise assembled in the OHDI processes can be managed, 

presented, or accessed in different ways.  To distinguish data from the OHDI systems and 

software that surrounds it, a new term was applied to the data with its metadata: processed 

recording and metadata package, or PRMP.  A variety of data layers lie within the PRMP, 

including in this case interview recordings, their Unit/Story annotations, content analysis and 

code development data, and code frames.  A PRMP can be viewed or accessed in a range of 

formats and forms, including in hard copy or electronic formats. A PRMP also spans the divide 

between OH “data” and “metadata” that many OHDI systems keep divided by design (see the 

OHMS system, see Section 4) 
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Accessing a PRMP after all the OHDI project operations are complete is a matter of access to the 

files, both in terms of physically having the correct, up to data files, and having the right 

software tools to open and interact with them.  For the GROH PRMP, three formats were used 

for various purposes at different phases, including database software (Interclipper and Microsoft 

Access), spreadsheets (Microsoft Excel and Google Sheets), and documents optimized for print 

that force a PRMP into paginated formats (Adobe Acrobat PDF, Microsoft Word and Excel 

docs). For OH, one typical arrangement for a collection is to have it published on the web 

through a digital library, where it becomes more widely available.  Here, the collection was 

conceived of and processed as an unpublished body with more emphasis on research priorities 

than content distribution.  Thus, under current presentation software capabilities, the primary 

mode for retrieving data in the collection is through the filter features of spreadsheet programs, 

which allow robust access through a combination of searching and browsing. 

The setup for exploring and retrieving the project PRMP via the codes is similar to the set up 

when initially coding the unit annotations. Two spreadsheet docs need to be brought up in Excel 

or Google docs, and the “find” and “filter” functions should be understood and used. The 

following are specific instructions with example documents (with their current doc names, which 

may change but will be similar): 

 Use the Code Frame, latest version. Having the code frame available, if possible both 

digitally and on paper, allows one to perform searches on the existing terms that can be 

recalled, and to revisit less familiar areas of the code frame via its internal geography of 

themes.  Searching by words/characters is easiest in Excel. Browsing the internal, 
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constructed logic within the code frame is often more convenient on paper. (File: NSF 

Framing v2.2.xlsx; Tab: “Version 2.4.4 Dissertation” available in team project Dropbox 

folder, “NSF Grant Support Materials”) 

 Bring up the master document with all annotations, currently found as a Google Sheet, 

(File: Interview Coding MASTER + Year 4 thru Kavanaugh; Tab: “MASTER w/Year 4 

Formatted Numbers In, Duration”) which includes all interviewees and all the coded 

material for the project. Viewing this file benefits significantly from a having a fully 

expanded window on the computer, and/or a large extension monitor. 

 Use “Find” for basic searching. In both Google sheets and Microsoft Excel, the “Find” 

or “Find and Replace” feature can be used to quickly locate occurrences of a particular 

character string, which can be specified to include different columns (i.e. data fields) such 

as annotation passage titles, annotations, or codes. 

 Use the filter feature. Using “Filter” in Excel, or “Create a filter” in Google Sheets, 

select the row with the code frame column headings (the filter may already be applied by 

default). Select the filter feature to turn the row into a series of selectable drop down 

menus. When selected, one can see the code frame terms for a particular column in an 

alphabetical list.  Multiple codes can be selected in each column, and once “Okay” is 

pressed, only the rows (i.e., unit annotations) containing the selected codes will be in 

view on the spreadsheet. 

 Use multiple filters for advanced browsing and searching. After a filtering selection is 

made in one column, the unit annotation “hits” will be displayed, including their original 

row number on the far left of the grid.  Each menu in all the other columns will display 

the terms/topics that can be used to further filter the results. This is especially useful 
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when an initial search term yields many results—it can then be reduced by selections in 

another column.  Filters can be added and taken off in any order, which gives the 

filter/browsing process flexibility and can facilitate an exploratory, even playful 

meandering through the themes. 
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3. Perspectives on groundwater remediation: Insights from oral history 

3.1 Background and Context 

This Section explores and elucidates the long-standing and current challenges in the field of 

groundwater remediation/restoration (GR). GR has emerged and evolved as a practice since the 

passing of several key environmental laws, including the Comprehensive Environmental 

Response, Compensation, and Liability Act of 1980 (CERCLA), better known as the 

“Superfund” Act.  The extent and level of groundwater clean-ups pursued under that law have 

not succeeded to the degree originally anticipated (e.g., NRC, 1994, 2005, 2013). In particular, 

removal of subsurface chlorinated solvents and other recalcitrant compounds has been and 

remains challenging technically—particularly because the default goal has been to restore 

groundwater to standards of drinking water purity. 

One early technology/approach expected to clean up GR, pump-and-treat, was showing 

diminishing returns by the late 1980’s, just as the true extent and complexity of GR’s challenges 

were being realized (D. M. Mackay & Cherry, 1989). Key discoveries included the potential for 

downward spread and the recalcitrance of dense non-aqueous phase liquids (DNAPL) (NRC, 

1994), the relationship between DNAPL and traveling contaminant plumes (NRC, 2005), and the 

phenomena of recontamination of clean groundwater by contaminants absorbed into and later 

released from certain soils--a process known as “back diffusion” (Chapman & Parker, 2005). 

Water contamination sources can be distributed extensively at sites, limiting their removal, and 

assuring that groundwater contamination is persistent.  A number of technologies have become 

available for GR over the years, including physical approaches like extraction technologies, 
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thermal treatment, physical containment, permeable reactive barriers, as well as chemical 

transformation processes, bioremediation, and monitored natural attenuation.  

Technical Impracticability (TI) waivers were an early response to DNAPL (USEPA, 1993) and 

for difficult sites that could not be remediated to the legally-required drinking-water standards.  

TI was among several “alternative endpoints” that were later inventoried in 2011 (Deeb, Hawley, 

Kell, & O’Laskey, 2011). Deeb et al. discuss concepts that involve essentially relaxing the 

remediation process to occur over longer time frames, predicated on long-term oversight of sites. 

Monitored Natural Attenuation (MNA) of contaminant plumes is a concept that is passive and 

requires time to reduce contaminant levels, MNA is likely viable where biodegradation potential 

is high, like in petroleum contexts (USEPA, 1999). Adaptive Site Management (ASM) was 

presented initially by the National Research Council (NRC) in 2003, and recently was 

resurrected in the context of an Interstate Technology & Regulatory Council (ITRC) 

“Remediation Management of Complex Sites” guidance (ITRC, 2017). An additional approach, 

long-term management, was introduced as part of ASM (NRC, 2003) and also embraced by NRC 

later (2013) as well as in 2017 by the ITRC group (ITRC, 2017; Price et al., 2017). ITRC is a 

public-private coalition that assembles research teams, develops training courses, and produces 

documents that expand technical knowledge and inform regulatory decision making (ITRC, 

2018). ITRC is an entity comprised of industrial affiliates as well as public, tribal, emeritus, and 

academic “stakeholders” who form teams, produce documents, and offer training for over three 

dozen environmental cleanup topics, most of which involve groundwater or GR either directly or 

indirectly. 

58 



 

 

  

  

  

  

 

   

  

    

 

 

   

 

   

 

   

  

    

  

The groundwater restoration oral history (GROH) research project, described in Sections 1 and 

2, initiated an extensive inquiry in GR beginning in 2013. Using new approaches based on oral 

history (OH) and related methods, multiple non-technical GR topics were explored qualitatively.  

Through documentation and analysis of the experiential knowledge of GR practitioners, the 

group was able to supplement the scientific and technologically-focused emphasis in the field 

with perspectives on the non-technical aspects of GR (including commentary on technologies 

themselves).  ASM and long-term management are topics that were given particular focus during 

the interviewing, with dozens of other themes arising both as a priori questions by the 

researchers, and as topics that naturally emerged from interviewees’ GR experience.  The use of 

OH in GR essentially allowed several ideas, concepts, and dialogues that were already occurring 

in GR, formally and informally, to be expressed more explicitly and be enriched by multiple 

perspectives. An overview of the themes discussed is given in Section 3.3.1, followed by 

specific results from each theme. 

3.2 OH Methods and Interview Subjects 

Oral history (OH) was employed as a research method and a way to generate an alternate form of 

data in GR--data that are anecdotal and qualitative in nature.  Approximately 37 interviews were 

conducted, with 30 of those interviews being specifically focused on “groundwater” 

practitioners.  Interviewees included a broad sampling of environmental remediation 

stakeholders. Many interviews were conducted by a team of collaborators (See Section 1.4). 

Later interviews, conducted and analyzed by environmental engineers, were focused primarily 

on groundwater topics (with some exceptions) and included academics, consultants, lawyers, 

regulators, and responsible parties. As with most OH projects, this research began with a broad 

question: “why does groundwater take so long to clean up?” Interviews included prepared 
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questions as well as some that were improvised in real-time in response to the interviewee’s 

topical choices.  These topics included the technical and the interrelated non-technical (e.g., 

social, legal, political, financial) issues in GR. Beginning with a variety of “known” themes, 

interviews took a variety of shapes and directions as OH narrators shared their stories, 

experiences, and overall GR worldview. The diversity of content was managed after the 

interviewing using techniques for organizing and indexing from OH. 

The recorded interviews were managed and analyzed using methods presented in Section 2. The 

analysis process began with establishing explicit “timecode passages”, roughly 5-10 minutes in 

length, which were specifically named and annotated with summaries throughout and across 

interviews, per the “Unit/Story” method (Lambert & Frisch, 2012). These annotated timecode 

passages then became the basis for qualitative analysis (QA), where additional coding and 

indexing was added to each passage making them retrievable by theme.  Many GR themes were 

integrated in the interview prompts and were obvious additions to the coding, while other themes 

emerged from the interviewees and had to be identified, inventoried, and organized during QA. 

QA began once a critical mass of interviews was completed (e.g., 20+ out of 36).  The result of 

the QA work was an overall thematic map with the most prevalent content across all the 

interviews listed and ordered—essentially an “as built” map of the OH inquiry and results (see 

Section 2.3.3). 

The OH interviewing project focused on testimonies from groundwater “stakeholders.” 

Interviewees themselves referred to three types of stakeholders: 1.) anyone who has a stake in a 

project, whether involved or just interested, 2.) community members only, i.e., not including 
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those actively engaged in GR technical and administrative processes, and 3.) only those with a 

financial or other responsibility toward a project.  In this essay, definition # 1 is used, unless 

otherwise noted.  

The 37 stakeholders interviewed in the project included: 

 Regulators, USEPA federal, USEPA regional, and State (11) 

 Consultants academically-based (8) 

 Consultants firm-based (9) 

 Responsible party (RP) / Site owner (0) 

 RP / site owner technical consultants (13) 

 Industry/government RP staff engineer (2) 

 Academic researchers (8) 

 Citizen liaisons, Representatives, Affiliates (technical and non-technical) (8) 

 Activists, Organizers (6) 

 Environmental attorneys (3) 

 Environmental economist (1) 

 Canadian academic researchers/consultants (6) 

Several interviewees fell into multiple categories. Interviewees will only be identified in these 

general categories/terms, or some variant thereof. 

3.3 Results and Discussion 

This section includes a presentation of some GR themes, both long-standing, and newly 

discovered through interviewing.  Five themes are outlined in terms of their current literature in 

the GR field. These themes were enhanced by commentary and input from the OH interviews. 

GR Themes: 

 Technical Impracticability (TI) 

 Adaptive Management and ASM 
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 Long-term Management 

 What is meant by a “complex” site 

 Site Characterization 

Additional GR themes are new to the field, and are informed almost entirely by the GR oral 

histories.  New Perspectives in GR: 

 Community Engagement/Public Participation 

 Property Values 

 Consultant Competency 

3.3.1 Topical Overview: Bulk results OH of GR and content QA 

The primary products of this OH inquiry in GR are the original interview recordings, the 

timecode passage summaries made within and across all interviews, and QA/indexing data 

themselves (the latter two of which are referred to as “metadata” in some OH / digital library 

contexts).  For this project, the recordings themselves are not being published12, but will be 

archived at State University of New York at Buffalo and remain available for up to five years for 

future research purposes.  The timecode passage summaries are a practical asset in that they will 

continue to make the collection accessible, either for original project team members, or future 

researchers given permission.  Similarly, the QA work and indexing scheme will allow anyone 

wishing to retrace and/or advance the steps taken thus far to do so.  Future applications might 

include further research in direct service to GR and the GR community, like an expanded GR 

OH project adding more interviews. 

12 This was by design, and interviewees understood that they would not be quoted or excerpts of their recordings 

shared without explicit consent. 

62 



 

 

 

   

   

 

  

  

 

 

  
  

 

   

    

  

 

                                                 
            

           

NSF INSPIRE Groundwater Restoration Interview Code Frame- Example 
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QA themes that emerged from the GR interviewing were organized within a “code frame,” 

which is both a process and also a document where the hundreds of QA terms that emerged in 

interviews were categorized, presented in detail in Section 2. An example of part of a code 

frame is given in Figure 3-1, showing the spatial layout for codes. By placing terms in a sensible 

order, users of the frame can internalize its shape, form, and patterns.  Meaningfully organized 

QA terms keeps them easily available for discussion with colleagues, for referencing codes when 

adding them to new interviews, for providing a meaning-rich, map-like interface for entry for 

anyone approaching the collection, and as a direct resource for researchers developing 

publications. 

Figure 3-1. Part of the “code frame” used to organize, or map, QA codes for a GR OH. 

3.3.2 GR Theme: Technical Impracticability (TI) (26/53813 timecode passages) 

Technical impracticability (TI) waivers are a mechanism outlined by (USEPA, 1993) for 

waiving, in cases where remediation is not an option, the applicable or relevant and appropriate 

requirements (ARARs) for groundwater.  The TI process involves application by responsible 

parties (RPs) to USEPA regulators, and decisions are typically made by the USEPA regional 

13 These numbers represent the number of timecode passages coded for this particular topic and retrieved for use 

here, e.g., (26), out of the total number of timecode passages available in the collection (538). 
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administrator.  TI drew substantial interview commentary, particularly from USEPA regulators 

(both federal and regional) and veteran consultants who work both as academics and in private 

settings.  Regulators pointed out that TI is a viable option that gets used with some frequency 

when the conditions are right.  At the same time, regulators noted that TI has limits as a tool, and 

conditions apply to its usage.  Of the limited number of site owners / RPs interviewed, none 

reported particular difficulty with the TI process.  Some consultants whose clients are RPs did 

express frustration with the underuse of TI, and/or its barriers to more frequent use. 

Regulators on TI 

Several interviewees reported, and expressed, arguments about TI underuse.  USEPA 

representatives, familiar with such critiques, outlined important aspects of TI that tend to be 

either unknown or frequently forgotten: 

 The geometry of the “TI zone” is critically important, i.e., defining the specific 3-

dimensional space that is eligible within a larger site. TI waivers do not operate on entire 

sites, only the intractable portions of them. 

 The TI waiver process takes time and money, and success is not a given. That being said, 

very few attempts made in close cooperation with USEPA have been declined. (i.e., there 

is a cost of entry, in terms of time, money, and bureaucratic inconvenience in the 

application process) 

 TI typically involves a contaminant source zone area. At many sites, that still leaves an 

associated plume that will still require ongoing attention. 

 TI is not a path for avoiding the regulatory process for a site. It waives drinking water 

standards for the TI zone, but regulatory requirements for the remainder of the site do not 

change. 
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 Significant remedial action preceding TI is expected, a “due diligence” effort.  An 

“upfront” TI waiver (i.e., one based only on some attributes of a site that make it 

objectively difficult to restore, expensive to restore, or otherwise “complex”) does not 

exist. 

 USEPA proceeds with caution regarding TI waivers because they are final. A TI decision 

made could last hundreds of years. 

Some additional points made by regulators about TI that would be worth considering for anyone 

wishing to understand the process better include: 

 There was a misconception in early TI guidance that the presence of DNAPL at a site 

could warrant and expectation of eligibility. This was, and is now, not the case. 

 Fund-lead TI waivers granted are in the minority--most are led by RPs.  This fact 

suggests that USEPA is exemplary in executing adequate due-diligence before resorting 

to TI even when it is in the “owner” seat. 

 The role of USEPA headquarters vs. USEPA Regions in TI waivers is to consult on 

proposals, but not to approve/disapprove.  Regions make decisions, while headquarters 

assures consistency and “watches for lowering standards” at the national level. 

 The above points and other observations lead USEPA to conclude that TI is now “as hard 

as it should be.” (More rigorous than in the 1990’s, but not prohibitively 

difficult/impossible.) 

Consultants on TI 

Consultants had a variety of opinions on TI, ranging from acceptance to frustration. For example, 

one consultant from a large, private consulting firm expressed the view that there is an over-
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reliance on, or over-deference to, TI.  Emphasizing the importance of righting mistakes in 

characterization, design, and implementation, the consultant criticized competitors for 

overlooking major mistakes and too-soon claiming a case for TI.  In contrast, another 

experienced consultant based in academia, expressed multiple frustrations with the reluctance of 

USEPA to grant TIs more readily.  This particular person had difficulty in USEPA Region 4, 

where they do not grant TIs, but also disliked the general pattern of spending significant money 

(e.g., at a major DNAPL site) toward a partial cleanup only. “What’s the point?”  The source of 

this frustration had to do with USEPA’s automatic deference to the regulations, as opposed to 

taking a “holistic,” “realistic,” view of a particular site that would be a “perfect TI candidate.” 

Other consultants expressed similar positions about USEPA’s apparent rigidity and even 

resistance to TI, while another, centered in academia, cited a specific example where poor design 

might have led to a TI request.  Regardless of these experiences with TI, these particular 

consultants advocated approaching sites methodically and systematically, and expressed 

confidence in their own ability, and the GR engineering processes14 they use, to reach the best 

result possible. 

Enough “try” to warrant TI 

Interviews with GR stakeholders, as well as informal conversations during the project, have 

indicated that there is an amount of effort toward the cleanup process that is necessary before a 

TI waiver will even be considered. As put by one regulator, an RP must demonstrate that even 

the most aggressive action will still not meet MCLs (maximum contaminant levels). Although 

these “best efforts” are not formally measured in dollar value, there may be a dollar value 

14 One summarized the process as 1. Choose the right technology (and project the performance); 2. Apply it the best 

possible way (run the system); 3. Verify it was applied best way (monitor); 4. Wait for the outcome, adjust system. 
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correlate that demonstrates adequate effort. For example, multiple USEPA regulators and RP’s 

consultants cited projects where $10-15M was spent at sites before a TI waiver was granted.  

This amount was necessary to clean what’s possible, reduce sources, and/or clean some portion 

of a large (e.g., DNAPL) problem.  Also, at least two example sites mentioned that received TIs 

were facing cost of cleanups (or partial cleanups) on the order of $500M.  The USEPA has no 

formal or informal rule about cleanup cost and the likelihood of TI.  However, a correlation 

based on research across multiple sites might help RPs set expectations regarding the TI process.  

Punitive tie to TI and “large time” TI 

Another academically-based consultant provided some interesting insights about TI waivers, 

suggesting some “unspoken rules.” This individual, like others, was familiar with a site that was 

facing a $500M cleanup and was granted a TI after spending $15M on cleanup efforts.  This 

individual observed that to some degree, the costly path to earning a TI waiver is part of a larger 

punitive infrastructure that lies within Superfund and other environmental laws. The costs of 

getting to the point of TI eligibility are, among other costs, a deterrent to future pollution creation 

or mismanagement.  Another possible “unspoken rule” about TI was also contemplated by this 

academic, who suggested the existence of an “implied TI waiver,” or “implicit TI waivers.”  This 

individual’s perception was that when a big site is granted a permit that allows or defers to a 

large cleanup time frame, it is an “implied TI waiver.”  Put another way, there are “rules for big 

sites,” effectively TI waivers, “whenever you buy large time.” 

A TI narrative 

Another veteran academically-based consultant had some similar comments about TI and 

presented a sequence of developments over the history of TI.  This person said, from experience: 
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 Few projects are truly chasing MCLs.  The norm is to try something reasonable, try hard 

(which could have a dollar and time component), and discuss it later. 

 When TI began, there was a hope everyone would agree that there was some set of 

conditions that could not be cleaned up (e.g., fractured, DNAPL, 300ft down), and the 

“try hard and spend money thing” could be skipped, going right to management. They 

expected technical people to agree on the conditions. 

 People hoped there would be a second group of sites, still tough to clean (slow, costly), 

but that only needed an approach to demonstrating that it couldn’t be brought back to 

natural conditions. 

 This intention and premise was good, but the implementation fell apart, with all parties at 

fault (RPs and regulators). 

 Industry tried to push non-cleanup by technology as evidence that the site can't be 

cleaned up, which included too many presumptions. 

 As RPs tried to take too many sites through that door, regulators lost trust. 

3.3.3 GR Theme: Adaptive Management and ASM (26/538) 

Adaptive management is a concept that has been used in ecological/environmental applications 

spanning several decades (e.g., Clewell & Aronson, 2007; Holling, 1978). Adaptive site 

management is a version of adaptive management which was adopted for hazardous waste 

cleanup contexts and has remained a tool in GR research and work (Price et al., 2017). ASM was 

introduced to the groundwater restoration community for managing hazardous waste sites in 

2003, in a multi-authored National Research Council (NRC) committee report titled 
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“Environmental Cleanup at Navy Facilities: Adaptive Site Management (NRC, 2003).”  That 

work defined adaptive management and ASM as 

“an approach to resource management in which policies are implemented with the 

express recognition that the response of the system is uncertain, but with the intent that 

this response will be monitored, interpreted, and used to adjust programs in an iterative 

manner, leading to ongoing improvements in knowledge and performance. (NRC, 2003)” 

ASM is described in depth by NRC in prose and also in flow chart form, in Figs. S-1 and 2-7, 

and the components are framed by “management decision periods,” or MDPs15. MDPs are 

formal evaluation periods where some or all project stakeholders can consider monitoring and 

other data and potentially execute a management decision.  MDPs add a broad temporal 

sequence to the chart’s feedback loops while signaling practical, managerial applications made at 

distinct phases.  MDP #4, or “long-term stewardship,” is established as synonymous with “long-

term management, (p.15)” used previously by the Department of Defense (DOD) (p.71).  This 

original presentation of ASM, and of long-term management/stewardship was not adopted 

widely at the time, though both have been revived more recently. 

ASM was embraced centrally as part of the recently completed “Remediation Management of 

Complex Sites” working group for the Interstate Technology & Regulatory Council (ITRC).  

Price et al. (2017) define ASM as “a comprehensive, flexible, and iterative process of 

remediation management… to iteratively evaluate and adjust the strategy for remediation 

management in response to remedy performance.”  Price et al. summarize their updated ASM 

process/approach in the article, and present it in more detail in the ITRC Remediation 

Management of Complex Sites report (ITRC, 2017). Some notable updates in the 2017 version 

15 Four MDP phases are emphasized, and include #1, remedy selection, design, and implementation (and 
monitoring plan), #2, performance related monitoring, #3, experimentation, evaluation, remedy 
modifications (“adaptation”), and #4, long-term stewardship. 
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of ASM include an emphasis on “complex” characteristics or attributes of sites, e.g., geologic, 

hydrogeologic, geochemical, contaminant related conditions, site size/scale, or a combination 

thereof.  Building on work of another ITRC group focused on DNAPL (ITRC, 2015), Price et al. 

embrace the concept of Integrated Site Characterization (ISC).  They also make more explicit the 

“long-term management” concept by introducing a “long-term management plan” as a central 

part to the latter phases of ASM.  The ASM processes and its elements are organized differently 

than in 2003, emphasizing newer concepts like remediation potential assessments, site, interim, 

and functional objectives, and adaptive remedy selection, which included “transition 

assessments” (introduced by NRC, 2013). 

Adaptive management and ASM were topics raised prevalently during interviewing.  People 

with background in the groundwater field were mostly familiar with ASM, as presented in 2003 

(NRC), and many were also familiar with adaptive management as used in other contexts, 

including in ecological restoration and for nuclear sites.  Interviewing provided an opportunity to 

reveal GR practitioners’ understanding of these adaptive processes and the potential for learning, 

experiments, and research that could be carried out in the context of adaptive management and 

ASM. 

ASM 

One researcher, based in academia, pointed out the most obvious and broadest critique of ASM, 

asking the question, “Is this anything new?”  A similar comment came from a researcher 

experienced on government projects, pointing out that these approaches already exist in some 

form or another.  Another researcher focused on field work noted that versions of adaptive 

management are already being tried, ad hoc, and “trial and error” remediation trials, especially 
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ones at full-scale, have value.  Hence, there is a comfort level exhibited with the “adaptive” 

notion without its formalization.  USEPA personnel pointed out that ASM originated as part of 

their own “Triad” program (e.g., Crumbling, Hayworth, Johnson, & Moore). Hence they are also 

comfortable with the concept to some degree.  However, a challenge for USEPA in adopting 

ASM formally and implementing it countrywide, is that it will require training of USEPA’s 

approximately 500 RPMs. 

One particular element that affects ASM is the Record of Decision (ROD) component of a 

Superfund project. As many GR practitioners pointed out, RODs can lock a site into a certain 

remedy for better or for worse.  As an agency person pointed out, there is nothing to prevent 

reopening a ROD, but there is some bureaucracy involved. (There is an investment, a cost, and a 

risk going in that direction, just like applying for a TI waiver.) In some cases, an RP may be 

signed on to a ROD that is a non-aggressive cleanup with fixed, predictable costs—a situation 

that might be advantageous and preferred by the RP, despite new remediation potential.  An 

experienced consultant based in academia pointed out that RPs sometimes do not want to open 

up new doors once they’ve committed to a process.  Also, the USEPA cannot force someone to 

change a remedy, just because something else would work better. So RODs can be a source of 

rigidity, in spite of well-intentioned ASM. There are, fortunately, mechanisms and newer 

approaches that make RODs more flexible.  RODs have options like an ESD (explanation of 

significant difference) and ROD amendments to provide some flexibility should a remedy need 

adjusting.  Also “interim RODs” are being increasingly preferred exactly because they support 

ASM that “starts small” and avoids comprehensive remedies.  This general approach is preferred 

by multiple consultants interviewed. 
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One limit of ASM pointed out by regulators and consultants both academic and by an RP 

representing the federal government is that ASM cannot be expected to work everywhere.  

Hence, the process is more of a tool to be applied under certain circumstances, not a blanket 

concept for the entire field. As many interviewees strongly emphasized, ASM is site-specific. 

This notion was also emphasized by a researcher who tests new technologies at field sites. In that 

area of research, technologies must be tested under the right conditions (i.e., at the right site), 

because they want to avoid a mismatch that would “give the technology a black eye.” 

ASM and research/experiments (16/538) 

In NRC’s (2003) presentation of ASM, an entire chapter was dedicated to “Evaluation and 

Experimentation,” which included a section called “Making research part of the cleanup 

program.”  An inventory of existing demonstration projects and government funding sources for 

research was presented, and the section conclusions included: 

 Evaluation and experimentation are integral to adaptive site management and should 

occur concurrently with remedy implementation. 

 DOD should better promote testing of innovative or new experimental technologies at 

selected sites both for site-specific application and if the results are likely to improve 

cleanup activities at other sites. 

 Congress should make sure there are funds available to support the evaluation and 

experimentation track of adaptive site management. 

Obstacles to research and experiments in the context of ASM were also presented by NRC, 

including resource issues, timing issues, regulatory issues, and socioeconomic issues. Another 
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concern about the experimental aspect of ASM was that “site managers may perceive evaluation 

and experimentation as somehow delaying completion of the project because time and resources 

must be spent on multiple activities” (p. 187).  This sentiment was echoed by during 

interviewing as well.  

Several perspectives were expressed by consultants who have worked for RPs who do not want 

distractions that may affect budget or workflow. An experienced consultant working for private 

industry characterized this problem with “words PRPs never want to hear,” which include 

“research project” and “try it.”  Others recognize their clients’ reservations about 

experimentation and research: “Why should my company be paying for research that might help 

people at other sites?” There are opportunities for the experimental aspect of ASM to occur in 

the form of piggy-backing on a large project, but it is welcome only on a limited basis, when the 

cost is only marginal.  One academic and consultant is always looking for research opportunities 

(e.g., trying out new diagnostic tools or tests) while understanding that companies do not want 

“to be subject to the regulator wanting to try the next best thing.” 

Some other challenges in GR pointed out by interviewees with regard to ASM research, 

evaluation and experimentation include: 

 Funding tends to favor new technologies and ideas; less value is placed on understanding 

more profoundly the longer-standing approaches, 

 Few technologies have been evaluated objectively, comparing designs across sites, 

 There is not enough looking back over patterns, over sites and over time, 
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 Although RPs / site owners / clients often do not see themselves doing research beyond 

their legal requirement, an exception may be large companies with multiple sites who 

wish to grow a knowledge base internally.  

 Contrary to assumptions about who does research, some private consultants see many 

sites over time and may be well or best positioned for research of long-term 

trends/patterns (especially if they have maintained data consistently across sites and over 

time). 

An example of corporations embracing research as part of GR cleanup operations is found in 

research collaborations through The University Consortium for Field-Focused Groundwater 

Research (the “Consortium”), based at University of Guelph, Ontario, Canada 

(https://theuniversityconsortium.org/). Established in 1987, this group has been affiliated with 

one-of-a-kind contaminant-release experiments at the Borden field site (Sudicky & Illman, 2011) 

and countless other research projects in the lab and field (https://g360group.org/). In this context, 

“trying” and “research projects” are acceptable as part of an industry supported experimentation 

model. One researcher active with that group pointed out that adaptive management has long 

been integral in their field-focused work, where it is common to go forth knowing that they do 

not have all the solutions: 

“So I’m a firm believer in adaptive management. If we don’t have the solution, we 
shouldn’t pretend we have the solution. And we should go forth with caution, but build in 

the process of updating our knowledge base and our framework as we get feedback from 

that process. And that’s not a new concept.” 

The Consortium work is an example that shows adaptive management/ASM can take place in 

contexts where supplemental research is supported structurally and is allowed to thrive 

unconstrained by a particular site’s or RP’s budget, timeline, or attitude. 
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Knowledge management (33/538) and its communication in ASM and GR 

Knowledge gained through research in ASM may be limited by its ability to be disseminated 

effectively. Regarding communication of lessons learned, as one academic-based consultant 

expressed, there is a problem in that consultants do not generally write peer reviewed papers, 

because the time required to do so is unbillable. One retirement-age consultant said, “There’s 

such a wealth of experience that is getting gray… we’re going to have to reinvent an awful lot of 

practical knowledge over the next few years, and that would be a shame.” Another veteran 

researcher echoed that sentiment, saying that knowledge transfer is poor, and those most 

experienced are retiring and textbooks and short courses will not suffice. Another academic-

based consultant noted that many sites are “stovepipes,” meaning lessons learned there do not 

migrate and educate others, necessarily. Also, despite the high quality publications produced by 

SERDP or NRC, they do not get read, much less integrated as knowledge. Shorter forms of 

media, like “FAQ” docs or demonstrative videos, can be important and powerful. 

Some GR consultants are hopeful about technology as being helpful to these processes.  One sees 

more information available in terms of internet accessibility and in particular the increasing use 

of webinars. Another example of computer-centered technology aiding GR education is the 

SERDP TEMPO (Training for Environmental Monitoring Performance Optimization) training 

tool.  TEMPO has a user interface and uses “virtual data sets” used to interactively simulate real 

sites and remediation scenarios for practitioners at multiple levels of experience (SERDP, 2018). 

Another obvious source of knowledge transfer in the field would include conferences, like those 

sponsored by Battelle (https://www.battelle.org/newsroom/conferences). The amount of 
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knowledge exchanged at the Conference on Remediation of Chlorinated and Recalcitrant 

Compounds over the past 25 years, as well as related conferences on contaminated sediments and 

bioremediation, facilitates an enormous amount of GR knowledge transfer. Nevertheless, one 

consultant brought into question the quality of information that gets exchanged there: "Most of 

the Battelle conference these days, in my opinion, is more sophisticated case studies to 

demonstrate how good you are in carrying out the work, as opposed to, you know, break through 

science." 

As discussed above, it is imaginable that some of the most efficient systems for sharing 

information may be in the hands of large, private consulting firms.  One consultant discussed 

their internal corporate knowledge network, which includes using internally managed documents 

like “Yammer” groups (Microsoft meta-commentary software) and web pages.  This structure 

provides all global affiliates, both experienced and novice, with a coherent knowledge base built 

on practical experience from projects.  Though consultants still must focus on efficiency at the 

project level, the organized body of data can be directly explored by emerging younger 

consultants as needed, and there are opportunities for using data collected over time and over 

sites for research. 

Another existing mode of knowledge movement in GR is through the practice of technology 

transfer.  Technology transfer is not limited to GR, having been well established by the mid 

1970’s (e.g., Grosse, 1996), including via an international peer reviewed journal, Journal of 

Technology Transfer (Springer, https://link.springer.com/journal/10961). Many interviewed note 

technology transfer’s importance to GR. There was disagreement between interviewees about 
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how much research should be done for the broader field or public good, as opposed to learning 

objectives focused on cleaning individual sites up. 

Knowledge transfer in GR sits in the context of many variables.  In terms of site difficulty, 

complex sites require sophisticated approaches that require experience, while many other sites 

are more “commodified” and "anybody can handle the problem." In terms of entities, in each 

company, agency, department, or group there are varying degrees of experience and there is 

variable knowledge among each individual within them.  At all of these levels, some knowledge 

is explicit, i.e., in forms that can be transferred to others, but much of it is implicit and harder to 

share. 

3.3.4 GR Theme: Long-term management (26/538) 

Long-term management is a phrase and a concept that has been used in GR in various forms for a 

several years.  More recently it was prominently presented in the National Research Council 

report titled “Alternatives for managing the nation’s complex contaminated groundwater sites” 

(NRC, 2013). Terms related to long-term management were seen as early as 2003 (NRC), 

including “long-term stewardship.” A similar concept, long-term monitoring (and the 

abbreviation “LTM”) has existed in parallel to long-term management since before 2003 and as 

recently as 2017 (e.g., Price et al., 2017). LTM16 and “long-term monitoring optimization,” or 

“LTMO,” were also established by USEPA and US Army Corp of Engineers document (USEPA, 

2005) and elsewhere since. In NAVFAC (2006), a Navy document about the site closeout 

process, long-term management is given its own abbreviation, “LTMgt” and explicitly defined: 

16The LTM acronym is definitively for long-term monitoring, not long-term management. It is defined as an 

acronym for long-term management in NRC, 2013 exactly once, apparently erroneously, on page 261. 
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“Long-Term Management (LTMgt) – Following the RC (response complete) milestone, this 

phase may be required to monitor long-term protectiveness of the remedy when the cleanup 

goals do not allow unrestricted use. Actions during this phase may involve groundwater 

monitoring, implementation and management of LUCs (land use controls), and conducting 5-

year reviews. Operation of an active or passive remedy is not included in the LTMgt phase. 

All such operations should be complete prior to meeting the RC milestone and start of the 

LTMgt phase.”17 

This particular definition has not been widely cited, but it will be used here as a starting point as 

previous and subsequent definitions of long-term management are reviewed, below. (in 3.4.1) 

The GR oral history (OH) interviewing project provided an opportunity to engage some of the 

ambiguities of long-term management by talking to a variety of GR stakeholders. (in 3.4.2) 

Some ideas on forming an eventual, formal, multi-faceted, and more comprehensive definition 

for long-term management are presented. (in 3.4.3) 

Defining long-term management—existing 

The most developed usage of long-term management is perhaps one established recently by the 

“remediation management of complex sites” ITRC team (Price et al., 2017). There, long-term 

management is described as “the period of site operations beginning with remedial design and 

including all post-construction phases of remediation management, monitoring, and evaluation of 

remedy performance.”18 Price et al. (and the related full report ITRC, 2017) also propose the 

concept of a “Long-term management plan” is defined in ITRC (2017), as: 

17 The Navy’s (NAVFAC) Long-term Management web page (https://www.navfac.navy.mil) still uses both LTM 

and LTMgt (access date January 2018). 
18This period as defined appears to envelop more of the remediation process, and earlier, than the one defined by 

NAVFAC (2006). Essentially, it is equated with the entire period of time of site operations. 
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“A living document outlining the remedy components, interim objectives, performance 

metrics, basis for predicting performance and decision criteria, schedule and basis for 

periodic evaluations and decision logic for remedy evaluation, optimization, modification 

or transition. The plan can be revised based on periodic performance evaluations.” 

A precursor to the long-term management plan, at least in name, is the “long-term stewardship 

plan,” referenced in 2003 (NRC) and cited in several earlier docs (NRC, 2000; Probst & 

McGovern., 1998). A “long-term monitoring plan” was also referenced by NAVFAC (2009). 

NRC (2013) refers frequently to long-term management, with “long-term management” in the 

title of the last two chapters.  However, NRC only gives only a footnote to define it: “long-term 

management is defined as requiring decades to centuries, well beyond the typical 30 years used 

to discount remedial costs. (p.14)” This is likely intended as a clarification for a particular usage 

in the text; no other definition for long-term management is given.  NRC also establishes long-

term management as a process for “complex” sites, an association made in 1994, 2003, 2005 

(NRC), in 2011 (Deeb et al., 2011), and 2017 (ITRC). NRC (2013) also highlights two distinct 

phases of long-term management: long-term passive management, and long-term active 

management. 

In other occurrences, the meaning of “long-term management” can be elusive not only because it 

is not well-defined, but its ubiquitous use risks confusing and/or saturating the reader.  Still, 

some elements of its meaning can be gleaned from context. The list below is an unofficial 

inventory of definitions (paraphrased) for “long-term management” (Deeb et al., 2011; ITRC, 

2017; NAVFAC, 2006, 2009; NRC, 2003, 2013): 
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 Literal: a form of management operating over long time frames 

 Financial: characterized by a time frame larger than the standard 30-year discounting 

period 

 Temporal: a phase in the remediation process, i.e., the indefinite end period 

 Administrative: a process alternate to remediation, e.g. an administrative state 

 Processual: “an integral part of ASM” 

 Adjective: a type of plan 

Another way the meaning of long-term management can be contextually derived is when the 

phrase is used to modify other words (nouns), as is done in countless instances in multiple 

reports. For example, when long-term management describes a word like “plan,” the entire 

phrase is interpretable without specific definition.  Similar examples include a “long-term 

management phase” (NAVFAC, 2006; NRC, 2013) and “long-term management costs” (NRC, 

2003, 2005, 2013), all used in a way that does not necessarily beg further definition.  Other 

examples, like long-term management “activities,” “approaches,” “considerations,” “operations,” 

“strategies,” and “end states” run the risk of being doubly obtuse when the meaning of “long-

term management” is not clear. 

Interviewee perspectives on long-term management 

The emphasis placed recently on long-term management in ITRC (2012) and NRC (2013) raised 

questions, engaged during GR interviewing, as to the intent of such an emphasis. Long-term 

management, especially in its most recent incarnations, seems to deemphasize a previous focus 

on technical solutions in groundwater restoration by emphasizing management-centered 

processes. Proposing this concept to interviewees, a range of responses came, with some GR 

practitioners asserting that we have already arrived at some state of long-term management. 

They cite that the most difficult sites are already drawn out in terms of costs and time, and in 
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some cases, aggressive remediation has already given way to processes that resemble 

management. Other interviewees interpreted long-term management to be a status yet to be 

named, defined, and most importantly, sanctioned by agencies.  While more than one USEPA 

representative said they could imagine long-term management developing into a concept to fit 

“in the toolbox” for some extreme cases, they would never condone categorization of sites 

conceptually, e.g., as “complex”.  Any categorical designation in avoidance of the regulatory 

process is not only discouraged by USEPA, they lament efforts in that direction as a waste of 

time. Another regulator expressed the view that long-term management is not at all viable, 

because too many of its elements are outside the structure of regulations.  

In general, long-term management was not taken up by interviewees to any great extent, nor with 

much enthusiasm. This may be due in part to its lack of definition—they do not want to talk 

about what they do not understand.  Many GR practitioners (especially active consultants) were 

aware of long-term management as an ongoing and recently revived topic, but the writings had 

little direct impact on their current work.  Some drew links between paths to site exemptions 

pursued historically—TI waivers, institutional controls (ICs), alternative endpoints—and long-

term management.  One technical liaison consultant envisioned (but did not condone) long-term 

management evolving into a mechanism by which site owners buy out the risk and responsibility 

of a contaminated site with a lump sum payment. 

The laws governing groundwater cleanup are seen as problematic by some. One particular issue 

raised by USEPA representatives and other interviewees is the current implementation of the 

Superfund 5-year review process. This issue was recognized by the NRC in 2003, pointing out 
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that “the five-year review process currently does not support reconsideration of remedies during 

long-term stewardship if the remedies are maintaining protectiveness of human health and the 

environment.” This presents challenges because in theory, a better remedy cannot replace a less 

efficient one if the existing remedy is protective. 

3.3.5 GR Theme: What is meant by a “complex” site? (35/538) 

NRC reports related to groundwater remediation have referred to “complex sites” since 1994 

(NRC, 1994, 2003, 2005) and the terms “complex” and “site” have been used together more 

recently as well (e.g., Deeb et al., 2011), in some cases, in the documents’ titles (ITRC, 2012, 

2017; NRC, 2013). In both NRC (2013) and ITRC (2017), “complex” is the qualification of a 

certain subset of all sites that will likely require or benefit from these new management 

approaches—ASM and long-term management. The most recent and most concise definition of a 

complex sites “refers to sites where remediation progress is uncertain and remediation is not 

anticipated to achieve closure or even long-term management within a reasonable time frame” 

(ITRC, 2017). In the report glossary, a longer, explanatory “definition” from the NRC (2013) is 

then referred to: 

“Although progress has been made in remediating many hazardous waste sites, there 
remains a sizeable population of complex sites, where restoration is likely not achievable 

in the next 50-100 years. Although there is no formal definition of complexity, most 

remediation professionals agree that attributes include areally extensive groundwater 

contamination, heterogeneous geology, large releases and/or source zones, multiple 

and/or recalcitrant contaminants, heterogeneous contaminant distribution in the 

subsurface, and long time frames since releases occurred. Additional factors that 

contribute to complexity include restrictions on the physical placement or operation of 

remedial technologies and challenging expectations (e.g., regulatory requirements, 

cleanup goals, community expectations). The complexity of a site increases with the 

number of these characteristics present” (NRC, 2013). 

In addition, NRC (2013) emphasizes that the most complex sites are in fractured subsurface 

media and with contaminants like DNAPL.  Sites with those features were also identified as 
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early as 1994 as “sites for which full cleanup of the source areas to health-based standards will 

likely be technically infeasible” (NRC, 1994, Table 7-1). 

From these definitions, characterizations, or attributes of complex sites, it seems unlikely that 

there will be a single sentence or otherwise concise definition of “complex.”  Complexity is 

multifaceted and some of the facets are qualitative in nature, making them harder to define or 

ever apply to sites.  In addition, no two sites are likely to ever share the same combination of 

attributes, so there can be no linear or cumulative characterization.  To deepen understanding of 

GR complex sites, commentary from the GR stakeholders may provide insight as to the breadth 

and depth of “complex” as it pertains to GR sites. 

“Complex sites” becoming a thing 

The most basic way to interpret the meaning of “complex sites” is to simply see the words at 

their face value.  For example, one RP uses the word “complex” informally with some 

frequency, but for that company it has not been parameterized to the point of distinguishing sites 

officially.  The NRC’s usage of “complex sites” in 1994, 2003, and 2005 are examples of a basic 

usage, and used minimally (13, 12, and 12 occurrences, respectively), and there seems little need 

for definition. Later, NRC (2013) relies on the term more heavily (120 occurrences), makes a 

direct tie to “long-term management,” and for the first time attempts to enumerate the “complex 

sites” currently inexistence.  Hence, “complex sites” evolved from an innocuous phrase to 

something resembling a phenomenon.  One example of this lies in the appearance of “complex” 

and “complex sites” in titles of several sessions/panels in the Battelle chlorinated conference 

2018 program (20 and 4, respectively), where neither appeared in the 2014 program. 
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“Complex” as many site attributes 

Complex sites have been characterized as such because of the presence of multiple complex 

attributes. One USEPA regulator points out that although the word “complex” does not originate 

from USEPA, “complex” can be recognized as an adjective for describing hydrogeology, 

contaminants, stakeholder difficulty, RP conflicts with community, etc.  This representative 

suggested it is best to not conceptualize “complex” as a global characteristic sites have, rather it 

should be only for individual complex site attributes. Many interviewees acknowledged how 

intangible complexities outside the technical realm can play in to overall complexity.  They also 

emphasized that even as the factors which contribute to complexity are multifaceted, every site is 

different and features its unique version of complexity—i.e., they are each one of a kind, 

supporting the notion of custom characterization. 

Geology as the top “complexity” 

If there was one aspect of sites that would be the strongest predictor of its complexity, it might 

be geology. Geology is cited as a complexity parameter in the earliest and the most recent NRC 

reports (1994, 2013).  Several interviewees mentioned specifically the extreme difficulty of 

remediating sites that feature fractured bedrock, that have karst environments, or are generally in 

hard rock environments with high-transmissivity zones.  In addition, one consultant noted that 

there can be big geologic differences over a small amount of area on one site, thus multiplying 

the complexity. 

Complex correlates 

Other concepts correlated to site complexity include a simple association to site spending history 

and projected cleanup budgets, where large sums of money spent, or expected to be spent, are an 
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indicator of complexity.  There is also a similar “time” concept, such as an argument made by 

one consultant that all the sites that remain incompletely cleaned up to the current day are, by 

default, complex. Another consultant suggested that a characteristic of a complex site is one 

where the remedy changes significantly within 10 years.  Those arguments are compelling, but 

conceivably moot if one accepts another consultant’s opinion on incompetence: only the subset 

of sites which have been worked on by the best people can be evaluated as to whether money, 

time, or remedy choices have been pushed to exhaustion.  All sites not cleaned up to date are in 

question, but the only ones worth evaluating are those that have been run by experienced, 

competent, or so-called “A-team” consultants. (This topic is elaborated on in Section 3.3.9.) 

What does a complex site “mean”? 

During interviewing, a number of comments were made about complex sites, including one 

consultant who prefers to call complex sites "big ugly sites that are going to be with us for a long 

time," and prefers to refer to them as “technically challenging” rather than complex.  Another 

commented that a label of “complex” might be a useful construct, because it points to sites where 

things need to and should be managed differently.  A more contradictory view of the “complex” 

concept came from consultants (one academic and one private) who suggested that there is no 

usable definition for “complex sites,” and the purpose or subtext of pursuing these definitions is 

seeking eligibility for some sort of exemption for a site, like a TI waiver. (That being said, most 

stakeholders seem aware that TI itself cannot be an escape of any regulatory process, as it 

involves engineering failure of technologies, not a site’s classification.) 
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“Complex” to the USEPA 

One USEPA representative embraced the idea of a complex site to some degree, suggesting that 

a result for the authors’ interviewing project could be to develop some conceptualization of 

complex sites that could be a conversation starter for discussion and debate. 

Another USEPA official embraced the complex sites concept, at least to the extent it was useful 

for an example about TI. The representative wanted to illustrate that the total number of TI 

waivers granted over the last 20+ years is in line with the number of complex sites estimated by 

the Federal Remediation Technologies Roundtable’s (FRTR).  If their proportion of complex 

sites is estimated to be 10%, then the number complex of sites on the NPL (1200-1500) would be 

120-150, roughly in line with the 105 TI waivers that USEPA has issued (as of 2015). 

Beyond those examples, USEPA approaches “complex” cautiously.  As stated elsewhere, they 

do not condone any effort aimed at quantifying complex attributes of sites toward some 

categorization or designation at the level of the sites.  Rather than defining complexity, one 

USEPA representative commented, site owners’ and their site owners’ consultants’ time would 

be better spent in more direct communication with regulators to explore options and understand 

the process better. 

3.3.6 GR Theme: Site Characterization (17/538) 

Site characterization is an essential element in the remedial investigation phase for a 

contaminated groundwater sites (USEPA, 2011). Site characterization contributes to the creation 

and revision of a conceptual site model (CSM), which becomes a focal point for design, 

budgeting, and other planning activities at sites. More recently, there is movement toward high-
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resolution site characterization (HRSC) which involves new technologies and techniques for 

making measurements on a finer scale, leading to better CSMs (e.g., USEPA, 2016). Site 

characterization was previously understood as a singular, isolated, and early-on event in 

remediation projects (e.g., USEPA, 1993, Figure 5) and is now is seen as being part of an 

iterative process that can get revisited in later phases of remediation (e.g., ITRC, 2015, Figure 4-

1). It is now conventional wisdom that better site characterization (with or without HRSC) is 

essential to improve the quality of the work and to reduce costs. Additional information about 

site characterization can be found at the USEPA’s Contaminated Site Clean-up Information 

(“Clu-in”) website (USEPA, 2015). 

Site characterization was an issue not often asked about specifically during interviewing, but it 

arose frequently from the narrators as something important.  While site characterization is still 

understood as a core challenge in the field, HRSC is an advancement viewed with hopefulness. 

Several interviewees commented on the broad limits of, or to, site characterization. Some 

federal-level regulators, though very interested in the potential and promises of HRSC, 

commented that it still might not be possible to drill enough wells to characterize the 

heterogeneity that exists at some sites. This sentiment was echoed by consultants, one of whom 

made the point that site characterization will always be a limiting factor, not to be superseded by 

any new technological advancements in remediation.  Site characterization often gets pushback 

from site owners, who see site characterization as a never-ending loop. Historically, some site 

owners have seen extra characterization as a hindrance or delay to advancing the actual 

solutions, i.e., reaching the remediation phase and cleaning sites up.  Now, even as recognition of 

the importance of site characterization increases, there may be other impediments to its uptake. 
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For example, after identifying shortcomings in source characterization at some sites, and even 

with new treatments available, one agency could not return to those sites because the dollars 

available were allocated instead for new remedial actions at other sites that posed new and 

unknown risks.  Another sentiment expressed about site characterization was that there is more 

work to be done in that area, and there is a need to understand just what and how much data is 

needed to truly understand a site.  Despite limits, new innovations in site characterization are 

generally welcome, especially compared to “trial and error” or “shot in the dark” methods of the 

past.  

Several comments were made during interviews that reinforce the notion that site 

characterization is an iterative process.  One interviewee gave the following unattributed quotes 

about characterization: “Remedy implementation is just the next phase of site characterization,” 

and “sources begin to reveal themselves as the remedy progresses.” An agency representative 

noted that some site characterization gets done during the remedial design, after a remedy is 

selected, which then leads to better cost estimates at that stage. One private consultant pointed 

out that there is an adaptive process associated with CSM development, as is outlined in NRC 

(2003) and more recently in ITRC (2017). Another ITRC document (ITRC, 2015) has its focus 

directly on Integrated DNAPL Site Characterization and Tools Selection and illustrates 

“Integrated Site Characterization” (Figure 4-1) as a cyclical “loop,” also adopted in ITRC 

(2017). 

The benefits of expanded site characterization have yet to be quantified, but many practitioners 

in the field are proponents, following the belief that it leads to better remediation and also cost 
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savings. An academically based consultant emphasized the importance of proper delineation of a 

source zone, because even with an aggressive remedy like thermal remediation, missing part of 

the source could have centuries-long repercussions. In one academic researcher’s opinion and 

experience, inefficiencies in cleanup projects have all been due to lack of appropriate site 

characterization. Another researcher felt that better site characterization is something regulators 

should demand, and that better knowledge about sites for future generations should be a priority.  

One veteran private consultant finds current capabilities, so called “precision remediation,” 

exciting.  

However, these new capabilities in and around site characterization raise a “value of 

information” question, as one private consultant and entrepreneur pointed out. This person 

claimed to have witnessed not enough time being spent understanding a site, including one case 

where a plume and source were missed entirely.  This person also relayed a story from a 

presentation (at the “Battelle Chlorinated Conference,” 2016) that included calculation of the 

costs of having a poor remediation model.  In this case they were able to quantify decreased costs 

later in the remediation process from more site investigation at the beginning. 

3.3.7 New Perspective in GR: Community Engagement/Public Participation (61/538)19 

The role of public participation and community engagement, both in a GR context and for 

projects related environmental cleanup, was a major topic during interviewing.  A range of 

attitudes were expressed, from those who felt that the dominantly technical nature of the 

problems in a program like Superfund made community input superfluous, to many others who 

19 Community Engagement (33/538), Public Participation (30/538) 
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said community participation was important, essential, and even dominant in decision making.  

Considered across many interviews, there was a strong consensus that each site is different, and 

the particular makeups of citizens who may be interested or active in sites is diverse. 

“Communities are as diverse as the country,” said one technical liaison.  

For those familiar with Superfund, it was well understood that community engagement is “built 

into” the law, referring to “community acceptance” and “community relations” requirements 

within the National Contingency Plan, in 40 C.F.R. § 300.430, sections c, e(9), and f (e-CFR, 

2018). Not all of the people interviewed about community participation were involved in 

Superfund projects specifically, but there was definite agreement, even from the most highly 

technical people interviewed, that bringing the community in to the process is extremely 

important.  The phenomena involved in community participation are for the most part non-

technical, but in some cases they are equally or more important than the technical priorities of a 

project. 

One extreme: “Administrative Rationalism” 

An academic and consultant who was formerly an industry engineer highlighted the prevalence 

of a “father knows best” viewpoint that was strong in the 1980’s among site owners/RPs.  The 

attitude back then was that “you need to dumb down the science and message” for the typical 

community member.  A perspective in that vein about community input came from an USEPA 

regulator who did not see the community directly affecting the set of complex problems/sites that 

were the concern of a particular department that seeks to understand DNAPL comprehensively, 

encourage technological innovation, and promote better site characterization all in service of 

standards-based clean up.  These views might represent one extreme on a continuum of public 
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participation.  John Dryzek (Dryzek, 2005) labeled this “trust the experts” approach as 

“Administrative Rationalism.” 

An opposing approach to solving environmental problems Dryzek calls “Democratic 

Pragmatism.”  That alternative might generally describe the state of community participation in 

GR illustrated in other examples, below. 

Opposite extreme: A staunch community engagement advocate 

In some cases, community participation has not only been disregarded as being important, but it 

has actively been resisted and or even attacked.  A community consultant/advocate based in 

academia, working mostly in Western New York State, pointed out that at times, community 

engagement has even been blamed for lack of productivity in the process, and framed in 

opposition to “getting stuff done.” In addition, various techniques have been used over the years 

intended to divide/weaken communities: like enforcing residency requirements for those 

involved, demonizing their advocates, dividing residents, creating leadership distrust, and 

stoking inter-agency conflicts. This particular academic took on the role as advocate to the 

community, with the simple goal of being a technical interpreter—so citizens understand what is 

going on as well as possible.  As this person has witnessed, communities can engage to a level 

that not only assures their fair participation, but where they can shape the decision making 

significantly, even superseding some of the barriers built into the laws/rules themselves.  

Speaking to community power and potential, another academic-based consultant emphasized the 

importance of establishing attainable goals in the process that meet a suite of needs that all 

parties buy into.  Even, and especially for chlorinated solvent sites, where molecule-level 

cleanup is unlikely, “a lot of the remedy components are not about contaminant reduction.” 
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Thus, even at a DNAPL superfund site where the technical challenges are extreme, the role of 

the community is far from irrelevant. 

Modes of Community Engagement 

Effective community engagement is predicated on a level of motivation to participate, usually of 

a subset of an affected community.  Agitation and conflict can be strong drivers, whether caused 

by disruption of people’s perceived or real environment, whether their property values are at risk, 

or other deep emotional reactions to a particular situation.  In general, a prerequisite for interest 

or action is that lives are directly affected by a problem.  Reactions might be a level of outrage 

that something dangerous is nearby that they did not know about, or does not belong there.  

Sometimes there is simply concern with how the work is done, rather than the work itself.  Both 

regulators and RPs have said the community input can affect things like whether waste will stay 

in or leave a community, or the timing and routing of trucks through a neighborhood.  

Communities have been known to champion and support in-place capped landfill because they 

understand the trade-offs involved.  Other examples revealed that people were taking greater 

interest in projects because they were keen to influence a result that led to new access to outdoor 

spaces, particularly for recreational use, as part of a remedy package. 

Some particular modes of community engagement are based on drumming up support on a 

grassroots level (i.e., public relations, or “PR”), or just assuring that communication is facilitated 

in the best way. An attorney associated with the original activism around Love Canal talked 

about good public relations, including exploiting photographic images that elicit public empathy, 

or seeking out the most articulate or attractive spokespeople. More recently, tactics have been 

adopted that equate to better communication. Some examples include: 
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 An engineer RP whose company prioritizes involving the community “early, and 

constantly” 

 Regulators and consultants who point out that traffic and noise are important among 

factors that are managed based on community input 

 A citizen representative for a Superfund site that favored the title “community 

information specialist” over “education specialist” to neutralize any air of authority or 

superiority 

 A state regulator who feels that trust has be enhanced by technological convenience, like 

being able to email a citizen a long report instantly 

 Another state regulator who finds 4-hour, open “availability sessions” far more effective 

a format than the traditional, required “public meetings” with question and answer.  This 

is because Q&A tends to invite off-topic “grandstanding,” and intimidate some who do 

not like to speak in public, leaving their questions unanswered. 

A common observation about community participation has been that changes have occurred over 

time, particularly attendance at meetings, measured informally.  In one community, meeting 

attendance was reported to be much higher in the past.  A state regulator in another community 

made similar observations and was readily willing to speculate as to the reasons for it.  In that 

particular region of New York State, a decrease in the number of calls corresponded with the 

retirement of a particular environmental news reporter (who asked hard questions) for the area’s 

largest, most prominent newspaper. And although certain projects/sites draw a lot of attention for 

their own reasons, sites under Superfund and the Brownfields program (described below in 

Section 3.3.8) have shown a particular lack of interest in New York State.  In some of those 

cases, an explanation could be that the sites are in big industrial zones with no immediate 

community to be directly affected.  This is consistent with the frustrations of an USEPA 

regulator who expressed frustration that at sites where they attempted outreach, no one shows up 

to meetings—these sites tend to be large, federal (i.e., industrial) sites.  Another explanation in 
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these cases of little attendance could simply be that the public does not care to engage, based on 

an apathy that has emerged and dominated.  A military RP representative also observed declines 

in meeting participation, but noted that some military (i.e., Base Realignment and Closure, or 

BRAC) installations are still of great interest to the community because the eventual goal is to 

have land transferred to the community, so they had a vested interest in a thorough cleanup.  

A more positive view on the reason for less public acrimony, involvement, and general 

participation, also the speculations of a New York State regional regulator, is that it is a result of 

trust that has developed as the art of remediation has progressed.  Projects are increasingly 

straightforward, and not controversial, and the agency appears to have the public confidence.  

Responding quickly with information (e.g., email) seems to put people at ease and reduce 

suspicion the “government” is hiding something from them.  An attitude that “the experts must 

know what they are doing” seems to prevail, even though in many cases it is understood that 

there is still contamination in the ground.  This comfort with contaminated material left in place 

was exemplified by one project in which the only protest about building a school on a landfill 

was the loss of trees by a resident who liked to hike there.  By way of summing up the 

change/evolution, this regulator said “I don’t hear the conspiracy theories anymore.” 

Reality checks for citizens and scientists 

Considering interviews from multiple stakeholders in GR, a number of discrepancies were 

revealed between perception or desire of a particular stakeholder and other realities that those 

players may have to accept, based on what other interviewees said. 
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Regarding community members, both a state regulator and a community technical liaison 

pointed out that there is a distinct and limited phase of the project where citizens have the 

opportunity for input or any significant influence on a project.  After construction ceases, that 

potential to influence essentially drops off, though regulators will continue to answer questions 

they may have a bout a site.  Also, across sites, there is a variety of types and levels of 

participation that control citizen input inherently. As a seasoned academic-based consultant 

pointed out, for sites like gas stations participation tends to be very low. At other sites 

(Superfund), public participation is formally required to be facilitated and even encouraged, 

resulting in high variability on actual uptake by the community (from none, to a lot). Some sites 

draw activism because they have factors alarming to the public, like health concerns, property 

values, etc.  And in each of those categories / situations, the makeup of a particular set of citizens 

is unique, and therefore so are the dynamics of the process. Community participation seems to be 

controlled somewhat randomly by the particular situation and who shows up. 

One USEPA regulator points out that citizens may tend to take up the more ideological positions 

because they can.  Though they are considered “stakeholders,” they actually do not have a stake 

in one sense—i.e., they have nothing to lose from a hard-lined position. Though such attitudes 

are a community member’s prerogative, there is a sense that certain extreme expectations—say, 

that groundwater should and will be cleaned up at any cost—are unlikely to be seen through. 

But, one academic-based consultant said that at the most challenging sites, even if contamination 

does not appear likely to be completed removed in the lifetime of anybody living in a particular 

community, pointing that out explicitly or taking on that view/position does not help advance 

things. Even if some amount of contamination in the ground “is going to be a part of daily life, 
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and it's unreasonable to expect otherwise,” harping on that point in the eyes of citizens is not a 

good route to take. In general, people want to know that they are protected and there is progress.  

Some engineers and scientists in the GR field may have a tendency to see the domains of their 

work as the most important and dominant. This thinking, which resembles a version of 

administrative rationalism (discussed above), can be and often is altered and dominated by a 

community engaged or invested in a project/site.  Beginning with Love Canal, activists 

understood the importance of media, and in particular the power of presence in the newspapers to 

get the attention of politicians, who in turn have enormous impact on municipal decisions. Other 

activists noted that for their purposes, arguments they embrace can be more opportunistic than 

absolute.  For example, the presence of a contaminant that gets the community activated and 

interested, even if it is not actually the most dangerous, can be played and pushed if it achieves 

the desired result politically and PR-wise (e.g., it leads to complete excavation cleanup). In an 

example not directly about GR and chlorinated solvents but still powerful, a 

researcher/economist reported how tens of thousands of negative comments on an EIS prevented 

hydrofracking development in New York State, superseding extensive research that concluded 

that there would be no significant impacts on agriculture, tourism, property values, etc. 

In chlorinated solvents / Superfund sites, the power, potential, and importance of engaged 

citizens is increasingly recognized and understood. And in the context of extremely difficult, 

challenging sites, scientists are “going to find out that you are not going to get to 100% on all 

your goals.” It’s about assembling a package that is acceptable to all stakeholders, and getting 

total buy-in. This observation from an experienced consultant sends a clear message: “Plan to 
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work together.” For citizens, they only need to know the windows in which they can do so and 

participate. 

3.3.8 New Perspective in GR: Property Values (19/538) 

The role of real estate interests in the context of Superfund and other cleanups is an example of a 

theme that was not part of the team’s inquiry originally, but it rose to more prominence because 

it was frequently mentioned, unprompted.  A suite of topics noted under an identifying code 

called “property values,” was mentioned by multiple people.  Much like community 

participation, where its influence is an afterthought in some contexts but potentially game 

changing in others, the issue of property values can be inconsequential in some cases, but may 

carry a lot of weight in other cases. Some examples below will illustrate how property values are 

in the mix of issues in GR, and sometimes a centrally important driver. 

Property values can affect the remediation process when protective owners/residents resist 

discovery of a contamination problem in the first place. What might be deemed an “ostrich” 

approach, some are willing to risk their own exposure, not only from contaminated groundwater 

but vapor intrusion problems as well, because testing their house may result in a bad outcome, 

i.e., tainting it and thus reducing the property value. Multiple skilled remediation engineers 

interviewed recognize that understanding the community concerns from the outset is important 

(discussed above). Property values are usually on their list of concerns and property values may 

be a higher goal than contaminant reduction for example.  An environmental economist noted 

that the mere perception of pollution can diminish property values. 
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Historically, corporations have had a reputation of being in denial or having an overall resistance 

to pollution discovery. However, one experienced consultant is of the opinion that most site 

owners want to see problems truly fixed, and have a goal of eliminating ongoing liabilities. A 

key motivation for this orientation is having the option to redevelop or sell sites. 

A similar motivation was observed by other interviewees, and raises an interesting question as to 

whether there is a correlation between aggressive remediation happening and the value of 

adjacent real estate. One consultant cites that certain big firms are known to try to reach 

“closure” toward the specific end of site redevelopment. Another consultant observes that one of 

the more aggressive remediation strategies, thermal remediation, tends to be chosen only when 

the cost can be justified because the land can then be sold for a market price that is high. Another 

notes that property values are not included in risk/economic analysis at sites, but the use plan and 

potential sale of a property will bring that up. A federal Superfund regulator suggested that the 

opportunity to sell a property could potentially be a motivator to return to an aggressive 

remediation even when a site has a TI waiver or other ICs—though there are no known examples 

of this happening, yet. 

The well-known real estate platitude/adage about “location, location, location” was reflected in 

several statements by experienced consultants in GR who mentioned specific places where 

aggressive remediations had occurred: “The aggressive remediations take place on Manhattan, 

and the places where the property is valuable.”  Besides New York City, Boston was mentioned 

specifically, along with Long Beach, Costa Mesa, and Mountain View, California. These places 

all have reputably high real estate values. Typically a site getting identified as contaminated and 
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listed as a Superfund site has a negative impact on adjacent property values.  The opposite was 

true around the Gowanus Canal in New York City, as explained by an USEPA head in that 

region (Region 2).  For the Gowanus, property values increased significantly around the site as 

soon as it became known that something was finally going to be done about the site, with the 

weight of the USEPA and Superfund behind it (Kaysen, 2014, Oct. 3). 

In Canada, real estate is central to what sites get remediated, or even discovered. This is because 

the remediation there does not come from a CERCLA equivalent law, but rather from transferred 

or redeveloped properties. As a Canadian consultant pointed out, “the driver isn’t environmental 

protection, the driver is land transfer.” Several Canadian consultants recognize this phenomenon 

in Canada, and that the banking system, which is international, is what demands the rooting out 

of the potential liabilities. The banking system as a remediation driver is also sometimes true in 

the United States. A regional environmental protection office said of a particular region (upstate 

New York) that it is the environmental reports associated with bank loans that lead to required 

involvement with the local agency. “It's subjective but they're the ones driving the market on 

which projects come to us and which ones don't.” 

In a context related to but operating differently from Superfund, the Brownfields Program 

(https://www.epa.gov/brownfields) is oriented around property redevelopment. 

The Small Business Liability Relief and Brownfields Revitalization Act (H.R. 2869) 

(Brownfields Act of 2002) was signed … "to provide certain relief for small businesses 

from liability under the Comprehension Environmental Response, Compensation, and 

Liability Act (CERCLA) of 1980, and to amend such Act to promote the cleanup and 

reuse of brownfields, to provide financial assistance for brownfields revitalization, to 

enhance State response programs, and for other purposes." (USEPA, 2018) 
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Extremely aggressive remediations have been known to occur at Brownfields sites, often in the 

form of complete excavation of the entire volume of soil of concern. By one regional regulator’s 

observation, 

“So you get a good clean up (with Brownfields sites) … those are getting cleaned right 

up… On the Superfund, the nasty Superfund sites, they’re just basically containment like 
the landfills or the industrial sites like DuPont or Olin or Oxy. They’ll be just going on 

forever.” 

In New York State (and others), as part of the Brownfields program, sites that remediate 

completely can be given a liability release from the state itself (not just from the regulatory 

agency). This is a strong incentive for an aggressive remediation in those cases. A state regulator 

also observed that many more such full cleanups are being pursued, which could be motivated by 

confidence in newer technologies as well as the Brownfields incentives. One example was given 

of a large company with a large petroleum site in a small city that changed its policy of fencing 

off remediated sites to reduce liability. They moved toward redevelopment because of the release 

offered through the Brownfields program. Ultimately, the extent and severity of the 

contamination controls the remediation potential, which in turn is factored into the overall cost of 

redevelopment and weighed against the expected value of the property. 

3.3.9 New Perspective in GR: Consultant Competency (9/538) 

The issue of consulting competency is another topic that was not anticipated before interviewing 

began; rather, it arose as part of the flow of the conversations and the narrators’ commentary on 

the field based on their experience.  The topic was introduced by several veteran consultants, all 

of whom reinforced the same message: that all consultants are not alike and oversights from 

inexperience can cause problems and delay progress. Of those who spoke to these issues, all of 

them had been hired to correct the mistakes of others. 

100 



 

 

 

  

 

 

 

  

 

 

 

   

 

 

   

One private consultant was particularly critical of others’ incompetence and noted that truly 

intractable sites (or parts of sites) must be distinguished from cases where there is simply a need 

for more experienced technical guidance. This consultant observed that “technical 

impracticability” is claimed too soon in some cases, and joked that “the other TI, technical 

incompetence” is the true problem.  Ignorance is compounded when people do not even know 

they have made a mistake, much less know how to fix it.  These problems are exacerbated by the 

model of payment for some remediation work, including the “cost and contracting model.” 

Despite the widespread incompetence cited, this consultant’s opinion was that it is genuinely 

impossible to remove all of the mass at some sites.  Thus, there are cases where even competent 

consultants should be allowed to focus on risk-based goals, and in particular “goal relevant 

mass,” rather than standards-based goals. 

Another consultant, based primarily in academia, noted that it is important to insist on the work 

being done by the consulting company’s “A Team,” and that there is a general pattern of 

knowledge attrition in companies. Firms possibly do not spend enough on mentoring and passing 

down knowledge to younger staff, though that knowledge transfer is a challenge in the field in 

general. A third academic consultant cited different levels of education in the field, which can be 

divided between conventional knowledge in the field (which covers 20+ years of knowledge) vs. 

working experience that resembles a form of “folklore” (which has a retention time of about 3 

years).  There is also a bias towards new technology (chasing new “shiny” things) vs. using tried 

and true approaches.  An example was given where thermal remediation was immediately 

recommended in a case where simple vapor extraction would have been a logical first step. 
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Some common mistakes made by some ill-equipped consultants were pointed out by several 

other academics who also consult privately.  These mistakes included poor site characterization, 

and all the mistakes that can proceed from that.  Other, more critical mistakes can potentially 

exacerbate contamination, like drilling wells poorly, drilling through sources, or using nested 

wells wrong (in bedrock). Common administrative mistakes include using junior consultants 

without enough oversight.  Besides mistakes like misinterpreting data, consultants have also been 

known to “upsell” arguably unnecessary services, for example, extensive modeling in a fractured 

rock context. A general sign, or symptom, of the incompetence observed could be best described 

as “spending money on the wrong thing.”  One consultant also pointed out that in some cases, 

regulator representatives are themselves not competent, along with certain consultants. 

3.4 Summary/Conclusion 

Groundwater restoration (GR) continues to be challenging technically, particularly when the 

legal driver is to restore groundwater supplies to drinking water standards. Though some 

stakeholders in the field disagree that achieving this goal is a worthy pursuit or even possible, the 

regulatory drivers to bring groundwater sites to the point of unlimited use and unrestricted 

exposure (UU/UE) still apply in many cases.  Technologies have evolved over the years, as well 

as optimism about them, from a time when pump-and-treat was the only option, to aggressive 

technologies like in situ methods and thermal, to increasing acceptance of passive methods like 

Monitored Natural Attenuation (MNA).  Problems that made the processes seem definitively 

impossible, like DNAPL and back diffusion emerged and subsided as being absolute indicators 

of site intractability.  Still, TI waivers are sought after—a rare, limited release from the 

requirement of drinking water level cleanups which apply to only parts of sites. Because many 
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sites are extremely difficult but not eligible for a TI waiver, there has been much emphasis in the 

last 15 years or so on management frameworks (e.g., adaptive, long-term) either to support 

continued technical efforts in GR, or, as has been suggested in some contexts, to replace it. 

The results from OH interviewing, performed as a cross-disciplinary study to explore GR in its 

current state from the prospective of multiple stakeholders, were presented here.  A diverse set of 

opinions from regulators, consultants, site owners (RPs), community organizers, and other 

environmentally focused practitioners were recorded, annotated, analyzed and coded 

thematically for retrieval and presentation (in Section 3). These themes included “GR Themes,” 

where existing ideas about TI, site characterization, management themes, and the related issue of 

“complex” sites were presented, enhanced by stakeholder interviews.  Other themes referred to 

as “New Perspectives in GR” were also presented, including community engagement/public 

participation, property values, and consultant competency.  These latter topics are distinct in that 

it was through the process of OH that they came to light—brought into the discussion by the 

narrators, as opposed to topics cued by interviewers. 

For the GR Themes: 

Technical impracticability (TI). An overview was given of the waiver system and of 

some broad opinions by interviewees.  More specific points made by regulators were 

listed, including the spatial limitation of a TI waiver for sites, as well as their emphasis 

that TI is not a means to avoid regulatory processes for a site.  Opinions from highly 

capable consultants varied and included opposite extremes, stating both that TI is 
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overused and that it is under-used. Other narratives on TI included the concept of needing 

to “try” enough (in both effort and dollar amount) to be eligible for TI, a discussion about 

implied or unspoken assumptions about time and  money at sites, and an expert’s review 

of the developments in TI since its inception. 

Adaptive Management and ASM. Inceptions of ASM in GR since 2003 were 

inventoried, and critiques and praises for it were presented.  The important role of 

Records of Decision (RODs) in adaptive processes were discussed, including the 

apparent level of flexibility of RODs.  While there are channels for changing RODs once 

they exist (e.g., ESD, interim RODs), they are also like contracts that can lock site 

owners into limited requirements even as technologies make better remediation more 

feasible. ASM also has a relationship to research and experimentation in GR.  Contexts 

where it is not welcome or encouraged were presented (when site owners wish to focus 

only on their problem) as well as where it is (e.g., in the research of the University of 

Waterloo/Guelph Consortium).  The more general problem of knowledge management in 

GR was discussed, including the lack of intergenerational communication, the powers 

and limits of computer-based communication and learning modes (in general and in 

private companies), the importance of Battelle conferences, and in terms of the long 

existing concept of technology transfer used in GR.  ASM was also put in context of the 

extreme variability of sites, consultants, and entities. 

Long-term management. The history of long-term management in GR, including its 

precursor, long-term stewardship, was reviewed and existing definitions were 
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inventoried. First, the NAVFAC (2006) definition for “LTMgt” was presented, where it 

is clearly placed as a “phase” of remediation, followed by one by ITRC (2017) that 

expresses long-term management as “a living document.” After pointing out the lack of a 

singular definition, even by NRC (2013) where it was heavily emphasized, broad 

definitions were proposed (by the author) in six different contexts: literal definition, 

financial, temporal, administrative, processual, and as an adjective. A list of words “long-

term management” has been used to modify across several documents was presented. 

Some ideas (literature and interviews) about long-term management as a departure from a 

technocratic approach to GR were conveyed.  Finally, a proposed working definition for 

long-term management and long-term management sites for 2018 was presented. 

What is meant by a “complex” site? The concept of a complex site is important to the 

current GR discussion, particularly in the context of trying to define long-term 

management. Like long-term management, definitions have been attempted but no 

singular one has been clearly established. Interviewees provided insights on the matter. 

One observation is that references to complex sites have increased (e.g., as seen by 

increased use in Battelle presentations).  Also, “complex” is understood by most to 

include many site attributes, though geology and time spent on sites may be good 

correlates to “complex.” Interviewees from USEPA conveyed and encouraged a (mostly) 

cautious use of complex sites. 

Site Characterization. An important phase in the remediation, site characterization has 

long been emphasized as being important to building a conceptual site model, which is 
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part of iterative remediation processes, no longer one-time early-phase activities. HRSC 

is viewed in the field with enthusiasm and also skepticism, as it is an improvement on the 

past with gains likely quantifiable, but there is concern about the true value of extra 

information.  As a topic without much emphasis during interviewing, prospective 

questions to ask about site characterization and HRSC in future interviewing were 

proposed. 

For “New Perspectives in GR”: 

Community Engagement/Public Participation. The role of public participation and 

community engagement was a major topic during interviewing.  In terms of GR, 

community engagement is well understood to be part of the Superfund law specifically, 

and views expressed about its importance ranged from dismissive to staunch promotion. 

Various modes of engagement and focal points were discussed, and of note were 

instances where communities cared less about contamination being left in the ground than 

things like disruption due to construction (e.g., truck traffic) or new public spaces being 

introduced for local enjoyment.  Many stories were relayed about dynamics between 

regulators, companies, and communities and how they have changed, becoming more 

relaxed and efficient over time. Meeting attendance has reduced and “conspiracy 

theories” are less frequently heard, for example.  Additional citizen/regulator dynamics 

were discussed, and a fundamental tension between “wanting it all cleaned up” and the 

inevitability at some sites of contamination being left in the ground was expressed. The 

power of citizens to be involved, play a role, and get what they want (especially when 
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supported by the tactics of activists) was emphasized as was the importance of all 

stakeholders/players working together. 

Property Values. Depending on the site, property values can play a big role in 

remediation in terms of the remedy chosen, the final outcome, and the site getting 

recognized in the first place. Property values can often be front and center in terms of 

community issues, and this has been recognized among GR players. Corporate attitude 

and practice has changed over time as potential for redevelopment has increased, 

particularly in high real estate value areas like New York City and Mountain View, CA.  

Similar phenomena in Canada speak not only to the importance of property values, but 

property exchange in general. In Canada, property sales and the risks assumed by banks 

are the drivers for remediation, as there is no equivalent Superfund law there. Cleanups 

are known to be especially thorough in the USEPA Brownfields program, which was 

designed for developing contaminated sites into commercial areas.  Ultimately, in both 

programs, overall cost of redevelopment gets weighed against the expected value of the 

property by the owners (and by their consultants and the regulators too). 

Consultant Competency. Another topic introduced by interviewees, as opposed to cued 

by interviewers, was with regard to consultants making significant mistakes at different 

phases of the remediation process. Problems like poor site characterization, well drilling 

mistakes, data misinterpretation, and upselling unnecessary services were among the 

complaints. Suspected causes included the “cost and contracting model,” knowledge 

attrition in companies, and in general poor education of younger practitioners. This issue 
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is important in the context of intractable sites, because there needs to be a distinction 

between the sites that are truly intractable, and sites that have been given up on too soon 

merely out of ignorance. 

The results presented here are based on a small portion of the interviews and topics collected in 

GR. The eight topics presented were researched, analyzed and combined with the interview 

insights for an enhanced presentation on these topics, to the benefit of the GR community. As a 

complete presentation, the results may be best suited as a hypothesis-generating tool that can 

help plan and frame future work in the realms of GR that are non-technical or otherwise require 

engagement of intellect and experience to understand better.  This research can potentially 

influence future assemblies of GR practitioners doing conceptual work (like ITRC groups), 

inform any future interviewing, and be considered during regulatory policy review or USEPA 

guidance development.  Whether “GR Themes” or “New Perspectives in GR,” these GR topics 

contain brand new thought and new perspectives, emerged directly as a result of the OH inquiry. 

By providing new insights about existing GR topics and setting the stage for more conceptual 

clarity on many others, this collection of updated and new thought in GR can provide the seeds 

for better understanding, better discussion, and better groundwater remediation and restoration in 

the future. 

For several of the topics, additional commentary is given in Section 5. Those topics include TI, 

long-term management, “complex” sites, site characterization, property values and consultant 

competency. In the case of long-term management and “complex” sites, a closer look revealed 

some lack of clarity, or at least the lack of concrete definitions. 
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4. Oral History Digital Indexing and Metadata: an introduction, an 

inventory, some initial definitions, and a foray into standards 

4.1 Introduction to OHDI for oral historians 

Oral history digital indexing, or OHDI, was presented in Sections 1-3 as a process and a method 

for managing oral history recordings by linking text annotations to specific points in recorded 

media. The seeds of OHDI, “digital indexing,” began with the application of a software package 

called Interclipper, adapted and developed for managing oral history interview content by the 

Randforce Associates, LLC.  That work and the work of several other researchers over the years 

led to the development of new OHDI systems and new methods and processes, all of which stem 

from a core multimedia indexing concept: timecode passages. OHDI was used in Section 2 to 

frame methods for using OHDI for GR research.  In this section, OHDI is presented as an entire 

oral history subfield, in need of clearer definitions and common vocabulary for communication 

between non-technical oral historians, the fields’ librarians, and its technical OHDI practitioners. 

4.2 Metadata and “digital indexing” 

Digital media and/or computer tools affect virtually every aspect of oral history now, and 

everyone involved, whether technically oriented or not, is affected.  This section is aimed at 

defining and clarifying language and vocabulary surrounding oral history in the context of digital 

libraries and digital tools in general.  Through these new and updated definitions, a better 

understanding of the digital oral history world will be provided for oral historians who are less 

technical or non-technical and at the same time speak to the small subset of technically 

knowledgeable developers of oral history’s existing, and future, digital tools. 
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This task has been approached by looking at metadata as a critical means and end in the digital 

and technical practices now very common in oral history. Commonly understood as “data that 

provides information about other data” (https://www.merriam-webster.com), for the purposes of 

this section metadata can be defined as 

the electronic data involved in building, managing, displaying or transferring oral history 

documents within and between digital systems. 

Despite the ubiquitous adaptation of digital tools in oral history, most oral historians are not 

concerned with technology as a primary focus. Oral history librarians and archivists, however, 

are a subset more involved with computer systems, especially as oral history makes its way into 

library or museum digital content management systems (CMSs).  These systems have long been 

digital, but they have only more recently begun to be required to incorporate oral history 

collections.  Oral history presents a whole range of unconventional issues for digital libraries.  

The Oral History Association (OHA) has a workgroup, comprised largely of librarians, that has 

over the past 5-7 years focused on oral history metadata challenges (Nelson & Kata, 2012). 

Another subset of technically-grounded oral historians includes those involved in developing and 

applying digital systems for indexing oral histories.  The methods and processes for recording 

markup, which includes granular access within and across collections of long interviews, can be 

generally described as Oral History Digital Indexing, or OHDI. OHDI typically involves an 

OHDI System with structure for access and navigation though a collection’s interviews.  OHDI 

systems vary architecturally, in nature and scope of function, and in how data is organized, built, 
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stored, and displayed. As a result, OHDI metadata are variable, diverse, and have different 

structures and naming conventions in different systems.  OHDI metadata is the primary 

realization of OHDI work in OHDI systems, where content is built up and subsequently 

accessed.  OHDI systems do not (for the most part) index automatically, they are just tools that 

facilitate the creation of metadata.  

Metadata in OHDI systems can generally be divided between file/interview level and timecode 

passage level metadata.  An important structural element in computer systems that will be useful 

to describe what lies within those levels is the data storage element called a “field.”20 At the 

file/interview level, OHDI systems might have metadata fields about “Interviewer,” “Interview 

Date,” and “File Duration”.  Timecode passage level metadata varies between systems, although 

there are generally fields for timecode data for cross-referencing between indexing text and 

media files, and multiple fields for additional associated text data. 

Three OHDI systems will be examined here in depth.  All are based on indexing directly to 

audio/video at the timecode level, in order to supplement, enhance or even replace traditional 

word-for-word transcription.  The University of Kentucky’s OHMS system (Oral History 

Metadata Synchronizer) is a very well recognized and widely used system among oral historians 

at this time that has indexing capacity to enhance transcripts.  OHMS also has timecode indexing 

capabilities for linking audio/video and descriptive text called “tag data.” The National Museum 

of Australia’s (NLA) Audio Management and Delivery (AMAD) system is a custom tool for 

marking up oral history interviews with a series of “timed summaries,” referenced by timecode 

20 Originally a database term, also used in OHMS: 

http://www.oralhistoryonline.org/wp-content/uploads/2016/05/OHMS_Getting_Started_v2218.pdf 
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similar to OHMS’ tag data and integrated seamlessly into the NLA library website (Bradley, 

2014). Finally, the Interclipper21 audio/video database software has been used by the author 

since 2003 on private and publically funded research projects for oral history content 

management consulting. In that software, the equivalent of “tag data” and “timecode 

summaries” are called “clips.”  Thus this one metadata object, which effectively does the same 

thing in all three systems (provide timecode access to an interview), also exemplifies lack of 

consistency in nomenclature across OHDI systems.  For the remainder of this section we will 

refer to these timecode entities as “timecode passages.” 

By observing the metadata already being used in these OHDI systems, we can identify, compare, 

and begin to define an OHDI metadata “element set.” An element set is a digital library term 

which refers to an agreed upon set of conceptual names and placeholders, or “attributes,” which 

can facilitate eventual migration of data across OHDI and related systems 

4.3 On metadata 

Metadata has become more and more central to all sorts of information access with the growth of 

computer-centered and later internet-centered library access.  Initially concerned with inventories 

of and access to physical books, metadata now must be managed for objects that get copied 

digitally, downloaded on demand, and (as in OHDI work) originate as digital content, i.e., “born-

digital.”  There are numerous sub-domains and specialties for metadata, such as law, 

photography, and geospatial applications.  This section offers a first attempt at inventorying the 

metadata in oral history and in OHDI. The aim is: 

21 
Interclipper is no longer for sale commercially, though it is still used among other tools for OHDI projects. 
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 to use metadata as an avenue for better understanding OHDI work generally, 

 to refine definitions in the context of ongoing discussions with the OHA metadata 

working group (Nelson et al., 2012), 

 to foster more precision and enhance communication between oral history librarians and 

OHDI practitioners, and, 

 provide background for the analysis below which includes a proposed initial metadata 

element set for OHDI. 

4.3.1 Oral history metadata and the library world 

For libraries and librarians, metadata is central to much of their work in digital environments.  

Their work should be of great interest to oral historians, and particular those affiliated with 

institutions that house large oral history collections.  The more oral historians develop a clearer 

understanding of metadata the better prepared they will be to help shape oral history as it is 

stored, managed, and published in these new environments.  

Nancy MacKay has proposed an “Oral History Core” concept (N. MacKay, 2012) for 

managing oral history metadata. This was an early attempt to bring metadata more to the 

forefront for oral historians. She also offers several metadata-related definitions (in her Appendix 

B) for metadata terms that are relevant here, including: 

 Controlled vocabulary. A system for structuring language using one preferred term 

among variants in order to achieve consistency and avoid ambiguity. In this context, 

controlled vocabulary is also useful for normalizing forms of personal names. 

113 



 

 

 

 

 

  

 

  

 

 

 

 

  

 

 

 

 

 

  

 Crosswalks. A method whereby data can be exchanged from one computer system to 

another by mapping database fields from one data structure (metadata scheme) to 

another. 

 Data mapping. To prepare for exchanging data from one computer system to another, 

each database field must be identified in the first database and marked for import into 

a differently named field in a second database. 

 Metadata scheme. A system of database fields and definitions designed for the use of 

a specific user community. 

 Metadata standard. A metadata scheme that has come to be accepted as a universal 

standard. A standard can be registered with standards agencies such as NISO or 

ANSI. 

“Oral History Metadata,” as discussed in the OHA’s Metadata Task Force appears in essays 

published originally in 2012 (Nelson & Kata), along with an extensive background on metadata 

by oral historian Elinor Mazé (2012). The task force has been assembling at OHA meetings 

since 2010 and has performed research, surveys, case studies, conference forums, and has written 

about metadata as it pertains to oral history.  Their focus has been on best practices for oral 

history metadata from the interview level and up, and less on the sub-interview level data 

generated in OHDI processes. 

4.3.2 Metadata element sets and standards 

When librarians start talking about things like metadata “schema,” it is important that oral 

historians not become intimidated.  Colleagues with library degrees are true assets to the 
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community who can help see metadata related work through, but any and all oral historians may 

need to be involved in the development of metadata at some point.  This section is aimed and 

introducing some of the metadata concepts that may typically get glazed over by the non-

librarians in oral history for being too complex and jargon filled. Here is an invitation for non-

librarians to begin toeing into the oral history librarians’ world.  

Metadata elements sets, a tool from library science, is important to oral history and OHDI work 

because it anticipates differences between digital systems. Perhaps the most often referred to 

element set is “Dublin Core22.”  The Dublin Core (DC) metadata element set offers a set of 15 

types of metadata fields, available to characterize objects (every and all) in a digital library: 

Title Contributor Source 

Creator Date Language 

Subject Type Relation 

Description Format Coverage 

Publisher Identifier Rights 

Beyond the 15 core fields there are an additional 55 more detailed fields23. DC has a metadata 

“schema”24, as do many of its derivatives, and it is considered a metadata standard.  Calling the 

DC metadata element set a “core” is meant to suggest that that it is 1) broad and universal 

enough to be usable across many different digital objects types and CMSs, 2) foundational and 

adoptable wholesale or as a basis for customization, and, 3) expected to be useful for specific 

about its order/structure (often included in an “entity relationship diagram”). Forming a complete metadata schema 

is the business of an organized group of professionals (a.k.a., a “standards body” or “standards organization”) who 
eventually arrive at an agreed upon standard schema for a particular domain. See 

22Developed as a result of discussions at a conference in 1995 in Dublin, OH by a collaboration of librarians and 

computer scientists, http://dublincore.org/documents/dces/ 
23 See http://dublincore.org/2012/06/14/dcterms 
24 Metadata “schema” include naming conventions and explicit definitions for its elements as well as information 

https://en.wikipedia.org/wiki/Metadata_standard. 
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sub-domains of content (e.g., for public broadcasting (PB Core), or the visual resources 

association (VRA Core)).  Other metadata standards exist that could supplement or in certain 

contexts replace DC, including the Metadata Encoding and Transmission Standard (METS), or 

the Metadata Object Description Schema (MODS). Dublin Core is designed to be copied, used to 

the extent needed, and customized for the new or different application. For example, a system 

may use the DC field “Creator” as a conceptual place holder, but if the object is a piece of music, 

the label might more appropriately named “Composer.” 

“PB Core” is metadata element set that represents a specific domain, “public broadcasting,” and 

is significant for oral history metadata because public broadcasting has a distinct interest in 

digital media, particularly video.  Public broadcasters generally concern themselves with 

timecodes as objects within larger media files, as do oral historians doing OHDI work. Dublin 

Core, in contrast, did not anticipate OHDI work or any involvement with timecodes. 

For applying these organizational concepts to data and metadata in oral history, toward a 

standard or just a simple element set, several factors should be considered.  The first is to 

determine what the scope of the effort should be within oral history.  Is this a catalogue-level 

library schema/standard? Is it meant to cover timecode passage indexing? Levels in between? 

Once a scope is established, an inventory can be made to identify which and how many existing 

elements, schema, and standards could potentially be drawn upon for oral history purposes, and 

later which elements within those schema are usable wholesale vs. need to be fine-tuned. 
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4.3.3 Metadata can be easy, metadata is not that that simple 

An important idea for a metadata novice to keep in mind is that computers, at least in the oral 

history context, mostly lack intelligence, artificial or otherwise.  This can be recognized with 

regard to field mapping, a metadata process oral historians might find themselves doing under 

certain circumstances.  When moving data between systems (whether CMS or OHDI), field 

mapping is an approach that can resolve differences in naming conventions.  “Crosswalks” are a 

tool used to explicitly map one system to the other25, and although the process has a technical 

side to it, it is a human that does all the real work.  For a problem like moving a collection with 

non-standard oral history metadata to a new CMS, an oral historian might be the best and most 

qualified person to be involved.  Crosswalks are little more than instructions for the computer— 

they are programs.  Thus, an oral historian involved would effectively be a programmer.  

Metadata work does not need to be limited to librarian oral historians. 

In the context of metadata being a solution to compatibility issues between systems, tools like 

field mapping and uniform metadata can only take things so far.  A bigger issue can often be 

system interoperability, defined as “the ability of computer systems or software to exchange and 

make use of information” (http://www.dictionary.com/). Though interoperability problems may 

involve metadata, communicating across systems is predicated on some fundamental similarity 

in design, function, interface, and purpose.  Metadata can be mapped if the issue is simply 

difference in naming.  However, a core problem of system interoperability can potentially make 

all of that moot. Where do issues with metadata and system interoperability begin and end? That 

will be taken on later, after metadata issues are discussed and addressed here. 

25 See https://en.wikipedia.org/wiki/Schema_crosswalk 
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4.4 On OHDI systems and their metadata 

OHDI systems are new and few—it is a nascent area of study and practice with OH. OHDI 

systems typically have some capacity to import, reference, and organize new interviews.  

Timecode passages can be created by the user and the system maintains and manages 

audio/video linkage data and all the associated metadata.  Some systems also have capacities to 

connect with CMSs.  Some broad features and capacities for OHDI systems may include: 

 System instructions; Indexing instructions 

 Media intake capability for transcript documents and/or audio/video 

 Interface for managing, organizing, editing source data/files 

 Interface for creating timecode passage or equivalent indexing entities 

 Interface for creating, managing, editing metadata 

 Multi-media display for indexers 

 Multi-media display for users 

Whether expanding the capacities of existing systems, or perhaps designing or redesigning 

additional OHDI systems to meet specific contextual demands, some agreement on naming 

conventions will be crucial if existing and future systems OHDI systems are to exchange 

metadata and/or be readily interoperable.  Multiple systems will be discussed, beginning with 

OHMS, which was structured with a heavy emphasis on metadata. Note that this inventory 

includes only OHDI systems, and thus is focused on metadata at a particular scale, i.e., mostly 

interview level and down.  There are many levels and layer of metadata to also consider at the 

interview level and up for oral histories, as outlined in the previous sections. 
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4.4.1 OHMS system and metadata 

The Oral History Metadata Synchronizer (OHMS) is a tool made by and for oral historians, with 

a particular deference to library CMS structures and protocols. OHMS was first released in 2008 

by a group at the University of Kentucky led by oral historian, folklorist, professor and academic 

Dr. Doug Boyd (Director, Louie B. Nunn Center for Oral History within the UK Libraries).  The 

original release focused on synchronizing transcripts with audio/video timecodes, which 

provided a multimedia environment for experiencing oral histories as both sound and text in a 

fluid manner. Improvements on the OHMS transcript synchronizer tool have been made since its 

first release, with major upgrades as recent as the beginning of 2018.  

For OHMS and similar tools, such as one developed by Carnegie Mellon for the HistoryMakers 

(Christel & Frisch, 2008), transcript syncing work is predicated on the availability of complete 

and/or “clean” transcripts.  The Carnegie Mellon uses automated technology to synchronize 

transcripts to source audio/video.  Within the OHMS transcript synchronizer, an OHMS link-

builder tool allows transcripts to be marked up semi-automatically and relatively quickly through 

a video game-like interface.  The result is an audio/video player, which is built into a browser 

page, with an area with a scrolling transcript marked with minute-by-minute markers (see image 

in Boyd, 2013), allowing users to directly click and hear parallel time points in the media player. 

OHMS’s more recently added a set of timecode indexing capabilities, allowing for the 

connection of sound and text. The OHMS indexing tool is an additional feature, added in the 

early 2010’s, built on the timecode passage model.  Instead of minute-by-minute links in a 

transcript, this interface connects specific places in the recorded media to a list of time points 
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with text describing the particular story, idea, or reference that can be heard at that time.  For 

each time point, a “tag” can be created which includes a set of fields that can be populated with 

“tag data.”  Tag data include a title and a segment synopsis (usually the minimum fields to be 

populated), and places for a partial transcript, keywords, and controlled vocabulary (which are 

commonly filled fields).  Many additional metadata fields are available.  With multiple tags, a 

series of curated access points provides the basis for exploration of an oral history interview 

fluidly in both text and sound for users.  Compared to transcription-only approaches, OHMS 

indexing achieves a high but sustainable ratio of completed interview mark-up and publication, 

per unit of employee, student, or intern work time (Boyd, 2013).26 

OHMS operates through two distinct user modules, each of which feature the transcript and 

index linking tools.  The OHMS Editor is where new markup and metadata are added, interview 

by interview. The OHMS editor is online, hosted by the University of Kentucky and anyone is 

free to open an account and start indexing their media (at http://ohms.uky.edu). All markup and 

edits occur in this part of the system.  Media must be hosted somewhere else, arranged by the 

user, either privately on a server or through popular media platforms like YouTube or 

SoundCloud. Individual interviews can be exported (in XML format) to be read by an OHMS 

viewer, the second user module affiliated with OHMS.  Multiple OHMS viewers exist, affiliated 

with particular CMSs (e.g., CONTENTdm, Omeka) or web publishing environments 

(WordPress, Reclaim Hosting).  These viewer programs are variously referred to as programs, 

plug-ins, add-ons, or modules, etc., and depending on the particular setup, implementing them 

26 Indexing can save time over transcription in OHMS as well as in other OHDI systems, but its efficiency is 

ultimately a function of more administrative decisions about the indexing processes, found in project-specific 

guidelines and instructions. The density (specificity) of markup is a choice, not a rule, and can be based on available 

time and/or budget, independent of system features. 
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requires the involvement of a computer programmer and/or web development. For other CMSs 

or platforms that do not have an OHMS viewer, technical help or knowledge is required to create 

an OHMS viewer for that system.  A version of the OHMS viewer is available within the editing 

program, so users can always see what their indexed data will look like in its default published 

form on a page-by-page basis. 

In the context of OHMS, “metadata” generally refers to all the text data that is developed, 

manipulated and displayed in these OHMS programs, i.e., transcripts, timecode references, 

indexed passages, controlled vocabulary, etc. (D. Boyd, Personal Communication, December 20, 

2017). Thus, the original oral history recordings are considered “the data,” and all of the data 

built up in the OHMS editor that gets exported for each interview (via an XML or csv file, 

described below) are metadata.  Below are some broad metadata groupings in OHMS, selected 

by and defined by the author based on his experience working with OHMS, (except where in 

quotations, which are from the OHMS “Getting Started” guide (Boyd, 2014)): 

Interview-level and recording metadata – In OHMS, a single digital 

recording/file/interview is the basic unit around which metadata is established. The 

interface screen called “Metadata Editor” includes information about that object (e.g., 

interviewee, date, media URL) as well as its location within a larger collection/series.  

Required data include a title for a particular recording segment and the media format. 
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OHMS “Transcript Synchronization Module” metadata – The original OHMS 

system was a system for adding minute-by-minute timecodes to transcripts. For a given 

recording/file/interview, the metadata are: 

Transcript (as) metadata27 – a word for word text representation of the original 

recording/file/interview typically gets created elsewhere and then is imported into 

the system for eventual timecode synchronization. (READ: at transcript is 

metadata) 

“Transcript Sync data” – metadata needed to connect specific lines in the 

transcript to specific time points in the source media (i.e., synchronization data) 

“Tag Data” – these data are part of the OHMS indexing tool and the ability to “tag” the 

source audio/video files directly via media timestamps (timecode passages).  An 

unlimited number of tags can be created, and additional tag-level metadata can be added, 

including a segment synopsis, a partial transcript, keywords, subjects, as well as GPS 

data and hyperlinks.  The only required metadata at this level are the interview source 

and timestamp (which is generated when the user creates a tag) and a custom “segment 

title,” entered by the indexer. 

27 The concept of the transcript-as-metadata is not introduced in any OHMS documentation. However, transcripts 

are kept for each interview with all the other metadata within the XML export files. This architecture supports the 

notion that everything outside the media files is metadata in OHMS. 
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Additional metadata in OHMS pertain to the exportable XML files it generates, which reflect 

and embody a decided structure for all the metadata in OHMS following an established protocol.  

XML (Extensible Markup Language) is a protocol for marking up data and metadata 

for purposes of transfer in and out of digital systems, developed by librarians and 

programmers.  When exporting metadata from OHMS, the interview-level recording 

metadata, and (if present) the transcripts and the tag data are packaged together in an .xml 

file (or alternatively a .csv file).  XML was chosen to assure that metadata documents are 

structured and standardized—i.e., internally consistent.  These OHMS XML files can be 

read with a web browser without and computer science expertise, as it contains is 

computer code (similar to an html webpage) but is still somewhat legible for someone to 

whom the content is familiar. 

4.4.2 Other OHDI systems and metadata 

Several OHDI systems involve the creation, storage, movement and overall structuring of OHDI 

metadata: 

 Interclipper – Interclipper is a desktop software package developed for market 

research, and then introduced to the oral history community in 1998.  Since the early 

2000’s, it has been used extensively by Michael Frisch and others (including the 

author, Lambert) for OHDI work on OHDI consulting projects.  In Interclipper, the 

equivalent of OHMS’s “tag data” for access to “timestamps”, are referred to as 

“clips,” though “timecode passages” is preferred.  Timecode passages are the central 

object in Interclipper, and its standard metadata include in and out timecodes, a 
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passage title, passage annotation and transcript, and three fields for controlled 

vocabulary taxonomies, and two for nominal data.  Passage-specific metadata are 

housed in database tables (i.e., not XML), and the interface allows for various 

metadata sorting and searches within and across interviews (as opposed to working 

with one interview at a time in OHMS). There is also structure for organizing 

metadata for the interview, collection, and project levels.  Interclipper permitted 

pioneering work for digital indexing in oral history was the first “OHDI system” 

used, dating back 15 years and before. It will be included in the exercise in Section 

4.5, below. 

 NLA’s Audio Management and Delivery system (AMAD) – The National Library 

of Australia (NLA) has an OHDI system that “enables discovery within the content of 

the oral history recording from a global search (Bradley, 2014).” In general, AMAD 

is a package administratively controlled by the library, but structured to have oral 

history indexers contribute to the basic timecode indexing process.   It is an important 

OHDI system example that works seamlessly with a large, online, library CMS.  It 

also has a user interface that is attractive and intuitive.  AMAD has parallel sets of 

metadata displayed, one with transcripts and one with a summaries indexed to a “start 

time.” This single point is selected by the indexer in a manner much like OHMS’s 

single “timestamp,” but it is displayed more like Interclipper’s contiguous “passages.” 

Each time unit has its own keywords, and is exportable as a unique library citation.  

Interviewer/interviewee metadata are displayed, and other metadata is not readily 
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seen or exportable for the average user. They are organized in database tables integral 

to the system (not XML). It will be included in the exercise in Section 4.5, below. 

 RU Analytic Tool – A team at Rutgers University developed a tool for analyzing 

video (and audio) that is functionally similar to other OHDI systems. Besides its 

intended research and pedagogical uses, it has been used for establishing passages 

within longer oral histories.  For audio/video content, including oral histories, the RU 

Analytic metadata includes timecodes, titles, and descriptions of clips--distinguished 

with in and out points.  Clips can be assembled as “events,” which have their own 

title, description and purpose and set of metadata.  Events can be shared with other 

users, and petitioned for formal publication in the digital library.  Both clips and 

events can be “discussed” electronically between users and given their own unique 

URL—making them citable. This tool might be described, in terms of OHDI, as more 

research oriented than curating online oral histories. 

 StoriesMatter – Concordia University in Montreal, Canada released an OHDI 

system in 2009 allowing for timecode passage indexing, with capabilities for both 

audio and video oral histories, using a “database” structure that operates locally for 

PC or Mac but has online publishing capabilities (databases can be public or private). 

Metadata are included at the project, interview, and interview session and “clip” 

(timecode passage) level, with names, notes, and description fields at every level, as 

well as a “tag cloud” field.  The tag cloud function keeps track of major keywords 

across the collection--and allows for a filterable, multi-level search within the system.  
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Clips are exportable from the system to a local computer and carry some of their own 

metadata with them.  Attachments of many different file types can be tied to a project.  

Stories Matter is a notable OHDI system as it contains powerful features and clearly 

defined OHDI metadata at every level. 

4.4.3 Special metadata components for OHDI systems 

The above systems and their metadata reflects some of what is known to exist in OHDI systems 

right now. Below are a few areas of likely expansion of the OHDI functions of that may be 

emerging for oral historians.  For present purposes, they can be called “important components for 

future OHDI metadata systems”: 

 Controlled Vocabulary, with multidimensionality – For an OHDI project, a custom 

controlled vocabulary (CV) can set the stage for meaning-focused content retrieval 

akin to a back-of-the-book index. Systems like OHMS provide CV options for 

indexers and researchers to mark-up oral histories and to eventually search and 

retrieve content via CV terms though a CMS.  Work by Michael Frisch and the 

Randforce Associates has emphasized CV development that is multidimensional, or 

multifaceted (Frisch & Lambert, 2010), and the approach has been used on several 

projects since the early 2000’s (Lambert & Frisch, 2013). Currently there is no 

standard interface for CVs that exploit their full multidimensional potential. As they 

continue to develop, this dimension of metadata should be considered. 

 Research and analysis OHDI metadata – When OHDI approaches or tools are used 

to markup audio/video content with an emphasis on research and analysis purposes, 
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the metadata structure might require new, not yet defined, types of metadata 

alongside existing OHDI system metadata fields.  Besides the OHDI metadata 

discussed in the previous section, research and analysis might require new or 

amended functions and associated metadata fields, including: 

o alternate timecode passages, made by different people or with different 

purposes, perhaps not contiguous or linear like “timecode passages,” that 

coexist with other passages via some optimized interface, 

o new annotation fields and capabilities for group and multidisciplinary work 

including space for multi-user representation, discussion, and consensus, 

o metadata from real-life, like scans of paper notes or images of group work 

on chalk boards, potentially coded with the same CV as a collection of 

interviews, and 

o whatever metadata fields are needed to provide structure to manage these 

additional layers of metadata. 

 Social Media metadata – Mark Tebeau has written about new possibilities for oral 

history, and continues to explore possibilities at the boundary between public history 

and digital humanities (Tebeau, 2013).  Tebeau is currently researching an OHMS-

like tool for use in pubic history projects, with an emphasis on social media as the 

vessel for communication (M. Tebeau, personal communication, July 24, 2017). 

Since social media are envisioned to work at right angles to oral history, a new 

metadata type might emerge from it. 
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These examples have been presented to emphasize the possible difference between existing 

OHDI systems and processes and prospective new systems that support oral history work.  The 

more specialties that emerge around oral history and OHDI systems (i.e., one-of-a-kind setups), 

the less interoperable they may be with each other.  If and when that is the case, metadata may be 

less of a concern because systems are so different that coordinating compatibility is moot.  At 

this phase in the field however, and for the purposes of this work, inclusion of existing systems is 

the motivator, pursued in the spirit of cooperation in the analysis below. 

4.5 Toward a metadata element set for OHDI 

This section includes an investigation of the metadata of three OHDI systems, with particular 

attention to their timecode passage indexing capacities.  Specific metadata encountered by users 

of OHMS, Interclipper, and the AMAD interfaces systems have been inventoried, compared, and 

like fields have been categorized as a first step toward defining OHDI metadata types.  This 

work can be an example for oral historians interested in the challenges presented by metadata for 

oral history and provide a “first cut” version for OHDI metadata terminology, in anticipation of 

unified OHDI  metadata, where possible, in the future.  

This example follows roughly this sequence: 

 Step 1: Consider three OHDI systems, compare how they organize and name like things, 

both at the user interface level, and later in terms of the technical field names used in the 

program. 
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 Step 2: Characterize each category of like features, functions, and fields (in rows on a 

table) to identify what might constitute elements across systems.  

 Step 3: Identify the metadata that are absolutely necessary to establish timecode passages 

in each system, and those commonly prioritized in OHDI practice with the particular 

system.  

 Step 4: Determine which field names might be describable with Dublin Core standard 

elements. 

 Step 5: Consider a simple name for each element, specific to OHDI and meaningful in 

oral history practice. 

All three systems used in this exercise have different ways of organizing an individual interview, 

and, when present, the multiple interview files that may comprise a complete interview.  

Interview and file level metadata may be assumed to be one in the same, until an interview has 2 

or more parts.  To keep things simple for this example, it will be assumed that each interview is 

in one single file, except where noted. Also, for presentation purposes here, OHMS is displayed 

first and the others are aligned to it. This was a natural way to arrange things because OHMS 

metadata are quite comprehensive.  (As can be observed in the tables below, every field is 

occupied for OHMS, and not the others.) 

Table 4-1 shows a selection of OHDI metadata grouped into three broad categories: Timecode 

passage indexing metadata, File/Interview metadata, and the File/Interview organizational 

metadata.  Each row (numbered) represents a specific kind or function of metadata in these 

systems and the names displayed are what a user sees when editing and/or browsing in the 
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particular system user interface. The metadata included here are not exhaustive—each system 

has more metadata fields available to populate and use.  The metadata used in these examples 

was chosen as a balance of those most critical to creating timecode passages, those quintessential 

to OHDI and oral history, and ones that occur in more than one OHDI system interface (i.e., at 

least 2 out of 3), as seen in Table 4-1. The rows from Table 4-1 are described generically in 

Table 4-2. 

As seen in Table 4-1, all three systems can operate only with brief titling or summarizing text (in 

orange marked with the letter “a”).  These metadata could be considered minimally necessary, or 

the “baseline” metadata, for meaningful timecode passages to take form.  More metadata can be 

populated at the timecode passage level to provide more depth, like additional notes, keywords, 

subject headings, or other controlled vocabulary.  All three systems support transcription at the 

timecode passage level.  As discussed above, OHMS also has its own completely separate 

capacity to enhance complete/full transcriptions with timecodes, i.e., transcription timecode 

synchronization.  
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Table 4-1. Sample of timecode passage indexing and interview level names in three OHDI 

systems. 

OHMS Interface 
Interclipper 

Interface 
AMAD 

Interface 
Row 

Timestamp (a) In Point (a) Start Time (a) 
1 

Segment Title (a) Clip Label (a) 
Row 

2 

Timecode Passage 
Partial Transcript 

(b) 
Transcript Transcript (b) 

Row 
3 

indexing metadata 
Keywords Text Sort 1 Keywords (b) 

Row 
4 

Subjects Topic 
Row 

5 

Segment Synopsis 
(b) 

Notes (b) Summary (a) 
Row 

6 

Title Part Name Title 
Row 

7 

Media Filename [Filename] (c) (Not in AMAD) (d) 
Row 

8 

Summary Notes 
Row 

9 

File / Interview 
Interviewee Interviewee 

Row 
metadata 10 

Interviewer Interviewer 
Row 
11 

interview Date Date 
Row 
12 

Duration 
[PartDurationStr] 

(c) 
Duration 

Row 
13 

File / Interview 
organizational 

metadata 
Series or Collection Segment / Session 

Session / Summary 
(e) 

Row 
14 

a. Names in bold and highlighted in orange represent metadata in the user interface that are minimally 

necessary to create meaningful timecode passages in a particular OHDI system interface. 

b. Names in green are commonly preferred metadata typically populated as a matter of style, preference, or 

instruction in a particular OHDI interface. 

c. Names in square brackets (all in Interclipper) are database fields that operate behind the user interface 

where data is entered in directly, when Interclipper is being used for pre-recorded oral histories. 

d. “Not in AMAD” is a case where that particular field is managed in another, connected system and is not to 

be entered or manipulated by the average user. 

e. This “Summary” is the package comprising a person’s whole indexed interview, different than the 

“Summary” in “Timecode Passage indexing metadata,” above, which is the timecode passage summary 

within an interview. 
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Table 4-2. Description of rows in Table 4-1. Each row involves items that are functionally equal 

or similar across OHDI systems. 

Timecode that defines the beginning of an indexed passage within the larger 
Row 1 

interview file. 

Title for the timecode passage, which can serve as a brief passage content 
Row 2 description, or be used to manage numerical sequencing of passages, or as 

with NLA, be skipped. 

A word-for-word transcription of a timecode passage, covering it either 
Row 3 

partially or entirely. 

Space for content-specific vocabulary, not necessarily citing a known 
Row 4 

thesaurus authority. I.e., keywords. 

Space for controlled vocabulary from known authorities like the Library of 
Row 5 

Congress Subject Headings, covering broader topics than keywords, typically. 

More detailed synopsis, summary, or annotation of the passage, which can 
Row 6 

be brief and broad, or more dense and specific in style. 

Title of the interview, or file within a multi-part interview, which is being 
Row 7 

indexed. 

Specific, one-of-a-kind media file name being indexed at the passage level, 
Row 8 

which comprises part or all of a particular interview. 

Summary of the content of the interview or interview file, possibly made 
Row 9 

unnecessary or redundant by timecode passage indexing. 

Row 10 Name or names of the interviewee(s) for the interview or interview file. 

Row 11 Name or names of the interviewer(s) for the interview or interview file. 

Row 12 Date on which the interview file was recorded. 

Row 13 Length of the recorded interview file. 

Larger container to group and organize multiple interview files or multiple 
Row 14 

interviews. 

Also, from Table 4-1, it is evident that across 3 systems, like things are named differently.  For 

example, in Row 1, the critical timecode that characterizes a timecode passage is called a 

“Timestamp,” an “In Point,” and “Start Time” in OHMS, Interclipper, and AMAD, respectively.  

They also have three different names in Rows 6 and 14.  Since these systems evolved 

independently, this is not a surprise.  It also not a problem per se because these are merely the 
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names in the OHDI systems user interfaces, different from the underlying metadata fields.  Also 

seen in Table 4-1, some fields are identical (or close) between systems at this level (e.g., rows 4, 

7, 10-13). 

Next, the metadata names that might start to matter are presented, i.e., the nomenclature of OHDI 

systems as they occur in “the back end” of the OHDI interfaces.  In Table 4-3, the same metadata 

containers from Table 4-1 are referred to as “fields,” a basic data storage convention used both in 

structures that are XML based (like in OHMS) and in database structures (Interclipper and 

AMAD). Table 4-3 contains the actual system terminology used by the program/computer in the 

“back end,” independent of the names the user might see at the “front end.” Field names from 

database tables are in square brackets and XML fields are displayed as angle brackets (less-

than/greater-than symbols). Descriptions of rows in Table 4-2 still apply.  (Row 14 has been 

removed in Table 4-3, as there is no additional information than in Table 4-1.) 

For developing a metadata element set, known and established standards should always be 

referred to first when working in a new metadata domain. Therefore, a column has been added 

to Table 4-3 to provide possible Dublin Core elements that could represent these conceptual 

rows.  Note that DC elements are meant and expected to be very broad.  This is exemplified by 

the fact that out of eleven  fields named with DC, only five unique DC elements were used (Title, 

Description, Subject, Source, Creator). DC elements can always be fine-tuned later by giving the 

elements more descriptive labels. 
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Table 4-3. Inventory of OHDI metadata fields from the “back end” of three OHDI systems. 

Prospective Row 
Interclipper 

OHMS fields AMAD fields Dublin Core See 

fields Table 
(DC) 4-1b 

<time> [InPoint] [STARTTIME] 1 

<title> [ClipLabel] DC: Title 2Timecode 
Passage <partial_transcript> [Transcript] DC: Description 3 

indexing <keywords> [TextSort] [KEYWORDS] DC: Subject 4 
metadata <subjects> [TopicNumber1] DC: Subject 5 

<synopsis> [Notes] [SUMMARY] DC: Description 6 

<title> [PartName] [TITLE]* DC: Title 7 

<file_name> [Filename] (Not in AMAD)** DC: Source 8 

<description> [FileNotes] DC: Description 9 
File  

<interviewer> [INTERVIEWER]* DC: Creator 10 
level data  

<interviewee> [INTERVIEWEE]* DC: Creator 11 

<date> [SESSIONDATE] DC: Date 12 

<duration> [PartDurationStr] (Not in AMAD)** 13 
* In the AMAD system, these items can only be specified at the interview level, not at the file level. 

**Indicates fields that are managed in another, connected system--not to be accessed by the average user. 

Dublin Core elements were found for Rows 2-12 based on the standard 15 DC elements. These 

choices, made by the author (Lambert) constitute an initial definition of OHDI metadata. DC 

elements could not be easily found for Rows 1 and 13. Both of those fields involve timecodes, 

and they exist and are important in all three OHDI systems.  This example provides an 

illustration that in a specific domain like OHDI, Dublin Core is very broad and can cover many 

fields, but not all.  The Dublin Core elements suggested in Table 4-3 could become new elements 

in a prospective new element set either as is, by modifying labels for DC elements to something 

more specific to oral history/OHDI, or some combination of both.  

To complement the assignments of Dublin Core fields above, Table 4-4 contains proposed new 

OHDI elements that emphasize the nuance and detail occurring within oral history / OHDI.  

Table 4-3 might rightfully be considered a “top down” assignment of metadata elements from the 
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original master element set, Dublin Core.  Table 4-4 would then represent a more “ground up” 

look at prospective metadata fields, named freely based on the apparent meaning of the particular 

row (Esp. Table 4-2.), without consideration of DC. 

Table 4-4. Proposed element names for a prospective OHDI metadata element set based on 

fields of identical or similar name and function in three OHDI systems. 

OHMS Interclipper AMAD OHDI elements, proposed 

<time> [InPoint] [STARTTIME] Timecode 
<title> [ClipLabel] Passage title 

Direct to <partial_transcript> [Transcript] Passage transcript; Partial transcript 
Timecode 

<keywords> [TextSort] [KEYWORDS] Keywords Metadata 
<subjects> [TopicNumber1] Subjects 
<synopsis> [Notes] [SUMMARY] Passage synopsis 

<title> [PartName] [TITLE] Interview title; Interview part file title 
<file_name> [Filename] (Not in AMAD) Media Filename 

<description> [FileNotes] Interview overview; Interview part overview File / 
Interview <interviewer> [INTERVIEWER] Interviewee 
level data    <interviewee> [INTERVIEWEE] Interviewer 

<date> [SESSIONDATE] Date of interview; Date of interview part 
<duration> [PartDurationStr] (Not in AMAD) File Duration 

Tables 4-1 thru 4-4 were intended to include “like” things between systems in each row, but this 

process revealed the need for even more specificity in some cases.  For example, there is a subtle 

difference between a “passage transcript” and a “partial transcript.”  There is a difference 

between an “interview title” and the title of the file or files that comprise the interview.  

Similarly, an overview of the interview might be different from an overview of the specific part 

of an interview, and those parts may occur on different dates, meaning “date of interview” may 

need to be organized differently.  When choices like these arise, there may be a pull to simply 

create more elements and be more explicit and exhaustive.  However, as can be observed with 

DC, an element set has a concurrent goal of being efficient and letting things fall into broader 

categories when there is a decision to be made.  For example, “Timecode” is a specific OHDI 
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metadata type, but it is also broad in that it encompasses different types of timecode data. 

Timecode is an element that can cover a passage’s beginning timecode, as well as ending 

timecodes and durations (when available), and any other timecode data for a passage (e.g., a field 

called “mark time” in Interclipper, important there for passage processing and display).  

To summarize, the key elements shared by OHDI systems could be called: 

 Timecode 

 Passage title 

 Passage transcript (and/or Partial transcript) 

 Keywords 

 Subjects 

 Passage synopsis 

 Interview title (and/or Interview part file title) 

 Media filename 

 Interview overview (and/or Interview part overview) 

 Interviewee 

 Interviewer 

 Date of interview (and/or Date of interview part) 

 File duration 

Even with only 13 elements being suggested at this point, for an element set to move toward any 

sort of an official standard, choices will have to be made, and there will need to be agreement 

between OHDI practitioners, and users.  The items above with more than one term will require 

specific attention, but all terminology is open for discussion/debate. This “first pitch” at an 

OHDI metadata element set that will lead to reasoned discussion amongst OHDI practitioners 

and an eventual standards group for OHDI within oral history.  Moving toward a standard for 
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these elements, inconsistencies can hopefully be resolved as well as any deeper, interoperability 

limits between systems. 

At the end of the day, these systems are all doing very similar things, so one would hope that at 

least these 13 elements could be aligned between them. However, the overall goals and 

architecture of the existing systems may ultimately dictate the where the data do and do not fit 

together.  If in the end only 2 or 3 fields can be agreed upon as the official OHDI metadata 

element set it will still be an advancement for the field.  Even a basic but coordinated standard 

will serve to improve communication across OHDI systems in the future. 

4.6 Summary and future work 

Digital media have infiltrated oral history practice, so much so that the only important question 

to ask in this digital day and age might be: do we all have the means to talk about it? In this 

section (Section 4), the discussion begins by framing the emerging, developing, established, but 

not necessarily stabilized, practice around oral history and the use of digital resources called oral 

history digital indexing (OHDI).  Aspects of OHDI as a general practice, OHDI systems as an 

increasing body of tools to work with, and OHDI metadata as the means and product of those 

tools were presented in an effort to begin a new conversation focused on clearer vocabulary for 

OHDI.  That conversation should ideally be open and welcome to all oral historians if they want 

to join, not just those who specialize in OHDI topics. 

Multiple definitions were given or proposed here including OHDI and metadata.  The 

relationship to librarians and archivists’ work to oral history and OHDI was introduced.  OHDI 

system metadata was divided between file/interview level and timecode passage level metadata, 
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webpage in 2012 (search “metadata” at http://ohda.matrix.msu.edu/category/metadata/) and the 

and the term “field” was introduced as the container of most of the metadata in discussion.  The 

notion of timecodes and timecode passages—present in some form in all OHDI systems, was 

established.  

Next, metadata in the context of oral history was inventoried primarily to provide a new, 

accessible way for oral historians to understand it, just as several librarian oral historians do.  

Many discussions have been happening already, several of which were captured in the OHDA 

conversation continues at OHA conferences.  Background about the work of these librarians on 

oral history metadata was given, as well as concepts any oral historian might be well advised to 

know about: metadata element sets and standards, Dublin Core and PBCore, field mapping and 

crosswalks.  Even while metadata was emphasized, the notion of system interoperability was 

also introduced, as that could be another confounding factor causing intersystem communication 

problems that even more coordinated metadata cannot solve. 

The functionality and metadata in OHMS was reviewed in general terms and compared with four 

other systems that could classify as OHDI, including Interclipper, AMAD, the RU Analytic 

Tool, and Stories Matter. Some future areas of development for OHDI were also noted, including 

expansions in controlled vocabulary applications, research and analysis oriented oral history 

work, and engagement with oral history and social media. 

Finally, a proposed element set for OHDI was arrived at through an analysis based on the 

common architecture and terminology of three OHDI systems: OHMS, Interclipper, and AMAD.  
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The results of that analysis was a 13-term list, with four alternate or additional terms, proposed 

now as a first draft for an OHDI metadata element set.  This technical analysis hopefully drew 

and kept the attention of others who specialize in OHDI work, but also oral history’s librarians, 

and everyone else.  It is hoped that the example unpacked here may be helpful as future 

constellations of technical and non-technical oral historians and librarians eventually come 

together to discuss oral history metadata, with particular attention to OHDI systems.  The 

metadata example: 

 exemplifies and accentuates how independently arrived at systems are structured 

differently, name things differently, and feature different functions; 

 shows the specific challenge of reconciling names and metadata between systems, and 

 provides a glimpse as to why a metadata standard, or even arriving at some common 

names for fields, can be important if systems are to become even partially interoperable. 

The analysis in this section suggests some possible actions moving forward. These include: 

 forming a metadata standards body specifically for OHDI, 

 reinvigorating the larger oral history metadata work of the OHA team by introducing 

these OHDI-focused activities, and perhaps reassessing the now multiple metadata foci, 

and 

 forming an OHA committee with a charge of making technical advancements, such a 

OHDI systems, in oral history more accessible to non-technical oral historians, 

encouraging them to participate where possible. 
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5. Advancing groundwater restoration research using oral history: Summary, 

Results, and Future work 

5.1 Summary of OH and OHDI as GR methods (Section 2) 

Section 2, “Advancing Environmental Engineering Research with Oral History Content, 

Methods, and Analysis,” provides background to oral history (OH) and oral history digital 

indexing (OHDI) and their application to groundwater remediation/restoration (GR). These 

methods led to the GR-focused results (Section 3), summarized in the following section. A recap 

of the essential OH and OHDI processes that were involved for the groundwater restoration oral 

history (GROH) project is presented here: 

 OH interviewing 

o Choosing interviewees by expertise, geography, and recommendations 

o Preparing for and performing interviews 

o Equipment and software 

 OHDI processes, methods, and analyses 

o Importing into Interclipper 

o Timecode markup, The Unit/Story Method 

o Annotation, The Unit/Story Method 

o Review and pre-code development, team homework and group meetings 

o Code and code frame development, group meetings 

o Code application to the collection 

 OH and OHDI data: The processed recording and metadata package, or PRMP 

o Understanding file formats 

o Accessing the collection, content retrieval tools 
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5.2 Summary of Section 3: Advancing GR with OH 

“Perspectives on groundwater remediation: Insights from oral history” describes the exploration 

and elucidation of the long-standing and current challenges in the field of GR through OH 

interviewing. OH was employed as a research method and generated a new form of data in GR.  

Approximately 37 interviews were conducted, with 30 of those interviews specifically focused 

on groundwater practitioners. Beginning with several existing themes in GR, interviews took a 

variety of shapes and directions as GR practitioners shared their stories, experiences, and overall 

GR worldview. The diversity of content was managed after the interviewing using techniques for 

organizing as well as indexing methods and analysis approaches known as OHDI. 

Results presented included a selection of major topics discussed during interviewing. The first 

group of topics have existed in GR for some time, at least to the point of having some 

representation in the GR literature.  “GR Themes” included technical impracticability, adaptive 

site management (ASM), long-term management, “complex” sites, and site characterization. 

Additional interview content presented involved topics that may have existed for some time in 

GR, but are generally not discussed or written about extensively. Those “New perspective in 

GR” topics included community engagement/public participation, property values, and 

consultant competency. 

 Results from interviews about “Technical impracticability” included information 

conveyed by regulators about TI’s limits, as well as differing opinions by consultants 

about its over/under use. Spoken and unspoken requirements for TI eligibility in terms of 

time and money were discussed. 
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 “Adaptive management and ASM” results included a literature summary, the role of 

records of decision (RODs) in adaptive processes, and the appropriate role of research, 

knowledge transfer, and technology transfer as part of ASM.  

 Results for “long-term management” focused on an inventory of existing citations and 

definitions, categorized by six different aspects of long-term management.  Perspectives 

from interviewees were presented, which included thoughts on the implications of long-

term management as a departure from the technocratic and/or aggressive cleanup GR 

paradigm. Based on these understandings from long-term management from 

interviews, a new, working definition for long-term management is proposed below, 

in Section 5.3.2. 

 The results of “What is meant by a ‘complex’ site?” included insights from interviewees 

about the increased use of the term “complex sites,” and what properties characterize 

them. Like long-term management, the concept lacks clear or agreed upon definition. A 

proposal that the predicted time frame for remediation is the dominant variable for 

sites that are “complex” is presented below, in Section 5.3.3. New questions to ask 

about complex sites in the future are also proposed and presented. 

 Site characterization and high resolution site characterization (HRSC) have been topics 

highly emphasized lately in the GR field and literature, and interviews reinforced that it 

should be part an iterative process of revising and improving conceptual site models. 
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New questions to ask about site characterization / HRSC in the future are offered in 

Section 5.3.4. 

 Community engagement and public participation were major topics during interviewing.  

Community engagement, required within the Superfund law specifically, ranged in 

importance to interviewees from very high to very low. Unexpected public priorities were 

conveyed, like reducing construction disruptions and gaining new public spaces, 

preferred over complete remediation. Changes in regulator, corporate, and community 

dynamics over time were reported, and the power of citizens to be involved, play a roll, 

and get what they want was emphasized. 

 “Property Values” was a topic that emerged from discussions with GR stakeholders. As 

conveyed in interviews, property values can affect the remedy chosen, the degree of 

cleanup, and a site’s contamination problems getting recognized in the first place.  

Sometimes in the U.S., but often in Canada, property sales/exchange and the risks 

assumed by banks are the driver for remediation (not Superfund). New questions to ask 

about the property value topics in future interviews are proposed in Section 5.3.5. 

 “Consultant Competency” is another topic introduced by interviewees, where complaints 

of poor site characterization, well drilling mistakes, data misinterpretation, and upselling 

unnecessary services were made. This issue is important in the context of intractable 

sites, because there needs to be a distinction between the sites that are truly intractable, 

and sites that have been given up on too soon merely out of ignorance. New questions 
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that could advance the topic of consultant competency in the future are proposed in 

Section 5.3.6. 

These results are a snapshot of some key topics the GR field, and can potentially be a hypothesis 

generating tool for engagement in GR as its foci continue to move toward non-technical arenas. 

This research can potentially influence future assemblies of GR practitioners doing conceptual 

work (like Interstate Technology & Regulatory Council (ITRC) groups), inform any future 

interviewing, and be considered during regulatory policy review or USEPA (United States 

environmental Protection Agency) guidance development.  

Specific future work areas should involve the particularly troublesome topics presented here. For 

long-term management and “complex” sites, this research revealed lack of clarity in GR, or at 

least the lack of concrete definitions.  These topics in particular might call for some their own 

discussion with multiple GR stakeholders via focus groups, an ITRC group, or conference panel. 

Such work may lead to some conclusions that result in either uniformly acceptable definitions, or 

agreement that the terms/concepts should be abandoned (See also Sections 5.3.2 and 5.3.3). 

Section 3 will be reformatted and submitted for publication: 

Planned publication: 

The Journal of Environmental Management. 

Planned title: 

“Perspectives on groundwater remediation: Insights from oral history" 
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5.3 Responses to concepts in GR (from Section 3) 

The following sections contain additional commentary on the results presented in Section 3. It 

includes, for TI, rephrasing what was presented to summarize and emphasize the USEPA’s 

position. New definitions for “long-term management” and reflections on the concept of 

“complex sites” are presented including critiques of their conceptual clarity. New questions for a 

prospective continued OH inquiry in GR are proposed for the themes complex sites, site 

characterization, property values, and consultant competency. (Adaptive Management/ASM and 

Community Engagement/Public Participation are not included.) 

5.3.1 Reflections on Technical Impracticability (TI) 

Comments made by an academically-based consultant about TI included: 

 Few projects are truly chasing MCLs (maximum contaminant levels). The norm is to try 

something reasonable, try hard, and discuss it later. 

 This intention and premise of TI was good, but the implementation fell apart, with all 

parties at fault (Site owners and regulators). 

 Site owners / responsible parties (RPs) tried to take too many sites and argue that non 

cleanup by technology was evidence that the site can't be cleaned up, cause a loss of trust 

with regulators. 

Some additional notions about TI might be helpful to advance the conversation between RPs, 

consultants, and regulators. These comments are adapted from USEPA’s stated understanding of 

TI and clearly state what should be expected from it: 

 TI waivers waive drinking water standards for the TI zone 

145 



 

 

  

  

 

 

 

     

  

  

  

  

 

   

 

 

 

  

  

 

   

  

  

  

 There was a misconception in early TI guidance that the presence of dense non-aqueous 

phase liquid (DNAPL) at a site could warrant and expectation of eligibility. This was not 

the case, and would not be for any other “complex” site characteristic. 

 TI typically involves a contaminant source zone areas. At most sites, that still leaves an 

associated plume or other contaminated areas still in need of ongoing attention. TI is 

inseparable from the specific 3 dimensional space it applies to. 

 Significant remedial action preceding TI is expected, a “due diligence” effort.  There are 

no “upfront” TI waivers, i.e., based only on some attributes of a site. 

Other points made that reinforce and perhaps finalize the USEPA position, include: 

 TI is not for every site 

 USEPA will work with RPs, if TI is appropriate for the site 

5.3.2 Prospective definitions for long-term management 

In section 3, six aspects of long-term management were presented that help elucidate how long-

term management is currently understood, but also illustrate how with so many definitions and 

concepts, the concept has still to be concisely defined.  From Section 3, long-term management 

can be: 

 Literal: a form of management operating over long time frames 

 Financial: characterized by a time frame larger than the standard 30-year discounting 

period 

 Temporal: a phase in the remediation process, i.e., the indefinite end period 

 Administrative: a process alternate to remediation, e.g. an administrative state 

 Processual: “an integral part of ASM” 

 Adjective: a type of plan 
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Based on these existing usages, the following two prose definitions are proposed to capture many 

of the above meanings while trying to provide agreeable definitions that may prevent imprecise 

or overreaching use of “long-term management” in the future:   

“long-term management is a phase of groundwater remediation for sites corresponding to 

cleanup and management activities that follow adequately aggressive remediation 

attempts and precede cleanups to a level of unlimited use and unrestricted exposure 

(UU/UE).  Conceptually tied to adaptive site management (ASM), it is a phase during 

which engineering activities may be folded into a management framework, under which 

remediation activities might be reprioritized strategically.” 

“Long-term management sites” are qualitatively understood to be difficult or challenging 

to clean up, and the required time and/or budget to cleanup is predicted to exceed the 

standard 30-year discounting period.” 

The terms “complex” and “complex sites” has been avoided in these definitions because those 

terms have only imprecise definitions to date. As further recommendation about how long-term 

management should, and should not, be defined, it is suggested that in the future acronyms 

should continue to be avoided for the concept.  The obvious “LTM” abbreviation has been well 

established for “long term monitoring” (NAVFAC, 2006; NRC, 2013), and no acronyms for it 

elsewhere have sustained.  Avoiding an acronym for long-term management until an agreed 

upon definition for it is arrived at will help avoid confusion. Long-term management is an 

147 



 

 

 

  

 

    

 

  

  

 

 

 

  

 

   

   

 

   

  

 

 

  

  

 

   

important and potentially helpful concept in GR, and these suggestions hopefully will help the 

GR community arrive at a precise and helpful meaning. 

5.3.3 Complex site as long time frame 

Existing definitions of complex sites (NAVFAC, 2006; NRC, 2013) include distinct references 

to long time frames for remediation as a key characteristic.  Long time frames, which in GR 

terms have meant taking longer than the 30-year convention for discounting project costs into the 

future, may be a controlling “master variable” for what makes sites complex. Other 

characteristics have been related to complexity, such as heterogeneous hydrogeology, the 

presence of fractured subsurface media, or even human dynamics factors.  But no matter how 

many of those characteristics are present at a site, if its cleanup could still be achieved within a 

30-year planning horizon, then any other complex attributes or associated monikers would 

possibly be meaningless. Considering this, some new research/interview questions could be 

formulated on the topic: 

 Is “complex” is being overthought, overused, overemphasized? 

 If a site can be cleaned up within 30 years, can it be “complex,” whatever else its 

complex characteristics? 

 Is “long time frame” the master variable for “complexity?” 

 If time frame is an important “master” variable for GR, does that increase the importance 

of predictive modeling in GR? 

5.3.4 Pursuing questions on site characterization 

Site characterization is a topic that could be particularly valuable to pursue in future 

interviewing, both as follow ups with interviewees and with new people.  Examples from real-

world experience could help identify and characterize mistakes avoided by the information better 

site characterization or HRSC provides. The value of site characterization and HRSC appears to 
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have a limited ability to be quantified, so anecdotal accounts of its merits and value based on GR 

experience may be an important contribution to increasing (or decreasing) its credibility. Many 

practitioners claimed that benefits of better characterization compound further in the remediation 

process—it would be helpful to ask them why they think that is true.  Some may even have 

reasonable ways, based on experience at sites, of estimating the costs of not getting 

characterization right earlier on. In a future set of interviews, the following questions about site 

characterization might reveal more about the topic. 

 HRSC: Are all the new data (3-D etc.) actually useful? How much data are being 

collected just because they are readily available, vs. that actually contribute to the CSM? 

 Is there evidence (other than anecdotal) that money spent on HRSC or more site 

characterization has a high return later in the project? Could such an experiment be 

designed? 

 Is better site characterization and HRSC just the next in a line of GR buzz-words? (Like 

alternative endpoints, TI, LTM?) Why, or why not? 

5.3.5 Property values 

The notion of high real estate values equating to better cleanups was introduced under the 

“property values” topic in Section 3. Further research in this area, qualitative and quantitative, 

could help to answer some addition questions that were not explored within the GROH 

interviews: 

 Is a pattern of correlation between remediation quality and property values supported by 

real-world data? 
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 How many sites are not known about because the properties have never been exchanged 

or required an environmental review that led to discovery of pollution? 

 Is there a social justice issue in terms of the neighbors of completed sites, whose location 

resulted in more contamination being left in the ground than somewhere else? 

These issue could potentially be taken up by an economist and/or sociologist looking at data 

across GR sites. 

5.3.6 Consultant competency 

The issue of consultant competency was unique in that it a topic that does not appear to get 

discussed openly.  The mistakes made do not get well documented, nor do they necessarily get 

relayed to the people who need to learn from them most.  Specific problems with competency 

discussed in Section 3 included poor site characterization, well drilling mistakes, data 

misinterpretation, and upselling unnecessary services.  Developing a path to improve this 

problem could begin with an additional inquiry, starting with some of the field’s top 

hydrogeologists that were interviewed in the GROH project.  Two simultaneous areas of inquiry 

could be the focus, through more OH interviews, or alternatively, by reaching the same 

experienced GR technical practitioners through email or a survey. 

OH questions, and follow up questions in the same vein, might include: 

 What are the top mistakes made at GR remediation sites? 

 What processes do you use at sites, both documented and undocumented, to reach the 

best remediation outcome? 
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Follow up surveys or emails could collect 

 An exhaustive list of mistakes and other problems, caused by inexperience or not, 

observed at sites 

 Key processes used at sites that are not documented or formalized, organized as the 

experienced practitioner sees fit 

Likely outcomes of such an inquiry might be a prioritization of mistakes to increase awareness of 

and a campaign to make these issues better known.  Also, and documentation of lesser known 

mistakes that could be brought to the forefront, also to increase its popular awareness. Results 

from enquiring about experienced practitioners’ methods would likely be that there are 

multiple methods used, but with common elements. An inventory of the elements and 

insights from the methods could be reported and disseminated through journal publication, 

workshops, or possibly and ITRC working team, which could lead to a training course being 

developed for the topic. 

5.4 Summary of Section 4: Defining OHDI and metadata for OH 

“Oral History Digital Indexing and Metadata: an introduction, an inventory, some initial 

definitions, and a foray into standards” provides and introduction to the technical and digital 

library work that has developed within oral history (OH). In this essay, a central concept includes 

“metadata,” which is described and defined for a general OH audience, but introduces digital 

library vocabulary that is relevant to all oral historians. Another major concept presented is oral 

history digital indexing (OHDI), which is introduced to characterize a range of computer-

oriented activities, practitioners, and methods that evolved from “indexing” content directly to 

recording timecodes.  OHDI also facilitates forms of shorthand markup, as opposed to traditional 
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OH word-for-word transcriptions. OHDI systems are minimally characterized by having this 

indexing capability, via the creation of “timecode passages” linked directly to the source 

audio/video media. 

Five OHDI systems currently in existence were presented, each of which do many things, but not 

all of the same things. Even conceptual elements that are the same between them are not 

necessarily structured, or named, the same.  To explore and possibly begin to rectify these 

differences, the metadata concepts were drawn upon.  Pursuing a smaller metadata scope than 

previously proposed (an “Oral History Core” standard for all OH metadata) an analysis was 

made of three OHDI systems and some of their elements toward developing an OHDI metadata 

standard.  Fourteen data types common between the systems were chosen, identified by the 

names their users see, and defined broadly.  Next, their technical “field” names were displayed 

and terms from “Dublin Core” (DC, the library catalog level metadata standard) were proposed.  

Most terms could be filled by DC, but with not much specificity in terms of OH. 

Finally, custom names for OHDI systems for 13 elements were proposed, along with 4 

alternates.  These terms could be the basis for an eventual metadata standard for OHDI systems, 

or the OHDI part of future OH metadata systems: 

 Timecode 

 Passage title 

 Passage transcript (and/or Partial transcript) 

 Keywords 

 Subjects 

 Passage synopsis 
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 Interview title (and/or Interview part file title) 

 Media filename 

 Interview overview (and/or Interview part overview) 

 Interviewee 

 Interviewer 

 Date of interview (and/or Date of interview part) 

 File duration 

Section 4 will be reformatted and submitted for publication the official journal of the Oral 

History Association: 

Planned publication: 

The Oral History Review 

Planned title: 

“Oral History Digital Indexing and Metadata: an introduction, an inventory, 

some initial definitions, and a foray into standards” 

5.5 Results and potential contributions of OH to GR 

For GR, the most prominent result of this research is the collection of ideas, elicited from GR 

stakeholders as oral history (OH) data, analyzed and processed by OHDI, and produced as 

“Results” in Section 3. These topics were selected, analyzed in depth in the context of current 

GR literature, enhanced by OH interviewing insights, and summarized above in “Summary of 

Section 3: Advancing GR with OH.”  The planned paper for the Journal of Environmental 

Management, “Perspectives on groundwater remediation: Insights from oral history,” is 

expected to follow the same basic format, reporting results organized by 5-8 GR themes, and 

enhanced with interview content.  Additional commentary, derived from the above section 
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“Responses to problem concepts in GR (from Section 3)” may also be included in such an 

article. 

5.5.1 A collection of GR interviews mapped by topic 

The results presented are only small part of GR topics covered and encountered during the 

interviewing.  As presented in Section 2, 221 topics were identified and a larger proportion of 

these are GR related. Based on the code frame shown in Section 2 (in Figures 2-1 thru 2-6), at 

least 16 of the categories are GR specific. These categories include: 

 Cleanup Challenges 

 Groundwater Sites 

 Cost/Economic 

 Environmental Regulators 

 Regulatory Programs 

 Supporting Entities 

 Groundwater Remediation 

 GR treatment approaches 

 Alternative approaches & tech 

 Legal/Regulatory 

 Corporate Economics 

 The Players 

 GR Concepts 

 Knowledge/Education 

 Political 

 Risk 
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Additional categories were interrelated to GR, including “Environmental (Not GR)” and 

“Community engagement,” which was highlighted in Section 3. Additional categories that view 

the GR world from sociological and philosophical perspectives, include 

 Deliberative process 

 Social Issues 

 Framing Tools 

 Social context 

 Attitudes 

 Community Action 

 Objects of Concern 

 Modes of Value Engagement 

Additional categories were organized under the facet of “oral history.” 

These topics, via the code frame and the coded/indexed set of interviews, constitute a portal into 

the GR interviews for future research.  Exploring these topics further may lead to future GR 

work groups desiring to engage beyond, or as a complement to, the major technical issues of the 

field.  The material in the collection, accessible via these topics, has the potential to be a 

hypothesis generating tool for future GR workgroups, ITRC research projects, or perhaps 

conference round table discussions. These concepts could be recommended in a “special topics” 

paper to a technically-oriented publication in the GR field, like those affiliated with the National 

Groundwater Association, 

Prospective publication: 

Groundwater; Groundwater Monitoring & Remediation 

Prospective title: 

“New data in groundwater remediation: oral history” 
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Such an article could be aimed at introducing the body of work that was gathered in the GROH 

project, offer some examples of topics from the coding frame that warrant further investigation, 

and suggest specific ways in which this unique asset to the GR community could be taken up and 

developed further.  

5.5.2 An expanded OH project in GR 

A new project involving OH interviews of GR practitioners could be developed based on the 

existing body of 30-37 interviews performed in the GROH project.  A new team could continue 

OH interviewing of GR stakeholders in the same manner done by the GROH team previously, or 

with modifications informed by a new scope of work and close review of the previous 

interviews. Such a project could have 3 potential foci that would work synergistically: 

 Capturing field history: Perform interviews focused on documenting the experience(s) 

of the oldest and/or retiring GR practitioners 

 Knowledge management goals: Focus on documenting the methods and approaches of 

technically experienced hydrogeologists to retain practical knowledge in the field 

 Educational tools: Consider existing and new media platforms for disseminating OH-

based documentation to supplement existing conferences, videos, websites, etc. 
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These concepts could be proposed as a new research project to the USEPA or other research 

organization, e.g., 

Prospective new proposal title: 

“Documenting groundwater restoration history, knowledge, and experience 

though oral history” 

5.5.3 Prospects for oral history in GR, engineering, and beyond 

In a recent seminar hosted in Buffalo, NY, the GROH project was presented alongside an oral 

history project based in Bangalore, India that focused on enlivening science archives through 

digital exhibits. The seminar and GROH presentation was titled “Oral History of Science, Oral 

History in Science” to accentuate that the project is distinctly more than a new and different oral 

history project focused on engineers.  It refers to the fact that engineers, and by extension a 

scientific community, embraced a new research tool.  GR and OH (and OHDI) proved to be an 

ideal problem-tool pairing that yielded concrete and original results for GR (e.g., Chapter 3). 

This raises a question regarding future applications; could OH and OHDI be used in any field? 

In terms of basic oral history as a method, the answer is yes. GR is simply another topic, another 

subculture of interviewees, and another world of problems that outside experts have reason to 

explore through personal narrative. For the GROH case, the topic chosen could have been 

another environmental topic, like air pollution or stream restoration, or a different topic. In terms 

of a field that frames a group of interviewees, the focus could have been on any academic field 

or professional association with an established area of expertise, or another recognizable 

subculture. For exploring problems within a subculture, oral history is agnostic, whether 

recording American dustbowl migrants for historical posterity or being used for research, as it 
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was in the GROH. These flexible qualities of oral history means it can benefit researchers 

looking at a variety of human experiences, including those in science and engineering areas. 

Other fields could also benefit from OHDI.  GR is not uniquely suited to its processes, which are 

just tools, techniques, and formats for timecode indexing, annotation, and coding.  OHDI helps 

take raw oral history “data” and turn it into an organized, manageable form, a process that is 

independent of content.  OHDI was dynamic enough to adapt to multiple 

interviewers/investigators in the GROH project, and that flexibility is independent of the content 

of the recordings as well. The focus of the GROH project was on documenting the experience of 

the fields’ practitioners.  Whatever the field or subject, when documenting experience is the goal, 

OHDI can support that goal. 

Though it may be true that OH and OHDI could be applied to just about any field or topic, GR 

has some features that may have made it particularly well suited for an OH project.  The field has 

history that begins within living memory. For example, the emergence of DNAPL, a core 

problem/challenge in the field, can still be recalled and easily put into context by many GR 

practitioners, though most are in or near retirement.  There is a core “dramatic tension” in GR, 

set by the legal standards requiring drinking water level cleanups and countered by an increasing 

belief that cleanup is futile at some sites.  This tension is ultimately about policy, and required an 

approach that moved the discussion beyond the field’s the technical challenges. The relationship 

between GR and community engagement (required by Superfund) likely led to the compelling 

results observed in that area via OH. (There have been many Superfund sites over the last 35+ 

years, and therefore many potential communities to engage.)  The Super “fund” itself set a 
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unique stage for GR to evolve, providing enough resources for the field to emerge in the first 

place, and enough legal strength to sustain the field to this day. All of these factors contribute to 

a unique makeup for GR that made it well suited for OH. 

Another aspect of GR that is distinct is that the field, though it involves natural sciences like 

biology, chemistry, physics and mathematics, is in many ways dominated by engineers and 

engineering.  This means the work has a practical aspect, including remedy design supported by 

professional judgement and experience.  A scientist working in a laboratory executing a 

prescribed research method might not have very much additional information about the process 

to share. In GR, there is a range of approaches engineers take in design, and these differences 

could be critical to the short and long-term success of sites. To the extent that these design 

methods are experience-based and not otherwise documented, OH could be used to begin to 

characterize differences in remediation design approach between by individual consultants (with 

emphasis on learning from the most experienced and highly regarded professionals). 

A particular strength of the GROH project was the fact that engineers and groundwater 

practitioners interviewed other engineers and groundwater practitioners. In oral history, it is ideal 

when the interviewer is knowledgeable in the subject of the interviews. The advantage of 

engineers interviewing other engineers in particular was noted previously in an oral history 

project that involved stream restoration (e.g., Bronner, 2013). Scientists and other professionals 

and specialists may have opportunities in the future to follow suit by performing OH interviews 

within their fields.  It should be noted, however, that GROH project also had a wider scope than 

just engineers and engineering, so while the ability to connect well and get in depth on 
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engineering/GR issues was there, the multidisciplinary interviewing team and stakeholders made 

a more rounded inquiry possible. 

After completing the primary data collection and OHDI work for a project like GROH, there is a 

large distinction between GR and any other field. The GROH processed recording and metadata 

package (PRMP) becomes an ongoing research resource for future reference in future studies, 

and a long-term “baseline” resource for the field as it grows and changes. The results found and 

presented here were only a small subset of the total material collected (See section 5.1, above) 

and the inquiry could still be expanded in the future to gain more detail in more specific topics 

(see section 5.2) by adding more stakeholders’ perspectives. 

5.6 Results and potential contributions of OH to other research practices 

5.6.1 Codified concepts 

New concepts were codified in Sections 2 and 4 for OH.  The first is oral history digital 

indexing, OHDI, which frames the expanding OH practice that has developed in that field. For 

Section 2, OHDI helped frame the indexing and analytical processes involved in bringing raw 

GROH recordings to point of becoming a research asset, for immediate and ongoing research 

purposes. For Section 4, OHDI was used to define a range of OH indexing processes involving 

many practitioners on many OH projects.  In both contexts, OHDI methods are defined by 

timecode markup and annotation of interview recordings using OHDI computer software 

systems, which result in the generation of OHDI metadata.  
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For Section 4, a stated goal was to make the more technical aspects of OH and OHDI more 

understandable and accessible to the average oral historian, no matter their technical skills. To do 

this, OHDI and metadata were used as a focal point. An inventory of work being done at several 

institutions around OHDI systems was made. OHDI metadata from three OHDI systems were 

analyzed to introduce some technical aspects to average oral historians. This led to a proposal for 

an OHDI-specific metadata standard (i.e., the 13-term proposed OHDI metadata element set 

Section 4.5, and repeated above in Section 5.4). 

Another concept, codified in Section 2, is the processed recording and metadata package, or 

PRMP. The PRMP is meant to emphasize that the OHDI work results in a product, comprised of 

the OH recordings and all of the data and metadata that get generated through OHDI processes. 

PRMP emphasizes that the original recording, in audio form, is data.  The code frame is part of 

the PRMP, a topical map for users. 

5.6.2 Prospective contributions and collaborations with other researchers 

The process of developing and applying OHDI methods (Section 2) involved collaborations with 

researchers from other fields than GR.  Developing the GR code frame was group project, and 

methods could published from the point of view of non-engineers who worked on it. Future 

collaborations will most likely take the form of co-written journal articles. 

One article will involve reviewing Section 2, considering the OHDI methods and as they were 

applied, and reframing it for a sociology context.  This would be led by Erin Robinson, one of 

the project co-PIs who worked on the original GROH coding and code frame. This inquiry might 

also include consideration of some specific framing and discourse analysis techniques (Dryzek, 
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2005; Lewicki, Gray, & Elliott, 2003), who have applied these social science methods for 

environmental conflict contexts.  In addition, to complement the presentation by engineers of 

community engagement in Section 3, it could presented from the alternative point of view of a 

sociologist in a sociology journal. 

Prospective publication: 

Journal of Applied Sociology 

Planned title: 

“Oral history interviewing and analysis practice as a platform for frame and 

discourse analyses” 

OH and OHDI were central to multidisciplinary collaboration in the GROH project.  What 

ensued is a rare example of hands-on collaboration that is distinct from more typical forms of 

interdisciplinary engagement characterized by linear “contribution” (Shockley et al., 2015). 

Other researchers (e.g., Kemman, 2016) are studying these group interactions and a collaboration 

with co-PI Shockley or other scholars, informed by the collaborative interactions experienced in 

the GROH project, could lead to a new publication. 

Prospective publication: 

Journal of Interdisciplinary Studies 

Planned title: 

“Oral history interviewing and analysis practice as an interdisciplinary ‘Trading 

Zone’” 
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Appendix A: Consent form 

Each interviewee signed a consent form to confirm that they understood that the interview was 

voluntary, and could be stopped at any time with no consequences. 
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Appendix B: Project Handouts 

Interviewee handout 1/3: The Interview Process 
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What Practitioners and Stakeholders Ca re About and Why 

Alan Rabideau' , Ken Shockley\ Miohael Frisch\ Erin Robinson1 

'University at Buffalo (UB), ' Randfe<ce Associates LLC, 'Canisius College 

Overview of project approach (updated May 16, 2014) 

The project is motivated by the long-standing prevalence of inactive waste sites that are 
re-sistant to the restoration of contaminated soil and groundwater. Recently, the Uational 
Research CcvJncit identified thousands of complex sites, with .,complex" refening to a cotlection 
of physical, c.hemicalJ and sociopolitical factors that impede the achievement of cteanup goals. 
Because potential "game changing"' breakthroughs in remediation tec.h.nology have not been 
identified, the IIRC panel advocated a paradigm shift toward ton~·term management. (LTM) of 
complex sites, which will require , at a minimlflll, decades of cooperation between regulatory 
agencies, responsibte parties, host communities, and other potential stakeholders. For the 
targeted class of sites, such an approach represents a substantial departure from the current 
practice of aggressively pursuing h-ealth·based cleanu:p goals . 

There are compelling reasons for shifting to LTM, but suoc.essfully navigating the societal 
paradigm shift will benefit from a more complete understanding of the complex technical, ethical, 
and social issues surrounding th-e practice of groundwater rest oration (GR), An important first 
step in t his proces:; is to inventory the broad spectrum of assumptions, values, and expe1i ences of 
practitioners and stakeholders currently engaged in GR, including responsible parties, technical 
and nontechnical practitioners, regulators, researchers, citizen groups, and residents. 

The lllSPIRE project will engage, study, and team from the local, often undocumented, 
knowledge of the divers.e communities involved in GR projects by applying the met.hods of 
qualftotfve anacys;s to a variety of recorded interviews and meetings, BuHding on established 
UB/ Canisius research programs in groundwater engineering, oral history, and environmental 
ethic.s/ soc-iotogy, the project will utilize open--.ended interview formats, combined with powerful 
new fnterpre tiVe tools and teclmiques for indexing and analyzing digital audio and video. Through 
this process,, the project will study and illuminate the complex weave of scientific, professional, 
ethical, cultural, and socio·ec.onomic factors that shape th.e implementation and evaluation of GR 
projects, without t he typical const raints of fixed-question survey/ interview vehicles, single· 
disciplinary interpretation, and/or emphasis on a simplified "succ:ess/faW' dichotomy. 

Interpre tive analysis Will address. research questions from both single·disc.iplinary and cross. 
disciplinary perspectives. Examples of intervfew topics include: 

Personal background: Life story leading to career/ work in subsurface restoration 
• General asses~ent of restoration: Areas of suooes.s; needs for improvement 

Motivation for subsurface restoration: What values are at stake and/or in conflict 
• Communication between stakeholders: How effective i suggestions for improvement 

Long·term management (LTM): Implementation challengesj intergenerational issues 
• Sustainable remediation: Compatibility with LTM; defining '"social" dimension 

Research and devetopment: How important i prospects for breakthrough t echnology 
• Cross·disciplinary perspectives: Views on legal, technical, -social, ethical, financial, policy 

issues 

Sl!pported by the National Science fol.lldation lntejrated NSF SUu,ort Promotinj 
lnterdis<iplinary Researc/1 and EmKation (11 ISPIRE) 

Interviewee handout 2/3: Overview of Project Approach 
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Appendix C: Project Contacts 

For more information about the interviews and the resulting processed recording and metadata 

package (PRMP), contact: 

Alan Rabideau 

Principal Investigator, GROH project 

Department of Civil, Structural and Environmental Engineering 

Jarvis Hall 

University at Buffalo, SUNY 

(716) 645-4003 

(716)706-9046 

rabideau@buffalo.edu 

Douglas Lambert 

PhD student, GROH project 

(716)867-4551 

(716)883-6519 

bert@buffalo.edu 

thedouglaslambert@yahoo.com 

doug@randforce.com 
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