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Abstract

This thesis summarizes the initial development of a Web-based database-enabled executive
information system used to assist with the completion of federal environmental remediation
projects. The executive information system presented here specifically addresses the preliminary
site assessment phase of the Superfund program, which was created as a result of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) passed
by Congress in 1980. This process involved filling out a set of scoresheets known as the
Preliminary Site Assessment Scoresheets that ranks a site according to the threat it poses to
ecological and human health.

CERCLA established broad authority for the government to respond to problems posed by the
release, or threat of release, of hazardous substances, pollutants, or contaminants into the
environment. The computerized executive information system described in this thesis was
designed to assist the senior management of environmental engineering companies in the
retrieval of information about particular sites under remedial investigation and in the monitoring
of decisions by other staffs of the company. This information can then be used to determine the
next step to be taken in the Superfund process. The system also contains data regarding the
person responsible, the date investigation was completed, the confidence level of the data, the
source, and any comment related to the information. This will increase accountability for
answers to individual scoresheet sections, and to review the reliability of information that is used
to complete the scoresheets.

The executive information system is part of a larger information system called Executive
Information and Decision Support System (EIDSS). EIDSS will provide both “executive
information” and “decision support”. Besides providing varies functions mentioned above,
EIDSS provides links to data sources on the Internet, local CD-ROM, and previously recorded
preliminary site assessments. All together, the system not only helps executives, but also site
investigators to gather information for filling out the scoresheets. EIDSS changes how
preliminary site assessment is done and aligns the environmental engineering industry with the
new Information Age.

Thesis Supervisor: Patricia Culligan-Hensley, Ph.D. Title: Assistant Professor

Thesis Supervisor: Feniosky Pena-Mora, Sc.D. Title: Assistant Professor
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1.0 Introduction

1.1 Overview of Superfund (CERCLA) Process
1.1.1 History

In the past, there was little understanding of what effect certain wastes have on human
health and the environment. Consequently, numerous abandoned hazardous waste sites
contributed to the pollution of the earth’s soil, water and air. Some common hazardous waste
sites include abandoned warehouses, manufacturing facilities, processing plants and landfills. In
1980, Congress established the Superfund Program to clean up these sites in response to a
growing concern over the health and environmental risks posed by hazardous wastes. The
Superfund program was created as part of the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), which established broad authority for the
government to respond to problems posed by the release, or threat of release, of hazardous
substances, pollutants, or contaminants. In 1986, CERCLA was amended by the Superfund
Amendments and Reauthorization Act (SARA) and by the National Contingency Plan (NCP). At
present the U.S. Environmental Protection Agency (EPA), in cooperation with individual states
and tribal governments, administers the Superfund Program.

The Superfund Trust Fund was established to support the cost of cleanup of hazardous
waste sites under the Superfund Program. The Trust Fund is supported from taxes on chemical
and petroleum industries, and is used primarily when those companies or people responsible for

contamination at Superfund sites cannot be found, cannot perform or pay for the cleanup work.
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SITE ASSESSMENT PHASE

Hazqrd National
Preliminary Site Ranking Priorities
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Figure 1.1.2a Superfund Process (See Appendix A for more details on Preliminary Site Assessment)

1.1.2 Current Superfund Process

The superfund process consists of two main phases: site assessment and remedial
response action (Figure 1.1.2a). Site assessment is the evaluation of all sites to determine which
one needs response action. If appropriate, the result of the site assessment process is the listing of

a hazardous waste site on the National Priorities List (NPL). For sites that are placed on the NPL,
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the second phase of the superfund process, the remedial response action, is performed. During
this phase, the nature and extent of contamination is determined, followed by the selection and
implementation of any necessary cleanups at the site. If threats to human health are imminent,
immediate or short-term responses may be performed during either of these two main phases.

The site assessment phase begins with notification to the EPA of possible releases of
hazardous substances. Sites are then entered into the Comprehensive Environmental Response,
Compensation, and Liability Information System (CERCLIS), which is the EPA’s computerized
inventory of potential hazardous substance release sites. The site assessment phase continues
with the Preliminary Assessment and the Site Insbection stages. The Preliminary Assessment
stage uses relatively limited data that is readily available to identify sites that may pose a threat
to human health and the environment, and therefore require further investigation. If the
Preliminary Assessment phase recommends further investigation, only then is the Site Inspection
performed. The purpose of the Site Inspection is to determine which sites have a high probability
of qualifying for the NPL. Once a site has been placed on the NPL, the site will undergo the
remedial response action, as explained previously.

Recently, the EPA has developed the Superfund Accelerated Cleanup Model (SACM) to
allow for immediate action combined with continuing study as necessary. The SACM improves
upon the traditional Superfund process, which requires a prolonged initial phase of study and
assessment. Under SACM, the EPA can institute actions to address threats to the health and
safety of the surrounding population and environment as soon as those threats are identified.
Listing sites on the NPL continues to be a prerequisite to using certain remedial action authorities

to clean up sites.
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1.2 Preliminary Assessment under CERCLA
1.2.1 Objective
Based on limited data, the Preliminary Assessment (PA) phase is designed to recommend

whether or not a site should undergo further investigation.

1.2.2 Scope

The Environmental Protection Agency (EPA) maintains the CERCLIS, potentially
hazardous sites that have been “discovered” by the EPA regional offices, state agencies or private
citizens. Every site in CERCLIS must undergo the PA phase. The PA phase is performed using
readily available information about it and its surrounding area. The report generated summarizes
the information gathered, and based on this, suggests the site poses no threat to human health or
the environment, there is a potential threat and the site needs further investigation, or emergency
actions are necessary. If the site is determined to be potentially hazardous, the PA report will
often be referred to throughout successive stages of the Superfund process.

The PA report consists of three parts: the data and site characteristic form, the narrative
report and the PA Scoresheets. The data and site characteristics form, entitled “Potential
Hazardous Waste Site Preliminary Assessment Form,” is a four page summary of the PA
scoresheets and the narrative report. The narrative report summarizes all of the information
researched and presents it in a structure predetermined by the EPA. The last section of the
narrative report should summarize the most important characteristics of the site and explain the
major points of concern. The final section, comprising the PA scoresheet, is described in the

following section.
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The Guidance for Performing Preliminary Assessments under CERCLA (U.S. EPA
540/G-91/013, Sept. 1991) indicates that filling out the three sections of the PA report takes an
average of 120 hours for each site. The guidance defines the scope of the Preliminary
Assessment as sufficient to complete the following tasks:

e Review existing information about the site.

Conduct a site and environs reconnaissance.

Collect additional information about the site with an emphasis on target information.

Evaluate all information and develop a site score.

Prepare a brief site summary report and a site characteristic form.

1.2.3 The Preliminary Assessment Scoresheets

The PA scoresheets are distributed as a workbook made up of checklists, worksheets,
factor value tables, and scoring forms, each with brief instructions and guidelines for scoring.
Some regions may require additional scoresheets, but there is a set of standard scoresheets that
must be filled out for all regions.

The scoresheets, see Appendix A for the entirety, are divided into six sections; General
Site Information, Source and Waste Evaluation, and four more sections corresponding to the four
hazardous substance exposure routes called pathways; Ground Water Pathway, Surface Water
Pathway, Soil Exposure Pathway and Air Pathway. Each pathway section is loosely divided into
three sections based on factor categories; likelihood of release (relative likelihood of a hazardous
substance migrating from the site through the specific pathway), target (presence of people,

physical resources or environmental resources that may be threatened by release of a hazardous
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material from the site), and Waste Characteristics (an estimation of the type and quantity of the
wastes at the site). The particular importance of each factor can vary with the pathway, but, for
example, primary targets are weighed heavily in the score regardless of the pathway.

The scoresheets are set up so that the left-hand pages of the workbook are instructions for
filling out the right-hand pages. It often explain the questions asked in greater detail, or provide
help for the site investigator to transfer data obtained from tables and formulas into a numerical
score for a particular section. There is also a review for internal consistency included in the
workbook, which is designed to eliminate inconsistencies in the report, which may undermine
the overall validity of the exercise. The EPA stresses, however, that the reviews and guidelines
are merely to assist the environmental engineers in the scoring process, and much of the time the
engineer will be expected to use his or her professional judgment in the actual scoring.

In this manner, many sections or pages are assigned a total score, which is combined at
the end to determine the overall score of the site. Many pages, however, simply ask for an
explanation of certain aspects of the site in paragraph form, rather than a numerical score. The
total time to research the information and score a site averages about 100 hours, and writing the
reports averages about 20 hours. Sites determined to be ineligible for CERCLA response (i.e.
sites where there is no danger of hazardous waste leakage, not simply a lack of targets) may
submit abbreviated PA reports. The scoresheets need not be submitted for CERCLIS analysis.
However, first two pages of the Potential Hazardous Waste Site Preliminary Assessment Form
and the narrative report remain a requirement.

Finally, the decision (i.e. further action or no action) made concerning the PA is usually

based on the overall site score. In general, a score of 28.50 or higher receives a recommendation
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for further investigation, while a score of less than 28.50 receives a “No Further Remedial Action

Planned” recommendation.

1.3 The MMR Superfund Site
The Massachusetts Military Reservation (MMR) is selected as the primary focus of the
information system because of its scale of operation and its availability of information. The

system can be thoroughly tested using the existing information of the MMR in every aspect.

®

Figure 1.3.1a Massachusetts Military Reservation

1.3.1 Physical Characteristics

The MMR encompasses approximately 22,000 acres on western Cape Cod,
Massachusetts (See Figure 1.3.1a). The reservation houses various facilities and related
operations of many Department of Defense (DOD) branches. Additionally, the Veterans

Administration National Cemetery, the U.S. Department of Agriculture, and the Commonwealth
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of Massachusetts use portions of the base. Most facilities are located in the southern portion of
the reservation. The northern portion consists of numerous firing ranges, which the Army

National Guard uses for training with live ammunition.

1.3.2 Socio-Economic Characteristics

Western Cape Cod supports a population of approximately 150,000 to 524,000 permanent
and seasonal residents, primarily in the townships surrounding the MMR. The permanent
population of the MMR is approximately 2,000 people, located primarily in on-site housing
maintained by the U.S. Coast Guard. Additionally, an estimated 800 non-residents are employed
year-round within various operations at the reservation. Periodic activities associated with
training military reserve personnel can increase the base population by several hundreds to
several thousands. MMR land use is generally limited to supporting military training with some
residential and recreational usage. Land uses adjacent to the MMR include residential,
commercial, recreational, agricultural and wildlife management.

According to the Cape Cod Commission published in 1996, the Upper Cape economy
was valued at $600 million in 1992; more than 60% of this revenue was derived from tourists,
seasonal residents and retirement-based income. Hence, the economic base is believed to be
highly sensitive to environmental contamination and associated perceived risk. The overall value

of real and personal property increased by 3 times in the past 10 years to $8 billion in 1994.

1.3.3 History
The MMR has housed and served the U.S. military forces since 1911. The site was

particularly active during WWII. Between 1955-1970, the MMR operated a number of
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surveillance missions and aircraft operations through the Air National Guard. The use of
petroleum products and other hazardous materials, as well as the generation of wastes, was at the
highest during this period. Since 1970, the military activities have been scaled down.

Past releases of hazardous materials at the MMR have resulted in groundwater
contamination in a number of areas. Documented sources of contamination include former
motor pools, landfills, fire training areas and drainage structures such as dry wells. Figure 1.3.3a
gives a map of nine major contaminant plumes that have been identified at the Reservation.

On November 21, 1989, the MMR was listed on the National Priorities List as a
Superfund site. As a result, the National Guard Bureau and the U.S. Coast Guard entered into an
Interagency Agreement with the EPA in July 1991. Consequently, all site investigations and
remedial actions performed at the base are subject to the requirements and regulations of the

Comprehensive Environmental Response and Emergency and Liability Act (CERCLA).

1.3.4 Present MMR Activities

At present, the majority of the preliminary site assessment at the MMR has been
completed and most areas of contamination identified. In most cases, the source of
contamination has also been controlled or eliminated. Currently, remediation alternatives are
being pilot tested of most of the plume sites. In some cases, pilot tests have been performed and
remediation alternatives are being expanded to full size. Remaining stages are planning and
design of remedial facilities, as well as their construction, maintenance and operation. In all

cases, close monitoring of progress of the site cleanup is crucial.
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1.4 Preliminary Assessment under CERCLA at the MMR
1.4.1 History

The Installation Restoration Program (IRP) began at the Massachusetts Military
Reservation in 1982. Under the direction of CERCLA guidelines, all potential areas of concern
(AOC) were evaluated via the Preliminary Assessment (PA) Scoresheets. Any sites scoring 28.5
or higher were to be considered areas of concern and had to be further inspected prior to
beginning the remediation process. By November 1989, 27 AOC’s had been identified.
Currently, there are a total of 78 AOC’s which include 5 storm drainage ditches, 10 landfills of
various sizes, 26 reported chemical spill locations, 29 reported fuel spill sites, 3 former
firefighter training areas, 4 former coal yards and an AOC designated as the Drainage Structure
Removal Program, consisting of over 170 sumps and drainage structures that need to be

removed.

1.4.2 Present PA Activities

At the present time, there are two areas still in the preliminary assessment phase: John’s
Pond Dump - Off Base (LF-4) and Former Contractor Yard (CS-13) (Karson, 1997). The
preliminary site assessment process at these areas will involve manual record searches of real
estate and historical data, interviews with past and present employees and the inspection of aerial

photographs.

1.4.3 Design of Future Approaches at the MMR and Elsewhere
To aid in the process of gathering data and storing decisions made during the preliminary

assessment phase, data sources in electronic format may be used. There are many advantages
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gained by converting the traditional paper PA Scoresheets to electronic forms on networked
computers. Multiple engineers can work on the same scoresheet without the delay of paperwork
transfer from one office to the other. Completed and partially completed scoresheets may be
stored for the use of updating information or retrieving records of past decisions at any point in
the future. Another advantage of placing the PA scoresheets on networked computers is that they
can easily be linked to the Internet or databases where large amounts of relevant information may
be found. Lastly, once the scoresheet is completed and stored in a database, an executive

summary report may easily be generated.
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2.0 Information Systems

To make the Preliminary Site Assessment (PA) process more efficient, an information
system needs to be put in place. Before introducing the proposed information system that will
aid the PA process, this section first looks at the definition of an information system, how it is

being used in general, and how it is being used in the environmental engineering industry.

2.1 Definition of an Information System

An information system can simply be defined as a system for retrieving appropriate and
relevant data from a source and transferring it to a designated target with a different format. A
more advanced information system would also consist of a unit for processing the data and
adding meaning to it.

Although extremely complex, the human body is the smallest information system. Our
brains contain a large amount of information that we call knowledge. When we encounter a
problem, part of our brain requires information from other known as memory. After the
knowledge is processed, it can be expressed through speech, writing or body movement. A think
tank—generally a group of people with similar skill-sets that get together to solve a problem—is
an even more complex setup of an information system. Although a think-tank has a greater
number and resources, it can introduce complex problems of conflict resolution and sharing

among members.
A more diversified information system is demonstrated in a company. People with
different interests and skill-sets are put together to help the company perform better as a whole.

Information is stored not only in employees’ brains, but also on paper and in other formats.
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Processors of the information system can include engineers and scientists, office administrators,
accountants and managers, depending on what type of organization the company is.

Other large-scale information systems are universities and governments. These
information systems are extremely complicated. More importantly, however, is the fact that
knowledge transfer in these complex systems comes from different sources. For example, when
a student has a question, information and knowledge sources can be professors, teaching
assistants or roommates. The reliability of this knowledge can vary according to the source.
Because of the difficulty in ensuring reliability of information, computerized information
systems were only implemented to alleviate the human work force from some rather routine
processes such as automatic payroll systems and inventory tracking systems. These systems, like
specialists, performed tasks within their knowledge boundaries.

As computer processing power and storage capabilities continuously grow, computerized
information systems, referred to as information systems from now on, are becoming more
sophisticated. People are beginning to require from information systems higher level of
processing so that value is added to the information gathered. Systems are required to handle not
only routine process, but also to support decision-making. In terms of improving
communication, electronic-mailing and newsgroup systems are examples of some such

improvements that have been recently introduced.

2.2 Use of Information Systems in Decision Making Process
Information systems can support the decision making process through two modules: the
decision support system and the executive information system. They are being applied not only

to help users make better decisions, but also to reduce the processing time.
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A decision support system (DSS) is an information system designed to provide
employees access to information crucial to their decision-making processes. The scope of a DSS
is rather broad; any system providing its user with knowledge can be categorized as a DSS. For
example, Tiger Creek, a paper manufacturer, introduced in 1983 an Expense Tracking System
(ETS) to allow operators at their mill to make better technical adjustments by studying cost
impact information provided by the system (Bronsema, 1984).

Frito-Lay Inc., a food distribution giant, developed a DSS through the use of Hand-Held
Computers (HHC). HCC provides delivery and shelving employees better information on how
to re-distribute and re-shelf a store. Thus, not only the employees can base their decisions on
past experiences, but also obtain accurate and up-to-date account information for a particular
store. Using this system, new employees can also learn quickly and become a productive part of
the team (Applegate, 1989).

In addition to DSS, Frito-Lay also implemented an executive information system. In
general, an executive information system (EIS) is an information system designed to provide
senior managers access to information relevant to their management activities. This includes
information concerning the company finance and accounting, the employee work-schedule, and
the marketing and annual and quarterly reports. Because managers use the information to make
fast and accurate decisions, companies using a well-designed EIS will gain competitive
advantages over their competitors (Leidner, 1993).

The Frito-Lay EIS works in a similar manner to the HHC by assisting managers at Frito-
Lay to better manage inventory distribution and to keep track of regional sales information. The
EIS enables the design, creation, and storage of graphical information displays, and it provides a

user-friendly interface for accessing information stored in predefined graphical displays. The
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EIS also provides an excellent way for new managers to get up to speed quickly in the food-
distribution business (Applegate, 1989).

During the late 80°s, Phillips 66 Company, a major gasoline distributor, began using
Phillip 66/EIS, an EIS containing over 1000 information displays for 45 managers and 35
secretaries and staff. The Phillip 66/EIS provided a tighter control of Phillip 66 inventories and a
better monitoring of supply and pricing management. In 1988, the information system generated
conservatively increased profits of $20 million (Applegate, 1988).

A more recent example of a DSS and EIS implementation comes from CIGNA
Corporation. The CIGNA Property and Casualty (P&C) Division deployed an Underwriting
Desktop System (UDS) and Strategic Feedback System (SFS). The UDS system was based on a
suite of tools and applications that gives the underwriter access to everything needed to perform
the job so that it was never necessary to leave the desktop. The suite of tools included an
electronic form facility, electronic reference materials, access to Underwriting Guidelines, e-
mail, and interactive business training modules (Nolan, 1995).

While the CIGNA UDS facilitated many of the tasks performed on a day to day basis, the
SFS provided senior executives the capability to create, view and update a balanced scorecard
throughout CIGNA P&C. The major point of the “Balanced Scorecard” (BSC) concept was to
develop multiple performance measures to assess the achievement of a company’s business
vision. The automated BSC enhanced communication between business managers, both upward
and among peers. It also simplified the presentation of information using simple graphics like

the use of a red light for problems and a yellow light for caution (Nolan, 1995).
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DSS and EIS provide a new way to do business. They have simplified information
searches and presentation. As an information intensive and massive decision-based industry, the

environmental engineering industry can benefit greatly from both systems.

2.3 Applications of Information Systems in the Environmental Engineering Field

Environmental engineering project management can be a very difficult task because so
many factors must be taken into account. Environmental decision making involves understanding
not only the immediate impact of human activity on the environment, but also issues like human
health, economic costs, current and pending regulation and fairness. In principle, all of these
interrelated factors have a bearing on any decision made relating to the environment.

To deal with these complex problems, the environmental engineering industry could
greatly benefit by utilizing DSS. In general, there are three domains in which DSS can make a
real difference. The first domain is in the modeling of complex environmental processes, such as
air and water quality modeling and other calculation-intensive-aiding software. The second
domain is in information management. Integrating information from diverse sources is necessary
in order to make sound decisions. Important sources of information range from field-monitored
data, to simulation results, to documents on regulatory policy. Finally, the last domain involves
modeling the decision process itself and providing the structure and support to enable policy
makers to make timely, balanced decisions that are consistent with what we know about the
environment.

Satisfying the first criterion of modeling complex environmental processes, the analysis
programs available in the market range from air quality modeling tools to groundwater migration

modeling tools. In terms of information management, many United States government agencies
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and private organizations are actively developing standardized information systems for storing
geographic data called Geographic Information Systems (GIS). Using Global Positioning
Systems (GPS), GIS databases store information about specific locations using their northings,
eastings and elevations.

At present, most environmental engineering DSS tend to be hybrid systems of modeling
and information management. For example, the International Institute for Applied Systems
Analysis has developed a working beta of a DSS named the Decision Support System for
Evaluation of River Basin Strategies (DESERT). Based upon the user-friendly environment of
the Microsoft Windows interface, DESERT provides integration of important stages of decision
support including data management, model calibration, simulation and optimization and
presentation of results (Somlyédy, 1996).

The Colorado River Decision Support System (CRDSS) is another DSS under
development. The principal goal of the CRDSS is to provide the capability to develop credible
information on which to base informed decisions concerning the management of Colorado River
water resources. It has same functions as DESERT in terms of its interface and data management
(Johnson, 1996).

A simpler form of DSS is an environmental engineering specific Web search engine,
which aid engineers find information in a specific area of interests. The Amazing Environmental
Organization Web Directory lists commercial companies and academic institutes ranging from
Animal Interest Groups to organizations concerned with Sustainable Development (Dickson,
1997). Other search engines include EnviroPhantom (Garvey, 1997), ECOLINKING (Rittner,

1997) and YAHOO (Filo, 1997).
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Most DSS for environmental engineering that are under development tend to only
combine modeling and information management, there is little work on developing EIS which
combine all three functions of environmental project management. Those EIS that are being
developed are only in the conceptual design phase. For example, the Environmental Programs
Group at MCNC's North Carolina Supercomputing Center, working closely with the EPA, is
developing the Environmental Decision Support System (EDSS) that includes all three aspects of
environmental project management. However, EDSS only focuses on a “next-generation” air
quality modeling system (Bilicki, 1996).

The following section proposed a system that integrates the three aspects of
environmental project management on the more general area of preliminary site assessment of
hazardous waste sites. This system uses a plug-in architecture where components are used for

modeling, information management and decision process.

2.4 Proposed Information System for Preliminary Site Assessment under
CERCLA

The global objective of 1997 Master of Engineering Information Technology Group
project, Executive Information and Decision Support System (EIDSS), was to develop an
information system that can support decision making during the complex process of hazardous
waste site remediation. Within that process, EIDSS focuses on the preliminary site assessment
under CERCLA (PA). Figure 2.4a shows a system diagram of EIDSS.

EIDSS is separated into two different sub-systems: DSS and EIS. DSS aims to aid
investigators to research information faster and more accurate. It is more catered towards

retrieving information from outside the company, with the exception of one system. EIS, on the
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other hand, targets management level employees. It is catered towards extracting information

from the company’s internal database for project management purposes.

Open System
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Database Engine Show Site Information Show EIS Information
Exit Open
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Figure 2.4a System Diagram of EIDSS

From the diagram, one can see that EIDSS is missing several components such as
modeling, project management, etc. However, since these modules are not need for the PA
process, they are components to be added when the system expands to cover other processes.

Adding them will be similar to adding new branches to the diagram.

2.4.1 Information System Under current Preliminary Site Assessment Processes
The information system is designed to search data for engineers and scientists to fill out
the PA Scoresheets. With a user friendly graphical user interface designed to look like individual

pages of the PA Scoresheets, it will help users become familiar quickly to the new information
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system. In addition, since this system is Web-enabled, the user can have the system search for
data on the Internet or on any electronic formats. To do so, there are two different types of
search engines developed: Internet Search Engine and Data Store Search Engine.

The Internet Search Engine uses the Excite search engine. By passing specific
parameters into Excite, the search result will be more precise and concise. This will narrow
down the information the user has to skim through before finding the right document on the
Internet. For example, passing in MMR and water well will return a list of pages containing
environmental related homepages with MMR and water well inside the documents, not millions
of pages containing the word water and well. The Data Store Search Engine uses database query
instead. This search engine targets specific database on the Internet, such as the USGS database,
or in electronic form, such as on CD-ROM. Passing in specific query information consists of
location, in the form of longitude and latitude or city name, and the requested parameter, such as
rainfall or population, the database will return the specific result for the question. For example,
passing in the coordinate of MMR and a requested parameter on rainfall, the database will return
the average precipitation rate of the MMR area (see Appendices D, E and F).

This information system is not designed, however, to replace engineers and scientists. It
will assist them to arrive to conclusion in a much shorter time frame. This system should be able
to cut the 120 hours of PA process to at least haif the time. This is based on the fact that
investigators spend the majority of their time searching for information, and the fact that
generating reports will be much easier using the system with electronically stored data. The
information system will double, at the very least, the capability of the environmental engineering

firm evaluating sites. This will allow the company to be more efficient on performing the PA.
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2.4.2 Future Architecture of Preliminary Site Assessment Processes

While the information system described above will greatly improve the current PA
process by making information more reliable and readily available, the potential exists for future
enhancements to the information system. Reusing the completed site/facility assessments could
enhance the information system. Once the proposed information system has been used to
complete one or more PA’s, a database of previous studies would be collected. This additional
data source, from the Cross-Site Comparison Database System, could provide valuable
comparisons for performing new studies. If a new site has characteristics that are similar to sites
that have been studied previously, referring to these previous studies may facilitate the
completion of the PA process. Some characteristics used to compare sites include geographic
location, suspected release of hazardous wastes and type of facility or operations engaged on the
site. Comparing new sites with completed studies would also provide an additional check for
reliability and support for the current site under assessment (see Appendix I).

Having briefly described three separated systems, this concluded the introduction of the
decision support system portion of the EIDSS. Although the decision support system is an
important part of EIDSS, the focus of this thesis, however, is the documentation of the
implementation of the executive information system potion instead. Therefore, the
implementation of the decision support system by other members of the project group is included

in the appendices.

2.5 Proposed Executive Information System
Expanding beyond the scope of aiding engineers and scientists, the system can

incorporate the concept of an EIS to provide better information for senior management.
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The development of an EIS, which can support decision making for senior management
of an environmental engineering firm or a government agency during the complex process of
hazardous waste site remediation, is the primary focus. The EIS, with project information stored
electronically in a database, can provide better information for the senior management, or anyone
looking for information regarding finished or on-going projects of the company. For example, a
senior manager could use the system to manage the individual progress of site remediation
projects of various sites that the individual oversees. An EIS also opens new opportunities in
document tracking and decision management. These new functions allow senior managers,
especially the Chief Executive Officer and the Chief Financial Officer, to better monitor and
control the company performance and growth rate.

By examining the implementation of an EIS for the PA process, one can better
understand the different processes and technical difficulties facing the development of such an
information system. This prototype will also help developers and users better visualize the
benefits of such a system and allow users of the system to define improvements and changes to
better fit their needs. In addition, with a better understanding of the capability of an information
system, senior management can also make any necessary adjustment within their organizational
structure, workflow and other managerial domains to ensure the success of implementing the full

system.
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3.0 Executive Information System Design and Development

The need for a database-enabled information system is apparent in many applications,
especially when large amounts of data are involved. However, because of the growing interest
with respect to the usage of the Internet, simply developing a database-enabled system is often
not sufficient. It is also important that the system is Web-based so that stored information can
travel beyond local communication limitation, and support staffs, if applicable, all over the
world.

This chapter will first talk about what kind of database management system is there in the
market. Then it will explain how a database management system is designed. After that, it will
layout the design process of the Preliminary Site Assessment Executive Information System.
Before moving on to implementation, the chapter will examine the use of Web-based information

system and the planning of implementation process.

3.1 Database Management System
Today, most of the database management systems used by commercial applications are
based on one of four basic models: the hierarchical model, the network model, the relational

model and the object-oriented model.

3.1.1 Hierarchical and Network Models
Although hierarchical and network models are the older generation of databases, they are
still being used in many companies because the majority of mainframe computers from the late

60’s and 70’s use these models. Migrating from these legacy systems is costly and difficuit.
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In general, both the hierarchical model and the network model make use of permanent
internal pointers to locate information. For example, record A will point to records B and C, and
records B and C will then point to something else. Because of this specific routing feature, the
process of changing and updating information in the database requires synchronization of all
inter-related pointers. Due to the fact that a long and complicated application code, usually in
COBOL, is required to run these models, maintenance of these systems is quite cumbersome and
difficult.

Since the 1980’s, following the commercial debut of the relational model software,
hierarchical or network database systems have not been installed ever since. Companies use
relational databases model to implement new information systems. For those existing legacy
systems, companies try hard to migrate to new database models either by paying a lot or

abolishing the old one (Swadley, pp. 4).

3.1.2 Object-Oriented Model

Before discussing the relational model, a quick introduction of the object-oriented model
is needed. This is the next generation of database model. Borrowing form the object-oriented
programming concept, object-oriented database models are databases that support objects and
classes. Thus, they allow structured sub-objects. Each object has its own identity, or an object-id
(as opposed to a purely value-oriented approach), and its own properties. The model supports
methods and inheritance. It is also possible to provide relational operations on an object-oriented

database.
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The object-oriented model allows all the benefits of object-orientation, as well as the
ability to have a strong equivalence with object-oriented programs — an equivalence that would
be lost if an alternative were chosen, as with a purely relational database (Hathaway, 1996).

Although an extremely powerful model, there are still a few issues unresolved that slow
and stop the migration of this model into general use. First of all, the object-oriented model is
still undergoing a lot of development and improvement. Universities and research institutes are
still exploring the different possibilities of this model.

Secondly, because the market is saturated with the relational database model, none of the
object-oriented database software companies has been to appropriate a large segment of the
market in order to create a snow ball effect. Last but not least, people in the industry are not
familiar with the concept of object-orientation. Thus, before this model is accepted by the
industry, a radical change in thinking about the world, and how the world operates is needed.

Because the commercial world is not ready for the object-oriented model, the relational

model continues to dominate the world of database management system.

3.1.3 Relational Model

Information in the relational database model is stored in tables with columns and rows.
Columns define attributes, or fields; rows define records, or tuples. All cells belonging to the
same column must contain information of the same type ranging from integer, floating point
number, text, memo to a yes/no selection (Stanczyk, pp. 12).

There are also three different kinds of relationship, or a named directed mapping between
two tables: one-to-one, one-to-many and many-to-many relationship. The first one is the one-to-

one relationship, which means that a set of records in a table is mapped to only one set of records
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in another table. For example, the relationship between left and right hand is one-to-one, or at
least in most cases. The second one is the one-to-many relationship, which means that a record
can map to multiple records in another table. For example, parents with more that one child
demonstrate this property. The last one is the many-to-many relationship. An employee-project
relationship clearly demonstrates the type of mapping; each employee can be involved in
multiple projects while each project has a team of employees performing different tasks
(Stanczyk, pp. 19).

Another important feature of the relational model is the query. There are three major
roles for the query. One of them is to filter information in a set of records, by setting criteria, for
example, displaying only those sales that occurred in 1994. This allows users to narrow down
the information displayed, which improves searching time. Queries can also be used to combine
sets of records using one or several common fields. This is useful when the user wants to gain a
better insight into the information stored in the database. For example, the user can not only see
information about customers and sales people, but also about which sales person sold which item
to which customer, drawing data from many tables. The last function allows users to filter a set
of combined records (Stanczyk, pp. 109).

Different from other three models, because of the use of tabular structure and its natural
ability to provide an easy-to-use user interface, the relational model was quick to be adapted by
many different industries as the database standard. However, the most important feature of
relational model is that it has a well-structured theory governing the design of database
management system that object-oriented model does not have. The following section will go

into the design theory of a relational database management system.
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3.2 Relational Database Management System Design

Because most commercially available database systems use this model and the need to
make the system easier to interface with other commercial systems, Preliminary Site Assessment
Executive Information System (PAEIS) described here will be implemented using the relational

model.

3.2.1 Relational Database Design Methodology
Although easier than designing with other models, designing a relational database is not
exactly trivial. There are several rules for designing a good relational database that need to be

followed. These rules are discussed below.

3.2.1.1 One Piece of Data per Cell

First of all, each cell needs to contain one piece of data, and the user will never want to
use only part of that data. A good example is the Address field. An address is a piece of data.
However, there will be instances where the user will want to group address information by city
or by state. Therefore, the address is separated into street address, city, state, and zip code to

accommodate this anticipated need (White, pp. 66).

3.2.1.2 Meaningful Tables

Secondly, tables need to be meaningful. The table title not only has to describe the
content, but also set the limit on the contents. For example, the Employee table should not
contain information about projects that each employee is working on; likewise the Project table

should not have information about which employee is working on which project. Instead, the
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interaction between these two tables should be another table labeled Task for describing this

many-to-many relationship (White, pp. 70).

3.2.1.3 Primary Keys

Each table should have at least a key, which is a set of columns that picks out a unique
row from the table. A good example of a key is a key to identify a person. Using the last name
is not a good example of a key because of the possibility that many people might share the same
last name. As a matter of fact, even using all last, first and middle names is not error proof. A
specific personal ID is needed, and the social security number serves that purpose very
effectively, or at least in the US (Hawryszkiewycz, pp. 29). In cases when there are several keys
per table, the primary key should be the simplest one. For example, even if there will be no
repeat of names, using the social security number as the primary key is superior because users

can distinguish a record using only one field.

3.2.1.4 Tables Related with Foreign Keys

In general, using an extra table to build a relationship is specific for many-to-many
relationship. To build one-to-one and one-to-many relationships, tables can be related using
foreign keys. A foreign key is a column of key values in a table that will point to the primary
key of another table. For example, in the Employee table, a column labeled department will
consist of integer values between one and ten, while in the Department table, there will be nine
records each with a different DepartmentID ranging from one to ten. Using this method, users

can build very interesting and useful relationships (Hawryszkiewycz, pp. 33).
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3.2.1.5 Eliminate Redundant Storage of Data and Empty Cells

In order to create efficient databases, redundant data storage and empty cells need to be
eliminated. In order to reduce redundancy, users can simply redesign the tables and relationships
(Hawryszkiewycz, pp. 14). Expanding on the employee-department example from 3.2.1.4, if
both employee and department tables include the name of departments, one can just remove the
column from the employee table and use query to get the department name.

Eliminating empty cells is more complicated. It may require the creation of several
different tables in order to minimize the number of empty cells on one table. For example, not
every employee has a mobile or secondary phone number. So, instead of assigning a mobile
phone number field to the employee table, the database designer can create a mobile phone table
with two columns: a column of foreign key containing the EmployeelD and a column giving the

mobile phone number. Users can use query to link these two tables together (Hawryszkiewycz,

pp. 20).

3.2.1.6 Normal Forms

The idea of normal forms revolves around relation keys and dependencies. There are five
different levels of normal forms; each form indicates a set of conditions that a table must satisfy.
A table achieves the first normal form when there is only one piece of data per cell. To reach the
second normal form, each non-key field in the table must depend on the whole key and not part
of the key. For example, in figure 3.2.1.6a, although Total Time depends on both PersonID and
ProjNo, Project Budget depends only on ProjNo. Figure 3.2.1.6b shows two tables of the same

information reaching the second normal form (Hawryszkiewycz, pp. 34).
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PersoniD| ProjNo |Project Budget|Total Time
1 1 20 20
3 1 20 16
2 2 17 35
2 3 84 42
3 2 17 17
2 1 20 83
4 3 84 41
4 S0
Figure 3.2.1.6a Project Data Table: Non Second Normal Form
ProjNo |Project Budget PersonlD| ProjNo |Total Time
1 20 1 1 20
2 17 3 1 16
3 84 2 2 35
4 90 2 3 42
3 2 17
2 1 83
4 3 41

Figure 3.2.1.6b Projects and Wotks Tables: Second Normal Form

The third normal form is achieved when no column depends on anything but the primary
key. In another words, none of the non-key field will depend on another non-key field. Figure
3.2.1.6¢c demonstrates the difference. The DOB of the Second Normal Form table can depends

on ProjNo and Manager; in the Third Normal Form tables, DOB only depends on Manager, and

then Manager only depends on ProjNo.

ProjNo| Manager| DOB
1 Joe Jan-63
3 Vicki | Mar-57
2 Joe Jan-63
4 Marilyn | Jul-58

Second Normal Form
Figure 3.2.1.6c Comparison between Second and Third Normal Form

And finally, both fourth and fifth normal forms eliminate multi-value dependencies and

ProjNo|Manager| |Manager| DOB
1 Joe Joe Jan-63
2 Joe Vicki | Mar-57
3 Vicki Marilyn | Jul-58
4 Marilyn

Third Normal Forms

are beyond the scope of this information system (Hawryszkiewycz, pp. 43).
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3.2.2 Entity-Relationship Model

Having understood how to design a good database, one can then start to build one. The
most commonly used design method for top-level analysis is the Entity-Relationship Model (ER
Model). In general, the ER Model is a method of grouping and linking. Objects, or entities, with
similar properties are grouped into entity sets. Relationships will then govern the interaction

between these entity sets. Figure 3.2.2a shows an ER diagram (Hawryszkiewycz, pp. 85).

PersonID
DOB Persons

Last Name

PersonlD
ProjectID
Hours-Spent M

Project]D .
B un:{get Projects

Figure 3.2.2a An ER Diagram: The rectangle indicates entity set and the
diamond indicates relationship. N and M indicate the relationship type;
if N and M are both 1, then the relationship is one-to-one; 1 and N
means ong-to-many; N and M means many-to-many.
Ideally, each set in the ER diagram becomes a relationship. The conversion must satisfy
a few criteria. The most obvious one is achieving the highest normal form. Besides that,

preserving integrity constraints, or specific rules between the creation and existence of data, and

minimizing the number of relationships are also important.

3.3 Preliminary Site Assessment Executive Information System Database Design

The approach to designing the database system is to put aside the fact that this is an

Executive Information System and focus first on the tabulated raw data. These base tables
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contain information needed to fill out the PA Scoresheet. So, the initial step involves studying

relationships within and between PA Scoresheets.

3.3.1 Base Tables Design

Most relationships between tables in the scoresheet are one-to-one. This is because every
blank, every comment and every answer corresponds to one facility. This makes administrating
information within one record easier because a common ID can be used for all tables.
Relationships between scoresheets are more complicated. First of all, a site, defined as an area
of operation, consists of many facilities, a one-to-many relationship. Data integrity needs to be
enforced so that each facility belongs to a site. Furthermore, data integrity also needs to ensure

that scoresheet data are linked to facilities. Figure 3.3.1a shows the ER for these base tables.

SiteID Stte 1 e@“ Facility Fac/SiteID

Site Info \"V Facility Info
1

1

AN

Contains Conty
hd 1

Fac/Site]D Ground Swrface Fac/SitelD
Info Water Pathway Watex Pathway Info

Figure 3.3.1a Preliminary ER Diagram: one-to-one relationship between Facility
and Pathway information; ong-to many between site and facility.

By further exploring the site information section of the scoresheet, it is clear that a site
can contain more than one prior spill. To reach the third normal form, the site information is

spilt into two. The same rationale can be applied to the facility information. A facility can have
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more than one suspected hazardous substance and spill source. Therefore, the facility

information is spilt into three. See Figure 3.3.1b for more details.

General Site General Facility
Information Information
1 i 1
@ Cuntﬂins Conty
N N N
Prior Spi.ll Hazardous Source
Information Substances Evaluation

Figure 3.3.1b General Site and General Facility Information ER Diagram

The executive information system selected two different pathways to implement: the
Ground Water Pathway (GWP) and the Surface Water Pathway (SWP). After carefully studying
the prescription and data for each individual pathway, a few issues need to be addressed. First, it
would take more than a hundred columns to map each pathway relationship, making data
management difficult. Thus, instead, each pathway has been broken down into several individual
sections according to the scoresheet. For example, the GWP is divided into General Information,
Suspected Releases, Primary Target, Private Well and Scoresheets. For a diagram of
relationships of the system, see Appendix B.

Second, there are a few one-to-many relationships embedded in these sections. For
example, in the GWP, a facility have four different private well impact analysis allocated with it
and one or more targets; in the SWP, a facility can not only have more than one Primary Target,
but also Drinking Water Threat and Food Chain/Environment Threat. Figure 3.3.1c shows how
all the relationships have been resolved. There is no indication of specific relationship type

because it varies from one to another (1/1 for one-to-one and 1/N for one-to-many).
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General Facility

Information
%t'? Comy Contains
GWP or SWP GWP or SWP GWP or SWP .« o e
Section Section Section

Figure 3.3.1c GWP and SWP Sections: GWP contains General Information
(1/1), Primary Target (1), Private Wells (1/N), Suspected Releases (1/1),
and Scoresheet (1/1); SWP contains General Information (1/1), Primary
Target (1/N), Suspected Release (1/1), Drinking Water Threat (1/N), Food
ChaitvEnvironraent Threat (1/N) and Scoresheets (151)

3.3.2 Executive Information System Table

In addition to these base tables, a series of EIS tables has been build to record information
about the data in the base table. These EIS tables contain information such as the confidence
level assigned to the data, the person who filled out the field, the date, the information source and
any comment related to the field. Figure 3.3.2a shows how these data relate to the individual

section. See also Appendix B for sample tables and data sets.

Any Teblesand | FaciSecID or SiteID

Sections Scoresheet Information
1
Contains »
N
- ] Fac/SitelD or SitelD
Detail Information | A dditionallD if needed for one-to-many
FieldID
Date Complete  Confidence Level
By Whom Source
Corament

Figure 3.3.2a FIS Tables: Al EIS Tables follows the ER
diagram sbove. & few of them will be different: including an
extra AdditionallD to combine with FacSiteID to serve as
Primary Key. This is used whenever there is a one-to-many
relationship between General Facilty Information and individual
sections, such as Primary Target.

Executive Information System, Kai Kuo: 44 of 183



3.4 Web-Based Information Systems

Unknown to most people, the Internet has been in place since the late 1960°s. Because
this so called information highway was primarily designed for national defense against nuclear
attacks and academic research purposes, and was funded by the federal government, only
government agencies and selected universities initially had access to it. Although designed as an
opened system, the information flow was still in a closed loop.

In 1990, having sensed and recognized the potential and the growing commercial interest
of the Internet, Merit, IBM and MCI formed an organization called Advanced Network and
Services (ANS) to commercialize the Internet by upgrading the then-existed infrastructure of the
Internet to handle more commercial information traffic. This is the first sign that signaled the
growth of the Internet (Weingarten, pp.2).

Today, the most important area of the Internet is the World Wide Web (WWW), which is
a wide-area information retrieval initiative that aimed to give universal access to a large universe
of documents (Hughes, 1993). Many will argue that Centre d’Etude et de Recherche Nucléaire,
CERN, with its WWW invention and Mosaic at National Center for Supercomputing
Applications, NCSA, kick-started the Internet. However, during the era of Mosaic, WWW is
still utilized mostly by academic and research institute (Salomon, 1996). It is not until 1993,
when Netscape, as a public company having had received lots of exposure at the time, introduced
the Navigator to the WWW, that the Internet went super-nova. Its affect was similar to the
impact that spreadsheet applications, such as Lotus 123, had on the personal computer industry;
the distribution of Netscape Navigator is definitely the single most important event that led to the

explosive growth of the Internet.
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3.4.1 Infro-Structure of the World Wide Web

The information flow structure of the World Wide Web (WWW) is based on the popular
client-server model. Information providers of the WWW deploy data by constantly running a
Web server application. The Web server will wait for requests for information through the
Internet from a Web client, which normally is a WWW browser tool such as Netscape Navigator
or Microsoft Internet Explorer.

Web clients communicate with Web servers using the HyperText Transmission Protocol
(HTTP). All Web clients and servers must be able to speak HTTP in order to send and receive
information. Because of this reason, Web servers are sometimes called HTTP servers. The
phrase "World-Wide Web" refers to the collective network of servers speaking HTTP as well as
the information available that uses the protocol (Hughes, 1993).

Beside HTTP protocol, there are numerous other protocols available for the transferring
of information. One of the more popular Internet protocols is File Transfer Protocol (FTP). This
allows FTP clients to view files on FTP servers. This make transferring of the entire directory or

a specific group of files easier.

3.4.2 Web Publishing with HTML

HyperText Markup Language (HTML) is the standard publishing language of the WWW.
HTML files contain not only the information people see on screen, but also connections
information to other documents. In addition, besides HTML files, these other documents can be
pictures, audio clips, video clips and applications. This makes the multimedia representation of

information possible, which is an attractive feature.
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HTML also drove the Internet in the beginning because of its ease of coding. HTML is
not a conventional computer programming language; rather, it is a scripting language, which uses
codes to indicate the formatting of text and graphics. For example, putting text in between <B>
and </B> means that the text will be bolded; putting text in between <I> and </I> means that the
text will be italicized.

Since the expansion of the Internet, there have been many improvements added to the
capability of HTML. These features include text alignment, bullet listing, table formatting and
most recently, framing. Framing is a way to divide the Web browser’s area to present
information from different HTML files. The frame technology helps information to be organized
better and easier to access. However, because HTML is a scripting language, HTML homepages

present nothing more than simply information and formatting.

3.4.3 Web Programming with CGI Script, JAVA and Active X

Computer programmers first began tackling the programming limitation of HTML using
Common Gateway Interface (CGI) programming. A CGI program is executed in real-time, so
that it can output dynamic information. However, since a CGI program is executable, it is
basically the equivalent of letting the world run a program on the server’s system, which is not
the safest thing to do. Therefore, there are some security-precautions that need to be implemented
when it comes to using CGI programs. For example, allowing Web clients to access only a
certain directories of information on the server is one security protocol that can be implemented.

As long as the system allows the program to be executed, a CGI program can be written
in any programming languages such as C/C++, Fortran, PERL, TCL and Visual Basic. It only

depends on the availability of these software packages on the server’s system. Out of those
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programming language mentioned, many people prefer to write CGI scripts using PERL or TCL,
since they are easier to debug, modify and maintain than a typical compiled programming
language such as C/C++ or Fortran.

However, since these CGI programs runs on the server’s machine, they slow down the
performance of the system in general. Around 1995, the JAVA language was introduced onto
the Internet as a new way of Internet programming. As a matter of fact, JAVA has become the
standard programming language on the Internet. This is mainly because JAVA supports
advanced programming features such as object-orientated programming, multithread, network
programming, and graphical user interface design.

In addition, since the structure of JAVA closely resembles that of C++, which has been
the programming language of choice for the late 80’s and 90°s, JAVA was very quickly adopted
by the programming community. The most important feature of JAVA, however, is the fact that
JAVA programs are platform independent and run on Web clients.

Trying to gain market share and control over the growth of the Internet, Microsoft
developed ActiveX Control for its Internet Explorer. ActiveX is a network-centric solution
grounded in existing object linking and embedding (OLE) technology, which allows users to
leverage their investment in Windows-based client/server computing and create engaging
interactive applications for the Internet and intranets. In other words, ActiveX does pretty much
the same thing JAVA does, but is catered towards only Microsoft operating systems and the

Internet Explorer.
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3.5 Planning Implementation Process

Having finished designing the database, it is necessary to implement the system using a
database management system tool. There are many different tools available in the market
ranging from high-end products such as SAP R/3, through mid-range products such as Oracle
and Sybase, to low-end products such as Access.

High-end products are very expensive and difficult to implement. In addition, they
normally cover the entire operation process of a company such as accounting, budgeting,
workflow, employee management, etc. Therefore, they are beyond the scope of the information
system being setup here. Mid-range products are the ideal choice of platform because these
products are scaleable, expandable and relatively affordable. However, because this is a
prototype to study the applicability of the model being developed, a low-end system is brought in
to test quickly the design before the full implementation.

For the Preliminary Site Assessment Executive Information System, Microsoft Access 97
will be used to test the design to see if anything within the system needs to be changed and
improved. Afterward, the information system will be implemented using Oracle7.

In addition to setting up the database, in order for the system be accessible through the
Internet, a Web server needs to be run. To use the Publish to the Web Wizard for Access 97, the
server must be running the Microsoft Information Internet Server 2.0 or better, and the Web
pages must be viewed using Microsoft Internet Explorer 3.0 or better. Oracle also provides its
own Web server: the Oracle WebServer which will be used for the implementation of the system

on QOracle?7.
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4.0 System Implementation Using Access 97

As mentioned in section 3.5, the Preliminary Site Assessment Executive Information
System (PAEIS) is first being tested using Access 97 before fuller implementation. The test
information system takes advantage of the graphical user interface and the Publish to the Web
Wizard of Access 97. This allows the system be implemented in a relatively short period of time

and therefore demonstrates tangible results.

4.1 Introduction to the Microsoft Access 97 Database Application

Access 97 uses the relational database abstraction to store information. Data are stored in
Access tables and are filtered and combined into Access queries. Access 97 provides two
different ways to create queries: SQL View and Design View. SQL View allows users with
Structured Query Language (SQL) experience to generate a query by typing query code in
directly. Although restricting the degree of complexity of query output, Design View simplifies
the query process by allowing the user to choose tables, to select specific fields, to set criteria
and to perform sorting in a user-friendly graphical interface environment. Since the Design View
automatically generates SQL codes, middle level users use the Design View for preliminary
design and switch to SQL view to implement more complex queries. Figure 4.1a shows the two
different Views for a query under the test EIS for Preliminary Assessment.

Before the development of database forms, information was presented in tabular format.
The format is normally very hard to read and to understand. Therefore, to better present
information, Access 97 uses the form function. Forms can be generated using data from tables or

queries and presented in a user-defined format. Besides Text Box, List Box, Buttons, and
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Background Images, one of the newest functions in Access 97 Form is Tab Control. Using the
Tab Control function, the amount of information presented on a form is no longer limited to the
surface area. The function allows users to set up pages of tab to display additional information

within a form (Gates, 1996).

ource T y
GeneralSitelnformat | SourceTypes

7]

istofSitesandFacihties - Select Query

|SELECT DISTINCTROW GeneralFacilitylnformation.[Fac/SitelD],
|GeneralFacilitylnformation.[Facility Name], GeneralSitelnformation.[Site
{Name], GeneralSitelnformation.SitelD
|FROM GeneralSiteInformation INNER JOIN GeneralFacilitylnformation ON
|GeneralSitelnformation.SitelD = GeneralFacilitylnformation.SitelD
|ORDER BY GeneralFacilitylnformation.[Facility Name],
|GeneralSitelnformation.[Site Name];

Figure 4.1a Design View (above) and SQL View (below)

Finally, the most attractive function of Access 97 is the Publish to the Web Wizard.
Access 97 is capable of automatically generally 3 different kinds of Web exports: Hypertext
Markup Languages Pages (HTML), Internet Database Connector Pages (IDC) and ActiveX
Server Framework Pages (ASP). The HTML Pages option generates static HTML files. These
pages contain only information in the database at the moment of creation, and remain static until

the user exports another set of pages containing most recent information. The advantage of this
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option is that it has no specific World Wide Web (WWW) browser and server requirement. On
the other hand, both the IDC and ASP options generate dynamic pages, in that a connection to
the Microsoft Access database is created and maintained so Web pages are continuously updated.
The differences between the IDC and ASP systems are in software requirements and form
exporting. Although both options create dynamic forms, IDC creates forms in a datasheet
(tabular) view, while ASP creates an approximation of a form layout using ActiveX Layout
Control. Also, because of ActiveX, ASP supports record navigation, editing, inserting and

deleting (Gates, 1996). Figure 4.1b shows the Publish to the Web Wizard.

Publish to the Web Wizard

Figure 4.1b Publish to the Web Wizard

Although more powerful, software requirement makes both IDC and ASP options not
feasible. Besides having to run Microsoft Internet Information Server as a Web server for both

IDC and ASP, ASP specifically requires Microsoft Internet Explorer 3.0 as the browser tool.
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This is not a welcome feature, especially when sixty to seventy percent of Web browsers use

Netscape Navigator. Anyway, to generate dynamic and eye-pleasing output, ASP was chosen.

4.2 System Implementation Process and Result

Because of the easy access to information provided by Access 97, putting in the proposed

EIS tables was relatively simple. Figure 4.2a shows all the tables created for the information

system.
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Figure 4.24 All Tables of Preliminary Site Assessment Executive Information System

There are also several functions in Access 97 that make record adding and editing easier.

First of all, Access 97 supports Lookup Wizard; thus, instead of typing in a value, users can
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select from a list. This list is created using an internal query. For example, in the EISSelect
Table, both fields are using the lookup function: the Site Name is looking up the Site Name field
in General Site Information, and the Facility Name is looking up the Facility Name field in
General Facility Information. The advantage in using this format is to avoid users typing in an

invalid name. See Figure 4.2b.

' 53 EIS Switchboard

Executive Information System

Select a Site or
Site Name

Facilty Name §LF-1 &t MMRI&—D

Figure 4.2b EISSelect Table to EIS Switchboard Form

In the EIS Switchboard, the user can select any site or facility that is already in the
system, and further explore its properties. There are three List-All functions allowing users to
find out which sites and facilities are in the system. Specifically, the List All Facilities
Belonging to a Selected Site button will show all facilities in the site selected by the user in the

Site Name field. Then, there are two Show-Detail buttons that will display information, in
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forms, about the site or facility selected. Finally, the most important button of the system is used
to call information from the PA Scoresheet of the selected facility.

PA Switchboard ‘

Prelim

Facility Nai

Site Name

SurfaceW aterPathway

Environmental Threz
Primary Environments

Secondary Environments

Total

Human Food Chain Scoresheet
Likiihood )

Primary Fisheries
Secondary Fisheries
Suspected Release
Total

Liklihood of Ri
Liklihood
Primary Target
Secondary Target
Nearest Intake

Resources

Total

Figure 4.2d Surface Water Pathway
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The PA Switchboard, shown in Figure 4.2c, has four different options: General Site
Information, General Facility Information, Ground Water Pathway and Surface Water Pathway.
Selecting either one of these will bring up a form displaying all the information stored about that
section. These section forms use Tab Control to allow access to all the information instead of
squeezing everything on a single form. Figure 4.2d shows the Surface Water Pathway form with

its six tabs.

L 5 SW-WaterBodies-DninkingW aterThreat

Facility and Site LF-1 at MMR/DOD

Confidence Level  Textbook Reference

Source

Figure 4.2¢ Executive Informatoin System sample table

Inside each tab, there is at least one Detail Information button. Clicking on this button
will bring up another form showing the supporting information for data fields in the section. The
EIS form, including information about Confidence Level, Data Completed, By Whom, Source
and Comments is found here. This information will help whoever reviews the PA Scoresheet to

understand why the decision was made in a specific manner, or where the person gets his or her
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information form. Figure 4.2e shows the EIS information of the Surface Water-Water Bodies-
Drinking Water Threat section of the PA.

Using Access 97 to test the EIS resulted in an easy and smooth implementation process.
However, problems did occur when using the Publish to the Web Wizard. The Microsoft
Information Internet Server and Active Page Server were installed on the Windows NT 4.0
operating system, and all sample-ASP files that came with these servers work correctly and
entirely. However, ASP pages of the PAEIS are not working; although the Wizard correctly
generates all forms in ASP format, many function used in Forms are not supported, for example,
tab control and scrolling. The only reliable way to avoid this problem is to generate tables,
which defeats the purpose of using a graphical user interface. As a result, the idea of deploying
the database through the Web using Access 97 alone, although not as pleasant as expected, it is
wholly feasible.

Appendix C contains screen shots of all forms of the PAEIS. They will demonstrate the
capabilities of PAEIS using Land Fill-1 of the Massachusetts Military Reservations as an

example.

4.3 Future System Development

Although the information system developed using Access 97 is limited to presentation of
information, the implemented database structure paves the backbone for any future development.
Here are four features that can be added easily: pop-up, project management, warning system and
Web deployment.

First of all, Access 97 allows the user to build event activities. One event is the

OnDblChick (on double chick). Using this event, the designer or administrator can set the
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information system up so that when a user double chicks on a field in a form, the system
automatically shows a table with the EIS information. Besides replacing the Detail Information
Button, this will also replace all EIS forms with one standard EIS form. This will keep the
database file smaller.

Secondly, since data in the database are dated in the EIS tables, adding project
management and analysis tools is relatively easy. For example, users of the system, particularly
senior managers can easily see how long it takes to complete a preliminary site assessment
project, or more specifically, a pathway investigation. It is also possible to determine the average
time needed to complete each field. With new information gathered by the computerized
information system, performance analysis can be conducted to determine the efficiency of people
filling out the forms and identify bottlenecks slowing the project down. This helps the company
to formulate solutions, such as providing extra information for bottlenecks and changing the
process to improve efficiency by grouping related questions together. In addition, using the fact
that blank cells indicate incomplete tasks and information research, it will be a simple job to
determine the progress of a project.

Thirdly, it is important to make use of the information that is already in the database. A
warning system takes a little bit more effort to implement because it involves macro and Visual
Basic coding. However, such a system would greatly benefit the EIS. The idea is that using
confidence level data for each field and some standard criteria, the information system will warn
and indicate likely trouble spots for users. For example, instead of going through the entire
scoresheet to look for mistakes, the senior manager will only look at fields flagged with warnings

either because the confidence level is low, or the value in the field is questionable.
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Last but not least, although the first attempt of simply exporting the database as ASP files
was not successful, there are other alternatives such as JAVA/JDBC, and CGI Script
Programming that can be investigated. Web deployment is important because of the growing
interest and its capability to expand and support beyond a local network. Besides, as long as
those Forms in the database do not use the advance Access layout functions, a reasonable
graphical user interface can still be developed for accessing the database over the Internet.

In general, this information system will assist upper management to better monitor
decision made by lower level employees. Senior managers can then focus on what they need to
be doing instead, which is managing, and not, for example, double-checking and approving.
This information system also can help to empower lower level employees by giving them more
responsibility and ownership of the process. In managerial terms, this is a positive thing for

organizational development (Hammer, 83-101).
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5.0 System Implementation Using Oracle

Today, Oracle owns more than 60% of the database market. Oracle7 Server, the flagship
product of the company, offers many more functions and capacities than Microsoft Access 97
does, for example, it can handle more simultaneous users manipulating a database, and it can
accommodate a much larger database. Therefore, Oracle7 Server is a mid-range to high-end

database software.

5.1 Installation of Oracle7 Server 7.3.2.2.0 for Windows NT 4.0

Because of its scale, the installation of Oracle7 is not as trivial as the installation of other
window products. However, since the Oracle7 Server that the executive information system
(EIS) is using is designed specifically for Windows NT 4.0, its Windows installation is relatively
easier than installing it on a mainframe computer.

Oracle Installer, the automated installation program, guides the user through the process
of installation. After asking for which directory to install Oracle, the Installer displays all of the
different installation options. For the system to work correctly, and in case of an expansion to
other Oracle products, a full installation options was selected.

During the full installation, the first question asked was which SQL*Net Protocol
Adapter is needed. SQL*Net is a messaging software that provides a way for the Oracle Server
and the Client to communicate over the network (Swadley, 20). Because the computer that
Oracle7 resides on is connected to the network using TCP/IP (Transfer Control Protocol/Internet
Protocol) protocol, the TCP/IP Adapter was selected. Next, the Installer asked for the

installation of SQL*Net V2.3, and again, in case of expansion, a full installation was selected
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here. Finally, to ensure correct installation, all options of Oracle7 Client and Server were
selected.

The Installer then asked whether the user wishes to install a Starter or a Replication
database. A Starter database is a set of files that is configured and ready for use with Oracle7; a
replication database is used for remote accessing. Since there will be no remote accessing at this
stage, the Starter database was selected. After that, a series of questions relating to the security
of the database, such as the supply of a password, was asked.

After th eabove steps came the installation of the Oracle WebServer. First, the
connectivity information, such as Host Name (tiller.mit.edu) and Port Number (9999), was
requested. Then needed security information, such as Username and Password, was requested.
An Oracle WebListener needed to be installed as well, which was set up using the same Port
Number (9999); the listener is similar to a door being opened to the outside world, waiting for a
request. Thus, it is the part of Web Server, or another other servers, that actually “listens” for
Internet requests.

Finally, before completing the installation, it was necessary to use SQL*Net to add a
database alias. This steps allows the database to be connected to remote databases. In order to
do this, the program needs to know the TCP/IP Host Name and the name of the database for the

installation.

5.2 Installation of Oracle Designer/2000 1.3.2 for Windows 95/NT 4.0
Developing a database management system using conventional Oracle7 tools, which are
generally text-based, is very difficult. Responding to this customer need, Oracle has developed a

set of tool known as Designer/2000 for developing sophisticated application. Although the
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system is normally used for client/server architecture application development and the current
EIS is not designed for such a task, Designer/2000’s graphical user interface and its connection
to all other Oracle products makes it a great developing tool.

Fortunately, the installation process for Designer/2000 is similar to that for the Oracle7
Server. Therefore, with the use of the default installation options, the Oracle Installer does much
of all the thinking for the user and installs all parts of the program in the correct directories with
the right configuration. Figure 5.2a shows the Oracle Installer finishing the full installation

option.

Software Asset Manag

GUI Common Files 2.3.6.9.0
+ Oracle Book 2.2.3.0.1
{ Oracle Call Interface 7.3.2.1.0
Oracle Designer/2000 (Release 1.3.2) 6.0.10.0.0
Oracle Enterprise Manager 1.2.0
| Oracle Enterprise Manager Documentation 1.2.0
|+ Oracle Enterprise Manager Performance Pack 1.2.0
| Oracle Enterprise Manager SDK 1.2.0
Oracle Enterprise Manager Web Admin Tools 7.3.2.2.0
Oracle Installer 3.1.4.1.3
Oracle Intelligent Agent 7.3.2.1.3
Oracle Media Obijects Player 1.0.4.9.0D
Oracle Names Server 2.0.1.1.0
Oracle Replication Manager 1.0.0.0.0
Oracle TCP/IP Adapter 2.3.2.1.4
Oracle WebServer 1.0.2.0.0
Oracle7 ConText Option 1.1.2.0.0
Oracle? Performance Utility 1.1
Oracle7 Server 7.3.2.2.0
Oracle? Spatial Data Option 7.3.2.2.0
Oracle? Spatial Data Utilities 7.3.2.1.0
Oracle? Utilities 7.3.2.2.0
Required Support Files 7.3.2.2.0
SQL*Net Client 2.3.2.1.4
SQL*Net Server 2.3.2.1.4
SQL*Plus 3.3.2.0.2
System Support Files 2.0.1.3.2
_Tools Utilities 2.1.10.7.0

Figure 5.2a Oracle Installer with stalla
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5.3 Starting Oracle7 Server and Desginer/2000

After starting the Designer/2000 for Windows NT, the computer will ask the user for the
User Name, Password and a Connect String. Since the Connect String is only used when
connecting to a remote database, the field is left blank. Having entered the username and

password, the program asked for an Application System. The user can simply hit cancel for the

first time running it.

The Designer/2000 menu screen is displayed (see Figure 5.3a). The first step now is to
install a database. By clicking on the Admin Utility button, the user can choose Install from the
Repository Administration Utility (see Figure 5.3b). This will automatically install all necessary

files for a database. After that, the user can make use of all the different functions of Oracle7.
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5.4 Using Oracle7 and Future Development

The first time Oracle was being installed on the computer, it was working fine, and
everything installed correctly. The author of this thesis managed to use Oracle 7 to generate the
General Site Information and General Facility Information table using some Oracle?
Designer/2000 tools. However, as the author decided to retrace the procedure of installation by
redoing the entire process — first uninstalled the current copy and then reinstalled the entire
package again, the installation failed. Therefore, only the experience of creating tables can be
recorded in this thesis.

Putting in tables is easy using exciting Designer/2000 tools: Entity Relationship
Diagrammer (ERD) and Database Design Wizard (DDW). ERD allows the user to draw actual
entity-relationship diagram into the computer, and the DDW will convert all entities and
relationships into tables, primary keys and foreign keys. Unfortunately, no screen shot was made
during the first run, so there will be no detail demonstration in this thesis on how to use ERD and
DDW. For more information on how to use Oracle7, there are lots of Oracle7 reference books on
the market; Oracle7 Unleashed is used as the reference of this thesis.

The implementation of Oracle7 took much longer than Access 97. The installation of
Oracle7 alone took almost four weeks. Although the installation procedure mentioned earlier is
short and concise, getting Windows NT and the computer system ready for installation was a
lengthy process. Afterward, getting the actual installation to take place was also problematic. In
general, there were many trails and errors throughout the entire installation process. A more
structured technical installation plan could have helped.

However, learning how to work with Oracle7 takes a long time. Matter of fact, learning

each component of Oracle from classes offered by the Oracle Corporation takes about one to two
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weeks. These classes range from installation, database administration, database design, form,
SQL*Plus, etc. Because of this, using Oracle requires a larger investment up front. Of course,
once the user is a long way up on the learning curve, the possibilities offered by Oracle7 are
more or less limitless. In addition, the Oracle Corporation is committed to its product, and

upgrades with new functions are very frequently available.

5.5 Oracle7 versus Access 97

This section will not compare Oracle7 against Access 97. The scale of operation between
these two systems presented is too big of a difference. However, installing the Preliminary Site
Assessment Executive Information System (PAEIS), a part of Executive Information and
Decision Support System (EIDSS), on Access 97 and Oracle7 illustrates that the information
system is not limited to being installed onto any specific database management system. PAEIS,
or EIDSS in general, is a concept, not a specific system requiring specific software. As long as
the software package support the technical functional requirements of PAEIS, it can be used as

the platform.
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6.0 Managerial View of System Design and Development

This thesis, so far, has taken a rather technical approach towards the implementation of
the EIDSS. However, there are always two sides to system design and development processes:
technical and managerial. Without undermining the importance of technological issues or
trivializing the significant of managerial issues, the managerial view is isolated and presented in

this section.

6.1 Problem Statement Formulation

In the beginning of the design process, the project group met thesis supervisors and a
MMR expert to determine which process of the site remediation process, see figure 6.1a, can be
improved using information technology. The group was initially leaning towards processes
involving modeling, geographical information system and environmental engineering system
analysis. However, in the final analysis, the group selected the Preliminary Site Assessment
(PA) process because it is more information intensive and had relatively few existing systems in
the market. The PA also involves problem in many different areas ranging from information
gathering to automatic scoring capabilities.

Having decided to computerize the PA process, the group began researching this process.
Each individual was assigned a set of parameters to determine whether the information needed
for computerization was available in an electronic form or not. The result was quiet discouraging
because the majority of the information was not immediately available in electronic format.
Although there are a few exceptions, most relevant data are normally in paragraph format, which

is difficult for a data-based computer program to extract information from.
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Figure 6.2a Site Remediation Process

6.2 Early System Design and Conceptualization

After a series of meeting, the group came up with a system that can make use of what is
currently available and possible. The system consists of two major modules: one will access data
that is known to be available in a standard form; another will require the user to select relevant
data from sources that the system points out. The first part, known as the Standardized Public

Access Database (SPAD), links to data that is available in a standard form on CD or on databases
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that are already on the Web. Since this data is in standard form, the system will be able to run
queries and actually retrieve particular figures from fields, wherever they are located.

The system will accommodate data in non-standard form in two ways. If the data is on
the web, then the system will have an intelligent search engine, which will point to, and allow the
user to, read the information. The user can then enter the information back into a local database,
known as the Standardized Pre-Defined Database (SPDD), where it will remain for later queries.

The user will also be able to enter information from books and articles into the database.

: : ‘r\ 4= Th
User-Executive  [bguyi soL-E1s [ i b
Information System [ Gy QL - -——>| EIS Database
§ 5 Standardized Public
! Ifowput of DSSis wed for decisho !
| s vinm Al rorord e veipet ; Access Database
___t withrelovant information is EISdatsbase. | | Dembase | (Static)
—’ g ; MY ) [USGS Database
- i y -CD-ROM Database
User-Decision <« Oupt SQL - DSS E
Support System Inquiry} \ Standardized Pre-
§ Detsbese Deﬁned.Database
If DSS cannot complete, s Inquiy | (Dynamic)
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system willpromp t usen ! ]
for information reeded.i ! User Interpret and Input
A i ! into pre-defined SPDD
User-Internet hquiry! . lowm | .| Listof Web Pages:
Search Engine b Search Engine ' Related Topics

Figure 6.2b Early Stage System Diagram

With links to all of this information, the user will be able to run queries of many different
types. When these queries are executed, the information obtained will be displayed for the user,
and then the user will be asked whether this query was made simply for browsing, or for actual
decision making. If the query was made for decision making, the information that was given to

the user, where that information was taken from, when it was taken and what decision it was
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taken to support will all be recorded in a separate local database, known as the Executive
Information System Database. This database can be accessed independently to determine the
origin of any information that was used for a particular decision.

Figure 6.1b shows modules and information flow of the system. The system then slowly
evolves to become the current system, as shown in figure 2.4a. EIS remains an EIS in EIDSS.
The SPAD becomes the Data Store Search Engine. The intelligent search engine becomes the
Internet Search Engine. Finally, although not fully implemented, the Cross-Site Comparison

Database System uses a localized database to help also provide in the decision making process.

6.3 Alternative Managerial Design Approach

From the technology point of view, EIDSS is a good system because it successfully
implemented the PA process using information technology. However, from the managerial point
of view, the design and development process is not ideal at all. The PA process was initially
presented and interpreted as a technology problem, and because of this, the group quickly
decided on an information system capable of solving associated technical problems such as data
searching and manipulation. Obviously, the overall problem was trivialized; the computerized
PA processes also presents a business problem for an environmental engineering company
because the information system will eventually alter how business is conducted. Isolating it as a

technology issue undermines the potential of the system.

6.3.1 Decentralized Design versus Centralized Design
The group decided to split up and explored different computer technologies. To maintain

consistency, before splitting up, the group had already decided on a universal platform. The
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information system will use JAVA as the graphical user interface for its client/server and Internet
capabilities, Oracle as the underlying database system and JDBC as the interface between the
user, the local database and databases on the Internet. As soon as each individual explored
different options of implementation, however, the process became decentralized. In the end,
JavaScript was used for the graphical user interface; JDBC and ODBC (Open Database
Connection) were both used for the Data Store Search Engine; Access 95 was used to implement
the Cross-Site Comparison Database System; Access 97 was used to implement the EIS.

The consolidation of all these different parts of the system would have taken probably
another four months. Consolidating these systems would involve problems from not only the
native system, but also problems between each system. Information systems need to be
implemented in a centralized environment because system development is no longer as trivia as
buying a monitor, a CPU and a keyboard and plugging them into each other. Modern day
information systems involve networking, security, software compatibility, etc.

In addition, due to the complexity, the implementation process needs not only a system
design plan, but also an integration plan if, in fact, different parts are using different products, or
different developers are working on different modules of the system. A decentralized design will
work as long these plans exist and are followed. However, the EIDSS group did not have a
system design plan. Having decided that different parts would have been connected, the group

should have studied immediately how they could be connected.

6.3.2 Technology Focus versus Business Focus
Immediately after having chosen the Preliminary Site Assessment as the primary focus of

the project, the group made another mistake. The entire project was designed to last less than
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four months. When the author of this thesis suggested the splitting, the period was not supposed
to last for more than three weeks. This process was meant to give each member some time to
become familiar with information and computer technology. However, because members of the
group became attached to technology, whether it was fascination or confusion, this process went
on for almost two months, and in case of two systems, almost three. This significantly reduced
the time spent on actually developing business functions for the system.

Although after a month of splitting, the author of this thesis attempted to reconsolidate
the design process and redirect the focus towards business functions, the rest of the group
decided that it would be best that each individual worked on his or her module first and
consolidate the software later. What the group failed to realize at that point was that not only the
consolidation would be very difficult, the capability of functions of the system would be limited.

The group should have kept a more neutral approach. A good balance between
technology and business would have helped the group to focus on the real problem and to find
the right solution. The group would have discovered that there are a few business functional
requirements that an environmental engineering company demands from an information system.
In the end, instead of coming up with solution to present and display information, the group
could have developed systems that would assist, for example, the workflow management, project
control and scheduling, finance and accounting system, etc. during the Preliminary Site

Assessment process.

6.3.3 Temporary Problem versus Actual Problem
Although the system design addressed the issue of data very effectively, the group put too

much emphasis on data during the design process. Besides focusing initially on finding available
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information, the group also focuses on data manipulation and related technology. These can be
classified as temporary information system problems.

There are two types of temporary problems. One type arises when the installed
information system fails to address a specific area of interest. The problem is temporary because
it can be addressed by building a new module to the system. Another type arises when a whole
new information system is put in place. When installing an information system, if the focus was
to address, automate or computerize the existing process, then those problems addressed will
most likely be temporary. This is because the scope of the information system normally involves
more than one obvious process.

In the case of the EIDSS, obvious problems are computerized data presentation,
electronic format storage, and some automated calculation tools. These functions involve
relatively simple planning for implementation because all procedures and processes have been
defined. However, this is only the beginning of solving a larger problem. The ultimate problem
of an environmental engineering company could be managing site remediation progress and
processes. If this actual problem were to be solved using an information system with a new
reengineered process (Hammer, 83), temporary problems would be solved either because they are
vital parts of the new system, or they become unnecessary.

Redundantly, EIDSS addressed both problems. The Internet Search Engine and Data
Store Search Engine of the decision support portion used the Internet to find information.
However, the implementation of both the Cross-Site Comparison Database System (CSCDS) and
the Executive Information System (EIS) eliminated the need for those systems. Both CSCDS
and EIS addressed the user interface problem by using the graphical user interface provided by

the database software, solved the problem of storage, and provided means to view information.
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In addition, the software package is capable of linking to remote databases using any kind of
protocols such as TCP/IP, which addresses the linking problem. Web client software can also be
connected to the database easily. And, on the issue of using the Web to deploy information, both
Access 97 and Oracle have the capability of acting as a WebServer.

Therefore, it is more important to solve the actual problem, instead of prancing around
the current process for immediate solution. Sometimes, an immediate solution will actually be

the limiting fact for the company to grow.

6.3.4 Bleeding Edge Technology versus Leading Edge Technology

Some of the implementation problem is caused by the usage of bleeding edge
technologies, which are technologies in beta testing or at the end of the development stage. The
attempted implementation of JDBC is a good example.

JDBC classified the part of the JAVA language used for database connectivity and
manipulation; it is an alternative to ODBC, a standardized database communication tool provided
by Microsoft. At the time of studying its capabilities, JDBC sounded promising, offering all
functions the system needed such as remote database access. However, it was introduced into the
database and Internet community in December 1996. Many software companies, such as Oracle,
talked about having JDBC drivers available in late February or early March, but that never
happened. In addition, the developer of the JDBC part had problems not only with the interface
between GUI, database and remote database, but also the JDBC language itself. In the end, the
developer settled with a more conventional technology of ODBC, and coupled it with some

JDBC.
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Bleeding edge technologies might be wonderful on paper, however, the network of
support for these technologies is not yet established, as is the case of JDBC. There will be
limited support during the implementation process and might be a damaging factor. Another
thing is that most of these technologies are developed by startup companies. There is no
guarantee that they will still be in business after some time either because of fierce competitions
in the industry, or because the startup is bought out by a major. Leading edge technologies are
safer because they are proven technologies supported by well-established companies, and they
are not, by any standard, obsolete. For example, using JAVA and JDBC to do electronic
commerce on the Web is bleeding edge technology, but using HTML and CGI-BIN, although a
two-year old technology, is still leading edge. Of course, using e-mail to transfer invoices is
obsolete. Therefore, it is more important to select a doable technology and not to get too excited

over new ones, especially when new technologies come out every week or day.

6.4 Non System-Related Potential Inprovements in Development Process

To summarize the previous section, information systems need to be design according to
the perfect world scenario. Assuming that there are no technological limitations, business people
will first come up with what they want to see happening on the screen. After that, the list of
business functional requirements is then brought to technologists for implementation. Since the
development of the system will be based on a set of requirements, when the information system
is completed, it will not be missing some critical functions, or something the business people
want. From the point of view of technologists, instead of immediately passing judgement on
whether the system is possible or not, they will try to solve it. And in most case, a solution can

be found, and the information system can be implemented.
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This approach relies on two groups of very important people: technologists and the
business people, and business technologists. All these groups need to be involved in the

development process to ensure the development of a successful information system.

6.4.1 Technical Knowledges from Technologists

Technologists are important because of their technical knowledge. There are roughly
three kinds of them: the pioneer, the specialist and the generalist. Pioneers are those technology
gurus who constantly check out new products and get really excited over program specifications.
They are the people who bring bleeding edge technology to the company. Specialists, on the
other hand, are those who understand only a set of specific software or hardware and believe that
they can solve all problems with those tools. Both of these groups should be avoided because the
solutions they provide are often not reliable.

Pioneer’s solutions, involving bleeding edge technologies, are unstable as described
earlier. Although specialist’s solutions, generally leading edge technologies, might seem more
reliable because of established support system, there are personal hidden agenda to these
solutions. Since specialists only work with a few specific products, they have developed tight
bonds with them. For example, Oracle database developers will constantly push a company to
migrate to use Oracle not necessarily because it is the best, but because that is what they know.
There is also a danger that a specialist will bring obsolete technologies into the company.

However, pioneers and specialists are good sources of technical information. They can
provide useful information for the development team to consider. The leader of the technology
development team should be a generalist. Generalists are technologists who have broad

understanding of existing technologies, but have no special tie to any specific one, while still
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open to news bleeding edge technology. These people can provide an objective view of
implementation that focuses on the system, and not on choosing brands; they focus on the
implementation of the system, but not the implementation of an individual, specific tool.

EIDSS would have benefited greatly from some inputs of generalist because selections of
technology by the group were based on what was hot, and what each member wanted to learn.

The group should have picked technologies that addressed the problem instead.

6.4.2 Business Functional Requirements from Business People

Inputs of business people are important because they are people who ultimately use the
system. Using the old design and development process, technologists often imposed functions
they think the business people should need. The truth is that no one knows better about what
functions are needed but business people themselves.

Although EIDSS was designed to solve problems for an environmental engineering
company, there was virtually no involvement of any kind from the industry. Supervised by
environmental engineering experts, the procedures of the PA process was implemented correctly.
However, the system failed to address business problems, or explore potential functions. Even
the current EIS was limited to just the presentation of information and the storage of executive
information. Had there be more conversations with company executives, the future development

portions described in section 4.3 might actually be a reality already.

6.4.3 Project Leadership from Business Technologists
The problem is that technologists and business people talk in different languages during

meetings in order to impress each other. Bringing these people together will be the job of a
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business technologist, who is responsible for overseeing the implementation. This person, in
most cases a Chief Information Officer or a technology director, will make sure that the system is
installed correctly and is given proper maintenance and upgraded, and employees are adequately
trained to use the system. This person needs to also study the impact the system has on the
company and formulate appropriate action, such as compensation adjustment and organizational
restructuring. Business technologists can come from two backgrounds: managers with an
interest in information technology or computer scientists with a business sense.

These people are difficult to find. This is true, particularly when neither business schools
nor engineering schools are producing them. Engineering schools are busy graduating computer
science students who probably spend the rest of their life programming, and business schools are
busy graduating business management students who probably retire when they reach 40. Unless
one of these technical people becomes enlightened and goes to a business school for training in
business management, or vice versa, finding good business technologists will continue to be
difficult.

Fortunately, new programs, such as Management Information System and Information
Technology, continue to grow in higher education institutions. Both business schools and
engineering schools are beginning to understand the importance of both business and technical

skills in this Information Age.

6.5 Business and Information Technology Strategies
Another important issue during the design and development process is the issue of
strategies. Besides successfully implementing the system, it is also important that the investment

is not wasted. There must be a business strategy that coexists with the information technology
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strategy, which includes everything mentioned in section 6.0, because this will give the company

a clear direction and objective.

6.5.1 Introduction to Strategy

It was a very simple question every company needs to ask itself: what is the company's
business and information technology strategy in order for the company to stay competitive?
There used to very easy answers. For example, companies in the financial service industry need
to become more customers oriented and services driven. Companies around the world are taking
full advantage of new advances in computer technology and incorporating information system to
deliver information faster and more accurately to their customers and employees.

There are different definitions of the term strategy. Conventional ones are, for example,
how the company positions itself to target different segments of the industry, or how the
company was information systems to enhance company performance. However, according to
what Michael Porter, Harvard Business School professor, pointed out in his "What is Strategy?"
article in the Harvard Business Review, Nov/Dec 1996, and his lecture on April 14, 1997 at
Massachusetts Institute of Technology, none mentioned above is strategy. Every one of them is
operational effectiveness, which is simply a way for the company to catch up to the best practice.
Although unconventional and controversial, there are some truths to his argument, and it is

especially true in the process of developing and implementing an information system.

6.5.1 Definition of Strategy
As suggested by Professor Porter, it is not a strategy if it is something that each company

needs to do. Using an information system is needed in today's fast pace of information intensive
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commerce. Such changes are essential for a company to stay competitive or to achieve the best
practice. He suggested that strategy is something that a company deliberately does so that it can
achieve a different outcome than others in the industry. For example, deliberately avoiding a
specific class of customer to cut spending, or deliberately choosing a business model or process
that is not at all efficient, but targeting a specific set of customers. Strategy is about making a
choice. However, strategy, more importantly, involves tradeoff (Porter, 1996).

Porter explained that when a company is able to improve performance, quality, etc.
without tradeoff, the company is still catching up, trying to achieve the best they can be and
pushing to reach the outer limit. Illustrated by a production possibility frontier diagram used
frequently by economists, this phenomenon is natural. When a company is inside the frontier,
there is still room to improve by moving upward and rightward towards the frontier. This is the
same as improving performance of both categories without tradeoff. However, when a company
is on the frontier, moving alone the frontier requires tradeoff. Only when the company decides to

move from a point on the frontier to another can this be considered a strategy (Porter 1996).

Y
>
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Without Tradeoff

Decreasing Costlncreasing Revenue

No Tradeoff
Moving o PPF PPF
>
Incresing petformance of ITEM A

Figure 6.5.2a Illustration of Production Possibility Frontier

A strategy is not only measured by its output performance or revenue generation, but

most importantly, by its sustainability. Strategy needs to be designed so that it is not easily
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copied. In another word, if a company first did something that is then copied by a competitor,
chances are that is not strategy; that is probably another move toward best practice. For a
strategy to be sustainable, the change a competitor goes through during its implementation must
not only be dramatic, but in most cases, unbearable. For example, when a small overnight
shipping company does only deliveries among large cities such as New York, San Francisco and
Chicago, this company can charge a lower price since it has less overhead and much less
operating cost. A large shipping company, such as Federal Express and United Parcel Services,
will not copy this procedure not because the business is not profitable, but because they cannot
bear giving up hundreds of millions of revenue stream from shipping deliveries all over the

world. This natural barrier of entry is what keeps the strategy sustainable (Porter 1996).

6.5.3 EIDSS Business Strategy

Besides all of the strategic items mentioned earlier for the design and development
process, there is a more ambitious goal for developing the EIDSS. Since there is a serious lack
of information systems in the environmental engineering industry, the strategy for EIDSS as a
software package to capture the market is by setting an architectural standard. Although there
are some standards such as USGS database and chemical substance tables, they are not being
used as data sources for information systems, but by naked eyes. Because people read through a
table to find the information they need instead, the table structure is nowhere new optimal form
for conversion to database. Therefore, it is much easier to create a standard in this case.

Many will question, however, the decision of introducing a new architecture; the idea is
probably too bold and too far a stretch. However, since there is no better way and no competing

standard, there is no reason not to. Similarly, during the dawn of the Microsoft’s empire of
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operating system, Bill Gates created the MS-DOS disk operating system instead of going to
Apple Computer and asking to use its system (Carroll, 92). Also, to put things into perspective,
Gates actually had to compete against a standard, but the EIDSS will not. So, why should the
strategy be less than setting the standard?

The EIDSS will target all level of environmental engineering practices, from large
government agencies or private corporations to small regional companies. In addition, besides
selling the tools, EIDSS will also sell data. With an established system and data architecture,
compiling and distributing data is very important because a good system without good data is
just an ordinary system. It is like a sport’s car; no matter how good it looks outside, it is the
engine that counts. Besides, providing data also locks in customers to the product and makes
switching cost unbearable. For example, imagine all computers in an office will need to be
changed to Intel-based Microsoft-driven platform from Macintosh. This will require changes to
hardware, software, support staff and many other factors.

Therefore, the EIDSS can be packaged as a software tool. Owning both the architecture
and data standards and the data, the EIDSS will be able to provide the tools and the information
for an environmental engineering firm to compete; keeping them on the system will increase the

profit margin of the product.
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7.0 Conclusions and Future Recommendations

This thesis presented the development of an executive information system to support
senior management in making better and faster decisions during the Preliminary Assessment
(PA) phase of the Superfund process. Technically, there are four aspects of the Executive
Information System (EIS) and the overall Executive Information and Decision Support System
(EIDSS) requiring further resolution: the availability of information, the technology used, its
expandability, and the potential impacts of this system on the Superfund process.

Managerially, companies implementing EIDSS or other similar information system need
to focus on these following three areas to ensure successful implementation: complementary
business and information technology strategy, understanding business functional requirements

and organizational impact statements and structure changes.

7.1 Availability of Information

Information is the most important part of this system. Although information exists in the
environmental engineering industry, these data are not standardized, which make using the
information impossible. First of all, not all data are in electronic forms. Paper remains to be the
primary storage of information in the industry. This make the implementation of the two search
engines very difficult because the capability of computer, using artificial intelligence,
understanding text documents is not readily available yet. This means that all these data need to
be stored in database format, or table or spreadsheet format.

Even if these data are readable electronically, most environmental engineering related

databases on the Internet are developed by individual company, state or city. These databases are
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developed to fit the specific purpose of running efficiently and correctly on the one platform that
the individual organization uses. This is a mess when the EIDSS need to access databases from
different organization. For example, water well information is stored for most cities in the
United States. However, like the case of MMR, when the scope of the project covers more than
one city, this requires all water well databases of these cities to have the same format so that
EIDSS can send the same query to them. Because of this, the current EIDSS is limited greatly
by region and by database similarity. Having offices and projects all over the United States, an
environmental engineering company will not benefit from the system at all unless the databases
are in standard format, or the system can handle different data formats.

Another concern of information comes from inside the organization. Studies previously
done for preliminary site assessment or all other processes are generally stored in paper format.
This makes the initial implementation of the Cross-Site Comparison Database System and the
EIS very difficult. Either the company has to start with a blank database, or has to hire someone
to enter all the paper information into the new information system. Starting with blank database
will cut the initial performance of the system, but re-entering information will take a long time.
However, the system will benefit in the long run of the input of PA scoresheets since it will be

able to use for following projects.

7.2 Technology Issues
A number of technology-related issues arose during the system’s development. These
issues restricted some aspects of the current system, but advancements in the tools used are

anticipated, so future systems should not face such restrictions.
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7.2.1 Data Source

For the EIDSS as a whole, there were many obstacles encountered in trying to connect
the scoresheet pages on the Web to the data source itself. A large part of this was because the
development of the Data Store Search Engine uses primarily Open Database Connectivity
(ODBC). The system currently requires that the program executing the query on the data source
and the data source itself to be located on the same server. So, when more sources are gathered,
either a program must be installed at the location of each data source, or all of the data sources
must be brought on to a single server. This significantly reduces the portability of data sources,
and requires a large local database storage capacity.

Using Java Database Connectivity (JDBC) for the Data Store Search Engine, however,
would eliminate this requirement. There could be one query program located on a server that is
easily accessed by system administrators, and the data could be stored anywhere, as long as they
are in the correct format and their owners give the system access permission. Although JDBC is
still in early release stage, it will definitely be more reliable within a year, so the possibility of

using a more robust system is conceivable in the near future.

7.2.2 Linking the EIS with the DSS

Currently, the EIDSS consists of two separated entities: Executive Information System
(EIS) and Decision Support System (DSS). The EIS is the information system discussed in
section 3, 4, and 5. The DSS consists of information systems described in section 2.4, including
Web-enabled graphical user interface, Internet Search Engine, Data Store Search Engine and
Cross Site Comparison Database System. Because all these systems are developed on different

platform, the integration of these parts was also restricted by the available technology. However,
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again, these restrictions will likely disappear in the near future, as the technology matures, and
the development is based on the same platform.

The basis of the EIS is a local database, which resides on the same machine as the Web
pages that the user accesses. Each user’s decisions from the DSS are recorded on this database
for later examination. The DSS links data sources in three different forms: an Internet Search
Engine locating possible relevant data locations in non-standard form, a Data Store Search
Engine retrieving data that is known to exist from standardized data sources, and a Cross-Site
Comparison Database System allowing retrieval of data from previously filled out scoresheets.
More database types, however, are becoming easier to connect to through the use of tools that
easily display query results or table values on a Web page. This facility makes the inclusion of
EIS access from a DSS link very easy to implement. The versatility and reliability of these Web

connections, however, is not yet established, though is also expected to be so in the near future.

7.3 Expandability beyond the Preliminary Site Assessment Phase

Due to the scope of the project, the Executive Information System is currently limited to
the Preliminary Assessment phase. Using the same principle of combining a document-like user-
interface and a database management system, however, a similar executive information system
could be designed and used in other steps of the Superfund process. This expanded system
would then allow users to easily refer to, and use, information from various Superfund process
steps throughout their work on a particular site.

In addition, expanding beyond the scope of just focusing on senior executive, the
information system can also be designed to link to other company’s functions such as finance

and accounting, project management and learning or knowledge transfer. It can also be linked to
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GroupWare software such as Lotus Notes to provide mailing list capability, discussion group and
other workflow related functions. This can greatly increased the communication between

employees of the company.

7.4 Impact of the System on the Preliminary Assessment Process

This EIS provides numerous advantages to its users at the level of a senior executive, and
the EIDSS provides the same for the entire company. First of all, the supporting documentation
needed to monitor and keep track of the Superfund PA process will be greatly reduced. All
information related to site remediation can be stored electronically along with the bibliographical
information. In addition, if there is more than one person scoring a certain site, much of the
confusion accompanying trading the papers and other documentation will be eliminated by the
accessibility of the forms over the Internet. Anyone with permission who needs to access the
information can do so from any office using a desktop computer, or from the field using a laptop.
It is also much faster to answer managerial related questions using the system, than to manually
search out documentation stored in many different locations and forms.

Also, on a management level, this system provides many advantages to executives by
having greater accountability both to the people filling out the scoresheets and the sources being
used for the information entered into these scoresheets. Recording the source, date and time of a
particular decision can greatly simplify the assessment process if particular decisions or sources
need to be questioned. Indeed, the system can even be used to identify the engineers most
efficient at filling out the scoresheets, have them share their insight and knowledge and reward or

promote them accordingly.
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7.5 Complementary Business and Information Technology Strategy

First, the company needs to have a vision. Whether it is achieving economics of scale,
becoming low cost provider, developing strategic alliances, becoming service innovator or
positioning for greater risk assumption, a well-defined vision will give the company a much
easier time to define its strategy. It also provides company employee a target to work towards.

Then, from the vision, it is important that a company has both business and information
technology strategy that are driven by the business and technology environment. This gives the
entire company a common vision of what needs to be done, and how to do it. However, it is not
enough just to have strategies. It is important that a company has strategies that complement
each other because if they are not, they will be taking the company towards two different
directions, damaging the effectiveness of the company as a whole. The complementation is
achieved by the information technology strategy becoming the strategic alignment of business
strategy, receiving business needs and providing business enablers. This way, since the
communication channel between two functions is established, a more coherent solution is
formulated.

In addition, a good information technology should challenge business strategy since the
information technology environment changes more rapidly than the business environment. This

will keep the company’s business strategy always on the leading edge.

7.6 Understanding of Business Functional Requirements
A new computer technology comes out to the market almost every week. Many

companies jumped on to these new technologies and made huge mistakes. Therefore, to better
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understand a good information technology implementation, a better understanding of reasons of
migration, or business functional requirements, is needed.

Migration from one information system to the other is an effort for companies to re-
balance three fundamental criteria for choosing a platform: convenience, cost and speed. These
migrations are often driven, however, not by changes of functional requirements. It is all too
often that a sales team’s power of persuasion and the technology division’s eagerness to try new
things and gadgets determine the direction of information technology strategy.

For example, in the database software technology, companies such as Oracle and Sybase
have provided reasonably reliable services. However, over the past few years, System
Application Product Data Processing (SAP) has actively promoted its new product SAP R/3
system, and has become the fastest growing database application posting more than 100% growth
annually. Yet, implementation of SAP has been proved costly and difficult, and in most cases,
the improved performance did not make up for the difference. Of course, these migrations will
not be the last. In a year or two, these hardware and software systems will be obsolete and a new
group of sales teams and technical people will convince companies and users to change again.

Because of all these smoke screens, chief executive officers (CEO’s) and chief
information officers (CIO’s) need to have the ability to protect the company in this environment.
The most important one is the ability to focus on system design and development, and not
choosing brands. A good system design and information technology strategy will work with any
software packages. Designs of systems could not be determined by the pre-defined procedure of
any software package, but according to functional requirements layout by operation units. Since
the computer industry reshapes itself to accommodate new interests and new demands, there will

always be new products targeting those specific needs. Companies should focus on defining or
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redefining of their business objective and functional requirements instead of having technologists

of vendor telling then how to run a business.

7.7 Organizational Impact Statements and Organizational Structure Changes

Before implementation, information system and business personnel will have to perform
Organizational Impact Statements. This will give the CEO and senior management a better
understanding of consequences of the information system resulted not only from the technology,
but also the company culture. Doing so will help the company to better define the scope and
goal of the information system and to better manage human resources.

For example, since the role of site investigator changed, there must be some reflections in
the compensation system. With increased responsibilities, employees need to be compensated
for additional stress and extra effort going into their new contribution. Otherwise, there will be
no incentive for them to change. Of course, the company also has to invest in employees’
training or re-training programs so that they know how to use the system.

Another area is the company structure. There needs to be a clear definition of scope of
work between investigators and managers since decision responsibilities belonged originally to
management have now shifted to investigators. Their scopes of work need to be re-defined on
paper to avoid ambiguity and conflict.

People are extremely important while designing and developing the information system,
and senior management needs to keep that in mind. Inputs needs to be drawn from all level of
personnel for the organizational impact statements because it is very difficult to predict how deep

and wide the information system will penetrate.
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7.8 Final Thoughts

Although this information system is currently limited by certain constraints, it has great
overall potential to assist in the Superfund process and companies’ project management process.
Information system will no longer be limited to analysis and design. It will change how
information is being used in the Preliminary Site Assessment process, and also many other
aspects of operations in a company. Information will become a vital part of a successful
environmental engineering firm, which will transform how the entire industry does business.

Therefore, the further development and implementation of the Executive Information
System and the Executive Information and Decision Support System will help the environmental
engineering industry to catch up to other industries such as financial services and manufacturing

in the use of information technology for mission critical and value added operations.
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Appendices

Appendix A: Preliminary Site Assessment Scoresheets under CERCLA

OMB Approval Number: 2050-0095
Approved for Use Through: 1/92

PA Scoresheets

Site Name: Investigator:
CERCLIS ID No.: Agency Organization:
Street Address: Street Address:
City/State/Zip: City/State/Zip:

Date:
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INSTRUCTIONS FOR SCORESHEETS ————

introduction

This scoreshests package functions as & self-contained workbook providing all of the basic toois 1o
anpply collected data and calculate a PA scora. Note that & computerized sc:.:rinr,r. taol, "PA-Scare,” is
also available from EPA (Office of Solid Waste and Emergency Response, Directive 9345.1-11). The

scoresheets provide spsce to:

¢ RAecord information coliected during the PA

¢ indizate references to support informatian

» Select and assign vatues [*scores®) for factors
@ Calculate pathway scores

# Calgulate the site scare

Do not enter values ar scores in shaded areas of the scoresheets. You are encouraped to write notes
on the scoresheets and sspecially on the Criteria Lists. On scoresheets with a reference column,
indicate a aumber corresponding to attached sources of information ar pages containing rationale for
hypotheses; attach to the scoresheets a numbered list of these references. Evaluate all four pathways.
Compiate all Criteria Lists, scoresheets, and tables. Show calculations, as sppropriate. If scoresheats
are photecopy reproduced, capy and submit the numbered page: [right-side pages} only.

GENERAL INFORMATION

Site Description and Qperstional History: Briefly describe the site and its opersting history. Provid.
the site nams, owner/operator, type of facility and aperations, size of property, active or inactive
$tatus, and years of waste generation. Summarize wasts treatment, storape, or dicposal activities that
havé'or may have occurred st the site; note also if these activities are documented or alleged. Identity
probable soures types and prior spills. Summarize highlights of previous investigations.

Probable Substancas of Coneamy: List hazardous substances that have or may have been stored,
handied, or dispozad at the site, based on your knowledge of site operations, Idantify the sowrces 1o
which the substances may be related. Summatize sny existing snalytics! data concerning hazardous
substances detected onsite, in releases fram the site, or s targets.
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GENERAL INFORMATION

Site Description and Operational History:

Probable Substances of Concern:
{Pravious investigations, analytical datal

A-3
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GENERAL INFORMATION {continued)

Site Sketch: Prapare a sketch of the site (freehand Is scceptabla). Indicata alf partinant features of
the site and nearby environs, including: - waste sources, buildings, residences, access roads, parking
areas, drainage patterns, water bodies, vepetation, wells, sensitive environments, etc.

A4
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GENERAL INFORMATION (continusdl

Site Sketch:

(Show all pertinent features, indicate sourcss and closest targets, indicats northt
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SOURCE EVALUATION

®  Number and name each source (2.9., 1. East Drum Storage Area, 2. Sludge Lagoon, 3. Battery Pile).

& jdentify source type according 1o the list below.
Describe the physits! charscter of sach source le.g., dimensions, contents, waste types, containment,
oparating history).

&  Show waste quantity [WC) calculations for each source for appropriate tiers. Refer 1o instructions oppasite
pape § and PA Tables 12 and 1b. Identify waste quantity tiar and waste characteristics IWC) factar cateary
scare [for a site with a single source, accarding to PA Table 1s). Determine WL trom PA Table 1k for the sum

of source WQOs for a multipie-source site.

® Arach sdditional sheets if necessury.
® Determine the site WC factor category score and record at the bottom of the page.

Sourca Typs Destriptions

Landf®: an engineerad [by excevation or construction) or natural hols in the pround inta which wastas have bean
dispossd by backliling, or by contamporansous seil deposition with weste disposnl, covering westes from view.

Surfecs (mpoundment: & topographic depression, sxcavation, ar ¢ksd grea, primarily formed from sarthen
materiais {fined or unlined) and dagipned to hold sccumuiated liquid wastes. westes containing frae iquids, or

niudoes that wers not backfillsd or otherwiss covared during periods of depasition; depression may bs dry if
depashad liquid has avepormted, volatiized or laachud, Bt wet with exposed liquid; sthectures thet may be more

spacificeily described as legoon pond, astation pit, aettling pand, talings pond, sludge pit, eic.; aise & surfece
impouhdment that hae bean goaversd with xoll after the fine! daposition of wasts material (i.e.. burisd or

Drimg: portable containers designes to hold a standard E6-galion volums of wastes.

Janks ong Non-Dryr Contalnery: any stationary devics, designed to contain sccumulsted wastes, constrycted
primarily o! fabricated matarisle Isuch as wond, concrete, stesl, or plastic) that provide structurel suppost: eny
portebls or mobils davice In which waste i stared or otherwise handied.

Somaminated S$of: w0l onto which available svidence indicates that u twzardous substance was spilled, speaad,
disposed, or deposited,

Efle: any non-contuinerized accurmwistion sbove tha ground surface of solid, non-flawing wastes; includses open
dumps. Soma types of ples ere: Chemicy! Wegte Pile — conaists primarity of discarded chemicat products, by-
profiucis, redicactive wastes, or used or unsed fesdatocks: Soran Melslor Junk Plie -~ consists primarily of
acrap matal or discarded gurable gonds such as apphances, sutomobilss, swio parta, o¢ batteries, composed of
Mmatarisls suspscisd 1o conisin o have contsined & hazardous substancs; Jailings Bile - conaiats primarily of any
combinstion of pverburden from & Mining wperastion snd tallings f1om & miners! mining, beneticiation, or procassing
operation; Tigsh Pilg — corsists primarly of peper, gerbage, or disvarded non-durabis goods which ars suspacted
16 contein of hava contsined ¢ hazardous substance,

fand Trestmant: fardiarming or other lind treatmant method of wests mansgemsnt in which kguid wastes o
slutges are spresd over lund snd tilied, or fquide ere injected at shallow dapths inte soils.

Pthar: « sowrce thet doss not fit any of the dexcriptions above; sxampies incuds contsmineted building, ground
wveater phuma with no identifiable source, storm drain, ory wall, and injsction wall.

A-6
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SOURCE EVALUATION

Sourae
No.:

Source Namwe:

Souros Wasta Quaniity (WQ) Ceiculations:

Source Description:

Saurew
No.:

Sourca Nams:

Soures Descriplion:

Sourca Wasts Quanbity (WQ) Caleyistions:

Sourcs kama:

Source Description:

Soutce Wasts Quantity (WQ) Caloulations:

A-7

Site WC:
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WASTE CHARACTERISTICS {WC] SCORES

WC. based on waste quamity, may be determined by ona or ali of four measures callsd “tisrs®:
constituent quantity, wastastream gquantity, source volume, end sourcs area, PA Table 1a (page 5)
is divided into these four tiers. The amount and detai! of information avaifable determine which tiers)
to use for each source. For each source, avaluste waste quantity by as many of the tiers as vou have
information to support, and selsct the sesult that gives you the highest WC scora. I minimal,
incompiets, or no information is avallable reparding wasie quantity, sssign & WC acora of 18

{minimum),

PA Table 1a has 6 columns: column 1 indicstes the quantity tier; column 2 lists source types for the

four tiars; columns 3, 4, and B provide ranges of waste amount for sites with anly ane source, which
correspand to WC scores at the top of the columns (18, 32, or 100); column 6 provides formulas to

obtein spurce wasts quantity {WQ} values at sites with myjtiple sources.

Te deteimine WC for sliar with sniy ane seurme:
1. Identiy source type iswv descriptionx oppasie pege 4).

Examine st waste quantiry dats sveisbie.

Extimate the mexs ard/or dimensions of ths saurce.

Derermine which guantity tiers 10 use based on avelebic source information.

Convert saurce maacurernonts 1o sppropriate units for wach tiar you can evalurie for the source.

2 b AW N

dentiy the range inta which the total quantity falls for sech tier svaicated IPA Tabie 1al.

7. Determine the highest WE s0are obteined Jor any tiar (18, 32, or 100. a1 top of PA Table 1e calumng & 4, ang
5, raxpectivaly).

4. Use this WC score for off pathways. *
To satarmine WC for sitas with muttiple suiaves:
1. identify sach source type (som descriptions opposity pege 4}
2. Examine at wasie quantity date avaleble for sech suurce.
3. Estimate the mass and/or dimensions of eaph source.
4. Deternine which quantity tmrs o use for anch saurce baxed on the evelable information.
6.  Converr source messutements I appraprisie unies for sach Tisr you can svalvate far sach source.

§.  Foreach source, use the Tormidas in column 6 of PA Table 1a 10 determine the W value for sach tier tha? zan
bw avaluated. The highest WQ velue shisined for any tier is the WO valus for the sourve.

7. Sum the WQ valuas for 8% sources 1o gel tha site WQ total.
& Use the site WO tols! o stzp 7 to assign the WC scom from PA Taeble 16,

Use this W score for aXf pethways.

*  The WC score is considered in ) four pathways. However, if & pimary target is identified for the rours
witer, surtace water, or air mipration pathway, 85sign the datermined WC or a score of 32, whichever .

greater, as the WC score for that pattweay.

A-B
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PA TABLE 1: WASTE CHARACTERISTICS (WC] SGORES

FA Tabla 1a: WG Scores tor Singls Souren Shas and Formulas
tar Mutiple Source Sixes

. SINGLE SOURCE SITES (ssigned WC seoreal T souRce
e | SOUACE Tvre Farmuls for
n we = 18 We = 32 We = 100 Azsigning Source
WO Valum
i
; NiA, £1000 > 100 18 $0.000 b »10,000 & B+
T
w
'
; NrA 00,000 & >500.000 v $O milion b > B0 mulion & 8 - 5,000
»n
. £0.75 milion 7 | 58,76 millea va 75 milliyn i | > 875 mullion i n+ §2,5
fuanston £290.000 W' »250,000 \a 25 misien v >2§ milion " v + 2, 533
Surlace =760 nd »6.780 1» $7E.000 o 475,000 ¢ n + §7.5
impoundment =380 yot > 350 4 25.000 ! > 35,006 wg* v + 25
v |Brwma £1.000 deew 2 1.00% tv 100,000 drume > 150,000 dnam drsms ~ 35
S |Yanky and non- -
; Srum containers £50,000 gallarg »60,000 ts § il panana % miipn peliare pafony + 500
bl . , E4.75 mben I | D076 milien te 476 mition 0 | 478 milion 0 " -+ E2,500
g jConteminatas sai 2280 000 v 2280,000 ta 75 milkon wt? :zsﬂ.:f w® + 2.500
Pia s, »5,7%0 1a 785,000 * »E75.000 1 n + 578
=250 w* > 200 w 2V,000 w' 25,000 2.5
Othe? ~ S4LIBYY 24750 w 476,000 ¥ >ETEH00 1* S o T X
=200 ye' 310 = 25,00 wt » 25,000 w* vy’ + 32§
Lanafi £2340,000 " 340,000 b 34 iilfion ¥ >34 milion i it + 1,400
%74 sores >70 b THO sovin > 780 soren oy + D.O78
Suriace w1900 W 1,500 w 130,000 > 130,600 &' [l
A impoLniment w062 seren >0.020 » 19 serw >2.0 scrme acres + 0.00028
L . L34 milign M 234 millen v 350 miion 0 | 2340 willian #° # - 34,000
: Conminstad sad £ TH sorey 78 88 7.000 stvie »7.,200 neres aver - D78
Pilg® 21,300 &° *1.300 % 130.000 0! >130,000 & e
«0.028 neree. »00T 1 1D veres >21.5 novea scres + 0.00029
T sarecow 327,000 ta 2.7 mitlen 1! $2.7 wilion 1t o+ 270
tand veatment %0.02 acren >0.01 w42 e »82 aco scres 4+ 0.0082

Toen = JODOR o 19 = 4uruma = 200 gillons * Uae aran of Wil duftosy under pile, AM1 Sultete waa of paa.

PA Table 1b: WL Reases far Multipla Soures Sias

W Taud WE Ssare
>0 100 -
> 185 w» Y0.008 L
215000 "o
A8
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GROUND WATER PATHWAY

Ground Water Use Description: Provide information on ground water use in the vicinity. Present the generat
suatigraghy, squifers used, end distribution of private end municipal wells.

Calcutstions for Drinking Wetar Populations Served by Graund Water: Provide populatiens from private wells
and municipal supply systems In each distance category. Show apportionment caiculations for blsnded supply

systems.

A-10
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GROUND WATER PATHWAY
GROUND WATER USE DESCRIPTION

Describe Ground Water Uses Within 4-miles of the Sita:

{Describe stratigraphy, information on aquifers, municipa! and/or private welis}

Calculations for Drinking Water Populations Served by Ground Watsr:

A-11
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GROUND WATER PATHWAY CRITERIA LIST

This “Critena List™ helps guide the procass of developing hypotheses concsring the occurrence of a
suspected reloase and the exposure of cpscific targets to a hazardous substance. The check-boxes
record your profsssional judgment in evaluating these factors. Answers to all of the listed questions
may not be available during the PA. Also, tha listis not all-inclusive; if other criteria help shape your
hypotheses, list them at the bottom of the page or attach an additional page.

The "Suspacted Releasa” section identifies several 5ite, source, and pathway conditions that could
provide insight 25 to whather a relesse from the site is likely to have occurred. If 2 release is
suspected, use the "Primary Targets® section to evaluate conditions that may help identify targets
iikaly to be exposed to a hszardous substance. Record rasponsss for the well that vau feel has the
highest probability of being exposed o a hazerdous substance. You may use this section of the chart
more than once, depending on the number of targets you feel may be considered "primary.”

Cheek the boxes to indicate a "yes.” "no,” or "unknown™ answer to each question. If you check the
*Suspacied Release” box 85 "yes.” make sure you assign a Likelihood of Release vaiue of 550 for the

pathway. '

A-12
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GROUND WATER PATHWAY CRITERIA LIST

SUSPECTED RELEASE PRIMARY TARGETS
YN U YN U
a e n e 0o n
[] k . k
O D0 O Aes sources poorty conteined? 0 O O la ey drinking watst welf nearby?
0 O O Is the sourcw & typs likaly to contribute to 0 D O Has any naarby drinking watsr well been
pround water contsmination {s.g.. welt clogsd?
lagoon)?
e 0 O O Har sy neecby drinking weter user reportad
D D D b wasts quantity particulsry targe? foul-1asting or fowi-smelling water?
0O 0O B I precipliation hasvy? 0 O O Cooe any neerby wall have a largs dtewdown
or high preduction rate?
0 te the infillration saia high?
Qo ! 0O O [J is any deinking weter woll iocated batwasn the
oo Iy tha site boceted in an sren of kaest 1urrain? wle and other wellc that ara syspected tc be
exposed 1o a harsrdous substance?
0O O O iz the subaurtace highly parmesble or
oonductiva? 0O 0O O Dows snalytical or ci ial yvid
SUOgeI cantamingtion at a drinking water
O O O s drinking watsr drawn from & shallow wall?
agulier?
D D O OBovs any denking watar well warrant
O 0 O Are suspected conterrsnants highly mobile in wampling?
pround water?
[nm} Other crteria?
O O O Doss snslvticsl or circurstantinl avidencs
suggen1 geound water cantamination? [al u] PRIMARY TARGET(E) IDENTIFIED?
O 0 Othar critenia?
00 SUSPECTED RELEAGTY

Summarize the Istivhale fer Supscied Relsase (ettech an
additional pags H pecessanyl:

.vaiu the rationala for Pyimacy Terpets (attath an
sdditional page If heceesary):

Executive Information System, Kai Kuo: 105 of 183




GROUND WATER PATHWAY SCORESHEET

Angwer The guestions at the top af the pape. Refer 10 the Ground Water F_'othww _Cmem Ligt (page 7} to
hypothesize whether you suspect that 8 hazardous substance sssocisied with the site hag been released to
ground water. Racard depth 1o aquifer {in fee]: the difference between the deepest accurrence of 2 harardous
substance and the depth of the top of the shallowest squifer m (or as naar &5 possible] 1o the site. Note
whether the site is in karst terrain (characierized by abrupt ridges, sink holes, caverns, springs, disappearing
streams). Record the distance (in feet] from any source 1o the nearest well used for drinking water.

kiksthood of Relepse JLRI

1. Suspectsd Release: Hypothesize based on professional judgment guided by the Ground Water Pathway
Criterin List fpape 7). If you suspect a release to ground water, use only Column A for this pathwey and do
not eveluste factor 2.

2. No Suspacted Relsase: If you de net suspect » releage, determine score based on depth to aguiler or
whether the gite ix in an area of katst terrain. IF you di not susgect & release to ground water, use oniy Column

B to scarce this pathway.
Torgets IT) .

This tectar catepory evalustes the threat 1o populstions obtaining drinking water from graund water, Ta
apportion populations served by blended drinking water supply systems, determing the percentage of population
served by esch well basad on its production.

3. Primary Target Popuiation: Evaluste papuletions served by all drinking water wells that you suspegt have
been expased to & havardous substance relessed from the site, Use professional judgment guided by the Ground
Water Pathway Criteris List [page 7) to maks this dettrmination. In the space provided, enter the populstion
served by any wells you suspect have been exposed to & hazardous substance from the site, If galy the number
of residences is known, use the sversge county residents per household (rounded up to the naxt imeger)
determine population served. Multiply the papuistion by 10 to determine the Primary Target Population scor
Nuie that il you de not suspect a relesse, there can be no primary tsiget papulation.

4. Sscondary Terget Populstion: Evshuate populstions served by il drinking water wells within 4 miles that
you do net suspect have been exposed to a haxardous substance. Use PA Table 2a or 2b {tor wells drawing
from non-kurst and karst squifers, respectfully) [page 9). M only the aumber of residences is known, use the
mverage county residents per household {rounded to the nearest integer) to determine population aerved. Circle
the assigned value {or the population in sach distsnce category and enter it in the column on the far-right side
of the table. Sum the far-right column and enter the totel ag the Secondary Target Populetion factar score.

5. Nesrast Wel represents the threst posed to the drinking water well that is most likely to be sxposed to &
hassrdous substance. U you heve identified » primary targel population, enter 50, Otherwise, assign the score
fram PA Tabie 21 or 2b for the closest distance category with § drinking water well popyistion.

6. Wetihead Protection Ares [WHPAS: WHPAx are specis! areas designated by Stastes for protection under
Section 1428 of the Ssfe Drinking Wseter Act. Local/State snd EPA Regianal water officisls cen provide

information regarding the location of WHPAS.
7. Rasgurcen: A score of § can generally be assigned es & default measure. Assipn 2ero only if pround water
within 4 miles has no resovrce yse,

Sum the terger stores in Columa A [Suspected Relzase) or Column B {No Suspected Relsase).
Waste Ct terigtics [WC)

B. Wasta Characteristics: Score is sssigned f1om page 4. However, if you have identified any primary target
for ground water, assign either the scere calculated on pags 4 or g score of 32, whichever iz greater.

Ground Water Pathway Score: Multiply the scores for LR, T, and WC. Divide the product by 82,500. Round
the result to the nesrest integer. N the resuk is greater than 100, assign 100,

A-14
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GROURD WATER PATHWAY SCORESNEET

Paidwoy Sharscrans e

Do vau suspetl a reiease 15e¢ Ground Water Pathway Crirenia List, page 2)7
13 the yite localed «n karsr terman?

Deprh 1o squiter:
Distance 1o the nedrest grinkmg water well

LIKELIHQDD OF RELEASE

1. SUSPECTED RELEASE: IF yOu wuspect 4 release 0o ground wilter 1aee oags 7),
as¥ign 3 score of 550, Use anly column A for ttus pathway.

2, MO SUSPECTED RELEASE: 1 you do not suZpect & Arteass [0 Qrounkd water, ind
18 €178 13 10 kafsT termiin of the deprh to aquiler is 70 leet of k13, AtxgN 4 SCore
of E00; atherwisz, 8151gn a scoce of J40. Use only column B a7 this pathwiy.

TARGETS

1, PRIMARY TARGET POPULATION: Determma the number of paopie served by
drpking water weils that you Susoect have been exposed 10 2 farandous

subkrance legen (e siee [see Ground Water Pathway Creng T, page 7.
pecpie x 10 =

4. SECONDARY TARGET POPULATION: Deterwine the number of people turved by
dnnking waler wels thal you 8o NOT suspect have Ben expesed 10 & harsrdous
Eubiztance from the fre. and 3aspn the tolal population &corp from PA Tavbée 2.

Are amy wells part of a blended aysiem?  Yes Wo
H yaz, anach o pape 10 chow apporuonmemn calculations.
5. NEAREST WELL: N vou hava alerified § primary tanget pageiation Jor grmend
WAIRS, ASSIQN » 5CO08 of 5O otherwite, asign the Nasrest Well goore from
PA Tabip 2. If no drcvdung water wals pxitl withhn 4 miles, a1agn a score of gerg,

e ————
AN IAL w e

8. WELLHEAD PROTECTION AREA WMPAL: If any sowrce bex within of above o WHIA,
o H you heve identified any primary tarpatvsll within 8 WHPA, sesigh ¢ 200m of 20; °
B35ign § if neither pendition holds but a WHFA it praent within 4 maes; otherwisy

mLlew

i

1RGN 2470,
7. RESDURCES

WASTE CHARACTERISTICS

4. A i you havy mizrmieed sny pnmary repet (o Srouns watber, ARGn tha wasty
Sharagtaraucs scovre calculated on page 4, or & #2ont of 32, wiuchever is
GREATER; oo not svakate part § of s FacTer.

B. ¢ you tavs NOT enutind any prmary tsrget lor ground wattr, s340n the
WASTR CREFACTERSICS SCOMe Caicutated O paDe 4.

WC =

LR x T x WC

GRDUND WATER PATHWAY SCORE:
82,500

A-15
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PA TABLE 2: VALUES FOR SECONDARY GAQUND WATER TARGET POPULATIONS

PA Table 25: Non-Karst Aquilars

Wemest thon Swved by Wells Withis Distence Ca
wat ; T3 ] 7] 201 | 1000 | Xoer | tevor [ 30007 | Georer
fchaoss o » L) - e ‘- ] - [ them Papodstior
Popelstion qu " » 208 00 1,000 Jdco | rae0 | yo.000 | tesoww | 180000 Valip
10 1 2 ] 14 [ 1] 1 .}] L3 1813 5114 § 18325
> )k to X mite — T 1 ] ] 19 92 1 m 1tz | 313 | wan
>% to 1 mie » ] ] 2 L 1} 81 147 522 1888 | 5224
>1 1o 2 milen —_— [ 1 ) 1 3 L] 3 1 1] 17 239 2,58
>0 3 mine —— ] ’ 1 ' 2 7 21 [ $1 | ere {2022 __
(>3 10 4 miles — 2 1 1 ] 1 ] 13 LH 1n 417 1,300 -
Hearest Woll = Scora =
PA Tuble 2b: Kerst Aquifers
Nearest ton Served &y Walls Withio DNstance Lals
Wes ] " [ [ 2o¥ Lo} zeer | 10007 | 30003 | Grnrer
Distancs firte 200 ~ ~ " » » [ - ™ [N e Popdation
from Site Popudagion | foe kors 0 20 e 00 1,000 ae00 | tnaove | snooe | rosces | reewe Vahw
s % mile — 2 1 2 ] 18 52 182 53 1,833 | 5294 | 14335
>% 1v B mila 0 [ ] 3 10 22 101 FF o] 1,012 ] 3233 | w01
% te T mite L 10 ¥ 1 1 [ § 28 B2 m sis 2,607 | m142 —
>3 i 2 milea E ) 1 1 a ] 20 ” 261 (3] 2.807 | 0.102
» 2 to 1 Aflen 2 1 t Y » F11 a2 T 214 2,607 | 982
>3 10 4 miles 10 1 L ] [ 18 '1] 201 ale 2,607 | w1a2
Hoasust Well = Scota =




SURFACE WATER PATHWAY — e

Migsation Route Sketch: Sketch the surface water mipration pathway (freehand is accaptable)
illusirating the drainage route and identifying water bodies, probable paint of entry, flows, and targers.
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SURFACE WATER PATHWAY
MIGRATION ROUTE SKETCH

Suface Water Migration Routa Sketch: ) L i '
finclude runoff route, probable paint of entry, 15-mile target distance limit, intakes, fisheries,
and sensitive envircnmants}

A-19
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SURFACE WATER PATHWAY CRITERIA LIST ~

This "Criteria List® helas guide the process of developing hypotheses conceming ths occurrence ot
suspected refease and the exposure of specific targets to 2 hazardous substance. The check-boxes
record your professional judgment in evaluating thase factors. Answers 10 sll of tha listed questions
may not be available during the PA. Also, the list is not all-inclusive; If other criteria help shape your
hypotheses. Jist them at the bottom of the page or sttach an additional page.

The "Suspected Aeleasa” section identifies several site, source, and pathway conditions that could
provide insight a5 to whather a release from the site is likely to have occurred. If & relsase i
suspected, use the “Primary Targets™ section 1o guide you through evaluation of some conditions that
may hejp identify 1argets likeiy to be exposed 1o 8 hazardous substance. Record responses for the
target that you fesl has the highest probability of baing sxposed to a hazardous substance, You may
use this section of the chart more than once, depending on the number of targers you fee! may be
considered “primary.”

Check the boxes to indicate 8 "ves.” "no,” or "unknown® answer to each question. i yau check the
"Suspected Release® box as "yes,” make sure you assign a Likelihood of Release value of 550 for the
pathway.

if the distance 1o surface water is greater than 2 miles, do not evaluate the surface water migration
pathway. Document the source of information in the text boxes below the surface water criteria list.

&-20
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SURFACE WATER PATHWAY CRITERIA LIST

SUSPECTED RELEASE

PRIMARY TARGETS

I aurfece waler naarby?

in waste quantity parriculady (arge?
I tha deainages aree Iniga?

Iy tainfall heavy?

Is the infitration rale low?

u]
a
0 0O ago a*x=sc

Are sources poetly comainad or prone to
runcif or Hoading?

s & runolf route well defined (e.g., ditch or
channel lsading 10 surfase wetet]?

4]
c
a

O O 0 s vepstation stregsad along the probabls run-
ol rouxe?

D D O Are sedimsnts or watet unnaturally discolarad?
OO0 O s wildiifo unnaturally abpent?

O D O Wes deponition of wasie inte surfsce waw
bewh obaarved?

O O O wegreund water dischaps 10 surface watst
likely?

0 D O Do snaiyiical or circumetaniat svidencs
sugpest surfese walal contamination? -

oD Dthet ericaria?
oo SUSPECTED RELEASEY

g»* <
g*r2c

Iz any t1arget nearby? If ves:

o

O Drinking water intake
Q Fishery
O Sensitive srvironment

O O D Has sny intake. fishery. of recreationsl area
been clossd?

0O D O Does anaiytical of circcumstantiol svidance
augpest surface watar eonlarminanion yt or
downstrasm of a terget?

0 O O Does any tergat warrant ssmpling? If yes:
O Drinking water mtake
O Fishery
O Sensitive anvitanmant

g0 Othat critens?

OO PRIMARY INTAKE(S] MENTIFIED?
oQ PRIMARY RSHERYJES] IDENTIFIED?

oo PRIMARY SENSITIVE ENVIRONMENT{B]
IDENTIREDY

Summanize the rationgly ine Suapacted Relenss (atiach an
edditianal page I necesssry):

Summarize the retionals for Primary Tetgets {attach en
sdditional page IY necessary):

A-21
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SURFACE WATER PATHWAY LIKELIHOOD OF RELEASE AND DRINKING WATER THREAT SCORESHEEY

Bathway Cheracteristivs

The surface water pathway includles three threats: Drinking Water Threat, Human Faod Chain Threat, and
Environmental Threat. Answer the questions at the top of the page. Refer to the Surface Water Pathway Criteria
List tpage 11) to hypothesize whether yau suspect that a hazardous substance associated with the site has been
relessed to surface water. RAecord the distance to suriace water (the shortest overiand drainage distance from
& source 1o a suriace water body). Record the flacd frequency at the site le.g., 100-yr, 200wrl. If the site is
lncated in mare than one floodplain, use the most freguent fiooding event. Identify surface water use(s) along the

surtate water migravtion path and their distance(s) from the site.

Likelihood of Releass {LR]
1. Suspactad Aslvasa: Hypothesize based an professional judpmem guided by the Surface Water Pathway Criteria
List (pape 11). I you suspect » release to suiace water, use only Column A for this pathway and do not evaluate

factor 2.

2. No Suspectsd Ralsase: {i you do nat suspect a release, determine score based on the shontest overfang
dramage distance from » source to a surface water body. H distance 10 surlace water is 2,500 fest or iess, assign
a score of GOQ. If distance 1o surfsce watel is grester than 2,500 feet, determine score based on ficod frequency.
It ygu oo not Suspect a release 10 surface witer, use only Calumn B to store this pathway.

inki Th

3. Ust akk drinking water intakes on downstream surface water bodies along the surfsce water migration path.
Record the intake name, the type of water body on which the intake is (ocated, the flow of the water body, and
the number of paople served by the intake {apportion the populdtien if part of 2 biended system).

4, Primary Taegat Popuiation: Evaluate populations served by all drinking water intakes that you suspect have
been exposed 10 » hazardous substance released from the site. Use professional judgment guided by the Surface
Water Pathway Critenia List {page 11] to make this determination. In tha space provided, emer the population
served by 8l intakes you suspect have been exnased to a hazardous substance from the site. i only the numbar
of residances is known, use the sverage county residems per hausehold (raunded up to the next integer) to
determine gopulation served. Multiply by 10 to getermine the Primary Target Population score: Remembet, i you
do Nt suspect 3 release, there can be no primary target populstion.

§. Secondary Targst Population; Evsluate populstions served by all drinking water intakes within the target
distange limit that you do not suspect have been exposed to 8 hazsrdous substance. Use PA Tabie 3 {page 13}
and enter the popuiation served by iniskes for each flow category. M only the number of fesidences is known,
ure the averape caunty residents per household (raunded to thiy nearest intsger) to determing population served.
Circle the assigned value 1or the populstion in each llow categary and enter it in the column on the far-right side
Of the table, Sum the farsight column and enter the tota! a5 the Secondary Target Population jactor score.

Gauging station data for many surface water hodies are avaitsble trom USGS or other sources. In the absence
of gauging station data, estimate tlow using the fist of suriace water body types and associated {low categoriss
in PA Tabie 4 {page 13!. The flow 1or lakes is determined by the sum of 1lows of streams entering or leaving the
lake. Note that the flow categoly "mixing 2one of guiet flowing rivers” is limited 1o 3 miles from the probable

pont of entry.

6. Nearest Intaks reprasents the ttusat posed to the drinking water intake that is most likely $o be exposed to a
hazardous substance. M you have idgentified a pamaty target population, enter B0. Dtherwise, assign the score
trom PA Table 3 {page 13) for the lowest-fiowing water body an which there is an imtake.

7. Rasources: A score of 5 can generally be assipner as a default measure. Assign zerc only it surface water
withen the target distance lrmit has no resdurce use.

Sum the tarpet scores in Column A (Suspected Release) or Column B (No Suspected Release},

A-22
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SURFACE WATER BATHWAY

LIKELIHOOD OF RELEASE AND DRINKING WATER THREAT SCORESHEET

Palhwsy Thorective as

Do you suspect 2 reieage Igee Surtace Waler Pashway Craera L), page 1117
Chstance 0 Swuidce water:

Fioad frequency
WhaC 13 the Jowngiream GStarce 10 the Aearest anneing water intake?

Yes No

Negrest fuhery? Miwg  Nrarest sanstive prvirgningnt? mies

LIKELtHDOD OF RELEASE

1 SUSPECTED MELEASE: If you suzpect & release to surface water (see page 11},
aysign & scoie of B50. Use ondy colwnn A far thus Dathway.

ND SUSPECTED PELEASE: (f you do ng) surpact a ralaase to Jurisce
WRtEr, ule the Table Deiow 1O 355Qn & Score based On diStance to sLUace
wale! and Hood freguency. Use onty column B lor thus pathway.

Distance to suviacs water < 2. 500 feer Fo ]

{Crstance 1o surface water = 2.500 feet. and
Site an manual ar 10-year flaoapian 500
Sugn b ear flocdplam £00

| _Suewn 10C-vear floocplin
) Sree n 50Q-year floonplan 209
| Site oursige S00-year Hopdplan 100

P M oy

LR =

DRINKING WATER THREAT TARGETS

3. Recard the wiiar Dody type, flow (il Jpphcadie). and numbe: of peogle 1erved
ay pach NRKING water mEske within 1he target dhstance kmit. H there 13 no
anrkng wIter Mraks wilfun tha target distanca (wnit, tyctors 4. 5. srig €
axch receiwe 1800 ECOCES

SRS Mawa - WWater 7| Mow il Tarwed

cly

4. PRIMARY TARGET POPULATION: H you suspect sry dmnking walsr intake listed
Above Ads Dian SxpARed [0 & haZardout substancy trom the ene (¢ Surtace Watsr
Pathway Crivena List, page 11), kst thy witaze nomais] and colicwiate tha lacior
$core based on the fotal papuldhon sacvad.

§. SECONDARY TAMGET POPULATION: Detervens the nunber of peotis sarved by
gnniung water Makes That you do NOT susbact have been expossd b6 a hagerdous
SubRTANGe Irpm the ite. 4N a3sigh the ttel popistion acore feam PA Tabie 3.

Art sy ntakes pan af & Bended sysiem?  Yea __ Mo ___
N yws. STLACH 3 DADS T& Show EEOOTIONMENT CHICULITIONY.

€. NEAREST INTAKE: M you hava wentifsed & prmary 1arget populstion for the
Grniing water UWaat dactor £), u3sipn & acorn of S0 ptherwize, a350n ™
Neacest Intake score rom PA Taoke 3. It Ao Snniung waler wEke exiits within
the target diISTANGE kML, 355N & score of zera,

T RAESOURCES

peopid = 10 =

TWeR Wt eR | meiew ] T
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Z-v

PA TABLE 3: VALUES FOR SECONDARY SUAFACE WATER TARGET POPULATIONS

‘Nearest mhmuqm_‘mmgym
Swurfoce Water Intahe ? an 101 ¢ LPer 1 eoF | o0t | woor | rooper ] 300001 | Owees
Rody Flow fehonse - ~ . o 'S " ~ ~ ' - e | Popelstion
tsee PA Table 4 | Fopulation | 0 100 200 | roos | 2e00 | reooc | ove | tov.ove | w0000 | 1.000000] s.ovn 000l  Vakw
<10 ele 2 2 18 [ 7] 183  +13 L,03y | B2ta | 10225 | 52,138 | 183,248
10 ta 1DD el — 2 1 1 2 B e 3] 183 21 1,833 | 8,214 | 18,328
>100 to 1.000 clx | a ] 1 ] 2 5 14 52 102 511 1.83%
»1,000 s 10,000 efs - o [ ] L] ] 1 1 2 5 18 52 181
> 10,000 ¢ty or — o o ] [} [} a ] 1 t 2 5 "
tout Lahan

$-rmils Mixing Zone 10 1 ] ] b1 ] 2 281 ne 2,857 | 0162 | 20,088 | 01,00

Nearest Intake = Score =

PA TABLE 4: SURFACE WATER TYPE / FLOW CHARACTERISTICS
WITH DILUTION WEIGHTS FOR SECONDARY SURFACE WATER SENSITIVE ENVIRONMENTS

Type of Suface Watar Body

Diution
_—_Wuter Sody Fype oR Fow Weiphe
minimel stream < 10 ¢le ?
arafl 0o ynodeeate Riresm 104 100 cfa o.r
modetate te forge siream > 100 to 1,000 cls A
1o19¢ strvam e fvsr > 1,000 1» 0,000 cfs N/A
Inege sivet » 10,000 eha N/A
) 2.mis rnising tone of
quist flowing yireane of fivers 10 cfa ae grontat MNiA
cganetal Gidal water fhartbory,
vounds, bays, stv.}, ocamm, A NA
ot Graat Laken




SURFACE WATER FPATHWAY HUMAN FOOD CHAIN THREAT SCORESHEET -

ilceliky f Rel

LR is the same for all surface water pathway threats. Enter LR score from page 12.

Human Food Chain Threst Tarqets {T)

8. The only human food thain targets are tisherias. A fishery is an ares of » surface watsr body from
which food chgin arganisms are taken or could be taken for human consumption on a subsistance,
sporting, or commercial basis. Feod chain orpanisms include fish, shefifish, crustsceans, amphiblans,
and amphibious reptiles. Fisheries are dalineated by changes in surface water body type {i.e., streams
and rivers, akes. casstal tidal waters, and oceans/Great Lakes) and whenever the flaw characteristics

of a stream or river change.

(n the space provided, idemify all fisharies within the target distance limit. Indicate the surface water
body 1yps and fiow for each fishery. Gauginp simion flow data are available for many surface water
badies fram USGS or othar sources. In the absence of gauging station data, astimate flow using the
ligt of surface water bady types and associated flow catsgories in PA Table 4 {page 13). The flow for
{akes is determined by the sum of flows of streams entering or leaving the laks. Note that, if thare are
no fisheries within the tarpet distance limit, the Hurman Food Chain Threat Targets scors is 2ero.

9. Primary fisheries are any fisheries within the target distance limit that you suspect have been
exposed to 3 hazardous substance released from the site. Use professional judgment guided by the
Surface Water Pathway Criteriz List (page 11) 1o make this detesmination, If you identity any pricnary
fisheries, list them in the space provided, snter 300 as the Primary Fisheries factor score, and do n~
evaluats Sacondary Fisherias. Note that if you do not suspect a releass, there can be no prim:
fisherias.

10. Secondary fisharlas ars fisheries that you do not suspect have basn exposed w & hazerdous
substance, Evaluate this factor only if fisheries sre prasent within thy tarpet distance limit, but none

is considered a primary fishery,

A. I you suspact & release to surface water and hava identified 3 sacondary fishary but no primary
fishary, assign a acore of 210.

B. K you do not suspest & releass, svaluate this factor based on flaw. In the absence of gauging
station flow data, sstimate fiow using the list of surface water body types and associated flow
categories in PA Table 4 {paps 13). Assign a Secondary Fisharies scors from the table on the
acorashast using the lowest fiow at any fishety within the tarpet distance limit. (Diknion waipht
muitipher doss not apply to PA svaluation of this factor.)

Sum the target scores in Column A {Suspected Releasel or Calumn B [(No Suspected Releass).
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SURFACE WATER PATHWAY (cantinusd}
HUMAK FOOD CHAIN THAEAT SCORESMEET

A B
Svmpaitad Neo Swpeornd
LIKELIMOOD OF RELEASE po— Aniaass Kalorpnone
= R
Enter Suniace Water Likebhood of Rlalaze scors fram page 12. tRw
HUMAN FOOD CHAIN THREAY JTARGETS

£. Record the water body type nd lew il 3pphcable) fir sach fighary within

T tArget Gislang hmis. H thare is no lishary witivn the tangat
gisrance knit, sumgn ¢ Targats acoee of O at tha battom of the page.

1 AER——
PRIMAPRY FISHERIES: |l vou susoect any fighary icted above has besn exposad
™ 2 Nagardous subsiance Jrom the ana (san Surfuca Warer Criverss List, paga Y1),
ason 1 score ot 300 and da nat evaiuste Factor 10. List tha phmary fiuhanes:

—

10. SECONOARY FISMEAIES

A, il you BupRSt 8 FRELS 10 MUPTACE wall ANG have KiinhfeD & secondiry fishery
but no prmacy fishary, asagn 4 score of 210,

0. 1 you da not suspect & releasa, assign & Secondsry Figherign score lom tha Tabie

LY
Selow uang the lowest flaw o8 any fishary within Ow EBIgeT Sutancs mit. "
Seopndory Fevernss Buire
210
30
- | 100 ofs, coastal -
tida! waters, aceand, 12
L~ _TT1] C_ T ] ——
Te
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SURFACE WATER PATHWAY ENVIRONMENTAL THREAT SCORESHEET

LR is the same for 2ll surface water pathway threats. Enter LR score fram page 12.
i 1 T

11. PA Tabis & {page 18] lists sensitive environmenzs for the Surface Water Pathway Environmental
Threat. In the space provided, identify sil sensitive environments located within the target distance
limit. indicate the surface water body type and fiow st each sensitive environmem. Gauging station
fiow dats for many surface water bodies are available from USGS or other sources. in the absence
of gauging station data, estimate flow using the list of surface water body types and asseciated flow
categories in PA Table 4 {page 13). The flow for lakes is determined by the sum of flows of streams
entering or leaving the lake. Note that if there are no sensitive environments within the target gistance

{imit, the Environmental Threat Targels score is zero. .

12. Primary sensHive environments are surface water sensitive environments within the target
distance limit that you suspect have been exposad to a hazardous substante released from the site.
Use professional judgment guided by the Surface Watar Pathway Criteria List (page 11] vo make this
determination. If you identify any primary sensitive environments, list them in the space provided,
enter 300 as the Primary Sensitive Environmants factor score, and do not evaluate Secondary Sensitive
Environments, Note that if you do not suspect a release, there can be no primary sensitive

environments.

13. Secondary aensitive environments ara surface water sensitive environments that your do not
suspect have baan exposed to a hazardous substance. Evaluate this factor only if surface wate”
sensitive environments are present within the tasget distance limit, but none is considered a primar,
sensitive environment. Evaluate secondary sensitive enviranmants based on fiow.

® In the 1able provided, list all secondary sensitive snvironmaents on suriace water bodies with flow
of 100 cfs or est, - - T - -

1] Use PA Tabls 4 (page 13] to determine the appropriate dilution weipht for each.

2) Use PA Tables 5 and & (page 16) to determine ths appropriate value far each sensitive
enviranment type and for wetlands frontage.

3} For & sensitive enviranment that falls into move than one of the categories in PA Table 5, sum

the values for each type to determine the environment valve {e.g., a wetisnd with 1.5 miles
frontage {value of 50) that is #lso a critical habitat for 3 Federally designated endangered

species {value of 100) would raceive 2 total value of 150).

4) For each sensitive environment, multiply the dilution weight by the environment type {or length
of wetlanos) vaiue and record the product in the far-vight column.

5] Sum the values in the far-right .coiumn and enter the 1018l a5 the Secondary Sensitive
Envirpnments score. Do not evaluate part B of this tactor.

& If all secondary sensitive environments are on surface water bodies with fiows greater than 100
cfs, assign 10 a5 the Secondary Sensitive Environments score.

Sum the 1arget scores in Calumn A {Suspected Releasel or Column 8 [No Suspected Release).
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SURFACE WATER PATHWAY [contnued)
ENVIRONMENTAL THREAT SCORESHEET

LKELIHOOD OF RELEASE

A ]
Kmpotred | e Siinp
[ Nidnaow N aturennee
r—3 AR A | ———

Entar Surface Water Likeinood of Reteais acove fram page 12,

ENVIRONMENTAL THREAT TARGETS

11, Record the water bady fypa and flow (il appheatie) for each surtace water
SANSiired afwwonment wrihin the Larget distence kvt (3ae PA Tables &
and 5], ¥ her i ne Kenmitive amernAment within the fargat dirtance
lmit, axssgn a Targets acore of 0 at the bottom of the page.

Welw Savy Typs v

Enviroamarn Nawvd

12. MUMAAY SENSITIVE ERVIRONMENTS: H vou suspect any nenshwe soviran-
ment ligted sbove has beer exposed 10 & MEYardoun subatance from fhe sa4 Isee
Swrtace Wit Critena Ligt, page 11), assign a s2oee 1 300 and do net evelvame
fagtor 13, Liat 1ha peimary sRNSHIVE EAVINGIMIEES:

13. SECONDARY SENSITIVE ENVIRONMENTYS: M sensitin €marDnments sy
PEFent, bt nONe 15 8 Biwnary Sensrisva ervireivnent. avaiugle Sscondary
Sentitiva Emvronmants baved on flow.

A. For satondary SENSIVE VIO B SUT{AGE WETE BOdL with fiows of
100 &8 o lexs. 3330 Scores oX 10HOWY, and do nat wvaluie pant B of

thut Factor:
Divwias Whaipht fervirengmandt Fyps s Vadas
o B2 Taie & 2 Yabies § and & Totar |
= ﬂ.l £ -
cf) x -
———. . -
E'l X -
stel : -
St @
= o D ——
B. If 2 sécondery Serditrve eravicoryPnts 3y lOCENIY OR Euriace wibe bodies
weith flowwe > 100 cfs, assign a scome of 10.
Ta

A-29

Executive Information System, Kai Kuo: 121 of 183



Executive Information System, Kai Kuo: 122 of 183



PA TABLE 6: SURFACE WATER AND AIR PATHWAY SENSITIVE ENVIRONMENTS VALUES

Assigneyd Vakm

dang: o Lhristindd Spacrd 0o
Evoiopoaity impanant aragr Wentified undar the Cosetal 2one Wildwrness Act
'Senmuve Arnss iduntified undst the Nationel Zetusry Pray ot Heat & t Wates Progeam of vhe Cisan Witer Act
Critical Arans Iguntifisd under the Claan Lakew Program of the Clean Wirter Agt tvubacean in loksa or entire small lekua]
Nanonal Monument iair pathway aniy) .
Navanyl Svashors Ruoreatin Arsa
Nouonst LEkethord Rucrmation Ares
Habivat Lnawh to ba used by Fedanaliy dgpignated or pragessd endengered of Uwealansd shecies 75

Natiang! Pressrve

National ¢r Siata Widide Rafuge

Vit of Coastal Barrier Assources Syatsm

Fadare land denignatad for thw p inn of natursl valema

Atdmiristiatrvaly Prapasad Fadersl Wiidernwsr Arm
SPawmng eresr critical {ar tha raintenanza of fish/ahalifish ipecing witfun a mear evatem, by, or saivscy

Migeatsry pathweys and feeding sreas d dpr the ¥ anadramous flish spucies in ¢ tiver gystam

Tarraptrial araas wplized foc Drosding by lerge 8! denss agpiepubens wf varssdrata animale Lair pathway) a¢
Seme-aquatio foregees surigne water pathwey!

Nasionsl river rogeh degignated as Recrssnonsl

Hatalat knawn 10 be unad by Sista Sampnaiad andangsrad 8¢ thrditined sostine w0

Habitat known to be Used by & upecien under revisw aa ig ity Federal andangerad ar threntansd status

Suate I-nn dengnared for mildiile ar pame maenageient 25
[Siste dewpnaned Matural Arae
Parvculat ary it senadl in Fnporiant ia maimensnze of Ursque bislic DOMAUNIties
$tote desipneled srant for protecaganantenanse of souatic kfs under thy Clean Weter Agt 5
Wetangs Swa FA Tobie 8 lSQ:!'Iel Waier Pathwoy)
R Tabla & tAsr Pathway|
PA TABLE 6: SURFACE WATER PATHWAY
WETLANDE FRONTAGE VALUES
Gragter than 4 to B mies
souter than B 12 12 mies 250
Gragte? than 12 to 18 miilse 150 .
Grester then 1§ (0 20 milan 480
Groatar thee 20 milee 500 |
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SURFACE WATER PATHWAY WASTE CHARACTERISTICS, THREAT, AND PATHWAY SCODRES
w r; rigti

jl4. _V!Iaste Chargctaristics: Score is assigned from page 4. However, if a primary terget has bsen
identified for any surface water threat, assign either the score calculated on page 4 or a score of 32,

whichever is greater.

Surface Water Pathway Threst Scores

Fill in the marix with the apprapriate scores from the pravious pages. To calculate the scors for sach
threat: muliply the scores for LR, T, and WC; divide the product by 82,500; and round the ragult to
the nearest imeger, The Drinking Water Threat and Human Food Chain Thrast are sach subject to 3
maximum of 100. Tha Environmenta! Threat is subject to 3 maximum of 60, Entar the rounded threat

scores in the far-right column.

Surface Water Pathway Score
Sum the individual threat scores to determine the Surface Water Pathway Score. [f the sum is greater
than 100, assign 700.
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_WASTE CHARACTERISTICS

SURFACE WATER PATHWAY (conckided)
WASTE CHARACTERISTICS, THREAT, AND PATHWAY SCORE SUMMARY

B 8
Swpacted Ns &

14. A. H you have Identitied sy primary tacget for surface water (pages T2, 14,
or 15], assign the wiaste charactehstcs SCore calcuiated on page 4, of & score
ol 32, whichevar is GREATER: do not evsiugte part B of this factor.

8. I you have NOT idernified any primary target far surface watet, 8ssign tha
waSIe characHnsucs scora calculated on page 4.

N3« | WL e W

_SURFACE WATER PATHWAY THREAT
Likniivoad o/
Ralessn (LR} Soere
| Threst trom page 131
Dirinking Water

W=
SCORES
PetAway Werta Thons! Sanvy
Yargets I7) Sanm GAsrmctanzvon MWC! Soere iReTawWwC
nages 12, 14, H Hernnmirme sdave) 7 81,500

Human Food Chain

by . 8 E— 1

Environmantal

SURFACE WATER PATHWAY SCORE
{Drinking Water Theast + Hurman Food Chain Thramt + Environmental Threat)
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S0IL EXPOSURE PATHWAY CRITERIA LIST

Areas of surficial contamination can generally be assumed. Thi': “Criteria List™ helps guide the process
of developing a hypothesis cancerning the exposurs of specific targeis to a haz;rdous substance at
the site. Use the “Resident Population™ section to evaluate site and source cbnklllons thatr may haip
identify tarpats likely to be exposed 10 8 hazardous supst:nce. The choc'-boxes l:ecord yayr
professional judpmaent. Answars 10 all of the listed questions may not bf ﬂ_fmlable during the PA.
Also, the list is not all-inclusive; if other ctriteria help shape your hypothesis, list them at the bottom

of the page or attach an additional pags.
Check the boxes to indicate 38 "yes,” "n0,” or "unknewn® answer 10 each question.
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SOIL EXPOSURE PATHWAY CRITERIA LIST

SUSPECTED CONTAMIVATION RESIDENT POPULATION
YN
¢« o.n
] k
QO O D Ie any residence, schavl, or daycers (ssility on
or within 200 fast of an ares of suspecivd
cantaminalion?
Sueficial cantamination can generally ba asyumad. O O O iseny tesidence, schoel, or daycare facility

lozated on adjscent land previoualy gwned ot
lasuad by thw gits awrariopatstor?

© O O 1= there s migretion route that might sprasd
hazardous subxlances near residences,
gchools, or dayewre fecilities?

0O O O Haeve onsite o sdjiacent rexidants or studsnis
reporied adverss health alfects, exclusive of
Apparent drinking water or &ir contemination
otablsms?

O D 0O Dews eny neighboring proparty warrant
templing?

oop Othar critecis?

ja)i=] RESIDENT POPULATION IDENTIFIED?

Surmmarize the rationais for Rasident Populstion (atiach an sdditional page i necesesryl:
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SOIL EXPOSURE PATHWAY SCORESHEET

hw h. d

Answer the queastions at the top af the page. ldentify peeple who may be expused L0 & hazardous substance
because they work at the facility, or reside or attend school or daycare on or within 200 foet of an srea of
sutpectad contaminatian. [f the site is active, estimate the number of full and part-time workers. Nota tha

evalvation of targets is based on current site conditions,

Lieplinoad of Exposure 11K

1. Suspscted Contamination: Aress of surticisl contsmination are present &t most sites, enct 8 score 0f 550 can
generaliy be assigned 83 8 default measure. Assign zero, which eifectively eliminstes the pathway from further
ronsiderstion, enly if there is no surficial contamination; reliable snalytical deta are penerally necessary 1o make

this determingtion.
i ion Thr

2, Resident Populstion correspondsto "primary targets™ for the migration pathways. Use professianal judgmem
guided by the Soil Exposure Pathway Criteria List (pape 18) 1o determine if there are peopie living or attending
schocl or daycare on or within 200 feet of aress of suspecied contamination. Record the number ¢f people
identified as resident population and multiply by 10 te determineg the Resident Populstion factor score.

2. Resident Individual: Assign B0 if you have identilied & resident population; otherwise, assign zerg.

4. Workars: Estimate the number of full and part-time warkers st this facility and adjscent facilities where
contaminstion is also suspected. Assign & ssore (or the Werkers factor from the table.

E. Terreseiat Sansitiva Environments: [n the table provided, list each terrestrial sensitive environment located
on an ares of sutpacted contamination. Use PA Table 7 {pspe 20] to sssign & value for sach. Sum tha valuss

and assign the total us the factor score.

6. Resources: A score of § can penerally be pssigned as a default measure. Assipn xero only if thars is na and
resourte Use on an afea of suspected contamination.

Sum the target scores.
h ) 3
7. Enter the WC score determined on page 4.

i : Muitiply the scores for LE, T, snd WC. Divide the product by 82,500.
Round the resunt to the neasest integer. If the result is greater than 100, essign 100.

Naerby Popuistion Theaat Scars: Do not evaluste this threstif you geve » zero score to Likelthaad of Expasure.

Qtherwise, assign a score hayed on the populstion within a T-mile radius (use the same 1-mile radius population
you evaiyate for mir pathway population targets):

Bepuiation Within Oag Mile rpy P jon The 1
< 10,000 1
10,000 to 50,000 2
50,000 4
Soil Exptrsura Pathway Score: Sum the Resident Popuiation Theeat scere and the Nearby Population Threst

score, subjeet 10 » maximum of 100.
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SOIL EXPOSURE PATHWAY SCORESHEET

Fridwoy Chaveceaniatios
Do any peoow ve on or withen 200 1t of great of suspactad contaminatian? Yeu __ No
Da any peopie st1end school of day¢are on or within 200 {t of sreas
Yes Mo

al guspecred comtamnation?
I3 the (ACihty aciwel Yes No

If yes, eatimate 1he mamber of workers:

Sam POl
LIKELIHOOD OF EXPOSURE Cart amira shace O Ra—
1. SUSPECTED CONTAMINATION: Suclicial contamination can generally ba assumsd,
and 3 soctre of 550 nszigned. Assign zero only if the absence o1 surficiel
contaminaion can be confidently damonswated. LEw
RESIDENT POPULATION THREAT TARGETS
2. RESIDENT POPMILATION: Determing the number of paapis oScupying retidences
or attenaing school or daycane gn of within 200 {eet of sreas of suspecrad
conlamingtipn (see Soil Exposwe Pathvwey Crivena List, page 18).
prapia X 10 =
[y —_—
A, RESIDENT INDIVIDUAL: Il you have identilied a residant gopulatan (faceoe 21,
aisign ¥ score of B50: oiherwnge, essgn & scora ol O,
4. WORAKERS: Lige the following table 1o 8asign & score based on the total number af
workers a1 the facikry arl nearby 1acilities with suspected contaminatwn:
Nuwiber of Werkaw Semm
o [+]
1 1o 100 5
103 ta 1,800 10
> 1.000 15
5. TERRESTRIAL SENSITIVE ENVIRONMENTS: Use PA Tabla 7 to ssxign & value
19r edLh termesirial aerytive eNvrDnmant on &0 irea of suspected
CONLAMINATINN:
Tovmtia Surmites Ervicotumirn Type Yol |
I
Suth w
| '-..
8. RESCURCES .
To
WASTE CHARACTERISTICS
[ 3 T 1 |
7. Agaign the waste CharaCIerisUCs SCora caltudated on page 4. WC =
RN S ¢ S A
RESIDENT POPULATION THREAT SCORE: LE X T X w "
825600,
NEARBY POPULATION THREAT SCORE: “wiwy
by o w—
S0IL EXPOSURE PATHWAY SCORE:
Rusident Pepulation Theast + Nuarby Population Thraat .
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PA TABLE 7: 50IL EXPOSURE PATHWAY

TERRESTRIAL SENSITIVE ENVIRONMENT VALUES .
Torrastrini Serthiive Epviconment Azxignes Vaive
Tersestudl CHUCAEI NaDial Tor Faderaily designated endangedsd or tNestenad Specielt 10

Navwongl Perk

Designated Federal Wildarnoss Ates
Natnnal Monunent

Terresiral habital knowd 10 be Lazd by Federsily designated of proposed thyesiened or endangered spaciag g
Nationgl Preserve (terrestnal) .

Natonal o State terregurial Wildlife Refuge

Fedesal tand dexignated 10r protection of ARl EcOsysIems

Agmarustratvely proposed Fadarsl Wilderness Aras
Terrestrial areys Liilized by Wrge or denae & avons of animals fvertabrats species) 10f dreeds
Terresinal habitat ukad by State desgnated endanpered &¢ tivediznad spacies 50
Tarresiral habitat usad by specws under revisw for Federal desipnated endangered of thraatened Bratus

JState (anas desionated for wildisle or pame manapsmant =
iiate dasgnated Naturel Areas

Panicidar areas. relalively small in size, important 10 MONIERnce of unique bioric communiies
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AIR PATHWAY CRITERIA LIST

Thif "Criteria List" helps guide the process of developing a hypothesis as 10 whether a release to the
gir is likely to be detected. The check-boxes racard your professional judgment. Answers to all of the
listed questions may not be available during tha PA. Also, the list is not all-inclusive; if other criterig
help shape your hypothesis, list them at the bortomn of the page or attach an additional page.

The "Suspectad Release” section identifies savaral conditions that could ide ingj

_ provide ingight as to
2 rglease from the site iz likely to be detected. If a release is suspected, primary tirnns::‘: t:: :
residants, workers, students, and sensitive environments on or within % mile of tha site. Y

Cheek the boxes to indicate 8 "yss,” “no.” or "unknown™ answer to each question. Jf
[ - n L] ) - . ou c
Suspected Release” box as "yes,” make sure you assian a Likelihood of Release value :f 553'::; :::

pathway.
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AR PATHWAY CRITERIA LIST

SUSPECTED RELEASE PRIMARY TARGETS

YN U
£ 0N
L] k
O 0 D Arsodots currently reported?
0 0O O Het relasse of » hezardous substence 10 the sir

besn ditectly coverved? It you suspact & relsass to sir, svaluate all papulatiany end

sennitive environmanta within 174 mile tincluding thoas

O O O Arethera raports of sdverse haslth effects onsite] as pritnaty LNgets.

{0.g.. hoadachey, niuses, dizziness} potehlially

rasulting Trom migration af hazsrdous

substancas through the air?
O O O Does snalyucal or circumatantial evidance

SupDonL & relesde 10 the mir?
DO Othet ctiteria?
oc SUSPECTED RELEASEY

Summatize the muonals for Suspected Relsass (stiach on sddional pags if necessary):
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AR PATHWAY SCORESHEET

Pathway Charecaristice .
Answar the quastions at the top of the page. Reler to tha Air Pathway Criteris List (page 271 to hypothesize wheths:
you suspact thal u huzerdous substance releass to the alr could be datacted. Due to disparsion, relasses to air sre nat
AS persisient as ralases 10 wiler Migrarian pathways and ara much more difficult 1o detect. Duvalop yaur hypothesis
conceming the islease of harardous ubstancas 10 av baied on “real time” sonsiderations. Record the distence (in 1eat}

from any source 1o tha nearest ragulerly ozcupiad buliging.

LikeThood of Reteasw [LR]

1. Suspected Relmss: Hypothesize besed on professionsl judgmant guided by the Alr Pathway Criteria List (page 21).
If you suspact a raisuss (o sk, use only Column A for this pathway and do not avaiusts fagior 2.

2. No'Suspartad Relsass: It you do not suspect & relessa, anter EO0 end use oaly Caluma @ for this pathway.

Targews [T

3. Priveuty Target Population: Evaiusts populstions subjact to sxposurs from roleass of a hazerdous substancs from the
sits, It you muspuct a relsase, the resident, student, and worker populstions on snd within % wile of the mila sre
considersd primary target population. #f only the numbar of residences is known, use the avarege county rasidents per
hausahold {rounded up to the naxt integer 1o determine the populatian. in the spacs provided, enter this population.
Muktiply the popuistian by 10 to determine the Primary Tarpet Populstion score. Nate that if you do not sucpect e releass.

there con be no primary target populstion,

4. Sscondary Target Populstion: Evaluete populations in distence categorias not suspec1ed 1o be subjact to expogura iram
ralaxay of 8 hazerdous substance from the sita. tf you suspect o relsase, residents, studans, and warkers in the %- to
4-miie distance catagorias ars secondery tergat population. If you do not suspect # relesss, all ranidents, stydents, ang
workers onzite snd within 4 miles are considersd secondary targe! populstion.

Usa PA Tabls 8 fpage 23). Enter the populatian in anch sacondary terget populstion distance cdtagoty, circis the assignar
vake, and record i an the Jer-right side of tha 1abie. Sum the farright column gnd enter the totsl us the Secondar,

Target Popuiatian factor scoras.

§. Nearsetindividual represents the thrast posed To the peraon most likely to be sxgouned to & hazardous substancs relasss
from the site. If you heve identifind & primary varpst populstion, sater 50. Otharwine, assign the scora from PA Tabla
¥ ipaga 23} lor the clasest distance caragory in which vou have identitied s sscondary target papulation. :

0. Primary Senzhive Environments: If o releute is suspacted, 51 sensitive anvironmants on pr within % mila of 1he sits
fre considered primary tergers. List tham and sesign vaiues for ssneitive snvironment typs (tram PA Tabls E, paga 15|
andlor watland screage {from PA Tabie §, paps 231. Sum the values and snter tha tois! as the lactor score.

7. Sacondery Sanskive Envioomants: Il & relesss I suspected, sencitive snviranmants in tha %- 1o ¥ -mike distance
&utegory ara RECONGAry targels; preatsr distances need not be evalusted because diEtance weighting grastly diminishes

the impact on sits scers. If you 9o Nal 2uepect & fulears, all wensitive enviconmants an and within ¥% mils of the site ara
considersd sacondary targety, List wach sucordsry sensitive anvircomant on PA Tebie 10 ipage 23) and sewign s valus
12 wach using PA Tablex b end 9. Multiply each vaivs by the indicsted distance waight and record tha product in the far-
right eolumn, Sum the products and snier the total ax the lactor score.

8. Redources: A xcerg of 6 can genersly be astignad as a defautl messure. Assion 2ero only ¥ thers is ne lant rezcurce
use within % mils,

Sum the terpet scores in Column A [Suspactad Reisasel or Column B (Ne Suspected Relesss),

Waste Cha fcu

9.Warte Characteratics: Score is wesigned from page 4, Howaever, il you heva identified any primary tyrget far 1he wir
puthway, sssign sithes the score caiculatsd on pags 4 or a score of 32, whichevsr ic graatsr.

A Pathway Scors: Mukiply the scoms for LR, T, and WC. Divide the product by 82,500. Raund the reault to 1
nesrast integer. I the regult is greate than 100, sssign 100,
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AR PATHWAY SCORESHEET

Faihewsy Charpptariyvior

00 You susDect & ralpase Lsze Ax Pathway Criterd Lict, gage 2117
|Dustance 10 the nearest indmidual:

UIKELIAOOD OF RELEASE

1. SUSPECTED RELEASE: (f you BvSDECT 4 reimaze to & (tde pagn 1), asQn
1cora of S50, Usa only colwmn A 1or the pathway.

2. NO SUSPECTED RELEASE: 1 you do nal SUSpect & reiaasa 15 A, astgn 3
score of S0D. Uz ondy column B dor thes pathway.

Yar ___ No _
it fr
A B
Sampprieni | Mo Sunpoutel
Aosaee Ratasoo Ratprorous
) i —
- R —

_JARGETS

3. PRIMARY TARGET PORJLATION: Determune the rumber of peopla subjact

10 eXpOBLIE [FDM & SUEDECHS TRlgaKd of haZArdoul SUBITINCEE 10 The .
people 3 10 w

4, SECONDARY TARGET POPULATION: Derarmung the numbaer 3 peepls not
susDecIer o ba axpciad [0 4 faleass 2o Air, and waEgn the tORf papuidinn

scare veing P4 Tatk B,

5. NEAREST INDIVIDUAL: # you have wentified sry Pumgry Targat Sopudation
for the &if alhway, Jalpn & 5c20a ¢f BO: otherwiss, asagn the Nesrest
MNaividuat scors Trem PA Tabiq B.

8. PRDAARY SENSITIVE ENVIRONMENTS: Surm the senartrvg yrveonmant values
A Tabhe 5] and wetand sorerge vaiuas (PA Table B! 1or snviesnments sutwct
10 9XpOEUM 110N & SUKPACTEd release (O The NI

| Lincvy Ewosmiere Fywe Yo
A -
7. SECONDANY SENSMVE ENVIRONMENTS: Usa PA Tabia 10 to determing ~ -
the acore Tor SECONY SENIILVE SMVOIMENS.
“l' Bud
4. RESOURCES
Te
_WABTE CHARACTERISTICS

& A If you hava Wit any Primary Targst for the &ir pathwiy, 489" The wiLsTe
CRATCINBLCE BEOHE Caiculated on page 4, D 3 32908 of 12, whithewe! I8
GREATER; ao a0t sveiutte part 3 o1 Thit fuctor.

B. H you hava HOT identitied ary Primary Tarpat 107 ThS i pathway, SS8igh the
wilth Charactangves scove calculgind oo saps 4.

WE -

ik x ¥ x WC

A PATHWAY SCORE:
82.500
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€81J0 LET :0nYy [BY ‘WAISAS UOHBULIOJU] SAIINIOXE

v

PA TABLE 8: VALUES FOR SECONDARY AIR TARGET POPULATIONS

Noarwst than WHNn Distance Category
inclividist t " xt 11 E Loay L1001 raeer | ooy | FWI | XA00T | Gester
Distynce {choore ~ - ' » -~ » ~ " » - - tha Popolstion
from She Fopulstion | Mghest) 1 » ree Jo8 Looe | aooe | rave | sneow | resos | 3000e0 | newaevo|tecamoe]  Vahe
Draite 20 1 1 ] (L] ] 143 11 1,633 | 5.214 | 10,325 | 62,930 | 143,248
0 10 % mile 10 1 1 t 4 12 0 130 408 | 1,308 1 a0 [ 12,034 | 2810
>4 1o % mils 2 o -} 1 1 3 » 1m (1] M2 0s2 | 2m% | E81G
% w1 mite 1 o o o 1 1 1 ] 20 n 281 24 | 2.8t2
» 0 ? mine o o ] ] o 1 1 3 a at “” 280 (LE)
2 to 3 mllan o a o ] o 1 1 1 4 12 » 120 7
29 16 4 rillen n o ] 0 o o ) 1 2 7 2 73 128
Nsarest indfividusl - Scora =

PA TABLE 9: AIR PATHWAY VALUES

FOR WETLAND AREA
Watiand Ares Astlomed Vahe
Lesq than ? ecre -]
1 te 50 soree it
Growise than 80 te 100 etree 78
Greales than 100 19 150 nares 124
Graatar than 1560 ba 200 soran 17%
Grualee thas 700 16 P00 soles 150
Greatet then 200 1n 400 sarvy %0
Gremier than 400 (o 50O sotde 4%0
Greater thin 500 wcres 00

PA TABLE 10: DISTANCE WEIGHTS AND CALCULATIONS
FOR AIR FPATHWAY SECONDARY SENSITIVE ENVIRONMENTS

Detance Samaithre Emvicomtient Type and Vahwe
Drtance| Weieht o PA Table 6 o 3¢ Product
Drshte o109 [
L}
L
c-1/4m] 0018 |x
u
o
14172l 00054 [ n
x
L]

Total Environmenta Score =




S!TE SCORE CALCULATION

In the column labeled S, racord the Ground Water Pathway score, the Surface Water Pathway score,
the Soil Exposure Pathway scora, and the Air Pathway score. Sguare each pathway score and record
the rasutt in the S® column. Sum the squared pathway scores. Divide the sum by 4, and taka the

square voot of the result to ohtain the Site Scora.

SUMMARY

Answaer the summary questions, which ask for a qualitative evaluation of the relative risk of targets
being exposad to & hazardous substance from the site. You may find your responses to these
questions a good cross-check against the way you scored the individusl pathways. For examgple, if
you scorad the ground water pathway on the basis of no suspected release and secondary targets
only. yet your responss ta question #1 is “ves," this presents apparently canflicting conclusions that
you naad 10 reconsider and resolve. Your answaers to the Quastions on page 24 should be consistent

with your avaluations elsewhere in the PA scaresheets package.
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SITE SCORE CALCULATION

S!

GROUND WATER PATHWAY
SCORE IS{,I:

SURFACE WATER PATHWAY
SCORE {8}

SOIL EXPOSURE PATHWAY
SCORE S,):
AIR PATHWAY
SCORE {S.):
SITE SCORE: .I ﬂ
thﬂﬂwhﬂﬂ%l
4

SUMMARY

YES | NO

1. ix thers & high possiiity of s 1hwesl 1o sny nearby trinking waler wellis} by migratian of »
hazeardous substance in ground water?

A. If ves, identify the wellia].

B. If yss, how many peaple are servad by tha threatenad wefis)?

2. Is thare ¢ high posshbility~of & threat to sny of the follawing by hezardeus substance
migration in surface watar?

Orinking watet intake

Fichery

Sensitiva enviconmant {wetland, eritical habitat, ethers!
1f yas, identify the target(s).

poRp
ooa
oea

3. s there & high possibility of sn srea of gurficial contaminetion within 200 feet of any
residence, schaol, or deycars lecility?

If you, identify tha propertyfias! and actimate thw associetad populationds).

4,  Are thers public health concemns st this sits 1hal are not eddressed by PA scoring
conciigrations? Il yes, sxpiain: : a w
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Appendix B: Access Tables of Executive Information System

This appendix demonstrates the design of the base-table system used in Access 97 and
provides also an example of how Executive Information System information is stored.

The entire system is centered on the General Facility Information table as shown in the
middle of the diagram. Using Fac/SiteID, the General Facility Information table is able to
connect to all of the Source Evaluation table, the Ground Water Pathway tables and the Surface
Water Pathway tables. The General Site Information table is connected to Facility by using a
SiteID, which is used to then link to General Site Information Prior Spills table. Although most
relationships are one-to-one (demonstrated as 1-1) or one-to-many (demonstrated as 1-0), a
many-to-many relationships is used in the database. The Investigations table is used to connect
the General Facility Information table and the Investigators Information table and provide the
many-to many relationships, which means that more than one investigator can be assigned to a
facility, and an investigator can be inspecting multiple facilities.

Each table of the General Facility Information, the General Site Information, the Source
Evaluation, the Ground Water Pathway and the Surface Water Pathway is connected to two other
tables not shown in the base-table system diagram. They are the supporting Executive
Information System tables as shown in the second diagram. These two tables, located near the
top of the diagram, show how these EIS tables are designed, and located below that is an
example of both tables containing EIS information for the Ground Water Pathway — Suspected

Releases table.
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€81 JO [¢] :onYy 1ey ‘WaisAS UOHBULIOJU] SANNIIXY

| Groundw ater-Generalinformation SourceEvaluation || Investigatarinformation J| : e Investigations | utacwam — Sw-waterBodies-DrinkingwaterT hreat
= “ P— = [TnvestigatorID , |SurtaceW/ater Generallnformation "
Stratigraphy SourceNumber C Investigator Last Name FacjsitelD FacfStelD = Fac/SitelD
Aquifers SourceName e |Tvestigator First Name Y Date ‘ Surface Water Sketch Intake Name
Depth to Aquifer (ft) Fac/SiteID ! Agency/Organization Pistance to Surface Water (ft) Primar
Blended System? SourcelD ‘ Street Address Flood Frequency (yrs) ' Wate yB dyID
Exposed Population Area ’ City Distance to Weter Intake (mife) Flow (rcfso) '
Not Exposed Population Area units State Nearest Fishery (les) | People Served
Yolume Zip Nearest Sensitive Env {miles) P ve
Groundw ater-PrimaryT argets volume units Blended System
vovp?er\f:tli‘-n': istory Sw-WaterBodies-HumanFd/E nyThreat |
Containment | GeneralF acilityinformation [ > ad de.r Body Number
1 F ‘ . | Surfacew ater-SuspectedRelease :.adSIteID
- - Facility Name \‘ FaciSkelD Nﬁe
Large Drawdown GeneralSitelnfoF acilityH azSub Facility Code Surface Water Nearby Pri
Between Site/Exposed Faclty Hazardous Waste ID =l\sitern \\ Waste Quantity High k4
Evidence Contamination HazardouslD Owner Last Name ‘ Drainage Area Large g::ﬂ?so aID

Rainfall Heavy
Infiltration Rate Low

Owner First Name I
Street Name \
|

Fac{SitelD
StatelD

2::::; i;:rg::isoii?:tiﬁed City ‘ 50022’ 5°"t:tin9d 53‘-'“:95 . |Suitacewater-LiklihoodofReleaseS S
County 3 egetation Stresse [r
| Groundw/ater-Privatewelk State “ i
|Groundwater-SuspectedRelease 0 ST vaeens Zip Cod ‘
[ 1 F ip Code I
Contained DistancelD tatlu'ltded ;‘ secondary Target
- ongitude ! N t Int
Contribute ToContamination Population Facility Sketch J earest Intake
WasteQuantityHigh Flow {cfs) Analytical Data J
JiPrecipitationHeavy Susptected Release
InfiltrationHigh Summary
KarstTerrain GeneralSitelnformation
PermeableSubsurface SkelD GeneralSitelnformationPriorSpills
ShallowAquifer Site Name SpllD [S urfaceWater-PrimaryT argets
H'?L"YM°b'f'e - CERCLIS ID SiteID Primary Targets No Primary Fisheries
Ewh enceo (?ontamnnahon Street Address Source Type Fac/SielD Secondary Fisheries
Ot el'CnL'grlaI City Prior Spils Any Target Suspected Release
guspect§ Re gase] County Drinking Water Intake
ummarizeR ationale State (2 letter abbrev) Fishery
Groundv/ator S corasheet f:aptitcuodie (5::30";58'3"5 Environment . | SutacewaterEnvionmentalT hreatSS ||
Longitude Evidence Pri !
OpCode Samphng Srlma[:; Envlror}ments
Owner Last Name Drinking Intake Sampling Tz:; ary Environments
Owner First Name Fishery Sampling
Site Sketch Sens Env Sampling
Active Other Criteria
Years of Waste Generation Intake Identified
) Waste Treatment |iFisheties Identified
Waste Characteristics Highlights Sens Env Identified

Summarize Rationale

Total




Ashumet Valley at MMR/DOD 1 Textbook Reference  :This is a Source This is a Memo | Kai'Kuo
Ashumet Valley at MMR/DOD 2 ‘Magazine Article Ref This is a Source This is a Memo | Kai Kuo
Ashumet Valley at MMR/DOD 10 Supervisor Suggestic  This is a Source This is a Memo | Kai Kuo 02-Jan-95
Ashumet Valley at MMR/DOD ‘9 Textbook Reference  This is a Source This is a Memo | Kai Kuo 02-Jan-95
Ashumet Valley at MMR/DOD 5 Textbook Reference  This is a Source This is a Memo | Kai Kuo 02-Jan-95
Ashumet Valley at MMR/DOD 6 Personal Calculation :This is a Source This is a Memo : Kai Kuo 02-Jan-95
Ashumet Valley at MMR/DOD 11 Textbook Reference  This is a Source This is a Memo | Kai Kuo 02-Jan-95
Ashumet Valley at MMR/DOD 7 Textbook Reference This is a Source This is a Memo_: Kai Kuo 02-Jan-95
Ashumet Valley at MMR/DOD 4 Supervisor Suggestic  This is a Source This is a Memo ' Kai Kuo 02-Jan-95
Ashumet Valley at MMR/DOD 8 Magazine Article Ref :This is a Source This is a Memo  Kai Kuo 02-Jan-95
Ashumet Valley at MMR/DOD 13 Personal Calculation  This is a Source This is a Memo  Kai Kuo 02-Jan-95
Ashumet Valley at MMR/DOD 112 Personal Calculation : This is a Source This is a Memo | Kai Kuo 02-Jan-95
Ashumet Valley at MMR/DOD 3 Textbook Reference  :This is a Source This is a Memo | Kai Kuo 02-Jan-95
LF-1 at MMR/DOD 1 Textbook Reference  This is a Source This is a Memo_ Joel Guzman 06-May-94
LF-1 at MMR/DOD 2 = “'“ R— This is a Memo  Joel Guzman 06-May-94
LF-1 at MMR/DOD 10 This is a Memo  Joel Guzman 06-May-94
LF-1 at MMR/DOD 9 - This is a Memo _ Joel Guzman 06-May-94
LF-1"at MMR/DOD 5 1 Contained — This is a Memo _Joel Guzman 06-May-94
LF-1 at MMR/DOD 6 2 ContributeToContamination } This is a Memo  Joel Guzman 06-May-94
LF-1 at MMR/DOD 11 3 WasteQuantityHigh This is a Memo _ Joel Guzman 06-May-94
LF-1 at MMR/DOD 7 4 Precipitationteavy This is a Memo  Joel Guzman 06-May-94
LF-1 at MMR/DOD 4 5 InfitrationHigh This is a Memo _ Joel Guzman 06-May-94
LF-1 at MMR/DOD 8 LLCTE T - This is a Memo_ Joel Guzman 06-May-94
LF-1 at MMR/DOD 13 7 Perr St e This is a Memo  Joel Guzman 06-May-94
LF-1 at MMR/DOD 12 8 ShallowAquifer This is a Memo_ Joel Guzman 06-May-94
LF-1 at MMR/DOD 3 HighlyMobile . This is a Memo  Joel Guzman
SD-5 at MMR/DOD 1 EvidenceofContamination This is a Memo  Ken Till

2 OtherCriteria This is a Memo  Ken Till

10 SUSpectngelqass This is a Memo  Ken Till

9 SummarizeRationale This is a Memo_ Ken Till

5 This is a Memo ' Ken Till

6 ! This is a Memo  Ken Till

11 Textbook Reference  :This is a Source This is a Memo  Ken Till

7 Textbook Reference  :This is a Source This is a Memo  Ken Till

4 Textbook Reference  :This is a Source This is a Memo  Ken Till

8 Textbook Reference ' This is a Source This is a Memo  Ken Till

13 Textbook Reference  This is a Source This is a Memo  Ken Till

12 Textbook Reference  :This is a Source This is a Memo  Ken Till

3 Textbook Reference  :This is a Source This is a Memo  Ken Till

0
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Appendix C: Access Forms of Executive Information System

This appendix shows every form used in Access 97, demonstrating virtually every
function of the database. This specific example uses LF-1 at the MMR to show what kinds of
information are stored in the Executive Information System.

Starting with the EIDSS Main Switchboard, the user can go to the Executive Information
System Switchboard and then go to the Preliminary Site Assessment Switchboard, which is the
heart of the system. However, in order to see what sites and facilities are stored on the database,
the EIS Switchboard provides three different types of listing capabilities: List All Sites and
Facilities, List All Sites, and after selecting a site, List All Facilities Belonging to Selected Site.

From both EIS and PA Switchboards, the user can request to see the General Facility and
Site Information. General Facility Information is divided into three parts: General Information,
Hazardous Substances and Source Evaluation. General Site Information is divided into two
parts: General Information and Prior Spills Information.

Having selected a site and a facility, the user can go to the PA Switchboard. Beside
general information, PA Switchboard provides links to the Ground Water Pathway and the
Surface Water Pathway. The Ground Water Pathway is divided into 5 parts; the Surface Water
Pathway is divided into 6 parts. Each part will have at least one Detail Information button inside
the tab to connect to the Executive Information System —Detail Information form. These forms

are linked individually to each of the supporting EIS tables mentioned in appendix B.
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Preliminary Site Assessment Switchboard

Facility Name

Site Name

List All Sites and Facilities

Fac/SitelD Ste Name ~ MMRDOD

Fac/SitelD 5

GAS FUE

.3

Fac/StelD 7  SteName  MMRDOD

Facilty Name Former Non-destructive Test Lab

Fac/SitelD  SteName  MMRDOD

Facilty Name Ashumet Valley

Fac/SiteD 10 Site Name

—

Fac/SelD 12 Si MMR/DOD

Facilty Name FS-12
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List All Sites

List All Facilities Belonging to Selected Site

& ListallFacilitiesofSite P

{IFormer Non-destructive Test Lab

F-1

" Faciity Sketch
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General Facility Information — Hazardous Substances

_Preliminary Site Assessment

Waste ID 4

Hazardous Waste Trichloroethylene
History of Hazardous Waste  Handled

SiteSourcelD 1
SourceNumber 1

SourceName East Drum Storage Pile
Source Type ‘Landfill

Area

Volume

Waste Quantity (WQ) 34
Opersting History

Containment : ainment information in East Drum
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General Site Information

Preliminary Site Assessment

CERCLIS ID gMA25T0 | Site Sketch

Owner LastName Guzman

|
Owvner First Name ;JMEJWQI !

Street Address rl-lerbértMRd
City

County

State

g tode Letiude 4140420 | Longitude 7031420 |

Type of Facility/Operations ’gArmy manuevers

Waste Summarize
have occurr:
alleged

Highligt ‘Summarize highlights of previous investigations.
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General Site Information — Prior Spills Information

Preliminary Site Assessment

Spill>

Source Type Contaminated Soil

Prior Spills  In 1994, approximately 150 barrels of oil were dumped on

the airfield
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d Water Pathway — General Information

Preliminary Site Assessment

Stratigraphy Stratigraphy information about LF-1

Aquifers Aquifer information at LF-1

Depth to Aquifer (ft)

Blended System?

Exposed Population
Not Exposed Population

Primary Target

Ground Water Pathway —

Preliminary Site Assessment

GrounchVaterPrimaryTarget™ 1

Drinking Well Nearby Yes

well Closed No

Foul Water Yes

Large Drawdown Yes

Between Site/Exposed  Unknown

Evidence Contaminetion ~ Yes

Sampling
Other Criteria
Primary Targets Idertified™ :

Summ Rationale for identifing primary target at LF-1
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Ground Water Pathway — Private Wells

Distance

Population

Flow (cfs)

Contained

ContributeToContamination SuspectedRelease
WasteQuantityHigh

PrecipitationHeavy

InfittrationHigh

KarstTerrain

EvidenceofContamination

Summ Rationale for suspected release at LF-1
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Ground Water Pathway — Scoresheet

Groundw aterPathway

Preliminary Site Assessment

Liklihood

Primary Target

Secondary Target

Nearest Well

WHPA

Resources

e —
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Surface Water Pathway — General Information

SurfaceW aterPathway

Preliminary it Assessment

Distance to Surface Water (ft)
Flood Frequency (yrs)
Distance to Water Intake (miles)
Nearest Fishery (miles)
Nearest Sensitive Env (miles)
Blended System

Surface Water Pathway — Primary Target

SurfaceWaterPathway

Preliminary Site Assessment

Drinking Intake Sampling

Fishery Sampiing

Sens Env Sampling

Other Criteria

Intake Identifiec!

» » Fisheries Identifiec

Sampling %1 sensEnv idertified
Summarize Rationale
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Surface Water Pathway — Suspected Releases

SurfaceW aterPathway

Preliminary Site Assessment

Surface Water Nearby

Waste Quantity High

Drainage Area Large

Rainfall Heavy

Infitration Rate Low o
Poorly Cortsined Sources  Yes

Rationale for suspected Release in surface water at LF-1
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Surface Water Pathway — Human Food Chain and Environment Threat

SurfaceW aterPathway

rliminary Site Assessment

&5 SurfaceWaterPathway

Environmental Thre
Primary Environments

Secondary Environments
Total
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Executive Information System — Detail Information

Field Type

Confidence Level Textbook Reference

Source This is a Source

Memo This is a Memo

H

|

By Whom x;Joel Guzman

Date Completed ~ 06-May-94
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Appendix D: Graphical User Interface for Existing PA Scoresheet

Source: Lukasiak, 1997

D.1 Overview of the Graphical User Interface of the Electronic Scoresheet

The Graphical User Interface for the electronic scoresheet presents information filtered
out from the system that is determined to be useful to the user. The interface for the electronic
scoresheet provides better definition of fields to make it easier for the user to fill out clearly
stated questions, integration between the parts of the system that provide supporting information,
and automation capabilities for calculating the score of the site.

First, the electronic scoresheet has better defined fields than the original paper PA
Scoresheet. Many of the long and vaguely posed questions are rewritten in shorter form. New
fields are created to simplify answering of the questions. In many instances, a list of possible
answers is provided. The user has an option of selecting one of the choices from the list or
entering a new value that is not on the list. Although much reformatting was done to simplify
and clarify the electronic scoresheet, at no instance information was omitted. The electronic
scoresheet reduces the complexity of filling out the document. Second, the Graphical User
Interface provides integration of many parts of the system. It displays results of query for
supporting information from both external databases and other Web-based sources. When
answering each question, the user has an option of looking up additional information related to
that particular question. In the future, the electronic scoresheet will be filled out almost entirely
and automatically using information filtered out from other parts of the system. Finally, the

electronic scoresheet has capabilities of automatically calculating the score and selecting values
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from tables based on the user input. This eliminates tedious calculations by hand and an

understanding of the layout of tables.

D.2 Structure of the Electronic Scoresheet

Since the current procedure for preliminary site assessment undergoes constant change,
the format of the scoresheet is subjected to change. When implementing the current format of
the scoresheet document, flexibility was a critical factor in determining the structure and
technology used.

Currently, the scoresheet is broken into parts corresponding to physical aspects of the
environment. Each part of the electronic scoresheet corresponds to one section of the existing
scoresheet document. The first part asks for the name and address of the site and the
investigator. Based on this information, both external and internal databases are searched for
relevant information that could be used to fill out subsequent parts of the scoresheet.

Next two pages contain more detailed general information about the site and possible
sources of contamination. These pages will be partially filled out by the system and partially by
investigators. Based on the information, an internal database is created to fill out next four parts
of the scoresheet, which will provide scores for individual aspects of the environment, including
the ground water pathway, the surface water pathway, the soil pathway and the air pathway. The
user will be asked to complete questions that are not filled out automatically by the system.
Based on answered questions, each page’s score is automated calculated. The last part of

scoresheet will integrate all these information and will calculate automatically the final score.
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D.3 Implementation of the Electronic Scoresheet
D.3.1 Implementation of Graphical User Interface

Providing flexibility to users and developers, the electronic scoresheet is a Web-based
application. This grants platform independence and allows data to be stored on distributed sites.
Different pages are created dynamically using CGI Perl script to allow filling out of default
values relevant to the site that are results of initial and sequential searches and to provide
connectivity between pages.

At its present state, the user is allowed to fill out the scoresheet only sequentially page by
page. Values from the previous section are carried over to the next. The system can be updated
to allow the user to browse back and forth between these pages in any order. HTML frames can
be used to implement this feature; a frame containing indexes of all pages allows users to select
any page at any instance, while the other frame contains the actual data and scoresheets page.

Fields in each form are part of the HTML <FORM>. Text fields, check boxes, radio
buttons, text areas and lists are used to present information. The formatting of pages is done
through usage of <TABLE> and <LIST> tags.

Upon pressing the “Next Page” button, values of fields are sent to CGI bin, where the
data is written into temporary files, and a new page is created. Writing information into
temporary files is necessary because an HTML page has no capability of storing any information.
Upon exiting a page, all the information is lost and cannot be recovered. Perl script was used for
storing and reading back information to and from these temporary files; this also allows the
creation of dynamic pages with information from previous pages using default values provided

by the system.
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D.3.2 Calculations and Automation of Tables

Java Applets are used to perform calculations on data from fields that are located on the
same Web page. Parameters are sent from the HTML page to the Java Applet, which performs
the operation and displays results in Java Applet fields called “Score”. Besides calculation,
tables are automated as well. Based on the user input, appropriate values from tables are selected

and displayed in result fields.

D.3.3 Temporary Storage of Information

A temporary file is created via CGI Perl script to store temporary information since the
Web browser has no way of storing information. To recreate the page again, the CGI Perl script
uses information from these temporary files. This will allow the user to go back and forth

between pages.

D.3.4 Session Registration and Garbage Collection upon Exit

Using CGI scripts to store temporarily information and to create Web pages dynamically
to provide connectivity between the pages has a serious drawback, as this does not register
sessions of particular users. If at any time the user decides to exit the application before the

completion of the scoresheet, there is no way to destroy temporary files automatically.

D.4 Alternative Implementation Scheme
An alternative implementation scheme is to use one Java Applet for the entire scoresheet.
Passing variables between parts of the scoresheet is very easy since all variables are stored within

one application. Since no temporary file is necessary, the problem of garbage collection upon

Executive Information System, Kai Kuo: 160 of 183



unexpected exit could be eliminated, as all traces of the Java Applet are destroyed when the
application is suddenly terminated.

However, there is a serious drawback: lack of flexibility. Changing parts of the
application becomes more complicated, involving adding functions to handle events, and
recompiling the source code. Development of such a large size Java Applet is hard to debug. In
addition, creating the user interface is complicated because the variety of layout options is still

limited in Java.

D.5 Future Recommendation

In its final form, provided that the information is available, the entire scoresheet can be
filled out automatically, and then it can be viewed and verified by a site investigator. Upon
submission of the first page, a search for data will return necessary information that would assist
with filling out the entire scoresheet. The user will then be given a chance to request additional
information regarding the confidence level of sources. This last function is already partially
implemented in the current version of the application for limited number of questions.

Finally, creating a Web-based application has many advantages. For example, the user is
no longer restricted to a particular platform and does not have to worry about installation of the

software. Therefore, the system should continue it development using Web-based technology.
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Appendix E: Development of Internet Search Engine

Through the use of modern Internet search engine utilities, the system can sort through
millions of documents, in many locations around the globe, with a single mouse click. There are
increasing numbers of commercial Web sites now available to the public, free of charge, for the
purpose of finding documents on the Internet. Using these search engines in a decision support
system gives users the opportunity to view documentation relating to the current decision at

hand, which they may possibly not have had access to in the past.

E.1 Availability of Information on the Internet for Decision Support of PA Scoresheets

For the purpose of completing a PA Scoresheet for an environmental clean up, there are
many sites available to aid in the decision-making process. They are general sites, which contain
information that can be applied to virtually any clean-up site, and specific sites, which contain
information pertaining to only a particular clean-up location. It is important to note that in both
cases, since these Web documents are maintained by different parties, the reliability of
information found is often indeterminate.

An example of general sites is the US Environmental Protection Agency (EPA) Web site
(http://www.epa.gov/). Because the EPA is a well-credited source, the information found here
could be assumed accurate and reliable. However, the final decision of reliability is up to the
engineer completing the PA Scoresheet. It may be useful to contact the Web server administrator
to verify the status of the information found.

In the case of environmental clean up at the Massachusetts Military Reservation (MMR),
there is a site (http://www.mmr.org) devoted to maintaining up-to-date information about the

clean-up process at this site. Wide varieties of information can be found here to aid in the
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decision process of evaluating any site at the MMR. In addition, an engineer in the process of
evaluating a site not located at the MMR may find information here useful in comparing what
was determined at the MMR, with what might be determined at their particular site. Again, it
should be noted that it is up to the individual engineer to determine the reliability and confidence

level of information found on this Web site.

E.2 Accessing Internet Search Tools Through the Use of Common Gateway Interface

As mentioned earlier, there are many Internet search utilities available free to the public.
Some examples include Excite (http://www.excite.com), Yahoo! (http://www.yahoo.com), and
Alta Vista (http://www.altavista.com). Each of these companies have developed programs that
search their extensive databases of Universal Resource Locators (URL’s) to return a series of
Web pages that contain the search string queries entered by users. In each case, returned pages
may vary due to differences in the database maintained and the search program created by
different companies. For this reason, it may be desirable to use multiple search engines in order
to increase chances of finding exactly the information requested by the user. This is known as
“meta-searching”. (An example of this can be found at “http://metasearch.com/”.)

The Common Gateway Interface (CGI) is a method for dynamically retrieving
information on the Internet. Search engines, such as those listed above, use CGI protocol to allow
anonymous users to access and run programs located on their Web server and send the
information back to the user’s Web browser. Furthermore, the use of CGI allows variables to be
passed to these programs, as in the case of search strings or user names, etc. The usual method
for accessing these search programs is through HTML forms where values for each of the

variables may be entered and the program may be run with a mouse or key click. Alternatively,
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one may run the program directly by entering the variable name with their values following the
URL of the CGI program at the “Go to:” line of your Web browser, or through the Open URL
dialog box. For example, “http://search.yahoo.com/bin/search?p=common+gateway+interface”.
Knowing how to access these search engines directly, the system can use a CGI script
that can dynamically generate an HTML document containing links to specific search results, not
just search engine home pages. Using this one CGI program, the user can pass just one search
string and have direct access to results from a variety of commercial search engines. This puts a

wide variety of Internet documentation relating to their search in one convenient location.

E.3 Multi-Keyword Searching

Anyone who has used an Internet search engine most likely will know that search results
returned are sometimes not exactly desired results. Often, the user will have to wade through a
variety of unrelated Web pages to find exactly what it is they were interested in finding. This
usually happens because one or all of the search words used may also be found in documents
pertaining to a completely different subject matter. In order to limit the amount of pages
returned to only those pertaining to the exact topic you are looking for; it is useful to
“parameterize” the search.

Parametric searching involves adding a series of search words to search string variable
that will help to better describe the information that users are looking for. It is helpful if these
words used are likely not to be found on any site pertaining to a different subject matter. An
example of this would be to add the word “groundwater” to a search for the word “environment”.
Sites pertaining to topics such as “political environment” or “social environment” will most

likely not contain the word “groundwater”. Therefore, these unrelated sites will not appear at the

Executive Information System, Kai Kuo: 164 of 183



top of search results window, and the user need not bother wading through countless sites about
President Clinton or the newest hip craze. Following are two examples from the Ground Water
Pathway sheet of the PA Scoresheet showing the question asked, the call made to run the search

and the list of keywords used.

Question 1: Are sources poorly contained?

HTML call: href="../../../scripts/gwp_test.pl?searchstring=MMR%2bgroundwater%2bGround%2bWater%2b
Groundwater%2bPlume%2bplume%2bcontamination%2bsource%2bcontained%2bMassachusetts%2bMilitary%2bReservation
%2bwww.mmr.org" target=search

Keywords: MMR groundwater Ground Water Groundwater Plume plume contamination source contained Massachusetts

Military Reservation www.mmr.org

Question 2: Is waste quantity particularly large?

HTML call: href="../../../scripts/gwp_test.pl?searchstring=MMR%2bgroundwater%2bGround%2bWater%2b
Groundwater%2bPlume%2bplume%2bwaste%2bquantity%2bMassachusetts%2bMilitary%2bReservation%2bwww.mmr.org"
target=search

Keywords: MMR groundwater Ground Water Groundwater Plume plume waste quantity Massachusetts Military Reservation

wWww.mmr.org

E.4 Displaying Results

As mentioned above, links to search results will be displayed in a Web browser window
in HTML format. Due to the fact that users will need to run the program many times (perhaps
for each question answered), and will then need to return to the PA Scoresheet document window
to record their decisions, it is inconvenient to use the same browser window for both scoresheet

and search results. For this reason, when the search program is run, a new browser window will
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be opened. This allows the engineer to follow long search paths without the hassle of going back
to the original PA Scoresheet document.
Show below are screen captures of a theoretical user session, with just the scoresheet

browser window open, or with both scoresheet and search windows open.

Ground Water Pathway

Ground Water Use Description
| To be finished ....

Calculations for Drinking Water Populations Served by
Ground Water

To be finished....

Suspected Release

Yes No Unknown
€ Are sources poorly contained? Search the Internet

~ ¢ ¢ Isthe source atype likely to contitbute to ground water
contarmnation (.8, wet lageon)?

C € Iswaste quantity particularly large? Search the Internet

Search the Internet

Figure E.4a Ground Water Pathway Section of Electronic PA Scoresheet
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2 - G eourd Water Pathwag]

Search Yahoo!

| Ground Water Use II -
| To be finished .... __

Search Menu
| New Search

| Calculations for Drir &@%%m
Ground Water RRERESSS

To be finished....

Search AltaVista

Search Excite

Excite Search found 4978278 documents about MMR @0
Ground Water Groundwater Plume plume contaminatio
1 contained Massachusetts Military Reservation www.m
Documents sorted by Site. Sort by Relevance,

| Suspected Release  |Check out

Reviews! WWW.II. Or g
Arts 99% News Release, TRP ttorv Lt Thae)
Yes No Unknown Business 97% Attachment 8-8 pees Lo Tl

¢ € Aresources poorly 97% Executive Summary (e L Thisl

¢ © O Iswaste quantity particularly large? Search the Internet

Figure E.4b Ground Water Pathway Section of Electronic PA Scoresheet with Search Results Window
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Appendix F: Development of Data Store Search Engine

Source: Mukhopadhyay, 1997

F.1 The Data Store Search Engine’s Role in the System

The data store search engine contains static links to data sources that are in a known,
standard format. This section of the system is diagrammed in Figure F.1a. PA Scoresheet
questions that can be answered by these data sources are marked with a “Query” button placed
next to them on the electronic scoresheets. This button initiates the search of appropriate data
sources. These include data sources that are in a parable standard format on the World Wide
Web, on a connectable CD-ROM, or any other source where the information is in a format that
allows the computer to extract specific information from the database without the user’s help.
Generally, this means that the data is held in a spreadsheet or database format, as opposed to a

written document, or a less formatted information list.

Information

Standard Format Databases |
Scoresheet

User

Figure F.1a Data Store Search Engine System Diagram
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The extent of the implementation of the data store search engine described here was
limited by the current availability of documents containing PA Scoresheet information in a
standard format. Only a data source was located; a United States Geological Survey (USGS)
Web site that provides water-use information for fifty states in the US. For this project, the
USGS data source file for the state of Massachusetts was connected to the PA Scoresheets for the

MMR.

F.2 Description of USGS Data Source

Each of the available USGS data source files contains information for a particular state in
the United States. The data were gathered in 1990 and placed in standard text files written in
spreadsheet format, with each row corresponding to a county in that state. Although the file
currently connected to the PA Scoresheet is for the state of Massachusetts, combining the
different state files into one countrywide file for conducting more generic queries would be an
easy task, if this system were to be used for different Superfund sites in the future.

The column headings of the data file are codes for the water-use data elements present. A
brief description of the file format is in Appendix G and a complete list of the water-use data
elements along with their codes and descriptions is given in Appendix H. The elements used in
the current system, together with the PA Scoresheet questions that they have been used to answer
are as follows:

e ps-popgw (total population served by the ground water in the area), used to answer questions

3 and 4 on page 8 of the PA scoresheet
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e to-totsw (total surface water used in millions of gallons per day), used to answer the first
question in the “Suspected Release” column of page 11 of the scoresheets

e do-sstot (total domestic water withdrawals), used to answer the first question in the “Primary
Targets” column of page 11 of the scoresheets

e ps-popsw (total population served by the surface water in the area), used to answer questions

4 and 5 on page 12 of the scoresheets

F.3 Matching Existing Data Source Information with Scoresheet Questions

Many of the questions on the scoresheet are currently unanswerable from existing data
sources. However, much of the information required is such that it could one day be compiled
into spreadsheet or database format.

For the system developed here, the scoresheet questions which have been liked to the
existing data stores will be distinguishable by a “Query” button placed next to them. Pushing the
button will open a new browser window that will display the results of the query. The results of
any queries run from that point forwards will also appear in the same browser window.

When the answer is received from the data source, some of the PA Scoresheet questions
require interpolation on the part of the user in order to translate the answer into relevant
scoresheet information. For example, with the question “Is surface water nearby,” (question 1,
column 1, page 11 of PA), the system currently returns the amount of surface water used in the
area. If this number is greater than zero, than the user will answer, “Yes,” and if not, “No.”
Obvious answers such as this are not automatically filled in by the system to ensure that the user

takes an active role in answering any question or making any recorded decision.
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When the user pushes this “Query” button, they are actually executing a program that is
on the same server as the web page they are viewing. As mentioned in Section F.2, the system
currently accesses a USGS file containing Massachusetts’s water-use information. It is
envisioned that when the system is complete, the user will log on to a particular account and
select the Superfund site that they wish to assess. This selection will automatically tell the
system which data files to access. The particular button pushed will tell the system which
question is being asked, and the program will determines how to run the query for that particular
piece of information. The query will be run on the data source (also located at the site). The
information will be parsed into HTML so the web browser can read it, and post it for the user.

It is important to note that for a particular scoresheet question, the program to execute the
query and the data source components of the system must be on the same server. However, this
server does not need to be the same server used for the main system user interface. This means
that if there is an organization that maintains a standard format data source, the program to access
their data will need to be on their server, otherwise their data files will need to be downloaded to
another server. If the source is public, there should not be a problem bringing data into a server
controlled by EIDSS administrators. If it is a private data source, permission must be obtained to
access it. Once the permission is obtained, the relative locations of the data source and the

program can be easily placed as required.

F.4 Conclusion
In general, the nature of the information requested on the scoresheets is not conducive to
being placed in a database. It is far more likely that if data sources are created in the future,

whether they are text files on the web, or CD-ROMs, they will be in spreadsheet format, as the
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one currently used to demonstrate the development of a data source search engine here. The
demonstration system that has been implemented in this project could be expanded to access
other text data sources very easily, with the addition of approximately ten lines of code. This
expansion will be simple, because the entire framework required to make this type of connection
has been completed. If data sources of other types are found, it is estimated that the amount of
code required to incorporate them will be similar. However, there will be some additional
configuring that the system administrator would need to perform. The difficulty of this process

will vary with the type of data source to be included in the search engine.
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Appendix G: USGS Data Files

Source: http://h20.usgs.gov/public/watuse/data/wudict.txt

All of the fields in the USGS data files were reformatted in May 1996. They are now in a
‘spreadsheet’ format, in which all fields are separated by a TAB character. This method should
allow the data to be easily imported into a spreadsheet program on your computer.

The first line in each data file contains the ‘headers’, which is an 8 (or so) letter code
describing each data element. For example, the code for ‘Commercial withdrawals, ground-
water, fresh’ is ‘co-wgwfr’. Each line (record) in the data files begins with some descriptive
information, such as the state, year, and county or water-resources region code. There are
headers for these items at the beginning of the first line (the header line). These first few header
codes vary by file type.

NOTE: The initial header information (first 4 or 5 items in each line) varies by file. The
actual code headers for the data elements are described in Appendix H.

The data elements with a “Entered by user” under the “HOW ELEMENT IS
COMPUTED?” heading indicate data that has been compiled and entered manually into the files.
A data element that is not “Entered by user” was calculated by using other data values. For
example, ‘ps-popgw’ (index #3) and ‘ps-popsw’ (index #4) are summed to create ‘ps-popto’. So,
total public supply population served is computed by summing the population served by ground
water and the population served by surface water.

A table of data elements, element codes and method of computation is in Appendix H.
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Appendix H: Complete List of Water-Use Data Elements

Source: http://h20.usgs.gov/public/watuse/data/wudict.txt

WATER-USE DATA ELEMENT CODE INDEX HOW ELEMENT IS COMPUTED
TOTAL POPULATION (in AREA, in thousands) po-total 2 Entered by user
PUBLIC SUPPLY:

Population served (thousands): Ground Water ps-popgw 3 Entered by user
" " Surface Water pS-popsw 4 Entered by user
" " Total ps-popto 5 3+4

Water withdrawals, fresh Ground Water ps-wgwir 6 Entered by user
" " " Surface Water ps-wswir 7 Entered by user
" " " Total, Fresh ps-wtofr 8 6+7

Water withdrawals, saline Ground Water ps-wgwsa 9 Entered by user
" " " Surface Water ps-wswsa 10 Entered by user
" " " Total Saline ps-wsato 11 9+10

Water withdrawals, total Total Total ps-total 12 6+7+9+10
Water deliveries: Public Use and Losses  ps-loss 13 12-21-30-44-71-93
o Total Deliveries ps-deliv 14 13+21+30+44+71+93
Per capita use: Total, Gal/d ps-prcap 15 12*1000/5
Number of facilities: In Area ps-facil 16 Entered by user
oo Water-Use Database ps-facdb 17 Entered by user
COMMERCIAL:

Self-supplied withdrawals: Ground Water co-wgwfr 18 Entered by user
" " Surface Water co-wswifr 19 Entered by user
" " Total co-wtotl 20 18+19

Deliveries from water supply: Fresh co-psdel 21 Entered by user
Total: Withdr. + Deliveries co-total 22 18+19+21
Consumptive use: co-cuse 23 Entered by user
DOMESTIC:

SELF SUPPLIED:

Population: Thousands do-sspop 24 2-5

Water withdrawals: Ground Water do-ssgwf 25 Entered by user
" Surface Water do-ssswf 26 Entered by user
" Total do-sstot 27 25426

Per capita use: Gal/id do-sspcp 28 (25+26)*1000/24
PUBLIC SUPPLIED:

Population: Thousands do-pspop 29 5

Deliveries from water supply Fresh do-psdel 30 Entered by user
Per capita use: Gal/d do-pspcp 31 30*1000/29
TOTAL:

Withdrawals + deliveries: do-total 32 25+26+30
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Consumptive use: do-cuse 33 Entered by user
INDUSTRIAL:

Self-supplied withdrawals: Ground Water, fresh in-wgwfr 34 Entered by user
" " Ground Water, saline in-wgwsa 35 Entered by user
" " Ground Water, total in-wgwto 36 34+35

" " Surface Water, fresh in-wswfr 37 Entered by user
" " Surface Water, saline in-wswsa 38 Entered by user
" " Surface Water, total in-wswto 39 37+38

" " Total, Fresh in-wtofr 40 34+37

" " Total, Saline in-wtosa 41 35+38

" " Total, Total in-wtotl 42 34+35+37+38

" " Reclaimed Sewage in-recww 43 Entered by user
Deliveries from water supply Fresh in-psdel 44 Entered by user
Total, withdrawal+deliveries Fresh in-total 45 34+37+44
Consumptive use Fresh in-cufr 46 Entered by user
" " Saline in-cusal 47 Entered by user
" " Total in-cuse 48 46+47

Number of facilities: In Area in-facil 49 Entered by user
.o " In Water-Use Database in-facdb 50 Entered by user
THERMOELECTRIC POWER

(ELECTRIC):

All thermoelectric water use: Ground Water, fresh pt-wgwir 51 65+79+87

" " "o Surface Water, fresh pt-wswir 52 66+88

" " v Surface Water, saline pt-wswsa 53 67+89

" " "o Surface Water, total pt-wswto 54 66+67+88+89

" " "o Total, Fresh pt-frtot 55 65+66+79+87+88
" " .o Total, Total pt-wtotl 56 65+66+67+79+80+87+88+89
Deliveries from water supply Fresh pt-psdel 57 71493

Total: Withdrawal + deliv Fresh pt-total 58 65+66+71+79+87+88+93
Consumptive use Fresh pt-cufr 59 73+82+95

" " Saline pt-cusal 60 74+83+96
oo Total pt-cuse 61 73+74+82+83+95+96
Total power generated: Gigawatthours/year pt-power 62 76+84+98
Number of facilities: In Area pt-facil 63 77+85+99
oo In Water-Use Database pt-facdb 64 78+86+100
THERMOELECTRIC POWER (ELECTRIC), FOSSIL FUEL

Fossil fuel: Withdrawals Ground Water, fresh pf-wgwfr 65 Entered by user
"o " Surface Water, fresh pf-wswifr 66 Entered by user
“o " Surface Water, saline pf-wswsa 67 Entered by user
"o " Surface Water, total pf-wswto 68 66+67

"non " Total, Fresh pf-frtot 69 65+66

o " Total, Total pf-wtot! 70 65+66+67
Deliveries from water supply Fresh pf-psdel 71 Entered by user
Total: Withdrawal + deliver Fresh pf-total 72 65+66+71
Consumptive use Fresh pf-cufr 73 Entered by user
" " Saline pf-cusal 74 Entered by user
" " Total pf-cuse 75 73+74
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Power generation Gigawatthours/year pf-power
Number of facilities: In Area pf-faci
oo In Water-Use Database pf-facdb
THERMOELECTRIC POWER (ELECTRIC), GEOTHERMAL

Geothermal: Withdrawals Ground Water, fresh pg-wgwfr
" " Ground Water, saline pg-wgwsa
" " Total pg-wtotl
Consumptive use Fresh pg-cufr
oo Saline pg-cusal
Power generation Gigawatthours/year pg-power
Number of facilities: In Area pg-facil
v In Water-Use Database pg-facdb
THERMOELECTRIC POWER (ELECTRIC), NUCLEAR:

Nuclear: Withdrawals Ground Water, fresh pn-wgwfr
" " Surface Water, fresh pn-wswfr
" " Surface Water, saline pn-wswsa
" " Surface Water, total pn-wswto
" " Total, Fresh pn-frtot

" " Total, Total pn-wtotl
Deliveries from water supply Fresh pn-psdel
Total: Withdrawal + deliveries Fresh pn-total
Consumptive use Fresh pn-cufr

" " Saline pn-cusal
" " Total pn-cuse
Power generation Gigawatthours/year pn-power
Number of facilities: In Area pn-facil
oo In Water-Use Database pn-facdb
MINING:

Withdrawals: Ground Water, fresh mi-wgwfr
" Ground Water, saline mi-wgwsa
" Ground Water, total mi-gwtot
" Surface Water, fresh mi-wswir
" Surface Water, saline mi-wswsa
" Surface Water, total mi-swtot
Withdrawals, total Total, Fresh mi-frtot

" " Total, Saline mi-satot
" " Total, Total mi-total
Consumptive Use Fresh mi-cufr

" " Saline mi-cusal
" " Total mi-cuse
LIVESTOCK:

Stock: Withdrawals: Ground Water Is-gwtot

" " Surface Water Is-swtot

" " Total Is-total
Stock, consumptive use: Is-cuse
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76

Entered by user
Entered by user
Entered by user

84

Entered by user
Entered by user
79+80

Entered by user
Entered by user
Entered by user
Entered by user
Entered by user

92
93

95
96
97
98
99
100

Entered by user
Entered by user
Entered by user
88+89

87+88
87+88+89
Entered by user
87+88+93
Entered by user
Entered by user
95+96

Entered by user
Entered by user
Entered by user

101
102
103
104
105
106
107
108
109
110
11
112

Entered by user
Entered by user
101+102
Entered by user
Entered by user
104+105
101+104
102+105

101+102+104+105

Entered by user
Entered by user
110+111

113
114
115
116

Entered by user
Entered by user
113+114

Entered by user



Animal specialties, withdrawals: Ground Water la-gwtot
o " Surface Water la-swtot
o " Total la-total
Animal speciaities, consumptive use: la-cuse
Total livestock: Withdrawals: Ground Water Iv-gwtot
" " " Surface Water Iv-swtot
" " " Total Iv-total
Total livestock, consumptive use: Iv-cuse
IRRIGATION
Withdrawals, fresh Ground Water ir-wgwfr
" " Surface Water ir-wswfr
" Reclaimed Sewage ir-recww
" " Total, Fresh ir-frtot
Irrigated land, in 1000 acres: Sprayed ir-spray
" o Flooded ir-flood
oo Total ir-irrig
Conveyance losses: Total ir-convy
Consumptive use: ir-cuse
HYDROELECTRIC POWER:
Water use: Total hy-total
Power generation: Gigawatthours/year hy-power
Number of facilities: In Area hy-facil
e In Water-Use Database hy-facdb
SEWAGE TREATMENT:
Number of facilities: Public ww-facpu
oo Industrial + Other ww-facot
v Total Number ww-facil
Municipal system returns: ww-retrn
Number of facilities: In Water-Use Database ww-facdb
Reclaimed waste water (WW) from pub. WW facilities WW-recww
RESERVOIR EVAPORATION
Amt evaporated, (1000 acre ft): Fresh re-evap
Surface area, in 1000 acres: re-area
TOTAL WATER USE:
Ground water, fresh to-gwfr
Ground water, saline to-gwsal
Ground water, total to-totgw
Surface water, fresh to-swir
Surface water, saline to-swsal
Surface water, total to-totsw
Total, fresh to-totfr
Total, saline to-totsa

17
118
119
120
121
122
123
124

Entered by user
Entered by user
117+118

Entered by user
113+117

114+118
113+114+117+118
116+120

125
126
127
128
129
130
131
132
133

Entered by user
Entered by user
Entered by user
125+126

Entered by user
Entered by user
129+130

Entered by user
Entered by user

134
135
136
137

Entered by user
Entered by user
Entered by user
Entered by user

138
139
140
141
142
143

Entered by user
Entered by user
138+139

Entered by user
Entered by user
Entered by user

144
145

Entered by user
Entered by user

146
147
148

149
150
151

152
153

6+18+25+34+65+79+87+101+113+117+125
9+35+80+102
6+9+18+25+34+35+65+79+80+87+101+
102+113+117+125
7+19+26+37+66+88+104+114+118+126
10+38+67+89+105
7+10+19+26+37+38+66+67+88+89+104+
105+114+118+126
6+7+18+19+25+26+34+37+65+66+79+87+
9+10+35+38+67+80+89+102+105
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Total, total to-totai

Reclaimed sewage to-recww
Consumptive use, fresh to-cufr
Consumptive use, saline to-cusal
Consumptive use, total to-cuse

Conveyance losses to-convy
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154

155
156
157
158

159

6+7+9+10+18+19+25+26+34+35+37+38+65+
66+67+79+80+87+88+89+101+102+104+105-
113+114+117+118+125+126

43+127
23+33+46+73+82+95+110+116+120+133
47+74+83+96+111
23+33+46+47+73+74+82+83+95+96+110+
111+116+120+133

132



Appendix I: Cross-site Comparison Database System

Source: Guzman, 1997

L1 Introduction

The feasibility of using databases located on the Internet and from local CD-ROM to
complete preliminary site assessment scoresheets is limited by the actual availability of
information from these data sources. One of the most useful sources of data may be previously
completed PA scoresheets. Once the proposed information system discussed in this project has
been used to complete one or more PA’s, a database of previous scoresheets will be available for
site comparisons. If a new site under investigation has characteristics that are in some way
similar to sites that have been studied previously, completion of the new PA may be facilitated
by referring to the database of these previous studies. Comparing new sites with completed
studies will provide an additional check for reliability and support for the current site under
assessment. This section summarizes the proposed architecture for an interactive database of PA
scoresheets for cross-site comparison. This architecture will enhance the utility of the currently
proposed decision support system. The database of scoresheets will additionally be used for

implementation of the executive information system as well.

1.2 Design and Population of Data Storage

In order to take full advantage of the completed PA scoresheets, some data storage must
be developed to keep track of the completed studies. A relational database, which is a set of data
tables linked by common data fields, is well suited for this purpose. Figure I.2a shows an

example of parts of two of the many data tables that will make up the PA database.
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The table on the right in Figure 1.2a shows a sample data associated with information
classified as “General Site Information”. The “General Site Prior Spills” table is separated from
the “General Site Information” table because it contains data that is relevant to site spills only.
The separation of tables linked by a common field, SiteID, also allows for the storage of

information about multiple site spills corresponding to a single site.

leneral Mt Frforniation

$ite 1D

|/ R 7

CERCLISID

Donwrsd 5He Prior Spills

Spill ID

Site ID

Source Type Duta Flald Street Address

Prior Spifi City

Couaty

Zip Code

Type of Dperation

Figure I.2a Sample Tables of Relational Database of PA Scoresheet

Any number of commercially available relational databases can be used to develop the
tables that store the completed PA scoresheets. As more PA scoresheets are completed and
entered into the database, the more information will be available for site comparisons and
support of completion of other PA scoresheets. The best way to populate the database is to
provide a direct connection between the proposed information system that will allow storage of
user input provided over the Internet The ease of accomplishing this task will depend on

development of current and new technologies. For example, both Microsoft Access *97 and
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Oracle provide interfaces to allow connection to their databases through the Internet, but they are

limited by how flexible they allow manipulation of the databases and are difficult to set up.

1.3 Database Queries and Comparison Criteria

The database should be designed with particular queries or retrieval of information from
the interactive database. At a minimum, the database should allow easy viewing of the various
sections of the PA sections. These include General Site Information, General Facility
Information, Source Evaluation, Ground Water Pathway, Surface Water Pathway, Air Pathway,
Soil Pathway, and Scoring. The user should be able to select a facility and site and then be able
to view any of the mentioned sections. Figure 1.3a shows a sample screen of buttons showing the

choices available for viewing the various sections of the PA scoresheet.

Figure 1.3a Preliminary Assessment Scoresheet Sections

Review/Edit Preliminary Assessment Scoresheets
General Site
Information
General Facility
Information
Ground Water Surface Water
Pathway Pathway
Source Soil
Evaluation Pathway
Site
Scoring
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The real benefit of the database will be derived from the ability to perform comparisons
between sites based on specific criteria such as geographic location, types of hazardous wastes,

type of facility or operations, and types of waste sources. Figure 1.3b shows a sample of choices

available for making site comparisons.

Figure I.3b Criteria for Comparisons

R
Selection of Critera for Comparisons
Type of

Location Facility
Hazardous Waste Source

Wastes Types

Multiple By
Parameters Pathway

——

The most flexible option will be the selection of any type and number of parameters for
performing site comparisons. For example, sites could be ranked by both geographic location and
the type or number of similar hazardous wastes. An additional option of comparing sites by
individual sections (ground water, surface water, air, and soil pathways) will allow ranking of

sites based on answers within these sections of the PA.

1.4 Using the System
To illustrate how the interactive database would be utilized, consider the case where the
geographic location is used as a parameter for comparison of sites. A geographic location

specified by latitude and longitude coordinates would first be entered. A query would then be run
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outputting a listing of sites ranked by proximity to the specified geographic location.
Alternatively, the user could select to first choose the geographical location of a particular site.
The resulting query would return a specific number of sites ranked by proximity to the chosen
site. The use of the type of facility or operations, types and sources of wastes will be used in
similar fashion. The user explicitly inputs a value, which the sites are ranked or the user selects a
site in which to compare. In the case where comparisons are based on individual sections of the
PA scoresheet such as the ground water pathway or surface water pathway, a completed or
partially completed PA will have to be selected first as the basis for the comparison. The result of
all of these queries will be a listing the most similar PA scoresheets. The user will then be able to

select any of the sites returned by the query and view the contents of the completed PA.

L.5 Making Use of the Results

If a facility is located very near some other site or has been contaminated by the same
hazardous substances or is similar in some other way to other sites, then the user may find it
useful to peruse the information that was used to fill out the completed scoresheets of previous
sites. The most useful information may be found in the “memo” sections found in each of the
major sections of the PA scoresheet. These sections which give further explanation as to the
rationale behind answering some of the questions may cause whomever is responsible for
completing the current PA scoresheet to think of some factors that are not explicitly covered by
the PA scoresheet questions. Additionally, where sites share particular characteristics, the
scoresheets can be compared to see if the data is reasonable. For example, if two sites were
located very near each other, it would be expected that the population distribution recorded in

both scoresheets would be similar as well.
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