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ABSTRACT: A PC-based software package has recently been com-
pleted that provides decision makers with support for developing shore-
line cleanup strategies. Using data obtained from systematic surveys of 
shore-zone conditions, or from training or drill scenarios, an artificial 
intelligence approach builds on existing published manuals and on field 
experience to develop response options and recommendations for plan-
ners and managers. 

The system has four basic output components that include: 
• the synthesis of the physical shore-zone character and oiling condi-

tions, 
• an evaluation of stranded oil persistence, 
• a ranking of response priorities, and 
• recommended shoreline treatment and/or cleanup methods in a 

four-layer mode that includes surface or subsurface and heavy/ 
moderate or light/very light oiling conditions. The assessment of 
shoreline oiling conditions includes evaluation of oil volume, oil 
type (including weathered oils), and surface and subsurface condi-
tions. The primary functions of the software include storing and 
sorting data on shoreline character and oiling conditions, simulat-
ing spill conditions for training and drills, and providing real-time 
recommendations in a spill event. 

The paper describes the general design as well as the format, input 
parameters, output data formats, and applications of the software. The 
project has been a joint government-industry effort supported by Envi-
ronment Canada and Industry Canada. 

During the last few years, a project has been underway to develop an 
intelligent system dedicated to the support of team members responsi-
ble for shoreline cleanup operations. The project originated as a gov-
ernment effort in which Environment Canada provided financial re-
sources and technical expertise in the management of cleanup 
operations; officers from the Quebec emergencies division to act as 
"model users," around which the preliminary system specifications 
were developed; and specialists from the Saint-Lawrence Centre (an 
Environment Canada research organization) to provide expertise in 
environmental decision support systems. The Centre for Information 

Technology Innovation (CITI), from Industry Canada, provided both 
funding and expertise in the building of knowledge-based systems. 

The initial effort produced a preliminary design and prototype, as 
well as specifications for an operational system.12 After completion of 
this prototype version, additional industrial partners were added to the 
list. Group LGG, of Montreal, provided the technical resources for 
software analysis, programming, knowledge engineering, and ergo-
nomics necessary to achieve a fully operational system. OCC was 
involved in the refinement of a knowledge base on shoreline cleanup. 
The development of the software thus went through two additional 
phases of prototype, from which emerged the operational system, 
named ShoreClean®. 

The software can be used during a spill incident to assist in the 
analysis of shoreline issues and to manage and summarize shoreline 
oiling data for planners and decision makers. In addition, the system 
can be used to develop scenarios during drills or exercises and as a 
training or teaching tool for spill planners, responders, or decision 
makers. In all of these instances, a system that can guide a user through 
the input of appropriate information is a valuable aid to understanding 
the components required to develop appropriate strategies or tactics 
for shoreline countermeasures. 

System design and architecture 

Rapid prototyping was used as a software engineering method, as it 
is considered to be the best (if not the only) approach to ensure proper 
development of knowledge-based systems.3' Three distinct proto-
types were produced before attaining a functional system. 

The first prototypes were designed primarily as job aids. They 
included a knowledge base on shoreline cleanup, hypermedia capa-
bility, and a Windows-based graphical user interface. Knowledge ac-
quisition was a major concern in these early versions of the software. 
This was effected through the analysis of written documents, inter-
views, and a field visit that allowed assessment of the procedure used 
by cleanup teams on site.612 The need for both performance support 
and training was then identified as a major concern and as a primary 
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requirement of the authorities responsible for the management of 
cleanup operations. 

This concern led to the adoption and use of the performance support 
approach.4'9 The ultimate goal of the present system is to provide 
"just-in-time" support and training through the a user-friendly, on-
line, step-by-step help system. For the newcomer in the field, the 
system has to provide support to enter and manage data on the state 
and character of the shoreline, following the SCAT approach,16 as well 
as to obtain recommendations on what are appropriate cleanup op-
tions. For the more knowledgeable, the system provides a way to 
document the work carried out at each site, to test ideas on cleanup 
quickly by performing what-if analyses, and make personal notes on 
the effectiveness of cleanup at each site for future reference. 

The architecture of the system is as follows. 
• A data acquisition and storage subsystem that allows entry of 

information about the oiling condition of a shoreline is the first 
unit. 

• This subsystem is linked to an extensive knowledge base on shore-
line cleanup which can be addressed to select and obtain recom-
mendations on various aspects of shoreline restoration, including 
an assessment of the degree of oiling, urgency of the response, and 
appropriate methods to be considered. 

• An innovative help subsystem, or copilot, can be activated at any 
time during the operation of the system, allowing the user access 
to short tutorials on both the use of the software and the domain— 
an expert's given area of expertise—of shoreline cleanup. 

The entire system is accessed through an intuitive graphical user 
interface. Considerable effort has been taken at every step of the 
development to ensure a high level of user friendliness. 

The final system runs under DOS-Windows and requires 2 mega-
bytes of hard disk space. The following diagram (Figure 1) summarizes 
the design of the system. 

Construction of the knowledge base 

The knowledge base was developed using standard knowledge ex-
traction methods, including the analysis of written documents and 
consultation with experts. To complete the work, a field visit at the 
Rio Orinoco spill site was conducted while cleanup operations were 
underway.6 

The extracted knowledge can be represented by the high-level se-
mantic network shown in Figure 2. 

Relations between facts and goals are represented by the use of 
decision trees, from which rules can be readily coded. Figure 3 presents 
part of the decision tree that leads to the evaluation of one of the 
parameters: the estimated persistence of oil on a segment or subdivi-
sion. An example of a rule created from this tree follows. 

If oil type is A or B, and 
wind speed is < x, and 
temperature is < y °C, and 

Site specific data: 

- Site characteristics 
- Recommendations 

Reasoning process 
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Figure 1. General system design 

oiling condition is high or medium, and 
zone contamination is intertidal, 

then persistence will be from hours to days. 

Format description 

This system is designed to offer two interactive modes in order to 
support both training and response tasks, as these usually require a 
different structure in such things as problem resolution, data manage-
ment, and information process. Each interaction mode addresses dif-
ferent user needs. For the novice, the newcomer, it is preferable to 
have a more rigid framework for knowledge acquisition; and the Inter-
active Mode offers these qualities. For the professional, the experi-
enced user, a more open and goal-oriented structure is likely to be the 
better approach; and this is provided in the Direct Input Mode. 

The first mode has been recognized for a long time as facilitating 
knowledge acquisition and rendering transfer of expertise more effec-
tive.5,19 The second offers complete support for all work situations and 
simulations. 

Interactive Mode. This mode has been designed to provide the 
novice with a learning tool that can be used to work on real cases and 
learn the domain knowledge. It is an expression of the reasoning 
methods of the human experts. In other words, it follows the methods 
of problem solving used by experts when faced with real situations. The 
Interactive Mode provides the user with a dynamic and reliable train-
ing tool by giving a step-by-step explanation during each element of the 
information process input and analysis with the reasoning explanations. 

Direct Input Mode. This mode has been designed to provide the 
more experienced user with a performance support tool, allowing that 
person to perform efficiently in real-world situations. It allows expert 
users to combine, in a systematic method, shore-zone surveys, data 
input, and expertise for obtaining recommendations on the cleanup 
operations. Users in the field also can be provided with explanations to 
validate the system's reasoning and recommendations. The Direct 
Input Mode provides the user with a systematic and convenient re-
sponse support tool. Figure 4 gives an example of a data entry screen 
in this mode. 

ShoreClean@'s copilot 

The format of ShoreClean® involves an intuitive graphical user 
interface. During the development of the interface, the focus has been 
task oriented, and the requirement for a tutorial approach has been 
stressed to help the user navigate through the system and execute the 
tasks quickly and accurately. This tutorial, called the Guided Tour 
(Figure 5), is a form of copilot. It can be activated at anytime during a 
work session, provide advice or an explanation on the steps required to 
obtain a result, enable the operator to perform various activities, and 
to save or close the session. The copilot does not interfere with the 
user's activities, it is only an adviser. 

Conceptual description 

The difference between the two modes is that in one, the Interactive 
Mode, the operator depends on the actions and requests from the 
system, as the system determines the sequence of requests for informa-
tion, whereas in the other, the Direct Input Mode, the user is com-
pletely free to apply his own methods of work, determine his own 
sequence of operations for gathering and inputting information, and to 
select the type of output or the recommendations. When the user 
chooses to work with the Interactive Mode, first the knowledge base is 
opened and then the expert system prompts the user with requests for 
the required information inputs. The operator simply answers the 
questions and waits for an output at the end of the process. Inversely, in 
the Direct Input Mode, the user first enters all relevant information 
that has been obtained and then starts the knowledge base for the 
desired result. If the knowledge base cannot find a specific information 
item among the data that has been entered, then the user will be 
requested to furnish that item before the result can be developed. 
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Figure 2. Simplified semantic network showing the links between facts (simple text), intermediate results, and final 
(boxes with text) 

Scope and content of ShoreClean® 

Data on the physical character of the shoreline and the shoreline 
oiling conditions are entered in a systematic manner following the 
approach developed during the Exxon Valdez spill response18 and 
subsequently adopted by Environment Canada7 and by NOAA.13 This 
approach provides a standardized framework that is in common use 
throughout North America for the assessment of oiled shorelines using 
standard terms and definitions.16 Data are entered using along shore-
line segments, which can be further divided into along shore or across-
shore subdivisions. Information is required on the resources and activ-
ities that are at risk or vulnerable to stranded oil within each segment. 
In addition to the analyses that are performed and the recommenda-
tions that are developed as part of the decision support function, the 
system can be used as a data management tool for the storage, sorting, 
and summary of this shoreline oiling information. 

The key input components of the knowledge base include the physi-
cal character of the shore, identification of the resources at risk, 
character of the spilled and stranded oil, and surface and subsurface 
(buried or penetrated) shoreline oiling conditions. This information is 
entered on a segment-by-segment basis and the analysis then considers 
the degree of oiling and the location of the oil with respect to wave 
action, substrate character, estimated residence time of stranded oil, 
resource sensitivity and vulnerability, and potential effect of the 
stranded oil. 

The output options are in two forms. A data base management 

function provides a summary of the input data sorted by eight primary 
categories—segment, date, coastal form, shoreline type (substrate), 
surface oiling cover, surface oiling category, and subsurface oiling 
category. The results of the data analyses include: 

• a conversion and summary of the oiling conditions into five stan-
dard categories—heavy, moderate, light, very light, and no oil 
surface and subsurface oiling, 

• an evaluation of the estimated persistence of stranded oil, by 
segment, and 

• a ranking of response techniques for heavy, moderate, light, and 
very light surface and subsurface oiling conditions, with summary 
text descriptions of each response option. 

The shoreline treatment recommendations developed specifically for 
this project are based on a review of API,1 API/NOAA,2 Foget et al,8 

ITOPF,11 NOAA,13 Owens et al,15 and Owens.14 Separate recommen-
dations have been developed for surface and subsurface oiling condi-
tions and for each case are presented in three categories: 

• practical methods with least adverse effect, 
• methods with potential adverse effects, and 
• probable adverse effects or low practicality. 

In this version of the software, the shoreline conditions and the recom-
mended treatment options are primarily intended for use in midlati-
tude environments; they do not include tropical (mangrove, coral), 
high latitude (peat or ice), or freshwater environments and shoreline 
types. These will be included in future versions. 

A large number of guides or manuals for shoreline cleanup that 
provide detailed descriptions of response techniques or decision trees 
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PERSISTENCE 

Figure 3. Decision tree for the evaluation of persistence of stranded oil 
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Figure 4. Example of a Shoreclean@ window with toolbar, dialog box, reasoning view, and selection display 
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Figure 5. One of the Guided Tour feature screens 

that can assist the planner or manager already exist. Each is slightly 
different in terms of the shoreline types that are used or the response 
methods that are described. It is important to recognize that there is no 
single correct answer to shoreline cleanup or treatment recommenda-
tions; many factors must be considered in the evaluation and decision 
process. This means that printed manuals or guidelines are limited in 
the number of factors or combinations of oil and environmental set-
tings, or shoreline types, that can be discussed. Attempts to overcome 
this physical difficulty have included the development of matrices that 
can address three primary parameters, usually oil type, shoreline type 
and treatment/cleanup method for example, see API/NOAA,2 NOAA,13 

and Owens et al.15,17 The approach presented in this paper includes all 
the key oil and environmental parameters by taking advantage of the 
extended range of cross-correlation and combinations offered by a 
computer software system. 

The process uses a series of parallel decision trees (Figure 3) and 
rules (Figure 4) that have been developed based on knowledge and 
experience. The information entered into the system, as outlined 
above, is used in a logical, stepwise approach to develop a unique 
recommendation for a specific input combination. This adaptation of a 
knowledge-based system using those principles of artificial intelligence 
is a key to the ability of the system to take a wide range of information 
or data and develop logical recommendations. It is rare that only one 
method or technique is used during a response operation, even on a 
short section of oiled shoreline. The recommendations take this factor 
into account to identify a range of options, rather than a single tech-
nique, that might be used in combination in a given situation. The 
review of key information sources and recent spill experiences provide 
a set of guidelines that are consistent with accepted treatment options 
and are of practical value in the field. 

Applications 

The system has been developed to provide technical support during 
the decision-making process. The evaluation of shoreline oiling condi-

tions, response priorities, the estimated persistence of stranded oil, 
and the potential effects of treatment or cleanup activities is a complex 
process that involves many types of information or data and the consid-
eration of a wide range of issues, some of which are not technical in 
nature. Although this system provides an objective analysis, based on 
practical experience, that can be used to develop response strategies, 
every spill incident involves a different set of environmental and oiling 
conditions and no software can be expected to factor all of the neces-
sary data and problems that are ordinarily faced in a decision-making 
process. As a support tool, the system is intended more to assist with 
the analysis than to provide answers to the management team. 

In a spill incident, the primary value of the software is to manage the 
shoreline data collected by field survey teams. This data can be stored, 
sorted, and then summarized in tabular form for use by planners and 
decision makers. When this database is linked to a geographic informa-
tion system, the summary information can be presented as maps. 

The many other applications for the software include its use to 
develop scenarios, during drills or exercises, or as a training or teaching 
tool for spill planners, responders or decision makers. In all of these 
instances, a system that can guide a user through the input of appropri-
ate information is a valuable aid to understanding the components that 
are required to develop appropriate strategies or tactics for shoreline 
countermeasures. 

Conclusions 

Making a decision regarding shoreline cleanup is not usually a 
simple process. Building up the knowledge base, an effort that has 
taken several years, clearly showed that developing the appropriate 
response or cleanup approach often is a question of a theoretical 
knowledge of shoreline dynamics, common sense, and a lot of field 
experience. Decision making also involves many different domains of 
expertise—especially to evaluate properly such things as cleanup prior-
ities based on shoreline resource vulnerability (an area where govern-
ment agencies usually provide direct input) or proper cleanup pro-
cedures in various conditions (where technical consultants generally 
have the most practical knowledge). The ShoreClean@ system pro-
vides many tools that can help in various aspects of shoreline cleanup 
operations, particularly documenting spills and cleanup decisions. 
This simplifies communication between team members, and allows 
decisions made during previous cleanup operations to be consulted. 
Although the system will not provide the best single solution, it does 
provide important guidelines and suggests appropriate procedures for 
most spill situations. It does not have the limitations in the number of 
factors or combinations of oil, environmental settings, or shoreline 
types found in printed manuals, guidelines, and other texts. In its 
present form, ShoreClean@ also can be used as an effective training 
tool, helping users at all levels of expertise to understand better the 
information needed to make adequate response decisions, as well as to 
identify some of the key factors that are part of the decision and 
planning process. 

Future enhancements of the system will include the possibility to 
enter end display data on electronic maps, as well as constant upgrades 
of the knowledge base. 
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