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Introduction

In May 2000, the world of Ontario’s drinking water treatment system operators was literally transformed overnight due to the Walkerton Tragedy which resulted in the deaths of seven people and the illness of thousands of others due to contaminated drinking water. As a result, Justice O'Connor (2002) was commissioned by the Province of Ontario to investigate the tragedy; his report made over 90 recommendations that resulted in new regulations and tougher drinking water standards, additional controls and monitoring; clarification of responsibilities for operators, public health officials, and other drinking water agencies; and higher standards of care for municipal officials who oversee the Ontario’s drinking water systems. 

Over the past eight (8) years, the Ontario government has enacted several drinking water regulations under the Safe Drinking Water Act (2002). Ontario Regulation (O. Reg.) 128/04 under this Act requires that all persons operating drinking water systems have the necessary skills and knowledge to treat or supply safe drinking water to the public consumer. The regulation requires mandatory licensing of water works operators, with auditable requirements for operator training that include certified training programs with defined learning objectives and measurable results. 
The Walkerton Clean Water Centre (WCWC), an Ontario crown agency, was established in October 2004 to address critical gaps identified by the O’Connor Commission (2002)—its main purpose is to lead the implementation of three specific recommendations:

· Ensure that training courses are accessible and tailored to meet the needs of operators in small and remote communities

· Ensure the availability of courses on the subjects required to train operators

· Offer training facilities and curriculum to First Nations water system operators

In addition to the training oriented objectives, WCWC focuses much effort on research and technology transfer, dealing with new drinking water technologies, including optimization approaches.

This paper proposes that distance education technology can be utilized to facilitate proper training and sustained competency for operators, not only in the more densely populated areas of southern Ontario, but also in more remote locations in northern Ontario. The SECTIONS model proposed by Bates and Poole (2003), will be utilized to assess the applicability of distance education technology to a specific course called “Entry-Level Course for Drinking Water Operators.”  This paper focuses on two (2) aspects of the SECTIONS model — students and teaching — which are largely independent of the technological aspects of distance education.

Students 

Drinking Water Operator’s Duties and Skills

Ontario Regulation (O. Reg.) 128/04 under this Act requires that all persons operating drinking water systems have the necessary skills and knowledge to treat or supply safe drinking water to the public consumer. Drinking water operators are responsible to treat contaminated water so that it is safe to drink for human consumption. Water is pumped from groundwater aquifers, rivers, or lakes to water treatment plants where it undergoes a series of processes (e.g. coagulation, sedimentation, filtration, and chlorination to name a few) that remove or destroy harmful materials and microorganisms. To do this, water treatment plant and distribution system operators control high-tech equipment, such as control pumps, valves, and computers that monitors the quality and quantity of the water as it moves through the numerous treatment processes and the system to a consumer’s tap. Operators must be able to interpret meters and gauges; perform chemical tests and analyses, acquire bacteriological samples and make adjustments as needed to ensure that government regulations are met. An operator must have adequate cognitive skills to analyze and interpret results, they must be able to appropriate physical stamina to repair equipment such as piping or pumps and they must pose an attitude of “doing the right thing”, as there is a high level of public trust expected due to the public health implications.

Educational Requirements

There are two general areas of focus—(1) training new operators who are entering the industry and (2) sustaining ongoing education of existing operators in order to maintain acceptable level of competency, as indicated in Figure 1. It requires mandatory licensing of water works operators, with auditable requirements for operator training that include certified training programs with defined learning objectives and measurable results. As a minimum, drinking water operators need to have achieved a secondary school level diploma, prior to entering the field.  

For a new person in the field, an operator-in-training (OIT), completion of a formal training course is required, along with on-the-job practical training. Having attained the appropriate class certification level for the license of facility — Class 1 (less complex) to Class 4 (more complex) — which they are operating, the operator must maintain an acceptable level of knowledge and competency. This level is based on the operator’s certification level, with an increasing number of training hours required for more complex facilities. 

Afterwards,  certified operators must renew their license every three years, and demonstrate that they have successfully achieved an adequate level of approved training. Training requirements involve two types of training defined under the regulation—‘on-the-job’ training and ‘director approved’ continuing education. ‘On-the-job’ practical training must have documented learning objectives, be provided by a trainer with expertise in the subject matter, and be directly related to the duties typically performed by an operator; examples include on-site backhoe operations or routine pump maintenance. 
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Figure 1 – Drinking Water Operator Certification Process (MOE 2008)
Aging Workforce

Based on inquiries to the Ministry of Environment (MOE), there are approximately 9000 drinking water operators with some License Class which includes operator-in-training (OIT) licenses, based on recent listing from the Ontario Environment Training Consortium (February 2008). Based on a recent literature review, over the next ten years approximately 30% to 40% of the existing workforce, within the municipal and utility sector will be eligible for retirement and as such there will be need to replacing the aging workforce, which equates to approximately 3200 operators.

These numbers do not include operators required for First Nation Communities (governed by federal legislation), or smaller non-municipal systems such as rural community centres on a well system, where only ‘trained persons’ are required.  This also may not include operators that are required to operate and maintain wastewater systems, such as sanitary sewers, pumping stations, and primary, secondary and tertiary wastewater treatment plants.

The implications are twofold — one is that the older employees are less likely to utilize newer technologies, computers, internet and other electronic devices such as remote computer terminals to control pumps or sampling equipment. The second implication is that as the aging workforce turns over there will be younger employees who may have different job expectations but will likely be more willing to embrace computer technology and potentially distance education based training.
Teaching and Learning 
The remaining portion of this paper will address the course content and epistemological issues of the “Entry Level Course for Drinking Water Operators (OIT)”. This course deals with the importance of applying regulations, standards, and policies dealing with water quality, and discusses the emerging issues facing the water industry. This course have documented learning objectives and specified evaluation techniques.
Content

The course covers the following subjects:
· Protecting the health of the public

· Regulations governing water quality

· Water related math and drawings

· Water characteristics and sources

· Disinfection

· Treatment

· Sampling

· Equipment

· Well operators

· Distribution

· Safety
Epistemology

The education program needs to involve two-way communication between the learner and the instructor. It needs to be constructivist, where cognitive skills could be developed and where attitudinal or values are being presented and shaped.  The intent is to augment the existing psychomotor skills portion still required for this type of occupation (i.e. face to face educational experience). This course has a very good potential to be adapted to a distributed learning model.
Utilize written and other visual material to provide the basis for small group discussions, simulations, and feedback; to understand concepts around protecting public health, safety, and government regulations. Utilize simulations and experiments to understand aspects related to mathematics, water characteristics and chemistry. The students will learn new ways to apply the math and science techniques and apply these to real world situations, such as treatment and distribution of water, which would include specifics related to operation of equipment and machinery. 
These concepts, examples, and visual illustrations, could be delivered in segments or  modules. An example would be American Water Works Association’s Water 101 (2008) which introduces students to the principles of water treatment and distribution, plant operations and management and provides awareness-level information on drinking water regulations and security. Typical course material is related to quality management systems, assessing pathogen risk, and optimizing water treatment processes, chemical feed dosing and proper traffic control techniques. 

This distributed learning experience would be augmented with three day (3) days of face to face (class room) training. The form and function of the class room training would such that more time could be directed to psychomotor skills and practical skills. A test related to the self-study material would be applied prior to the learner attending the face to face course.
This course has a very good potential for distance education learning as it could be the beginning of developing a community of learners focusing specifically on the water and wastewater industries.

Student Assessment Strategies

There will be a requirement to clearly demonstrate that the learner understands the application of the course content. This could be achieved through a series of formative assessment strategies such as completing a series of exercises, or answering multiple choice quizzes. This course will rely very much on students understand simulations and experiments and how these apply in the real world, and there would be a component of hands-on applications to complete water sampling or properly installing a water service pipe. There will be a requirement for some face to face learning, working in a small group with an instructor, demonstrating practical knowledge and skills.

Concluding Remarks

Based on this author’s experience, there is a significant bias in the drinking water industry towards face-to-face training as there have been limited efforts to develop distance education courses. In early 2008, a scan was completed of training organizations in Ontario which demonstrated that more than 90 percent of operator training, is face-to-face in nature, with the learner either going to a centralized training location and having a technical expert present information or having the expert come on-site and providing hands-on training. In the existing environment there will be many private consultants and other organizations that will raise much “hue and cry” about the perceived limitations of distance education, without acknowledging the limitations of face to face training, such as learner retention, engagement and the associated training costs.

Not surprisingly, stakeholders see the value of technology in solving the some of the challenges of operator continuing education but, based on their experience, indicate that online education cannot provide a collaborative learning environment but that hands-on training does (Conestoga-Rovers and Associates 2005).  

Garrison (2000) acknowledges this issue, by referring to Peters, “the difficulty of replicating face to face interaction by mediated means” (p. 14). To most learners their frame of reference is that of the face-to-face learning experience and that it is the ultimate manner to learn information, concepts, and procedures. However, as many authors have noted, it is not the medium so much as the manner in which the education program is developed. 

Distance education has merits for discussion, based on the educational content that operators are expected to learn and apply, and particularly related to knowledge and attitude issues. The Ontario Water Works Association (OWWA) and Water Environment Association of Ontario (WEAO), along with several other volunteer industry associations, are involved with development and review of Ontario water system regulations, guidelines, and procedures. This peer reviewer approach has been effective to date at ensuring that best practices drawn from other jurisdictions are successfully implemented in Ontario. This linkage can be capitalized upon, during the review and evaluation of existing course content, development of examinations, and addition of future content. 

In this light, it is not likely that distance education will dominate the drinking water operator’s educational landscape, as there will always be a perceived need for hands-on training. Complimenting existing programming is very important and building linkages is critical to the ultimate success of effective training for drinking water professionals. 
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