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Abstract:Accelerator operators are the human capital that make accelerators run. The preservation of this human capital, both inside the accelerator operations group and outside in the larger organization is a function of both the kinds of staff which are hired and the professional environment in which they are allowed to either flourish or languish. Jefferson Lab has taken a balanced approach to the problems inherent to the unique lifestyle and career path which support of 24/7 accelerator operation entails in its staff. This paper will show how Jefferson Lab has achieved this balance and present concepts that might be useful to other facilities.

1. Introduction

The environment under which operations staff work is a combination of two broad categories of influence. These can properly be designated as belonging to either what I will call Nature or Nurture Influences.

2. Working Environment

Nature influences include the types of personnel that fill operator positions. It includes the 24 hours a day, seven days a week coverage required by accelerator operation. It also includes the periods when the machine is not running, due to reconfiguration, improvement and upgrade activities. These influences are generally beyond the control of individual managers and operations supervisory staff , although they have some control over the specific type of personnel who are hired to be operators.

Nurture influences include the areas that management, and in some cases even individual operations staff, can control. The decisions made in these areas can either improve the working environment and efficiency of accelerator operations or degrade them. 

Accelerators run from relatively simple turn-key systems to vast complexes of experimental devices which require years of specialty training. Jefferson Lab' s Continuous Electron Beam Accelerator Facility (CEBAF) is a relatively large complex device which takes advantage of the EPICS digital control system to allow a small number of operators to run the machine. Unlike many technical fields, accelerator operations is not a subject that is widely taught at the undergraduate or graduate level. The U.S. Particle Accelerator School does teach a number of courses which are extremely useful for accelerator operations personnel, as do a small number of other schools. Most training received by operators is some combination of on-the-job and formal accelerator specific training. Since very few universities offer a degree in accelerator operation, at Jefferson Lab we have found ourselves with an operations group made up of people from a diverse background. The largest subgroups consists of individuals from two specific background groups. The first is made up of personnel with a bachelor or masters degree in physics. Many of these individuals have undergraduate or graduate experience with collaborations that have run experiments at Jefferson Lab. The second group is made up of personnel with a background with the Navy Nuclear Power Program or/and commercial nuclear power experience. A smaller number of individuals have had commercial technical or other technical experience, often supplemented by some level of formal advance training This education is often undergraduate work in physics, computer science or a related field.

Jefferson Lab has been in operation since 1995. During the period prior to 1995 the operations staff was primarily made up of PhD physicists acting as Crew Chiefs with a varying number of operators who were primarily technicians. Operations staffing started regular shift staffing in 1993 to support commissioning. These operators worked rotating shift.

3. Shift Rotation & Retention

Normal present staffing for operations consists of a Crew Chief and two operators. As well as conducting accelerator operations the staff acts as System Safety Operators, operating the Personnel Safety System and as Assigned Radiation Monitors, assisting the Radiation Health Technicians in by performing radiation surveys on back shifts. Shifts are assigned using a fixed rotations or long rotation schema.

The shift working schedule is an aspect of the Nurture end of our paradigm. While the requirement to support accelerator operation during a continuous 24/7 period is an aspect of the operations environment, the method used to provide this support is within the control of operations management. Many organizations which are required to provide 24/7 coverage use some form of rotating ship to meet this requirement. The common pattern for most of these schedules requires the individual to work a certain number of days in a row, often a seven day week on a shift, before rotating to another shift. Each cycle divided by a certain number of days off. 

At Jefferson Lab we moved to what might best be described as a long rotating cycle. Using six shifts each individual is assigned to a specific day, swing or owl shift for an extended period of time. Usually this is an entire accelerator run. If the run lasts longer than five months then it is typical to split the run into two segments during which shifts assignments are changed. This means that usually an individual will work for a minimum of two and a half months on any single shift before cycling to a new shift. Operators work seven days in a row on shift in the control room and the during the next week work for three days outside the control room. Activities that occur during that time will be covered in a later section.


Figure 1 shows the average time on shift for all of the members of the operation staff in the respective years. The initial drop is indicative of the movement of commissioning personnel from operation shift support to other positions in the lab. The initial duration of personnel hired as operators to support production running shows an average retention rate of no more than three years. 

4. Long Rotation Benefits.

In 2000 the operations group moved from rotating shifts to the long rotating shift schedule. Average retention numbers have shown a steady increase since then.

	Staff Disposition

	Year
	Average Time on Shift
	Total Staff 
	Started shift
	Ended shift
	Hired

	1993
	3.54
	19
	20
	0
	20

	1994
	1.73
	21
	2
	0
	2

	1995
	1.85
	28
	8
	7
	8

	1996
	2.31
	24
	3
	8
	3

	1997
	2.45
	21
	5
	3
	5

	1998
	2.40
	24
	6
	4
	6

	1999
	3.41
	20
	0
	1
	0

	2000
	4.09
	21
	4
	5
	6

	2001
	3.56
	23
	5
	2
	4

	2002
	4.34
	21
	3
	3
	3

	2003
	4.56
	20
	2
	1
	1

	2004
	4.91
	20
	2
	2
	2

	2005
	4.91
	24
	5
	5
	5

	2006
	4.92
	24
	3
	5
	4

	2007
	4.34
	23
	5
	2
	4

	2008
	5.22
	22
	0
	3
	1

	2009
	5.60
	23
	3
	2
	2

	2010
	6.25
	23
	1
	1
	1

	2011
	6.06
	23
	2
	1
	2

	2012
	6.61
	20
	0
	0
	0


Table 1: Staff Disposition

As can be seen in Table 1 changing the shift schedule has resulted in greater retention for the laboratory. The Table is split into three periods. Prior to 1996 the majority of operation staff consisted of PhD Physicists and technicians, who were engaged in commissioning tasks. A small number of the technicians permanently moved to the operations group.  PhD's primarily moved to other positions in the Lab or left for other facilities. While most individuals who stayed at JLab left in 1996, most individuals who left did not depart until 1998. During this year 7 of the 9 individuals lost to the Lab quit. This represented loss of a third of the members of operations who actually stood shift. Between 1998 and 2000 retention was about equal, with about as many people leaving as staying.  But it must be remembered that during this period fully a third of the operation staff consisted of individuals who were in operations for less than two years. Of that number only one has left the lab, and he within  4 months of starting, although only one is still in operations. During this period Operations was on standard shift rotation. Standard rotation was as shown in Table 2.

	Rotating Shift Schedule

	M
	T
	W
	T
	F
	S
	S

	F
	F
	F
	F
	D
	D
	D

	D
	D
	D
	D
	F
	F
	F

	F
	F
	F
	F
	S
	S
	S

	S
	S
	S
	S
	F
	F
	F

	F
	F
	F
	F
	O
	O
	O

	O
	O
	O
	O
	F
	F
	F


Table 2: Rotating Shift schedule. D=days S=swings O=owls F=off shift

 During off shift periods operators were expected to work the required number of days to pad their time to a five day work week. Usually meetings were scheduled on a specific day during which it was mandatory to work. Other days could be flexed at the supervisor's discretion. This allowed, within the bounds of the Lab's Monday-Sunday pay week, for individuals to move their off days in such a way as to maximize consecutive time off.

On long cycle shift rotation operators still get a week between their shift cycles, as can be seen in Table 3.


	Long Cycle Rotating Shift

	
	M
	T
	W
	T
	F
	S
	S

	Days
	A
	A
	A
	A
	D
	D
	D

	Swings
	B
	B
	B
	B
	E
	E
	E

	Owls
	C
	C
	C
	C
	F
	F
	F

	Days
	D
	D
	D
	D
	A
	A
	A

	Swings
	E
	E
	E
	E
	B
	B
	B

	Owls
	F
	F
	F
	F
	C
	C
	C


Table 3: Long Cycle Rotation. A,B,C=Shift 1. D,E,F=Shift 2.

During the week they are not on shift operators must work on Wednesday. They are allowed to flex their two off days with their supervisor's approval. The difference is they will work the same shift for the entire run period. 


One might think that it would be difficult to find individuals willing to work the Owl shift, but this has not been the case. The typical way to fill shifts is to ask staff for their proffered shift choices, rated first second and third. It has consistently been the case that the majority of shift coverage can be met by giving individuals their first choice. The fact that hourly workers get a 15% bonus for working Owls shift and a 7.5% bonus for working, and that Crew Chiefs must maintain a certain number of hours working back shifts in a year to get their shift differential bonus probably drives those voluntary shift choices. In a few cases it has been necessary to go to second choice to fill out the shifts. The number of times since 2000 when a shift worker has been asked to work their last choice can be counted on one hand.   


My conclusion is that moving from standard rotating shift work to long cycle rotation has had a major positive effect on retention, as well as an effect on the duration of time operators stay in operations.

5. Where Do Operators Go?

Traditionally at most facilities the Operations Group fulfills one of two possible structural needs for the facility. Operations can be used as conduit to recruit and evaluate individuals for possible placement in other positions in the facility. In other words operations is a gateway to facility employment. The benefits of this is that every employee develops a body of knowledge on facility operations. They become familiar with a wide range of activities necessary to run the facility. 

Or operations can form a core of operation experts, with a long pedigree of experience in operating the specific facility.

At Jefferson Lab we have tried to walk the line between each extreme. In the past it was quite common for operators to start looking for a way out of operation after only a few years, often taking almost any position to get off of shift work, either inside the Lab, or eventually outside. With increased retention due to the suppression of rotating shift the number of people seeking reassignment purely for the purposes of getting off shift work decreased. 

Then another problem appeared. Once an operator qualified as crew chief there was effectively no more advancement possible. Often the most senior crew chiefs, those with the most technical experience, left purely because they were effectively at the end of their career path. Looking to other facilities Jefferson Lab created the Senior Crew Chief position. These individuals supervise crew chiefs and operators, reducing the management overhead of the operations group leader. They also provide a reservoir of operation experience.

So we have developed what is effectively a dual track. It is expected that the balance of operators will spend a reasonable time in the operations group. It is hoped this will be a period of at least five years. Most will then transition to other departments in the facility, where their operation experience will assist them in their new tasking. A small number of individuals will remain in operations for the long term where they will form a core of experienced personnel, working not just in operations but also lending their experience to other activities.

The long rotation cycle means that approximately two days out of ten operators are available for tasking outside the control room. When individuals are hired JLab attempts to ensure that individuals possess a range of skills that will allow them to be utilized to perform tasks outside operations. These include work on control systems software, high level application software, diagnostics, DC Power (magnets), Superconducting Radio Frequency (SRF) and other fields, including accelerator physics. Having operations personnel capable of work in these fields help insure that experts in these areas are exposed to an operation's perspective in the design and implementation of new systems. It also gives operators an exposure to these area's at a deeper level. Because operations staff can be assigned work in these fields during their off shift time it allows decision makers in these areas to complete projects that they might not have the resources to complete otherwise.

Having a group of individuals with skills outside the operations area has also made it easier to have operators fill positions with other groups during long shutdowns like the present 12GeV upgrade. This makes it less likely that individuals will need to be furloughed during extended shutdown periods. This  allows the Lab to retain vital operations expertise which will be necessary for the post shutdown commissioning period, while being able to utilize these individuals doing something beyond make work or drudge work.

6. Training and Procedures

Institution of a formal Operator training program has taken some time at JLab. Building such a program is a person hour intensive task. Initially operators were trained by the accelerator designers in the pre-commissioning period. New operators who joined operations during the early experimental runs received on-the-job training. Operations was a small group and typically only one or two new operators were brought on at any one time, making it easy for experienced personnel to spend sufficient time with each operator to ensure effective training. However the nature of accelerator operation often meant that an individual operator could be at the Lab for many years and not be familiar with specific procedures or activities. The large turnover in the late 1990s result in the institution of an effort for a greater number of formal procedures. Formal procedures help create a better working environment by requiring a lower level of knowledge to perform specific tasks. This reduces stress and allows reduction of tasking on highly experienced personnel.  Intuitive applications and software wizards, while useful in themselves are not a substitute for well organized documentations and procedures. I would maintain that having well written procedures is a necessary step on the pathway to a good formalized training program.

JLab's implementation of a formal training program using the Moodle Learning Management System has already been covered in detail in a previous WAO. Sufficient to say that the creation of a formal training program for operators is an important Nurturing Influence. It is important to not just have an introductory program for new hires. It is also necessary that there be an advanced program, so that staff can continue to increase their knowledge of subjects. While the introductory level consists of system oriented information, supplemented by organization wide safety and administrative training, advanced training consists of a more system's integration approach to accelerator operations and prepares the individual to perform as a senior accelerator operator. A more advanced Crew Chief instruction program prepares operators for the Crew Chief position.

We believe that giving individuals a well structure advancement path enhances the operator environment. The individual can advance to the level of his or her interest and competency more readily if there is a perceived pathway of advancement.

7. Continuing Education

Another specific advantage to the long rotation schedule is the opportunity that it gives to individual who wish to pursue continuing education. Jefferson Lab allows its employees, include operators, to obtain skills, knowledge, and attitudes that can increase their effectiveness within JLab through various tuition assistance and job relate training program. Standard rotating shift work made taking advantage of these opportunities almost impossible for operations staff. Long rotation shift makes it quite easy for operators to engage in continuing education. Indeed a sizable percentage of the operation's group is presently enrolled in one of the programs and are pursuing bachelor's or post graduate degrees in any number of fields. We have had several operators move to other positions in the laboratory as a result of their ability to work toward a degree while working in operations. This has been a win-win for both the individual and the lab. The lab retains a valued employee, who has both familiarity with the organization and with accelerator operations. The individual advances along their chosen career path without having to leave the Lab and give up accumulated benefits. 

8. Conclusion

All of these benefits have in some way flowed from the willingness of the JLab Operations Management to look beyond the standard shift rotation cycle. They are also based on a premise that it is productive to utilize operators outside the operations “ghetto”. The laboratory has benefited by hiring individuals with a higher threshold of experience and education and utilizing these individual's non-operational skills in other tasking. 
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