
THIS YEAR’S UTIL ITY Working
Conference—held August 8–11 at
theAmelia Island Plantation, north of

Jacksonville, Fla., and sponsored by the
American Nuclear Society’s Operations and
Power Division—included two sessions re-
lated to nuclear power plant maintenance.
Summaries of these sessions were compiled
by Nuclear News Senior Associate Editor
E. Michael Blake.A report on the rest of the
UWC begins on page 82.

The session titled Maintenance Produc-
tivity was organized and introduced by
Chris Vlahoplus, a partner in the manage-
ment consulting firm ScottMadden. In his
brief presentation,Vlahoplus noted the con-
siderable improvements in cost and effi-
ciency in nuclear power plant maintenance,
but also the continuing pressure on mainte-
nance organizations to do more with less.
This was a theme that was sounded to vary-
ing degrees in every presentation on main-
tenance at the UWC: Past successes in effi-
ciency improvements may have convinced
upper management that efficiency can keep
improving, while resources are held steady
or reduced.

Vlahoplus showed a slide (see Fig. 1) in-
dicating that further improvements may be
increasingly difficult to achieve. “This is an
actual example of a rolling average of work-
force productivity during a time when the
organization was trying to improve produc-
tivity,” he said, “and I think this illustrates
how hard it is to do. We do a lot of things
that we think are going to make us more
productive, but if we can’t get more work
done, then we haven’t accomplished what
we’re after.”

Vlahoplus cited the efforts being made
by various organizations to boost produc-
tivity: changes to crew sizes, variations in
morning and afternoon assignments, and
new approaches to scheduling, rework, and
job readiness. He said that improvement in-
volves both the number of jobs and the right
kinds of jobs, “given the amount of work
that we have to get done and the limited re-
sources we have.”

NGG Maintenance Productivity
Study, Brent Matherne, Fleet Manager,
On-line Scheduling, Progress Energy

Matherne said that when he started work-
ing at Progress Energy in February 2009, at
every plant site he visited he was told that
more resources were needed. (In this pre-
sentation and others, “resources” generally
meant people, money, or both.) “As a work
management guy,” he said, “my first thing
to do is not to get more resources. It’s to
look at efficiencies, try to figure out what
inefficiencies we have, and try to work
through those inefficiencies so we can re-
duce the amount of resources and control
our costs.” While he was hearing requests
for more resources, he was also seeing in-
dicators that maintenance in the Nuclear
Generation Group (NGG) had issues: Most
corrective maintenance was being done by
“fix-it-now” (FIN) teams, and preventive
maintenance (PM) task completion was be-

hind schedule or had been substantially de-
ferred at all four Progress sites.

Matherne said that before he could ask
upper management for more resources, he
had to have facts to back up the request. In
effect, he had to exhaust every improvement
possibility available through the use of ex-
isting resources and to document precisely
the extent to which the improved organiza-
tion could (or could not) perform the tasks
to which it was assigned.

A productivity study was set up, with the
goals of determining the utilization of re-
sources and where productivity could be
improved (to maximize “wrench time”); de-
termining productivity issues once work has
begun (causes of stoppages or delays); and
developing actions to improve both utiliza-
tion and productivity. The study began with
a questionnaire sent to people at all levels
of maintenance and work management on
what work was being done and what was
stopping work or reducing “wrench time.”
Then came field observations to check the
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Speakers at this session told of ways to increase
efficiency while facing freezes or reductions
in personnel.

U T I L I T Y WO R K I N G C O N F E R E N C E

Maintenance productivity

Fig. 1.Three-month rolling average (each data point is a three-month period) of work task
productivity at a nuclear utility aiming to boost productivity. Vlahoplus said that this shows
how difficult the task is. (Graph: ScottMadden)
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survey results and validate activities before,
during, and after maintenance tasks. The fi-
nal phase was the development of an im-
provement plan.

The first two phases showed that 31 per-
cent of an average craft worker’s time was
devoted to activities such as training, re-
source sharing (shifting from one plant to
another to help out on especially demand-
ing tasks), vacation, sick time, and breaks.
Another 31 percent went to “non-wrench”
support duties, meetings, and pre-task ad-
ministrative work. Preventive maintenance
tasks accounted for 23 percent (although this
number is based on 75 percent of task dura-
tions), and corrective maintenance the oth-
er 14 percent.

In Fig. 2, the tallest bars on the graph cor-
respond to meetings and administration and
planned PM tasks. Matherne said these ap-
peared to be candidates for reduction in or-
der to make time available for use in other
areas. He said that in his previous job, at
Entergy’s River Bend plant, PM durations
were cut by about 40 percent. He set a goal
of a 25 percent reduction in PM durations
across the Progress fleet.

Matherne classified the people respond-
ing to this goal in two groups: “whiners”
and “screamers.” Whiners were defensive
about cuts in general; screamers were more
specific, insisting that a certain task always
required a certain amount of person-hours.
Matherne said that a process was set up to
bring some hours back to the screamers, but
four observers were sent to all four plants
to study durations and other job aspects in
detail. The group attended 44 meetings and
watched 50 tasks. The most notable con-

clusion: On average throughout the Prog-
ress fleet, it took 2.53 hours to get started
on a job, with an average of 26 minutes
spent in a morning meeting and 2 hours and
10 minutes on pre-
task activities. From
this, a goal was set
to cut pre-task time
from 24 percent to
14 percent, with the
desired effect of get-
ting people working
in 90 minutes. Many
crew meetings and
pre-job briefs were
standardized, Math-
erne said, with time
requirements written
into procedures.

“We broke it down based on the risk and
criticality of the job, how much time you
should spend on a pre-job brief for a simple
task or a complex task,” he noted. An effort
was also made to recover time from inter-
faces with other organizations. For example,
sometimes a maintenance job would be held
up by work being done by Operations, and
sometimes by a different maintenance job.

The other goal is to reduce person-time
spent on critical PM from 23 percent to 14
percent. “We’re not there yet,” Matherne
said, “so this is still a work in progress.”

Progress Energy is also examining the
personnel needs of various tasks, such as
whether one person instead of two is suffi-
cient to do something like check the func-
tioning of a fire extinguisher.

The traveling group of four experts has
also begun observing specific PM tasks,

with the intent of making them “leaner.”
This has begun with long-duration tasks,
which may have the most potential for time
reductions, and will then move to middle-

duration tasks. There is now a clear expec-
tation of critical PM performance. “It was
a culture shock for me,” Matherne said, “but
when I got to Progress Energy, the concern
for critical PM being deferred and going
late just wasn’t there.”

In the future, Matherne hopes to reduce
PM durations by another 10 percent; to iden-
tify, bundle, and outsource low-risk PM; and
to conduct a fleet-wide maintenance supply-
demand analysis based on the guidance from
an appendix to the Institute of Nuclear Pow-
er Operations’ AP-928 document. In this
case, “supply” refers to a maintenance orga-
nization’s resources, and “demand” to the or-
ganization’s responsibilities. This supply-
demand model andAP-928 in general came
up frequently during the rest of the mainte-
nance-related presentations at the UWC.
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Fig. 2. Personnel time usage at Progress Energy. Matherne noted that this breakdown indicates that the largest opportunities for time
savings were in administrative/support tasks and planned preventive maintenance tasks. (Graph: Progress Energy)

The other goal is to reduce
person-time spent on critical
PM from 23 percent to 14
percent. “We’re not there
yet,” Matherne said, “so this
is still a work in progress.”

Continued
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Maintenance Productivity
Initiatives at Exelon, Pat Boyle,Work
Management Director, Exelon Corporation

Boyle said that his presentation would re-
semble Matherne’s, which was hardly a sur-
prise since both addressed maintenance
productivity improvement efforts at nuclear
power fleets. In the case of Exelon, Boyle
said that there had been attempts in the past
to boost productivity, and when a new ef-
fort was launched in 2008, one of the first
tasks was to try to learn why the earlier at-
tempts had not yielded much improvement.
“The concept of the mechanic sitting in the
shop with his feet up, reading the paper,” he
said, “is the image of poor productivity, but
we weren’t far from that in some cases.”

Boyle agreed with Matherne that before
one can ask for more resources, one must
first convince executives that everything
possible has already been done with the re-
sources currently available. “The first ques-
tion that comes out of your boss’s mouth is,
‘How productive is your shop? Why should
I sign off on additional resources when I
was down there this morning and there were
three guys just sitting around doing noth-
ing?’ They probably weren’t doing nothing,
but the bottom line is, there’s some oppor-
tunity there.”

In late 2007, Exelon’s fleet-wide pro-
ductive time—defined in this case as work
in the field, plus active involvement in brief-
ings and walkdowns for upcoming work–
was measured at about four hours in an
eight-hour shift. Thus a new productivity
improvement campaign began in 2008. The
earlier efforts were studied, and it was de-
termined that they had failed because clear
goals had not been established, and apart
from the chief nuclear officer, executives
and site managers had not bought in to the
importance of the efforts or assigned them
high enough priority. This time, a clear goal
was set—to raise productive time to five
hours per shift by the end of the year—and
corporate support was provided. “It went
into everybody’s annual performance re-
views,” Boyle said, “from the CNO all the
way down on the productive time goal.”

The project’s initiatives included a daily
shift template to set durations for the day’s
activities; a resource availability template
to ensure that people were assigned to do
the work; processes to freeze schedules far-
ther in advance of the work; the assignment
of individuals six weeks before the start of
work; screening for tasks to be done by a
single person; walkdowns (in which work-
ers essentially rehearse the work), a graded
approach so that only walkdowns for key
tasks are formally scheduled, and otherwise
workers are expected to fit in the walk-
downs when they are not on other assign-
ments; work package quality review teams;
an estimating tool to standardize durations;



and the addition of a new position, FLS
(first line supervisor)/planner, to help with
dispatch during busy periods and assist with
minor work order revisions. Boyle said that
an FLS/planner was added to each shop
(electrical, mechanical, and instrumentation
and controls) at each site to address matters
that might otherwise become late-stage
work package revisions, which were found
to be the cause of productivity reductions.

Exelon performed “work sampling,”
which was similar to Progress Energy’s ef-

fort to study jobs as they are performed in
the field and to identify efficiency opportu-
nities. Also similar to Progress, which dis-
patched a team of four to all sites, Exelon
used its corporate maintenance staff to do
the sampling, with comparison to what the
daily shift template indicated should be
happening. Boyle said that the first gaps
identified were extended shop kickoffs and
briefings; delays in dispatch for reasons
such as insufficient numbers of supervisors
to complete briefings and carry out support

group activities (such as ensuring that radi-
ation doses would be as low as reasonably
achievable); poor control of lunch and break
periods; and inefficient end-of-day activi-
ties (such as lack of preparation for the next
day, or not fitting in a minor maintenance
activity during unused time).

Exelon also developed a productivity in-
dex, a composite indicator encompassing
shop task completions, FIN productivity,
minor maintenance items completed, sin-
gle-person tasks, backlogs, and resource

Fig. 3.An example (with no actual plant data) of Exelon's productivity index indicator. Boyle said that it was simplified from nine boxes to
six, and that site personnel would like it to be simplified further. Performance standard for each window is defined as follows: green: >90%;
white: 80–90%; yellow: 70–80%; red: <70%. Windows shaded yellow or red do not meet the performance standard. (Illustration: Exelon)
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estimate/stability. Boyle acknowledged that
it’s a complicated indicator and that feed-
back from the field led to an effort to im-
prove the efficiency of the indicator itself.
“It used to have nine panels,” Boyle said,
“but we got it down to six.” (See Fig. 3.)

The content of the productivity index,
among other things, drives the agendas of
meetings involving maintenance and work
management directors, who must address
all red or yellow windows. “I don’t think
I’ve seen a site with all greens and whites,”
Boyle said. “It’s pretty tough to get to all
green on this indicator. So we’re still talk-
ing about productivity every quarter.”

The use of the productivity index has re-
vealed other gaps. FIN teams were not fully
staffed at some sites, did not always work on
emergent priority items, and had excessive
backlogs. (For a team designated as “fix-it-
now,” backlogs could be a serious problem.)
“The FIN teams have great pride of owner-
ship,” Boyle said. “They want to work on
something, and they want to see it through
to completion. But sometimes they make the
wrong decision on what they should work
on. And work management, frankly, isn’t
stepping in and saying, ‘Why are you hold-
ing on to this item out at the sewage plant
that’s six months old? It needs to go back to
the schedule.’ It’s kind of human nature that
they want to finish the work they started, but
it’s clearly not the right decision.”

It was also found that shop personnel ex-
pect complete work packages even for mi-
nor maintenance. Boyle admitted that this
may have been set up by past management
directives on work performance. Craft work-
ers, understandably, want to be able to show
that their actions are justified, “so they want
their safety net of this big thick binder that’s
got all the checklists and all this stuff,” Boyle
said. “But they’re going to unbolt a relief
valve and bolt a new one in. It seems like you
shouldn’t need that binder to do that.”

Minor maintenance has also been found
to be a key strategy to fill downtime, Boyle
said, and Exelon is working on moving
more work into the
minor maintenance
category, where the
job can be specified
on a single piece of
paper. Estimating re-
sources and keeping
them stable was also
found to be a prob-
lem. A maintenance
department is sup-
posed to assign per-
sonnel early enough
so that a schedule can be frozen six weeks
in advance, but it is common for the de-
partment to send people to training or let
them use vacation time after the schedule
freeze. “And then work management’s on

the opposite end,” Boyle said, “saying, ‘You
know what, let’s throw these three more
jobs in,’ and all of a sudden, maintenance
went from being loaded 100 percent to be-
ing loaded 130 percent. So that’s something
we’d police with this indicator as well.”

While some issues are still being ad-
dressed, Boyle said, the main goal was, in
fact, achieved: At the end of 2008, the av-
erage productive time throughout the Ex-
elon fleet had risen from 4.0 to 5.2 hours
per shift. At the end of 2009, this had risen
to 5.5 hours, and all 10 sites had averages
of at least 5.4. There have also been back-
log reductions.

Boyle said that work sampling is still be-
ing done at least annually, but not as fre-
quently as when the process was begun.
(There were three rounds of sampling in
2008.) There are still challenges in some
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Exelon is working on moving
more work into the minor
maintenance category,where
the job can be specified on a
single piece of paper.



areas, such as end-of-day and minor main-
tenance. Also, Boyle said, maintenance or-
ganizations at the plant sites want the pro-
ductivity index to be simplified further, with
a focus on a few key areas.

During the question-and-answer period,
both Boyle and Matherne were asked
whether their efforts were entirely top-down
from management or involved bottom-up in-
put from plant personnel. Boyle again not-
ed that one reason that Exelon’s past efforts
had fallen short was the lack of buy-in at all
levels. This time, he said, “we did a lot of
rollouts to the craft and got their input.”
There was also feedback on which of the
project initiatives were working. Matherne
said Progress Energy’s effort started top-
down, with later involvement at the super-
visor level.

There were also questions leading to a
more general discussion of freezing a
schedule and sticking to it. Boyle said that
if work is added to a job within five weeks
of its execution, “you’re going to see your
stability number go in the wrong direction.”
Matherne said that he has tried to keep
emergent work—the kind that might be
added to a job shortly before execution—
from becoming an emotional issue. “If you
really stuck to the definition of emergent
work, you probably wouldn’t have that
much in your schedule. But everybody lets
their emotions get in the way, and if you
don’t stick to your process,” too much could
be added.

Maintenance Productivity
Improvements, Kevin Mulligan, General
Manager–Plant Operations, Entergy

Mulligan pointed out that he is currently
on loan from Entergy to the Institute of Nu-

clear Power Operations, but he made it clear
that he was not speaking for INPO and
would address main-
tenance productivity
and improvement at
Entergy and in gen-
eral. He noted that
the work at Entergy
was carried out in
partnership with the
consulting firm De-
Wolff, Boberg &As-
sociates, which has
been involved with
Entergy in mainte-
nance engineering, work management, re-
fueling outage performance, design engi-
neering, and project management.

As did Progress Energy and Exelon, En-
tergy set goals to improve productivity and
reduce backlogs, but also sought to improve
supervisory performance and refueling out-
age performance and to align and standard-
ize the fleet under a consistent management
operating system. Goals specific to mainte-
nance included the reduction of rework and
collective radiation exposure. There were
also engineering goals, including the re-
duction of safety system unavailability and
functional failures, and of unplanned equip-
ment-related limiting conditions of opera-
tion and power reductions.

Mulligan said that a closed-loop process
was set up (see Fig. 4), with communica-
tion flowing down from above (essentially
as assignments, directives, or orders) and
then returning (as results or reports). Re-
calling the earlier question to Boyle and
Matherne about the extent to which the im-
provement efforts were top-down, Mulligan
said, “For us it started at the top. But we
clearly recognized that we needed to com-

municate the necessity of change to our
workforce, to our supervisors, to get the or-

ganization on board, so that they understood
why we were after these changes and en-
hancements.”

Entergy had already developed perfor-
mance indicators and other metrics, but it
was learned in the course of the productiv-
ity effort that craft workers and technicians
weren’t fully aware of them, or how the data
measured worker performance. Mulligan
said that area communication boards were
used to address this, as well as the present
status of matters such as schedule adher-
ence, overtime percentage, department pro-
ductivity, and backlog “burn-down.” Com-
munication boards have been placed in
every shop, he said, and meetings are held
to discuss their content, in addition to
scheduled review meetings that were al-
ready in place.

A major focus of the Entergy effort was
the performance of supervisors. “We give
them a lot of training with regard to the
technical skills as far as the work that
they’re actually doing,” said Mulligan, “but
nowhere do we give them basic manage-
ment training. So as part of this initiative,
we put in place a significant supervisory de-
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Fig. 4.The communication flow in Entergy's revised "closed-loop" system. (Illustration: Entergy)
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Entergy set goals to improve
productivity and reduce

backlogs, but also sought to
improve supervisory

performance.
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velopment program.” Workshops are held
on management responsibilities, setting
expectations and giving feedback, finding
lost time and planning its recovery, change
management, “effective confrontation,”
problem solving, and other topics. There
are also “floor actions” related to the work-
shops, in which the supervisors apply what
they’ve learned to interactions with their
personnel.

Mulligan gave an example intended to il-
lustrate the supervisor development con-
cept, and in so doing he also showed the
value Entergy placed on another goal: stan-
dardization across a large fleet. “If you get
your car battery changed at any Sears store

in the United States, how long does it take?”
he asked. “Thirty minutes, no matter where
you go. It doesn’t matter what kind of car.
They’ll get it completed in 30 minutes.
That’s all based on this concept. The con-
cept that the supervisor is actively involved
in the work, sets clear standards and expec-
tations, follows up with the workforce, and
makes adjustments as required on a contin-
uous basis.”

Another Entergy goal was area develop-
ment, with “area” used here to mean orga-
nizations such as maintenance or engineer-
ing. Like Matherne and Boyle, Mulligan had
general estimates of how much shift time
was not being used productively. In Enter-

gy’s case, he said, about 40 percent of shift
time was used effectively, and 60 percent
was “basically wasted.” (Different speakers,
in this session and the one on PM/backlog
management, not only drew from experi-
ences at different companies, but also had
varying definitions of effective time. Some
might use the term to mean actual work in
the field, or “wrench time,” while others
would include time spent in meaningful pre-
and post-job activities.)

Mulligan described area development as
“no different than a standard change man-
agement process.You identify your oppor-
tunities for improvement, do your data col-
lection, identify your quick hits and results,
and put in place upgraded management sys-
tems to monitor and track your performance
in those areas.” Once the entire productivi-
ty improvement process was installed, Mul-
ligan said, the lessons learned included the
need for senior site management commit-
ment and active involvement; for the effort
to be given top priority; for rapid response
and resolution; and for a willingness to
change the status quo.

The results to date were presented in
terms of perceived costs and savings. The
cost was figured as $5.5 million, with
“hard” savings of $3.5 million, so 64 per-
cent of project cost had already been re-
covered. With the expense essentially com-
plete, and savings to continue to pile up
through accumulated efficiency, the proj-
ect was expected to be in the black shortly.
In terms more related to performance, Mul-
ligan said that the backlog of elective main-
tenance had been cut by 24 percent, and
that of corrective maintenance by 15 per-
cent.

Most of the questions were on supervisor
development. Mulligan said that the process,
once established, is driven at the supervisor
level, with the supervisors obligated in their
reporting to management to show that the
process is being upheld. He also said that the
process requires a supervisor to touch base
with every one of his or her work crews four
times per shift, which, among other things,
is seen to have cut down on false starts and
work delays.

Mulligan also said that, as was the case
with Exelon, Entergy had not previously de-
fined the schedules for pre-task meetings.
“You could end up with a craftsman or tech-
nician that may have a very good topic,” he
said, “but is it worth keeping 30 people
there for that topic? So we ended up putting
in place programs to monitor their perfor-
mance with regard to that and take them off
line.”

Asked whether the main motivation for
the project was to cut wasted time or improve
work quality, Mulligan said that the original
impetus was probably the former.As the pro-
cess was developed, however, it was seen to
provide at least as many benefits to work
quality as to schedule efficiency.


