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DARLINGTON NGD
Darlington NGD is a four unit CANDU 1000 nuclear
generating station, located on the shores of Lake
Ontario, approximately 45 miles east of Toronto. The
CANDU design is a Pressurized Heavy Water
Reactor (PHWR), each unit at Darlington is designed
to produce 940MWe. The commissioning phase of
the station was completed in the spring of 1993.

BACKGROUND
Based on the experiences of other Canadian and U.S.
stations, it was apparent that Darlington required a
valve packing program to assist in controlling plant
leakage and valve operability.

To date, the program resources have been focussed
on: developing program infrastructure; obtaining sta-
tion management and maintenance approval for the
long term program maintenance strategy; MOV oper-
ability problems; AOV leakage and operability prob-
lems; and replacement packing set designs for dou-
ble packed valves.

During commissioning, there were a number of
motorized valves identified to have operability con-
cerns; it was decided that by replacing the existing
asbestos packing with graphite the operating mar-
gins could be increased. The use of graphite packing
in this manner provided the first step in establishing
a packing program at Darlington.

While the station was still in the commissioning
phase, it was decided to take the opportunity to
develop the program infrastructure which consists
of: valve packing data base; installation procedures;
and training programs. The importance of the infra-
structure was stressed as a primary reason for the
success of the Bruce B packing program.

With the program infrastructure in place and the sta-
tion commissioning phase complete, preparations
were made for the first major maintenance outage.
During these preparations, the signs of wide spread
valve leakage led to the inclusion of over 90 valves to
be worked on in this first outage; a startling figure
considered the limited operation of the plant. The
concern over potential future problems led to a high
priority being placed on repair of steam leaks for the

station by the Operations Manager. As result, during
the last few years each outage has had a major work
program aimed at repacking valves.

During the scope identification stage for each of the
various outages, it was discovered that control
valves on the conventional side of the plant were a
particular problem which required a special effort to
reduce the amount of maintenance hours spent on
repacking these valves. As well, work continued on
improving double packed configurations used in
nuclear MOVs, including the development of pro-
curement specifications and research test programs.

The Darlington Valve Packing Program is attempting
to ensure that leaking valves are repacked with qual-
ity, long lasting materials that will improve plant per-
formance. As well, a proactive approach is being
used to repack valves prior to a large scale problem
occurring.

This paper will focus on the program infrastructure
developed for the Valve Packing Program at
Darlington.

DARLINGTON VALVE PACKING PROGRAM
OVERVIEW
Over the last 2-1/2 years, over 1,400 valves have
been repacked with composite graphite packing
materials. Rework has been reduced through mater-
ial selection and training; for these 1,400 valves, only
five manual valves require rework. As well, there are
approximately 30 control valves that have or will be
repacked; these repacks are the direct result of con-
trol logic problems, hunting or problems with the
control valves themselves. The program has
focussed on the following areas:

• program infrastructure;
- valve packing data base
- installation procedure
- blanket substitute parts approval

• leaking valves;

• operability concerns (MOVs, AOVs);

• proactive maintenance; and

• coordination with other valve maintenance pro-
grams (ie. MOVs, AOVs).
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In various MOVs and AOVs, the substitution of
graphite packing for asbestos materials has alleviat-
ed operability concerns which normally may result in
expensive actuator upgrades or replacements. The
proactive work is based on system availability and
similar chronic leaking valves. Coordination with
other valve maintenance programs, such as MOVATS
call ups, assist in maximizing the success of both
maintenance programs.

Two key factors have facilitated the large amount of
valves being repacked over the past year: the high
priority that the Operations Manager has placed on
repairing steam leaks (only safety related work is
given a higher priority); and the empowerment of the
valve packing program to the mechanical mainte-
nance staff and the valve packing program coordina-
tor. The success of a program depends on the ability
to provide a mechanic with the proper materials and
means of installation in a timely manner and the abil-
ity of the mechanic to be able to install the configu-
ration properly. The coordinator and the mechanical
maintenance staff each have specific roles and
responsibilities; as well, each group has the specific
tools and resources required to assist them in their
work.

ROLES AND RESPONSIBILITIES

Mechanical Maintenance

The mechanics are responsible for the following
areas in the valve packing program at Darlington:

• valve survey and measurement;
• identification of irregularities such as;

- gland diameter
- stem diameter
- gland depth
- leak off/water seal port depth

• installation; and

• feed back.
Surveying the valve, which includes measurement
and inspection, is normally the first step in the
repacking process. This step is critical as it will deter-
mine the initial configuration chosen for the valve.
The valve irregularities or differences from the initial
valve survey are key elements that must be identi-
fied by the mechanic as they will affect the packing
configuration design and the success of the valve
work. The confirmation of the gland diameter is cru-
cial as it is very common for it to be oversized on
valves found on the conventional side of the plant. If
the gland diameter is oversized then a new packing
set will be required. Other components that will

affect the performance of the packing set are: condi-
tion of the valve stem; size of the gland follower; and
size of the junk ring/guide bushing.

The most important part of the entire process is the
actual installation of the packing materials. The
mechanic must have the proper training, supervision
and support in order to install the packing materials
correctly or all the time, effort and money spent on
working on the valve is wasted. The manner of instal-
lation will affect the success of the repacking work;
if it was performed in a professional and thorough
manner then the packing will perform as it was
designed but if the configuration was not installed
correctly or if valve irregularities were not identified
then packing failure will occur very quickly affecting
plant performance.

The final area of responsibility for the mechanic is
feedback on the job performance (ie. any problems
encountered) to the supervisor and the coordinator.
This feedback can be in the form of the returning of
the valve packing data sheet used in installation to a
phone call or E-Mail note detailing a particular prob-
lems or concerns with respect to the valve work.
This feedback will assist with work on the remaining
similar valves (valve family) and to provide some
insight as to why the valve was leaking.

Valve Packing Program Coordinator

The valve packing program coordinator has the fol-
lowing roles and responsibilities:

• overall program coordination;
• packing configuration design;
• configuration management;

- data base administrator
- blanket substitute parts approval
- material management system
- installation procedure

• technical support; and
• outage coordination.

The valve packing program coordinator has overall
responsibility and ownership of the program. If the
work is not being performed correctly or materials
are not available for some reason then the coordina-
tor is responsible. The coordinator has the necessary
approvals, through substitute parts approval, to
design packing configurations using accepted stan-
dards; this delegation allows for the timely design of
packing sets for mechanical maintenance staff. If this
design cannot be performed in the time required
then packing opportunities may be missed or sub-
standard materials may used resulting in future
repacking of the valve due to poor performance of
these materials.
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Configuration management is maintained through
the use of a data base; the coordinator can keep
track of specific valves with respect to the packing
configuration that has been installed, perform trend-
ing, obtain information on like valves, etc. The data
must be accurately maintained in a timely manner in
order to ensure that a high level of accuracy remains
for the data base; this accuracy will dictate the level
of confidence and usage of the data base. Also, the
coordinator is to ensure that other station documen-
tation is kept up to date such as: Material Manage-
ment System; valve packing installation procedure;
and blanket substitute parts approval. The substitute
parts package delegates design responsibility to
Maintenance Support and it allows for certain pack-
ing configuration changes without the use of jumper
records and expensive drawing updates since the
valve packing data base is used for recording any
packing configuration changes instead.

The coordinator must be able to provide technical
support to the mechanics before, during and after
repacking work. In order to ensure that a valve is out
of service fora short duration, the coordinator must
be able to provide solutions to the mechanics in a
timely manner. Most problems occur once a valve is
opened up and it is required to be returned to service
within a few hours. If the coordinator cannot provide
the required support, the chances of a successful
repacking will be reduced.

Maintenance outages are a important opportunity for
the valve packing program and they represent the
most intensive period of the program due to the
large amount of work that takes place. In order for
the work to take place, the scope must be identified
early through: field walk downs; data base searches;
and previous experience. The coordinator must
ensure that all involved parties are aware of the pro-
posed scope to ensure that the work can take place.
The planning department, operators and mechanics
must be involved early in the process; as well, the
packing material supplier should be contacted to
make them aware of any large orders to ensure that
they can be delivered on time. The coordinator's
logistical work commences months prior to the out-
age and it includes liaison with other PM program
coordinators (ie. for MOV and AOV work). During the
outage the role of the coordinator is to provide tech-
nical support for the mechanics during the actual
repacking. This support will include: redesign of con-
figurations; specifying other packing sets; ordering
new materials; and providing recommendations with
respect to scope changes due to scored stems or
other damaged valve components.

PROGRAM RESOURCES REQUIRED
The previous section referred to the areas of work
for the key players in the valve packing program. In
order for these players to be successful they require
a number of resources.

Mechanical Maintenance

In order to repack a valve the mechanics require the
following:

• training;
• installation procedure;
« valve specific information (data base);
• technical support contact;
• packing tools; and
• materials.

The first step in any program is to provide training for
the mechanics and their supervisors. The training
should provide a background on the materials, an
overview of the installation procedures and some
practical hands on repacking. The training provides
initial contact with the materials and the means to
install them. The packing data base provides a link
between the valve specific information and the sin-
gle generic installation procedure. The data base has
been made accessible to the mechanics via the
Darlington local area net work (LAN). The mechanics
have been trained on the data base and how to
obtained the desired reports (more will be discussed
on the data base in the next section of the paper).

The mechanics require technical support to be avail-
able for any questions, refresher training and trouble
shooting; this is generally supplied by the coordinator
with occasional assistance from the packing supplier.

With respect to the actual repacking work, there are
certain specific tools that should be made available
such as: hydraulic packing removal device; torque
wrenches; removal tools; and measuring tools.
Special tool boxes have been set up for repacking
work.

Materials must be supplied in a timely fashion which
is achieved through the set up of material codes in
the Material Management System and through the
use of a standing offer agreement which ensures
material availability.

Valve Packing Program Coordinator

The coordinator should have access to the following
resources:

• training;
• installation procedure (author);
• valve specific information;
• materials and configuration qualification;
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• valve packing supplier;
• material availability; and
• other station contacts.

It is just as important for the valve packing program
coordinator to receive training as it is the mechanics.
The coordinator should go through the same level of
training as do the mechanics plus a few additional
steps: the coordinator should visit other stations to
review other programs; the coordinator should spend
an extensive period in the field with the mechanics
to get idea of the conditions they work in and the
efforts required to repack a valve; and the coordina-
tor should spend some time with packing supplier's
technical representatives to gain knowledge of pack-
ing configuration design and suggested installation
procedures. Once the coordinator has completed the
above training and gained some experience the coor-
dinator will be able to develop a station installation
procedure. The installation procedure will ensure that
valves are repacked in a consistent, correct manner
and it will assist in providing quality assurance for the
valve packing program. At Darlington, the focus was
to produce a single generic procedure.
The must useful tool for the valve packing coordina-
tor is the valve packing data base. The data base
allows for the following to occur:

• configuration management;
• single generic installation procedure;
• packing design communication to mechanics; and
• trending.

The data base is used to record the proposed design
for the specific valve and any other information
required for the installation. Since the Darlington data
base program is on the LAN then any changes
required can be made at any computer at any time
and once these changes are made then the mechan-
ic can print out a new data sheet at their location. The
LAN allows for timely updates and corrections to be
made ensuring that the materials are installed prop-
erly. More information on the Darlington valve pack-
ing program is detailed in the next section.

The coordinator requires proven materials and con-
figurations to incorporate into a valve packing pro-
gram. At Ontario Hydro any new material is tested
through at AECL Chalk River laboratory in accordance
with Ontario Hydro Specification M-724. This specifi-
cation indicates the acceptable leak rates, friction
and chemical properties for a graphite packing mate-
rial. Once a material has been qualified, the stations
will then consider purchasing and using the material.
This process ensures that the packing material being
used in a recommended configuration will seal and it

will not affect the integrity of the valve. As well, the
coordinator has a list of suppliers that can be referred
to and the recommended configurations to use; also,
this list of suppliers has been made available to the
purchasing department to ensure that any materials
being purchased are from this approved list.

Once a packing supplier has been chosen, it is impor-
tant to develop a good relationship with them to
ensure that they can provide the necessary service
that is required. The supplier should be able to guar-
antee: reliable delivery; strong technical support; and
be sensitive to your station's needs. The supplier
should be seen as one of the partner's in the valve
packing program and a valuable resource for training,
outage preparation and trouble shooting. A key
aspect of this relationship is the ability to supply
materials on a short turn around basis; in many cases
the material is needed for the next day and if the sup-
plier is not sensitive to your requirements, deliveries
will be missed and valves will not be packed. If the
partner approach is taken then the supplier should be
aware of future outages and the packing require-
ments that will accompany them.

The last set of resources required for the coordinator
is a forum to exchange information with other sta-
tions. Within Ontario Hydro there is a committee
called the Integrated Valve Actuator Program (IVAP)
Task Force consisting of station and design person-
nel. As well, there are sub-committees that examine
particular areas of concerns regarding valves such as
packing. The IVAP Valve Packing Steering Committee
consists of a representatives from each station,
design and AECL Chalk River. The committee facili-
tates an information exchange between the stations
and it provides direction concerning valve packing
research at AECL Chalk River. The committee meets
on a quarterly basis which allows all stations to be
kept up to date with station developments and to dis-
cuss any problems that any station may be having.

VALVE PACKING DATA BASE
Since most of the current station documentation did
not provide for adequate storage and retrieval of
information to allow for proper design, installation
and maintenance of valve packing configurations a
new format was required. The information obtained
during the repacking of valve must be retained in
some format that can be made available to all station
staff. A computerized data base is an excellent
means of collecting and retaining this data. As well,
existing station documentation does not provide spe-
cific valve information; the information is normally
grouped by like valve or commonly referred to as
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valve families. Due to the tight tolerances required
for graphite packing materials, valve specific infor-
mation is required as critical information such as
gland diameter, gland depth and leak off port depth
can vary greatly between valves in the same family.

A key success factor for a valve packing program is
to develop a process that makes it as easy as possi-
ble for a mechanic to repack a valve. Since a data
base can provide specific valve information then a
single generic installation procedure can be used. At
Darlington, it is typical to develop maintenance pro-
cedures that are system and not equipment specific.
With respect to valve packing, this past practice
could translate into hundreds on installations proce-
dures which would make repacking a valve a very
onerous task. These procedures could take years to
write and to approve but with a single procedure that
the mechanics would become very familiar with and
an available data base, the process of repacking
valves would be extremely streamlined.

Darlington is fortunate to have installed a station
wide local area network (LAN) that all staff members
have access to. It is the logical medium to place a
data base which is available to all mechanics. The
Darlington data base is based on a version developed
at Bruce B over several years. The Bruce B version
was designed for a stand alone PC; this version was
then adapted for Darlington's use in a similar format.
Once the LAN was available, the Darlington comput-
er group converted the stand alone version into a
network version including the necessary security
measures to safeguard the data. These security mea-
sures will allow: mechanics and system engineers to
view the valve packing data; data clerks to input data;
and the valve packing coordinator to verify input data.

2 FLAT WASHERS
PER STUD

10 SPRING
WASHERS
PER STUD

GRAPHITE WASHE
GRAPHITE BUSHIK

2 COMPOSITE RINI

2 GRAPHITE RING

COMPOSITE RING
GRAPHITE BUSHIN
GRAPHITE WASHI

The data base must be able to produce various
reports that the mechanics can take into the field
which will allow for easy installation of a valve pack-
ing configuration. A key report is the Valve Packing
Data Sheet (VPDS). The VPDS provides the neces-
sary information to repack a valve: configuration
drawings (example shown below); gland information;
torque values; and other information. The sheet is
marked up and returned to the valve packing coordi-
nator for review and input.

The data base used at Darlington provides valuable,
accurate information for the mechanical mainte-
nance staff and also, it provides valuable technical
information such as:
• calculated gland torques;
• calculated friction values;
• calculated gland loads;
• valve drawings; and
• maintenance manual reference.

This particular program allows a trained user to set
up a data sheet in a matter of minutes which
includes all the above mentioned calculations. There
are a number of other functions built into the data
base that assist greatly with setting up specific infor-
mation on valves; a key one is the copy function. The
copy function will allow for information to be copied
from an existing record to another. Thus, once infor-
mation has been recorded for one valve in a family
then in a few minutes the entire family can be set up
whether it be several valves or several hundred.
Using this feature, almost 5,000 valves have been
set up in just over two years.
The data base has a current and an archive file. The
use of these files will allow for the creation of a valve
history; each design change or repacking can be kept
on record enabling trending to be performed for spe-
cific valve types or configurations.

CONCLUSION
The Darlington Valve Packing Program's early suc-
cess is attributed to the team work approach taken
by Mechanical Maintenance and the Valve Packing
Program Coordinator with the support of the
Operations Manager. There are a number of key
infrastructure items that are required to support the
program: training; installation procedure; blanket sub-
stitute parts approval; and a valve packing data base.
The program has focussed on the following specific
areas: valve packing data base; air operated valves;
and nuclear motor operated valves. Future work at
Darlington includes: further data base development;
continued AOV work; and Fuel Handling trouble
shooting.
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