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1.0 ABSTRACT
The overall lay-up program initiated as a result of the
strategic decision to shut down Bruce A unit 2 is
briefly described as an introduction to the engineering
assessment of the unit 2 systems. The assessment
has identified the need to prepare 67 system and 9
equipment lay-up specifications. A summary of the
selected system specifications is described. A com-
plete summary and the specifications and the status
of unit 2 systems and equipment required to support
lay-up and/or the other three operating units is avail-
able on request due to the volume of the information.
Some logistical details of the lay-up implementation
plans, results, and problems to date demonstrate the
complexity of the lay-up requirements for a nuclear
unit in a multi-unit CANDU station.

employee relations, and regulatory compliance are
met. Commitment to the future of the unit will be
demonstrated through on-going monitoring and
maintenance of the lay-up state. A level 1 program
plan1 was issued to describe the roles, responsibili-
ties, and organization of the various functional groups
involved in the program.

The lay-up program cost estimate is about $33M.
The two major level 2 programs are field implemen-
tation ($12.9M) by Operations Dept and project
installation ($1O.5M) by Projects and Modifications
Dept. Engineering assessment is a $2.2M program.
Overall, costs are being distributed to decommis-
sioning (86%) and preservation (14%). This is
because much of the work identified for lay-up is also
required to decommission the unit.

2.0 INTRODUCTION
In February 1994, the Ontario Hydro Board of
Directors decided to reduce surplus generation by
removing Bruce A unit 2 along with two oil-fired units
and two coal-fired units from service due to declining
energy sales and the forecast for little or no load
growth in the foreseeable future. Unit 2 was chosen
due to the poor condition of the boilers. The Board
approved a plan to put unit 2 into a lay-up state in
order to preserve the option of returning it to service
at some future time, should a business case favour
refurbishment.

The objective of the overall lay-up program is to safe-
ly shut down the unit as required by the licence and
place the systems and equipment in specified states
to minimize further deterioration and/or to support
lay-up or other unit operation. The goal of the pro-
gram is to preserve unit 2 assets until the year 2000
and ensure program success through strict adher-
ence to station policies and procedures. This will
allow the unit to be returned to service within the
budgeted time and cost limits, while ensuring that
high standards of nuclear safety, employee safety,

3.0 ENGINEERING ASSESSMENT (E/A)
PROGRAM

3.1 OBJECTIVE and SCOPE

The objective of the E/A program is to support the
overall lay-up program by determining the end state
of each system and providing technical specifications
and work packages to implement lay-up. The goal is
to determine the minimum necessary requirements
to preserve the asset for five years. This period was
chosen because the unit 2 retube would have to start
in 1998 to avoid overlap with the unit 1 retube sched-
uled in 2000. The station can not retube two reactors
simultaneously. If a decision to retube unit 2 is not
made by 1998, then all retube efforts would be
directed towards unit 1 since the boilers in that unit
are in better condition than those in unit 2.

3.2 ORGANIZATION, ROLES, and
RESPONSIBILITIES

A thorough work breakdown structure analysis of the
level 2 engineering assessment program resulted in
eleven level 3 programs with over 35 activities2. To
perform these tasks, the E/A section was estab-
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lished in late 1994 and staffed in 1995 with two full
time and varying numbers (1-4) of part time technical
engineers, three operations support staff (a mechan-
ical maintainer, control technician, and operator), a
nuclear technologist, and a project planner. The engi-
neers provide the main program direction and are
responsible for:

a) equipment and system lay-up specifications
preparation,

b) the preparation of lay-up procedures and work
plans,

c) technical support during lay-up implementation,

d) initiation and support of lay-up projects,

e) revision of operating documentation to reflect the
final lay-up state.

During the entire process, the responsible system
supervisors (RSS) retain responsibility for their sys-
tems. All E/A work is being conducted with thorough
involvement of the RSS. Once the lay-up state is
established, the E/A contact engineer will provide the
RSS a complete summary of the lay-up including all
documentation and recommendations for on-going
system surveillance.

The dedicated operations staff have been especially
useful during the preparation of procedures and work
packages. These people are scheduled to supervise
and execute the majority of the procedures and work
plans during lay-up implementation.

The project planner and nuclear technologist focus
mainly on work management processes designed to
facilitate execution of the level 2 E/A project plan.

3.3 SYSTEM END STATES and SPECIFICATIONS

Introduction

A standard, based on Lambton experience, was
established for the preparation of all lay-up specifica-
tions3. Each specification has six sections : scope,
failure mechanisms, safety and regulatory, specifica-
tion details (ie protection, inspection, and monitor-
ing), restoration, and references. Generic lay-up
equipment specifications were written for valves,
pumps, heat exchangers, pressure vessels, MCCs,
fans, transmitters, compressors, and motors. All sys-
tems were reviewed and currently, 67 specifications
are required. For many systems, it was practical to
combine a number of systems together into a single
document. System specifications were also pre-
pared for the Safety System Test and Heat Sink pro-
grams. The target to have all specifications and work
packages issued prior to the lay-up outage was not
met due to limited resources. All equipment specifi-
cations were issued. The system specifications are

90% complete with about half formally issued. Work
package preparation is on-going.

All specifications were stored on a shared drive on
the station LAN to provide common electronic
access by system supervisors, nuclear safety engi-
neers, maintenance support staff, planners, and oth-
ers at the station.

Industry experience4 and standards (5,6) were used
to the extent possible. Lay-up with dry air (relative
humidity < 40%) has been specified for many sys-
tems. Where wet lay-up is specified, standard chem-
istry guidelines have been applied.

The lay-up strategies below for selected systems
were determined relative to fuel removal; a key out-
age milestone activity. Phase 1 activities are prior to
defueiling and scheduled between October 1995 and
August 1996. Phase 2 activities are scheduled for
completion after defuelling and by December 1996.

Conventional Systems
Condensate, Feedwater, and Shut Down Cooling

Dry lay-up is specified as the end state for all system
piping. It was planned to drain the condensate and
feedwater systems as soon as possible after shut
down to utilize residual heat in the piping and vessels
to aid system dry out. Unfortunately, the unit
remained on shut down cooling for heat sink con-
cerns for almost 4 days. During this time, most of the
residual heat dissipated. Also, these systems will be
required to operate in late November to support shut
down cooling operation to remove some fuel needed
in unit 1. After the initial defuelling operations, the
project to implement 5 dry lay-up flow paths will be
completed for the condensate, LP and HP feedwater,
steam reject, and extraction steam systems.
Although the admiralty brass condenser and LP feed-
water heater tubes and the 90/10 Cu/Ni HP feedwa-
ter heater tubes will be replaced with stainless steel
tubes if the unit is refurbished, these vessels are
included in the loops for convenience.

The shut down cooling system must be operated
again next summer to support defuelling operations.
Until that time, wet lay-up is planned for this system
using 200 ppb hydrazine. With the condensate and
feedwater systems in dry lay-up, an alternate means
to provide nominal pressurization of the system and
make-up must be established. If there is significant
leakage past the feedwater isolating valves, this will
have an impact on the future dry lay-up of the feed-
water system. The shut down cooling system is also
required to provide some heat for the HT vacuum
drying process in phase 2. Afterwards, the system
will be placed into dry lay-up.
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Boilers, Steam Drums, Main Steam, and STP A

The steam drums will be protected because only the
boilers are scheduled to be replaced during rehabili-
tation. In phase 1, a nitrogen blanket will be main-
tained in the drums and main steam piping. The boil-
ers will be placed into wet lay-up at the beginning of
the outage as per existing operating procedures.
Bubbling nitrogen gas through each bank of boilers
will provide the nitrogen blanket and some mixing in
the boilers since the boiler recirculation system is not
available for service. Steam drum stress ie SOD con-
cerns, will be controlled by completing a project to
cut the HT balance lines. The boilers will be drained
in phase 2 since there will no longer be any heat sink
requirements. Then, the drums will become part of
the main steam system with dry air flowing through
the boilers and venting via the blowdown system.

The unit 2 STP A piping from Bruce A will not be pro-
tected during the lay-up outage. The steam and con-
densate piping will be drained, vented, and isolated
with no intent to ever use them again. Also, the
equipment in Bank #2 at STP A will not be protected
because of its condition and a 1992 study that con-
cluded that alternatives to provide a reliable supply of
steam to the BHWP, Energy Centre and site could be
made available.

Nuclear Systems

Heat Transport and Auxiliaries

The reactor will be defuelled using the flow generat-
ed by the heat transport pumps to carry the fuel into
a fuelling machine carrier (single ended operation)
with the HT system at 4 MPa and 38C. Overheating
of the heat transport pump motor thrust bearings
during extended operation for flow defuelling was a
concern since thrust bearing loads increase as flows
increase as channels are defuelled and the pump
suction pressure decreases due to boiler fouling. The
concern was resolved and proven not to be signifi-
cant during the recent unit 1 defuelling program.

To start up unit 1 after the current mini-SLAR outage,
as many as 112 channels of used fuel are required.
As mentioned above, the current plan is to transfer
unit 2 fuel to unit 1 in December and to defuel the
remaining channels next summer. The heat sink and
flow requirements associated with having 112 unit 2
channels empty are being addressed as part of the
analysis for the unit 1 mini-SLAR. Carbon steel flow
restricting bundles and associated equipment to
ensure adequate flow to all channels have been pur-
chased at a cost of $115K. These are not required for
the initial 112 channel defuelling. The assessment
that 240 flow restricting bundles will be required to

maintain sufficient flow for flow defuelling is under
review.

Unfortunately before unit 2 shut down, there was a
small, 0.5 Mg/hr boiler tube leak. The leak rate
dropped to virtually zero after shut down but it was
confirmed to be in boiler 3. This will have to be fac-
tored into the defuelling strategy. During defuelling,
main HT pump heat will be removed through the
shut down cooling system which will be operated
under nominal pressure conditions as mentioned
previously.

The purification system will be required to maintain
normal HT shut down chemistry control until defu-
elling is complete. Then all ion exchange resin will be
removed and the system included in the main circuit
dry lay-up. The D2O sampling system will be drained
during the main system dry lay-up. Two large pro-
jects have been initiated to drain and vacuum dry the
HT and its auxiliary systems. After draining to the low
level state using existing operating procedures, a
modified mini-SLAR delivery machine connected to
the D2O collection system will be used as a drain tool
to complete the process. Individual channel draining
will proceed by manually moving the drain tool from
channel to channel. The drain tool will have a filter
package to assist in contamination control. Vacuum
drying via the maintenance cooling system will
remove the residual water from the system.
Maintenance cooling, shut down cooling and moder-
ator pump heat will be used to provide heat to the
vacuum drying process.

Moderator and Auxiliaries

The moderator will remain in GSS during phase 1.
The system will be drained and dried using either the
instrument air or vapour recovery systems during
phase 2. Dry lay-up will result in ozone generation via
the radiolysis of air. Regular air purges will be
required to control ozone concentrations which have
been calculated to build up to levels of concern even
after all the fuel is removed. Purification is always
isolated during GSS and made available for poison
removal prior to main system draining. When no
longer required, all resin will be removed and the sys-
tem drained and dried with the main moderator. The
cover gas and sampling systems will be left in-ser-
vice as per the normal shutdown procedures untii the
moderator is drained at which time they will be shut
down and isolated from the main moderator enve-
lope. Collection will be drained, air dried, and left as
is. The liquid poison addition system will be drained,
flushed, and left to air dry. All ties to the D2O trans-
fer system will remain isolated.
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Booster Rods
The project to remove the booster rods and drive
mechanisms is scheduled to be completed while the
moderator is in the GSS and the moderator auxiliary
pumps are operating to provide mixing of the moder-
ator and sample flow for analysis twice per shift.
During booster rod removal on other units, the
pumps were shutdown for 4 hours per shift to mini-
mize the tritium hazard on the reactivity mechanisms
deck. It has been determined that they can be shut-
down for 8 hours. This more readily facilitates boost-
er removal operations. It is estimated that booster
removal will not start until next May due to out-
standing storage and security issues.

Safety and Safety Related Systems
All SSTs are being reviewed for applicability to the
related system lay-up states including the new con-
tainment boundary. Modified procedures will be used
to test equipment for reliability rather than availability.

The shut off rods and control absorber rods will be
inserted into the core before moderator draining to
prevent damage, and their associated logic supplies
will be left energized for reliability testing. Start up
instrumentation will be installed until the core is
defuelled.

When no longer needed, the liquid injection shut
down system will be drained and dried with the mod-
erator system.

No lay-up activities are specified for the vertical or
horizontal flux monitoring systems.
The zone control units will be flooded and the atmos-
phere above the units will be regularly purged with
air.

The HPECI system will be placed into dry lay-up.
The end shield cooling system will be left full and
stagnant except for occasional pump operation to cir-
culate the inventory for chemistry control. The LPSW
cooling water to the heat exchangers will be drained
in order to mechanically clean them. Once clean, the
heat exchangers will be left dry.
The annulus gas system will be placed in the stag-
nant shutdown mode. If retube is approved, dry lay-
up will be implemented.
The project to isolate the vault by the installation of
containment bulkheads will proceed because it is
required whether the reactor is retubed or decom-
missioned. Completing the project during lay-up will
provide the necessary shielding to allow personnel
access even during fuelling machine movement
under the unit 2 vault, however access control will
remain in place. The unit 2 vault will also remain a
zone 3 rubber area.

The vault will be isolated from containment at the
duct openings below the east and west reactor
faces. The following additional isolations will be
completed :
- vault cooling fan penetrations,
- booster pit drain to the duct,
- fan room drain to the duct, and
- duct sump to D2O recovery tank.

Containment integrity testing and periodic inspection
requirements for the bulkheads will be identified and
performed.

The air locks and transfer chambers will not be
required for vault pressure concerns and it is antici-
pated that all inflatable door seals will be deflated.
This will allow for a continual positive air flow into
the vault and out through the contaminated exhaust
stack via the vault vapour recovery system. The
vault vapour recovery system must remain in-ser-
vice to control residual tritium levels caused by dif-
fusion from the concrete and other equipment. All
currently credited button-up dampers will be left
open. The hydrogen igniters and vault coolers will
not be in-service.

3.4 REGULATORY ISSUES

AECB Submissions

Unit 2 will remain under a low power operating
licence until a decision is made to either decommis-
sion or rehabilitate the unit. The E/A group will co-
ordinate the preparation of several submissions to
the AECB to detail the lay-up plans and status. These
submissions will become attachments to the station
operating licence. Submissions for containment bulk-
head installation, defuelling, special safety systems
and testing program, operating policies and princi-
ples, the DEL document, and other projects and
issues are in progress.

One of the other issues is the periodic inspection (PI)
program which must be revised. Unit 2 has been
reclassified from lead unit to special status during
lay-up. PI requirements will continue but will be
restricted only to those required by the low power
license. Some inspections on the main HT pumps,
the maintenance cooling pumps, reactor feeder
pipes and headers may be scheduled during the lay-
up to provide data to support other unit operation
and/or meet the 1994 revision to CSA N285.4.
Further evaluation is on-going. The AECB submission
to revise the PI program to reflect a three-unit station
designates unit 3 as the lead unit, unit 1 as second
unit, and unit 4 as third unit based on operational sta-
tistics up to the end of July 1995.
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Life extension inspections in unit 2 have been
deferred. If unit 2 is rehabilitated, its periodic inspec-
tion requirements will be reviewed and a new
inspection program forwarded to the AECB for con-
currence.

MOEE

A submission describing the impact of lay-up on the
station environmental emissions was prepared.
Emissions are anticipated to be lower than usual and
no new emission pathways have been identified dur-
ing the lay-up. As such, no changes to the existing
Certificates of Approval are expected.

MCCR

The pressure vessel specification has been sent to
the MCCR. All relief valve call-ups and pressure ves-
sel certificates will be maintained.

3.5 IMPLEMENTATION and MONITORING
Field implementation of the specifications through
work packages issued by E/A staff will be performed
by Operations or Projects & Modifications employ-
ees depending on the scope of the work. Field
devices will be tagged using the caution tag certifi-
cate procedure to identify the lay-up end state. It will
be necessary to temporarily alter or "jumper" some
equipment. This could include changing the physical
arrangement, control circuitry or computer control
programs. It may involve taking systems or a portion
of a system out of service, draining, drying and
establishing an air purge or changing the way in
which the system operates. The jumper record
process will be used to maintain configuration man-
agement control. Since there will be many jumpers
created during the lay-up program, these jumpers
will be categorized separately and not included in the
station totals for jumper performance indication.

Over 2000 call-ups have been reviewed. Most will
be put on hold during the lay-up period. The
Reliability Centred Maintenance group has managed
the call-up system. They have revised existing call-
ups, created new call-ups, and modified unit condi-
tion categories as required by the specifications.
Operator routines, rounds and readings will also be
modified and revised to reflect the condition of the
unit during lay-up.

When system operating instructions are required
that vary from those issued in the shut down section
of the various operating manuals, timely revisions to
the appropriate operating manuals will be issued to
maintain a fully documented status of unit system
and equipment configuration.

Any new equipment specific procedures will be doc-
umented in the appropriate work group procedures.

4.0 OUTAGE STATUS
The first shut down began on August 29 in order that
the over poisoned guaranteed shut down state
would be in effect prior to 23:59 August 31, as per
the operating licence. The forced outage ended a
successful 311 day run on the unit. Unit 2 was the
most reliable Bruce A unit over the 18 month period
preceding the shut down, achieving a 1995 year-to-
date capacity factor of 73.4%. This is excellent con-
sidering that the unit was restricted to 75% full
power operation since March 1995 due to the fuel
gap problem.

A partial discharge test on the generator was per-
formed during the run down. Only essential mainte-
nance and boiler wet lay-up were performed during
the shut down as the equipment and systems were
left in a state of readiness in anticipation of start up
for about an additional 20 days. The forced outage
continued until the AECB granted approval for the
extra operating period. The unit went critical on
September 17 and operated until the lay-up outage
began on October 8.

5.0 CONCLUSIONS
The E/A process is very extensive. Dedicating a team
of technical and support staff to the E/A program pro-
vides focus and profile however additional resources
and station priority are required to improve team effi-
ciency. The co-operation of system engineers and
integration of the various other level 2 programs such
as nuclear safety with E/A are key to a successful
program.

Effective specification, implementation and control
of the lay-up program is critical to the future of unit 2.
The recent performance record of the unit strength-
ens the case for an eventual start up, and supports
the station's claim that with refurbishing, the unit can
again deliver reliable power at higher capacity fac-
tors. Note that the life-time capacity factor since first
critical on July 27, 1976 is 60.2 %.

The experience gained during unit 2 lay-up will be
integrated into the station outage chemistry control
program to benefit the other three operating units.
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