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ABSTRACT
Having commissioned all individual conventional and
nuclear systems, the first Dry Storage Container (DSC)
was loaded with four modules of 17 year cooled
irradiated fuel (366 bundles) in the Auxiliary Irradiated
Fuel Bay (AIFB) on November 29, 1995. After
decontamination of the outer surface, and draining of
water, the DSC was transported to the Used Fuel Dry
Storage Facility (UFDSF) workshop, where it was
vacuum dried, and then the lid was welded on.
Following successful radiography test of the lid weld,
the DSC was vacuum dried again and backfilled with
Helium to a pressure of 930 mbar(a). The Helium leak
test showed zero leakage (allowable leak rate is 1x10'5

cc/sec). Finally, after loose contamination checks were
performed and permanent safeguards seals were
applied, the DSC was placed in the UFDSF storage area
on January 23, 1996.

Radiation fields at contact with the DSC surface were
<0.6 mrem/hr, and at the exterior, surface of the
storage building wall only 33 micro-rem/hr (far below
the target of 250 micro-rem/hr). Therefore, the actual
dose rates to general public (at the exclusion zone
boundary) will be well below the design target of 1 % of
the regulatory limit.

1. INTRODUCTION

Implementation of the dry storage concept at Pickering
Nuclear Division (PND) followed a successful
demonstration program, which used two concrete
containers loaded with six and ten years cooled
irradiated fuel from the AIFB (1988-1992). Results of
this program confirmed both the technical and
economical viability of the dry storage system as an
alternative to the conventional wet storage system.
The current DSC design offers two main features:

• interim dry storage of irradiated fuel for up to 50
years

• a means of transportation to its final disposal
destination without the need to re-package
irradiated fuel

The UFDSF will provide additional on-site storage for
about 576,000 irradiated fuel bundles, or approximately
1,500 DSCs by the end of station operating life (year
2025). The UFDSF currently has an operating license
as well as a transportation license (for DSC off-site
shipment) granted by the Atomic Energy of Canada
Board (AECB).

Safeguards are applied to the UFDSF and DSCs as per
the requirements of the International Atomic Energy
Agency (IAEA) regulations. Surveillance cameras are
installed in the UFDSF workshop and storage area, and
permanent safeguards seals are applied to each DSC by
installing two fibre optic cables and attaching "cobra"
seals.

2. COMMISSIONING

2.1 DSC Pre-Loading Activities
New DSCs are delivered to the UFDSF workshop where
they are unloaded from a truck and temporarily stored.
Prior to transferring the first empty DSC (#OH-0O01) to
the AIFB, it was inspected for corrosion and other
physical damage. A lid and transfer clamp were
installed on the DSC body to verify a proper fit. Also,
four empty modules were placed into the DSC to verify
proper clearance between them and the DSC cavity,
and that the lid would not contact the uppermost
module. Each DSC has two ports, a vent at the top
and a drain at the bottom. The internal threads of
these two ports were inspected for any damage and
repaired as necessary. With the lid taken off the DSC
body, the main weld groove was carefully inspected for
any rust. None was found. The prepared DSC was
placed in the temporary laydown area, ready to be
taken to the AIFB (ref. Fig. #1).

At the same time as the DSC inspection, two operators
were recording at the AIFB serial numbers of the
bundles to be loaded into the DSC. This was done
using a telescope and recording equipment specially
fabricated for this task. The process was quite lengthy
(it took about 3 days vs. the 4 hours expected), but, at
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the end, a complete record of the 366 bundle serial
numbers was available. This requirement came from
the AECB and IAEA in mid 1995 and was agreed upon
by PND. Before the loading of the DSC, IAEA staff
performed the following verifications:

• 100% item count, (i.e. 366 bundles)
• Non Destructive Analysis (NDA) of irradiated fuel
• correctness of serial numbers by checking 8 out

of 366 bundles

This task was very cumbersome, and took about 12
working hours vs. the 2 hours originally planned.

2.2 Loading of DSC in AIFB
The fully prepared DSC was transported from the
UFDSF workshop to the AIFB along the route north of
the powerhouse (Fig.#1) by the on-site transporter
vehicle (Fig.#3). In the AIFB, the lid was taken off and
the DSC was filled with demineralized water. On
November 29, 1995 it was submersed into the AIFB,
placed on an impact pad, and loaded with four modules
of approximately 17 years cooled irradiated fuel; a total
of 366 bundles. This operation was performed under
surveillance of the IAEA and AECB staff and various
station personnel. Once the lid and in-bay clamp were
positioned and engaged on the DSC, it was hoisted out
of the water. Total in-water time was 1 hour, 43
minutes, which is considerably less than the originally
estimated 3 to 4 hours. Radiation fields on the DSC
after loading were measured as 0.5 mrem/hr at contact
and non-detectable at working distance. It should be
noted that radiation fields at contact rose marginally
after draining as the shielding from the water was lost.

The DSC was then immediately washed in the
decontamination pit for about 15 minutes with water
heated to about 75°C. After placing the DSC back on
the handling pad, it was allowed to dry before taking
smears from the surface. The smears showed zero
surface contamination, which was much better than
expected. It reflects the positive aspects of
maintaining clean bay water, minimizing in-water time
and ensuring a prompt washing with hot water after
removal from the bay water.

2.3 Draining and Vacuum Drying in AIFB
On November 30, 1995 the water in the DSC was
drained back into the AIFB by gravity, with both drain
and vent ports open. It took 15 minutes to reach the
point where no water was flowing through the drain
port. The drain port was then closed, and the transfer
clamp was installed on the DSC flange.

This method of draining, although it had worked well
during "dry" commissioning, left about 55 litres of
water in the DSC cavity versus the expected 10 litres.
The draining of the water from subsequent DSCs was
vastly improved by tilting the DSC in two different

directions. It is believed that most of the water was
trapped amongst the fuel bundles in the module tubes.

The vacuum drying system was connected to the DSC
drain port and allowed to run for 14 hours. Water was
continuously removed from the DSC, and internal
pressure was lowered from atmospheric to 13 mbar(a).
Although the target of 2.5 mbar(a) was not achieved,
and the DSC had obviously not been completely dried,
it was decided to transport it to the UFDSF and resume
vacuum drying there.

2.4 Transport of DSC to UFDSF
Final contamination surveys found only one area on the
base of the DSC with 1000 cpm of loose contamination
which was easily removed. This is a sign that the
sweating phenomenon that had been observed during
the demonstration program is not taking place. Gamma
surveys found fields still at about 0.5 mrem/hr at
contact and zero at working distance.

By means of a special "O" ring seal placed in the
welding groove, a sub-atmospheric pressure of less
than 830 mbar(a) was established in the DSC cavity.
This sub-atmospheric pressure was maintained during
the DSC transport through the station yard to prevent
the possible spread of loose contamination.

On December 1, 1995, having been picked up by the
Transporter vehicle (fig.#3), the DSC was taken to the
UFDSF workshop. Along with station and AECB
personnel, IAEA staff accompanied the DSC as part of
"human surveillance" on its 18 minute trip to the
UFDSF (fig.#1). The Transporter worked flawlessly
throughout this process. At the UFDSF, the DSC was
first dropped off by the Transporter, then moved by
crane to welding station #3. IAEA staff then applied a
security seal to the base, which was an additional
safety measure to being monitored by the permanent
surveillance cameras. The DSC internal pressure rose
only marginally during the trip.

2.5 Vacuum Drying in UFDSF
Upon arrival in the UFDSF, about 20 litres of water was
collected through the drain port. It is believed that this
water was forced out from the module tubes by
vibrations during the trip through the yard. This was
followed by two days of vacuum drying in an effort to
completely dry the DSC internals. However, internal
pressure only got down to 7 mbar(a) and the presence
of water was still evident. In an attempt to attain the
required dry condition that had been observed during
the testing stage, vacuum drying of the DSC proceeded
non-stop for two more days. On December 5, 1995 an
internal pressure of 5.5 mbar(a) was achieved with no
further water being removed. This was deemed to be
an acceptable condition for the initial stage of drying
prior to welding the lid to the DSC body.
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2.6 Welding and X-ray
The flange weld, about 30 feet long, is made by two
automatic welding heads, each traveling along the
circumference of the lid on opposite sides (fig.#4).
Prior to welding, the DSC flange must be preheated to
105°C, while a slight vacuum is drawn in the DSC
cavity to prevent any spread of contaminants. During
earlier tests, it was confirmed that a pre-heat period of
16 hours is required to literally "soak" the DSC lid and
body with heat so it will not cool down before the first
welding pass is done. The design estimate had been 8
hours.

Preparation of the DSC for welding of the flange took
several days, and some of the work was done in
parallel with vacuum drying. First, primer paint had to
be ground off the weld groove down to bare metal.
Then, the welding machine was installed and put
through a series of checks. A problem with one of the
trailing cameras was discovered and quickly rectified.
By December 7, 1995 the preheaters and thermo-
couples were installed and function tested.

Having sufficiently pre-heated the DSC flange, the pre-
weld vacuum system was disconnected and the first
weld pass completed on December 12, 1995.
Constant monitoring of the process from the control
room, as well as frequent local visual inspection by the
welders, was required to ensure a flawless weld. It
took about two days to complete eleven passes, seven
of which were done on the first day.

The welding machine was removed from the DSC, the
X-ray machine installed and the weld allowed to cool
down for 48 hours. In the meantime, the DSC internals
were maintained slightly sub-atmospheric by connecting
the drain port to the active ventilation system. The
flange weld was inspected using the X-ray machine
(radiography). To reduce the X-ray hazard, it was
performed in the evening hours, and was completed on
December 16, 1995. There were no flaws found and
the weld was deemed acceptable.

2.7 Helium Backfill and Leak Test
During the final vacuum drying, which took less than 2
hours, a pressure of 1 mbar(a) was reached, indicating
that practically no water remained inside the DSC
cavity. It was subsequently backfilled with Helium to
about 930 mbar(a).

Manual welding of the vent and drain ports took
substantially more time than expected. However, the
welds were all found to be good and did not require any
re-work. Each weld required 8 hours vs. the 2 hours
originally estimated.

The Helium leak test requires repositioning the DSC to
station #4, which has the necessary equipment and
instruments for this test (fig.#5). The unique test

method uses a two piece "bell-jar" so that the whole
DSC can be tested at once. A vacuum is drawn in the
space between the DSC outer surface and the bell-jar
so that any leakage from the DSC cavity can be quickly
detected. Having placed the DSC into the bell-jar, it
took 26 hours to pull the required vacuum of 15-20
micro-bar(a). This lengthy process was expected and it
is mainly due to outgassing of the DSC outer surface
with its coating of epoxy paint. The Helium leak test
was performed within the next five minutes, and it
showed zero leakage (acceptable leak rate is 1x10"5

cc/sec). For all practical purposes, the DSC was ready
to be put into final storage on December 21, 1995.

Having painted the welded surfaces, and having
installed the safeguards "cobra" seals, the actual
placing of the DSC in the storage area and a ribbon
cutting ceremony took place on January 23, 1996.

2.8 DSC History Records
Detailed information will be computerized, with hard
copies kept in the station's Q.A. vault. Included will be
each DSCs serial number with manufacturing data, the
modules' serial numbers, the age of the irradiated fuel,
the position of modules within a DSC, the number of
bundles in each module, date of loading, as well as X-
ray and Helium leak test results. This has all been
recorded in a checklist and verified by station and IAEA
staff. The UFDSF storage area has a simple grid
system to keep track of the DSCs' locations, and each
DSC has a nameplate.

All information listed above is currently kept in the form
of a "DSC history docket".

3. RESOURCE REQUIREMENTS

About 314 personhours were required to complete the
first DSC, from start to finish. Contrary to original
estimates, mechanics were in the highest demand,
followed by operators and quality control staff (see
Table 1).

Once the whole process becomes routine, it is
expected to take about 160 personhours per DSC.
Table 2 shows individual process activities, type and
number of resources required and the number of hours
needed to complete the first DSC.

TABLE 1 - RESOURCE REQUIREMENTS
$n person hours}

OP's
105

33.5
%

MM
125

39.8
%

SM
16

5.1%

QC
35

11.2
%

IAEA
19

6%

P&M
12

3.8%

RC
2

0.6%
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4. OCCUPATIONAL RADIATION SAFETY

4.1 Station Personnel
The shielding provided by the DSC proved to be much
better than anticipated, and resulted in gamma fields of
less than 0.6 mrem/hr at contact with the DSC surface
and zero at 1 metre distance. Also, by keeping the bay
water very clean, the gamma background fields in the
AIFB are very low {about 0.25 mrem/hr). As a
combination of these two factors, the gamma dose
received by operators was 10 mrem per DSC (5
operators were involved). Similarly, the gamma dose
received by mechanical maintainers was about 10
mrem per DSC. Other work groups received no
measurable gamma dose. There was no Tritium dose
received while working in the AIFB.

Therefore, the total radiation dose received by all work
groups was about 20 mrem per DSC, which compares
favourably with the original estimate of about 75 mrem
per DSC.

4.2 General Public
Radiation fields at the outside surface of the storage
building wall were about 33 micro-rem/hr, which is far
below the target of 250 micro-rem/hr. These radiation
fields may marginally rise as the number of DSCs in the
storage building increases. However, the actual dose
rates to the general public at the exclusion zone
boundary will be well below the design target of 1 % of
the regulatory limit.

Air emissions to the environment from the UFDSF
workshop (zone 3 from the radiation point of view) are
monitored and were found to be zero. There has been
no active liquid discharge from the UFDSF workshop
thus far.

5. INITIAL OPERATION

The initial production runs took place from the "B"
Irradiated Fuel Bay (IFB-B) because of the proximity of
its fill-in date. They yielded a transfer capability of four
(4) DSCs per two months. Full production transfer
capability of eleven (11) DSCs every two months will
be required by early 1997, just before the AIFB
becomes full as well. A total of sixty-six (66) DSCs will
have to be transferred from then on every year,
assuming the eight Pickering reactors are operating at
an average 85% Capacity Factor.

Major difficulties encountered thus far are listed below:
• Draining of water from the DSC was inadequate

causing very long vacuum drying periods. This has
been overcome by tilting the DSC in two different
directions. However, the DSC Lifting Beam suffered
minor damage since it had not been designed for
tilting. A design change is expected to take place
shortly.

• Welding of the vent and drain ports took two days. It
will be reduced by using modified procedures.

• Welding of the lid to the DSC body (flange weld) was
not satisfactory on the first 3 DSCs. Extensive re-
work has been required due to porosity and lack of
fusion, predominantly in the root of the weld (the first
of eleven passes). An investigation is in progress
while the welding of the flanges carries on at a slow
and resource-consuming pace.

• The helium leak test on its own does not take more
than 5 minutes. However, it requires a vacuum in the
bell-jar of 15 - 20 micro-bar(a), which needs in excess
of 24 hours to achieve. It is believed that re-
calibration of the leak detector to operate at a
vacuum of 1 mbar(a) will reduce the total test time to
less than 4 hours.

• A lack of manoeuvring space in the IFB-B is slowing
down the process. Particularly, the rationale for the
portable impact pad is being questioned in view of
limited DSC movements. Also, the manoeuvring
sequence of equipment such as the in-bay clamp
stand and lifting beam stand will have to be improved
upon.

All of the above, plus other minor factors, contribute to
the current transfer rate being about 15 calendar days
per DSC. This transfer rate must be improved to about
5 calendar days per DSC by early 1997 in order to
maintain the power level of the eight Pickering reactors
at an average 85% Capacity Factor.
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TABLE 2 - UFDSF PROCESS

......jf. „,,. X HOURS \

1

2

3

4

5

6

7

8

9

to

11

12

13

14

• RECORD SERIAL #'S OF ALL BUNDLES TO BE LOADED (4 MODULES).
. INSTALL 4 MODULES ON THE INSPECTION STAND.
• IAEA TO VERIFY W I N 4 MODULES ON THE INSPECTION STAND.
• UNLOAD NEW DSC, INSPECT FOR CORROSION OR DAMAGE.
• MM TO INSPECT VENT AND DRAIN PORT THREADS AND WELD GROOVE.
• PERFORM DSC TEST MODULE CLEARANCE CHECKS. INSTALL DSC LID AND

TRANSFER CLAMP.
CRANE PREPARED DSC TO TEMPORARY LAYDOWN AREA. FILL OUT
INDIVIDUAL DSC RECORD SHEET.

• TRANSPORT PREPARED EMPTY DSC TO AIFB OR BIFB USING DSC ON-SITE
TRANSPORTER.
REMOVE DSC LID AND TRANSFER CLAMP. REMOVE TRANSFER CLAMP FROM
LID AND INSTALL INBAY CLAMP.
FILL DSC WITH DEMINERALIZED WATER, SPRAY ALL EXTERNAL SURFACES OF
DSC WITH DEMINERALIZED WATER.
MOVE DSC INTO IFB, LOAD FOUR (IAEA) VERIFIED MODULES OF USED
IRRADIATED FUEL.
INSTALL DSC LID, ENGAGE INBAY CLAMP.

• REMOVE LOADED DSC FROM IFB. MONITOR CONTINUOUSLY AND SPRAY ALL
SURFACES OF DSC WITH DEMINERALIZED WATER.

• DECONTAMINATE DSC IN DECONTAMINATION FACILITY. REMOVE INBAY
CLAMP, INSTALL TRANSFER CLAMP AND ENGAGE.
DRAIN WATER FROM DSC TO IFB VIA DRAIN CONNECTION. PULL PARTIAL
VACUUM AND VERIFY ACCEPTABLE TRANSFER CLAMP LEAK RATE.

• CONTAMINATION CHECK OF DSC. (LESS THAN 200 CPM ABOVE BACKGROUND)
• COMPLETE CONTAMINATION CHECKS OF DSC & TRANSPORTER. DRIVE

LOADED DSC TO UFDSF, UNDER IAEA HUMAN SURVEILLANCE.
• POSITION DSC AT SELECTED WELD STATION. REMOVE TRANSFER CLAMP AND

"O" RING SEAL.
• PREPARE WELDING GROOVE AND INSTALL WELDING MACHINE ON DSC

• INSTALL FLANGE PRE-HEATERS AND ACTIVATE (16 HRPRE-HEAT). DRAW
WELD VACUUM AT DRAIN PORT, WITH VENT PORT OPEN.

• SHUT OFF WELD VACUUM BEFORE THE FIRST WELD PASS IS STARTED.
WELD LID TO DSC BODY (AUTOMATED WELD 11 PASSES).

• WHEN FLANGE WELDING COMPLETED, REMOVE WELDING RIG AND PRE-
HEATERS.
CONNECT VACUUM LINE FROM DRAIN PORT TO HV SUCTION HOLE ON WALL.

• ALLOW 48 HOURS FOR ALL WELDS TO COOL.
• INSTALL X-RAY MACHINE.

RADIOGRAPH FLANGE WELD.

MANUALLY WELD VENT PORT.
• DRAW VACUUM TO <1 MBAR, AND BACKFILL DSC WITH HELIUM.

MANUALLY WELD DRAIN PORT.
• QC VENT AND DRAIN WELDS.

POSITION DSC AT WELD STATION #4. PERFORM DSC He LEAK TEST (BELL JAR
METHOD).

• INSTALL SAFEGUARD SEALS (IAEA COBRA SEALS).

• PREPARE DSC FOR WELD AND TOUCH UP PAINTING.
COMPLETE ALL PAINTING AND DSC IDENTIFICATION LABEL APPLICATION.
COMPLETE FINAL DSC CONTAMINATION CHECKS (SPOT DECONTAMINATION AS
REQUIRED).

• ENGAGE DSC WITH TRANSPORTER AND MOVE TO STORAGE AREA.
• COMPLETE DSC INDIVIDUAL RECORD SHEET (HISTORY DOCKET).

OPERATORS
• IAEA STAFF

• OPERATORS
• MM

OPERATORS

• OPERATORS

• OPERATORS

• OPERATORS
• IAEA STAFF
• MM

RAD CONTROL

• OPERATORS
• MM
• P & M

• OPERATORS
• MM
• P & M
• OP's (MOVE X-RAY

MACHINE)
• QC (RADIOGRAPH

FLANGE WELD)
• OPERATORS
• MM
• OC

• OPERATORS

• OPERATORS
• IAEA STAFF
• SM (PAINTERS)

• OPERATORS

2X 16HRS.
2X8HRS.

2 X 3 HRS.
2X2HRS.

2X6HRS

3X2HRS.

3 X 3 HRS.

2 X 3 HRS.
1 X I HRS.
2 X 4 HRS.
1 X 2 HRS.

2 X 1 HRS.
3 X 2 4 HRS.
3X2HRS.

2 X 1 HRS.
3 X 3 HRS.
3X2HRS.
2 X 1 HRS.

2 X 1 6 HRS.
(2 NIGHTS)
2X4HRS.
2 X 1 6 HRS.
1X3HRS.

2 X 6 HRS.
(26HRTO
PULL
VACUUM)
1X2HRS.
1X2HRS.
2 X 8 HRS.

2 X 3 HRS.
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Site Layout
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(Total 384)
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FIGURE 2
Dry Storage Container for Used Fuel Storage



UFDSF DSC DNSITE TRANSPDRTER

7% GRADE

4 00'

18.2 38.4 78.8

7 PERCENT GRADE DPERATIDN
MAXIMUM

WHEEL ttl&<2 DRIVE/STEER
WHEEL tt3&4 STEER
WHEEL tt5&6 FIXED
WHEEL #7a<8 STEER

FIGURE 3
On-Site Transport Vehicle
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DSC Lid to Body Remote Welding



UFDSF DSC HELIUM LEAK DETECTIDN (BELL JAR)

A) He LEAK DETECTOR

B) VAC. PUMP (He DETECTIDN VAC.)

C) VAC. PUMP (He DETECTIDN VAC.)

D) VAC. PUMP (MAIN BELL JAR VAC.)

E) VAC. PUMP (MAIN BELL JAR VAC.)

F) VAC. PUMP (CAL.LEAK VAC.)

G) VACUUM GAUGE

BELL JAR (UPPER)

TD ACTIVE
VENTILATION

t/llllll //AWNWWX.//' III11 III AN WWW

CAL. REF.
LEAK

BELL JAR
(LOVER)

Hx3
-VENT VALVE

FIGURE 5
DSC Helium Leak Detection


