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1 INTRODUCTION

The SAFKEG 3979A is being designed and licensed as a general purpose container for
the transport of a range of non fissile and fissile excepted nuclides in solid, liquid and
gaseous form. Evaluation of the design under Normal Conditions of Transport and
Hypothetical Accident Conditions has been carried by a series of tests performed on a
prototype 3979A package. All tests have been carried out in accordance with 10 CFR 71
by Croft Associates Ltd. This report provides detailed information regarding the
prototype keg, the test series, test methods and the resultant effects on the keg.

2 DESCRIPTION OF TEST PACKAGE

The same test package was used for all the tests. The package was a full scale version of
the SAFKEG LS package. The test package was manufactured for testing according to
drawings listed in the drawing list DL-0C-6000 issue B with modifications for testing
according to the drawings in drawing list DL-0C-6081 issue A. The prototype package
consisted of keg 3979 serial number 002 and containment vessel 3980 serial number 002
listed under the Certificate of Conformity QAC 1382 [Ref 1].

Differences between the test package and the design specified by the licensing drawings
are given in sections 2.1 and 2.2.

2.1 Modifications Required for Test

During the test series three different package test configurations were required. Each
configuration is shown in figures 1 to 3. Figure 1 is the set up required for the steady
state thermal test, figure 2 is the set up required for the drop tests and penetration tests
and figure 3 is the set up required for the 800°C thermal test. Modifications were
required to the package to allow test equipment such as accelerometers to be fitted and
to provide access to the test cables.
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Figure 3 — Package Set Up for 800°C Thermal Test
2.1.1 Modifications to Containment Vessel

A hole of 7 mm in diameter was drilled through the center of the containment
vessel lid to allow the thermocouple and heater wires to be fed through into the
containment vessel during the steady state thermal test as shown in figure 1. This
hole was also used to introduce the helium during the helium leak test.

In order to fit the accelerometers which were used during all the drop tests, two
cavities were machined into the lid of the containment vessel as shown in figure 2.
The accelerometers were screwed into position using two tapping holes machined
into the lid. Thread locking compound was also applied to the accelerometers to
keep them firmly attached in position during all the drop tests.

2.1.2 Modifications to Cork Packing

To accommodate the wiring from the accelerometers and thermocouples a 25 mm
diameter hole was drilled 53 mm through the centre of the top cork. The 25 mm
diameter was then widened to 77 mm over the final 15 mm. The modification to
the top cork is shown in figures 1 to 3.
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2.1.3 Modifications to Keg

To allow exit of the accelerometer and thermocouple wires a 25 mm diameter hole
was drilled through the center of the keg lid. The wires were taped to the keg lid
and fed through a hole in the keg body. This hole was a drain hole enlarged to
accommodate the wires required for the testing instrumentation. The wiring was
taped to the keg until half way down the body. Two stainless steel cable ties were
tack welded to the lid of the keg to allow the umbilical cord to be tied to the keg.

For the thermal test the accelerometer wires were pushed down into the keg body.
To hold these wires in place a cover plate was screwed over the 25 mim diameter
hole in the keg lid as shown in figure 3. In order to accommodate the cover plate
four holes were tapped into the keg lid. The cover plate was 3 mm thick stainless
steel 60 mm by 60 mm. A hole was drilled in the centre with an 8 mm diameter in
order to allow the information from the thermocouples to be logged during the

thermal test.

2.2 Comparison of Test Package to Production Package

In comparing the test package with the design specified by the licensing drawings, the
weight of the keg, cork, containment vessel and insert were considered along with the

dimensions of the keg, containment vessel, liner and top cork.

Table 1 shows the design weights of the package compared to those taken from the
test package. The weight of the test keg is 2% heavier than the calculated design

weight and the containment vessel is 3% lighter than its design weight. Overall the
tested package was 3% lighter than the design weight.

Iltem Calculated Mass (kg) | Actual Mass (kg) of
: - tested packaging'

Top & Bottom Rims (2 off) 2.87 total -
Top Skirt 1.14 -
Bottom Skirt 1.04 -

| Keg Top Flange 2.70 -

| Keg Base Plate 3.22 -

| Keg Outer Shell 6.47 -
Identification Label 0.12 -
Keg Closure Studs (8 off) 0.30 total -
Lock Pin 0.04 -
Keg Lid 3.31 -
Keg Lid Handles (2 off) 0.17 total -
Quter Cork 6.52 -
Keg Liner 3.41 -

| Keg Liner Disc 1.51 -

| Keg Closure Nuts & Washers (8 off) 0.24 total -

| Keg Body, Lid, Liner, Nuts & Washers 32.02 32.63
Inner Cork 1.62 1.52
Top Cork 1.09 1.04
CV Lid Top - 3.90 -
CV Lid Shielding Casing 0.26 -

! From Reference 9
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ltem Calculated Mass (kg) | Actual Mass (kg) of
tested packaging'

CV Lid Shielding 1.02 -

Test Point Plug negligible -

CV Flange/Cavity Wall 3.07 -

CV Outer Wall 1.63 -

CV Base 0.52 -

CV Body Shielding 10.93 -

CV Closure Screws (8 off) 0.23 total -

CV Body, Lid & Screws 21.56 20.97

Welds 0.50 estimate -

12x65Tu Insert & contents 5.80 max 5.56

LS Safkeg Design No 3979A 57.83 56.16

(excluding contents)

LS Safkeg Design No 3979A 63.63 61.72

(including contents)

Table 1 — Comparison of Test Package Weight with Design Weights

The comparison of the dimensions between the tested package and the licensing
drawings are shown in Table 2. All the dimensions are within expected

manufacturing tolerances.

Item Dimension on Measured % diff
Licensing Dimension
Drawings (mm) (mm)[Ref 9]
Keg Rim Diameter 424 [Ref 3] 420 -0.9434
Keg Body Diameter 382.5 [Ref 3] 382.25 -0.06536
Keg Height 483 [Ref 3] 480.71 -0.47412
Liner Height 270.5 [Ref 3] 275.6 1.885397
Liner Diameter 246 [Ref 3] 247.92 0.780488
Top Cork Diameter 241 [Ref 4] 239.56 -0.59751
Top Cork Height 85.5 [Ref 4 86.60 1.28655
Containment vessel Height 203.5 [Ref 5] 203.4 -0.04914
Containment vessel lower 118.5 [Ref 6] 117.91
diameter -0.49789
Containment vessel upper 134.35 [Ref 6] 134.61
diameter 0.193524
Containment vessel lid diameter | 175 [Ref 6] 174.98 -0.01143

Table 2 — Comparison of Test Package Dimensions with Licensing Drawings

2.3 Test Package Non-Conformance Reports

The prototype keg does not have any Non-Conformance Reports raised against its

manufacture.

3 TEST FACILITY

Three test facilities were used in order to test the 3979A LS SAFKEG: Pipaway
Engineering, Croft Associates Ltd and Hovel Ltd.
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Pipaway Engineering testing facilities were used to carry out the 1.2m drop tests and the
1m penetration test series. A steel plate 1 m x 1 m x 65 mm and 500 kg in weight, located
on a concrete floor, provided the drop target at this facility.

Croft Associates Ltd testing facility, located on the Southmead Industrial Estate, Didcot,
- was used for the 10.2 m drop tests and an additional -40°C penetration test. This facility
has a test target consisting of a 50 mm thick non alloy structural steel plate of area 2000
mm x 1500 mm. This plate sits at ground level on a one piece, continuously poured, cast
in situ concrete block. The mass of the target is 50 tonnes.

Hovel Ltd was used to carry out the 800°C thermal test. This facility provided a gas fired
top hat furnace measuring 2.7 m x 2.1 m x 4 m. It has a fixed brick base and a ceramic
lined removable hood. Two gas burners ensure that the load is uniformly heated
throughout its cycle providing a temperature range of 0 — 1000°C.

4 REGULATORY TEST METHOD

4.1 Testing Sequence

The package was assembled, inspected and tested in the sequence shown in Table 3.

Sequence | Test Test Test
Numbe Type Number
1 : NCT 1 Steady state thermal test
2 Mark up datum lines. Inspect, measure and weigh all the
test items
3 NCT 2 Compression test of keg at ambient temperature
4 Assembile containment vessel
5 Helium leakage test of containment vessel
Note: The containment vessel shall rerﬁai_n closed until
completion of the test programme.
6 Assemble the package.
¢ Note: The package shall remain closed until completion of
the test programme (Test Number 13).
7 NCT 3 Penetration Test at ambient
8 NCT 4 1.2m drop test 1 at ambient, C of G over side.
9 NCT 5 1.2m drop test 2 at ambient, C of G over top end
10 NCT 6 1.2m drop test 3 at ambient, C of G over top rim edge
11 ACT 7 1m puncture test on side impact point at ambient
12 ACT 8 1m puncture test on bottom end impact point at ambient
13 ACT 9 1m puncture test on top rim edge impact point at ambient
14 ACT 10 10.2m drop test 1 at -40°C, C of G over side
15 ACT 11 10.2m drop test 2 at -40°C, C of G over top rim edge.
16 ACT 12 10.2m drop test 3 at -40°C, C of G over top end
17 ACT 12a Optional: puncture test. The package shall be assessed
_after the 10.2 m drop test to determine if this further test is
required
18 ACT 13 800°C thermal test
19 Inspect and weigh assembled package after completion of
tests.
20 Disassemble the keg and inspect and weigh components.
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Sequence | Test Test Test

Number Type Number

21 Helium leakage test containment vessel after testing

22 Inspect and weigh the containment vessel, insert and
contents

Table 3 - Test Sequence

The drop height requirement for the Hypothetic Accident Condition (HAC) test according to
10 CFR 71 [Ref 2] is 9 m. For this test sequence a 1.2m safety margin has been assumed for
the HAC drop tests. Therefore the package has been dropped from 10.2 m as opposed to 9m.
This height shows the combined effect of the Normal Conditions of Transport (NCT) test.

4.2 Test Methods
4.2.1 Test 1 — Steady State Thermal Test

The test keg was assembled according to figure 1, with a heater in place of the
contents, in the containment vessel.cavity. The heater provided a minimum
wattage of 10 W. The seven calibrated thermocouples (T1, T2 etc) were
positioned on and in the packaging to provide temperature readings over the
package during the course of the test. A further thermocouple was used to
measure the ambient temperature 2 meters from the package.

The package was positioned in the vertical upright position on a 16 mm thick
piece of chipboard covered in aluminum foil as shown in photograph 1. The
heater was set to 10 W. Temperatures were logged at 1 minute intervals until
thermal equilibrium was reached. When the package reached equilibrium the
surface temperature of the keg was mapped and the keg orientation changed to a
horizontal position as shown in photograph 2. The test was repeated with the keg
in the horizontal position until thermal equilibrium was reached and then the
surface temperature of the keg was mapped.

4.2.2 Mark up and Inspection of Package

In order to determine if any dimensional changes occur during the NCT and HAC
‘tests the constitutional parts of the packaging were indelibly marked with datum
lines and measurement points as shown in photographs 3 to 6. Marking the
components in this way ensured that the package was measured at the same points
before and after testing.

4.2.3 Test 2 - Compression Test

The empty test keg was used for the compression test. The keg was weighed and
the height and diameter of the keg measured using the marked datum points
shown in photograph 6. A test load of 500 kg was placed on top of the keg and
left for 24 hours. This load was well in excess of the required load of 340 kg,
which is 5 x maximum weight of the complete package. On completion of the test
the keg was weighed and measured using the marked datum points.

4.2.4 Package Assembly

The tungsten insert was filled with 42 g of 3mm lead shot. It was placed into the
containment vessel according to Figure 4. The containment lid was fitted in the
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orientation shown in Figure 4 and the screws tightened to 10 + 0.5 Nm. A helium
leak test was carried out on the containment vessel as described in section 4.2.5.

Thermocouples to monitor the temperature of the package during the drop test and
temperature sensitive labels for the thermal test were attached onto the
containment vessel together with two accelerometers for the drop tests as shown
in photograph 4. The package was assembled in the orientation shown in Figure 4
and demonstrated in photographs 8, 9 and 10, and then the keg nuts were
tightened to 23 + 1 Nm. ‘

Once assembled the package was not opened until the completion of the testing
program.

4.2.5 Helium Leak Test

A helium leak test was carried out prior to assembly of the keg on the containment
vessel in accordance with ANSI N14.5-1997 as detailed in CP 390. The pass rate
set for the test was 2 x 10”7 cm?/s with a sensitivity of 5 x 10 cm®/s helium at an
upstream pressure of 1 atmosphere absolute and a downstream pressure of 0.01
atm or less. The helium leak test was repeated after the completion of the 800°C
thermal test to determine if the containment boundary had been impaired during
testing.

4.2.6 Test 3 - Penetration Test

A 6 kg steel bar of diameter of 3.2 cm was dropped 1.7 meters perpendicularly to
the package onto the mid section of the long axis of the keg, as shown in
photograph 11. The keg was stood on a flat horizontal surface and a guide tube
was used to ensure the steel bar impacted the keg at the correct point.

4.2.7 Test 4 — 1.2m drop test 1 at ambient, C of G over side

On conclusion of the penetration test the keg underwent the first in the series of
1.2 m drop tests. The first test orientation was a free drop onto the side of the keg
as shown in Figure 5. The test package was slung from lifting gear horizontally
above the test pad as shown in photograph 12, it was then released to free fall onto
the test pad.

4.2.8 Test 5 — 1.2m drop test 2 at ambient, C of G over top end

On completion of the first 1.2m drop test a second was then carried out. The test
orientation was a free drop onto the top of the keg as shown in Figure 5. The test
package was slung from lifting.gear vertically above the test pad as shown in
photograph 13; it was then released to free fall onto the test pad.

4.2.9 Test 6 — 1.2 m drop test 3 at ambient, C of G over top rim edge

On completion of the second 1.2m drop test a third was then carried out. The test
orientation was a free drop onto the top rim of the keg as shown in Figure 5. The
test package was slung from lifting gear so that the top rim of the keg was the
lowest point above the test pad as shown in photograph 14. The height of the keg
was checked to ensure the lowest point of the package was 1.2 m from the test
pad. The package was then released to free fall onto the test pad.
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4.2.10 Test 7 — 1 m puncture test at ambient on side impact point

On completion of the 1.2 m drop test series the first puncture test was carried out.
The first puncture test was a free drop from 1 m onto the top end of a steel punch
which had a diameter of 150 mm and length of 200 mm. The test orientation was
so that the package dropped onto the side of the keg as shown in Figure 6.

As shown in photograph 15 the test package was slung from the lifting gear so
that it was perpendicular to the punch. The height was checked to ensure the
lowest point of the package was 1 m above the punch. The package was then
released to free fall onto the punch.

4.2.11 Test 8 — 1 m puncture test at ambient on bottom impact point

On completion of the first puncture test the second was carried out. This test was
a free drop from 1 m onto the steel punch described in section 4.2.10. The test
orientation was so that the bottom of the package dropped onto the punch as
shown in Figure 6.

As shown in photograph 16 the test package was slung from the lifting gear so
that the bottom of the package was positioned over the punch. The height was
checked to ensure the lowest point of the package was 1 m above the punch. The
package was then released to free fall onto the punch. ‘

4.2.12 Test 9 — 1 m puncture test at ambient on top rim edge

On completion of the second puncture test the third was carried out. This test was
a free drop from 1 m onto the steel punch described in section 4.2.10. The test
orientation was so that the top rim of the package dropped onto the punch as
shown in Figure 6.

As shown in photograph 17 the test package was slung from the lifting gear so
that the top rim of the package was positioned over the punch. The height was
checked to ensure the lowest point of the package was 1 m above the punch. The
package was then released to free fall onto the punch.

4.2.13 Test 10 — 10.2 m drop test 1 at -40°C, C of G over side -

On completion of the puncture tests the first 10.2 m drop test was carried out at
the Croft test facilities. The first test orientation was a free drop onto the side of
the keg as shown in Figure 7.

The package was cooled to -40°C and the temperature of the package was
recorded prior to the drop, using the thermocouples affixed in and on the package
during assembly. The test package was horizontally slung from the crane 10.2 m
above the test pad as shown in photograph 18. It was released to free fall onto the
test pad which had been placed on the target.

On completion of the drop the damage to, and temperature of the package was
recorded.



Protofype SAFKEG 3979A/0002 ' CTR 2009/21
NCT and HAC Regulatory Test Report Issue B
Page 16 of 70

4.2.14 Test 11 — 10.2 m drop test 2 at -40°C, C of G over top rim

On completion of the first 10.2 m drop test the second 10.2 m drop test was
carried out at the Croft test facilities. The second test orientation was a free drop
onto the top rim of the keg as shown in Figure 7. The package was cooled to -
40°C and the temperature was recorded prior to the drop using the thermocouples
affixed in and on the package during assembly. The test package was then slung
with the C of G over the top rim from a crane 10.2 m above the test pad as shown
in photograph 19, it was released to free fall onto the test pad which had been
placed on the target.

On completion of the drop the damage to, and temperature of the package was
recorded.

4.2.15 Test 12 - 10.2 m drop test 2 at -40°C, on top end

On completion of the first 10.2 m drop test the second 10.2 m drop test was
carried out at the Croft test facilities. The second test orientation was a free drop
onto the top rim of the keg as shown in Figure 7. Prior to the test the package was
cooled to -40°C, the temperature of the package was recorded using the
thermocouples affixed in and on the package during its assembly before the
package was positioned for the test.

The test package was then slung from a crane, vertically top down, 10.2 m above
the test pad as shown in photograph 20. It was then released to free fall onto the
test pad which had been placed on the target.

On completion of the drop the damage to, and temperature of the package was
recorded.

4.2.16 Filtering of Acceleration Data

_Afilter has been used on the raw acceleration data to eliminate noise unrelated to
the drop. Its use is recommended by the IAEA advisory material [Ref 7].

A low pass digital 4™ order Iowpass Butterworth filter with a cut-off frequency of
500 Hz was applied to the raw data.

4.2.17 Test 12a — 1 m puncture test at -40°C on top end

On completion of the 10.2 m drop test series an extra puncture test was carried out
in the worst case drop condition. The package was orientated so that the top end
of the package was 1 m above a steel punch, which has a diameter of 150 mm and
length of 200 mm. Before the package was positioned for the test the temperature
of the package was recorded. As shown in photograph 21 the package was then
slung from a crane in the correct orientation and the height checked to ensure it
was 1m from the punch. The release mechanism was activated and the package
free fell onto the punch.

The temperature of the package was taken and the damage resultant from the test
recorded. '
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4.2.18 Test 13 — 800°C thermal test

On conclusion of test 12a, the extra puncture test, the package was subjected to
the 800°C thermal test. The following alterations were required to the keg prior to
the test. Six thermocouples were mounted on the keg surface one at each end, and
4 located half way down the body at 0°, 90°, 180°and 270°. The accelerometer
wiring was removed along with the wiring for the thermocouples inside the keg.
An additional thermocouple was inserted to rest on the CV lid. A cover plate was
attached to the keg lid to reduce the wiring hole diameter in the lid from 25 mm to
8mm. The set up for the thermal test is illustrated in Figure 3. The keg was
placed on a support cradle for the test so that it could be handled in and out of the
furnace. Photograph 22 shows the test package on the support cradle prior to the

~ thermal test.

The furnace at the Hoval test facilities, as described in section 3, was heated to
900°C. Data logging from the thermocouples was initiated and the package was
placed in the furnace. Once the package surface temperature reached 800°C the
test was initiated and the package remained inside the furnace for 30 minutes, with
its temperature logged at 10 second intervals. On completion of the 30 minutes
the package was removed from the furnace and allowed to cool naturally. The
temperatures within the package were continuously logged until the internal
temperature peaked and started to decrease.

4.2.19 Inspection of the Package

On completion of the NCT and HAC tests the package was disassembled. The
package and packaging components were weighed and dimensions taken using the
marked datum lines and measuring points. The results have been compared and
are presented in Table 9.

Prior to opening the containment vessel a helium leakage test was carried out as
detailed in section 4.2.5.

4.3 Deviations from Test Procedure

On completion of the steady state thermal test at 10W a further test was carried out for
Croft information purposes only. This test was a thermal test with 20W heating. The
test caused the inner cork to adhere to the keg liner which made any dimensional
measurements of the inner cork impossible therefore these were not recorded. It must
be noted this did not occur during the 10W steady state thermal test which has been
reported in reference 1.

On completion of the 1.2 m drop tests and penetrations tests (Tests 4 to 9) it was
apparent accelerometer 2 had failed during testing. In order to fix the fault the
package had to be opened up, opening the package along with the loss of the
accelerometer data made these tests invalid.

The faulty accelerometer was repaired and the test series from the point of completion
of the helium leak test (sequence number 5) was repeated on the same package.
Therefore the damage present from the original 1.2 m drop and penetration tests was
present on the package when the tests were repeated. The results from the invalid
tests were recorded in reference 12 to identify the damage caused by the invalid tests.
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On the first 10.2 m drop test the package rotated during free fall (due to a ‘kick’ being
given at the sling by the release mechanism) causing it to impact on the bottom rim
rather than the side, coupled with that there was also a data logging failure so no
acceleration data was captured. Therefore this test was considered invalid and
repeated once the package had reached -40°C. The results from <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>