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Amersham International plc
Packaging Design Group

Test Report No. 1901

Introduction

Package Design No
3750A.

Test
1.0m Puncture (Drop II).

Procedure
PGP 55, Issue 1.

Orientation

The cask was slung at an angle of 24° from the vertical, placing the centre of gravity over the
point of impact (fig 1).

Location of impact

The impact point was the lower edge of the cask shell, midway between two feet and avoiding

the base fins (fig 2).

Special conditions
The Test Plan (ref 6.3) required the package to be tested at -40°C.

Notes

Package:

(1) A one third scale 3750A package was used to demonstrate its performance (see also ref 6.4).
(2) The cask had been damaged in the previous 1.2m and 9.0m drop tests (Tests 1989 & 1900)

as required by the Test Plan (ref 6.3). The damage was limited to minor indentations on the base
fins.

P Amersham
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(3) Although the Test Plan called for the whole package to be tested the pallet and cage were
omitted in order to subject the cask to a more severe impact. This with the agreement of the DoT
witnessing engineer.

Orientation:

(1) Angle: The orientation required in the test plan was vertical. It was decided to change this to
24° off the vertical as it would bring the centre of gravity over the point of impact thereby
imparting the maximum shock load. This with the agreement of the witnessing DoT engineer.

(2) Control: The orientation of the package was controlled by a two leg sling adjusted by means
of a turnbuckle on each leg.

(3) Measurement: Immediately prior to the test the orientation was checked by placing a spirit
level against the cask jacket.

(4) Verification: The orientation was verified after the test by reference to video recordings.
Two cameras were used, set at 90° to each other, with a minimum shutter speed of 1/1,000sec.

Temperature:

(1) Measurement: Five type K, twisted pair, individually PTFE insulated, 0.2 mm wire diameter
thermocouples (range: -50°C to 200°C) and a five channel temperature recorder (range: -100°C
to 1,100°C) were used to monitor the cask temperature. Nos. 1-4 thermocouples were positioned
at the mid-height in the north, south, east and west positions of the four main cask fins. The tips
were epoxied into the bottom of the Vee formed by each fin and its neighbouring cooling fin. No.
5 thermocouple was fastened inside the cask cavity with adhesive tape, again at the mid-height,
and led out under the closure. After the previous 9.0m drop test, Test 1900, only two of the
thermocouples were giving readings (Nos. 1 & 4).

(2) Procedure: The package was cooled in an insulated container using dry ice (solid carbon
dioxide) pellets. Before the test the package was at a temperature of approximately -80°C. It
was then removed from the container and allowed to warm naturally until it reached the required
temperature. This ensured that the inside of the cask was cooler than the surface. The drop was
carried out when the highest reading thermocouple approached the test temperature.

Target:

The target was 1.6m square, SOmm thick plate of structural carbon steel grouted and bolted down
onto a 1.6 x 1.6 x 1.5m block of steel reinforced, high compressive strength concrete (see also
Drg No. A25187, Issue A). The overall weight is in excess of 8,000kg.

Punch:

The punch was a third scale, carbon steel bar welded vertically to a plate bolted at each corner to
the target. A 75 mm long bar was used. The bar protruded slightly below the plate to ensure
positive contact with the target plate (see also Drg No. A25230, Issue A).
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Secondary impact:

A plywood sheet was placed next to the punch to avoid distortion of the cask feet should it land
on them. This would have made assembly to the pallet difficult for the further tests. Normally
secondary damage would be considered part of the test but, as the package was to be subjected
to 2 9.0 m side drop in Test 1908, the protection was considered acceptable. This with the
agreement of the DoT witnessing engineer.

Pass/Fail Criteria

Closure
The cask closure must remain attached to the cask body.

Jacket
The jacket must remain attached to the cask.

Notes

The criteria above are based on what is readily achievable by a visual inspection. Other
elements of design performance such as shielding efficiency and surface dose rate, rupture or
cracking of the cask structural shells and closure stud yield are all addressed in separate tests
conducted before and after the mechanical tests. The additional tests measure each parameter
and sentencing is performed against quantified criteria (see ref 6.3).

Quality Assurance

Materials and equipment

Identification:
Item GRN No. Serial | Tool | Calibration
No. No. Due Date

One third scale 3750A cask 217554/04 01 - -
Cask closure studs - 217554/04 1-8 - -
Punch (short) 212750/01 - - -
Thermocouples: RS Stock No. 158-913 098425/02 - - -
Temperature recorder: Kane Int. KM1202 - 1327 27 18/09/96
Torque wrench: Norbar Model SLO - - 30 10/01/97
Height gauge: 1.0m - - 31 08/01/97
Level: RS Stock No. 651-428 - - 34 08/01/97
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Notes:

(1) The Goods Received Note (GRN) No. identifies the manufacturing and inspection records
for items manufactured specifically for the test.

(2) The Serial No. of an assembly or sub-assembly is the identification assigned to it upon
manufacture.

(3) The Tool No. is the identity of any calibrated measuring equipment or tools taken from the
Packaging Design Group inventory.

(4) The Calibration Due Date is required for any measuring equipment used.

(5) The QC No. is the identify of specific measurements records made by the Packaging Design
Group.

Assembly
The third scale 3750A cask was assembled prior to Test 1898 in accordance with the
manufacturing drawings as specified in Drawing List DL 25169, Issue C.

Records

Photographic:
See Appendix A.

Video:
(1) Film No. 23, Start time 47min 50sec.
(2) Film No. 24, Start time 07min 10sec.

Operational:
See Appendix B.



4.1

4.2

43

44

44.1

442

443

444

445

Test No. 1901, Issue 1
Page 5 of 12
File Ref C:\Test1901.wpd

Results

Temperature
Immediately prior to package release the thermocouples gave the following readings:

Thermocouple Reading
No. °C)
1 -42.6
2 No reading
3 No reading
4 -43.0
5 No reading

Orientation and impact

The video recordings confirmed the package dropped correctly. It landed on the punch, bounced
upwards approximately 50 mm, landed back on the punch impacting the lower edges of the
adjacent cooling fins, rotated over its base onto two feet and fell onto its side (fig 3).

Pass/Fail Criteria
The cask closure and jacket remained securely attached.

General observations

Cage: Not applicable.

Pallet: Not applicable.

Cask body: The cask and jacket were undamaged except for a bruise on the lower edge of the
cask shell 35 mm long x 5 mm maximum width (fig 4). The test caused no damage to the base
fins, the base plate, its weldment or the leak test point. The edges of the cooling fins nearest the
shell bruise were indented to a maximum depth of 3 mm over a 15 mm length (fig 5). All eight
closure studs and nuts were undamaged, secure and unscrewed freely. All twelve jacket screws
were undamaged, secure and unscrewed freely.

Cask closure: The closure was undamaged.

Punch: The punch carried an indentation 30 mm across by 6 mm wide and 2 mm maximum
depth (fig 6) indicating a good impact and two fainter marks from the fins.
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Conclusions

Pass/Fail
The package passed the test.

Other

None.

References

IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 627(b).
Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 73.(2).
Package Design No. 3750A Test Plan, PGM 921, Issue 3, paragraph 8.2.5.

The Modelling of Package Design No. 3750A, PGM 939, Issue 1.

Signatures
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Appendix A

Photographs

PAmersham international pic
Packaging Design Group

Test No /90 I

Date !8 /ﬁw {476

Design No 3;509 o

Figure 1. Test set-up
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Figure 3. After impact
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Figure 6, Punch face after impact
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Appendix B

Test Checklist

The attached document is the form used to record details of the procedure, equipment and test
specimen employed in performing this test. It is completed at the time of the test and must be

— witnessed by personnel from either the Packaging Design Group or Quality Assurance or by the
Transport Container Officer.



PACKAGING DESIGN GROUr

Puncture Test Check List Test No: J3O) ...
T Date: I8 IANTE
1. Notes:
a) This checklist forms the operations section of PGP 55, Packaging Group Procedure for
Puncture Testing. If in doubt ask.
b) A minimum of two personnel must be present to carry out a test - both must wear safety
shoes. :
c) Check hoist cable weight is lowered onto the target plate before entering compound.
2. Check List:
Step | Operation Check v
1 Record GRN Nos/Serial Nos/QC Register Nos of sample as appropriate __v_‘ ',
2 Record GRN Nos/Tool Nos of equipment used as appropriate \/«"’/7/
3 Record video film number and start time . \// )
. 4 Confirm sample is correctly assembled *& . \/
5 Confirm punch is rigidly mounted . //f
6 Confirm sample is cormrectly orientated xRE ,'// -
7 Photograph sample just over punch (optional) \/
8 Raise sample to test height . N /
9 R;cord height between punch and impact point 1-0 ¢ metre
10 Remove all non-essential personnel from compound /
11 Start video ) /
12 Drop sample /
13 Confirm impact point is correct /
14 Record damage to sample with video R /
e 15 Take still photographs (optional) /

* Delete as appropriate

4. Notes:

Xk PALLET AROD EZAME ©MITIED (D REPRESENT WeKsT CASE

Kk CASK ANGLED 8Y HANGING FZeoM THo ADJACENT LIFTING POilNTS.
2UpNCH AUMED To LOWEST coolli NG ELUS TG MAXIMISE BASELOADING .

TEST PLAN NO : PGM Q71 (SSVE 3 (PARA B.2.5)

MOOEL 32S0A : GRS No ZIFSSL/04 TEMP ZEAVINGS AT DR2OP

5. Personnel:

Conducted:

Witnessed:

HELGHT GAUGE = TooL nJo 31 Te Mot = L6

PUNCH (SHORT) : G2ns A0 212 F5/o L j/(z xz;» :

TEMP CECORDER : TOOL MO 2% 2 073 &
L i - [le Nob : =43-0°C

FUM No 23 1 $TART TIME~&TM 50S. e wos |

FLLM MO 2 - STAZT TIME. M 105S. .
LEVEL: ngoc, o T TUIME oF DroP - {206 A

ANGLE ¢ € DROP . 24° 20 M VERTCAL
Posn: PK&E’UGR

P Amersham

The Health Science Group

pb\procl I\pgp55
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Amersham International plc
Packaging Design Group

Test Report No. 1902

Introduction

Package Design No
3750A.

Test
1.2m Free Drop.

Procedure
PGP 15, Issue 5.

Orientation
At 36.4° from the vertical inverted with the centre of gravity over top edge of cage (figs 1-3).

Notes

Package:

(1) A one third scale 3750A package was used to demonstrate its performance (see also ref 6.4).
(2) The package was not repaired in any way after Series 1 (Tests 1898, 1900 & 1901). The
principal damage from these tests was local crushing of the pallet under the cask feet and partial
crushing of the pallet shock absorber. This was considered to be of no significance in an inverted

package orientation test series. This with the agreement of the DoT witnessing engineer.

(3) The pallet screw holes around the lower edge of the cage were drilled out by 1.5 mm to
facilitate assembly. This with the agreement of the DoT witnessing engineer.

(4) Four small lugs were added to the underside of the pallet to facilitate slinging (fig 4). This
with the agreement of the DoT witnessing engineer.

P Amersham

The Health Science Group
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(5) Five thermocouples were added in readiness for the following tests, Tests 1904 & 1905, and

the cables lead out through a small hole cut in the lower right hand corner of the mesh panel on
side No. 2 (fig 2). This with the agreement of the DoT engineer.

Orientation:

(1) Control: The orientation of the package was controlled by a four leg sling adjusted by means
of a turnbuckle on each leg (fig 1).

(2) Measurement: Immediately prior to the test the orientation was checked by placing a spirit
level across the top of the package in the horizontal axis and on a machined angle placed on the
package along the inclined axis.

(3) Verification: The orientation was verified after the test by reference to video recordings.
Two cameras were used, set at 90° to each other, with a minimum shutter speed of 1/1,000sec.

Target:

The target is 1.6m square, 50mm thick plate of structural carbon steel grouted and bolted down
onto a 1.6 x 1.6 x 1.5m block of steel reinforced, high compressive strength concrete (see also
Drg No. A25187, Issue A). The overall mass is in excess of 8,000 kg.

Pass/Fail Criteria

Pallet
The pallet must remain attached to the cage.

Cask
The cask must remain attached to the pallet.

Closure
The cask closure must remain attached to the cask body.

Notes

The criteria above are based on what was readily achievable by a visual inspection. Other
elements of design performance such as shielding efficiency and surface dose rate, rupture or
cracking of the cask structural shells and closure stud yield are all addressed in separate tests
conducted before, during and after the mechanical test programme. The additional tests measure
each parameter and sentence it against quantified criteria (see Ref 6.3).
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Quality Assurance
Materials and equipment
Identification
Item GRN No. Serial | Tool | Calibration | QC
No. No. Due Date No.
One third scale 3750A cask 217554/04 01 - - -
One third scale 3750A pallet 217554/04 01 - - -
One third scale 3750A cage 217554/04 01 - - -
Cask closure studs 217554/04 | 01-08 - - -
Machined angle: 36.4° 215917/02 - - - -
Height gauge: 1.2m - - 32 08/01/97 -
Level: RS Stock No. 651-428 - - 34 08/01/97 -
Notes

(1) The Goods Received Note (GRN) No. identifies the manufacturing and inspection records of
items manufactured specifically for the test.

(2) The Serial No. of an assembly or sub-assembly is the identification assigned to it upon
manufacture.

(3) The Tool No. is the identity of calibrated measuring equipment or tools that are taken from
the Packaging Design Group inventory.

(4) The Calibration Due Date is required for any other measuring equipment used.

(5) The QC No. is the identity of specific measurement records made by the Packaging Design
Group.

Assembly

The third scale 3750A package was assembled in accordance with the manufacturing drawings as
specified in Drawing List DL 25169, Issue C. None of the damage from the previous tests
prevented the package being assembled correctly.

Records

Photographic
See Appendix A.
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Video:
(1) Film No. 23, Start time 48min 56sec.
(2) Film No. 24, Start time 10min 09sec.

Operational:
See Appendix B.

Results

Orientation and impact

The video recordings confirmed the assembly dropped correctly. It landed on the top edge of the
cage which gave way until it was trapped aginst the top edge of the cask, fell onto its side and
then rocked back onto the top edge.

Pass/Fail criteria
The cask closure, cask, pallet and cage all remained securely attached.

General observations

Note: The inspection was limited to an external examination as the package was not permitted to
be disturbed before the last test in Series 2, Test 1905.

Cage: The upper section of the cage was twisted sideways by 100 mm: at the top giving it an
angle of 28° from the vertical (figs 5 & 6). Most of the joints had buckled to accomodate the
movement (figs 7 & 8) but the two joints on each side that were in tension on their inner edge had
split near the weld (figs 9 & 10). The mesh panel nearest the cask was 4 mm away from the top
edge of the cask jacket and 40 mm from the top of the cask shell. The two lifting points
underneath the impact were slightly bruised (fig 9). The top member underneath the impact was
indented by the two of the shock absorbers on the cask closure (fig 11). The lower half of the
cage was undamaged apart from scratches on two of the tie-down points. All twelve pallet
screws were in place and appeared undamaged.

Pallet: The pallet showed no additional damage. It supported the cask centrally and and upright.
All twelve cask feet screws were in place and appeared undamaged.

Cask body: The cask sat centrally within the cage and showed no additional damage. All eight
closure studs and nuts were in place and appeared undamaged. All twelve jacket screws were in
place and appeared undamaged.

Cask closure: The closure was undamaged except for some slight marks on the two shock
absorbers that were hit by the cage top member.
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Conclusions

Pass/Fail
The package passed the test

Other

None.

References

IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 622.
Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 71.7.
3750A Test Plan, PGM 921, Issue 3, paragraph 8.3.2.

The Modelling of Package Design No. 3750A, PGM 939, Issue 1.

Signatures
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Figure 1: Test orientation
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Figure 4: Lug added to pallet for slinng

Figure 5. Distortion in upper section of cage
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Figure 9: Split near cage weld and lifting point showing bruise
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Figure 11. Indentation to cage cross member from closure fins
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Appendix B

Test Checklist

The attached document is the form used to record details of the procedure, equipment and test
specimen employed in performing this test. It is completed at the time of the test and must be
witnessed by personnel from either the Packaging Design Group or Quality Assurance or by the
Transport Container Officer.



PACKAGING DESIGN GROUP

e Drop Test Check List Test No: ..130%Z.........
Date: 22/01/86.
1. Notes:
a) This checklist forms the operations section of PGP 15, Packaging Group Procedure for
Drop Testing. If in doubt ask.
b) A minimum of two personnel must be present to carry out a test - both must wear safety
shoes. .
c) Check hoist cable weight is lowered onto the target plate before entering compound.
d) Safety helmets must be worn by all personnel if anyone uses the gantry walkway.
2. Check List:
Step | Operation Check v
1 Record GRN Nos/Serial Nos/QC Register Nos of sample as appropriate /
2 Record GRN Nos/Tool Nos of equipment used as appropriate . /
— 3 Record video film number and start time /
4 Confirm sample is comrectly assembled +* /
2
5 Confirm sample is correctly orientated /
6 Photograph just above target (optional) \/
7 Raise to correct height. ?{ 1.2m* ><
8 Remove all non-essential personnel from compound /
9 Start video /
10 Release sample . /
)
11 Confirm impact attitude is correct \/
12 Record damage to sample with video ) /
13 Photograph damage (optional) /
— X% PALLET ANDO FRAME FROM SERIES | USED.
* Delete as appropriate oo $MALL WGS WELWDEDPTEO 3ASE SF PHILET FOZ SLLWGLIUG -

4. Notes: TE3T PLAN NoO: P&M 42! ,15SVE 3, PARA €.3.2.
MODEL 3350A: GRN NO. 2155, /04 » STUD NOS. (-8B

TORQVE BREMH = TooL NO 30 PALLET Ne .01 -
HEIGHT GAVGE : Toocr NO 32 CAGE nO. Ol -

FL4C MACHINED ANGLE - GRN NO. Z1SA1'3HT
LEVEL : Toow No. T4

FLLM No : 23 (START TUNE : 4% MINV S6SEC.
FlL™M NO @ 24, START TIME: {O MIN 09 SEC.

5. Personnel:

Conducted: ! (71’3 !20& EZS Posn: 57("(& 4’:1\)& Z.

Witnessed:

P Amersham

b\ 11\ The Health Science Group
pb\procl \pgpl5
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Amersham International plc
Packaging Design Group

Test Report No. 1904

Introduction

Package Design No.
3750A.

Test
9.0m Free Drop (Drop D).

Procedure
PGP 15, Issuc 5.

Orientation
At 25.5° from the vertical inverted, with the centre of gravity over top edge of cask (figs 1 & 2).

Special conditions
The Test Plan (ref 6.3) specifies a test temperature of -40°C.

Notes
Package:
(1) A one third scale 3750A package was used to demonstrate its performance (see also ref 6.4).

(2) The pallet had four small lugs welded to its underside to facilitate slinging. This with the
agreement of the DoT engineer.

(3) The damage to the package from Series 1 (Tests 1898, 1900 & 1901) had not been repaired.
This with the agreement of the DoT witnessing engineer.

P Amersham

The Health Science Group
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(4) The package had been damaged in the 1.2m drop, Test 1902, as required by the Test Plan
(ref 6.3).

(5) The package had five thermocouples added to monitor temperature.
Orientation:

(1) Control: The orientation of the package was controlled by a four leg sling adjusted by
means of a turnbuckle on each leg (fig 1).

(2) Measurement: Immediately prior to the test the orientation was checked by placing a spirit
level across the top of the package in the horizontal axis and on a machined angle placed on the
package along the inclined axis.

(3) Verification: The orientation was verified after the test by reference to video recordings.
Two cameras were used, set at 90° to each other, with a minimum shutter speed of 1/1,000sec.

Temperature:

(1) Measurement: Five type K, twisted pair, individually PTFE insulated, 0.2 mm wire diameter
thermocouples (range -50°C to 200°C) and a five channel temperature recorder (range: -100°C
to 1,100°C) were used to monitor the cask temperature (fig 1). Nos. 1-4 thermocouples were
positioned at the mid-height in the north, south, east and west positions of the four main cask
fins. The tips were epoxied into the bottom of the Vee formed by each fin and its neighbouring
cooling fin. No. 5 thermocouple was fastened inside the cask cavity with adhesive tape, again at
the mid-height, and led out under the closure. A small section of mesh was cut out of the lower
right panel on side No. 2 to allow the cables and connectors to be lead out.

Note: The thermocouples were installed prior to Test 1902 to avoid disturbance of the package
assembly between tests.

(2) Procedure: The package was cooled in an insulated container using dry ice (solid carbon
dioxide) pellets. Before the test the package was at a temperature of approximately -80°C. It
was then removed from the container and allowed to warm naturally until it reached the required
temperature. This ensured that the inside of the cask was cooler than the surface. The drop was
carried out when the highest reading thermocouple approached the test temperature.

Target:

The target is 1.6m square, 50mm thick plate of structural carbon steel grouted and bolted down
onto a 1.6 x 1.6 x 1.5m block of steel reinforced, high compressive strength concrete (see also
Drg No. A25187, Issue A). The overall weight is in excess of 8,000kg.

Pass/Fail Criteria

Closure
The cask closure must remain attached to the cask body.
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Jacket
The jacket must remain attached to the cask.

Notes
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The criteria above are based on what is readily achicvable by a visual inspection. Other
elements of design performance such as shielding efficiency and surface dose rate, rupture or
cracking of the cask structural shells and closure stud yield are all addressed in separate tests
conducted before and after the mechanical tests. The additional tests measure each parameter
and sentencing is performed against quantified criteria (see ref 6.3).

Quality Assurance

Materials and equipment

Identification:
Item GRN No. Serial | Tool | Calibration
No. No. Due Date

One third scale 3750A cask 217554/04 01 - -
One third scale 3750A pallet 217554/04 01 - -
Onc third scalc 3750A cage 217554/04 01 - -
Cask closure studs 217554/04 | 01-08 - -
Thermocouples: RS Stock No. 158-913 098425/02 - - -
Machined angle: 25.5° 215917/02 - - -
Temperature recorder: Kane Int. KM1202 - 1327 27 18/09/96
Level: RS Stock No. 651-428 - - 34 08/01/97
Height gauge: 9.0m - - 35 15/01/97

Notes:

(1) The Goods Received Note (GRN) No. identifies the manufacturing and inspection records

for items manufactured specifically for the test.

(2) The Serial No. of an assembly or sub-assembly is the identification assigned to it upon

manufacture.

(3) The Tool No. is the identity of any calibrated measuring equipment or tools taken from the

Packaging Design Group inventory.

(4) The Calibration Due Date is required for any measuring equipment used.
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Assembly
The third scale 3750A package was assembled prior to Test 1902 in accordance with the
manufacturing drawings as specified in Drawing List DL 25169, Issue C.

Records

Photographic:
See Appendix A.

Video:
(1) Film No. 23, Start time 49min 22sec.
(2) Film No. 24, Start time 13min 20sec.

Operational:

See Appendix B.

Results

Temperature

Immediately prior to package release the thermocouples gave the following readings:

Thermocouple Reading
No. (&)

1 -43.8
2 -44.2
3 -48.0
4 -40.5
5 -55.1

Orientation and impact
The video recordings confirmed the package dropped correctly. It landed on the edge of the cask

closure, bounced to a height of approximately 400 mm and rotated through approximately 140°
to land on its base (fig 3).

Pass/Fait Criteria
The cask closure and jacket remained securely attached to the cask body.

General observations

Note: The inspection was limited to an external examination as it was not permitted to dismantle
the package before the following puncture test, Test 1905, the last test of Series 2, when more
detailed observations could be made.
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Cage: The cage showed relatively little additional damage. The upper half of the cage was
twisted sideways at an angle of approximately 32° from the vertical (fig 4). The top mesh panel
was largely detached. The upper cross member underneath the impact was flattened over a
length of 150 mm and almost severed by two of the closure shock absorbers (figs 5 & 6).
Otherwise the cage was undamaged. All twelve pallet screws were undamaged.

Pallet: The pallet showed no additional damage. It supported the cask centrally and and upright.
All twelve cask feet screws were undamaged.

Cask body: The tips of the two cooling fins under the impact showed minor bruising (fig 5).
The six closure studs and nuts that could be seen were undamaged. The twelve jacket screws
were undamaged.

Cask closure: The two fins under the impact were crushed flat (fig 7). Other than this the
closure appeared free from damage.

Conclusions

Pass/Fail
The package passed the test.

Other

None.

References

[AEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 627(a).
Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 73.(1).
Package Design No. 3750A Test Plan, PGM 921, Issue 3, paragraph 8.2.4.

The Modelling of Package Design No. 3750A, PGM 939, Issue 1.
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Photographs
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Figuré 1. Test orientation
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Figure 2: Test orientation

Figure 3: After impact
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gure 4; After impact
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Figure 5: Upper cage showing cross member damage and minor bruising to tips of cooling fins
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Figure 7: Top of closure showing two crushed shock absorbers
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Appendix B

Test Checklist

The attached document is the form used to record details of the procedure, equipment and test
specimen employed in performing this test. It is completed at the time of the test and must be
witnessed by personnel from either the Packaging Design Group or Quality Assurance or by the
Transport Container Officer.



PACKAGING DESIGN GROUP

Drop Test Check List

1. Notes:
a)
b)

<)
d)

This checklist forms the operations section of PGP 15, Packaging Group Procedure for
Drop Testing. If in doubt ask.

A minimum of two personnel must be present to carry out a test - both must wear safety
shoes.

Check hoist cable weight is lowered onto the target plate before entering compound.
Safety helmets must be worn by all personnel if anyone uses the gantry walkway.

2. Check List:

Step Operation Check v/

1 Record GRN Nos/Serial Nos/QC Register Nos of sample as appropriate /

2 Record GRN Nos/Tool Nos of equipment used as appropriate /

k} Record video film number and start time SRl .

4 Confirm sample is correctly assembled * /

5 Confirm sample is correctly orientated o |
6 Photograph just above target (optional) vl

7 Raise to correct height. % X 9.0m*
8 Remove all non-essential personnel from compound v

9 Start video v

10 Release sample o

i1 Confirm impact attitude is correct .

12 Record damage to sample with video L- 7

13 Photograph damage (optional) L -

*F PACKRGE DAMRGED EROM SEVIES | « TEST 1902
* Delete as appropriate

4. MNotes: TEST PLAN NO: PGM AL, 15SLE 3, PARA 4.3 .3.

MODEL 32SOA = GIN NO. 2UESS 4 /04
25-5¢ MACHINED ANGLE : GRN NO. 21517 /0L
LEVEL + TooL NO 34 .

TEMP. AT DROP
T/enor =438

HEIGHT GcAVGE : Tool NO. 35T ;ﬁg zg; L z; z
FLim NO: 23 START TIME » LY IMIN 2L SEC T/ NO& - ‘{:’o‘g

FILM WO« 24 (STARTTUIME = [ MUIN LOSEC
TEMPERATOE RECORDER - TooL no 277

TENOS g, )
TIME oFf DRrol -~ "30AH

5. Personnel:

Conducted: Posn: VIK&EM[Z -
Witnessed: Posn: ’?vf& / ZW’

P Amersham

The Health Science Group
pb\procl I\pgpl5
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Amersham International plc
Packaging Design Group

Test Report No. 1905

Introduction

Package Design No
3750A.

Test
1.0m Puncture (Drop II).

Procedure
PGP 55, Issue 1.

Orientation

The package was slung at an angle of 25.5° from the vertical placing the centre of gravity over
the point of impact (fig 1).

Location of impact

The impact point was the upper edge of the cooling fins, midway between two lifting points and
avoiding the closure (fig 2).

Special conditions
The Test Plan (ref 6.3) required the package to be tested at -40°C.

Notes
Package:
(1) A one third scale 3750A package was used to demonstrate its performance (see also ref 6.4).

(2) The pallet had four small lugs welded to its underside to facilitate slinging. This with the
agreement of the DoT engineer.

P Amersham

The Health Science Group
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(3) The damage to the package from Series 1 (Tests 1898, 1900 & 1901) had not been repaired.
This with the agreement of the DoT witnessing engineer.

(4) The package had been damaged in the previous 1.2m and 9.0m drop tests (Tests 1902 &
1904) as required by the Test Plan (ref 6.3).

Orientation:

(1) Control: The orientation of the package was controlled by a four leg sling adjusted by means
of a turnbuckle on each leg.

(2) Measurement: Immediately prior to the test the orientation was checked with a spirit level
placed across the package along the horizontal axis and on a machined angle plate along the
inclined axis.

(3) Verification: The orientation was verified after the test by reference to video recordings.
Two cameras were used, set at 90° to each other, with a minimum shutter speed of 1/1,000sec.

Temperature:

(1) Measurement: Five type K, twisted pair, individually PTFE insulated, 0.2 mm wire diameter
thermocouples (range: -50°C to 200°C) and a five channel temperature recorder (range: -100°C
to 1,100°C) were used to monitor the cask temperature (fig 1). Nos. 1-4 thermocouples were
positioned at the mid-height in the north, south, east and west positions of the four main cask
fins. The tips were epoxied into the bottom of the Vee formed by each fin and its neighbouring
cooling fin. No. 5 thermocouple was fastened inside the cask cavity with adhesive tape, again at
the mid-height, and led out under the closure.

(2) Procedure: The package was cooled in an insulated container using dry ice (solid carbon
dioxide) pellets. Before the test the package was at a temperature of approximately -80°C. It
was then removed from the container and allowed to warm naturally until it reached the required
temperature. This ensured that the inside of the cask was cooler than the surface. The drop was
carried out when the highest reading thermocouple approached the test temperature.

Target:

The target was 1.6m square, 50mm thick plate of structural carbon steel grouted and bolted down
onto a 1.6 x 1.6 x 1.5m block of steel reinforced, high compressive strength concrete (see also
Drg No. A25187, Issue A). The overall weight is in excess of 8,000kg.

Punch:

The punch was a third scale, carbon steel bar welded vertically to a plate bolted at each corner to
the target. A 75 mm long bar was used. The bar protruded slightly below the plate to ensure
positive contact with the target plate (see Drg No. A25230, Issue A).
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2 Pass/Fail Criteria
2.1 Closure
The cask closure must remain attached to the cask body.
22 Jacket
The jacket must remain attached to the cask.
23 Notes
The criteria above are based on what is readily achievable by a visual inspection. Other elements
of design performance such as shielding efficiency and surface dose rate, rupture or cracking of
the cask structural shells and closure stud yield are all addressed in separate tests conducted
before and after the mechanical tests. The additional tests measure each parameter and
sentencing is performed against quantified criteria (see ref 6.3).
3 Quality Assurance
3.1 Materials and equipment
3.1.1 Identification:
Item GRN No. Serial | Tool [ Calibration
No. No. Due Date
One third scale 3750A cask 217554/04 01 - -
One third scale 3750A pallet 217554/04 01 - -
One third scale 3750A cage 217554/04 01 - -
Cask closure studs 217554/04 | 01-08 - -
Punch (short) 212750/01 - - -
Thermocouples: RS Stock No. 158-913 098425/02 - - -
Machined angle: 25.5° 215917/02 - - -
Temperature recorder: Kane Int. KM 1202 - 1327 27 18/09/96
Height gauge: 1.0m - - 31 08/01/97
Level: RS Stock No. 651-428 - - 34 08/01/97
3.1.2 Notes:

(1) The Goods Received Note (GRN) No. identifies the manufacturing and inspection records

for items manufactured specifically for the test.
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(2) The Serial No. of an assembly or sub-assembly is the identification assigned to it upon
manufacture.

(3) The Tool No. is the identity of any calibrated measuring equipment or tools taken from the
Packaging Design Group inventory.

(4) The Calibration Due Date is required for any measuring equipment used.

(5) The QC No. is the identify of specific measurements records made by the Packaging Design
Group.

Assembly
The third scale 3750A package was assembled prior to Test 1902 in accordance with the
manufacturing drawings as specified in Drawing List DL 25169, Issue C.

Records

Photographic:
See Appendix A.

Video:
(1) Film No. 23, Start time 50min 20sec.
(2) Film No. 24, Start time 17min 39sec.

Operational:
See Appendix B.
Results

Temperature
Immediately prior to package release the thermocouples gave the following readings:

Thermocouple Reading
No. )
1 -41.0
2 -41.1
3 -43.8
4 -39.5
5 -48.4

Orientation and impact
The video recordings confirmed the package dropped correctly. It landed on the punch, bounced
upwards approximately 25mm and landed just next to it on its side (fig 3).
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Pass/Fail Criteria
The cask closure and jacket remained securely attached.

General observations

Note: A large proportion of the observations relate to damage caused in the previous 9.0m drop
test, Test 1904, when it was not possible to dismantle the package for examination.

Cage: The punch made a circular impression in the mesh (fig 4), otherwise the cage was
undamaged. All twelve pallet screws were undamaged, secure and unscrewed freely.

Pallet: The pallet showed no additional damage. It supported the cask centrally and and upright.
All twelve cask feet screws were undamaged, secure and unscrewed freely.

Cask body: The inner edges of the two fins hit by the punch were bent over away from each
other (figs 5 & 6). The jacket was bent inwards between the two fins. The remainder of the
damage was from the 9.0m drop. The lifting points to each side were bent over at 30° and 40°
respectively from the vertical (figs 7-9) and were bruised on their top edge. On one of the lifting
points a crack had opened on the tensile side of the bend adjacent to the jacket fixing screw

(fig 10). The screw and jacket remained quite secure. The body flange had two, smooth-edged,
semi-elliptical bruises at its outer edge under the crushed closure shock absorbers (fig 11). The
bruises were less than 0.5 mm deep, 10 mm maximum width and extended inwards not more than
5 mm. There was no distortion below, towards the flange-to-shell weld, or inwards, towards the
closure studs. There was no other damage to the cask body. All eight closure studs and nuts
were undamaged, secure and unscrewed freely. All twelve jacket screws, including the one next
to the crack, were undamaged, secure and unscrewed freely.

Cask closure: The closure disengaged freely from the body. The two fins under the 9.0m impact
were crushed flat (fig 12). The two to each side were slightly distorted (figs 13 & 14). Under the
inner edges of the two crushed fins the closure flange had taken a gently rippled profile outside
the edge of the body flange (figs 15 & 16) creating a lip some 5 mm wide, 60 mm long and 1 mm
maximum depth. Other than this the closure was free from damage. There was no evidence of
bruising, scratching or distortion to the leak test plug, the closure flange or the underside.

Punch: The punch carried two indentations from the cooling fins (figs 17 & 18) indicating a
good impact.

Conclusions

Pass/Fail
The package passed the test.

Other
None.
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References

IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 627(b).
Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 73.(2).
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The Modelling of Package Design No. 3750A, PGM 939, Issue 1.
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Appendix A

Photographs

Figure 1. Test orientation
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Figurc 3: After impact
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Figure 8: Lifting point distortion

Figure 9 Lifting point distortion
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Figure 10; Crack in fin near jacket screw

Figure 11: Cask body flange face showing bruising
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bigur 13: Distortion to adjacent shock absorber
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Figure 15: Underside of closure flange showing rippled lip
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Figure 16: Profile of ripple in edge of closure flange

— - v

Figure 17: Punch after impact
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Eigure 18: Punch face
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Appendix B

Test Checklist

The attached document is the form used to record details of the procedure, equipment and test
specimen employed in performing this test. It is completed at the time of the test and must be
witnessed by personnel from either the Packaging Design Group or Quality Assurance or by the
Transport Container Officer. '



PACKAGING DESIGN GROUP

Puncture Test Check List Test No: 1405 ...

~

1. Notes:
a)
b)

<)

Date: 24-/0'/?6

This checklist forms the operations section of PGP 55, Packaging Group Procedure for
Puncture Testing. If in doubt ask.

A minimum of two personnel must be present to carry out a test - both must wear safety
shoes.

Check hoist cable weight is lowered onto the target plate before entering compound.

2. Check List:

Step | Operation Check v
1 Record GRN Nos/Serial Nos/QC Register Nos of sample as appropriate \/
2 Record GRN Nos/Tool Nos of equipment used as appropriate ‘/ P
3 Record video film number and start time \/ d
4 Confirn sample is correctly assembled * R \/
- 5 Confirm punch is rigidly mounted \//
6 Confirm sample is correctly orientated \/"H
7 Photograph sample just over punch (optional) -
8 Raise sample to test height
9 Record height between punch and impact point O metre
10 Remove all non-essential personnel from compound
H Start video

12 Drop sample

13 Confirm impact point is correct

14 Record damage to sample with video

15 Take still photographs (optional)

\\\\\\g\\

+ % PACKAGE OANMAGED FROMSEZIES | ¥ (ESTS JQ0Z « 1RO

£

* Delete as appropriate

TESTPLAN N0 = PaM A2, 1SSVUE 3,PRRA B.3- 4. TEMP.LEARDINGS AT DROE

4. Notes: .
MOUEL 37SOA = GZIS NO. ZIFS54/04 Trerol L T
2S-5 MACHINE O ANGLE : GRN NO. 2157 /o2 TC AOTF : =3+
LevelL - TooL NoO T4 TiC Vo & = -39
HEIGHT GAVGE : TooL No 3 ) TiC MO $x =484
PUNCH SHORT : 420 NO.ZIL750/0) TIMEOF DIZoP = 151l
TEME accmzomz x TOOL NO 23
Fliq No .23, PSTART TUME ;| FLUM NO 24, STRET TUME = TFM 39S,

5. Personnel: 50M ,105

Conducted: ./7‘/“‘/1’“ ,L—A?WZC(‘E’ZT' Posn: .2E4 EAGR.
Witnessed: oMo CCALLNQ’W” ....... Posn: (Cof

P Amersham

The Health Science Group

pb\procl I\pgp55



1.1

1.2

1.3

1.4

1.5

151

Test No. 1906, Issue 1
Page 1 of 12
File Ref C:\Test1906.wpd

Amersham International plc
Packaging Design Group

Test Report No. 1906

Introduction

Package Design No
3750A.

Test
1.2m Free Drop.

Procedure
PGP 15, Issue 5.

Orientation
Flat on side (figs 1-3).

Notes
Package:
(1) A one third scale 3750A package was used to demonstrate its performance (see also ref 6.4).

(2) The cask was not repaired in any way after Series 1 (Tests 1898, 1900 & 1901). After
Series 2 (Tests 1902, 1904 & 1905) the only repair was to straighten the two bent lifting points.
After Series 4 (Tests 1910, 1911 & 1913) the only repair was to replace the closure eyebolt. The
principal damage from these tests was crushing of two of the closure shock absorbers, partial
crushing of the remaining six and punch damage in two places on the top of the cooling fins.
None of this was considered to be significant for the side drop series. This with the agreement
of the DoT witnessing engineer.

P Amersham

The Health Science Group
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(3) The cage was repaired for this test series after the crushing of the upper section in Series 4,
the vertical inverted drops. The vertical cage sections were straightened as much as possible and
the mesh panels made secure with wire ties (fig 2). In addition all the cage to pallet screws were
replaced. This with the agreement of the DoT witnessing engineer.

(4) The pallet was not repaired in any way after Series 4 tests. The only damage from these tests
was slight distortion of the underside at one corner which would not be on the impact face for any
of the side drop series. The four small lugs that had been added to the underside of the pallet to
facilitate slinging in the Series 4 (fig 2) were left in place. This with the agreement of the DoT
witnessing engineer.

(5) Five thermocouples were added in readiness for the following Tests 1907 & 1899 and the
cables lead out through a small hole cut in the lower right hand comner of the mesh panel on side
No. 2 (fig 1). This with the agreement of the DoT witnessing engineer.

Orientation;

(1) Test order: Series 3, the side impact, was carried out after Series 4 as it was likely to damage
the cask feet which would have made subsequent assembly to the pallet very difficult.

(2) Control: The orientation of the packége was controlled by a four leg sling adjusted by means
of a tumbuckle on each leg (fig 1).

(3) Measurement: Immediately prior to the test the orientation was checked by placing a spirit
level across the top of the package in the lateral axis and against the base of the pallet for
longitudinal adjustment.

(4) Verification: The orientation was verified after the test by reference to video recordings.
Two cameras were used, set at 90° to each other, with a minimum shutter speed of 1/1,000sec.

Target:

The target is 1.6m square, 50mm thick plate of structural carbon steel grouted and bolted down
onto a 1.6 x 1.6 x 1.5m block of steel reinforced, high compressive strength concrete (see also
Drg No. A25187, Issue A). The overall mass is in excess of 8,000 kg.

Pass/Fail Criteria

Pallet
The pallet must remain attached to the cage.

Cask
The cask must remain attached to the pallet.

Closure
The cask closure must remain attached to the cask body.
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Notes

The criteria above are based on what was readily achievable by a visual inspection. Other
elements of design performance such as shielding efficiency and surface dose rate, rupture or
cracking of the cask structural shells and closure stud yield are all addressed in separate tests
conducted before, during and after the mechanical test programme. The additional tests measure
each parameter and sentence it against quantified criteria (see Ref 6.3).

Quality Assurance

Materials and equipment

Identification:

Item GRN No. Serial | Tool | Calibration | QC
No. No. Due Date No.

One third scale 3750A cask 217554/04 01 - - -
One third scale 3750A pallet 217554/04 02 - - -
One third scale 3750A cage ' 217554/04 | 02 - - -
Cask closure studs 217554/04 | 01-08 - - -
Torque wrench: Norbar Model SLO - - 30 10/01/97 -
Height gauge: 1.2m - - 32 08/01/97 -
Level: RS Stock No. 651-428 - - 34 08/01/97 -

Notes:

(1) The Goods Received Note (GRN) No. identifies the manufacturing and inspection records of
items manufactured specifically for the test.

(2) The Serial No. of an assembly or sub-assembly is the identification assigned to it upon
manufacture.

(3) The Tool No. is the identity of calibrated measuring equipment or tools that are taken from
the Packaging Design Group inventory.

(4) The Calibration Due Date is required for any other measuring equipment used.

(5) The QC No. is the identity of specific measurement records made by the Packaging Design
Group.
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Assembly

The third scale 3750A package was assembled in accordance with the manufacturing drawings as
specified in Drawing List DL 25169, Issue C. None of the damage from the previous tests
prevented the package being assembled correctly.

Records

Photographic
See Appendix A.

Video:
(1) Film No. 23, Start time 53min 30sec.
(2) Film No. 24, Start time 29min 30sec.

Operational:
See Appendix B.

Results

Orientation and impact
The video recordings confirmed the assembly dropped correctly. It landed square on the side of
the cage, bounced to a height of 25-50 mm and came to rest on its side (figs 4 & 5).

Pass/Fail criteria
The cask closure, cask, pallet and cage all remained securely attached.

General observations

Note: The inspection was limited to an external examination as the package was to not to be
disturbed before the last test in the series, Test 1899, the punch test.

Cage: The upper section of the cage was displaced laterally by 10 mm at the top. The tie-down

lugs under the impact were bent down flat (fig 6-8). Other than this the lower half of the cage
was undamaged. All twelve of the pallet screws were undamaged.

Pallet: The pallet showed no significant damage. It supported the cask centrally and almost
upright. A slight distortion around the cask feet pads gave the cask a slight tilt leading to a
maximum lateral displacement of 5 mm at the top of the jacket. All twelve of the cask feet
screws were undamaged. All twelve of the jacket screws were undamaged.

Cask body: The cask showed no additional damage. All eight of the closure studs and nuts were
undamaged. The combination of cage and pallet distortions brought the cage mesh to within
32 mm (from 49 mm) of the top of the cask jacket (fig 9).

Cask closure: The closure showed no additional damage.
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Conclusions

Pass/Fail
The package passed the test

Other

None.

References

IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 622.
Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 71.7.
3750A Test Plan, PGM 921, Issue 3, paragraph 8.4.2.

The Modelling of Package Design No. 3750A, PGM 939, Issue 1.

Signatures

Author:..QQ.l .................................... Position:.e W ENGL ... Date:.{ 6/92/‘{6
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Appendix A

Photographs

Figure 1. Test orientation
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Figure 8: Cage tie-down lug
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Figure 9: Package elevation
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Appendix B .

Test Checklist

The attached document is the form used to record details of the procedure, equipment and test
specimen employed in performing this test. It is completed at the time of the test and must be
witnessed by personnel from either the Packaging Design Group or Quality Assurance or by the
Transport Container Officer.



PACKAGING DESIGN GROUP

o Drop Test Check List Test No: .1306. .. ...
- Date 31/01/96
1. Notes:
a) This checklist forms the operations section of PGP 15, Packaging Group Procedure for
- Drop Testing. If in doubt ask.
b) A minimum of two personnel must be present to carry out a test - both must wear safety
shoes.
c) Check hoist cable weight is lowered onto the target plate before entering compound.
d) Safety helmets must be worn by all personnel if anyone uses the gantry walkway.
2. Check List:
Step | Operation Check v/
1 Record GRN Nos/Serial Nos/QC Register Nos of sample as appropriate /
2 Record GRN Nos/Tool Nos of equipment used as appropriate \/
3 Record video film number and start time /
‘ 4 Confirm sample is correctly assembled * j
5 Confirm sample is correctly orientated "
6 Photograph just above target (optional) "
7 Raise to cormrect height. . 'M 1.2m* },m('
8 Remove all non-essential personnel from compound "
9 Start video v
10 Release sample (W
11 Confirm impact attitude is correct —
12 Record damage to sample with video v
13 Photograph damage (optional)

X ¥ CASH DAMAZED FILOMTESTS 1Q00,1904,190Z, 1404, 1205, 1410, 1L W 1K 3.
- * Delete as appropriate PALLET DAMAGED FROM TESTS 1210 ,1Qil<1qt5 . ¢

VAMAGED FCOMTESTS (&1L TOP MEM STCAIGHTBNED.
A S ?AQ%FT'?C‘ZE”SS 2E t_%&' —‘fq‘.lq‘g EMBEZSs STCAG
4. MNotes: TEST PLAN No. 7GIM JI50ES3 , PARA S LX.
MODEL IRFSCA - GEM Ne. 217554 /04 . STop NOS 1-F.

LEVEL = TooL No. 34 . Zil&f’;;)o o—l?:‘
TOZBLE WRENCH : TOOL Mo 30. - OL.

HEIGHT GAVKE - T00L NO T2
FILM NO: 23, STACT TIME SIMINIOSEC.
ElLM NO: 28, START T(ME 1A IMINTIOSEC.

5. Personnel:

Conducted:

Witnessed: 1.1/ M. CLINCHF L osn: QI ENHAITIZ

P Amersham

b\ \ 5 The Health Science Group
po\procl Npgpl
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Amersham International plc
Packaging Design Group

Test Report No. 1908

Introduction

Package Design No.
3750A.

Test
9.0m Free Drop (Drop I).

Procedure
PGP 15, Issue 5.

Orientation
Flat on side (figs 1 & 2).

Special conditions
The Test Plan (ref 6.3) specifies a test temperature of -40°C.

Notes

Package:

(1) A one third scale 3750A package was used to demonstrate its performance (see also ref 6.4).

(2) The pallet had four small lugs welded to its underside to facilitate slinging. This with the
agreement of the DoT engineer.

P Amersham

The Health Science Group
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(3) The cask was not repaired in any way after Series 1, Tests 1898, 1900 & 1901. After

Series 2, Tests 1902, 1904 & 1905, the only repair was to straighten the two bent lifting points.
After Series 4 (Tests 1910, 1911 & 1913) the only repair was to replace the closure eyebolt. The
principal damage from these tests was crushing of two of the closure shock absorbers, partial
crushing of the remaining six and punch damage in two places on the top of the cooling fins.
None of this was considered to be significant for the side drop series. This with the agreement
of the DoT witnessing engineer.

(4) The cage was repaired for this test series after the crushing of the upper section in Series 4,
the vertical inverted drops. The vertical cage sections were straightened as much as possible and
the mesh panels made secure with wire ties (fig 1). In addition all the cage to pallet screws were
replaced. This with the agreement of the DoT witnessing engineer.

(5) The pallet was not repaired in any way after Series 4 tests. The only damage from these tests
was slight distortion of the underside at one corner which would not be on the impact face for any
of the side drop series. The four small lugs that had been added to the underside of the pallet to
facilitate slinging in the Series 4 (fig 1) were left in place. This with the agreement of the DoT
witnessing engineer.

(6) The package had been damaged in the 1.2m drop, Test 1906, as required by the Test Plan
(ref 6.3).

(7) The package had five thermocouples added to monitor temperature.
Orientation:

(1) Control: The orientation of the package was controlled by a four leg sling adjusted by means
of a turnbuckle on each leg (fig 2).

(2) Measurement: Immediately prior to the test the orientation was checked by placing a spirit
level across the top of the pallet in the lateral axis and along the top of the cask for the
longitudinal axis.

(3) Verification: The orientation was verified after the test by reference to video recordings.
Two cameras were used, set at 90° to each other, with a minimum shutter speed of 1/1,000sec.
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Temperature:

(1) Measurement: Five type K, twisted pair, individually PTFE insulated, 0.2 mm wire diameter
thermocouples (range -50°C to 200°C) and a five channel temperature recorder (range: -100°C to
1,100°C) were used to monitor the cask temperature (fig 2). Nos. 1-4 thermocouples were
positioned at the mid-height in the north, south, east and west positions of the four main cask
fins. The tips were epoxied into the bottom of the Vee formed by each fin and its neighbouring
cooling fin. No. 5 thermocouple was fastened inside the cask cavity with adhesive tape, again at
the mid-height, and led out under the closure. A small section of mesh was cut out of the lower
right panel on side No. 2 to allow the cables and connectors to be lead out.

Note: The thermocouples were installed prior to Test 1906 to avoid disturbance of the package
assembly during the test series.

(2) Procedure: The package was cooled in an insulated container using dry ice (solid carbon
dioxide) pellets. Before the test the package was at a temperature of approximately -80°C. It
was then removed from the container and allowed to warm naturally until it reached the required
temperature. This ensured that the inside of the cask was cooler than the surface. The drop was
carried out when the highest reading thermocouple approached the test temperature.

Target:

The target is 1.6m square, 50mm thick plate of structural carbon steel grouted and bolted down
onto a 1.6 x 1.6 x 1.5m block of steel reinforced, high compressive strength concrete (see also
Drg No. A25187, Issue A). The overall weight is in excess of 8,000kg.

Pass/Fail Criteria

Closure
The cask closure must remain attached to the cask body.

Jacket
The jacket must remain attached to the cask.

Notes

The criteria above are based on what is readily achievable by a visual inspection. Other elements
of design performance such as shielding efficiency and surface dose rate, rupture or cracking of
the cask structural shells and closure stud yield are all addressed in separate tests conducted
before and after the mechanical tests. The additional tests measure each parameter and
sentencing is performed against quantified criteria (see ref 6.3).
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3 Quality Assurance
31 Materials and equipment
3.1.1 Identification:
Item GRN No. Serial | Tool | Calibration
No. No. Due Date
One third scale 3750A cask 217554/04 01 - -
One third scale 3750A pallet 217554/04 02 - -
One third scale 3750A cage 217554/04 02 - -
Cask closure studs 217554/04 | 01-08 - -
Thermocouples: RS Stock No. 158-913 098425/02 - - -
Temperature recorder: Kane Int. KM 1202 - 1327 27 18/09/96
Level: RS Stock No. 651-428 ‘ - - 34 08/01/97
Height gauge: 9.0m " ; . 35 | 15/01/97
3.1.2 Notes:

(1) The Goods Received Note (GRN) No. identifies the manufacturing and inspection records
for items manufactured specifically for the test.

(2) The Serial No. of an assembly or sub-assembly is the identification assigned to it upon
manufacture.

(3) The Tool No. is the identity of any calibrated measuring equipment or tools taken from the
Packaging Design Group inventory.

(4) The Calibration Due Date is required for any measuring equipment used.

3.2  Assembly
The third scale 3750A package was assembled prior to Test 1906 in accordance with the
manufacturing drawings as specified in Drawing List DL 25169, Issue C. The existing damage
did not prevent it being properly assembled.

34 Records

3.4.1 Photographic:
See Appendix A.
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Video:
(1) Film No. 23, Start time 54min 20sec.
(2) Film No. 24, Start time 33min 10sec.

Operational:

See Appendix B.

Results

Temperature

Immediately prior to package release the thermocouples gave the following readings:

Thermocouple Reading
No. °C)

1 -42.5
2 -44.6
3 -45.7
4 -40.1
5 -44.0

Orientation and impact
The video recordings confirmed the package dropped correctly. It landed flat on the side,

bounced to a height of approximately 200 mm and landed and came to rest on its side
(figs 3 & 4).

Pass/Fail Criteria
The cask closure and jacket remained securely attached to the cask body.

General observations

Note: Inspection was limited to an external examination. It was not permitted to dismantle the
package before the following punch test, Test 1899 the last test of Series 3, when more detailed
observations could be made.

Cage: The cage showed relatively little additional damage. The tie-down lugs under the impact
were a little more bent over. The half height cross member under the impact was slightl;y
flattened in its centre. There was a small degree of general distortion in the lower half of the cage
resulting in yielding around several of the pallet fixing points (figs 5-7). Otherwise the cage was
intact. All twelve of the pallet screws were in place and appeared undamaged.
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Pallet: The pallet was distorted slightly around some of the cage fixings and to a greater degree
around the cask mounting points. The six screws holding the lower two cask feet appeared
undamaged and secure. The upper six screws had failed (fig 8). The cask was secure to the
pallet but was leaning against the cage impact face above the cross member.

Cask body: The cask body showed crushing of the jacket and cooling fins over an area best
described as an inverted triangle extending at its broadest along the top of the jacket almost the
full quadrant between two lifting points and downwards to a point midway between and half way
down the jacket (fig 9). The lifting points were undamaged. The cooling fins were distorted
away from the centreline of the impact. The jacket had a triangular split (fig 10) 20 mm wide at
the top extending 85 mm down from the top edge which appeared to have been initiated by the
indentation caused by the jacket being compressed between the tips of the cooling fins and the
cage mesh. There were several such indentations and the split clearly followed one of them. The
jacket was corrugated and folded to each side. All twelve jacket screws were in place and
appeared undamaged. All eight closure studs and nuts were in place and appeared undamaged.

Cask closure: The closure appeared free from additional damage.

Conclusions

Pass/Fail
The package passed the test.

Other

None.

References

IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 627(a).
Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 73.(1).
Package Design No. 3750A Test Plan, PGM 921, Issue 3, paragraph 8.4.3.

The Modelling of Package Design No. 3750A, PGM 939, Issue 1.

Signatures

Author:. ........... ST . Position:. X0 EATZIZ Date: 3.(6 2&6

Checked:;
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Appendix B

Test Checklist

The attached document is the form used to record details of the procedure, equipment and test
specimen employed in performing this test. It is completed at the time of the test and must be
witnessed by personnel from either the Packaging Design Group or Quality Assurance or by the
Transport Container Officer.



PACKAGING DESIGN GROUP

Drop Test Check List

Test No: lﬁO% .........

Date: 02/02/36.
1. Notes:
a) This checklist forms the operations section of PGP 15, Packaging Group Procedure for
Drop Testing. If in doubt ask.
b) A minimum of two personnel must be present to carry out a test - both must wear safety
shoes.
c) Check hoist cable weight is lowered onto the target plate before entering compound.
d) Safety helmets must be womn by all personnel if anyone uses the gantry walkway.
2. Check List:
Step Operation Check «

Record GRN Nos/Serial Nos/QC Register Nos of sample as appropriate

AN

2 Record GRN Nos/Tool Nos of equipment used as appropriate

3 Record video film number and start time / .
4 Confirm sample is correctly assembled ** /
5 Confinm sample is correctly orientated /

6 Photograph just above target (optional) \/
7 Raise to correct height. % >< 9.0m* 4
8 Remove all non-essential personnel from compound ' ‘

9 Start video v

10 Release sample v

11 Confirm impact attitude is correct Ve

12 Record damage to sample with video l/

I3 Photograph damage (optional) L/

* Delete as appropriate

4. NMotes:

5. Personnel:

Conducted:

ISOA MOPDEL : GRR NO_ Z\R$5L /04
LEVEL = Tool NO 3

HEIGHT GAVGE = TooC NO. 35
TEMPERATORE RECORPEL -TooL 10 2%+
FLLM RO RT3 - START TIME $4& M 20 SEC
UL D024 = STALCT TiME 33 MIN 1O SEC

Witnessed:

pb\proci Npgpis

TEST PLAN : 26M QL1 ,ISSUE 3, PARA 8.4.3

* ¥ PACKAGE PAMAGED FROM TEST 1906.

TEMP. ZEADINGS AT DRoOP (6 C \

TEANO- Lz —L2- S
TC MO 2 .

P Amersham

The Health Science Group
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Amersham International plc
Packaging Design Group

Test Report No. 1909

Introduction

Package Design No
3300A.

Test
1.0m Penetration (refs 6.1 & 6.2).

Procedure
PGP 17, Issue 3.

Orientation
Upright (figs 1,2 & 4).

Location of impact
The impact point was the edge of the top mesh panel, just inside and at the mid point of the
supporting angle section framework (fig 3).

Special conditions
None.

Notes

The penetration bar was a 32 mm diameter stainless steel bar weighing 6.0 kg with a
hemispherical end.

Pass/Fail Criteria

The bar must not make a hole in the mesh greater than 100 mm in diameter (ref 6.3).

P Amersham

The Health Science Group



Test No. 1909, Issue 1

Page 2 of 9
File Ref C:\Test1909.wpd
3 Quality Assurance
3.1 Materials and equipment
3.1.1  Identification:
Item GRN No. Serial | Tool | Calibration
No. No. Due Date
3300A cage: Drg No. A23901, Issue D - 09 - -
Penetration bar - - 28 09/01/98
Height gauge: 1.0m - - 31 08/01/97

3.1.2 Notes:

(1) The Goods Received Note (GRN) No. identifies the manufacturing and inspection records
for items manufactured specifically for the test.

(2) The Serial No. of an assembly or sub-assembly is the identification assigned to it upon
manufacture.

(3) The Tool No. is the identity of any calibrated measuring equipment or tools taken from the
Packaging Design Group inventory.

(4) The Calibration Due Date is required for any measuring equipment used.

32 Assembly
Not applicable as only one component is being tested.

33 Records

3.3.1 Photographic:
See Appendix A.

3.3.2 Video:
Film No. 23, Start time 57min 00sec.

3.33  Operational:
See Appendix B.
4 Results

4.1 Orientation and impact
The video recordings and damage confirmed the penetration bar dropped correctly.
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Pass/Fail Criteria
The bar did not penetrate the mesh.

General observations
The bar made a circular impression in the mesh (figs 5 & 6) approximately 10 mm deep in the

centre. The distortion was entirely plastic. All the wires were intact and attached to each other.
None of the mesh attachment welds were affected or the angle section supporting frame.

Conclusions

Pass/Fail
The package passed the test.

Other
None.

References
TAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 624.
Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 71.71(10).

Package Design No. 3750A Test Plan, PGM 921, Issue 3, paragraph 8.2.2.

Signatures

CheckedM/’A‘*; ................ Position:%..:g%"/;m ...... Date:./.3, #
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Figure 1: Test orientation
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Figure 6: Bar impression
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Appendix B

Test Checklist

The attached document is the form used to record details of the procedure, equipment and test
specimen employed in performing this test. It is completed at the time of the test and must be
witnessed by personnel from either the Packaging Design Group or Quality Assurance or by the
Transport Container Officer.



PACKAGING DESIGN GROUP

Penetration Test Check List Test No:
. Date:
1. Notes:
a)

Penetration Testing. If in doubt ask.

This checklist forms the operations section of PGP 17, Packaging Group Procedure for

b) A minimum of two personnel must be present to carry out a test - both must wear safety
shoes. )
c) Check hoist cable weight is lowered onto the target plate before entering compound.
2. Check List:
Step | Operation " Check 7/
1 Record GRN Nos/Serial Nos/QC Register Nos of sample as appropriate \/
2 Record GRN Nos/Tool Nos of equipment used as appropriate /
3 Record video film number and start time / P
4 Confirm sample is comrectly assembled \/
- 5 Confirm sample is comrectly orientated /
6 Confirm test bar is correctly aligned \/
7 Confirm test bar is correct weight 6 kg* )ks‘\/_
8 Confirm height between guide tube base and impact point is correct p&( 1.0m*
9 Remove all non-essential personnel from cbmpound \/
10 Start video \/
7
11 Drop penetration bar AV
12 Confirm impact point ts correct ’\/ P
13 Record damage to sample with video \/
14 Take still photographs (optional) /

* Delete as appropriate

4. Notes: TEST PLANW PGM™M Q71 ,155VE 3 , PARA B.2-Z APPLLES .

S. Personnel:

Conducted:

Witnessed:

CAGE = 3300/ OF
¢ALLET : 3300/ Ol
PENETZRATION BAR : TooL No -« A&
HEGHT GAVGE  : TooL NOo : D

TAPE NO 23+ START TUME $7 MU OO SEC.

pb\procl N\pgp17

P Amersham

The Health Science Group
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Amersham International plc
Packaging Design Group

Test Report No. 1910

Introduction

Package Design No
3750A.

Test
1.2m Free Drop.

Procedure
PGP 15, Issue 5.

Orientation
Vertical inverted (figs 1-3).

Notes
Package:
(1) A one third scale 3750A package was used to demonstrate its performance (see also ref 6.4).

(2) The cask was not repaired in any way after Series 1, Tests 1898, 1900 & 1901. After
Series 2, Tests 1902, 1904 & 1905, the only repair was to straighten the two bent lifting points.
The principal damage from these tests was crushing of two of the closure shock absorbers thus
reducing the number from eight to six. This was considered to give a harder impact and
therefore additional conservatism to the results. This with the agreement of the DoT witnessing
engineer.

(3) The pallet and cage were replaced for this test series. Although the cage was not required by
the Test Plan it was added to make it more representative. This with the agreement of the DoT
witnessing engineer.

P Amersham

The Health Science Group
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(4) Four small lugs were added to the underside of the pallet to facilitate slinging (fig 2). This
with the agreement of the DoT witnessing engineer.

(5) Five thermocouples were added in readiness for the following Tests 1911 & 1913 and the
cables lead out through a small hole cut in the lower right hand corner of the mesh panel on side
No. 2 (fig 5). This with the agreement of the DoT witnessing engineer.

Orientation:

(1) Test order: The inverted orientation is Series 4. This was brought in front of Series 3, the
side impact, to avoid damaging the cask feet as otherwise this would have made assembly to the
pallet very difficult for Series 4.

(2) Control: The orientation of the package was controlled by a four leg sling adjusted by
means of a turnbuckle on each leg (fig 2).

(3) Measurement: Immediately prior to the test the orientation was checked by placing a spirit
level across the top of the package in both axis.

(4) Verification: The orientation was verified after the test by reference to video recordings.
Two cameras were used, set at 90° to each other, with a minimum shutter speed of 1/1,000sec.

Target:

The target is 1.6m square, 50mm thick plate of structural carbon steel grouted and bolted down
onto a 1.6 x 1.6 x 1.5m block of steel reinforced, high compressive strength concrete (see also
Drg No. A25187, Issue A). The overall mass is in excess of 8,000 kg.

Pass/Fail Criteria

Pallet
The pallet must remain attached to the cage.

Cask
The cask must remain attached to the pallet.

Closure
The cask closure must remain attached to the cask body.

Notes

The criteria above are based on what was readily achievable by a visual inspection. Other
elements of design performance such as shielding efficiency and surface dose rate, rupture or
cracking of the cask structural shells and closure stud yield are all addressed in separate tests
conducted before, during and after the mechanical test programme. The additional tests measure
each parameter and sentence it against quantified criteria (see Ref 6.3).
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3 Quality Assurance
3.1 Materials and equipment

3.1.1 Identification

Item GRN No. Serial | Tool | Calibration | QC

No. No. Due Date No.
One third scale 3750A cask 217554/04 01 - - -
One third scale 3750A pallet 217554/04 02 - - -
Onc third scalc 3750A cage 217554/04 02 - - -
Cask closure studs 217554/04 | 09-16 - - -
Torque wrench: Norbar Model SLO - - 30 10/01/97 -
Height gauge: 1.2m - - 32 08/01/97 -
Level: RS Stock No. 651-428 - - 34 08/01/97 -

3.1.2 Notes

(1) The Goods Received Note (GRN) No. identifies the manufacturing and inspection records of
items manufactured specifically for the test.

(2) The Serial No. of an assembly or sub-assembly is the identification assigned to it upon
manufacture.

(3) The Tool No. is the identity of calibrated measuring equipment or tools that are taken from
the Packaging Design Group inventory.

(4) The Calibration Due Date is required for any other measuring equipment used.

(5) The QC No. is the identity of specific measurement records made by the Packaging Design
Group.

32 Assembly
The third scale 3750A package was assembled in accordance with the manufacturing drawings
as specified in Drawing List DL 25169, Issue C. None of the damage from the previous tests

prevented the package being assembled correctly.
33 Records

3.3.1 Photographic
See Appendix A.
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Video:
(1) Film No. 23, Start time 60min 00sec.
(2) Film No. 24, Start time 20min 07sec.

Operational:
See Appendix B.

Results

Orientation and impact
The video recordings confirmed the assembly dropped correctly. It landed square on the top of
the cage with very little bounce. The cage gave way and the package remained inverted (fig 4).

Pass/Fail criteria
The cask closure, cask, pallet and cage all remained securely attached.

General observations

Note: The inspection was limited to an external examination as the package was not permitted to
be disturbed before the the last test in Series 4, Test 1913.

Cage: The upper section of the cage was compressed downwards to the height of the closure
eyebolt (fig 6). All four uprights had buckled just below the lifting points. The lower half of the
cage was undamaged. All twelve pallet screws were in place and appeared undamaged.

Pallet: The pallet showed no damage. It supported the cask centrally and upright. All twelve
cask fect screws were in place and appeared undamaged.

Cask body: The cask showed no additional damage. All twelve jacket screws were in place and
appeared undamaged. All eight closure studs and nuts were in place and appeared undamaged.

Cask closure: The closure, including the eyebolt, appeared undamaged (fig 7).

Conclusions

Pass/Fail
The package passed the test

Other
None,



6.1

6.2

6.3

6.4

7.1

7.1

Test No. 1910, Issue 1
Page Sof 11
File Ref C:\Test1910.wpd

References

IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 622.
Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 71.7.
3750A Test Plan, PGM 921, Issue 3, paragraph 8.5.2.

The Modelling of Package Design No. 3750A, PGM 939, Issue 1.
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Figure 7. Closure and eyebolt
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Appendix B

Test Checklist

The attached document is the form used to record details of the procedure, equipment and test
specimen employed in performing this test. It is completed at the time of the test and must be
witnessed by personnel from either the Packaging Design Group or Quality Assurance or by the
Transport Container Officer.



PACKAGING DESIGN GROUP

- Drop Test Check List Test No: 110 . .
Date B X VAV L
I. Notes:
a) This checklist forms the operations section of PGP 15, Packaging Group Procedure for
Drop Testing. If in doubt ask. .
b) A minimum of two personnel must be present to carry out a test - both must wear safety
shoes.
c) Check hoist cable weight is lowered onto the target plate before entering compound.
d) Safety helmets must be worn by all personnel if anyone uses the gantry walkway.
2. Check List:
Step | Operation Check v
i Record GRN Nos/Serial Nos/QC Register Nos of sample as appropriate /
2 Record GRN Nos/Tool Nos of equipment used as appropriate ‘v""/
3 Record video film number and start time \/
4 Confirm sample is correctly assembled R \/
5 Confirm sample is cormrectly orientated \/
6 Photograph just above target (optional) /
7 Raise to correct height. Q’( 1.2m* >°<
8 Remove all non-essential personnel from compound r/
9 Start video /
10 Release sample Vel
11 Confirm impact attitude is correct (/
12 Record damage to sample with video (e
13 Photograph damage (optional) "

A X TWO EINS 0N CLOSU ZE ELATIENED FiZoM TEST 830 1404+
* Delete as appropriate Two GENT LUFTING PoilNTS sTZAGRTENED.

ASSEMBLED AS LLLVSTIZATION BUT WITH CAGE - |
FOO2 SMALL LU GS WELDED 70 BASECE PALLET FORZ SLINGING.
4. Motes: TESTPLAN NO PGM AL ISS0E 3 ,PARA €. .$-2Z APPLIES.

MOPEL 3TSOA:GRN No. Z 1S54 /04 « STOD L0S . Q-16&,
LEVEL : Toot Ao. T4 PALLET 0. 02
TOZRUE WZENCH = TOOL NO. 3O CAGE KO- OZ
HEIGHT GAUGE : TooL No. 32

FUMNO: 23, START TUME = 60 MIN 0D SEC

FILUM NO = 24, START TUME = 2.6 MIN 03 SEC .

5. Personnel:

Conducted:

Witnessed: ... e DU RI T SO osn

P Amersham

b\ The Health Science Group
pbi\proc] \pgpl15
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Amersham International plc
Packaging Design Group

Test Report No. 1911

Introduction

Package Design No.
3750A.

Test
9.0m Free Drop (Drop I).

Procedure
PGP 15, Issue 5.

Orientation
Vertical inverted (figs 1 & 2).

Special conditions
The Test Plan (ref 6.3) specifies a test temperature of -40°C.

Notes
Package:
(1) A one third scale 3750A package was used to demonstrate its performance (see also ref 6.4).

(2) The pallet had four small lugs welded to its underside to facilitate slinging. This with the
agreement of the DoT engineer.

P Amersham

The Health Science Group
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(3) The cask was not repaired in any way after Series 1, Tests 1898, 1900 & 1901. After
Series 2, Tests 1902, 1904 & 1905, the only repair was to straighten the two bent lifling points.
The principal damage from these tests was crushing of two of the closure shock absorbers thus
reducing the number from eight to six. This was considered to give a harder impact and
therefore additional conservatism to the results. This with the agreement of the DoT witnessing
engineer.

(4) The pallet and cage were replaced for this test series. Although the cage was not required by
the Test Plan it was added to make it more representative. This with the agreement of the DoT
witnessing engineer.

(5) The package had been damaged in the 1.2m drop, Test 1910, as required by the Test Plan
(ref 6.3).

(6) The package had five thermocouples added to monitor temperature.
Orientation:

(1) Control: The orientation of the package was controlled by a four leg sling adjusted by
means of a tunbuckle on each leg (fig 1):

(2) Measurement: Immediately prior to the test the orientation was checked by placing a spirit
level across the top of the package in both axis.

(3) Verification: The orientation was verified after the test by reference to video recordings.
Two cameras were used, set at 90° to each other, with a minimum shutter speed of 1/1,000sec.

Temperature:

(1) Measurement: Five type K, twisted pair, individually PTFE insulated, 0.2 mm wire diameter
thermocouples (range -50°C to 200°C) and a five channel temperature recorder (range: -100°C
to 1,100°C) were used to monitor the cask temperature (fig 2). Nos. 1-4 thermocouples were
positioned at the mid-height in the north, south, east and west positions of the four main cask
fins. The tips were epoxied into the bottom of the Vee formed by each fin and its neighbouring
cooling fin. No. 5 thermocouple was fastened inside the cask cavity with adhesive tape, again at
the mid-height, and led out under the closure. A small section of mesh was cut out of the lower
right panel on side No. 2 to allow the cables and connectors to be lead out.

Note: The thermocouples were installed prior to Test 1910 to avoid disturbance of the package
assembly during the test series.

(2) Procedure: The package was cooled in an insulated container using dry ice (solid carbon
dioxide) pellets. Before the test the package was at a temperature of approximately -80°C. It
was then removed from the container and allowed to warm naturally until it reached the required
temperature. This ensured that the inside of the cask was cooler than the surface. The drop was
carried out when the highest reading thermocouple approached the test temperature.
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Target:

The target is 1.6m square, S0mm thick plate of structural carbon steel grouted and bolted down
onto a 1.6 x 1.6 x 1.5m block of steel reinforced, high compressive strength concrete (see also
Drg No. A25187, Issue A). The overall weight is in excess of 8,000kg.

Pass/Fail Criteria

Closure
The cask closure must remain attached to the cask body.

Jacket
The jacket must remain attached to the cask.

Notes

The criteria above are based on what is readily achievable by a visual inspection. Other
elements of design performance such as shielding efficiency and surface dose rate, rupture or
cracking of the cask structural shells and closure stud yield are all addressed in separate tests
conducted before and after the mechanical tests. The additional tests measure each parameter
and sentencing is performed against quantified criteria (see ref 6.3).

Quality Assurance

Materials and equipment

Identification:
Item GRN No. Serial | Tool | Calibration
No. No. | DueDate

One third scale 3750A cask 217554/04 01 - -
One third scale 3750A pallet 217554/04 02 - -
Ongc third scalc 3750A cage 217554/04 02 - -
Cask closure studs 217554/04 | 09-16 - -
Thermocouples: RS Stock No. 158-913 098425/02 - - -
Temperature recorder: Kane Int. KM1202 - 1327 27 18/09/96
Level: RS Stock No. 651-428 - - 34 08/01/97
Height gauge: 9.0m - - 35 15/01/97
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Notes:

(1) The Goods Received Note (GRN) No. identifies the manufacturing and inspection records
for items manufactured specifically for the test.

(2) The Serial No. of an assembly or sub-assembly is the identification assigned to it upon
manufacture.

(3) The Tool No. is the identity of any calibrated measuring equipment or tools taken from the
Packaging Design Group inventory.

(4) The Calibration Due Date is required for any measuring equipment used.

Assembly

The third scale 3750A package was assembled prior to Test 1910 in accordance with the
manufacturing drawings as specified in Drawing List DL 25169, Issue C.

Records

Photographic:
See Appendix A.

Video:

(1) Film No. 23, Start time 51min 30sec.
(2) Film No. 24, Start time 23min 00sec.
Operational:

See Appendix B.

Results

Temperature
Immediately prior to package release the thermocouples gave the following readings:

Thermocouple Reading
No. ©C)

1 -44.4

-43.1

-46.5

2
3
4 No reading
5 -53.4
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Orientation and impact

The video recordings confirmed the package dropped correctly. It landed square the top face,
bounced to a height of approximately 400 mm, rotated through approximately 270° to land on its
side and rolled a further 90° to come to rest inverted (fig 3 & 4).

Pass/Fail Criteria
The cask closure and jacket remained securely attached to the cask body.

General observations

Note: Inspection was limited to an external examination. It was not permitted to dismantle the
package before the following puncture test, Test 1913, the last test of Series 4, after which more
detailed observations could be made.

Cage: The cage showed relatively little additional damage. The verticals in the upper half of the
cage were bent over some more (figs 5 & 6). Otherwise the cage was undamaged. All twelve
pallet screws were in place and appeared undamaged.

Pallet: The pallet was distorted 10 mm upwards towards one corner where it had landed after
the first bounce (fig 6). Otherwise the pallet showed no additional damage. It supported the
cask centrally and upright. All twelve cask feet screws were in place and appeared undamaged.

Cask body: The cask body showed no additional damage. All eight closure studs and nuts were
in place and appeared undamaged. All twelve jacket screws were in place and appeared
undamaged.

Cask closure: The central eyebolt was crushed onto its mounting boss (fig 7). The six shock
absorbers remaining after Test 1904 were indented on their top edges with the pattern of the
mesh . Other than this the closure appeared free from damage.

Conclusions

Pass/Fail
The package passed the test.

Other
The closure shock absorbers performed their function and also protected the closure leak test
point from all damage.
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References

IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 627(a).
Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 73.(1).
Package Design No. 3750A Test Plan, PGM 921, Issue 3, paragraph 8.5.3.

The Modelling of Package Design No. 3750A, PGM 939, Issue 1.

Signatures
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Appendix A

Photographs
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Figure 1. Test orientation
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Figure 6: Cage damae and allet distortion
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Figure 7; Closure from above
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Appendix B

Test Checklist

The attached document is the form used to record details of the procedure, equipment and test
specimen employed in performing this test. It is completed at the time of the test and must be
witnessed by personnel from either the Packaging Design Group or Quality Assurance or by the
Transport Container Officer.



PACKAGING DESIGN GROUP

— Drop Test Check List Test No: 1311 .. .
Date: .2’L01/%6
I. Notes:

a) This checklist forms the operations section of PGP 15, Packaging Group Procedure for
Drop Testing. If in doubt ask.

b) A minimum of two personnel must be present to carry out a test - both must wear safety
shoes.

c) Check hoist cable weight is lowered onto the target plate before entering compound.

d) Safety helmets must be worn by all personnel if anyone uses the gantry walkway.

2. Check List:

Step | Operation Check v

1 Record GRN Nos/Serial Nos/QC Register Nos of sample as appropriate ) ‘/
2 Record GRN Nos/Tool Nos of equipment used as appropriate ,‘/
3 Record video film number and start time . /
4 Confinm sample is comectly assembled * Lol ‘/

5 Confim sample is correctly orientated /
6 Photograph just above target (optional) /
7 Raise to correct height >< >< 9.0m*
8 Remove all non-essential personnel from compound /

9 Start video /
10 Release sample /

11 Confirm impact attitude is correct /

12 Record damage to sample with video / L
13 Photograph damage (optional) /

. XN TWO FINTY O cOSVURE FLATTENED E2oMTEST Mo iqod
T * Delete as appropriate TWe BENT LETING PONTS STRARLGHRTENED
ASSEMB EED AS LLUSTRATION BuT LiTH cAGE |

4. Notes: TEST PLAN NO: PGiM Az, 1SSVE 3 (PARA 8.5.3),

MOopEL 3250A : GEN NO. Z1ES5¢ /oa TEMP. ZEADINGS AT DROP:
LeEvEL : TOOL N0 34 TiC oy« = B 0

TC NOZ 2 ~ Y3 |7

HEWGHUT GAVGE = ToOL NO 3§
: T/cno3: - gl 5<

TEMP. RECORDEZ : TOOL NO 2% " —
nNo - —_ NOUT 7 Qflu(r.

FILM N0 : 23 STAZT TUME = §3 MIN 30 SEC _-gz Noél ‘,;,A ‘ q_"fé_

FLLM IO =22 STARTTIME : ZB3 MINOOSEC. L\ o ot ™00 )ﬁ- 17 AM

Witnessed:

P Amersham

b\ S The Health Science Group
pb\proct \pgpl
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Amersham International plc
Packaging Design Group

Test Report No. 1913

Introduction

Package Design No
3750A.

Test
1.0m Puncture (Drop II).

Procedure
PGP 55, Issue 1.

Orientation

The package was slung at an angle o[ 25.5° from the inverted vertical placing the centre of
gravily over the point of impact (figs 1 & 2).

Location of impact

The impact point was the upper edge of the cooling fins, midway between two lifting points and
avoiding the closure (fig 2).

Special conditions
The Test Plan (ref 6.3) required the package Lo be tested at -40°C.

Notes
Package:
(1) A one third scale 3750A package was used to demonstrate its performance (see also ref 6.4).

(2) The pallet had four small lugs welded to its underside to facilitate slinging. This with the
agreement of the DoT engineer.

P Amersham

The Health Science Group
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(3) The cask was not repaired in any way afler Series 1, Tests 1898, 1900 & 1901. After
Series 2, Tests 1902, 1904 & 1905, the only repair was (o straighten the (wo bent lilting points.
This with the agreement of the DoT witnessing engineer.

(4) The pallet and cage were replaced for this test series. Although the cage was nol required by
the Test Plan it was added to make it more representative. This with the agreement of the DoT
wilnessing engineer.

(5) The package had been damaged in the 1.2m and 9.0m drops, Test 1910 & 11, as required by
the Test Plan (ref 6.3).

Orientation:

(1) Angle: The orientation required in the test plan was vertical. Il was decided Lo change this
{0 bring the centre of gravity over the point of impact thereby imparting the maximum
deceleration (o the package and the maximum tensile load to the closure studs. This at the
request of the witnessing DoT engineer.

(2) Control: The orientation of the package was controlled by a four leg sling adjusted by
means of a turnbuckle on each leg.

(3) Measurement: Immediately prior to the test the orientation was checked laterally with a
spirit level placed across the top of the patlet and longitudinally with it placed on a machined
angle plate aligned along the inclined axis on the pallet base.

(4) Verification: The orientation was verified after the test by reference to video recordings.
Two cameras were used, set at 90° to each other, with a minimum shutter speed of 1/1,000sec.

Temperature:

(1) Measurement: Five type K, twisted pair, individually PTFE insulated, 0.2 mm wire diameter
thermocouples (range: -50°C to 200°C) and a five channel temperature recorder (range: - 100°C
to 1,100°C) were used to monitor the cask temperature (fig 2). Nos. 1-4 thermocouples were
positioned at the mid-height in the north, south, east and west positions of the four main cask
fins. The tips were epoxied into the bottom of the Vee formed by each fin and its neighbouring
cooling fin. No. 5 thermocouple was fastened inside the cask cavity with adhesive tape, again at
the mid-height, and led out under the closure.

(2) Procedure: The package was cooled in an insulated container using dry ice (solid carbon
dioxide) pellets. Before the test the package was at a temperature of approximately -80°C. It
was then removed from the container and allowed to warm naturally until it reached the required
temperature. This ensured that the inside of the cask was cooler than the surface. The drop was
carried out when the highest reading thermocouple approached the test temperature.



1.7.4

1.7.5

1.7.6

2.1

22

23

Test No. 1913, Issue 1
Page 3 of 14
File Ref C:\Test1913.wpd

Target:

The target was 1.6m square, S0mm thick plate of structural carbon steel grouted and bolted
down onto a 1.6 x 1.6 x 1.5m block of steel reinforced, high compressive strength concrete (see
also Drg No. A25187, Issue A). The overall weight is in excess of 8,000kg.

Punch:

The punch was a third scale, carbon steel bar welded vertically to a plate bolted at each corner to
the target. A 150 mm long bar was used to ensure a positive impact. The bar protruded slightly
below the plate to ensure positive contact with the target plate (see Drg No. A25239, Issue A).

Secondary impact:

Two plywood sheets were placed next to the punch to avoid unnecessary distortion of the
package tie-down points which would be used for slinging in the next test series. Normally
secondary damage would be considered part of the test but, as the package was to be subjected
to a 9.0 m side drop in Test 1908, the protection was considered acceptable. This with the
agreement of the DoT witnessing engineer.

Pass/Fail Criteria

Closure
The cask closure must remain attached to the cask body.

Jacket
The jacket must remain attached to the cask.

Notes

The criteria above are based on what is readily achievable by a visual inspection. Other
elements of design performance such as shielding efficiency and surface dose rate, rupture or
cracking of the cask structural shells and closure stud yield are all addressed in separate tests
conducted before and after the mechanical tests. The additional tests measure each parameter
and sentencing is performed against quantified criteria (see ref 6.3).
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Quality Assurance
Materials and equipment
Identification:
Item GRN No. Serial | Tool | Calibration
No. No. Due Date
One third scale 3750A cask 217554/04 01 - -
One third scale 3750A pallet 217554/04 02 - -
One third scale 3750A cage 217554/04 02 - -
Cask closure studs 217554/04 | 09-16 - -
Punch (long) 212750/02 - - -
Thermocouples: RS Stock No. 158-913 098425/02 - - -
Temperature recorder: Kane Int. KM1202 - 1327 27 18/09/96
Height gauge: 1.0m ’ - - 31 08/01/97
Level: RS Stock No. 651-428 - - 34 08/01/97
Notes:

(1) The Goods Received Note (GRN) No. identifies the manufacturing and inspection records
for items manufactured specifically for the test.

(2) The Serial No. of an assembly or sub-assembly is the identification assigned to it upon
manufacture.

(3) The Tool No. is the identity of any calibrated measuring equipment or tools taken from the
Packaging Design Group inventory.

(4) The Calibration Due Date is required for any measuring equipment used.

(5) The QC No. is the identify of specific measurements records made by the Packaging Design
Group.

Assembly
The third scale 3750A package was assembled prior to Test 1910 in accordance with the
manufacturing drawings as specified in Drawing List DL 25169, Issue C.
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Records
Photographic:
See Appendix A.
Video:

(1) Film No. 23, Start time 52min 30sec.
(2) Film No. 24, Start time 27min 55sec.

Operational:
Seec Appendix B.
Results
Temperature
Immediately prior to package release the thermocouples gave the following readings:
Thermocouple Reading
No. “C)
1 -44.2
2 -42.9
3 -46.0
4 Not reading
5 -53.2

Orientation and impact
The video recordings confirmed the package dropped correctly. It landed on the punch, bounced
upwards approximately 25mm and landed just next to it on its side (figs 4 & 5).

Pass/Fail Criteria
The cask closure and jacket remained securely attached.

General observations

Note: Some of the observations relate to damage caused in the previous 9.0m drop test, Test
1911, when it was not permitted to dismantle the package for examination.

Cage: The punch made a circular impression in the mesh (figs 6 & 7). The twelve pallet screws
were secure. Four of the screws were bent 5°-10° near the head and unscrewed with some initial
difficulty. The remaining eight were undamaged and unscrewed freely.

Pallet: The pallet showed no additional damage. It supported the cask centrally and upright.
All twelve cask feet screws were secure, undamaged and unscrewed freely.
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Cask body: The inner edges of the two fins hit by the punch were bent over away from each
other (fig 8). There was no other damage to the cask body or jacket. All twelve jacket screws
were secure, undamaged and unscrewed freely. All eight closure studs and nuts were secure,
undamaged and unscrewed freely.

Cask closure: The closure disengaged freely from the body. It showed a small mark where the
punch had just nicked it (fig 8). Otherwise it was completely undamaged by the punch. The
9.0m drop had crushed the central eyebolt down to a height of 12 mm (from 36 mm) onto its
mounting boss (figs 9 & 10). The six shock absorbers undamaged from Test 1904 were
indented on their top edges with the pattern of the mesh and crushed down to a height of 17 mm
(from 20.4 mm). Other than this top of the closure was free from damage.

Punch: The punch carried two indentations from the cooling fins (fig 11) indicating a good
impact.
Conclusions

Pass/Fail
The package passed the test.

Other

None.

References

IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 627(b).
Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 73.(2).
Package Design No. 3750A Test Plan, PGM 921, Issue 3, paragraph 8.5.4.

The Modelling of Package Design No. 3750A, PGM 939, Issue 1.

Signatures
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Appendix A

Photographs

Figure 1: Test orientation
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Figure 3: Test set-up
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After impact

Figure 4

After impact

Figure 5
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Figure 11: Punch face
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Appendix B

Test Checklist

The attached document is the form used to record details of the procedure, equipment and test
specimen employed in performing this test. It is completed at the time of the test and must be
witnessed by personnel from either the Packaging Design Group or Quality Assurance or by the
Transport Container Officer.



PACKAGING DESIGN GROUP

Puncture Test Check List Test No: LA
— Date: 2alei/9é
1. Notes:
a) This checklist forms the operations section of PGP 55, Packaging Group Procedure for
Puncture Testing. If in doubt ask.
b) A minimum of two personnel must be present to carry out a test - both must wear safety
shoes. :
c) Check hoist cable weight is lowered onto the target plate before entering compound.
2. Check List:
Step | Operation Check v
1 Record GRN Nos/Serial Nos/QC Register Nos of sample as appropriate /
2 Record GRN Nos/Tool Nos of equipment used as appropriate .\/
3 Record video film number and start time \/
4 Confirm sample is correctly assembled R~y /
~ o~
5 Confirm punch is rigidly mounted e
6 Confirm sample is correctly orientated j/:/
7 Photograph sample just over punch (optionat) //
8 Raise sample to test height /
9 Record height between punch and impact point 1- OO0 metre
10 Remove all non-essential personnel from compound /
11 Start video /
12 Drop sample /
\
13 Confirm impact point is correct ,\//
14 Record damage to sample with video /
. 15 Take still photographs (optional) /
* K ASSEMBLED AS (I TEST 130 1qiL,
* Delete as appropriate PROP ARGLE ALTERED To 75-4° .
LONG CUNCH SUBSTITUTED Fo& $HORT PONCH
4. Notes: TEST PLAN NO: PGt Q2 , 1550E3 (PARA S . 5.4)
MODPEL 32S0A : GRN NO. 21355404 TEMP ZEADINGS AT DZOP -
EUEL - TOCL NG.3 . Tie K¥o1 = 4 )
LEVEL = T ©. 34 Tl Wp2 =~ 4L - 0L
HEIGHT GALGE - TeCi-Ne . 31 Tlc NoF - -6 OC
PUNCH (LONG) : GiZ2n No. 21235 o/0L TLEC NOLL = DT o i
TEMP.RLECOZVET «» TOOL NO 27 Tl oS = -5 - 2%

FlLM o L3 START TUME + §APUNTIOEC T(ME o PROP + Z-2ATJ o4
5. p FIILM WO 2L STAZT TIME 2 JFMINSS SEC -
. ersonnel.

~ \/7 - P - - - . 7
Conducted: 1/’7(;) (L/jgﬁfsv‘&‘ze ’L"zs Posn: P‘{OC/OC"‘Q,

...... e s bR
e
i

~N
AL : " M)
Witnessed: ... ﬁ ............... CcMe'U?ﬂ/wPosn 7/("”

P Amersham

b\ The Health Science Group
pb\procl 1\pgp55
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Amersham International plc
Packaging Design Group

Test Report No. 1915

Introduction

Package Design No.
3750A.

Test
Stud extension.

Procedure
PGP 21, Issue 2.

Notes
Purpose: The purpose of the extension test is to measure the degree of plastic strain in the
closure studs after each series of tests in a programme of normal and accident conditions

mechanical tests (ref 6.1). It is being used to demonstrate an adequate margin of structural
safety.

Package: A one third scale 3750A package was used to demonstrate its mechanical performance
(see also ref 6.2).

Procedure: The length of each stud was measured before Test Series 1 and again upon
completion.

Pass/Fail Criteria

The length of any stud must not increase by more than 0.25 mm (ref 6.1).

P Amersham

The Health Science Group



31

3.1.1

3.12

32

33

Test No. 1915, Issue 1

Page 2 of 6
File Ref C:\Test1915.wpd
Quality Assurance
Materials and equipment
Identification
Item GRN No. Serial Tool | Calibration | QC Nos.
No. No. Due Date
Cask closure studs 217554/04 01-08 - - 85 & 86
Vernier calipers - 502 6 19/07/96 -
Notes

(1) The Goods Received Note (GRN) No. identifies the manufacturing and inspection records of
items manufactured specifically for the test.

(2) The Serial No. of an assembly or sub-assembly is the identification assigned to it upon
manufacture.

(3) The Tool No. is the identity of calibrated measuring equipment or tools that are taken from
the Packaging Design Group inventory.

(4) The Calibration Due Date is required for any other measuring equipment used.

(5) The QC No. is the identity of specific measurement records made by the Packaging Design
Group.

Assembly

The studs, Drg. No. A25227, Issue B, were manufactured as part of the third scale 3750A
package in accordance with the manufacturing drawings as specified in Drawing List DL 25169,
Issue C. The stud numbers 01 - 16 identify each stud. Nos. 01 -08 were installed in
correspondence with the engraved identity (1-8) of each of the tapped holes in the cask body top
flange.

QC records
See Appendix A.
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Results
Pass/Fail criteria
Stud No. | Original length (mm) | Length after tests (mm) | Extension (mm)
01 24.87 24 .87 0.00
02 24 .85 24.85 0.00
03 24.79 24.78 -0.01
04 24.82 24.82 0.00
05 24.77 24.78 +0.01
06 2481 24.80 -0.01
07 24.84 24 .84 0.00
08 24.89 24.88 -0.01
Conclusions
Pass/Fail
The studs passed the test.
Other

The discrepancies between the two sets of readings are within the vernier manufacturer's quoted
repeatability figures of +/- 0.03 mm. It is reasonable to assume therefore that there is no
evidence of any permanent strain in the studs.

References
3750A Test Plan, PGM 921, Issue 3, paragraphs 8.2.1 & 8.2.6.

The Modelling of Package Design No. 3750A, PGM 939, Issue 1.
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Appendix A

QC Inspection Records

The attached inspection records, Nos. 85 & 86, are the forms used to record certain
measurements required for this test.
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Amersham International plc
Packaging Design Group

Test Report No. 1916

1 Introduction

1.1 Package Design No.

3750A.
1.2 Test

Stud extension.
1.3 Procedure

PGP 21, Issue 2.

1.4 Notes
1.4.1 Purpose: The purpose of the extension test is to measure the degree of plastic strain in the
closure studs after each series of tests in a programme of normal and accident conditions

mechanical tests (ref 6.1). It is being used to demonstrate an adequate margin of structural
safety.

142 Package: A one third scale 3750A package was used to demonstrate its mechanical performance
(see also ref 6.2).

143  Procedure: The length of each stud was measured before Test Series 2 and again upon
completion.

2 Pass/Fail Criteria

The length of any stud must not increase by more than 0.25 mm (ref 6.1).

P Amersham
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Test No. 1916, Issue 1
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Quality Assurance
Materials and equipment
Identification
Item GRN No. Serial Tool | Calibration | QC Nos.
No. No. Due Date
Cask closure studs 217554/04 | 01-08 - - 86 & 87
Vernier calipers - 502 6 19/07/96 -
Notes

(1) The Goods Received Note (GRN) No. identifies the manufacturing and inspection records of
items manufactured specifically for the test.

(2) The Serial No. of an assembly or sub-assembly is the identification assigned to it upon
manufacture.

(3) The Tool No. is the identity of calibrated measuring equipment or tools that are taken from
the Packaging Design Group inventory.

(4) The Calibration Due Date is required for any other measuring equipment used.

(5) The QC No. is the identity of specific measurement records made by the Packaging Design
Group.

Assembly

The studs, Drg. No. A25227, Issue B, were manufactured as part of the third scale 3750A
package in accordance with the manufacturing drawings as specified in Drawing List DL 25169,
Issue C. The stud numbers 01 - 16 identify each stud. Nos. 01 -08 were installed in
correspondence with the engraved identity (1-8) of each of the tapped holes in the cask body top
flange.

QC records
See Appendix A.
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Results
Pass/Fail criteria
Stud No. | Original length (mm) | Length after tests (mm) | Extension (mm)
01 24.87 24.88 +0.01
02 2485 24 .85 0.00
03 24.78 24.79 +0.01
04 24.82 24.83 +0.01
05 24.78 24.79 +0.01
06 24.80 2479 -0.01
07 24.84 24.84 0.00
08 24.88 24.89 +0.01
Conclusions
Pass/Fail
The studs passed the test.
Other

The discrepancies between the two sets of readings are within the vernier manufacturer's quoted
repeatability figures of +/- 0.03 mm. It is reasonable to assume therefore that there is no
evidence of any permanent strain in the studs.

References
3750A Test Plan, PGM 921, Issue 3, paragraphs 8.3.1 & 8.3.5.

The Modelling of Package Design No. 3750A, PGM 939, Issue 1.

Signatures

.................................................
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Appendix A

QC Inspection Records

The attached inspection records, Nos. 86 & 87, are the forms used to record certain
measurements required for this test.
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Amersham International plc
Packaging Design Group

Test Report No. 1917

Introduction

Package Design No.
3750A.

Test
Stud extension.

Procedure
PGP 21, Issue 2.

Notes
Purpose: The purpose of the extension test is to measure the degree of plastic strain in the
closure studs after each series of tests in a programme of normal and accident conditions

mechanical tests (ref 6.1). It is being used to demonstrate an adequate margin of structural
safety.

Package: A one third scale 3750A package was used to demonstrate its mechanical performance
(see also ref 6.2).

Procedure: The length of each stud was measured before Test Series 3 and again upon
completion,

Pass/Fail Criteria

The length of any stud must not increase by more than 0.25 mm (ref 6.1).

P Amersham
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Quality Assurance
Materials and equipment
Identification
Item GRN No. Serial Tool | Calibration | QC Nos.
No. No. Due Date
Cask closure studs 217554/04 | 01-08 - - 87 & 88
Vernier calipers - 502 6 19/07/96 -
Notes

(1) The Goods Received Note (GRN) No. identifies the manufacturing and inspectibn records of
items manufactured specifically for the test.

(2) The Serial No. of an assembly or sub-assembly is the identification assigned to it upon
manufacture.

(3) The Tool No. is the identity of calibrated measuring equipment or tools that are taken from
the Packaging Design Group inventory.

(4) The Calibration Due Date is required for any other measuring equipment used.

(5) The QC No. is the identity of specific measurement records made by the Packaging Design
Group.

Assembly

The studs, Drg. No. A25227, Issue B, were manufactured as part of the third scale 3750A
package in accordance with the manufacturing drawings as specified in Drawing List DL 25169,
Issue C. The stud numbers 01 - 16 identify each stud. Nos. 01 - 08 were installed in

correspondence with the engraved identity (1-8) of each of the tapped holes in the cask body top
flange.

QC records
See Appendix A.
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Results
Pass/Fail criteria
Stud No. | Original length (mm) | Length after tests (mm) | Extension (mm)
01 2488 2488 0.00
02 24 .85 2485 0.00
03 24.79 24.80 +0.01
04 24.83 24.83 0.00
05 24.79 24.80 +0.01
06 24.79 24.79 0.00
07 24.84 24.84 0.00
08 24.89 24 88 -0.01
Conclusions
Pass/Fail
The studs passed the test.
Other

The discrepancies between the two sets of readings are within the vernier manufacturer's quoted
repeatability figures of +/- 0.03 mm. It is reasonable to assume therefore that there is no
evidence of any permanent strain in the studs.

References

3750A Test Plan, PGM 921, Issue 3, paragraphs 8.4.1 & 8.4.5.

The Modelling of Package Design No. 3750A, PGM 939, Issue 1.

Signatures
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Appendix A

QC Inspection Records

The attached inspection records, Nos. 87 & 88, are the forms used to record certain
measurements required for this test.
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Amersham International plc
Packaging Design Group

Test Report No. 1918

1 Introduction

1.1 Package Design No.
3750A. '

1.2 Test
Stud extension.

13 Procedure
PGP 21, Issue 2.

14 Notes

1.4.1  Purpose: The purpose of the extension test is to measure the degree of plastic strain in the
closure studs after each series of tests in a programme of normal and accident conditions
mechanical tests (ref 6.1). It is being used to demonstrate an adequate margin of structural

safety.

142  Package: A one third scale 3750A package was used to demonstrate its mechanical performance
(see also ref 6.2).

1.43  Procedure: The length of each stud was measured before Test Series 4 and again upon
completion.

2 Pass/Fail Criteria

The length of any stud must not increase by more than 0.25 mm (ref 2.1).
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Quality Assurance
Materials and equipment
Identification
Item GRN No. Serial Tool | Calibration | QC Nos.
No. No. Due Date
Cask closure studs 217554/04 | 09-16 - - 85 & 89
Vemier calipers - 502 6 19/07/96 -
Notes

(1) The Goods Received Note (GRN) No. identifies the manufacturing and inspection records of
items manufactured specifically for the test.

(2) The Serial No. of an assembly or sub-assembly is the identification assigned to it upon
manufacture.

(3) The Tool No. is the identity of calibrated measuring equipment or tools that are taken from
the Packaging Design Group inventory.

(4) The Calibration Due Date is required for any other measuring equipment used.

(5) The QC No. is the identity of specific measurement records made by the Packaging Design
Group.

Assembly

The studs, Drg. No. A25227, Issue B, were manufactured as part of the third scale 3750A
package in accordance with the manufacturing drawings as specified in Drawing List DL 25169,
Issue C. The stud numbers 01 - 16 identify each stud. Nos. 09 -16 were installed in
correspondence with the engraved identity (1-8) of each of the tapped holes in the cask body top
flange counting from 09 as 1. ‘

QC records
See Appendix A.
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Results
Pass/Fail criteria
Stud No. | Original length (mm) | Length after tests (mm) | Extension (mm)
09 24.76 24.75 -0.01
10 24.86 24.87 +0.01
11 24,76 24.76 0.00
12 24.76 24.75 -0.01
13 24.86 24 .85 -0.01
14 24.79 2478 -0.01
15 24 .82 24.83 +0.01
16 24.86 2485 -0.01
Conclusions
Pass/Fail
The studs passed the test.
Other

The discrepancies between the two sets of readings are within the vernier manufacturer's quoted
repeatability figures of +/- 0.03 mm. It is reasonable to assume therefore that there is no
evidence of any permanent strain in the studs.

References

3750A Test Plan, PGM 921, Issue 3, paragraphs 8.5.1 & 8.5.5.

The Modelling of Package Design No. 3750A, PGM 939, Issue 1.
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Appendix A

QC Inspection Records

The attached inspection records, Nos. 85 & 89, are the forms used to record certain
measurements required for this test.
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