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Amersham International plc 

Packaging Design Group 

Test Report No. 1901 

1 Introduction 

1.1 Package Design No 
3750A.  

1.2 Test 
1.0m Puncture (Drop II).  

1.3 Procedure 
PGP 55, Issue 1.  

1.4 Orientation 
The cask was slung at an angle of 240 from the vertical, placing the centre of gravity over the 
point of impact (fig 1).  

1.5 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).  

1.6 Special conditions 
The Test Plan (ref 6.3) required the package to be tested at -400C.  

1.7. Notes 

1.7.1 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.Om 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.  
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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.  

1.7.2 Orientation: 

(1) Angle: The orientation required in the test plan was vertical. It was decided to change this to 
240 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 900 to each other, with a minimum shutter speed of 1/1,000sec.  

1.7.3 Temperature: 

(1) Measurement: Five type K, twisted pair, individually PTFE insulated, 0.2 mm wire diameter 
thermocouples (range: -50 0C to 2000C) and a five channel temperature recorder (range: -1 00°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.Om drop test, Test 1900, only two of the 
thermocouples were giving readings (Nos. I & 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 0C. 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 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.  

1.7.5 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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1.7.6 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 a 9.0 m side drop in Test 1908, the protection was considered acceptable. This with the 
agreement of the DoT witnessing engineer.  

2 Pass/Fail Criteria 

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

2.2 Jacket 
The jacket must remain attached to the cask.  

2.3 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 

Cask closure studs 217554/04 1-8 

Punch (short) 212750/01 -

Thermocouples: RS StockNo. 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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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.  

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

3.2 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.  

3.3 Records 

3.3.1 Photographic: 
See Appendix A.  

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

3.3.3 Operational: 
See Appendix B.
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4 Results 

4.1 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

4.2 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).  

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

4.4 General observations 

4.4.1 Cage: Not applicable.  

4.4.2 Pallet: Not applicable.  

4.4.3 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.  

4.4.4 Cask closure: The closure was undamaged.  

4.4.5 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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5 Conclusions 

5.1 Pass/Fail 
The package passed the test.  

5.2 Other 
None.  

6 References 

6.1 IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 627(b).  

6.2 Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 73.(2).  

6.3 Package Design No. 3750A Test Plan, PGM 921, Issue 3, paragraph 8.2.5.  

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

7 Signatures 

7.1 Author- . . . . . . . . . . . . . . . . . . . ... Position:.?L. 6 .... Date: 

7.1 Check .. ............................... Position.. . a'
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Appendix A 

Photographs

Figure 1: Test set-up I
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i~oure 2: Cask base-to-Dunch orientation

Figure 3: After impact

1l /, /i? I
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Figure 4: Cask base showing bruise to shell

I

Figure 5: Cask base showing secondary indentations to cooling fins
I

75, 
41
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Figure 6: Punch race atter 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 GROUP 

Puncture Test Check List 

I. Notes:

a) 

b) 

c)

Test No: .1q! ...........  
Date: .. IV ... L

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 / 

I 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 i 

4 Confirm sample is correctly assembled / 

5 Confirm punch is rigidly mounted 

6 Confirm sample is correctly orientated , 

7 Photograph sample just over punch (optional) 

8 Raise sample to test height 

9 Record height between punch and impact point 1 metre 

10 Remove all non-essential personnel from compound 

I 1 Start video 

12 Drop sample 

13 Confirm impact point is correct __ 

14 Record damage to sample with video 

15 Take still photographs (optional) 
- - -~ -'-~ ~ sAJ-.2V TC _r, A J C1 1

* Delete as appropriate %*It 6A •tc 0o LEP f" t-R. &tNi-G G- 1iZ -i -- o A.Jt, -T Lt?15-4 M&Po!'/rS.  

?O'ic-i Atr,4•.E To LOLZS-COOLIM& k rnS TO " •0At-t, G A puLJAMC.  

4. Notes: TC--5t ILAj, Mo: P4N 5_1 ,(550U_ - (FA-,A S-7-57) 
KDOOEL 3-ISoA CsrZk to 27-t5-5-L/04- tP V-V IJ6 AT " Z.0R 

~~OoL_ t\OCtd-3 1 T/CJO Poo4 

PuIJ-C-H (5ZtozT-o Z: qMO .1 IT 7§45gO -r (r-No7 T -kveH V-EFC-O Z 9FV T-OOL- IUjO "•? 1 T/C No -5 e- -- h•' 

N- 0 -Z-3 - M56-OLSO Z- t M& 4 ; 

t STCZi-C-ctrE,-4 7  5 Tic •JZ/ : -/43-/No_ 
PlLH NuO "74- -- Sf-AIZ T1f-M(6-, 7 M 105. T/c vJo
LZj-vL C-" oc vO -j7 1 rjc- oP: poe 12-06 AM 

5. Personnel: AJLoC- r•prZo)P : 4z - -ZoM V&QfMAlC-L 

Conducted: .... . .. .............................. Posn: 

W itnessed: .............. ... ...... .... ................................. Posn:

rAmersham 
The Health Science Group

pb\procI I\pgp55
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Amersham International plc 

Packaging Design Group 

Test Report No. 1902 

1 Introduction 

1.1 Package Design No 
3750A.  

1.2 Test 
1.2m Free Drop.  

1.3 Procedure 
PGP 15, Issue 5.  

1.4 Orientation 
At 36.40 from the vertical inverted with the centre of gravity over top edge of cage (figs 1-3).  

1.5 Notes 

1.5.1 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.  

SAmersham 
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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 comer of the mesh panel on 
side No. 2 (fig 2). This with the agreement of the DoT engineer.  

1.5.2 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 900 to each other, with a minimum shutter speed of 1/1,000sec.  

1.5.3 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.  

2 Pass/Fail Criteria 

2.1 Pallet 
The pallet must remain attached to the cage.  

2.2 Cask 
The cask must remain attached to the pallet.  

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

2.4 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 01 

One third scale 3750A cage 217554/04 01 

Cask closure studs 217554/04 01-08 -

Machined angle: 36.40 215917/02 -- 

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.  

3.2 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.  

3.3 Records 

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

3.3.3 Operational: 
See Appendix B.  

4 Results 

4.1 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.  

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

4.3 General observations 

4.3.1 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.  

4.3.2 Cage: The upper section of the cage was twisted sideways by 100 mm at the top giving it an 
angle of 280 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.  

4.3.3 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.  

4.3.4 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.  

4.3.5 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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5 Conclusions 

5.1 Pass/Fail 
The package passed the test 

5.2 Other 
None.  

6 References 

6.1 IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 622.  

6.2 Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 71.7.  

6.3 3750A Test Plan, PGM 921, Issue 3, paragraph 8.3.2.  

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

7 Signatures 

7.1 Author: ........ .................. Position: - ...... Date:'0"" '("

7..1.Che..ked:.......... 
........ Position: 

......... ........ Date:..  

7.1 Cheeckeed:,- ................................... P st rA & . bt qw9 ..D el %.. ...c
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Appendix A 

Photographs

Figure 1: Test orientation
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tigure 2: i est orientation

Figure 3: Test set-up
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Figure 4: Lug added to pallet for slinging

Figure 5: Distortion in upper section of cage
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Figure 6: Side view

Figure 7: Buckled joint in cage
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Figure 8: Buckled joint in cage
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I
Fi••ure 10: Split near cage weld

44•

cross member from closure fins

i

I

Figure 11: Indentation to
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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) 

c) 
d)

Test No: .q..9 .........Q 
Date: .ZZ/Q.f...!..

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 / 

I 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 , 

5 Confirm sample is correctly orientated 

6 Photograph just above target (optional) V/ 

7 Raise to correct height. .2m* 

8 Remove all non-essential personnel from compound 

9 Start video 

10 Release sample 

1 I Confirm impact attitude is correct 

12 Record damage to sample with video 

13 Photograph damage (optional) 

44 p F LJLT_ p.N0 PIFRANF F7ZOM s'EiZi ES I U 5ED.  
* Delete as appropriate C2 A;q/.ALL.LWC' i4W E-C(' G 'JSe, ,tV P4LL.t _=- SLtiVC -tjti;C 

4. Notes: T-EST" PLArý to Mo: P -1 5 NS U E -3 t, AiA 1.3.2, 

MoVITýL 3-45OA: &(ZK3 tO. t2'.7S-5S4/O4- • -o A)05.- 

-1 Mo 0 CL 3 a--od, -H -i TOOL_ iO -3 PA0.-LLT A-oOlf 

E-iEiGd-1T CkPAUGE.: TOOL J NO Z C-A&•" AJO. Ol

"36,4b MACHtI Et kU E 69i tL.- r\o)<- 7 tY01
,.V F L - 7ro00- iMo. -3/4 
r7Lr1 IO* : N 3 S i-AlZTT a : - )1N(' MU I 5--_ S 5C.  
F--L7%1 WO• 2& S-rAV-CT1TIr4E. f0 fHItJO t SEC_

5. Personnel: 

Conducted: ........ Posn: . 6..- -)6:e

W itnessed: ..... ............ ............................. .... Posn: ... A.. .  

Sjrmersham 
The Health Science Group

pb\proc I I \pgp 15
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Amersham International plc 

Packaging Design Group 

Test Report No. 1904 

1 Introduction 

1.1 Package Design No.  
3750A.  

1.2 Test 
9.Om Free Drop (Drop I).  

1.3 Procedure 
PGP 15, Issuc 5.  

1.4 Orientation 
At 25.50 from the vertical inverted, with the centre of gravity over top edge of cask (figs I & 2).  

1.5 Special conditions 
The Test Plan (ref 6.3) specifies a test temperature of -400C.  

1.6 Notes 

1.6.1 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.  

FAmersham 
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.  

1.6.2 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.  

1.6.3 Temperature: 

(1) Measurement: Five type K, twisted pair, individually PTFE insulated, 0.2 mm wire diameter 
thermocouples (range -50 0C to 2000C) 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 fm 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 0C. 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.  

1.6.4 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.  

2 Pass/Fail Criteria 

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

2.3 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 

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: 25.50 215917/02 - -

Temperature recorder: Kane Int. KM 1202 - 1327 27 18/09/96 

Level: RS Stock No. 651-428 - 34 08/01/97 

Height gauge: 9.Om - 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.
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3.2 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.  

3.4 Records 

3.4.1 Photographic: 
See Appendix A.  

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

3.4.3 Operational: 
See Appendix B.  

4 Results 

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

Thermocouple Reading 
No. (CC) 

1 -43.8 

2 -44.2 

3 -48.0 

4 -40.5 

5 -55.1 

4.2 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 1400 
to land on its base (fig 3).  

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

4.4 General observations 

4.4.1 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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4.4.2 Cage: The cage showed relatively little additional damage. The upper half of the cage was 
twisted sideways at an angle of approximately 320 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.  

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

4.4.4 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.  

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

5 Conclusions 

5.1 Pass/Fail 
The package passed the test.  

5.2 Other 
None.  

6 References 

6.1 IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 627(a).  

6.2 Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 73.(1).  

6.3 Package Design No. 3750A Test Plan, PGM 921, Issue 3, paragraph 8.2.4.  

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

7 Signatures 

7.1 Author: ...... .......... .. .......................... Position:. .......... Date: . . L .  

7.1 Checked: ................. Position-. c • ate: . -; . '
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Appendix A 

Photographs

Figure 1 Test orientation
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FiHoure 2: Test orientation

Figure 3: After impact I
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Figure 4: After impact

Figure 5: Upper cage showing cross member damage and minor bruising to tips of cooling fins
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Figure 6: Upper cage showing cross member damage

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) 

c) 
d)

Test No: 
Date: .2../O...(6

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 

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 ;5 t-i , 

4 Confirm sample is correctly assembled 

5 Confirm sample is correctly orientated 

6 Photograph just above target (optional) 

7 Raise to correct height. J 9.0m* 

8 Remove all non-essential personnel from compound L

9 Start video 

10 Release sample 

II Confirm impact attitude is correct 

12 Record damage to sample with video L, 

13 Photograph damage (optional) 

4 '4 c ',6PAOA6C 510f 56%tZIE I I+6S lqOZ 
Delete as appropriate 

4. Notes: Tes- 1 ?t-..- MJO., 0M 'Zt , -5SUE-3 , PAI.A '9.3-3
oQ.---- 3LSA : 6r 1  LJ )O r 12. z 1,75S14 

L~ Gj_.,.--_ ".OL s, rO oz• -EI/P.A..T 9¶2£ •oP 

C- AO&E rOL.Jo.1 -JIC tUO:Z ;4. 7rt~3O~ TAQ TI E~4li~~L T/c Ao03 : _•S";
C-'tt M -VU 0 ,5 T, -A Q T -r rE7 1CoVec4

I M WOL. -- -Z 5 TiA T o-t,-r I .-- I-?) MtJ -;LOS C "-CO "ta-- Ii\3o 5 

5. Personn9el : P 0 A 
5. Personnel:

Conducted: ... .... .  

Witnessed: W1 sn; .. ...... .. A ........ ;.. .. ................ .... ............... ...... .: 

SAmersham 
The Healtb Science Group

pb\proc I I \pgp 1 5

I
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Amersham International plc 

Packaging Design Group 

Test Report No. 1905 

1 Introduction 

1.1 Package Design No 
3750A.  

1.2 Test 
1.0m Puncture (Drop II).  

1.3 Procedure 
PGP 55, Issue 1.  

1.4 Orientation 
The package was slung at an angle of 25.50 from the vertical placing the centre of gravity over 
the point of impact (fig 1).  

1.5 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).  

1.6 Special conditions 
The Test Plan (ref 6.3) required the package to be tested at -400C.  

1.7. Notes 

1.7.1 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.  

FAmersham 
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.Om drop tests (Tests 1902 & 
1904) as required by the Test Plan (ref 6.3).  

1.7.2 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 900 to each other, with a minimum shutter speed of 1/1,000sec.  

1.7.3 Temperature: 

(1) Measurement: Five type K, twisted pair, individually PTFE insulated, 0.2 mm wire diameter 
thermocouples (range: -500C to 2000C) and a five channel temperature recorder (range: -100°C 
to 1,1 00°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.  

1.7.4 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.  

1.7.5 Punch: 
The punch was a third scale, carbon steel bar welded vertically to a plate bolted at each comer 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.  

2.2 Jacket 
The jacket must remain attached to the cask.  

2.3 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: 25.50 215917/02 

Temperature recorder: Kane Int. KM1202 - 1327 27 18/09/96 

Height gauge: 1.Om - 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.  

3.2 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.  

3.3 Records 

3.3.1 Photographic: 
See Appendix A.  

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

3.3.3 Operational: 
See Appendix B.  

4 Results 

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

Thermocouple Reading 
No. (°C) 

1 -41.0 

2 -41.1 

3 -43.8 

4 -39.5 

5 -48.4 

4.2 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 (fig 3).



Test No. 1905, Issue 1 
Page 5 of 18 
File Ref C:\Test 1905.wpd 

4.3 Pass/Fail Criteria 

The cask closure and jacket remained securely attached.  

4.4 General observations 

4.4.1 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.  

4.4.2 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.  

4.4.3 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.  

4.4.4 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.Om drop. The lifting points to each side were bent over at 300 and 400 
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.  

4.4.5 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.  

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

5 Conclusions 

5.1 Pass/Fail 
The package passed the test.  

5.2 Other 
None.
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6 References 

6.1 IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 627(b).  

6.2 Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 73.(2).  

6.3 Package Design No. 3750A Test Plan, PGM 921, Issue 3, paragraph 8.3.4.  

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

7 Signatures 

7.1 Author:...t .. ... .. ... ............................. Position:. ... .... ....... Date:..e/ .... .  

7.1 Checked*/*:....... PositionC Dae:
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Appendix A 

Photographs

Figure 1: Test orientation
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Figure 4: Cage showing punch indentation

Figure 5: Cooling fin and jacket damage from punch
I
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Figure 6: Cooling fin and jacket damage trom punch

Figure 7: Cask and closure showing plane of 9.0m drop impact I
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Figure 8: Lifting point distortion

lhgure 9 Lilting point distortion
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Figure 10: Crack in fin near jacket screw

1-1gure 11: tuask woay Ilange tace snowing rmismg
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Figure 12: Crushed closure shock absorbers

Figure 13: uistortion to adjacent shock absorber
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Figure 14: Distortion to adjacent shock absorber

Figure 15: Underside ot closure tlange showing rippled lip
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Figure 16: Profile of ripple in edge of closure flange

"I

Figure 17: Punch after impact ]
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Figure 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 GROUP1 

Puncture Test Check List 

I. Notes:

a) 

b) 

c) 

2. Check List:

Test No: IaP. .......  
Date: .I.,...L..

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.

Step Operation Check / 

I 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 '1 • 

5 Confirm punch is rigidly mounted 

6 Confirm sample is correctly orientated 

7 Photograph sample just over punch (optional) .7 

8 Raise sample to test height 

9 Record height between punch and impact point 0 0 metre 

10 Remove all non-essential personnel from compound 

I I Start video 

12 Drop sample 

13 Confirm impact point is correct 

14 Record damage to sample with video 

15 Take still photographs (optional) 

4*1* -pjACr, C& vANA&CEQ CF0M 5E(Zi I ýk Tes -, 5 jqo 01 VK0 Z4
* Delete as appropriate 

4. Notes: "5-(T PtL41J\ k5O: '&-'-RZ 1t ts55s 6 -;, MtfZA ••.3.-4. "t'iC P.t i?_ IJ&S Ar 7P Q0F 

ot4OEL .75"OA Cige j_ c ZItu-4-(Z T/cf'JOt • -- l.O 

Z!,'-5'" ACJ4A1rdO ArJG E Tz C•ia AJO. - 1 -ýko, rc '3 -43-.  
LEFUCtL TOOL AJO ?4 Tric ')Jo 4 -ý~ 

-CE OHT -t AUCxLtZO tZ ." co pi0 L 5 

5. Personnel: .: 5,CM -to 

Conducted: . . .. c--tZ Posn: ... c .k qCiZ 

Witnessed: ... ....... ... . ....... Posn:

SAmersham 
The Healtb Science Group
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Amersham International plc 

Packaging Design Group 

Test Report No. 1906 

1 Introduction 

1.1 Package Design No 
3750A.  

1.2 Test 
1.2m Free Drop.  

1.3 Procedure 
PGP 15, Issue 5.  

1.4 Orientation 
Flat on side (figs 1-3).  

1.5 Notes 

1.5.1 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 I (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.  

!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 comer 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 comer of the mesh panel on side 
No. 2 (fig 1). This with the agreement of the DoT witnessing engineer.  

1.5.2 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 package was controlled by a four leg sling adjusted by means 
of a turnbuckle 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 900 to each other, with a minimum shutter speed of 1/l,000sec.  

1.5.3 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.  

2 Pass/Fail Criteria 

2.1 Pallet 
The pallet must remain attached to the cage.  

2.2 Cask 
The cask must remain attached to the pallet.  

2.3 Closure 
The cask closure must remain attached to the cask body.
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2.4 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).  

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 

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 

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.
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3.2 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.  

3.3 Records 

3.3.1 Photographic 
See Appendix A.  

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

3.3.3 Operational: 
See Appendix B.  

4 Results 

4.1 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).  

4.2 Pass/Fail criteria 

The cask closure, cask, pallet and cage all remained securely attached.  

4.3 General observations 

4.3.1 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.  

4.3.2 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.  

4.3.3 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.  

4.3.4 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).

4.3.5 Cask closure: The closure showed no additional damage.
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5 Conclusions 

5.1 Pass/Fail 
The package passed the test 

5.2 Other 
None.  

6 References 

6.1 IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 622.  

6.2 Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 71.7.  

6.3 3750A Test Plan, PGM 921, Issue 3, paragraph 8.4.2.  

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

7 Signatures 

7.1 Author:.. ... ................. Position: .......... Date:..L?./.  

7.1.Checked. . .. .... Positio, . ..  7.1 .. ... .. :.....................................sti i & Z.... X..... .D t :
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Appendix A 

Photographs

I Figure 1: Test orientation
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Figure 4: After impact

Figure 5: After impact
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Figure 8: Cage tie-down lug

Figure 9: Package elevation
I
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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 

I. Notes:

a) 

b) 

c) 
d)

Test No: J 26. ........0 
Date: .. iA/. ..6.A

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:

* Delete as a 

4. Notes: 

SD.

1 * CASI( OA5.-A.-CX6L t--tW&OM LqL00r '4 .OO2 qO, i qo-z C04- I05, Iqoq (, Iq U <,1q(i3.  
ppropriate eALLe..T OA-tA.E-P E9 _-EST t . .1 

CAGE~ VAMýA6V eeOWFFITS 6t 51 AlekfTENJE 

MOO -t-L CA: -- 0A &Z NO. O--,l'Z-t--4 5.4-O/0-4. -iFv ' JO,.t1-e.  
L1Fui z7L : -Fm' tUO_ "3 .. IALLZ-rA-3o. O-L.  

~ CAGxe- UO. Oct.  
"-Iog W z w. -.) 'C•.o T OOL I- AJ O -30 .  

HI- I Cr tH -14a V Ai :- To0& #4 3t ..  

1ýb•t Ik0 LTf.UOz 2, 5 TAIZT -re NE 7"-q /tWfO30S"EC-

Conducted: .... .......... 91A00 t6 S ..... Posn: N..• ..  

Witnessed: ~on.

rAmersham 
The Health Science Group

pb\proc I I \pgp 5

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 

3 Record video film number and start time 

4 Confirm sample is correctly assembled 

5 Confirm sample is correctly orientated 

6 Photograph just above target (optional) 

7 Raise to correct height. 1.2m j 

8 Remove all non-essential personnel from compound 

9 Start video 

10 Release sample 

II Confirm impact attitude is correct 

12 Record damage to sample with video 

13 Photograph damage (optional)

. ýLa
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Amersham International plc 

Packaging Design Group 

Test Report No. 1908 

1 Introduction 

1.1 Package Design No.  
3750A.  

1.2 Test 
9.Om Free Drop (Drop I).  

1.3 Procedure 
PGP 15, Issue 5.  

1.4 Orientation 
Flat on side (figs 1 & 2).  

1.5 Special conditions 
The Test Plan (ref 6.3) specifies a test temperature of-400C.  

1.6 Notes 

1.6.1 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.  

FAmersham 
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 comer 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.  

1.6.2 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 900 to each other, with a minimum shutter speed of 1/1,000sec.
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1.6.3 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 fm 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.  

1.6.4 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.  

2 Pass/Fail Criteria 

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

2.2 Jacket 
The jacket must remain attached to the cask.  

2.3 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 

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 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.Om 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.  

3.4 Records 

3.4.1 Photographic: 
See Appendix A.



Test No. 1908, Issue 1 
Page 5 of 14 
File Ref C:\Testl908.wpd 

3.4.2 Video: 
(1) Film No. 23, Start time 54min 20sec.  
(2) Film No. 24, Start time 33min 1Osec.  

3.4.3 Operational: 
See Appendix B.  

4 Results 

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

Thermocouple Reading 
No. (OC) 

1 -42.5 

2 -44.6 

3 -45.7 

4 -40.1 

5 -44.0 

4.2 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).  

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

4.4 General observations 

4.4.1 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.  

4.4.2 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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4.4.3 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.  

4.4.4 Cask body: The cask body showed crushing of thejacket 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.  

4.4.5 Cask closure: The closure appeared free from additional damage.  

5 Conclusions 

5.1 Pass/Fail 
The package passed the test.  

5.2 Other 
None.  

6 References 

6.1 IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 627(a).  

6.2 Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 73.(1).  

6.3 Package Design No. 3750A Test Plan, PGM 921, Issue 3, paragraph 8.4.3.  

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

7 Signatures 

7.1 Author: ... ..... . ............ Position:........... ......... Date:../(..... .  

7.1 Checked: ..... '•......... .... L. ... 'r•......... Position "...N.9.QV..• ..•.ate:.J.....•
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Appendix A 

Photographs
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I Figure 2: Test orientation
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Figure 6: Cage showing yielding around pallet fixings

Figure 7: Cage showing yielding around pallet fixings
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Figure 8: Failed cask teet screws 
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Figure 10: Crush damage to upper cask



Test No. 1908, Issue 1 
Page 13 of 14 
File Ref C:\Test 1908.wpd 

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 GROUI" 

Drop Test Check List 

I. Notes:

a) 

b) 

c) 
d)

Test No: .........  
Date: .0.•....•. .

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:

-* - VAciA&F PAV-M6&e rF.WH -r"EST tqo Delete as appropriate 

4. Notes: FETS-r P.,A N -P Z I , 1 5 U6-"3, PA9A 1.4 .41 
3-570A-t M9OEL a 6(Zl3 MO- -Zt1ý--5-5y4,o4
L uv 0-- : -ZooL- rto3.0 -4 

E- I&14-T T&AUGE ?: "OLc- J/O. 73 .5 
" ~ CcO l t_- :OOL. A)O Z¥ 

FIL" IX-o3 - S(T TttIM-(E *41"2t O W0-56

"-T1 re. 0EAvl V O\ AT 1 ac 
a''re .- z iu - -t t " . •
-,lc. r,.b_ -Z Z-4•* 
-ri(c sCkX :- I4 
"T-(C "O 5- /4 0 
• -rltp or pV-O 't -Z , a 0

5. Personnel: 
.. ........... 

..  Conducted: .. . ... . . Posn: ......... . ..  

Witnessed: ~Ae.~A••......... posn. .

pb\proc I I \pgp 15

Step Operation Check V 

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

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 4' 

5 Confirm sample is correctly orientated 

6 Photograph just above target (optional) 

7 Raise to correct height. 0 9.0m 

8 Remove all non-essential personnel from compound 

9 Start video 

10 Release sample 

I I Confirm impact attitude is correct 

12 Record damage to sample with video V/ 

13 Photograph damage (optional) LZ

rAmersham 
The Heallb Science Group
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Amersham International plc 

Packaging Design Group 

Test Report No. 1909 

1 Introduction 

1.1 Package Design No 
3300A.  

1.2 Test 
1.Om Penetration (refs 6.1 & 6.2).  

1.3 Procedure 
PGP 17, Issue 3.  

1.4 Orientation 
Upright (figs 1, 2 & 4).  

1.5 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).  

1.6 Special conditions 
None.  

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

2 Pass/Fail Criteria 

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

SAmersham 
The Health Science Group
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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: I.Om 1 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.  

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

3.3 Records 

3.3.1 Photographic: 
See Appendix A.  

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

3.3.3 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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4.2 Pass/Fail Criteria 
The bar did not penetrate the mesh.  

4.3 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.  

5 Conclusions 

5.1 Pass/Fail 
The package passed the test.  

5.2 Other 
None.  

6 References 

6.1 IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 624.  

6.2 Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 71.71(10).  

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

7 Signatures 

7.1 Author:...• .......... •........Postion ........ Date: ......W 

7.1 Checked:. .44. .... .......... Position: .Date:. .
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Appendix A 

Photographs

Figure 1: Test orientation
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Figure 2: Test orientation
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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: p.O.• 3/j•

1. Notes: 
a) 

b) 

c) 

2. Check List:

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

* Delete as appropriate 

4. Notes: -1VT 1PLA3.)O 17&1-f q , t SOCe-3 /1 9-j,.-A 2 q•1 puelGs.  
C-AaiG: = -3-300109 

e~u-Tý 3-300/ o9 

e64ET A&F 10V GAV5G z 1001- "0j3 
RA-P1 )o1- rxzUXE -- Tool_ r1o 131 

5. Personnel:

Conducted: .... (o.. Posn: .. . . .  

Witnessed: ... ..6 .. .............. Posn:.  
/1fe

pb\procI l\pgpl 7

Step Operation 

I 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 

5 Confirm sample is correctly orientated 

6 Confirm test bar is correctly aligned 

7 Confirm test bar is correct weight 

8 Confirm height between guide tube base and impact point is correct 

9 Remove all non-essential personnel from compound 

10 Start video 

II Drop penetration bar 

12 Confirm impact point is correct 

13 Record damage to sample with video 

14 Take still photographs (optional)

SAmersham 
The Health Science Group
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Amersham International plc 

Packaging Design Group 

Test Report No. 1910 

1 Introduction 

1.1 Package Design No 
3750A.  

1.2 Test 
1.2m Free Drop.  

1.3 Procedure 
PGP 15, Issue 5.  

1.4 Orientation 
Vertical inverted (figs 1-3).  

1.5 Notes 

1.5.1 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.  

SAmersham 
The Healtb 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.  

1.5.2 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 900 to each other, with a minimum shutter speed of 1/l,000sec.  

1.5.3 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.  

2 Pass/Fail Criteria 

2.1 Pallet 
The pallet must remain attached to the cage.  

2.2 Cask 
The cask must remain attached to the pallet.  

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

2.4 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 cagc 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. 65 1-428 - 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.  

3.2 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.  

3.3 Records 

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

3.3.3 Operational: 
See Appendix B.  

4 Results 

4.1 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).  

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

4.3 General observations 

4.3.1 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.  

4.3.2 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.  

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

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

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

5 Conclusions 

5.1 Pass/Fail 
The package passed the test 

5.2 Other 
None.
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Appendix A 

Photographs
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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) 

c) 
d)

Test No: ..!..q.  

Date:

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 / 

I 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 

5 Confirm sample is correctly orientated 

6 Photograph just above target (optional) 

7 Raise to correct height.LF -~j2-' J~ 

8 Remove all non-essential personnel from compound 

9 Start video 

10 Release sample 

I I Confirm impact attitude is correct 

12 Record damage to sample with video 

13 Photograph damage (optional) 
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5. Personnel: 
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Amersham International pie 

Packaging Design Group 

Test Report No. 1911 

1 Introduction 

1.1 Package Design No.  
3750A.  

1.2 Test 
9.Om Free Drop (Drop 1).  

1.3 Procedure 
PGP 15, Issue 5.  

1.4 Orientation 
Vertical inverted (figs 1 & 2).  

1.5 Special conditions 
The Test Plan (ref 6.3) specifies a test temperature of -400C.  

1.6 Notes 

1.6.1 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.  

FAImersham 
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.  
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.  

1.6.2 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 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.  

1.6.3 Temperature: 

(1) Measurement: Five type K, twisted pair, individually PTFE insulated, 0.2 mm wire diameter 
thermocouples (range -50 0C to 2000C) 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 -800C. 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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1.6.4 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.  

2 Pass/Fail Criteria 

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

2.2 Jacket 
The jacket must remain attached to the cask.  

2.3 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 02 

One third scale 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.Om - 35 15/01/97
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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 1910 in accordance with the 
manufacturing drawings as specified in Drawing List DL 25169, Issue C.  

3.4 Records 

3.4.1 Photographic: 
See Appendix A.  

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

3.4.3 Operational: 
See Appendix B.  

4 Results 

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

Thermocouple Reading 
No. (OC) 

1 -44.4 

2 -43.1 

3 -46.5 

4 No reading 

5 -53.4
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4.2 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 2700 to land on its 

side and rolled a further 900 to come to rest inverted (fig 3 & 4).  

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

4.4 General observations 

4.4.1 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.  

4.4.2 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.  

4.4.3 Pallet: The pallet was distorted 10 mm upwards towards one comer 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.  

4.4.4 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.  

4.4.5 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.  

5 Conclusions 

5.1 Pass/Fail 
The package passed the test.  

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

Photographs

Figuire 1: Test orientation
FiPlire 1: Test orientation
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lPigure 2: lest orientation
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Figure 3: After impact
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Figure 5: Cage showing compression damage
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Figure 6: Cage damage and pallet distortion
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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.



IPACKAGING DESIGN GROUP 

Drop Test Check List 

1. Notes:

Test No: ..!.!q ..........  
Date: .q/....

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:

* Delete as a 

4. Notes:
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5. Personnel: 

Conducted: .. ............ osn

W itnessed: . . . ............... .,- . . Posn: ......... .....

pb\proc I I \pgp 15

Step Operation Check / 

I 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 • * 

5 Confirm sample is correctly orientated 

6 Photograph just above target (optional) 

7 Raise to correct height- 91-I0im i 
8 Remove all non-essential personnel from compound 

9 Start video 

10 Release sample 

I I Confirm impact attitude is correct 

12 Record damage to sample with video 

13 Photograph damage (optional)

rAmersham 
The Health Science Group
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Amersham International pie 

Packaging Design Group 

Test Report No. 1913 

1 Introduction 

1.1 Package Design No 
3750A.  

1.2 Test 
1.Om Puncture (Drop II).  

1.3 Procedure 
PGP 55, Issue 1.  

1.4 Orientation 
The package was slung at an angle of 25.50 from the inverted vertical placing the centre of 

gravity over the point of impact (figs 1 & 2).  

1.5 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).  

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

1.7. Notes 

1.7.1 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.  

F4Imersham 
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.  
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 and 9.Om drops, Test 1910 & 11, as required by 

the Test Plan (ref 6.3).  

1.7.2 Orientation: 

(1) Angle: The orientation required in the test plan was vertical. It was decided to change this 
to bring the centre of gravity over the point of impact thereby imparting the maximum 
deceleration to 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 pallet 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 900 to each other, with a minimum shutter speed of 1/1,000sec.  

1.7.3 Temperature: 

(1) Measurement: Five type K, twisted pair, individually PTFE insulated, 0.2 mm wire diameter 
thermocouples (range: -500C to 2000C) and a five channel temperature recorder (range: -1000C 

to 1,100°2C) 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 fm 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.
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1.7.4 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.  

1.7.5 Punch: 
The punch was a third scale, carbon steel bar welded vertically to a plate bolted at each comer 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).  

1.7.6 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 w•ith the 
agreement of the DoT witnessing engineer.  

2 Pass/Fail Criteria 

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

2.2 Jacket 
The jacket must remain attached to the cask.  

2.3 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 

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 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. KM 1202 - 1327 27 18/09/96 

Height gauge: 1. Om 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.  

(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.  

3.2 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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3.3 Records 

3.3.1 Photographic: 
See Appendix A.  

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

3.3.3 Operational: 
See Appendix B.  

4 Results 

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

Thermocouple Reading 
No. (0C) 

1 -44.2 

2 -42.9 

3 -46.0 

4 Not reading 

5 -53.2 

4.2 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).  

4.3 Pass/Fail Criteria 

The cask closure and jacket remained securely attached.  

4.4 General observations 

4.4.1 Note: Some of the observations relate to damage caused in the previous 9.Om drop test, Test 

1911, when it was not permitted to dismantle the package for examination.  

4.4.2 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 50-100 near the head and unscrewed with some initial 

difficulty. The remaining eight were undamaged and unscrewed freely.  

4.4.3 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.



Test No. 1913, Issue 1 
Page 6 of 14 
File Ref C:\Testl9l3.wpd 

4A4.4 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.  

4.4.5 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.Om drop had crushed the central eyebolt down to a height of 12 mm (from 36 umm) 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.  

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

5 Conclusions 

5.1 Pass/Fail 
The package passed the test.  

5.2 Other 
None.  

6 References 

6.1 IAEA, Safety Series No. 6, 1985 Edition (as amended 1990), paragraph 627(b).  

6.2 Code of Federal Regulation, 10 CFR 71, 01-01-94 Edition, paragraph 73.(2).  

6.3 Package Design No. 3750A Test Plan, PGM 921, Issue 3, paragraph 8.5.4.  

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

7 Signatures 

7.1 Author:. .. ............. Position:..!N ... 4..- .J.-.- . . ........ Date:...! -/ 9 6 

7.1 Checked ................
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Appendix A 

Photographs

I Figure 1: Test orientation
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Figure 4: After impact

[ Figure 5: After impact
I Fip-ure 5: After imi)act
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Figure 8: Cooling fm distortion

Figure 9: Closure top face
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Figure 10: Eyebolt crushed
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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 

1. Notes:

a) 

b) 

c)

Test No: .... .........  
Date: .. I.0...4

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 / 

I 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 

5 Confirm punch is rigidly mounted z 

6 Confirm sample is correctly orientated 

7 Photograph sample just over punch (optional) 7 
8 Raise sample to test height 

9 Record height between punch and impact point •) metre 

10 Remove all non-essential personnel from compound 

I I Start video 

12 Drop sample 

13 Confirm impact point is correct 

14 Record damage to sample with video 

15 Take still photographs (optional) .t 

#* 4 ACrLA••g.. ,5 tf" T AJO 1 c I.  
Delete as appropriate PVfZol ArUCc"L ALT.AZ61 -(0 75"--40 

Loli r PL)I)CH -UvIaT17TV'TEP Fog S0-1O1ZT P0rCH 

4. Notes: " T•51 I.LAAJ 1300 eG+-•- q1 , I 5suiE f- (AKA • • . 6-.4-) 

I4OL'L 06z - A: -L37,J & ,Ot JO1-6-./- 7"4C-rPZrA17VlN6-5AT V 1t-:P 
U1 t.-0 : -FCO. , Z M0,3-34. 4- v /Jo r :4, - 2-_c 

T/C iot :- (-2_ - t*" 1-1CI a q- H Cc-A U "& C F ....- NO. 1 ,/ "Il(W0• -J C/, • Ic'
P U 3-H L 7 O-L) &1 IU AjO. 371 -ZTe'O_ :-4 5-- ,-&-X-c 

-- eNP. 69-6iZ1i : TooL r)O "2?- T(1C 100: -. $3 - 2__'ZL 
4cl. I O1C0 2-73 -"Af-7 r-te I M -iý swtJO 50 5Ec- tME or- V go P -Z71-5PFm 
F1 Li Am 2O 4, 5T- A- T t 7-1 : r 916-t N v5Ee_.  

5. Personnel: 

Conducted: ... ... . .. , - , . Pos, .. t...  
W.t. -................. ........... ... ... n .  

Winssd ......... .::ckg•... ..- A •q.'...• Posn 7:.  
W itnessed: ....... ........_ ....... ... .................... ...... : ... .......... ...

'rAmersham 
The Hlealth Science Group

pb\proc I I \pgp55



Test No. 1915, Issue 1 
Page 1 of 6 
File Ref C:\Test 1915.wpd 

Amersham International plc 

Packaging Design Group 

Test Report No. 1915 

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.  

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

1.4.3 Procedure: The length of each stud was measured before Test Series 1 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).  

SAmersham 
The Health Science Group
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3 Quality Assurance 

3.1 Materials and equipment 

3.1.1 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 

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.  

3.2 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.  

3.3 QC records 
See Appendix A.
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4 Results

4.1 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 24.81 24.80 -0.01 

07 24.84 24.84 0.00 

08 24.89 24.88 -0.01 

5 Conclusions 

5.1 Pass/Fail 
The studs passed the test.  

5.2 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.  

6 References 

6.1 3750A Test Plan, PGM 921, Issue 3, paragraphs 8.2.1 & 8.2.6.  

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

7 Signatures 

7.1 Author: ... 2& 1OZ 1Ziin:A• ..Date: 
7.1 h :- . .............. Position: ........ ..........  
7.1 Checked: .. ........... .................... PositionP.. . ..... Dae . ..... ...
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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.  

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

1.4.3 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).  

FAmersham 
The Health Science Group
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3 Quality Assurance 

3.1 Materials and equipment 

3.1.1 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 

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.  

3.2 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.  

3.3 QC records 
See Appendix A.
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4 Results

Pass/Fail criteria 

Stud No. Original length (mm) Length after tests (mm) Extension (mm) 

01 24.87 24.88 +0.01 

02 24.85 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 24.79 -0.01 

07 24.84 24.84 0.00 

08 24.88 24.89 +0.01

5 Conclusions 

5.1 Pass/Fail 
The studs passed the test.  

5.2 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.  

6 References 

6.1 3750A Test Plan, PGM 921, Issue 3, paragraphs 8.3.1 & 8.3.5.  

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

7 Signatures 

7.1 Author: ..... . . ..... ............ Position:...• .•. ... . Date:.....19-. . ( 

7.1 Author:. .......................... . . .Position. .. Date:.. ...

4.1
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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 

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.  

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

1.4.3 Procedure: The length of each stud was measured before Test Series 3 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).  

SAmersham 
The Health Science Group
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3 Quality Assurance 

3.1 Materials and equipment 

3.1.1 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 

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.  

3.2 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.  

3.3 QC records 
See Appendix A.
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4 Results

4.1 Pass/Fail criteria 

Stud No. Original length (mm) Length after tests (nun) Extension (mm) 

01 24.88 24.88 0.00 

02 24.85 24.85 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

5 Conclusions 

5.1 Pass/Fail 
The studs passed the test.  

5.2 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.  

6 References 

6.1 3750A Test Plan, PGM 921, Issue 3, paragraphs 8.4.1 & 8.4.5.  

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

7 Signatures 

7.1 Author: .... ........... Position:.k -.... 6. • ........... Date:. ... ..  

7.1 Checked ................ Position6 WH ...i G-4. .. Date:.. .!. .
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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.  

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.  

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

1.4.3 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).  

!Amersham 
The Health Science Group
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3 Quality Assurance 

3.1 Materials and equipment 

3.1.1 Identification 

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

Cask closure studs 217554/04 09- 16 - 85 & 89 

Vernier calipers _ 502 6 19/07/96 

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.  

3.2 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.  

3.3 QC records 
See Appendix A.
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4 Results

4.1 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 24.78 -0.01 

15 24.82 24.83 +0.01 

16 24.86 24.85 -0.01 

5 Conclusions 

5.1 Pass/Fail 
The studs passed the test.  

5.2 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.  

6 References 

6.1 3750A Test Plan, PGM 921, Issue 3, paragraphs 8.5.1 & 8.5.5.  

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

7 Signatures 

7.1 Author: ..•..-.. Position" ........ Date:.....  

7.1 Checked/..............................................Position:
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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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