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1. PURPOSE 

This report describes the Type B test results for the Model 702 transport package. These tests 
were performed in accordance with Test Plan 81 and were conducted April 9 through 15, 1999.  
The Test Plan specified testing necessary to demonstrate compliance with the requirements in 10 
CFR Part 71 and IAEA Safety Series No. 6 (1985 as amended 1990) for "Normal Conditions of 
Transport" and "Hypothetical Accident Conditions." Evaluation of the compliance of the Model 
702 with these requirements is provided in the Safety Analysis Report (SAR).  

2. SCOPE OF TESTING 

Test Plan 81 identified three orientations that could potentially cause the most significant 
damage to the Model 702 transport pa;ckage in the 9 meter (30 foot) drop tests. Therefore, the 
test plan required three test specimens. However, since the Model 702 is not portable, only one 
unit was preconditioned (i.e., subjected to Normal Conditions of Transport Tests) prior to the 
Hypothetical Accident Condition tests. Also, only one shipping cask was used (in three different 
cage/skid assemblies) for all tests because the number of 702 units is limited. The shipping cask 
was taken from the field population, and therefore represents a worse case than using a new 702 
shipping cask. The tests conducted are described below.  

•I..  

1. Normal Conditions of Transport Tests per 10 CFR 71.71, including the following for 
specimen TP8 1(A): 

a) Compression test, with the test specimen under a load greater than or equal to five 
times the Model 702 maximum weight for at least 24 hours.  

b) Penetration test, in which a 13.4 lb (6.08 kg) penetration bar is dropped from at least 
1 meter (40 inches) onto the test specimen in the most vulnerable location.  

c) 1.2 meter (4 foot) drop test, in which the test specimen is dropped in an orientation 
expected to cause maximum damage.  

Water spray preconditioning of the test specimens prior to testing was not required in the 
test plan and is evaluated separately.  

2. Hypothetical Accident Condition Tests per 10 CFR 71.73, including the following for each 
of the test specimens: 

a) 9 meter (30 foot) drop test, in which the test specimen is dropped in an orientation 
expected to cause maximum damage.  

b) Puncture test, in which the test specimen is dropped from at least 1 meter (40 inches) 
onto a 6 inch (152.4 mm) diameter vertical bar in an orientation expected to compound 
damage from the 9 meter (30 foot) drop test.
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c) , Thermal test, in accordance with 10 CFR71.73(c)(4), in which the test specimen is 
exposed for 30 minutes to an environment which provides a time-averaged 
environmental temperature of at least 800'C (1472 0 F), and an emissivity coefficient of 
at least 0.9. For the Model 702, the test plan specified that the decision to perform 
thermal testing would be based on an assessment of damage sustained by the specimen 
following the drop and puncture tests. This requirement was based on the evaluation 
of the construction of the unit, and on the potential failure modes, which are discussed 
in the following section.  

The crush test specified in 10 CFR 71.73(c)(2) was not required because the radioactive contents 
are qualified as Special-Form radioactive material.  

The water immersion test specified in 10 CFR 71.73(c)(6) and other tests specified in 10 CFR 71 
are evaluated separately.  

For all tests, sufficient margin Was included in test parameters to account for measurement 
uncertainty. These test parameters included test specimen weight, temperature, and drop height.  

3. FAILURE MODES 

For the Model 702 transport package, the key function important to safety is the positive 
retention of the radioactive source in its stored position within the depleted uranium shield.  
Removal of the cask cover or damage to the cask or DU shield could cause radiation from the 
package to increase above regulatory limits. Mechanisms, which could cause these modes of 
failure, include: 

"* Failure of the Cask Cover Bolts - During the free drop or puncture tests, failure of the 
cask cover bolts could result in the source becoming partially or completely exposed.  

"* Failure of the Cask or Cover Assembly Shell - Failure (e.g., puncture) of the cask 
cover assembly or failure of the inner liner to outer shell weld could expose the 
depleted uranium (DU) shield, which could oxidize during thermal testing.  

"* Separation of the Cask from the Skid - If the cask to skid bolts or the tie down 
assembly fail during the 9 meter (30 foot) drop test, the cask may strike the impact 
surface. In addition, the specimen could then be further damaged in the puncture bar 
test when the cask impacts on the puncture bar.  

"* Crushing or Buckling of the Protective Cage - If there is significant deformation of the 
protective cage during the 1.2 meter (4 foot) drop, the distance from the source to the 
specimen external surface would be decreased. If there is significant deformation of 
the protective cage during the 9 meter (30 foot) drop, the cask may strike the impact 
surface.
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The drop orientations for the normal and hypothetical accident tests were selected to challenge 
the components that are intended to prevent these failures. For the 1.2 meter (4 foot) drop test, 
the test orientation considered most likely to cause crushing or buckling of the protective cage 
was top, long edge down. (See Section 6 for a figure of the 1.2 meter (4 foot) drop orientation).  

Three orientations were considered most likely to cause damage during the 9 meter (30 foot) 
drop tests. These orientations include the following: 

" Horizontal, Short-Side Down - The skid is stiffer in this orientation than in the long
side down, so the maximum moment is applied to the hold down feet and the cask 
bolts. The impact may also cause buckling and/or brittle failure of the carbon steel 
protective cage structure. Detachment of the cask from the skid is possible due to 
thread failure of the tapped holes in the skid and brittle failure of the hold down 
assembly "feet" which are welded to the skid.  

" Top, Long Edge Down - The impact may cause significant deformation of the carbon 
steel protective cage. Detachment of the cask from the skid is possible due to thread 
failure of the tapped holes in the skid and brittle failure of the hold down assembly 
"feet" which are welded to the skid.  

" Vertical, Top Down - An impact in this orientation will apply the maximum tensile 
load to the cask cover bolts and inner liner weld. The •impact may also cause buckling 
and/or brittle failure of the carbon steel protective cag&- structure. Detachment of the 
cask from the skid is possible due to thread failure of the tapped holes in the skid and 
brittle failure of the hold down assembly "feet" which are welded to the skid.  

Because of the potential for brittle failure of carbon steel components, all test units were packed 
in dry ice and cooled to less than -40'C (-40*F) (the minimum temperature required by IAEA 
Safety Series 6) for the penetration, 1.2 meter (4 foot) drop, 9 meter (30 foot) drop, and puncture 
tests.  

The thermal test was only expected to have a significant effect on those units for which the cask 
or cover assembly shell failed and exposed the DU shield. The test plan required thermal tests of 
the test specimens only if they sustained damage that could lead to DU oxidation during the 
thermal test.  

4. TEST UNIT DESCRIPTION 

The Model 702 test specimens, identified below, were originally constructed in accordance with 
drawing C70290 and were prepared for testing in accordance with drawing R-TP81, Revision B.  
The manufacturing route cards for the units document the compliance of these units with the 
AEA Technology QSA QA program (see Appendix B).
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Serial Number 

Specimen Cask Cage/Skid Total Weight 

TP81(A) 24 24 406 lb 
(184 kg) 

TP81 (B) 24 26 402 lb 
(182 kg) 

TP81(C) 24 23 403 lb 
(183 kg) 

Cask Serial No. 24 was used with the cask/skid assemblies identified above for each test 
specimen. The only change from production units was a replacement of the tungsten "nest" that 
holds sources within the source cavity, with a solid tungsten plug. The weight of the plug 
bounds the weight of a loaded tungsten nest.  

5. SUMMARY AND CONCLUSIONS 
Since only one shipping cask was used for all tests, radiation pr9files were only taken on the 

TP81(A) specimen. The test specimen met the requirements for10CFR71 Type B(U) Transport 
Testing, as shown in the following table of Radiation Profile results.  

Specimen Specimen At Surface, At One Meter, At Surface, At One Meter, At One Meter, 
Surface Before Test Before Test After After 4 ft After 

4 ft Drop Drop Test Puncture 
Test Test (Note 1) 

Reg. Limits 200 mR/hr 10 mR/hr 200 mR/hr 10 mR/hr 1000 mR/hr 
TP81(A) Top 20 0.5 17 0.6 1.0 

Right 37 1.0 35 0.8 1.1 
S/N 24 Front 30 0.5 27 0.9 1.1 

Left 44 1.1 35 0.8 1.1 
Rear 27 0.9 22 0.8 0.8 

Bottom 3 < 0.4 (Note 2) 1.8 < 0.1 0.8 (Note 3) 

Notes: 

1. Radiation profile at the surface is not required for the Hypothetical Accident Condition test (see 10 CFR 
71.51 (a)(2)). The shipping cask had been removed from cage/skid prior to final puncture test and was 
profiled without the cage/skid assembly.

2. Background level is 0.3 mR/hr.  

3. Activity measured at surface of shipping cask.
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Results of each test are summarized in the table below, in the sequence in which the tests were 
completed. Detailed results are provided in the following sections of this report, test data sheets 
are in Appendix C, and photographs are included in Appendix D.

Specimen Test Performed Test Results 
TP8 1(A) Compression test No damage 

1 meter (40 inch) penetration bar on Cage perforated plate dented in and 
top, center of cage partially broken. No other damage.  
1.2 meter (4 foot) drop, top, long * Hold down ring, 300 section, and 1 
edge down bracket broken 

* Cage frame displaced about 14 inch 
* Perforated plate buckled on sides 
0 Skid cracked 
* Cask and cage still secured to skid 

Post-Drop Inspection 0 * Cask cover secure 
I I * , No change in radiation profile 

TP81(C) 9 meter (30 foot) drop, horizontal, 0 Brittle fracture of both legs of skid 
short-side down' * !All 4 cask-to-skid bolts sheared off 

0 All 4 lov*er brackets fractured, so 
cask was free within the cage 

* 1 of 6 cask co'~er bolts failed (bolt 
head pried off due to local buckling 
of cask cover) 

* Cask cover locally buckled near 
broken cover bolt 

* Perforated plate tom along 
impacted edge 

1 meter (40 inch) puncture, 0 Broke off one leg of skid 
horizontal, short-side down 0 Puncture bar tore through 
(puncture bar positioned directly perforated plate 
under tear in perforated plate) 0 Bottom tube of cage frame broken 

0 Slight bend on one cask fin 
Post-Drop Inspection 0 Cask cover still secured by 

remaining 5 bolts 
TP8 1(B) 9 meter (30 foot) drop, top, long 0 3.75 inch to 4 inch deflection of 

edge down cage frame 
* Perforated plate detached on both 

sides of cage 
0 Some buckling of skid 
0 2 of 4 hold down ring brackets 

(next to impact edge) failed 
* 2 cage frame welds on top edge 

failed 
* Tube steel dented by impact from 2 

hold down ring brackets 
* 2 of 4 hold down base brackets 

(opposite impact edge) broke

5

Test Plan 81 Report



AEA Technology QSA, Inc.

Spqcimen Test Performed Test Results 
TP8 1(B) 1 meter (40 inch) puncture test not n/a 
(con't) performed for this cage/skid because 

potential damage to cask was 
bounded by puncture tests using 
cask with cage/skid assemblies 
TP81(C) and TP81(A) 
Post-Drop Inspection 0 Cask remained secured to skid via 

4 cask-to-skid bolts 
* Cask cover remained secured 

TP8 1(A) 9 meter (30 foot) drop, vertical, top * Brittle fracture of skid 
down 0 Cask and square plate welded to 

skid tore away from rest of skid 
* 3 hold down ring brackets failed 

(4th had broken in 1.2 meter (4 
foot) drop test) 

o Cask struck impact surface, which 
dented head of 1 cask cover bolt 

o Cask finfends dented 
1 meter (40 inch) puncture, cask Bolt was further dented, but remained 
attached to portion of skid, dropped secure.  
upside down, 100 to 150 off vertical 
onto dented cask cover bolt 
Post-Drop Inspection 0 Cask remained secured (after 3rd 

30 foot drop and 2 puncture tests) 
* Small change in radiation profile 

The skid, cage, and hold down assemblies of each test specimen were damaged. The only 
significant damage to the cask, however, was the loss of 1 of the 6 cask cover bolts during the 
9 meter (30 foot) drop test of specimen TP8 1(C). Further testing (e.g., 2 additional 9 meter drop 
tests and 2 puncture tests with the same cask) added no significant damage to the cask or cask 
cover bolts. There were no openings in the cask cover or in the cask shell, so thermal testing was 
not required.  

6. TP81 NORMAL TESTS 

Compression Test 

Test specimen TP8 I(A) was loaded as shown in the figure below. Lead weights were placed on 
a steel plate, which was positioned on top of the test specimen.  

The vertical projected area of the unit is 19 inch (483 mm) x 21 inch (533 mm) or 399 square 
inches (2574 square centimeters), yielding a total load of 798 lb (362 kg) for an applied pressure 
of 2 psi. Since the maximum weight of the Model 702 transport package is 410 lb (186 kg), a 
load of 5 times the weight, or 2050 lb (930 kg), is more conservative. The total compressive 
load actually used was 2138 lb (970 kg). The test setup is shown below.
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Compression Test Setup for Specimen TP8 1(A) 
I;' 

After a period of 24 hours, the weights were removed. No visible deformation or buckling 
occurred and no other damage was observed for any of the test specimens.  

Penetration Test 

Test specimen TP8 1(A) was subjected to the penetration test. Temperature readings taken just 
before the test are summarized below.  

Specimen Ambient Cask Skid Cage 

TP81 (A) 7°C -720C -77°C -63 0C 
(45°F) (-98 0F) (-1070F) (-81-F) 

The penetration bar target was the top center of the protective cage in an attempt to penetrate the 
perforated plate and impact the cask cover. For this test, the specimen was positioned right side 
up, as shown below.
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IWACT PCINT AT 
CENTER O CAM

-TEST LEN

COCFFTEE MLOORt 

Penetration Test Orientation for Specimen TP8 I(A) 

The penetration bar was dropped from a height of at least 1 meter (40 inches) above the impact 
point. The bar hit as intended on the specimen, and dented and partially broke the perforated 
plate at the point of impact.  

1.2 Meter (4 Foot) Dron Test

Test specimen TP80(A) was then subjected to the 1.2 meter (4 foot) drop test.  
readings taken just before the test are summarized below.

[ Specimen

TP81(A)
Ambient 

70C 
(45°F)

'Cask

-71 0C 
(-96 0F)

Skid 

-71 0C 
(-96 0F)

Temperature

Cage 

-540C 
(_65 0 F'•

The drop orientation for the unit is shown below.
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UFT 
CABLE

IMPACT 
SURFACE

; (4 FEET)

DROP 
SURFACE

1.2 Meter (4 Foot) Drop Orientation for Specimen TP8 I(A) 

The test specimen impacted as intended. The hold down ring fractured and a 30 degree section 
of the ring (along with one of the top brackets) broke off. The perforated plate buckled on the 
sides and the cage was displaced about 1/2 inch towards the shipping cask. There was some 
tearing of the perforated plate. The cask and cage remained secured to the skid.  

Post-Test Inspection and Assessment 

Results of the first intermediate inspection and assessment are summarized below. The radiation 
profile of the specimen was measured, and data sheets are provided in Appendices B and C.  

Specimen Damage Radiation Profile 

TP81(A) * Protective cage and perforated 9 No change 
plate slightly damaged 

"* One tie down bracket and 30* 
section of the hold down ring 
broken 

"* Skid cracked 
"• Cask and cage remain attached 

to skid.  
I Cask cover secure
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7. TP81 ACCIDENT DROP TESTS- TP81(C) 

Due to the damage sustained during the Normal Conditions of Transport tests, Specimen 
TP8 I(C) was dropped in the orientation defined in Test Plan 81 for TP8I (A) (horizontal, short
side down).  

Specimen TP8 I(C) was subjected to both a 9 meter (30 foot) drop test and a puncture test in 
accordance with Test Plan 81. The results are described below.  

9 Meter (30 Foot) Drop Test 

Just before the drop test, thermocouple readings for Specimen TP8 I(C) were as follows:

The orientation for Specimen TP8 1(C) was horizontal, short-side down as shown below. The 
intention was to apply the maximum moment to the hold down feet and the cask-to-skid bolts, 
thereby breaking the cask free from the skid.

IMPACT SURFACE

DROP 
SURFACE

9 Meter (30 Foot) Drop Orientation for Specimen TP8 1(C)
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The specimen impacted as intended. Both legs of the skid fractured. All four cask to skid bolts 
sheared off and all four lower brackets of the hold down assembly fractured, which freed the 
cask and allowed the hold down ring to strike the impact surface. The hold down ring 
transferred the side impact load into the top edge of the cask cover, which locally buckled and 
pried off one of the 6 cask cover bolts.  

Puncture Test 

For the puncture test, TP8 I(C) was dropped in the cage horizontal, short-side down as in the 
9 meter (30 foot) drop with the puncture bar directly under the tear in the perforated plate, where 
the hold down ring had struck the impact surface. The puncture billet was intended to strike the 
cask cover through the side of the perforated plate.  

Puncture Drop Orientation for Specimen TP8 1(C) 

TEST SPECIMEN 

IMPACT SURFACE 
I METER (40 INCHES) 

PUNCTURE BILLET 

DROP SURFACE 

The unit impacted on its side and the puncture billet impacted at the tear in the perforated plate 
as intended. The impact caused further degradation of the skid and cage. One of the skid legs 
broke off, the puncture bar tore through the perforated plate at the point of impact, and the 
bottom tube of the cage frame broke. One of the cask cooling fins was slightly bent, but there 
was no additional damage to the cask or cask cover bolts.  

Pn.•t-Te,•t Tn.•neetinn and Agement

Following the test, the protective cage was removed and the unit was inspected. The cask and 
cask cover retained their structural integrity.
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8. TP81 ACCIDENT DROP TESTS- TP81(B) 

During re-assembly of Specimen TP8 1 (B), the 5 remaining cover bolts for the cask were 
replaced and torqued in accordance with drawing R-TP8 1, Revision B. Specimen TP8 1 (B) was 
then subjected to a 9 meter (30 foot) drop test in accordance with Test Plan 8 1. A puncture test 
was not performed because the 9 meter (30 foot) drop test did not result in significant damage to 
the shipping cask, and, therefore, the puncture test performed for TP8 1 (C) (and later for 
TP8 1 (A)) bounds any puncture tests that could have been done for TP8 1 (B). The results of the 9 
meter (30 foot) test are described below.  

9 Meter (30 Foot) Drop Test 

Just before the drop test, thermocouple readings for Specimen TP8 1 (B) were as follows:

The orientation for Specimen TP8 1(B), shown below, was the same as for the 1.2 meter (4-foot) 
drop. The intention was to cause significant deformation of thd carbon steel protective cage.

.TEST 
SPEOI N

UVAC=

SUCRFO

9 Meter (30 Foot) Drop Orientation for Specimen TP8 1 (B)
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The specimen impacted as intended. The impact deflected the cage frame about 4 inches 
towards the shipping cask. The perforated plates on both sides of the cage detached. The skid 
buckled slightly. Two of the four base brackets (those opposite the impact edge) broke. Two of 
the four top brackets (those next to impact edge) also failed. Frame welds on the top edge failed 
and the tube steel dented due to the impact from the two top brackets. The cask remained 
secured to the skid via the four cask to skid bolts.  

Puncture Test 

Not performed.  

Post-Test Inspection and Assessment 

Since the 9 meter (30 foot) drop resulted in essentially no damage to the cask, and since only one 
cask was used for all tests, the final 9 meter (30 foot) drop test for Specimen TP8 I(A) was 
performed before selecting a firial puncture test orientation.  

9. TP81 ACCIDENT DROP TESTS - TP81(A) 

Specimen TP8 1(A) was subjected to the third orientation for the 9 meter (30 foot) drop test and 
puncture test described in Test Plan 81. The results are described below.  

9 Meter (30 Foot) Drop Test 

Just before the drop test, thermocouple readings for Specimen TP8 1(A) were as follows: 

Specimen Ambient Cask Skid Cage 
TP81(A) 100C -450C -82 0C -630 C 

(50 0F) (-490 F) (- 116 0F) (-81 -F) 

The orientation for Specimen TP8 I(A), shown below, was vertical, top down. The intention was 
to apply the maximum tensile load to the cask cover bolts and inner liner weld.
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IWACT SUPFACE

DROP SUWACE 

9 Meter (30 Foot) Drop Orientation for Specimen TP81 (A) 

The specimen impacted as intended. The skid fractured and the cask and square plate welded to 

the skid tore away from the rest of the skid. Three hold down ring brackets broke off (the fourth 

bracket was broken in the 1.2 meter drop test of specimen TP81 (A)). The cask struck the impact 

surface, as evidenced by the dented-in head of one of the 5 remaining cask cover bolts, and by 

the dented ends of the cask cooling fins.  

Puncture Test 

For the Specimen TP81 (A) puncture test, the cask bolted to the portion of the skid that remained 

after the 9 meter (30 foot) drop was dropped without the cage at a 15 to 20 degree angle off 

vertical onto the puncture bar. The targeted impact point was the bolt that had been dented 

during the 9 meter (30 foot) drop test.
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Puncture Drop Orientation for Specimen TP81 (A) 

The cask struck the puncture bar on the intended bolt. The bolt was dented further, but remained 
secure. There was no additional damage to the cask or the other cask cover bolts.  

Post-Test Inspection and Assessment 

The cask and cask cover retained their structural integrity. The post-test radiation profile was 
performed on the cask without the cage/skid assembly, and showed only a slight change in 
radiation levels from the pre-test profile (see Appendices B and C). Because no damage 
occurred that could result in oxidation of the DU shield, the thermal test was not required (see 
Section 3).
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1. PURPOSE 

This report describes the Type B test results for the Model 702 transport package. These tests 

were performed in accordance with Test Plan 81 and were conducted April 9 through 15, 1999.  

The Test Plan specified testing necessary to demonstrate compliance with the requirements in 10 

CFR Part 71 and IAEA Safety Series No. 6 (1985 as amended 1990) for "Normal Conditions of 

Transport" and "Hypothetical Accident Conditions." Evaluation of the compliance of the Model 

702 with these requirements is provided in the Safety Analysis Report (SAP.).  

2. SCOPE'OF TESTING 

Test Plan 81 identified three orientations that could potentially cause the most significant 

damage to the Model 702 transporf package in the 9 meter (30 foot) drop tests. Therefore, the 

test plan required three test slecimens. However, sihce the Model 702 is not portable, only one 

unit was preconditioned (i.e.,. subjected to Normal Conditions of Transport Tests) prior to the 

Hypothetical Accident Condition tests. Also, only orne shippiqg cask was used (in three different 

cage/skid assemblies) for all tests because the number of 702 units is limited. The shipping cask 

was taken from the field population, and therefore represents a worse case than using a new 702 

shipping cask. The tests conducted are described below.  

1. Normal Conditions of Transport Tests per 10 CFR 71.71, including the following for 
specimen TP8 1(A): 

a) Compression test, with the test specimen under a load greater than or equal to five 

times the Model 702 maximum weight for at least 24 hours.  

b) Penetration test, in which a 13.4 lb (6.08 kg) penetration bar is dropped from at least 

1 meter (40 inches) onto the test specimen in the most vulnerable location.  

c) 1.2 meter (4 foot) drop test, in which the test specimen is dropped in an orientation 
expected to cause maximum damage.  

Water spray preconditioning of the test specimens prior to testing was not required in the 
test plan and is evaluated separately.  

2. Hypothetical Accident Condition Tests per 10 CFR 71.73, including the following for each 
of the test specimens: 

a) 9 meter (30 foot) drop test, in which the test specimen is dropped in an orientation 
expected to cause maximum damage.  

b) Puncture test, in which the test specimen is dropped from at least 1 meter (40 inches) 

onto a 6 inch (152.4 mm) diameter vertical bar in an orientation expected to compound 
damage from the 9 meter (30 foot) drop test.
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c') Thermal test, in accordance with 10 CFR71.73(c)(4), in which the test specimen is 
exposed for 30 minutes to an environment which provides a time-averaged 
environmental temperature of at least 800'C (1472 0 F), and an emissivity coefficient of 
at least 0.9. For the Model 702, the test plan specified that the decision to perform 
thermal testing would be based on an assessment of damage sustained by the specimen 
following the drop and puncture tests. This requirement was based on the evaluation 
of the construction of the unit, and on the potential failure modes, which are discussed" 
in the following section.  

The crush test specified in 10 CFR 71.73(c)(2) was not required because the radioactive contents 
are qualified as Special-Form radioactive material.  

The water immersion test specified in 10 CFR 71.73(c)(6) and other tests specified in 10 CFR 71 
are evaluated separately. .  

For all tests, sufficient margin was included in test parameters to account for measurement 
uncertainty. These test parameters included test specimen weight, temperature, and drop height..  

3. FAILURE MODES 

For the Model 702 transport package, the key function important to safety is the positive 
retention of the radioactive source in its stored position within the depleted uranium shield.  
Removal of the cask cover or damage to the cask or DU shield could cause radiation from the 
package to increase above regulatory limits. Mechanisms, which could cause these modes of 
failure, include: 

"* Failure of the Cask Cover Bolts - During the free drop or puncture tests, failure of the 
cask cover bolts could result in the source becoming partially or completely exposed.  

"* Failure of the Cask or Cover Assembly Shell - Failure (e.g., puncture) of the cask 
cover assembly or failure of the inner liner to outer shell weld could expose the 
depleted uranium (DU) shield, which could oxidize during thermal testing.  

"* Separation of the Cask from the Skid - If the cask to skid bolts or the tie down 
assembly fail during the 9 meter (30 foot) drop test, the cask may strike the impact 
surface. In addition, the specimen could then be further damaged in the puncture bar 
test when the cask impacts on the puncture bar.  

Crushing or Buckling of the Protective Cage - If there is significant deformation of the 
protective cage during the 1.2 meter (4 foot) drop, the distance from the source to the 
specimen external surface would be decreased. If there is significant deformation of 
the protective cage during the 9 meter (30 foot) drop, the cask may strike the impact 
surface.
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The drop orientations for the normal and hypothetical accident tests were selected to challenge 
the components that are intended to prevent these failures. For the 1.2 meter (4 foot) drop test, 
the test orientation considered most likely to cause crushing or buckling of the protective cage 
was top, long edge down. (See Section 6 for a figure of the 1.2 meter (4 foot) drop orientation).  

Three orientations were considered most likely to cause damage during the 9 meter (30 foot) 
drop tests. These orientations include the following: 

"* Horizontal, Short-Side Down - The skid is stiffer in this orientation than in the long
side down, so the maximum moment is applied to the hold down feet and the cask 
bolts. The impact may also cause buckling and/or brittle failure of the carbon steel 
protective cage structure. Detachment of the cask from the skid is possible due to 
thread failure of the tapped holes in the skid and brittle failure of the hold down 
assembly "feet" which are welded to the skid.  

"* Top, Long Edge Down - The impact may cause significant deformation of the carbon 
steel protective cage. Detachment of the cask from the skid is possible due to thread 
failure of the tapped holes in the skid and brittle failtre of the hold down assembly 
"feet" which are welded to the skid.  

" Vertical, Top Down - An impact in this orientation will apply the maximum tensile 
load to the cask cover bolts and inner liner weld. The impact may also cause buckling 
and/or brittle failure of the carbon steel protective cage structure. Detachment of the 
cask from the skid is possible due to thread failure of the tapped holes in the skid and 
brittle failure of the hold down assembly "feet" which are welded to the skid.  

Because of the potential for brittle failure of carbon steel components, all test units were packed 
in dry ice and cooled to less than -40'C (-40TF) (the minimum temperature required by IAEA 
Safety Series 6) for the penetration, 1.2 meter (4 foot) drop, 9 meter (30 foot) drop, and puncture 
tests.  

The thermal test was only expected to have a significant effect on those units for which the cask 
or cover assembly shell failed and exposed the DU shield. The test plan required thermal tests of 
the test specimens only if they sustained damage that could lead to DU oxidation during the 
thermal test.  

4. TEST UNIT DESCRIPTION 

The Model 702 test specimens, identified below, were originally constructed in accordance with 
drawing C70290 and were prepared for testing in accordance with drawing R-TP81, Revision B.  
The manufacturing route cards for the units document the compliance of these units with the 
AEA Technology QSA QA program (see Appendix B).
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Serial Number 

Specimen Cask Cage/Skid Total Weight 

TP81(A) 24 24 406 lb 
(184 kg) 

TP81(B) 24 26 402 lb 
(182 kg) 

TP81(C) 24 23 403 lb 
•_ _(183 kg) 

Cask Serial No. 24 was used with the cask/skid assemblies identified above for each test 
specimen. The only change from production units was a replacement of the tungsten "nest" that 
holds sources within the source cavity, with a solid tungsten plug. The weight of the plug 
bounds the weight of a loaded tungsten nest.  

5. SUMMARY AND CONCLUSIONS 

Since only one shipping cask was used for all tests, radiationdprofiles were only taken on the 
TP8 I(A) specimen. The test specimen met the requirements for 1OCFR71 Type B (U) Transport 
Testing, as shown in the following table of Radiation Profile results.  

Specimen Specimen At Surface, At One Meter, At Surface, At One Meter, At One Meter, 
Surface Before Test Before Test After After 4 ft After 

4 ft Drop Drop Test Puncture 
Test Test (Note 1) 

Reg. Limits 200 mR/hr 10 mR/hr 200 mR/hr 10 mR/hr 1000 mR/hr 
TP81(A) Top 20 0.5 17 0.6 1.0 

Right 37 1.0 35 0.8 1.1 
S/N 24 Front 30 0.5 27 0.9 1.1 

Left 44 1.1 35 0.8 1.1 
Rear 27 0.9 22 0.8 0.8 

Bottom 3 < 0.4 (Note 2) 1.8 < 0.1 0.8 (Note 3) 

Notes: 

1. Radiation profile at the surface is not required for the Hypothetical Accident Condition test (see 10 CFR 
71.51 (a)(2)). The shipping cask had been removed from cage/skid prior to final puncture test and was 
profiled without the cage/skid assembly.

2. Background level is 0.3 mR/hr.  

3. Activity measured at surface of shipping cask.
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Results of each test are summarized in the table below, in the sequence in which the tests were 
completed. Detailed results are provided in the following sections of this report, test data sheets 
are in Appendix C, and photographs are included in Appendix D.  

Specimen Test Performed Test Results 
TP81(A) Compression test No damage 

1 meter (40 inch) penetration bar on Cage perforated plate dented in and 
top, center of cage partially broken. No other damage.  
1.2 meter (4 foot) drop, top, long a Hold down ring, 300 section, and 1 
edge down bracket broken 

0 C2age frame displaced about 1A inch 
• Perforated plate buckled on sides 
* Skid cracked 
0 Cask and cage still secured to skid 

Post-Drop Inspection * Cask cover secure 
* No change in radiation profile 

TP81(C) 9 meter (30 foot) drop, horizontal, . Brittle fracture of both legs of skid 
short-side down * All 4 cask-to-skid bolts sheared off 

* All 4 lower brackets fractured, so 
cask was free within the cage 

* 1 of 6 cask cover bolts failed (bolt 
head pried off due to local buckling 
of cask cover) 

* Cask cover locally buckled near 
broken cover bolt 

* Perforated plate torn along 
impacted edge 

1 meter (40 inch) puncture, * Broke off one leg of skid 
horizontal, short-side down * Puncture bar tore through 
(puncture bar positioned directly perforated plate 
under tear in perforated plate) * Bottom tube of cage frame broken 

* Slight bend on one cask fin 
Post-Drop Inspection * Cask cover still secured by 

remaining 5 bolts 
TPSI(B) 9 meter (30 foot) drop, top, long 0 3.75 inch to 4 inch deflection of 

edge down cage frame 
* Perforated plate detached on both 

sides of cage 
0 Some buckling of skid 
* 2 of 4 hold down ring brackets 

(next to impact edge) failed 
* 2 cage frame welds on top edge 

failed 
0 Tube steel dented by impact from 2 

hold down ring brackets 
• 2 of 4 hold down base brackets 

(opposite impact edge) broke
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Specimen Test Performed Test Results 
TP81(B) 1 meter (40 inch) puncture test not n/a 
(con't) performed for this cage/skid because 

potential damage to cask was 
bounded by puncture tests using 
cask with cage/skid assemblies 
TP8 1(C) and TP81 (A) 
Post-Drop Inspection • Cask remained secured to skid via 

4 cask-to-skid bolts 
* Cask cover remained secured 

TP8 1(A) 9 meter (30 foot) drop, vertical, top * Brittle fracture of skid 
down 0 Cask and square plate welded to 

skid tore away from rest of skid 
* 3 hold down ring brackets failed 

(4Wh had broken in 1.2 meter (4 
foot) drop test) 

* Cask struck impact surface, which 
: dented head of 1 cask cover bolt 
* Cask iin ends dented 

1 meter (40 inch) puncture, cask Bolt was further dented, but remained 
attached to portion of skid, dropped secure.  
upside down, 100 to 150 off vertical 
onto dented cask cover bolt 
Post-Drop Inspection 0 Cask remained secured (after 3rd 

30 foot drop and 2 puncture tests) 
• Small change in radiation profile 

The skid, cage, and hold down assemblies of each test specimen were damaged. The only 
significant damage to the cask, however, was the loss of 1 of the 6 cask cover bolts during the 
9 meter (30 foot) drop test of specimen TP81 (C). Further testing (e.g., 2 additional 9 meter drop 
tests and 2 puncture tests with the same cask) added no significant damage to the cask or cask 
cover bolts. There were no openings in the cask cover or in the cask shell, so thermal testing was 
not required.  

6. TP81 NORMAL TESTS 

Compression Test 

Test specimen TP8 1(A) was loaded as shown in the figure below. Lead weights were placed on 
a steel plate, which was positioned on top of the test specimen.  

The vertical projected area of the unit is 19 inch (483 mm) x 21 inch (533 mm) or 399 square 
inches (2574 square centimeters), yielding a total load of 798 lb (362 kg) for an applied pressure 
of 2 psi. Since the maximum weight of the Model 702 transport package is 410 lb (186 kg), a 
load of 5 times the weight, or 2050 lb (930 kg), is more conservative. The total compressive 
load actually used was 2138 lb (970 kg). The test setup is shown below.
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Compression Test Setup for Specimen TP8 1(A) 

After a period of 24 hours, the weights were removed. No visible deformation or buckling 
occurred and no other damage was observed for any of the test specimens.  

Penetration Test 

Test specimen TP8 1(A) was subjected to the penetration test. Temperature readings taken just 
before the test are summarized below.  

Specimen Ambient Cask Skid Cage 

TP81(A) 70C -720C -770C -63 0 C 
(450 F) (-980F) (- 1070F) (-81-F) 

The penetration bar target was the top center of the protective cage in an attempt to penetrate the 
perforated plate and impact the cask cover. For this test, the specimen was positioned right side 
up, as shown below.
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IMVACT PONT AT

TEST SPEOI

COWNEMT ROCA 

Penetration Test Orientation for Specimen TP8 1(A) 
* I. " 

The penetration bar was dropped from a height of at least 1 neter (40 inches) above the impact 
point. The bar hit as intended on the specimen, and dented and partially broke the perforated 
plate at the point of impact.  

1-2 Meter (4 Pont) Drnn Te.t

Test specimen TP80(A) was then subjected to the 1.2 meter (4 foot) drop test. Temperature 
readings taken just before the test are summarized below.

Specimen
TP81(A)

Ambient 

70C 
(450F)

Cask 

-71 0C 
(-96 0F)

Skid 

-71 0C 
(-960F)

Cage 

-540C 
(-650F)

The drop orientation for the unit is shown below.

8
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.9

-TEST 
SPECIMEN

IMPACT 
SURFACE

DROP 
SURFACE

1.2 Meter (4 Foot) Drop Orientation for Specimen TP8 1(A) 

The test specimen impacted as intended. The hold down ring fractured and a 30 degree section 
of the ring (along with one of the top brackets) broke off. The perforated plate buckled on the 
sides and the cage was displaced about 1/2 inch towards the shipping cask. There was some 
tearing of the perforated plate. The cask and cage remained secured to the skid.  

Post-Test Inspection and Assessment 

Results of the first intermediate inspection and assessment are summarized below. The radiation 
profile of the specimen was measured, and data sheets are provided in Appendices B and C.  

Specimen Damage Radiation Profile 

TP8 1(A) * Protective cage and perforated 9 No change 
plate slightly damaged 

9 One tie down bracket and 300 
section of the hold down ring 
broken 

* Skid cracked 
* Cask and cage remain attached 

to skid.  
* Cask cover secure
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7. TP81 ACCIDENT DROP TESTS- TP81(C) 

Due to the damage sustained during the Normal Conditions of Transport tests, Specimen 
TP81 (C) was dropped in the orientation defined in Test Plan 81 for TP81 (A) (horizontal, short
side down).  

Specimen TP8 1(C) was subjected to both a 9 meter (30 foot) drop test and a puncture test in 
accordance with Test Plan 81. The results are described below.  

9 Meter (30 Foot) Drop Test 

Just before the drop test, thermocopple readings for Specimen TP81 (C) were as follows:

The orientation for Specimen TP8 1(C) was horizontal, short-side down as shown below. The 
intention was to apply the maximum moment to the hold down feet and the cask-to-skid bolts, 
thereby breaking the cask free from the skid.

.TEST 
SPEO L4EN

9 Meter (30 Foot) Drop Orientation for Specimen TP8 1(C)
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The slecimen impacted as intended. Both legs of the skid fractured. All four cask to skid bolts 
sheared off and all four lower brackets of the hold down assembly fractured, which freed the 
cask and allowed the hold down ring to strike the impact surface. The hold down ring 
transferred the side impact load into the top edge of the cask cover, which locally buckled and 
pried off one of the 6 cask cover bolts.  

Puncture Test 

For the puncture test, TP8 1(C) was dropped in the cage horizontal, short-side down as in the 
9 meter (30 foot) drop with the puncture bar directly under the tear in the perforated plate, where 
the hold down ringhad struck the impact surface. The puncture billet was intended to strike the 
cask cover through the side of the perforated plate.  

Puncture Drop Orientation for Specimen TP8 1(C)

TEST SPECIMEN

INCHES)

The unit impacted on its side and the puncture billet impacted at the tear in the perforated plate 
as intended. The impact caused further degradation of the skid and cage. One of the skid legs 
broke off, the puncture bar tore through the perforated plate at the point of impact, and the 
bottom tube of the cage frame broke. One of the cask cooling fins was slightly bent, but there 
was no additional damage to the cask or cask cover bolts.  

Post-Test Inspection and Assessment 

Following the test, the protective cage was removed and the unit was inspected. The cask and 
cask cover retained their structural integrity.
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8. ' TP81 ACCIDENT DROP TESTS - TP81(B) 

During re-assembly of Specimen TP8 1 (B), the 5 remaining cover bolts for the cask were 
replaced and torqued in accordance with drawing R-TP8 1, Revision B. Specimen TP8 1 (B) was 
then subjected to a 9 meter (30 foot) drop test in accordance with Test Plan 81. A puncture test 
was not performed because the 9 meter (30 foot) drop test did not result in significant damage to 
the shipping cask, and, therefore, the puncture test performed for TP8 1 (C) (and later for 
TP8 1 (A)) bounds any puncture tests that could have been done for TP8 1 (B). The results of the 9 
meter (30 foot) test are described below.  

9 Meter (30 Foot)'Drop Test 

Just before the drop test, thermocouple readings for Specimen TP8 1 (B) were as follows:

The orientation for Specimen TP8 1(B), shown below, was the same as for the 1.2 meter (4 foot) 
drop. The intention was to cause significant deformation of the carbon steel protective cage.

1mJ=AcEr A•rF,#

DAM 
SU=FAZE

9 Meter (30 Foot) Drop Orientation for Specimen TP8 1 (B)
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The specimen impacted as intended. The impact deflected the cage frame about 4 inches 
towards the shipping-cask. The perforated plates on both sides of the cage detached. The skid 
buckled slightly. Two of the four base brackets (those opposite the impact edge) broke. Two of 
the four top brackets (those next to impact edge) also failed. Frame welds on the top edge failed 
and the tube steel dented due to the impact from the two top brackets. The cask remained 
secured to the skid via the four cask to skid bolts.  

Puncture Test 

Not performed.  

Post-Test Inspection and Assessment 

Since the 9 meter (30 foot) drop resulted in essentially no damage to the cask, and since only one 
cask was used for all tests, the final 9 meter (30 foot) drop test for Specimen TP81 (A) was 
performed before selecting a final puncture test orientation.  

9. TP81 ACCIDENT DROP TESTS- TP81 (A') 

Specimen TP8 I(A) was subjected to the third orientation for the 9 meter (30 foot) drop test and 
puncture test described in Test Plan 81. The results are described below.  

9 Meter (30 Foot) Drop Test 

Just before the drop test, thermocouple readings for Specimen TP8 I(A) were as follows: 

Specimen Ambient Cask Skid Cage 

TP8 I(A) 100C -450 C -82 0C -630C 
(500F) (-490F) (-1 16°F) (-81 OF) 

The orientation for Specimen TP8 1(A), shown below, was vertical, top down. The intention was 
to apply the maximum tensile load to the cask cover bolts and inner liner weld.
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TEST SPEOWNe 

- IT 

""T AL ---- ---

OftV SUWACE 

9 Meter (30 Foot) Drop Orientation for Specimen TP8 1(A) 

The specimen impacted as intended. The skid fractured and the cask and square plate welded to 

the skid tore away from the rest of the skid. Three hold down ring brackets broke off (the fourth 

bracket was broken in the 1.2 meter drop test of specimen TP8 1(A)). The cask struck the impact 

surface, as evidenced by the dented-in head of one of the 5 remaining cask cover bolts, and by 

the dented ends of the cask cooling fins.  

Puncture Test 

For the Specimen TP8 1(A) puncture test, the cask bolted to the portion of the skid that remained 

after the 9 meter (30 foot) drop was dropped without the cage at a 15 to 20 degree angle off 

vertical onto the puncture bar. The targeted impact point was the bolt that had been dented 
during the 9 meter (30 foot) drop test.

14

Test Plan 81 Report



AEA Technology QSA, Inc. Iest Plan I I Report 

SHIPPING CASK AND 

I , M~EM (40 INCHES) 

PO-T"ONO- SAI 

PUNCTURE 1ILET? 

J 4) A~rA;HMENT 

I IMOLTI 

DROP SURFACE 

Puncture Drop Orientation for Specimen TP8 I(A) 

The cask struck the puncture bar on the intended bolt. The bolt was dented further, but remained 

secure. There was no additional damage to the cask or the other cask cover bolts.  

Post-Test Insnection and Assessment

The cask and cask cover retained their structural integrity. The post-test radiation profile was 

performed on the cask without the cage/skid assembly, and showed only a slight change in 

radiation levels from the pre-test profile (see Appendices B and C). Because no damage 

occurred that could result in oxidation of the DU shield, the thermal test was not required (see 

Section 3).
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Reqlired:

i/-0.000 04" 

PLAIN PLUG 
END A 

,v•.4534" 
'Jvu'9 QQ" 
o0.4534o"

Manufacturer: DELTRONIC 
Serizl No.: 144 
Model No.: 

Standard Nu. : 006 
Standard No.: 021 
Standard No.: 
Standard Nn 

X CLASS 
END B 

0.4534" 
o.ooo 00o" 
0.45340'3

Cal.: 
Cal.: 
Cal.: 
Cal.:

P.O. No.: 
nate Cal: 
Date Due: 

Technician: 
Cal. Proc. No: 

02/10/99 Due: 
02/10/99 Due: 

Due: 
tie:

3753 
oa/01/p9 
04/01 / 00 
PR 
20 
08/31/99 
08/31/9 9
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:unt Metrology Service, Inc.  
:ustpmer:-AEA TECHNCLOGY QSA 

ID.No.: 279 (1) 
2 IO.No.: , 

Dep=art-mnct Q.C
Jeviation u.: 

Accuracy: +/-4% 
Accuracy:

Data Sheet 

Manufacturer: 
Serial No.: 

Moe.l In .: 
Standard No.
Standard No..  
Standard No.:

HMSCC: 01843 PAGE 1 
P.O.No.: P3236

CRAFTSMAN 
5970355413

158 
161

Cal.: 
Cal.: 
Cal.:

Date Cal.  Date Due: 
Technician: 

Cal. Proc. No.: 
07/06/98 Due: 
07/06/98 Due: 

Due:

Gage Type: 20-150 ft/lb TORQUEW-REFCH (PART 1 of 2) 
. CW

Required: : 
Deviation: ; 
Measured: :

40 60 80 120 140 Lb 

*0.77 +1.70 .2.40 +4.00 +2.07 

40.77 61.70 82.40 124.00 142.07 lb 

--- -------------------------------------------------------

:us-omer: AEA TECIMOLOGY QSA 

ID.NO.: 279 (2) 
2 ID.No.: 

Department: Q.C.  
Deviation u.: 

Accuracy: 
Accuracy:

P.O.No.: P3236

Manufacturer: CRAFTSMAN 
Serial No.: $970355413 

Model No.: 
Standard No.: 158 

ýtandard No.: 161' 
Standard No.:

Cal.: 
Cal.: 
Cal.:

Date Cal! 
Date Due: 

Technician: 
Cal. Proc. No.: 
07/06/98 Due: 
07/06/98 Due: 

Due:

Gage T-pe: 

Deviasion: 
Measured:

20-150 ft/lb TORQUEWRENCH (PART 2 of 2) 
CCw 

40 60 80 120 140 lb 
+1.60 +0.19 +1.34 +3.60 +2.37 

41-60 60.19 91.34 123.60 142.37 lb

11/10/98 
11/10/" 
DD 
23 
07/06/99 
07/06/99

11/101/98 11/10/99 
DD 
23 
07/06/99 
07/06/99

i



cliy OC&rý
127 neck R CALIBRATION REPORT 
Chelmsford, MA 01824 
Telephone: 978 -459-9480 
FAX # 978 - 453-6336 I 1 "__"__I___ 
WEB SITE: http://www.tekserv.com , 

I1so0oo N I , aoMoo a

"_1
AEA TECHNOLOGIES 
40 NORTH AVENUE

BURLINGTON MA 01803
J

SERVICE NUMBER: SN-0226210 

CONTRACT NUMBER: SENTINEL

A59847
- DATE RECEIVED -"• t,. '. CUSTOMERPO.r"'? =•. I!:-ASSET.NUMBER 

10/08/98 e887 /9eI -2= 
7 z7:-- 77 MANUFA -TU-R,--- ' 7

OMEGA
, .. .ODFL: . .>.- -0 k1. V ERIAL• NUM ER ,

HH-21 I T-179139

THERMOMETER
TEMP.'";ý-I 'HUMIDITY,-; - -- :PRIOR CA '0.7-", -::` tCAt:.---`CYCLE-`.-;6;z:f-,IATE-CF.TESTT 

23.. Q 30. 0 0% . 9/25./.97 12 M, • ••8/98. 10/08/9.9 

WORK REQUSTED .': SERVICES REND REO .7 1''* __________________________ 

CALIBRATE/CERTIFY CALIBRATED/CERTIFIED IN TOLERANCE AS RCV'D 

"PROCEDURE USED N.I.S.T. TEST NUMBER TECHNICIAN I•RU A• U •R• •13;•+*--ftJZ334V-ý.a97 1 -- CHAN rUUL- I N 

ZALIBRATION CHECKED TO. MANUFAC TUR ER 'S SPECIFICATIONS ADJUSTED TO- MANUFACTURER 'S SPECIFICATIONS 

MANUFACTURER MODEL:. . :v.-•.. SERIAL ACCURACY.,.+:_.,i DATECAUIBRATED

ANALOGIC

- . V..  

�-*� �P) 1.

AN6520 8904010

*1 V - � � - .7'..-.

........~-zI(hi 

I1 '

A -a. ..

4 .

7. 7< :.

• ,• ,,.::.,:.'".7."

.. ~, I

MFQ.  
S••:p ;t;• : L m.

7/03/98 
•- v."•.;'•V .

TEKSERV CERTIFIES THAT ALL CALIBRATION EQUIPMENT USED IN THE TEST IS 
%ERFORMED IN ACCORDANCE WITH MIL-STD-45662A, IS09002, 
•SO-10012-1, ANSI/NCSL-Z540-1-1994. r



TEKSERV 
CALIBRATION DATA 

OMEGA Model HH-21 
Serial Number: '- /?7it• Data 
Date of test: jo- -g<- Data 
Prior Cal: _ - Z _---5 _ Data 
Technician: A . Asse•

Range 
Deg.C Type a 

- 100.0 
0.0 

100.0 
500.0 

Deg.F Type J 
- 100.0 

32.0 
200.0 
650.0 

1200.0 

Deg.C Type K 
- 100.0 

0.0 
100.0 
600.0 

1000.0 
Deg.F Type K 

- 100.0 
32.0 

200.0 
600.0 

1600.0 

Deg.C Type T 
- 100.0 

0.0 
100.0 
350.0 

Deg.F Type T 
- 100.0 

32.0 
100.0 
500.0

Reading 

-j1., a 

-3 2.4 

L-L2 •

/000-,

Specification 

+/-(0.lAidg+0.51c) 
It 

SI 

If 

+/-{0.1%rdg+1.0'F) 
'i 

'I 

'I 

It 

+/-{0.1%RDG+0.5'C) 
of 

it 
'i 

'I 

+/-{0.1%rdg+l.0'F) 
i, 

Ii 

Ii 

'i 

+-0. 1%rdg+0.5' C} 

IS 

+/-(0.1l%rdg+l. 0'F} 
It 

It 

It

IN TOLERANCE 
AS RECEIVED 

as Received ' 

After Adjustment 
After Repair 

t Nrumber: c _tA)4 .

-/

f



RSEECID 44ulU NA.
PARTIMWG NO. REV. VENDOR: PGkDcM ITJ Jc

DESCRIPTION: Ft-G"Af Tý B R

Page 1 of -L

lcm- tqA

C11AEACTEIIISTICS. ,~OLEIINC ý ____ _______ 

rAU_________ __* ~5 9110 11 12 

MGINATOP 
DATE P.D. W9..  

) Aý2 56Pt97 FIR-. DAYfS 36S _ _ _ _ _ _ _ 

ENGINEERING APPROVAL DATE flEGFl'ING flEGOflD ? 

WA_______ Doe DAre I __W9,_ 

REGULATORY APPROVAL DATE LOT I SERIAL NO.  

N4,\ _________ L51 O( _ _ _ _ _ _ __ _ _ _ _ _ 

O A APPROYAl- DATE LOT OTY.  

COMMENTS.VV \JT7MY IIR' 

OTY ACC.



INSPECTION INSTRUCTION PARTIDWG. NO. REV. ,VENT)OR: PERIODI MAItrNA~tu-- PagelIofI 

AND RECORD B_____ _ _ DESCRIPTION: D~p T-r~ sup CM - F' At 

CHARACTERISTICS TOLERANCE AQL 1 2A3 4 5 '6 '7- 8 9 10 11.12 
GemeiAL V(SOUqL XR 
;(OR 4 "r DI _ _/ _ _ _ __ _ _ _ ___ _ __ _ 

4LmV q I/ 13 C CW 
AJ~cPTE AMC) WINSTwsi WIA __ _ _ _ _ __ _ _ _ ___ 

DATE Pig. WG.0 

29S W9 DAY(S/ Mo 36S _ __ _ _ __ _ _ __ _ _ __ _ _ __ _ 

ENGINEERING APPROVAL DATE FIEOEI'.1NO RE88Rlf 95 

IVA ____ ___ ____c 94b_ 

REGULATORY APROVAL DATE LOT I SERIAL NO.  

_ _ _ _ _ _ _ _ _ _ _ _ _ 0 1_ __ _ _ _ _ _ _ _ _ _ _ _ 

OA APPROVAL J ,/A 6 DATE LOT OTY.

COMMENTS: QTY RE

%x IA
OTY ACC.

I INSP
/ XXIAX /ý pxrxl'irl5rrl //Zý



Simpson Gumpertz & Heger Inc.

9 June 1997 Consulting Engineers 297 Broadway'4 Telephone: 
Arlington. MA Arlington, MA 617 643 2000 

San Francisco. CA 02174-5310 Fax: 
617 643 2009 

Sentinel Amersham Corporation 

40 North Avenue 
Burlington, Massathusetts 01803 

Attention: Steven J. Grenier 

Tel: 617-272-2000 
Fax: 617-273-2216 

Comm. 97276 - Test Foundation Study, Sentinel Amersham Test Site, Groveland, MA 

Gentlemen: 

At your request we studied a test foundation loc~ted on the property of Valley Tree Service, 
Inc. at 1210 Salem Street, Groveland, Massachusetts. The purpose of our study was to 
determine if the test foundation provides an eisentially unyielding horizontal surface Tor 
purposes of a drop test.  

Scope 

The scope of our study included: visiting the site to examine the foundation; reviewing 
documents provided by you that describe the construction of the foundation; reviewing drawings 
describing the housing of your Model 676 Projector; and computing the performance 
characteristics of the foundation in a drop test of the Model 676 Projector.,

Background and Information From Others 

We understand from our discussions with Sentinel Amersham representatives that the test 
foundation is used as a reaction support in a drop test for the Model 676 Projector. The 
projector is dropped from a height of 30 ft onto the center portion of the foundation. The 
drawings for the Model 676 Projector show that the weight is 625 ibs, and the end plates are 
fabricated from 1 in. thick steel plate.  

We understand from discussions with Sentinel Amersham representatives and from 
construction records that the test foundation was built in 1982. The delivery tickets show that 
2-1/2 cubic yards of 3,000 psi concrete were utilized. We were also told that a 1 in. thick steel 
plate is embedded in the top surface of the foundation and welded to reinforcing steel in the 
foundation.  

Observations 

On 5 June 1997, Joseph J. Zona of Simpson Gumpertz & Heger Inc. visited the test facility 
and observed the following: 

* The test foundation is 7 ft 4 in. x 7 ft 5 in.  

* A steel plate is embedded in the top of the foundation so that the top of the plate is 
approximately flush with the top of the concrete. The plate is 47 in. x 48 in. At one 

EXPERIENCE mIINNOVATION a QUALITY 

Continiing a 40-Year Tradition



9 June 1997Steven J. Grenier, Comm. 97276

side of the plate, the concrete is chipped away exposing part of the plate edge. The 
bottom of the plate is not visible, but 7/8 in. of plate is exposed to view.  

* The top surface of the steel plate is approximately horizontal. The plate slopes a 

maximum of 1/8 in. per 2 ft.  

0 The top surface of the concrete is weathered, but sound.  

0 Four cracks are visible in the foundation, each emanating from a corner of the steel 

plate. The cracks appear stable and show no signs of recent movement.  

* The concrete is flush with the adjoining bituminous pavement. There is no evidence 

* of settlement or heaving of the foundation.  

* "The exposed soil in the vicinity of the foundation is firm and sandy..  

Results of Analysis 

We estimated the depth of the foundation as 15 in. based- on the measured plan dimensions 

and the reported volume of concrete delivered. We characterized the supporting soil as 

medium dense coarse grained material.  

We used simple analytical models to estimate the response of the foundation in a drop test.  

A conservation of momentum approach that models the test as a plastic impact provides an 

upper bound estimate of the kinetic energy taken by the foundation. This approach predicts 

that 6 percent of the kinetic energy of the Model 676 Projector is taken by the foundation upon 

impact.  

Arya et al present a relevant method of analysis in "Design of Structures & Foundations For 

Vibrating Machines.' The approach accounts for the participation of an effective soil mass in 

resisting a dynamic loading. This method predicts less than 1 percent of the kinetic energy 

is taken by the foundation. Arya el al also present a method of estimating the foundation 

deflection. We computed a deflection upon impact of 0.014 in.  

We estimated the flexibility of the concrete foundation as a plate on an elastic foundation using 

a method presented in "Theory of Plates and Shells" by Timoshenko & Woinowsky-Krieger.  

This approach shows that the foundation is rigid relative to the soil, and virtually all of the 

foundation deflection is the result of soil response.  

Discussion 

The plastic impact approach provides an upper bound estimate of the energy transmitted to 

the foundation. In an actual test, energy is absorbed in the device being tested in both plastic 

deformation and rebound energy that is not accounted for in this analysis.  

The Arya approach is fully applicable to foundations that support vibrating equipment. This 

approach may somewhat overstate the participation of the soil in a single impact loading.  

However, we expect the influence of the participating soil mass will be significant and, 

therefore, we expect the percent of kinetic energy taken by the foundation is closer to I 

percent than 6 percent.

-2-



The four cracks near the corners of the foundation intersect corners of the embedded steel 
plate. This suggests that the plate restrained the free shrinkage of the foundation and caused 
these cracks. The cracks are obviously old, yet they remain tight and there is no sign of 
recent movement at the cracks. This strongly indicates that the cracks have not compromised 
the monolithic behavior of the foundation. Any loss of stiffness in the foundation related to 
these cracks is insignificant. within the limits of our simple analytical models.  

Conclusion 

Based on the study described above, we conclude that the existing test foundation absorbs 
between 1 and 6 percent of the kinetic energy at impact during a 30ft drop test of a Model 
676 Projector. In our opinion the foundation provides an essentially unyielding horizontal 
surface for the purpose of this test. For items of lesser mass, the foundation also provides an 
essentially. unyielding hor4ozhtal surface. .  

Sincerely yours, 

0s onP.E. UA. P.E.  
Senior Associate

-3-Steven J. Grenier, Comm. 97276 9 June 1997



Certificate of Conformance 
for 

AEA TECHNOLOGY 

40 NORTH AVE 

BURLINGTON MA 01803

Cust. P.O. #: 3291 OMEGA wo. # 812995304

CAL-1

OMEGA Engineering, Inc. certifies that the items corn ising the above 
order have been manufactured in accordance with all applicable 
instructions and specifications as published in the OMEGA 
TEMPERATURE MEASUREMENT HANDBOOK AND 
ENCYCLOPEDIA0. OMEGA Engineering Inc. further certifies 
that all thermocouple base and noble metal materials conform to ANSI 
Limits of Error (ANSI Standard MC96.1)

Certified by: "l Date: 12-04-98
Quality Assurance Inspector

Omega Engineering. Inc., One Omega Drive, Box 4047. Stamford, CT 06907 
Telephone: (203) 359-1660 - FAX- (203) 359-7811 

Internet Address: http://www.omega.com E-Mail: info@omega.com

CallTermp

I . /.LL/;=C wo -0 VI: k •^%Ur- VVI./X' - r.14% •X

I
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Certificate of Conformance 
for 

AEA TECHNOLOGY 

40 NORTH AVE 

BURLINGTON MA 01803

Cust. P.O. #:226 OMEGA WO. # 811973359

CAL-1

OMEGA Engineering, Inc. certifies that the items comprising the above 
order have been manufactured in accordance with all applicable 
instructions and specifications as published in the OMEGA 
TEMPERATURE MEASUREMENT HANDBOOK AND 
ENCYCLOPEDIA 0. OMEGA Engineering inc. further certifies 
that all thermocouple base and noble metal materials conform to ANSI 
Limits of Error (ANSI Standard MC96.1)

Certified by:
Quality Assurance Inspector

Date: 11-04.98

Omega Engineering. Inc., One Omega Drive, Box 4047, Stamford, CT 06907 
Telephone: (203) 359-1660 • FAX: (203) 359-7811 

rnternet Address: http://www.omega.com E-Mail: info@omega.com

Call Tamp

9

-44ajý dln--Oý



AINODLts IIOl~l I1WO I IIUI I lUlV AND RECORD - nol 193
HzoDIc C- 'T~eM~ANCE

C.
I aul u i u ,

CM- MA

CHARACTERISTICS .TOLERANCE.' IAQL 1 2 3. 4. 5 6 7 8 9 10 11 12 0 
&MRL VtSOAL- ZZ~A _ 

ORIGINATOR DATE -P.O. W.kO 

ENGINEERING APPROVAL DATE RSG6AMG4*ORNC nco, 3 3 
)\iulDO DAVe- 3rs 1_ _ _9_ 

REGULATORY APPROVAL DATE LOT I SERIAL NO. 0 1__ ____ ____ ____ 

0 AAPPJR9Y1L DATE LOT OTY.  

3///////

COMMENTY-'-'V
7 OTY REJ 

NCRNO ýJ/A
OTY ACC.  

____ •4 I __f __/ __T/ / F .4 p_ .__

INSP 
-- DATE 7I _•~ I.. . .- • ,-rf.

"DESCRIPTION:

ýzx



AEA Technology QSA, Inc. Test Plan 81 Report

APPENDIX B 

MANUFACTURING ROUTE CARDS AND PRE
TEST RADIATION PROFILE DATA SHEET

i
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AAMI3RSVEAM 

coRroptATIOt( ..JLA,.. COMrLF-ThLOT 

NIAL. SrUT LOT

TOTAL WO QTY: 

Imxe. Co. O0TT:

r-> fow- 77-81 rpc, )S 

LOT 14O: NIAA 
SIJ8.LOTt#40 NIA

CM-A - -. -- jflAiWfINt 14UU82. IRV WORCORODep

PASr tz NU MBaER loescitrto"ranumShield bDLppLI'g �t; � I ,1 /4 ) A a ~ ( z
70206 Container General Assembly n 7- 0 
Ores. Or~eRA.TION 

sea OR? DESCRItTON vy I0ATZ STA:T~u R ev Re Nc e COMMENTS 

A Cnvzt.r A-.3 PN 0W3. RQ..A 

HS Install Spacers -OF'720 Less item 9 spacer 

2 QC In. Process Insf Ji- B70203 Spacer verification, less item 

3- MR Ca p 2 - R 20143 SOP-MaOfl A qOp-MO I 

Weld Prep -ahni 
eesr 

4L. QOS, W1je4 Ff t--Tyr 4-, B71 Solfl,. nogl-l vprlfv -010 Mayv Cap 

- ~~Inspection- -

5 MR Ac.zenahl A7-070~f3~. -n. w 

Weld_____ _ 

6b 1  Weld Visual lnsiý 2LV3~B7020. SP01 

6c 9C~ Lig. Pen. Insp- A!, UL 70P-W03, 

C~eCXUST CHEIsCUST Cl~eC13ST 

ik'Stamp SIN

Lot#/lieat#-

1 I' 11z lizi____ - I - � *r� � MATERIALS

I��'�' � I .�4-'� *...i'VJ.A�1.. zIL'�'

PROQCTIO: 4- 5SS0eNUMBER:

'I
~I0141II

agej~ I of 3 
CfUAtKUsjuesý

revi

MATERIALS-
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P 3 of 3

ttu=o-m CARD

comrEvA=M4

,-.A A

NA CO#ArLZT2 LOOT 

NA Sf UT LOT

TOTAL Wo QTY. LOT NO: 

ZU8-LOT PHO:

?AKXTHUMSBR. oesciujroz4Uranium Shieldi'ng Shippi BkAvnmKOHUM8Ie. REV WO ek 

70206 lContainer GeneralAssemb ly D70206 to 
or ~oveRATION A3446? 

Sp-Q -DeZT OSarONBy CAre STATUS EE8C OEr 

PC - eneral Assembil 70-D PIr 94 

11 MS Final Assembly 44) (f• - D70206 WeiL-ht: 191C it, 

12 QC Final Inspectionloj AA,- SoP-Q003 ________________ 

13 QA**J Revi ew ~ ~ ~ O=~~~ 

14 IC- Stock Room - SOP-H002 _______________ 

Process ing- 

-or 
So ' 

$or_

SMc. WMAL. s*u lfoc.  

A01t.I Engrave Nameplate- 

cl4Stam2 SIN-

_I Jul-I .__IXL� �z2 1 I ___________________

-1f 111-l 0, ioflm 1/1~ 1'. W '?

taODUC"ON $4f-~ 4 UALTY ASSUIILANCE: I p3itSSUENMW4UFt: 
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jIN~SPECY1ON INSTRUCTION 
LAND RECORD

PARTIDWG. NO. ORE 4r IVAVENDOR:

A�tir�iDESCRIPTION:1IAJI.)'/L.)

CHARACTERMSICS TOLERANCE AQL 1 2 3 4 5 6 7 8 9 .10 11 12 

A) Aq F - i, A I +- p 6 1ý r 

fI-.5-L / XrA/ 
V.5RAF-l 511i C) 

COiveýA,;EMX4.,.) Mod I, ( eI? 

AA;0 CCArA~.,~Ž A4(41 vQP-~ ~ _______ ____ ____________ 

ORIGINATOR DATE P.O. I W.O.  
,q I po 

ENGIEERI APPROVAL DATE RECEIVING RECORd # 7)A NIA ' A \/ 

RE (UEATORY APPROVAL DATE i6fliE1iAL NO.-- 7 '' 

0 A APPROVAL DATE LOT QTY.

Page 1 of I---

CIA- A

COMMENO: 

1150 -J c,3
OWY REJ 

NCR NO. 0- C.X I

OTY ACC.

7INSP 
ý-ýDATE yv~vl / 

'I7--
A

A Zýl 41 r- M R"L %j /ý ý5



Arnersham Corporation 
40 North Avenue 
Burlington, MA 01803 

SHIELDING PROFILE AND INSPECTION FORM '.  

Model No.: 7?Z ?--Serial No.: RadionuclideaT .g-?J Max. Capacity t120.- Ci 

INCOMING SHIELD INSPECTION 

Shield I.D. No. L.,' a• Ls-•- _ Source Tube Clear of Obstructions t' A 

Mass of Shield 1-2 - S5 Hot Top Dimension Measured.( ) N I A 
Z-1 cwc3 -a9 

Visual Inspection A Tube Cut in Fixture -t!A

Inspector Signature "'3P Date, -i NCR No. -l19 #31�3 
V2 

SHIELDING EFFICIENCY TEST 
INCOMING SHIELD ASSEMBLY 

Source Model No.: Source Serial No.: _ _ Activit_ 

Survey Instrument: Serial No.: _Date Cal_._ _Due_ 

OBSERVED INTENSITY mR/hr ADJUSTED INTENSITY mR/hr 
AT 

AT SURFACE 
SURFACE 

SURFACE CORRECTIONSUFC 
FACTOR 

TOP TOP 

RIGHTAcY RIGHT 

j CORRECTION 

FRONT FACTOR FRONT 

LEFT LEFT 

REAR 
REAR 

BOTTOM 
BOTTOM

Inspector's Signature Date NCR NO.



SENTI1NEL 
AMERSHAM CORPORATION

FIRST ARTICLE REPORT

SUPPLIER: PART NO: RE:TY./WO 

25 FF 99 1e lcaze A I N D IZc-r

DESRIPTION: T:S~r RjjjMJe~75 LSPECTrED BYt 

DRAW1ING 11ESO CUA IESO TE USED SN. / CAL DATE DUE 

QKVA34- LLL LJ/7 AE 
2*. Vec 4y2.0 DiretrAt Ciup-e- #T' 1Z /~e 
3J~I A3 ___I__I__ */To___ 

5T. 11!.'s , 7,~ J4 icAs W'6 8 

N A/ A' 

COMMENT8 

0 sea, ~jei Lt*,'~~ 

QPlS-2/1

F'Amersham QSA
I
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REVISION-S 

REV. ECO/TGR IDESCRIPTION APPROVALS4 DATE 

A 310 INTA EESE ISEE TITLE IBLOCK 

0~02.200 

NOTE: 
1. WEIGHT 8.0 ± .2 LBS.  

3 1/8 

T~S A'0 1~ XO~(PRPC1YOFAL*wa.@ OSA. fT MAY M&Y K UM0 FM flE RMPOX MD WM If USI MV.O 
IT MA NOTsC CLlCAW S A w WWAY=IC tRdMfh 10 DMt PAA WIN~ nAY CX PUflI$SM OF MLA lrcIhOLAGY V 05 

MATERIALS: TUNGSTEN 

PROTECTIVE FINISH: NA 
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INSPECTION INSTRUCTION ORIGNATO I AUMRTNO R -pI SUfplIKRt 7vr-fA9 i!4vM0I rpe/ 
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ý16Iv4l(f 
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05 J1Ag~ ~ WA NA~ ~" _ ________ 

_ 

I6Z F _ _ _ _ _ _ _ __ __ vQ/AA5~e 
zl-__ __ _______ 

_ 

VER~l A.-klW p-pTL)":p0 

1 '~~~~~~? ZA , , f X xr__ _ __ _ _ _ _ _ _ _

I PO/%wo #

TRAVELER I/QCLi •11le1,1 
LOT /SERIAL# I 
LOT QTY. i _ _ __ _ _ _ _ _ _ _ __ _ _ 

QTY. RL / NCR N 0Z 

QTY. ACC. 21

INSP/IDATE

_______________ ________ ________ ± ________ ± ________ i ________ I ________ I ______ I _____
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CENTER OF GRAVITY 
COVER BOLTS (6) MATERIAL, STAINLESS STEEL 
TORQUE: 160*5 INOLBS 

ROD HEX NUTS 
MATERIAL STAINLESS STEEL (8) 

_ = TORQUE: 370±5 IN*LBS

MATERIAL: CARBON STEEL 
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DESCRIPTION APPROVALS DATE LTR 

REVIS1ONS

HOLD DOWN RING 
"MATERIAL: CARSON STEEL 

HOLD DOWN ASSEMBLY 
MATERIAL. STAINLESS STEEL 

CASK ATTACHMENT BOLTS (4) 
-MATERIAL, STAINLESS STEEL 

TORQUE: 370*5 IN*LBS 

CAGE ATTACHMENT BOLTS (4) 
-MATERIAL- STAINLESS STEEL 
TORQUE: 370*5 INOLBS 

-. SQUARE NUT (4) 
MATERIAL: STAINLESS STEEL 

UNIM MEN=~ SPECWVMALL DIMENSIONS ARE INCHES AND REFERENCE 

_ __DESCRIPTIVE 
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40 NO E W L U . &A 015W DRP IN 
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SHIELDING PROFILE AND INSPECTION FORM

T... jq � Max Canacitv: /7�. /J�Iti Ci
lodel: -7/5 -? Serial Number: nau iu, .u, . •a..... - . -

1'. A 7axrl t If -

d Heat#M Shield:__ _ _ Lbs. Lot_ __ 

Initial Profile 

Source Model: Source SN:____ _____ Activity: Ci 

Survey Inst.: - SN:_ Date Cal.: Date Due: 

Observed Sur Correction 

Surface Intensity mR/hr Fa Adjusted Intensity mR/hr 

Top o4/A 

Right Capac Correction 
Fact or." ' e .  

Front 
Factor: 

Left 

Rear 

Bottom 

Inspector: Date: NCR #: 

Final Profile 

Source Model: NI Source SN: N A• Activity: Ci I Mass of Device: A06 Lbs 

Survey Inst.: ,A4)ED.EP•f ?2-r SN:...5?,•-.,•Z_ Date Cal.:..BC 'Pi Date Due:A ejk-.  

Observed Intensity mR/hr Adjusted Intensity mR/hr 

Surface At Surface Corr. At One 

Surface Factor Meter At Surface At One Meter 

Top I l .____"____"_ 

Right , .,

Front 
Capacity Correction 

LeftFactor: 

ID 

Rear - .  

Bottom ____, ____,___ __ 

Inspector: Date: /^ Ala NCR #: -

"omments:A ,2 I I I *A-, 'o

.1
Lyt I

IrAmersham OSA

SENTINEL
I

€ý

.o

-----------
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AEA Technology 
OSA, Inc.  
Burtington. Massachusetts

.JI
Test Plan 81. Revision 1 

March 31. 1999 
Page 34 of 54

Specimen Preparation List 

Step TP81(A) TP81(B) TP8I(C) 

1. Serial Number S I ;t CA'O 214, " 

2. Weight of tungsten plug (Ib): (, ' 7.6 I16, 7.6 16.  

3. Weight of cask (Ib): /&r' .96 As ,ay A* 
1.".::;... W ,htfak'id(1b):.--•,at,4.1a• 9 ,9  7• /jb 79/, 

6. Total weight of package (lb): .l./ r 4-. qt') 1A, ). W 

7. Attach thermocouples to the cask, the skid, and the " 
protective cage. , 

8. All fabrication and inspection records documented in 
accordance with the AEAT QA Program? _-__,______ 

9. Does the unit comply with the requirements of "A 7i 
Drawing R-TP8 1, Revision B? 

10. H-as the radiation profile been recorded in accordance 
with AEAT QSA Work Instruments WI-Q09? >'.,- .  

11. Is the package prepared for transport? 13€," 5 / ,,'j& ( 1' Aft1 

Verified by: Print Name: Signature: A Date: 

Engineering 7,C-,L+'- d / ' o r,4- 97 

Regulatory Affairs ~9~ 

Quality Assurance ~________ ________ 

4b4-trn 001Mfr6 W-- Aa4A'/z N.Vi 1

hd-t jL: 64"K 44AS D4M69D DOPJA& A~O~ I0 PROP 7Z-5 7-,~t 0 4 f Y : 

0OV6Z130- XP ASeCQR&?D Pe'R D"6. R-rnlRS'ev.~.& e 
tiarE : gyx.DrO"V11 P'1scz6 ,rACWZEZ(PI5C65 lW55"I'a hr t~6762 

VOIYj MDO A400 91Z ~W14A)P OZItYW4 Dche/A" M. Z 4,COO/ 

$g45R P.

'3 
V



SENTINEL 

SHIELDING PROFILE AND INSPECTION FORM

I-_ 19 . KAYw r a•an itv" if) . ^, "N r;

Mlodel: Serial Number: - tf gaoionuciuu -' . .  

Shield Data 

Heat#- Mass of Shield_ Lbs.Lot #_ 

Initial Profile

Source Model: Source SN: Activity:_ Ci 

Survey Inst.: _SN:_ Date Cal.:_ Date Due: 

Observed Sur , Correction 

Surface Intensity mR/hr , Fa 1 Adjusted Intensity mR/hr 

Top ___ ___

Capac Courection 
Factor:

NCR #:

Inspector: 

Final Profile 

Source Model: * N. A Source SN: 1A A7V Mass of Device: 404 -iLbs.  

Survey Inst.: A 4 PJf l22 "2" SN: .. 9>'4 Date Cal.: .S nc,?-. Date Due: R t P.9 

S... .. ... ,n' hv Adjusted Intensity mR/hr

r I I r
At 

Surface
Surface Corr.  

Factor
At One 
Meter

Top a_5 1.6 .14 

Right Z. . 1.01 , 

Front z I A 

Left 6q .  

Rear f Lr ± - •b7

Capacity Correction 
Factor: 1.24

At Surface 

-2 Z

At One Meter 

-5" 
i.6

-.. - LJ I
? 7.I

I 4A/��
I pULlctor: Date:- N•R #: JQ

Inpco:_• 7Date: /A p•1-.cQ9? NCR #: .J~t - -
f 01 .11

"omments: .A f •-k-,'k L ,

PrImersham QSA

Right 1
Left 

Rear 

Bottom

Surface

|

I. I | I•'J•H l "b" p•_IJ II I Ll•i l•,)l L¥ Illl ligga

SA



AEA Technology 
QSA, Inc.  
Burlingion. Massachusetts

Test Plan 81. ReVIsion, I March 31. 1999 
Page 35 of 54

Equipment List 1: Compression Test

5-9?� 355'//z3 4�dJ( 45-9 -70



AEA Technology 
Os~aO Inc.  
Burlington. Massachusetts

Test Plan 81. Revision 1 March 31. 1999 
Page 38 of 54

Checklist 1: Compression Test 

Step TTP8I(A) 

1. Position the specimen on concrete surface, per the appropriate drawing. Figure 3 

2. Measure the ambient temperature. "-"0 

Note the instrument used:

3. Apply a uniformly distributed weight of at least 2080 pounds on the top of the 

protective cage for a period of 24 hours.  

Record the actual weight: .. -/3" (b 

Note the instrument used: ,akrt - . p 

Record start time and date: 19p00 ,OO 

4. After 24 hours, remove the weight.  

Record end time and date: J4At D? , " 

5. Measure the ambient temperature.  

Note the instrument used: fA'-.4 -) 

6. Photograph the test specimen and record any damage on Data Sheet 1.  

7. Engineering, Regulatory Affairs and Quality Assurance make a preliminary 

assessment, per Section 8.5.2. Record the assessment on Data Sheet 1. Determine 

what changes are necessary in package orientation for the penetration test to 

achieve maximum damage.  

Verified by: Print Name: Signature: Date: 

Engineeringc 

Regulatory Affairs4 .  

Quality Assurance Z>WC IeV. X4f-az 12 4 0le

T 
ip°



AEA Tephnology 
QSA. Inc.  
Bulington. Massachusetts

Test Plan 81. Revision I March 31. 1999 
Page 37 of 54

Data Sheet 1: Compression Test

Test Unit Model and Serial Number. Test Specimen: TP81 (A) 

Test Date: c59 P12 9?9) Test Time: Test Plan 81 StepNo.: 8.5 

Describe test orientation and setup: , 

Describe on-site inspection (damage, broken parts, etc.): 

On-site assessment: 

Describe/y/post ass 'and inspection: 

Describe any change in source position: NOT APPLICABLE 

Completed by - Date:

,y/ r'



AEA Technology 
OSA. Inc.  
Buelington. Massachusetts

Test Plan 81. Revision I Match .31.1999 
Page 38 of 54

Equipment List 2: Penetration Test

Enter the Model and Serial Attach Inspection Regport or 

Description Number Cal'bration Certificate 

Penetration Bar DrawiAg BT10129, Rey. B see 

Drop Surface Drawing ATI0 122, Rev. B 

Thermometer 

Thermocouple .A('" .  

Thermocouple 

Thermocouple O*, !6& vj ns l- i o

Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibraion certificate.

Print Name: Signature: Date: 

Completed by: Apt ee 

Veri."ed by: s o.

C-



AEA Technology 
QSA, Inc.  
Burlington. Massachusetts

Test Plan 81. Revision 1 March 31. 1999 
Page 39 of 54

Checklist 2: Penetration Test

Step TP8_I(A) 

I. Immerse specimen in dry ice or cool in freezer to bring carbon steel portions of the 

specimen below -40*C.  

2. Position the package as shown in the referenced figure. Figure 4 

3. Begin video recording of the test.  

4. Inspect the orientation setup and verify the bar height.  

5. Photograph the set-up in at least two perpendicula_.planes.  

6. Measure the ambient temperature and the specimen temperatures. Ensure that the -

specimen is at the specified temperature. Note the instrument used: f ...y- > 

Record the ambient temperature: 

Record the cask temperature: 

Record the skid temperature: -- 7'oc - /'6 

Record the protective cage temperature: -- _'G' /-5/ •/6 

7. Drop the penetration bar.  

8. Check to ensure that penetration bar hit the specified area.  

9. Measure the specimen's surface temp. Ensure that specimen is at specified temp. . /, 

Note the instrument used: 

10. Photograph the test specimen and record any damage on Data Sheet 2.  

11. Engineering, Regulatory Affairs and Quality Assurance make a preliminary 

assessment, per Section 8.6.3. Record the assessment on Data Sheet 2. Determine 

what changes are necessary in package orientation for the 1.2 meter (4 foot) free 

drop to achieve maximum damage.

__________________________ I___ .I



AEA Technology Test Plan 81. Revision 1 
QSA. inc. March 31.-j999 
Burlington, Massachusetts Page 40 of 54 

Data Sheet 2: Penetration Test

Test Unit Model and Serial Number. Test Specimen: TP81 (A) 

Test Date: /3AP '99 ITest Time: 10:40 •oa-.I Test Plan 81 Step No.: 8.6 

Describe test orientation and setup: 
56'-15 Z/jvw4,xm,, •

Describe impact (location, rotation, etc.): 

AJg7W 77 r6 

Describe on-site inspection (damage, broken parts, etc.): 

7,6?", PL-4., 2,: !7,t,) Aln 4,• e •. oe /7j/4 ,v4,rbLJ 7"0~~ 4r•C Icf.0 
eP R&P ,7477071-) 6ilg 11VPe7r AJO 4177W r-WIVC6ý 7Z" 5;Z/A'6W.  

On-site assessment: 

. 7V OW /--AJ ;'P 0.--- CA 56 ,, A <WV1JFC4172 

Engine eig~edn ' gý® culatory S QA: 2-l 
Describe any post-(t st disassembly and inspection: 

Describe any change in source position: NOT APPLICABLE 

Describe results of any pre- or post-test radiography: 

Completed by: AADate: AP ,

lp*



AEA Technology 
QSA. Ina 
Burlington. Massachusetts

Tee Plan 81. ReOVon 1 
March 31, 1W99 

Page 41 of 54

- Equipment List 3:1.2 Meter (4 Foot) Free Drop 

Enter the Model and Serial Attach laspecdon 

Description Number Report or 
Calibration Certiic~ate 

Drop Surface Drawing AT10122, Rev. B See Appk "A 

Thermometer Ej& z SH M,, - , , -, 

Thermocouple 

T'hermocouple -CA615 1K1D3-M .  

Thermocouple U51 12T r - -$,, -$ P r_ _.  

Record any additional tools used to facilitate the test and attach the appropriate inspection report or cali"b on certificate.  

Completed by: 

Verified by: ~• 
Plo L-0 A4-]>A

w

P



AEA Technology 
QSA, Inc.  
Burtngton. Massachusetts

Test Plan 81. Revision I March 31. 1999 
Page 42 of 54

Checklist 3: 1.2 Meter (4 Foot) Free Drop

Step tIe (A) 

1. Immerse specimen in dry ice or cool in freezer to bring carbon steel portions of the specimen 

below -40*C.  

2. Measure the ambient temperature. ? 

Note the instrument used: 

3. Attach the test specimen to the release mechanism.  

4. Begin video recording of the test.  

5. Measure specimen temperatures. Ensure speCunen is aspecified temperature. Note th .

instrument used: . " 

Record the cask temperature: ;7.  

Record the skid temperature: - 171e 

Record the protective cage temperature: - S' C 

6. Lift and orient the test specimen as shown in the specified referenced figure. Figure 5 

7. Inspect the orientation setup and verify drop height.  

8. Photograph the set-up in at least two perpendicular planes.  

9. Release the test specimen.  

10. Measure specimen temperatures. Ensure specimen is at specified temperature. Note the - / 

instrument used

Record the cask temperature:

Record the skid temperature:

Record the protective cage temperature:

11. Photograph the test specimen and record any damage on Data Sheet 3.

12. Measure and record a radiation profile of the test specimen in accordance with ABAT/QSA 

Work Instruction WI-Q09.  

13. Engineering, Regulatory Affairs and Quality Assurance make a preliminary assessment, 

per Section 8.7.3. Record assessment on Data Sheet 3. Determine what changes are 

necessary in package orientation for the 9 meter (30 foot) free drop to achieve maximum 

damage.

__________________________ a

r .- i.

7/6

I

I



AEA Technology 
QSA& Inc.  
Burjington. Massachusetts

Test Plan 81. Revision 1 March 31. 1999 
Page 43 of 54

Data Sheet 3: 1.2 Meter (4 Foot) Free Drop

Test Unit Model and Serial Number. Test Specimen: TP81 (A) 

Test Date:, 3  (J Test Time: I0 / etPan 8 1 Step No.: 8.7 

Describe drop orientation and drop height: 

Describe impact (location, rotation, etc.): 

Describe on-site inspection (damage, broken parts, etc.): • - ..  

-a 4 ~ Y-- ~ ~ 7 e4i ..t }p/L. .. 4eA

On-site assessment: 6 e • ¢ 

Gu .JJ ("L.eY' r .3- • i.,7• -•) 

/7YV"-tA <- 4¢ Z11 .~ /~O 

Engineeriny QAs V 

Describe any post-test disassembly and inspection: 

:5l. ,f5 CK& lAS 5S'oJAJ aOJ 7Z:57?'J Rl" ~ u~e ~ )

Describe any change in source position: NOT APPLICABLE

Describe results of any pre- or post-test radiography: 

t4//1



Ii

AA Technology -Test Plan 81. Revision I A E A ech n logyM arch 3 1 . 199 9 

QSA. Inc. Page 22 of 54 

Burlington. Massachusetts 

8.7.2 1.2 Meter (4 Foot) Free Drop Test Orientation, Specimen 

TP81(A) 

The impact surface of Specimen TP8 I(A) is the top, long edge of the protective cage as shown 

below.  

up,.%./. / (Oe• 

•RLIFT4•} ----- --A 

CABLE 

p~~AM'A MORfI$IA&

IWAC6 

SURFACE 

DROP I 
SURFACE •

Figure 5. 1.2 Meter (4 Foot) Free Drop Test Orientation, Specimen TP8I(A) •

C

CAC

I



SEN7INEL 7n~/(.4) -,4F1cý /.ZA1(4'A&Vr).D)&P 7&aSr

SHIELDING PROFILE AND INSPECTION FORM

Radionuclide: Zr- 19 2- Max.Capacity:_L0,C . Ci

Shield Data 
Shield Heat#: 60 Mass of Shield: Lbs. Lot #: 4R 

Initial Profile 

Source Mo• Source SN: Activity: Ci 

Survey Inst.: SN: Date Cal.: Date Due:_

Observed 
Intensity mR/hr

I t

14*.ýzrfaceCorrection 

-- fctor Adjusted Intensity mR/hr

w

I .1 '- l-------- I H---

Right 

Front 

Left 

'Rear

Bottom

C it Correction Factor.

Inspector: Date: NCR #: 

Final Profile 

Source Model:. e,] r."f-- Source SN: FiA n Activity: l 74/ 7- Ci Mass of Device.< r/ Lbs.  

Survey Inst.:, Am .2 - SN:P N97-7- Date Cal.: Pe- ..? Date Due: 

Observed Intensity mR/hr Adjusted Intensity mR/hr 

Surface At Surface Corr. At One 
Surface Factor Meter At Surface At One Meter 

Top4 

Right _ _ 1.061 ,7 . " .  

Front 2.2- 1.Capacity Correction Front•_ • I~b ' •Factor: /.IL) 

Left 2 1.09 -_7 3 E 

Rear I .6% ?_ ?_ 

Bottom 4S_______ l./, 

Inspector: Wd// L',J Ea,.• Date: 114y4-99 NCR N: N/A 

"ornments: 4z -.. 1JAC-'I ?I,:• •.^ •. ,
- �' 4 -�-±.�

I,
7A �

.9

Surface

Top

SAmersham QSA

V



AFA Tecnhology 
QSA, inc.  
Burfington, Masschusetts

Test Plan 81, Revision 1 
Match 31, 1999 

Page44 of 54

Equipment List 4: 9 Meter (30 Foot) Free Drop 

Enter the Model and Serial Attach Inspection 

Description Number . Report or.  
Cahb'btion Certfficate 

Drop Suiface Drawing AT 10122, Rev. B s A 

Thermometer OM I .  

Thermocouple - .'iH -I -iY6--1?.  

Jke WA- tiO3 -S4P r-i 

Thermocouple (A&A -

Thermocouple 

Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibiat on certificate.  

Print -Name: Signature: Date: 

Verified by: -z•we,4 A.,/1 /. - P --Ov. x _,_f_._• 19 1



AEA Technology 
OSA. Inc.  
Burdiggton. Massachusetts

Test Plan 81. Revision I 
March 31, 1999 

Page 45 of 54

Checklist 4: 9 Meter (30 Foot) Free Drop 

Step TP8 I(A) TP8I(B) TP8l(C) 

I. Immerse specimen in dry ice or cool in freezer to bring carbon steel portions of the -p

specimen below -40°C.  

2. Measure the ambient temperature.  

Note the instrument used: - £d- $")6 
3. Attach the test specimen to the release mechanism. • C4.• 
4. Begin Video Recording of the test.. j t 
5. Measure specimen temperatures. Ensure specimen-is at specified temperature. ..  

Note the instrument used: "_._-__ 

Record the cask temperature: " .selC "9cfC 

Record the skid temperature: 12.1Z - ?*t: - 2'C 

Record the protective cage temperature: -s6Y'C - '2 - ,'" 

6. Lift and orient the test specimen as shown in the specified referenced figu.re. Figure/9 Figure 7 FigureA 
7 4ýY- Fg c-3

7. Inspect the orientation setup and verify drop height. A A,,

8. Photograph the setup in at least two perpendicular planes. • • Y 

9. Release the test specimen. ___ _____ 

10. Measure specimen temperatures. Ensure specimen is at specified temperature. 'fl 
Note the instrument used: 

Record the cask temperature: -5o"e -1S C.  

Record the skid temperature: -" It -$ "74PC, 

Record the protective cage temperature: -35_ -32"Z -4"8 C.  

11. Photograph the test specimen and record any damage on Data Sheet 4. . 4 f 

12. Engineering, Regulatory Affairs and Quality Assurance make a preliminary 
assessment, per Section 8.9.5. Record assessment on Data Sheet 4. Determine 
what changes are necessary in package orientation for the puncture test to achieve 
maximum damage.  

Verified by: Print Name: Signature: Date: 

Engineering Asac , L 7J. ,o / 4•.•. , -/e .-6e q 
Regulatory Affairs 

Quality Assurance ;Dqýq X~. ~r Z~. s A.40e 99

�Tc

AJo 2e-iwt)A6.T LOS-r 7ý)Zt A) r. 114PAO-r.



A-.A Technology Test Plan 81, Revision 1 ASA. Inc. March 31. 1999 

Burlington. Massachusetts Page 48 of54 

Data Sheet 4: 9 Meter (30 Foot) Free Drop 

Test Unit Model and Serial Number Test Specimen: TP81(C) 

Test Date: /q 110171q Test Time: 10: Test Plan 81 Step No.: 8.9 

Describe drop orientation and drop height: 

Describe impact (location, rotation, etc.):

Describe on-site inspection (damage, broken parts, etc.):- 65Iv AIK , ,,77 ,- 'i"' , 

*be n h'paaWQ es'e. Coo evor'" a&mkS ferw' &o~bbe Coeq VV" *-.  

On-site assessment: 

5Ro/,*j7M7\ /)~i 74~iA )i 7114 FIN C7z1Z5 94Z VAx5-Z ;~iJF 

LL ,w 5 V 7 14F ' Er 0:K.P--ne C466 ýo77iqtCH AWL. 7MI-Or ;1W~t 

5fX Vr. ?1 pA~h 1: 7VO-N/I'J Wfg jVPz'6.L*U96 MAZY LZ 34~A 
I/, 0 Cj, - 0~ut -J- 'Ye R4 76 7 YI 4g rp?5A J s6 > Ya, - /4_L)>-AJS POX~ UA'

Re - a/"y: , - QA:-

Describe4.ny post-test disassembly and inspection: 

NVO 1t&7 AC1 5pyT77~MJ M~o7? 7 ]JC1ZZ'757 

Describe any change in source position: NOT APPLICABLE 

Describe results of any pre- or post-test radiography: i'//• 

Completed by: ,. Date:

%.



AEA Technology 
QSA, Inc.  
Burlington. Massachusetts

Test Plan 81. Revision I March 31, 1999 

I Page 25 of 54

8.9.2 9 
TI 

The impact sun

LIFT 
CABLE

short side of the protective cage as shown below.

I MPACT 
SURFACE

9 METEFR (30 FEET)

DROP 
SURFACE

N -

-Figure 6G• 9 Meter (30 Foot) Free Drop Orientation, Specimen TP D 13 2,1R " 
aIA

k



AEA Technology 
QSA, Inc.  
Burlington. Massachusetts

Test Plan 81. Revision 1 
March 31, 1999 

Page 47 of 54

Data Sheet 4: 9 Meter (30 Foot) Free Drop

Test Unit Model and Serial Number. Test Specimen: TP81(B) 

Test Date: /YA 7 Test Time: 3 -5", Test Plan 81 Step No.: 8.9 

Describe drop orientation and drop height: 

Descdte impact (location, rotation, etc:): . /., ._\ C_ /',.'e" 

_4Mx1zrDPP 6D61, e 1Vz^5(~a9) 45PWWR015 

IVPqcT

Describe on-site inspection (damage, broken parts, etc.): ,I6A)7, P Yt ( ý _.  

br '5K, P a:-. V Atp p aw-) "'r Actr. 1 z5/' eo'ppo-/ 72 /AlF't4c I er 
~~~~~~ýW (R/7TZ.. fAtV5) /'Z ~ck&T5 (Z OF I/ - )JeD 7rV/AJP*ý9r 

e= A00O FAIVI&t 1IMiMl-'). ~yur CAM~ 9&l/47Art CW94 5K/ VIAD t4fl e4s5K

On-site assessment: t 1V? D bKW )./ 

-77#/5 DROP R4Y1.1L7zr) /4j &-'3,'; , 77,4ZL5" o,4"/f, 7-, 

,q4a -;ý /t)/pi'r 1W~~ ~,J!5r IN710 Z)&-7Z;`e1VA1/A 6 714!5 C-46S_ A.4iJ ~6aeAJ 

7Wg Ila r,)-P~MJ AJ45&n61f'. )eFCT14 "'??4 F//-q -3Of6 Doap gez 

~2'~7J 4 rV1V~e'7?W6 775r JVý-7;77dU7.

Regulatory: Q A:""A .

Describi any post-test disassembly and inspection: 

C'Sk (,,./.P,,Feze-. r c4,g/sK/1).

Describe any change in source position: NOT APPLICABLE 

Describe results of any pre- or post-test radiography: 1//A 

Completed bDate:/9,92,? 9;

WeO?.f T X/AJ C.

L)Rvp
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8.9.3 9 Meter (30 Foot) Free Drop Test Orientation, Specimen 

TP81(B) 

The impact surface of Specimen TP81(B) is the top long edge of the protective cage as shown 

below.  

IJFT 
CABLE 

TEST 
"SPEC MEN 

I WACT 
SURFACE 

i 9 METERS (30 FEE') 

DROP I 
SURFACE 

Figure 7. 9 Meter (30 Foot) Free Drop Orientation, Specimen TP81(B)
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Data Sheet 4: 9 Meter (30 Foot) Free Drop

Test Unit Model and Serial Number. Test Specimen: TP81(A) 

;&V SMJ FV 

TestDate: /11/APF 9P Test Time: 5.- O2 Test Plan 81 StepNo.: 8.9 

Describe drop orientation and drop height: 

Describe impact (location, rotation, etc.): .•.-~az•D "oPoF 46 /5 .p.ce,."

Describe on-site inspection (damage, broken parts, etc.): irz"g -w•c TUIV6 09p, SKl C4, nSK ax'.K=•umq

7hC 5 c4skf CvleP- 3o.15; L(6 Focr HpD39~3 A FR 0, 9 5 0o ft( P)1 ~, 

On-site assessment: 'Fl 'A) 6/,E'4 ', 

96WIW CA 645<V AA? F?77,:W 4e: 5,o'D 5/i7a a'Z7&>72 44'5,I13Ag, PW'f 7W 
CA6 4A',uWP DROP &0/4 M6,4~A~J fVA)67e4v2 bW . -DROP ,17j 4,V6Jz fSL6' 61-4r'a 

PY; VLe,17C4L ta)7v 7Wor 2)r~m 04,0& enlk &z7- 7v 7;i' 7-v~9 

Enieci Reglaor-Q A: V. 4.4 

Describe any post-test dlassei51y and inspection: 

NjO F09..P1R /A)56F&-7AP4" PýeM' 7W' FV/JC7V2 7T7:

Describe any change in source position: NOT APPLICABLE 

Describe results of any pre- or post-test radiography: A/04 

Completed by- Date:/,9 9

r



AEA Technology 
QSA. Inc.  
Burlington. Massachusetts

Test Plan 81. Revision 1 
March 31, 1999 

Page 27 of 54

8.9.4 -9 Free Drop Test Orientation, Specimen 

• 'the top of the protective cage as shown below.  

STEST SPECIMEN

UFT CABLE

IMPACT SURFACE

9 METERS (30 FEET)

ROP SURFACE

Flgure & 9 Meter (30 Foot) Free Drop Orientation, Specimen

a

• • e
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Equipment List 5: Puncture Test 

Enter the Model and Serial Attach Inspection 
Description Number Report or 

Calibration Certificate 

Drop Surface Drawing ATI0122, Rev. B 

Puncture Billet Drawing CT1I01 19, Rev. C 

Thermometer OM66A 
_______________________HH-Z.I 

Thermocouple "- T __-___ 

Thermocouple • -34•'P' ______- ___"$___-_ 

Thermocouple • )ThIO-3b -s _/_ " 

Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibration certificate.  

Print Name: Signature: Date: 

Completed by: , 6  A, ____._._/_____ 

Verified by: Aq A'.4W 44Z. Aft 19 1
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Checklist 5: Puncture Test A.

Step TYPI I 

1. Immerse specimen in dry ice or cool in freezer to bring carbon steel portions of the 
specimen below -40°C" .  

2. Measure the ambient temperature. c iO5c 

Note the instrument used: 9t4• I N6"1Z 
3. Attach the test specimen'to the release mechanism. [ 

4. Begin Video Recording of the test.,L 

5. Measure specimen temperatures. Ensurc specimen is at specified temperature..
Note the instrument used: 

Record the cask temperature: 
WA_ _ - _ _ _ 

Record the skid temperature: noi___ I __o" ____ 

Record the protective cage temperature: I _ _ _ 

6. Lift and orient the test specimen as shown in the specified referenced figure, or as oq.  

determined during the assessment of the 9 meter (30 foot) drop test. 1-________ 

7. Inspect the orientation setup and verify drop height. _ _ _ _ _ 

8. Photograph the set-up in at least two perpendicular planes. ih 
9. Release the test specimen.  

14. Measure specimen temperatures. Ensure specimen is at specified temperature. 7 /Z 
Note the instrument used: 

Record the cask temperature: 
/o A /IAA 

Record the skid temperature: ACA- 41A -SK 

Record the protective cage temperature: Co(6( e6 __' 

10. Photograph the test specimen and record any damage on Data Sheet 5.  

1I. Profile the shipping cask. ' 

12. Engineering, Regulatory Affairs and Quality Assurance make a preliminary assessment, 
per Section 8.10.5. Record assessment on Data Sheet 5. Determine what changes are 
necessary in package orientation for thermal test to achieve maximum damage.  

Verified by: Print Name: Signatre: Date: 

Engineering • . .  

Regulatory Affairs _ _ _ _ _ _ _ _ 

Quality Assurance -D911& ~4W Jj41,Z-r' 2jy' 

/ r51 11dr 11- 4 

i S dd>ambA~f.;-rd,"e,41t O C4 ed1.I
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Data Shoot 5: Puncture Test 

Test Unit ModeZ and Serial Number. Test Specimen: TP81L; E•S R Z9 
7e2 ,A1291 

Test Date: /9 ~ 9 etTm:5~5 etPlan 8Si Step No.: 8.10

Describe on-sit inspeton (damage, broken parts, etc.): 

S~~C2s ZzC >$ A/7 71/r6 mf~ ~U~ >, A 7C$,0 0&'~/U*) 5' 

On-site assessment: i 

$Ft9Cz'zRx MC-5VL Aroi2, AY ?/YC4,ACiura 

Describe any post-test disassembly and inspection: 

A)O~T '~ 'e77O\JO1J') 71JiAAL ftRIA.6 6%W dS 

Describe any change in source position: NOT APPLCABLE 

Describe results ofany pre- or post-test radiography: &t/A'/ 

Completed byasseDaen 

pW4rD#V~-bW7C44/VC/&W77-.S

W"



SEN"TINEL ( 

SHIELDING PROFILE AND INSPECTION FORM

-7,'., ,, J4 Rz~iiinnuclide: "___.-J'2~ Max.Capacity:j/Q•,Q) f Ci
Model: /Sed.., , iuu, - ..N.-..... . -

Shield Data 

Shield He-e __ _ __ Mass of Shield: Lbs. I Lot#: 

Initial Profile 

Source Model: Source SN:_ Activity: Ci 

Survey Inst.:__ S Date Cal.:_ Date Due:_ 

Observed Surface ection 

Surface Intensity mR/hr Factorr Adjusted Intensity mR/hr 

Top _c 

Right _Capacity ection 
Factor: 

Front 

Left 

Rear 

Bottom 

Inspector: Date: NCR #: 

Final Profile 

Source Model: ,u[tTM'(_-Source SN: W4- Activity: 5 2P --6Ci TMass of Device: .,4 - Lbs.  

Survey Inst.: atbgaa-r.• - SN: 9M 392-2L92q-7 Date Cal.: Date Due: P c 

Observed Intensity mR/hr Adjusted Intensity mR/hr 

Surface At Surface Corr. AAt One 

Surface Factor Meter At Surface At One Meter 

Top N A ,NIA Z 

Right -'- 

Fron I *Capacity Correction 
"I Factor: l,Zt 

Left { _I 

Rear 47 _ _____ _ _ 

Bottom 72 ____ 

Inspector: Date: /I4 ,?NCR #: l 
OI6-1I1 * .  

"omments: 

FrAmersham QSA
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Test Plan 81 Photographs

TPSI(A) Compression Test Setup

TP81(A) Penetratlon Test Setup TPS1(A) Penetration Test Results
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Test Plan 81 Photographs

TP81(A) 1.2 Meter Drop Results-Detail of 
Hold Down Ring

TP81(A) 1.2 Meter Drop Setup

TP81(A) 1.2 Meter Drop Results-Detail of 
Buckled Cage

TP81(A) 1.2 Meter Drop Results-Detail of 
Cage Deformation
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Test Plan 81 Photographs

TP81(C) 9 Meter Drop Results-Detail of 
TP81(C) 9 Meter Drop Setup Cask Detached From Skid

TP81(C) 9 Meter Drop Results-Detail of 
Skid

TP81(C) 9 Meter Drop Results-Detail of 
Missing Cask Cover Bolt
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Test Plan 81 Photographs

TP81(C) Puncture Test Setup
TPS1(C) Puncture Test Results
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Test Plan 81 Photographs

TPS1(B) 9 Meter Drop Setup TP81(B) 9 Meter Drop Results.  
Detail of Cage Deformation

TP81(B) 9 Meter Drop Results- TPS1(B) 9 Meter Drop Results
Detail of Cask and Skid Detail of Cask and Skid
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Test Plan 81 Photographs

TPSI(A) 9 Meter Drop Setup

TP81(A) Puncture Test Setup

TP81(A) 9 Meter Drop Results

TPS1(A) Puncture Test Results-Detail of 
Dented Bolt

D-6
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Appendix D: Finite Element Analysis (Model 702) 

D-1 Finite Element Analysis for the Model 702
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1.0 Purpose 

The purpose of this calculation is to document a finite element analysis of the AEA Technology Model 
702 transport package for the thermal requirements of 1OCFR71.73.4. The Model 702 transport package 
is designed for use as a shipping container for radio-isotopes. The transport package is shown on 
Figures 1 and 2.  

10CFR71.73 specifies hypothetical accident conditions for which the transport package must be 
designed. The thermal accident conditions include immersion in a 1475 'F fire for 30 minutes. The 
acceptance criteria for the test is that there is not a significant increase in radiation levels external to the 
package following a hypothetical accident. For this calculation, the acceptance criteria is considered to 
be met if the calculated strains in the stainless steel components which contain the depleted uranium and 
the stainless steel cover bolts are less than the strain corresponding tct the material ultimate strength at 
the test temperature.  

2.0 Summary of Results 

Figure 3 shows contours of the stress intensity profile in the transport package at 2 minutes, the time of 
maximum stress during the transient. The maximum stress intensity is 26 ksi. Figure 4 shows contours 
of total strain at 2 minutes. The maximum strain is less than 5%. This strain is considerably less than the 
strain at failure (40 to 50%) for stainless steel at a temperature of 1475 *F.  

An additional elastic-plastic stress pass was made at a time of 30 minutes to confirm that there is 
sufficient material strength at the highest temperatures to react the primary pressure loads. The 
maximum calculated total strain at 30 minutes is also less than 5%.  

3.0 Approach 

A three-dimensional finite element model of the transport package was developed with the ANSYS 
computer program (Reference 1). The shipping cask is mounted on a carbon steel skid with a protective 
cage. The skid and cage are conservatively assumed to have failed as a result of hypothetical accident 
drop loads and are not included in the model. The transport package components included in the model 
are: 

"* Shipping Cask 

"* Depleted Uranium Shield 

"* Cask Cover Assembly (Stainless Steel Liner and Depleted Uranium Shielding) 

"* Cask Cover Bolts 

"* Copper Wafers

MPR QA Form: QA-3.1-3, Rev. 0
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Half (180 degrees) of the transport package was modeled based on geometric and loading symmetry.  

A three part sequential analysis technique was used. In the first part of the analysis, a thermal transient 
analysis was performed to calculate temperature profiles within the package as a result of immersion in a 
fire. Radiation and convective heat transfer modes were considered. In the second part of the analysis, 
stresses in the transport package components due to the calculated temperature profiles were determined 
on an elastic basis at several times during the transient. In the third part of the analysis, at the time of 
maximum elastic stress due to temperature, a final analysis was performed with elastic-plastic material 
properties. The effects of bounding internal pressure and cover bolt pre-load were included in the final 
analysis.  

4.0 Finite Element Model 

4.1 Geometry 

One half of the transport package is modeled. Figures 5 through 8 show the finite element model 
components. Dimensions for the model are from References 2 through 16. Figures 9, 10 and 11 
show key-point numbers for a cross section of model. Keypoint coordinates for the cross sections 
are listed in Attachment 1.  

The model is meshed with hexahedral (brick) and tetrahedral elements. The bolts are represented 
by spar (line) elements. A surface effect element is used on the outside of the model to facilitate 
the application of the thermal boundary conditions.  

The transport package includes thin (0.010 inch) copper wafers that separate the depleted uranium 
from the stainless steel. These wafers are modeled explicitly and are assumed to completely fill 
the gap and to be in perfect thermal contact with the stainless steel on one side and the depleted 
uranium on the other. Structurally, these wafers provide little mechanical resistance due to the low 
strength of copper at high temperature.  

4.2 Material Properties 

The transport package outer shell, cover, liners and bolts are constructed from 304 stainless steel.  
Depleted uranium is used for shielding in the cask and cover assemblies. Thin copper wafers are 
used between the stainless steel and uranium. A neoprene gasket was included between the cover 
and cask assemblies. Material properties for these four materials from References 17 through 20 
are used in the model and listed in Attachment 2. The properties are temperature dependent for all 
but the neoprene.

MPR OA Form: QA-3.1-3, Rev. 0
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The mechanical strength of the copper at elevated temperature was assumed to be negligible.  
Accordingly, the elastic modulus for this materials was set to 1,000 psi.  

Elastic-plastic material properties for the stainless steel components were used for the final 
analysis -runs. Bi-linear stress strain curves as a function of temperature were input. The yield 
stress values used are shown in Table 4.1. A tangent modulus (slope of the stress strain curve in 
the plastic region) of 500,000 psi was used for each curve.  

Table 4.1: Yield Stress Values for 304 Stainless Steel (Reference 17)

Temperature (*F) Yield Stress (ksi) 
100 29.01 
300 22.39 
600 18.27 
900 16.21 

1,200 14.20 
1,500 9.50

4.3 Thermal Boundary Conditions 

Thermal boundary conditions representing immersion in a fire at 1475 'F were applied to the finite 
element model on all exterior surfaces. These surfaces include the finned outer surface of the cask, 
the cover top plate and the cask lower plate. The bottom of the cask lower plate was also heated 
(i.e. the cask is assumed to be suspended in the fire). The symmetry plane of the model was 
represented by a no heat flow condition (insulated).  

Radiation and convection heat transfer modes were included to account for heat flow from the fire 
to the cask. For radiation, the shipping cask was conservatively assumed to be a black body; 
absorbing all radiation. An absorptivity / emissivity of 1.0 was assumed for the exterior; a form 
factor of 1.0 was assumed indicating the cask is fully engulfed by the fire. Based on a review of 
typical fossil-fired furnace design coefficients, a heat transfer coefficient of 20 BTU/hr-ft2-*F was 
assumed on the exterior surfaces for convection.  

Heat flow across the air gaps inside the shipping cask was also considered. Radiation links were 
used to represent the heat transfer between the cask inner liner and the cover liner. Convective 
heat transfer in the confined space within the shipping cask was assumed to be negligible.

MPR OA Form: OA-3.1-3, Rev. 0
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4.4 Structural Boundary Conditions 

Structural boundary conditions were applied to the shipping cask finite element model to determine 

thermal expansion stresses and stresses due to internal pressure. Thermal expansion stresses result 

from differential thermal expansion of the shipping cask components. Pressure stresses result from 

the air inside the shipping cask heating up and expanding (according to the ideal gas law).  

Internal pressures were applied in the final elastic-plastic analyses. The limiting condition for 

internal pressure stress occurs when the neoprene gasket has burned off, relieving the pressure 

within the source cavity while the air surrounding the depleted uranium contained within the 

welded portion on the cask and cover assemblies expands (i.e. the inner surfaces of the cask and 

cover assemblies shown on Figures 6 and 7 are pressurized). TIie bounding value of the applied 

pressure is determined as follows: 

P2 = T2 P1 = (1475+460) 15 = 55 psi 
Ti (70+460) 

Displacements are constrained at the plane of symmetry in the direction normal to the plane of 

symmetry (y direction), along a vertical line through the origin in the x direction, and at a single 

node on the bottom of the cask lower plate in the z direction.  

5.0 Cover Bolt Calculations 

An initial strain of 0.004 inches was applied to the bolts in the final elastic-plastic analyses. This 

strain was determined to result in a bolt pre-load of 1,467 lb for ambient conditions. This pre-load 

corresponds to a torque of 165 in-lbs from the following relationship: 

T = K*D*F 

Where T = the applied torque 
K = the nut factor (0.3, Reference 21) 
D = the nominal bolt diameter = 3/8 inch 
F = the bolt tension force 

The 1,467 lb load in the bolts corresponds to a stress of 19 ksi for a stress area of 0.0773 in2 

(Reference 23 for 3/8 inch bolts) 

1467 
Spi = =19 ksi 0.0773

MPR QA Form: QA-3.1-3, Rev. 0
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Other potential loads on the bolts are dead weight and pressure. These loads were not applied in 
the finite element model but are evaluated below. The weight of the cover assembly is 30 lbs 
(Reference 13). This weight results in load of 5 lbs and a stress of 0.065 ksi in each of the 6 bolts.  

30 
Sdw = = 0.065 ksi 

6(0.0773) 

If the neoprene gasket does not fail, the 55 psi internal pressure is applied on a area conservatively 
corresponding to the bolt circld diameter of 5.5 inchet. This results in a load of 218 lbs and a 
stress of 2.8 ksi for each bolt.  

55 - (5.5)2 55 X (5.5)2 
, 4 =218 lbs S- = 4 =2.8 ksi 

6 6 (0.0773) 

6.0 Results 

6.1 Thermal 

Figures 12 through 16 show temperature profiles in the shipping cask at selected times during the 
temperature transient. At two minutes into the transient (Figure 13) the fins on the outside of the 
shipping cask have heated up to nearly 1300 *F while the inside of the shipping cask is still 
relatively cool. By 30 minutes, the shipping cask has nearly reached an equilibrium temperature of 
1475 'F. The depleted uranium shielding in the cover is the last component to heat up.  

6.2 Stress 

Figures 17 through 23 show contours of stress intensity in the shipping cask at selected times 
during the temperature transient. These stresses were calculated with elastic material properties 
and do not include pressure loads or bolt pre-load. This phase of the analysis was used to identify 
the time of maximum thermal stress. The maximum thermal stress intensity occurs at 2 minutes 
and is located in the outer tip of the fin at its attachment to the lower plate on the plane of 
symmetry.  

The stress in the fin and lower plate results from the expansion of the hot fin which is restrained by 
the cooler cask and lower plate. The maximum calculated elastic stress of 135 ksi occurs where 
the bending reinforcement provided by the lower plate is a minimum at the plane of symmetry.  
This maximum stress would not occur in an actual cask subjected to the specified thermal 
conditions because the stainless steel shell material would yield and relieve the stress. These

MPR QA Form: OA-3.1-3, Rev. 0
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thermal expansion stresses are secondary and do not occur in the material that forms the pressure 
boundary around the depleted uranium.  

High stresses also occur in the cover periphery. The depleted uranium shielding in the cover 
causes the center of the cover to heat up more slowly than the periphery. This temperature 
difference results in a hoop stress in the cover.  

To obtain a more realistic picture of the stress and strain condition in the cask, the stress pass was 
repeated at the time of maximum elastic thermal stress, 2 minutes, with elastic-plastic material 
properties. Pressure and bolt pre-load were included in this pass. Figures 3 and 4 show contours 
of stress intensity and total (elastic + plastic) strain. The maximum stress is reduced from 135 ksi 
to 26 ksi due to yielding in the material. The maximum calculated strain is less than 5%. Material 
testing shows that 304 stainless steel at 1475 'F will not rupture until the strain reaches 40 to 50% 
(Reference 22). Consequently, a strain of less than 5% is judged to be acceptable.  

An additional elastic-plastic stress pass was made at a time of 30 minutes to confirm that there is 
sufficient material strength at the highest temperatures to react the primary pressure loads. Figure 
24 shows that the stress results are bounded by the stresses at 2 minutes. The maximum calculated 
total strain at 30 minutes is also less than 5%.  

As discussed in Attachment 2, the analyses reported in this calculation were performed using a 
curve fit for the uranium and copper material properties which slightly under-predicted the heat 
capacity of the material at low temperatures. Scoping analyses performed using linear 
interpolation of the available material properties indicate that the time of maximum stress remains 
at about 2 minutes into the transient. The curve fit material properties result in a maximum elastic 
stress about 8% lower than that predicted using linear interpolation of the data. The maximum 
strain calculated in an elastic-plastic analysis is similarly expected to be no more than 8% greater 
than that shown in Figure 4, i.e. less than 5%.  

6.3 Cover Bolts 

The stress and load in the cover bolts were evaluated for the elastic-plastic stress passes. These 
evaluations show that the stress and load in the bolts was lower at high temperature than under cold 
pre-load conditions. The load decreases at high temperature because the stainless steel bolt 
expands more than the joint formed by the cover plate, gasket and shell.  

The decrease in load more than offsets any potential load due to internal pressure if the gasket does 
not rupture or deadweight of the cover. At 2 minutes, the load in each bolt decreases from 1,467 lb 
to 114 - 176 lbs (the three bolts have different loads). This decrease in load of more than 1,000 lbs 
more than offsets the 5 lb load due to dead weight or the 218 lb potential pressure load.

MPR QA Form: QA-3.1-3, Rev. 0
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The bolts are adequate for the thermal accident conditions and will retain the cover in place.  
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Figure 1: Isometric View of Model 702 Transport Package
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Figure 2: Model 702 Transport Package Schematic
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Figure 3: Model 702 Stress Intensity Profile at 2 Minutes

Model 702 - Plastic Analysis
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Model 702 - Plastic Analysis 

Figure 4: Model 702 Strain Intens4$ Profile at 2 Minutes 

I



MPR Associates, Inc.  
320 King Street Alexandria, VA 22314 

Calculation No. Prepared By Checked By Page: 16 

420-004-EBB-1 11f , C/2.ý •. Revision: 0

4. AN

Model 702 - Thermal Transient

Figure 5: Model 702 Finite Element Model
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Model 702 - Thermal Transient

Figure 6: Model 702 Finite Element Model - Cask
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Model 702 - Thermal Transient

Figure 7: Model 702 Finite Element Model - Cover
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Model 702 - Thermal Transient

Figure 8: Model 702 Finite Element Model - Depleted Uranium Shielding
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Figure 9: Geometric Keypoints - Shell
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Figure 10: Geometric Keypoints - Cover
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Figure 11: Geometric Keypoints - Depleted Uranium
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Model 70i2- Thermal Transient 

Figure 12: Temperature Profile at 1 Second
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Model 702 - Thermal Transient 

Figure 13: Temperature Profile at 2 Minutes 
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Figure 14: Temperature Profie at 10 M~inutes
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Figure 15: Temperature Profile at 20 Minutes
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Figure 16: Temperature Profde at 30 Minutes
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Figure 17: Stress Intensity Profile at 1 Minute
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Figure 18: Stress Intensity Profile at 2 Minutes 
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Model 702 Thermal Transient 

Figure 19: Stress Intensity Profile at 3 Minutes 
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Model 702 - Thermal Transient 

Figure 20: Stress Intensity Profile at 5 Minutes
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Model 702 - Thermal Transient 

Figure 21: Stress Intensity Profile at 10 Minutes 
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Model 702 - Thermal Transient 

Figure 22: Stres Intensity Profile at 20 Minutes 
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Figure 23: Stress Intensity Profile at 30 Minutes

Model 702 - Thermal Transient



MPR Associates, Inc.  
320 King Street Alexandria, VA 22314 

Calculation No. Prepared By Checked By Page: 35 

420-004-EBB-1 C.-- .• Revision: 0 

ANSYS 5.6 
JUL 6 2000 
17:55:33 
PLOT NO. 1 
NODAL SOLUTION 
STEP=1 
SUB -18 

SINT (AVG) 
DMX =.169423 
SMN =60.458 
SMX =9972 

60.458 
1162 
2263 
3364 
4466 
5567 
6668 
7770 
8871 
9972 

Model 702 - Plastic Analysis 

Figure 24: Stress Intensity Profile at 30 Minutes - Elastic Plastic
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Model 702 - Plastic Analysis 

Figure 25: Strain Profile at 30 Minutes - Elastic Plastic
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LIST ALL SELECTED KEYPOINTS.

NO. X,YZ LOCATION 
2 0. 0. 0.  
4 4.50 0. 0.  
5 0. 0. 0.375 
6 4.50 0. 0.375 

10 3.50 0. 0.  
12 3.50 0. 0.375 
16 .2.27 0. 0.  
18 2.27 0. 0.375 
22 1.27 0. 0.  
24 1.27 0. 0.375 
27 3.72 0.  
28 3.54 0. 0.  
31 3.72 0. 10.6 
38 3.54 0. - 10.6 
39 3.72 0. 0.438 
40 3.54 0. 0.438 
43 3.72 0. 9.81 
46 3.54 0. 9.81 
47 0. 0. 0.438 
48 3.50 -0.563E-15 0.438 

NO. X,Y,Z LOCATION 
51 3.72 0. 6.88 
54 3.54 .0. 6.88 
55 3.72 0. 0.375 
56 3.54 0. 0.375 
59 3.72 0. 2.69 
62 3.54 0. 2.69 
63 3.72 0. 2.90 
64 3.54 0. 2.90 
67 3.72 0. 3.02 
70 3.54 0. 3.02 
71 3.72 0. 7.06 
72 3.54 0. 7.06 
75 3.72 0. 7.18 
78 3.54 0. 7.18 

121 3.50 -0.563E-15 2.69 
125 0. 0. 2.69 
128 4.12 0. 10.6 
129 4.50 0. 10.2 
242 1.27 -0.204E-15 0.438" 
244 3.50 -0.563E-15 6.88 

NO. X,Y,Z LOCATION 
247 1.27 -0.204E-15 6.88 
248 3.50 -0.563E-15 2'.90 
249 1.27 -0.204E-15 2.90 
252 3.50 -0.563E-15 3.02 
255 1.27 -0.204E-15 3.02 
256 2.27 -0.365E-15 0.438 
258 3.50 -0.563E-15 9.81 
261 2.27 -0.365E-15 9.81 
262 3.50 -0.563E-15 7.06

KESIZE 
0.  

0.300 
0.  

0.300 
0.  
0.  
0.  
0.  
0.  
0.  

0.300 
0.300 

0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  

KESIZE 
0.  
0.  

0.300 
0.300 

0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  

KESIZE 
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.

NODE ELEM MAT REAL TYP ESYS
3685 
3923 
2661 
3929 
3418 
2801 
3446 
2788 
3605 
2662 
3087 
3088 
6543 

10391 
6589 
2349 
6551 
2440 

1 
841

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

NODE ELEM MAT REAL TYP ESYS
6567 
2531 
3090 
3092 
6587 
2362 
6585 
2648 
6569 
2518 
6565 
2635 
6553 
2427 

842 
193 

6539 
6489 

2 
1492

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0

NODE ELEM MAT REAL TYP ESYS 
2141 0 0 0 0 0 
1556 0 0 0 0 0 
2089 0 0 0 0 0 
1777 0 0 0 0 0 
2117 0 0 0 0 0 

763 0 0 0 0 0 
1127 0 0 0 0 0 
1133 0 0 0 0 0 
1439 0 0 0 0 0
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2.27 
3.50 
2.27 
1.27 
2.27 
2.27 
2.27 
2.27 

0.  
1.24 
1.24

-0.365E-15 
-0.563E-15 
-0.365E-15 
-0.204E-15 
-0.365E-15 
-0.365E-15 
-0.365E-15 
-0.365E-15 

0.  
-0.200E-15 
-0.200E-15

263 
266 
269 
271 
272 
274 
276 
278 
280 
281 
283 

NO.  
285 
286 
288 
291 
292 
295 
296 
297 
300 
302 
304 
307 
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311 
312 
313 
316 
318 
323 
328 

NO.  
329 
333 
334 
336 
339 
343 
349 
352 
379 
380 
382 
384 
385 
386 
388 
390 
392 
394 
395 
398

X,Y, Z 
2.14 
1.12 
1.24 
2.14 
2.25 
2.75 
2.25 
3.54 

0.  
1.11 
1.11 

0.  
0.  

0.990 
0.990 
2.12 
1.02 
2.12 
1.11 
1.02

LOCATION 
-0.344E-15 
-0. 181E-15 
-0.200E-15 
-0.344E-15 
-0.361E-15 
-0.442E-15 
-0.361E-15 

0.  
0.  

-0. 179E-15 
-0.179E-15 

0.  
0.  

-0. 159E-15 
-0.159E-15 
-0.341E-15 
-0. 164E-15 
-0.341E-15 
-0.179E-15 
-0.i64E-15

7.06 
7.18 
7.18 
2.69 
2.69 
6.88 
2.90 
3.02 
2.90 
2.90 
3.02 

3.02 
2.90 
7.18 
7.18 
6.88 
6.88 
7.06 
7.06 
7.18 
7.06 
10.6 
10.6 
9.81 
9.81 
10.0 
10.0 
10.0 
10.6 
10.1 
10.1 
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3.02 
7.06 
7.18 
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10.1 
10.0 
10.0 
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10.3 
6.31 
6.43 
10.3 
6.31 
10.9 
7.43 
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X,Y,Z LOCATION 
0. 0.  

1.12 -0.181E-15 
1.24 -0.200E-15 
1.12 -0.181E-15 
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2.25 -0.361E-15 
1.12 -0.181E-15 
2.25 -0.361E-15 
2.14 -0.344E-15 
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2.14 -0.344E-15 
2.25 -0.361E-15 
2.14 -0.344E-15 
3.72 -0.598E-15 
2.14 -0.344E-15 
2.75 -0.442E-15 
2.75 -0.442E-15 
3.54 0.  
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

0 
0 
0 
0 

0 
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0.  
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0.  
0.  
0.  
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0.  
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NODE ELEM MAT REAL TYP ESYS

1440 
1075 
1091 

133 
781 

1507 
1544 
1681 

13878 
2853 
2867 

NODE 
13848 
13880 
13512 
14011 

2879 
13625 

2983 
13973 

2997 
13439 
13022 
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3009 
13182 

6549 
14096 
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13002 
10435 

6545 

NODE 
13067 
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13184 
13026 
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13146 
10457 
20023 
20278 
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20318

ELEM 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ELEM 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

MAT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

MAT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

REAL 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

REAL 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

TYP 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

TYP 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

ESYS 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ESYS 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

NO. X,Y,Z LOCATION



400 0. 0. 10.9 0. 20876 0 0 0 0 0 

401 0. 0. 10.7 0. 19986 0 0 0 0 0 
402 3.25 -0.523E-15 10.7 0. 20971 0 0 0 0 0 
403 1.11 -0.179E-15 6.44 0. 20408 0 0 0 0 0 

406 1.02 -0.164E-15 6.44 0. 20414 0 0 0 0 0 
407 2.12 -0.341E-15 7.31 0. 20382 0 0 0 0 0 

408 1.02 -0.164E-15 7.31 0. 20324 0 0 0 0 0 

411 2.12 -0.341E-15 7.43 0. 20370 0 0 0 0 0 

414 3.25 -0.523E-15 10.9 0. 20989 0 0 0 0 0 
415 2.00 -0.321E-15 7.31 0. 20474 0 0 0 0 0 

419 2.00 -0.321E-15 7.43 0. 20486 0 0 0 0 0 

422 2.75 -0.442E-15 10.7 0. 20977 0 0 0 0 0 

424 2.02 -0.325E-15 7.31 0. 20383 0 0 0 0 0 

426 2.75 -0.442E-15 10.9 0. 20983 0 0 0 0 0 
427 0. 0. - 9.70 0. 19793 0 0 0 0 0 

428 2.12 -0.341E-15 9.70 0. 20694 0 0 0 0 0 

430 2.02 -0.325E-15 10.9 0. 21027 0 0 0 0 0 
433 2.02 -0.444E-15 10.7 0. 20226 0 0 0 0 0 

435 2.12 -0.341E 15 7.45 0. 20588 0 0 0 0 0 
438 2.02" -0.325E-15 7.45 0. 20618 0 0 0 0 0 

NO. X,Y,Z LOCATION KESIZE NODE ELEM MAT REAL TYP ESYS 
439 2.02 -0.444E-15 10.3 0. 20227 0 0 0 0 0 
443 2.12 -0.341E-15 9.69 0. 20582 0 0 0 0 0 
446 2.02 -0.325E-15 9.69 0. 20624 0 0 0 0 0 
447 1.02 -0.222E-15 6.43 0. 20272 0 0 0 0 0 
449 1.11 -0.222E-15 7.31 0. 20330 0 0 0 0 0 
451 2.02 -0.-444E-15 7.43 0. 20376 0 0 0 0 0 

456 2.12 -0.444E-15 10.7 0. 20220 0 0 0 0 0 
459 0. 0. 6.44 0. 21073 0 0 0 0 0 
460 0.990 -0.159E-15 6.44 0. 21109 0 0 0 0 0 
462 0.990 -0.222E-15 10.3 0. 19835 0 0 0 0 0 
463 2.00 -0.321E-15 9.70 0. 20740 0 0 0 0 0 

465 2.00 -0.321E-15 10.9 0. 21040 0 0 0 0 0 

469 0.990 -0.159E-15 9.70 0. 19805 0 0 0 0 0 

471 0.990 -0.159E-15 10.9 0. 20913 0 0 0 0 0 

475 1.11 -0.179E-15 9.70 0. 20746 0 0 0 0 0 

477 1.11 -0.179E-15 10.9 0. 21046 0 0 0 0 0 
479 0.990 -0.222E-15 10.7 0. 20156 0 0 0 0 0 
483 2.00 -0.444E-15 10.7 0. 20674 0 0 0 0 0 
484 2.02 -0.222E-15 9.70 0. 20700 0 0 0 0 0 
486 2.00 -0.444E-15 10.3 0. 20668 0 0 0 0 0 

NO. X,Y,Z LOCATION KESIZE NODE ELEM MAT REAL TYP ESYS 
488 1.11 -0.222E-15 10.3 0. 20758 0 0 0 0 0 

491 1.11 -0.222E-15 10.7 0. 20838 0 0 0 0 0 
494 0.990 -0.159E-15 9.69 0. 21146 0 0 0 0 0 

496 0. 0. 9.69 0. 21139 0 0 0 0 0 

497 0.990 -0.159E-15 7.31 0. 21241 0 0 0 0 0 

499 0. 0. 7.31 0. 21362 0 0 0 .0 0 

500 0. 0. 7.45 0. 21422 0 0 0 0 0 
501 2.00 -0.321E-15 7.45 0. 21274 0 0 0 0 0 
503 2.00 -0.321E-15 9.69 0. 21215 0 0 0 0 0 

505 1.11 -0.179E-15 7.45 0. 21280 0 0 0 0 0 

507 1.11 -0.179E-15 9.69 0. 21209 0 0 0 0 0 
509 0.990 -0.111E-15 7.45 0. 21457 0 0 0 0 0
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Attachment 2: Material Property Listing 

The material properties listed in this appendix:are based on linear interpolation of the available data and 
are judged to be the best material property data available. Initially, polynomial curve fits were used for 
the thermal transport properties (density, specific heat, and thermal conductivity) for uranium and 
copper. The results reported in this -calculation are based on the curve fits which slightly under-predict 
the heat capacity of the material at lower temperatures. The impact of this modelling approach on the 
results was evaluated. It was determined that the use of the curve fits resulted in a maximum calculated 
elastic stress about 8% less than those calculated with linear interpolation of the data. A similar 
difference is expected for the strain results from the elastic-plastic analyses.

MPR QA Form: QA-3.1-3, Rev. 0



LIST MATERIALS 
PROPERTY= ALL

1 TO 4 BY 1

PROPERTY TABLE EX MAT= 1 NUM. POINTS= 17 
TEMPERATURE DATA TEMPERATURE DATA TEMPERATURE 

70.000 0.28120E+08 200.00 0.27620E+08 300.00 
400.00 0.26640E+08 500.00 0.26070E+08 600.00 
700.00 0.24770E+08 800.00 0.24060E+08 900.00 
1000.0 0.22530E+08 1100.0 0.21720E+08 1200.0 
1300.0 0.20030E+08 1400.0 0.19170E+08 1500.0 
1600.0 0.17420E+08 1700.0 0.16540E+08

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0

NUXY MAT= 1 NUM. POINTS= 
DATA TEMPERATURE DATA 

0.26390 200.00 0.27110 
0.28080 500.00 0.28510 
0.29310 400.00 0.29700 
0.30460 1100.0 - 0.30860 
0.31710 1400.0 0.32170 
0.33240 1700.0 0.33840

17 
TEMPERATURE 

300.00 
600.00 
900.00 
1200.0 
1500.0

ALPX MAT= - 1 NUM. POINTS= 17 
DATA TEMPERATURE DATA TEMPERATURE 

0.84810E-05 200.00 0.87860E-05 300.00 
0.91930E-05 500.00 0.93710E-05 600.00 
0.96840E-05 800.00 0.98230E-05 900.00 
0.10070E-04 1100.0 0.10180E-04 1200.0 
0.10390E-04 1400.0 0.10490E-04 1500.0 
0.10690E-04 1700.0 0.10790E-04

DENS MAT= 
DATA 

0.29020 
0.287i0 
0.28430 
0.28150 
0.27880 
0.27600

1 NUM. POINTS= 17 
TEMPERATURE DATA TEMPERATURE 

200.00 0.28900 300.00 
500.00 0.28620 600.00 
800.00 0.28340 900.00 
1100.0 0.28060 1200.0 
1400.0 0.27780 1500.0 
1700.0 0.27500

KXX MAT= 1 NUM. POINTS= 17 
DATA TEMPERATURE DATA TEMPERATURE 

0.19840E-03 200.00 0.21520E-03 300.00 
0.23950E-03 500.00 0.25110E-03 600.00 
0.27330E-03 800.00 0.28400E-03 900.00 
0.30480E-03 1100.0 0.31490E-03 1200.0 
0.33470E-03 1400.0 0.34450E-03 1500.0 
0.36410E-03 1700.0 0.37390E-03

C MAT= 
DATA 

0.11410 
0.12740 
0.13470 
0.13950 
0.14430 
0.15110

PROPERTY TABLE EMIS MAT= 
TEMPERATURE DATA 

70.000 1.0000 
400.00 1.0000 
700.00 1.0000 
1000.0 1.0000 
1300.0 1.0000 
1600.0 1.0000 

PROPERTY TABLE REFT MAT= 
TEMPERATURE DATA 

70.000 70.000 
400.00 70.000

1 NUM. POINTS= 
TEMPERATURE DATA 

200.00 0.12020 
500.00 0.13020 
800.00 0.13640 
1100.0 0.14100 
1400.0 . .0.14620 

1700.0 0.15420

1 NUM.  
TEMPERATURE 

200.00 
500.00 
800.00 
1100.0 
1400.0 
1700.0 

1 NUM.  
TEMPERATURE 

200.00 
500.00

POINTS= 
DATA 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

POINTS= 
DATA 

70.000 
70.000

17 
TEMPERATURE 

300.00 
600.00 
900.00 
1200.0 
1500.0 

17 
TEMPERATURE 

300.00 
600.00 
900.00 
1200.0 
1500.0 

17 
TEMPERATURE 

300.00 
600.00

DATA 
0.27160E+08 
0.25440E+08 
0.23310E+08 
0.20890E+08 
0.18300E+08

DATA 
0.27610 
0.28920 
0.30080 
0.31270 
0.32680

DATA 
0.89980E-05 
0.95340E-05 
0.99510E-05 
0.10290E-04 
0.10590E-04

DATA 
0.28800 
0.28530 
0.28250 
0.27970 
0.27690

DATA 
0.22750E-03 
0.26240E-03 
0.29450E-03 
0.32480E-03 
0.35430E-03

DATA 
0.12410 
0.13260 
0.13800 
0.14260 
0.14850 

DATA 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

DATA 
70.000 
70.000



700.00 
1000.0 
1300.0 
1600.0

70.000 
70.000 
70.000 
70.000

800.00 
1100.0 
1400.0 
1700.0

70.000 
70.000 
70.000 
70.000

900.00 
1200.0 
1500.0

PROPERTY TABLE EX MAT= 2 NUM. POINTS= 12 
TEMPERATURE DATA TEMPERATURE DATA TEMPERATURE 

77.000 0.29500E+08 212.00 0.26100E+08 392.00 
572.00 0.18600E+08 752.00 0.14300E+08 932.00 
1112.0 0.57800E+07 1220.0 0.33700E+07 1231.0 
1292.0 0.50600E+07 1429.0 0.83900E+06 1472.0

PROPERTY TABLE NUXY MAT= 
TEMPERATURE DATA 

"70.000 0.22000 
400.00 0.22000 
700.00 0.22000 
1000.0 0.22000 
1300.0 0.22000 
1600.0 0.22000

PROPERTY TABLE 
TEMPERATURE 

77.000 
1656.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0

2 NUN. POINTS= 17 
TEMPERATURE DATA TEMPERATURE 

200.00 0.22000 300.00 
500.00 0.22000 600.00 
800.00 0.22000 900.00 
1100.0 0.22000 1200.0 
"f400.0 0.22000 1500.0 
1700.0 0.22000

ALPX MAT= 2 NUM. POINTS= 5 
DATA TEMPERATURE DATA TEMPERATURE 

0.6670DE-05 1161.0 0.15600E-04 1341.0 
0.11100E-04 2061.0 0.11100E-04

DENS MAT= 
DATA 

0.68910 
0.68320 
0.67690 
0.66930 
0.66600 
0.64520

2 NUM. POINTS= 17 
TEMPERATURE DATA 

200.00 0.68680 
500.00 0.68130 
800.00 0.67460 
1100.0 0.66490 
1400.0 0.65220 
1700.0 0.64160

TEMPERATURE 
300.00 
600.00 
900.00 
1200.0 
1500.0

KXX *MAT= 2 NUM. POINTS= 17 
DATA TEMPERATURE DATA TEMPERATURE 

0.35710E-03 200.00 0.40210E-03 300.00 
0.43340E-03 500.00 0.45130E-03 600.00 
0.49320E-03 800.00 0.51780E-03 900.00 
0.56120E-03 1100.0 0.56110E-03 1200.0 
0.60370E-03 1400.0 0.60390E-03 1500.0 
0.60490E-03 1700.0 0.60530E-03 

C MAT= 2 NUM. POINTS= 17 
DATA TEMPERATURE DATA TEMPERATURE 

0.27900E-01 200.00 0.29100E-01 300.00 
0.31500E-01 500.0d 0.32900E-01 600.00 
0.36200E-01 800.00 0.38100E-01 900.00 
0.41600E-01 1100.0 0.41900E-01 1200.0 
0.42400E-01 1400.0 0.42700E-01 1500.0 
0.43200E-01 1700.0 0.43500E-01

EMIS MAT= 
DATA 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000

PROPERTY TABLE REFT MAT= 
TEMPERATURE DATA 

70.000 70.000 
400.00 70.000 
700.00 70.000 
1000.0 70.000 
1300.0 70.000 
1600.0 70.000

2 NUm.  
TEMPERATURE 

200.00 
500.00 
800.00 
1100.0 
1400.0 
1700.0 

2 NUM.  
TEMPERATURE 

200.00 
500.00 
800.00 
1100.0 
1400.0 
1700.0

POINTS= 17 
DATA TEMPERATURE 

1.0000 300.00 
1.0000 600.00 
1.0000 900.00 
1.0000 1200.0 
1.0000 1500.0 
1.0000 

POINTS= 17 
DATA TEMPERATURE 

70.000 300.00 
70.000 600.00 
70.000 900.00 
70.000 1200.0 
70.000 1500.0 
70.000

DATA 
0.22000 
0.22000 
0.22000 
0.22000 
0.22000

DATA 
0.15600E-04

DATA 
0.68500 
0.67920 
0.67210 
0.66050 
0.64860

DATA 
0.41600E-03 
0.47010E-03 
0.54180E-03 
0.60400E-03 
0.60450E-03 

DATA 
0.30100E-01 
0.34300E-01 
0.40000E-01 
0.42100E-01 
0.42900E-01

DATA 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

DATA 
70.000 
70.000 
70.000 
70.000 
70.000

70.000 
70.000 
70.000 

DATA 
0.22200E+08 
0.10100E+08 
0.57800E+07 
0.83900E+06



PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

68.000 
441.00 
981.00 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400'.00 
700.00 
1000.0 
1300.0 
16Q0.0

EX MAT= 
DATA 

1000.0 
1000.0 
1000.0 
1000.0 
1000.0 
1000.0 

NUXY MAT= 
DATA 

0.30800 
0.30800 
0.30800 
0.30800 
0.30800 
0.30800

3 NUm.  
TEMPERATURE 

200.00 
500.00 
800.00 
1100.0 
1400.0 
1700.0

POINTS= 
DATA 

1000.0 
1000.0 
1000.0 
1000.0 
1000.0 
1000.0

3 NUM. POINTS= 
TEMPERATURE DATA 

200.00 0.30800 
500.00 0.30800 
800.00 0.30800 
1100.0 0.30800 
1400.0 0.30800 
1700.0 0.30800

ALPX MAT= 3 NUM. POINTS= 
DATA TEMPERATURE DATA

0.92800E-05 171.00 
0.10170E-04 621.00 
0.1133pE-04"'1521.0

DENS MAT= 
DATA 

0.32270 
0.31960 
0.31670 
0.31360 
0.31000 
0.30670

0.96100E-05 
0.10500E-04 
0.13110E-04

17 
TEMPERATURE 

300.00 
600.00 
900..00 
1200.0 
1500.0 

17 
TEMPERATURE 

300.00 
600.00 
900.00 
1200.0 
1500.0

TEMPERATURE 
261.00 
801.00 
1701.0

3 NUM. POINTS= 17 
TEMPERATURE DATA TEMPERATURE 

200.00 0.32150 300.00 
500.00 0.31870 600.00 
800.00 0.31570 900.00 
1100.0 0.31240 1200.0 
1400.0 0.30890 1500.0 
1700.0 0.30560

XXX MAT= 3 NUM. POINTS= 17 
DATA TEMPERATURE DATA TEMPERATURE 

0.55190E-02 200.00 0.51410E-02 300.00 
0.52560E-02 500.00 0.53770E-02 600.00 
0.50970E-02 800.00 0.51360E-02 900.00 
0.46810E-02 1100.0 0.46530E-02 1200.0 
0.46090E-02 1400.0 0.46480E-02 1500.0 
0.42690E-02 1700.0 0.43440E-02

C MAT= 3 NUM.  
DATA TEMPERATURE 

0.92000E-01 200.00 
0.96400E-01 500.00
0.10380 
0.10700 
0.10660 
0.11230

EMIS MAT= 
DATA 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000

PROPERTY TABLE REFT MAT= 
TEMPERATURE DATA 

70.000 70.000 
400.00 70.000 
700.00 70.000 
1000.0 70.000 
1300.0 70.000 
1600.0 70.000

800.00 
1100.0 
1400.0 
1700.0

3 NUM.  
TEMPERATURE 

200.00 
500.00 
800.00 
1100.0, 
1400.0 
1700.0 

3 NUM.  
TEMPERATURE 

200.00 
500.00 
800.00 
1100.0 
1400.0 
1700.0

POINTS= 17 
DATA TEMPERATURE 

0.93800E-01 300.00 
0.99000E-01 600.00
0.10500 
0.10680 
0.10790 
0.11460

POINTS= 17 
DATA 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

POINTS= 17 
DATA 

70.000 
70.000 
70.000 
70.000 
70.000 
70.000

DATA 
1000.0 
1000.0 
1000.0 
1000.0 
1000.0 

DATA 
0.30800 
0.30800 
0.30800 
0.30800 
0.30800

DATA 
0.97800E-05 
0.10890E-04 
0.13780E-04

DATA 
0.32060 
0.31770 
0.31460 
0.31120 
0.30780

DATA 
0.51990E-02 
0.50360E-02 
0.46550E-02 
0.46330E-02 
0.47290E-02 

DATA 
0.9510OE-01 
0.10230

900.00 0.10600 
1200.0 0.10670 
1500.0 0.11010

TEMPERATURE 
300.00 
600.00 
900.00 
1200.0 
1500.0 

TEMPERATURE 
300.00 
600.00 
900.00 
1200.0 
1500.0

DATA 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

DATA 
70.000 
70.000 
70.000 
70.000 
70.000

PROPERTY TABLE EX MAT= 4 NUM. POINTS= 17 
TEMPERATURE DATA TEMPERATURE DATA TEMPERATURE DATA



70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 

"1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0

0.29000E+06 
0.29000E+06 
0.29000E+06 
0.29000E+06 
0.29000E+06 
0.29000E+06

NUXY MAT= 
DATA 

0.45000 
0.45000 
0.45000 
0.45000 
0.45000 
0.45000

200.00 
500.00 
800.00 
1100.0 
1400.0 
1700.0

0.29000E+06 
0.29000E+06 
0.29000E+06 
0.29000E+06 
0.29000E+06 
0.29000E+06

4 NUM. POINTS= 
TEMPERATURE DATA 

200.00 0.45000 
500.00 0.45000 
800.00 0.45000 
1100.0 0.45000 
1400.0 0.45000 
1700.0 0.45000

ALPX MAT= 4 NUM.  
DATA TEMPERATURE.  

0. 200.00 
0. 500.00 
0. 800.00 
0. 1100.0 
0. 1400.0 
0. 1700.0

POINTS= 
bATA 

0.  
0.  
0.  
0.  
0.  
0.

300.00 
600.00 
900.00 
.1200.0 
1500.0

17 
* TEMPERATURE 

300.00 
600.00 
900.00 
1200.0 
1500.0 

17 
TEMPERATURE 

300.00 
600.00 
900.00 
1200.0 
1500.0

PROPERTY TABLE DENS MAT= 4 NUM. POINTS= 17 
TEMPERATURE DATA TEMPERATURE DATA TEMPERATURE

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70,000 
400.00 
700.00 
1000.0 
1300.0 
1600.0

0.43000E-01 
0.43000E-01 
0.430OOE-01 
0.43000E-01 
0.4,3000E-01 
0.4300OE-01

200.00 
500.00 
800.00 
1100.0 
1400.0 
1700.0

0.430OOE-01 
0.430OOE-01 
0.43000E-01 
0.43000E-01 
0.43000E-01 
0.430OOE-01

300.00 
600.00 
900.00 
1200.0 
1500.0

KXX .MAT= 4 NUM. POINTS= 17 
DATA TEMPERATURE DATA TEMPERATURE 

0.17390E-06 200.00 0.17390E-06 300.00 
0.17390E-06 500A00 0.17390E-06 600.00 
0.17390E-06 800.00 0.17390E-06 900.00 
0.17390E-06 1100.0 0.17390E-06 1200.0 
0.17390E-06 1400.0 0.17390E-06 1500.0 
0.17390E-06 1700.0 0.17390E-06

DATA 
0.43000E-01 
0.43000E-01 
0.43000E-01 
0.43OO0E-01 
0.43000E-01 

DATA 
0.17390E-06 
0.17390E-06 
0.17390E-06 
0.17390E-06 
0.17390E-06

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0 

PROPERTY TABLE 
TEMPERATURE 

70.000 
400.00 
700.00 
1000.0 
1300.0 
1600.0

C MAT= 
DATA 

0.48000 
0.48000 
0.48000 
0.48000 
0.48000 
0.48000 

EMIS MAT= 
DATA 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

REFT MAT= 
DATA 

70.000 
70.000 
70.000 
70.000 
70.000 
70.000

4 NUM. POINTS= 
TEMPERATURE DATA 

200.00 0.48000 
500.00 0.48000 
800.00 0.48000 
1100.0 0.48000 
1400.0 0.48000 
1700.0 0.48000

4 NUM.  
TEMPERATURE 

200.00 
500.00 
800.00 
1100.0 
1400.0 
1700.0 

4 NUM.  
TEMPERATURE 

200.00 
500.00 
800.00 
1100.0 
1400.0 
1700.0

POINTS= 
DATA 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

POINTS= 
DATA 

70.000 
70.000 
70.000 
70.000 
70.000 
70.000

17 
TEMPERATURE 

300.00 
600.00 
900.00 
1200.0 
1500.0 

17 
TEMPERATURE 

300.00 
600.00 
900.00 
1200.0 
1500.0 

17 
TEMPERATURE 

300.00 
600.00 
900.00 
1200.0 
1500.0

0.29000E+06 
0.29000E+06 
0.29000E+06 
0.29000E+06 
0.29000E+06

DATA 
0.45000 
0.45000 
0.45000 
0.45000 
0.45000 

DATA 
0.  
0.  
0.  
0.  
0.

DATA 
0.48000 
0.48000 
0.48000 
0.48000 
0.48000 

DATA 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

DATA 
70.000 
70.000 
70.000 
70.000 
70.000


