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Note: Unless indicated otherwise, all information related to the Model AOS- 1OOA is also applicable
to the Model AOS- 1OOA -S.

The objective of the thermal evaluation is to determine the temperature distribution in the transport
package, which occurs during Normal and Hypothetical Accident conditions of transport. Additionally, the
thermal evaluation verifies that the transport packages meet the performance requirements specified -by
10 CFR 71 [3.1] and IAEA TS-R-1 [3.2], and establishes the temperature effects on the package
components and their performance, because these effects relate to the safe transport of
radioactive material.

3.1 DESCRIPTION OF THERMAL DESIGN
The AOS Transport Packaging System is designed with a thermally passive system The cask component
is enclosed at both ends by an overpack or impact limiter structure, which/functions as a thermal shield
and mitigates regulatory impact loads. Table 3-1 summarizes the dimensions and typical contents of each\ . f
AOS Transport Packaging System model. The impact limiter consists of a thin-walled cylindrical shell, with

. . / .\ \ \ \/
a flat disk at one end and a dish head at the other end. On the flat disk side, there is cylindrical recess,
with an internal profile identical to that of the cask profile, which accommodates the cask during transport.

.'1 \ 1
Twelve (12) squared ribs are attached to the inside wall cylindrical resection. Eight (8) of these ribs extend
beyond the flat disk plate, to be. used as turnbuckle attachment points. Atthe dish head end, there is also a
resection, created to reduce the area available for impact during a head-on\dropLheeimpact limiter shell is

filled with rigid, closed-cell, polyurethane foam material. / t

0

Figure 3-1 presents an isometri

design applies to Models AOS-
extended to the center of the p•
replaced by eight (8) hook conr

c view of the Model AOS-l'00A/AOS-100A-S pAckaging. This impact limiter
050, AOS-1 00, and AOS-165. For the-Model AOS-025, the impact limiter is
ackage, encl-!ýithe cask component completely, and the turnbuckles are
iectors.
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Note: Unless indicated otherwise, all information related to the Model AOS-100A is also applicable 
to the Model AOS-100A-S. 

The objective of the thermal evaluation is to determine the temperature distribution in the transport 
package, which occurs during Normal and Hypothetical Accident conditions of transport. Additionally, the 
thermal evaluation verifies that the transport packages meet the performance requirements specified by 
10 CFR 71 [3.1] and IAEA TS-R-1 [3.2], and establishes the temperature effects on the package 
components and their performance, because these effects relate to th«e safe transport of 
radioactive material. ) 

3.1 . DESCRIPTION OF THERMAL DESIGN . 0 
The AOS Transport Packaging System is designed with a thermally passive sy,stem. 'f~e cask component 
is enclosed at both ends by an overpack or impact limiter structure, whichAuncfi0ns as~ ther~al shield 
and mitigates regulatory impact loads. Table 3-1 summarizes the dimensio~s~nd tyPical contents 6~each 
AOS Transport Packaging System model. The impact limiter consists of a thin-walled c~lindrid-al shell, with 
a flat disk at one end and a dish head at the other end. On the flat~~k~ide, ther~ is c}!indriciil' recess, 
with an internal profile identical to that of the cask profile, whic~atcommoaates the cask during transport. 
Twelve (12) squared ribs are attached to the inside wall cylindrical r~ection.Eight (8) of Uiese ribs extend 
beyond the flat disk plate, to be. used as turnbuckle attachryrtnt Joints. ANhe dishhea~ehd, there is also a 
resection, created to reduce the area available for impact during a head-o~rQ[>. Tbe'impact limiter shell is 
filled with rigid, closed-cell, polyurethane foam mater.ial. \ 

Figure 3-1 presents an isometric view of the MOd~0i1'OOA/AOS-100A-S packaging. This impact limiter 
..... c--;, / 

design applies to Models AOS-OSO, AOS-100, and AOS-16S. Fot tlle-Mo.,gel AOS-02S, "the impact limiter is 
extended to the center of the package, enclOsirigtbe ;;ask component completely, and the turnbuckles are 

replaced by eight (8) hook connectors. () V . 
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Figure 3-1. Transport Package, Isometric View - Models AOS-100A and AOS-100A-S
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I

The temperature distributions for the AOS Transport Packaging System models are determined for the
thermal environments listed in Table 3-2.

All conditions were analyzed using the LIBRA Finite Element program, with the exception of Conditions 5
and 7, where uniform temperature fields of -40'C (-40'F) and -28.9'C (-20'F) were assigned. A description
of the LIBRA Finite Element program heat transfer module is provided in Appendix 3.5.3, which also
includes the qualifications and verification program performed by GE to support the modeling techniques
and assumptions taken throughout the thermal evaluation. To further verify the thermal model, a Heat test
was conducted, using the Model AOS-165A transport package. In this test, a 7-kW electrica-l heat source
was placed in the cask cavity. The cask was then closed and placed into a pit. Placing the cask inside the
pit helped to maintain the environment temperature as constant as possible. Temperatures inside and/ \ / /' k
outside of the cask, as well as the ambient temperature inside the pit, were recorded during the/cask's
heating and cooling cycle. Refer to Chapter 8, Appendix 8.3.1, "Heat Test Repbrt" for a detailed account
of the heat test and its results.

0

Condition 3, fire transient, analysis is initiated at the steady-state Condition 1
load is applied. The maximum decay heat of each of the AOS Transport F
distributed across the cask cavity surface. Table 3-3 presents the resulting 1
compared to design pressure, for each AOS Transport Packaging System m
nodal temperatures determined by each analyses within a r egulatory en
component's thermal criteria, by model. I \

temr\miodels is
thermal load
lists selected

well as each

0
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The temperature distributions for the AOS Transport Packaging System models are determined for the 
thermal environments listed in Table 3-2. 

All conditions were analyzed using the LIBRA Finite Element program, with the exception of Conditions 5 
and 7, where uniform temperature fields of -40°C (-40°F) and -28.9°C (-20°F) were assigned. A description 
of the LIBRA Finite Element program heat transfer module is provided in Appendix 3.5.3, which also 
includes the qualifications and verification program performed by GE to support the modeling techniques 
and assumptions taken throughout the thermal evaluation. To further verify the thermal model, a Heat test 
was conducted, using the Model AOS-165A transport package. In this test, a 7-kW elec)ric-aiheat,source 
was placed in the cask cavity. The cask was then closed and placed into a pit. Placin~tlie cask inside the 
pit helped to maintain the environment temperature as constant as possible. TemperatuQinsidJ and 
outside of the cask, as well as the ambient temperature inside the pit, were rec6r~ed dJrio1 th~ask's 
heating and cooling cycle. Refer to Chapter 8, Appendix 8.3.1, "Heat Test Report," for~detailed account 

of the. ~eat te~t and it~ ~esults. ..... .. <. ~.. ~ . ~ . 
Condition 3, fire transient; analysIs IS Initiated at the steady-state Condition 1, If.I which t~ maxlm~ solar 
load is applied. The maximum decay heat of each of the AOS TrarlSport PacRaging sy\ste~models is 
distributed across the cask cavity surface. Table 3-3 presents th~esultir1g pressu're due J,to thermal load 
compared to design pressure, for each AOS Transport Packa@ihg System ~0del. TJble 3-4 lists selected 
nodal temperatures determined by each analyses within/a ~egUlatdlY" env~nrr(eny~s yvell as each 
component's thermal criteria, by model. ~ 
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0
Table 3-1. AOS Transport System Summary - All Models

mensions (cm / in.) Content Weight (kg I lbs.)

S
0

III

k Cavity

Height OD Height

Fissile
Materials,

U-235 Decay
Heat,Radioisotopea,

TBq /Ci
eq/Bup/

CoolModel

AOS-025A

ODA

28.96'

11.40

22.86 I .14
1

12.70

5.00

5.3

148
Ir-192

AOS-050A III
57.96

22.82

79.25V

31.20

25.40

in nn

555

981
Ir-192

4-4 +

115.93 158.50

5!25

6.5111.12
AOS-100A II

720

20,000
Co-60

45.64 62.40 28.00

Watts Packagingb Cask Limiters Content

71.4 53.6 11 6.810
157 118 24 15

511 431.2 52.6 27.2
100

1,126 950 116 60

3,950 3,451 272 227
400

8,700 7,601 599 500

3,232 2,823 272 227400
7,125 6,218 600 500

3,901 3,402 272 227
400

8,600 7,500 600 500

18,234 14,968 2,268 9987,000
40,200 33,000 5,000 2,200

15,535 12,270 2,268 998

115.93 158.50 71.12
AOS-100B III ~i4+ 4- -- Co-60

45.64 62.40 28.00 36.00

115.93 158.50 71.12 91.44
AOS- 10OA-S II

45.64 62.40 28.00 36.00 6.50
4-1,I 1 1- + 4 -I

191.26 264.16 117.35 150.88 27.23
AOS-165A

75.30 104.00 46.20 59.40 10.72 3

191.26 264.16 117.35 150.88 27.23 83.
AOS-165B 4 4 4

75.30 104.00 46.20 59.40 10.72 33.00 16, 5,000 2,200

a. Representative isotope. Additional isotopes are authorized for shipment in the AOSI

b. AII AOS Transport Packaging System models have dimensions greater than 10 cm

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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3-5

I 

• • 
T~ble 3-1. AOS Transport 

~ 
0 
g) 

.!l ., 
() 

Radioisotope8 , 

Model Height TBq ICi 

12.70 5.3 
AOS-025A III Ir-192 

5.00 148 

57.96 555 
AOS-050A III Ir-192 

22.82 981 

115.93 
AOS-100A II 

45.64 62.40 

115.93 158.50 71.12 
AOS-100B III 

45.64 62.40 28.00 

115.93 158.50 71.12 
AOS-100A-S II 

45.64 62.40 28.00 36.00 

191.26 264.16 117.35 150.88 
AOS-165A 

75.30 104.00 46.20 59.40 

191.26 264.16 117.35 150.88 27.23 
AOS-165B 

75.30 104.00 46.20 59.40 10.72 

a. Representative isotope. Additional isotopes are authorized for shipment in the 

b. All ADS Transport Packaging System models have dimensions greater than 10 cm 
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Materials, 
U-235 Decay 

eq/Bupl Heat, 
Cool Watts Packagingb Cask Limiters Content 

71.4 53.6 11 6.8 
10 

157 118 24 15 

511 431.2 52.6 27.2 
100 

1,126 950 116 60 

3,950 
400 

3,451 272 227 

8,700 7,601 599 500 

3,232 
400 

2,823 272 227 

7,125 6,218 600 500 

3,901 
400 

3,402 272 

8,600 7,500 600 500 

18,234 14,968 2,268 998 
7,000 

40,200 33,000· 5,000 2,200 

15,535 12,270 2,268 998 

34,250 27,050 5,000 2,200 
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Table 3-2. Transport Package Thermal Environment Conditions - All Models 0Condition Thermal Environment

1 37.8°00 (1 00°F) ambient with maximum decay heat and maximum solar load.

2 37.80 C (100°F) ambient with maximum decay heat.,

3 Fire transient, t = 0 to 3.0 hours.

4 -40°C (-40°F) ambient with maximum decay heat.

5 ~-40°C (-40°F) ambient.

6 28.9°C (-20° F) ambient with maximum decay heat. //
7 -28.9°C (-200 F) ambient. /

Table 3-3. Maximum Cask Cavity Pressure Due to Normal Conditin of Tasot- All M~odels

Volume Temperature (T)a A !ressu re' j hsig n PressureC

Model I in3  °C °F a• psiaq F kPa psia

AOS-025 0.17 10 99 ,21•0\ 12T"h' 18 < 207 30

AOS-050 1.36 83 128 •263 \ 136, 20/ < 414 60

AOS- 100A- 11.21 684 126-P 25 35 20 < 1,3 28

AOS-100B 11.21 684 126,66,,66,,66, 259 135,>" 20 < 1,931 280

AOS-165A 49 2,978/ 385 , '689--.~ •209 30 < 1,517 220

AOS-165B 49 2,978\ 202' , _,395 209 30 < 1,517 220

a. Temperatures listed are the maximum values obtained throughout Normal conditions of transport events.
b. Pressure calculation isbased'upon h iel, gas law•, where:

____ 2 T__1  T 2

Initial Condition Final Condition

• P,1 = 14.7 psia P2 =?

T1 =78°F T2 =256°F

/ ' (256+460) 147=1.6pi-- • • ,• 92 - ~~~(78 + 460)*147=9.6pi

c. Medeal'AOS-100and AOS-165 transport packages -Pressure value isbased uponprojected`cndns

I

0
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Table 3-2. Transport Package Thermal Environment Conditions - All Models 

Condition Thermal Environment 

37.8°C (100°F) ambient with maximum decay heat and maximum solar load. 

2 37.8°C (100°F) ambient with maximum decay heat. . 

3 Fire transient, t = 0 to 3.0 hours. 

4 -40°C (-40°F) ambient with maximum decay heat. 

5 

6 -28.9°C (-20°F) ambient with maximum decay heat. 

7 -28.9°C (-20°F) ambient. 

Table 3-3. Maximum Cask Cavity Pressure Due to Normal 

Volume Temperature (T)8 

Model in3 °C 

AOS-025 0.17 10 99 207 

AOS-050 1.36 83 128 < 414 

AOS-100A 
11.21 684 

AOS-100A-S < 1,931 

AOS-100B 11.21 20 < 1,931 

AOS-165A 49 2 30 < 1,517 

AOS-165B 49 2 30 < 1,517 

a. Temperatures listed are the maximum 

b. Pressure calculation is Cs;;a-upon the ....... " .. ",,,,,, 

Normal conditions of transport events. 

~ 
\P~ = P2~ \J:(r.t2 

Initial Condition 

Pl/'\ 14.7 psia 
/ 

T1 = 78°F 

=> 

Final Condition 

P2 =? 

T2 = 256°F 

(256 + 460) . 
P = * 14.7 = 19.56 pSla 

2 (78 + 460) 

c; Mode/~OS-;;OO and AOS-165 transport packages - Pressure value is based upon projected 
operating'cpnditions. 

psi a 

30 

60 

280 

280 

220 

220 
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Table 3-4. Transport Package Temperature Summary - All Models

4 Thermal Temperatures, by Condition

0 wmi f 3c 4 5 6 7 Regulatory/Component
Componenta A 1 "-M °C °F °C °F °C °F °C °F C F Criteriab

Cask Cavity /99> Xl( 60 /141 149 300 -15 5 -40 -40 -4 24 -29 -20 4000C (7520F)

Shielding Material \98ý- 209' 60z 140 149, 299 -16 3 -40 -40 -5 23 -29 -20 400-C (752-F)

I Cask Seal Area 98 < /208 ,/59 "139• 148. \299 -16 3 -40 -40 -5 22 -29 -20 300°C (572°F) Metallic Seal

Cask Test Port 98 208 -59. 1?; 1.• 8 >/299 -16 2 -40 -40 -6 22 -29 -20 232-C (450-F) Elastomeric Seal

Cask Drain Port 98 208'\ .59 138 /147<• 297 -17 2 -40 -40 -6 22 -29 -20 232°C (450'F) Elastomeric Seal
S Cask Vent Port 98 208 59 \1,39' 149/ 300 //-16\ 2 -40 -40 -6 22 -29 -20 232-C (450'F) Elastomeric Seal

eh Cask Outside 1 / /o Surface 98 208 59 138 147 297 .16\ 2\ -40 -40 -6 22 -29 -20 4000C (752°F)

Impact Limiter -21/' ". 137°C (279-F)98mte 20 9 3 i2.1 1' i->6i<2•U§) -40 -40 -6 22 -2 -0
Foam Material 98 208 59 139 2-4/,1 16T- -29 -20 Conditions 1 and 2

OvepacAces7\ >0 -" -9 2 500C (122°F) Non-Exclusive Use
Overpack Accessible ..

Outside Surfaced 87 189 43 110 797 1,467 3 -29/ -40> 0 -23 -9 -29 -2085 (185F) Exclusive Use-
Condition 2

AOS Radioactive Material Transport Packaging System Safety Analysis Report 3-7
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Table 3-4. Summary - All Models 

iii 
Thermal Temperatures, by Condition 

'C 3c 4 0 
:il 

Componenta °C of °C of 

Cask Cavity -15 5 

Shielding Material -16 3 

Cask Seal Area -16 3 

Cask Test Port 2 

Cask Drain Port 98 2 
oCt 
It) Cask Vent Port 98 N 
0 
en Cask Outside 

98 208 0 Surface oCt 

Impact Limiter 
98 208 59 

Foam Material 

Overpack Accessible 
Outside Surfaced 

87 189 43 110 
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for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

5 

°C of 

-40 -40 

-40 -40 

-40 -40 

-40 -40 

-40 -40 

-40 -40 

-40 -40 

-40 

• 
6 7 Regulatory/Component 

°C of °C of Criteriab 

-4 24 -29 -20 400°C (752°F) 

-5 23 -29 -20 400°C (752°F) 

-5 22 -29 -20 300°C (572°F) Metallic Seal 

-6 22 -29 -20 232°C (450°F) Elastomeric Seal 

-6 22 -29 -20 232°C (450°F) Elastomeric Seal 

-6 22 -29 -20 232°C (450°F) Elastomeric Seal 

-6 22 -29 -20 400°C (752°F) 

-6 22 -29 -20 
13rC (279°F) 
Conditions 1 and 2 

50°C (122°F) Non-Exclusive Use 

-9 -29 -20 
85°C (185°F) Exclusive Use-
Condition 2 
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ire Summary - All Models (Continued)

Cask Cavity v /128, 1263 ' 2 1.98 205 401 18 65 -40 -40 29 84 -29 -20 400°C (752-F)

I Shielding Material \125 w2i7/K 89/ 193 218 425 15 60 -40 -40 26 79 -29 -20 400-C (752-F)

Cask Seal Area 123 /254 /88 190,- 200 \392 13 56 -40 -40 24 76 -29 -20 300°C (572'F) Metallic Seal

I Cask Test Port 123 \253/ .8,7-- 188 200 193 13 55 -40 -40 24 74 -29 -20 232°C (450'F) Elastomeric Seal

Cask Drain Port 124 254K 87 189r /201 /393 13 55 -40 -40 24 75 -29 -20 23206 (450'F) Elastomeric Seal

O Cask Vent Port 123 254 \88- \1 96\' 199/ 391 /f3\ 56 -40 -40 24 76 -29 -20 232-C (450'F) Elastomeric Seal

Ich Cask Outside / /0 S urface 122 252 86 187 374 706 12 53 -40 -40 22 72 -29 -20 400°C (752°F)OSurface /- / /,• /N\\ Conditionsl1and 2
I Impct Lmiter//>1 37°C (279°F)

Foamt LiMaiter 124 255 88 190 289/' 553 1'4. / 57 -40 -40 24 76 -29 -20 Conditions 1 and 2

Overpack Accessible/ 50'C (1 22°F) Non-Exclusive Use

Ovrdc Acesil 202 41 106 799 1,7 -36) -33 -40 -40 -26 -14 -29 -20
Outside Surfaced 95 471 85'C (185'F) Exclusive Use-

Condition 2

3-8 AOS Radioactive Material Transport Packaging System Safety Analysis Report
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a; 

" 0 
:5 

Componenta 

Cask Cavity 

Shielding Material 

Cask Seal Area 

Cask Test Port 

Cask Drain Port 
c:r: 
0 Cask Vent Port II) 
0 

I Cask Outside CJ) 
122 252 0 Surface c:r: 

Impact Limiter 
124 255 88 

Foam Material 

Overpack Accessible 
95 202 41 

Outside Surfaced 
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re Summary - All Models (Continued) 

106 

Thermal Temperatures, by Condition 

3c 

°C of 

799 

4 5 6 7 _ Regulatory/Component 
of °C OF °C OF °C OF Criteriab 

65 -40 -40 29 84 -29 -20 400°C (752°F) 

60 -40 -40 26 79 -29 -20 400°C (752°F) 

56 -40 -40 24 76 -29 -20 300°C (572°F) Metallic Seal 

55 -40 -40 24 74 -29 -20 232°C (450°F) Elastomeric Seal 

55 -40 -40 24 75 -29 -20 232°C (450°F) Elastomeric Seal 

-40 -40 24 76 -29 -20 232°C (450°F) Elastomeric Seal 

400°C (752°F) 
-40 -40 22 72 -29 -20 

Conditions 1 and 2 

-40 24 76 -29 -20 
137"C (279°F) 
Conditions 1 and 2 

50°C (122°F) Non-Exclusive Use 

~26 -14 -29 -20 
85°C (185°F) Exclusive Use-
Condition 2 
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Table 3-4. Transport Pa

0

Componenta

Cask Cavity ""

Shielding Material

Cask Seal Area

Summary - All Models (Continued)

Thermal Temperatures, by Condition

S3c 4 5 6 Regulatory/Component

01hL -C °F -C °F °C -F °C -F -C °F Criteriab

//90 /1951 174 346 12 54 -40 -40 25 78 -29 -20 400-C (752°F)

186 204 400 8 46 -40 -40 21 69 -29 -20 400-C (752-F)

/82 180- 1 365 4 39 -40 -40 17 63 -29 -20 300°C (572-F) Metallic Seal

- •:t <77", 1,75Ki 346 2 36 -40 -40 15 59 -29 -20 232'C (450'F) Elastomeric SealCn

W
0

Ch

0

0

0)
ch

Cask Test Port

Cask Drain Port 116 242,', 81 1 7Z7 -/175, /346 2 36 -40 -40 15 60 -29 -20 232°C (450°F) Elastomeric Seal

Cask Vent Port 118 245 \82\81 80' 1,74/ 345 1-4\, 39 -40 -40 17 63 -29 -20 232°C (450'F) Elastomeric Seal

Cask Outside 115 239 79 174 426 799 0 31 -40 -40 13 55 -29 -20 400 0 (752°F)
Surface _/ -/4 . , Conditions 1 and 2

Impact Limiter 119 246 83 182 618/1,15 5 4 0  -40 -40 18 64 -29 130

Foam Material 11 71 -201 Conditions 1 and 2

Overpack Accessible
Outside Surfaced 39 79979 1 174 102 1,471 -39-38 -40 40 -28 -18 -29 -20

50'C (122°F) Non-Exclusive Use

85°C (185°F) Exclusive Use-
Condition 2-x

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B

3-9

• • 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

.' 

3-9 



Table 3-4. Transport Package-Temperature Summary - All Models (Continued)

Thermal Temperatures, by Condition

0 Vd L2 3c 4 5 6 7 Regulatory/Component
C1mpnenta l C °F °C -F -C -F 0C °F 0C °F Criteriab

Cask Cavity /26 ,259,.•0 ,1'95 183 360 13 55 -40 -40 26 78 -29 -20 4000C (752°F)

Shielding Material .\122-25/V1 86 187 202 - 396 8 46 -40 -40 21 69 -29 -20 400°C (7520F)

Cask Seal Area 118 /245 /82 180,--'72>\341 4 39 -40 -40 17 63 -29 -20 3000C (5720F) Metallic Seal

Cask Test Port 116 \241. 8,1- 177 . 172 142 2 36 -40 -40 15 59 -29 -20 2320C (450'F) Elastomeric Seal

Cask Drain Port 116 242' 81 17\8 /172 /342 2 36 -40 -40 15 60 -29 -20 2320C (4500F) Elastomeric Seal
Cask Vent Port 118 245 \82-\1806\ 171/ 340 /4\ 39 -40 -40 17 63 -29 -20 232°C (4500F) Elastomeric Seal

ch Cask Outside 400°C (752/F)Sace 115 239 79 174 426 799 0 31 -40 -40 13 55 -29 -200 Surface /_ / / Conditions 1 and 2

Impact Limiter 1 62 /6i 40 137°C (2790F)
Foam 5\ -40 -40 18 64 -29 -20 Conditions 1 and 2

e/ / 500C (122°F) Non-Exclusive Use
O ieSrackAcessibd 79 174 39 102 799 1,471 -39? -38 -40 -40 -28 -18 -29 -20
Outside Surface/ 850C (1i85F) Exclusive Use-

\ / 7 z__ Condition 2
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Table 3-4. Transport Summary - All Models (Continued) 

a; 
Thermal Temperatures, by Condition 

" 3c 4 5 6 7 0 Regulatory/Component 
:5 

Criteriab Componenta °C OF °C of °C of °C of °C of 

Cask Cavity 13 55 -40 -40 26 78 -29 -20 400°C (752°F) 

Shielding Material 8 46 -40 -40 21 69 -29 -20 400°C (752°F) 

Cask Seal Area 4 39 -40 -40 17 63 -29 -20 300°C (572°F) Metallic Seal 

Cask Test Port 2 36 -40 -40 15 59 -29 -20 232°C (450°F) Elastomeric Seal 

Cask Drain Port 36 -40 -40 15 60 -29 -20 232°C (450°F) Elastomeric Seal 
a:I 
0 Cask Vent Port -40 -40 17 63 -29 -20 232°C (450°F) Elastomeric Seal 0 ... 

I Cask Outside 400°C (752°F) en 115 239 -40 -40 13 55 -29 -20 0 Surface Conditions 1 and 2 <C 

Impact Limiter 
119 246 83 -40 -40 18 64 -29 -20 

13rC (279°F) 
Foam Material Conditions 1 and 2 

50°C (122°F) Non-Exclusive Use 
Overpack Accessible 

79 174 39 102 799 -28 -18 -29 -20 
Outside Surfaced 85°C (185°F) Exclusive Use-

Condition 2 
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Table 3-4. Transport Packg erature Summary - All Models (Continued)

Componenta

Cask Cavity "/
Shielding Material

Thermal Temperatures, by Condition

4 5 6 7 Regulatory/Component
M LF. °C 'F °C °F 0C 'F °C °F °C °F Criteriab

p442 652 375 707 "277 531 -40 -40 288 550 -29 -20 400°C (7520 F)

30Y 585 348 658 239 462 -40 -40 250 482 -29 -20 400°C (752°F)

/283 541,3•26 ' ,\619 212 414 -40 -40 224 435 -29 -20 427°C (800'F) Metallic SealCask Seal Area
A•

Cask iTest Port 289 "5~b 268 514b•••,: 314•' 5U/ 7 1.97• , 386 -40 -40 208 406 1 -29J -20. 12132• C450F) Btastomenic Seal

Cask Drain Port 290 555-1 269 516 615 /598 198 388 -40 -40 209 408 -29 -20 232-C (450°F) Elastomeric Seal

Cask Vent Port 305 580 283 \\54\i1 326/ 619 /2,1'3 415 -40 -40 224 435 -29 -20 232 0C (450°F) Elastomeric Seal

Cask Outside \61 4 5 / 400 0C (752°F)
Surface 266 510 243 470 522 972 170 338 -40 -40 182 359 -29 -20 Conditions 1 and 2

Overpack 311 592 29ce>'/6 1......,_K, 400.C (752-F)311 592 290 552 522,206 0 )428!i -40 -40 231 448 -29 -20
Inside Surface / Conditions 1 and 2

50 0C(122°F) Non-Exclusive UseOverpack Accessible 6 iii•il!

O1e7ac Accessible 1,469 -3 2 -4 40 -24 -12 -29 -20Outside Surfaced 80 176 42 108 798 30 . 85°C (185 0F) Exclusive Use-/ / , 7 1 z Condition 2

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B
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Table 3-4. Transport re Summary - All Models (Continued) 

G) 
Thermal Temperatures, by Condition 

"tJ ,3c 4 a 
:E 

Componenta °C of °C of 

Cask Cavity 707 277 531 -- Shielding Material 239 462 C'Il 
Q) 

:I: 
Cask Seal Area 212 414 >-

C'Il 
u Cask Test Port 197 386 Q) 

C 
E Cask Drain Port 
::::J 
E Cask Vent Port .;C 
C'Il Cask Outside :E 266 510 

== 
Surlace 

~ 

t::. Overpack 
311 592 290 

<C Inside Surlace 
II) 
co ,.. 

I en Overpack Accessible 0 80 176 42 108 
<C Outside Surlaced 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

5 

°C of 

-40 -40 

-40 -40 

-40 -40 

-40 -40 

-40 -40 

-40 -40 

-40 -40 

-40 

• 
6 7 Regulatory/Component 

°C of °C of Criteriab 

288 550 -29 -20 400°C (752°F) 

250 482 -29 -20 400°C (752°F) 

224 435 -29 -20 42JOC (800°F) Metallic Seal 

208 406 -29 -20 232°C (450°F) Elastomeric Seal 

209 408 -29 -20 232°C (450°F) Elastomeric Seal 

224 435 -29 -20 232°C (450°F) Elastomeric Seal 

400°C (752°F) 
182 359 -29 -20 

Conditions 1 and 2 

231 448 -29 -20 
400°C (752°F) 
Conditions 1 and 2 

50°C (122°F) Non-Exclusive Use 

-24 -12 -29 -20 
85°C (185°F) Exclusive Use-
Condition 2 
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Table 3-4. Transport Package-Temperature Summary - All Models (Continued)

Thermal Temperatures, by Condition

VA0 &.2 3c 4 5 6 7 Regulatory/Component
Componenta 02 o F aC °F - °C F °C F °C °F 0C 0F Criteriab

Cask Cavity V .. ,./2,02 39 172 /341 232 449 95 203 -40 -40 106 123 -29 -20 400°C (7520F)

ew Shielding Material \\187• 369 157Y 315 227 441 79 175 -40 -40 91 196 -29 -20 4000C (752°F)

Cask Seal Area 177 /350-'/1'46 296- -204 \400 67 153 -40 -40 79 175 -29 -20 2040C (400°F)
Cask Test Port 171 3202 95 61 -40 -40 73 163 -29 -20 2320C (4500F) Elastomeric Seal

Cask Drain Port 171 340\ 141 .285, / 61 143 -40 -40 73 164 -29 -20 232-C (450°F) Elastomeric SealECask Veant Port 177 350: ...... \29" 0 394

.E Cask Vent Port i77 350 146C \2-96\ 204// 399 167\ 153 -40 -40 79 175 -29 -20 2320C (450°F) Elastomeric Seal

2 Cask Outside / / 4000C (7520 F)
162 324 131 268 4 846 50 122 -40 -40 62 144 -29 -20 Conditions1 and2

Surface //

Overpack 180 355 149 301 631 1,67 70, )159, -40 -40 82 180 -29 -20 40000 (7520F)
I Inside Surface < 7N Conditions 1 and 2

S/ > 500C (122°F) Non-Exclusive Use
, Overpack Accessible 69 -37 -

o usd ufcd 80 176 40 103 798 1,6 -ýý 4 2 1 2 20Outside Surface/ 850C (185°F) Exclusive Use -
\ / ----- ___ _Condition 2

a. Maximum temperature for these components anywhere in the Transport Packaging System'model are provided in all Load Case tables,
located throughout this chapter.

b. The Vendor Literature provided in Appendix 3.5.7, "Properties of Materials References," supports these, temperature limits.

c. Temperature listed is the maximum value obtained throughout Fire conditions of transport. /
d. Listed temperatures are on the overpack and cask surfaces, and not at the personnel barrier surface.

3-12 AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Table 3-4. Transport pac~kalae'TemlJlerEltl Summary - All Models (Continued) 

Thermal Temperatures, by Condition 

3c 4 5 6 7 Regulatory/Component 
Componenta °C OF °C of °C of °C of °C of Criteriab 

__ Cask Cavity. 449 95 203 -40 -40 106 123 -29 -20 400°C (752°F) 

79 175 -40 -40 91 196 -29 -20 400°C (752°F) m Shielding Material 
~ r_------------~~~~~~~~~--~~~+_--~r_--~--~----~--~----+_--_+----+_--_+----------------------~ 
1;' Cask Seal Area 67 153 -40 -40 79 175 -29 -20 204°C (400°F) 
u 
~ Cask Test Port 61 142 -40 -40 73 163 -29 -20 232°C (450°F) Elastomeric Seal 

143 -40 -40 73 164 -29 -20 232°C (450°F) Elastomeric Seal E Cask Drain Port 
j r_------------~~--~--~~~~~~~--+_--~r_~~--~----~--~----+_--_+----+_--_+----------------------~ E .;;C Cask Vent Port 
as :a: Cask Outside 
~ Surface 

II! Overpack 
~ 
In Inside Surface 
It) 
CD .... en Overpack Accessible 
~ Outside Surfaced 

162 324 

180 355 149 

80 176 40 103 

a. Maximum temperature for these components anywhere in the 
located throughout this chapter. 

-40 

-40 

b. The Vendor Literature provided in Appendix 3.5.7, "Properties of Materials ~otar,cnr'a'c 

c. Temperature listed is the maximum value obtained throughout Fire conditions of rr,.'T«r,nrr 

d. Listed temperatures are on the overpack and cask surfaces, and not at the na,_cronn,,/ 

-40 79 175 

·40 62 144 

-40 82 180 

-27 -16 

-29 -20 

-29 -20 

-29 -20 

-29 -20 

232°C (450°. F) Elastomeric Seal 

400°C (752°F) 
Conditions 1 and 2 

400°C (752°F) 
Conditions 1 and 2 

50°C (122°F) Non-Exclusive Use 

85°C (185°F) Exclusive Use -
Condition 2 

10Q'eU~re'DnJVI(1ea in all Load Case tables, 

7{;;;,."''"'" limits. 

surface. 
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I 3.2 MATERIAL PROPERTIES AND COMPONENT SPECIFICATIONS

The thermal properties of each material are provided in the following sections. The curve fit functions,
which provide the property variations with temperature, are also provided. These property functions are
used in all analyses, to update the material properties as the temperature changes.

3.2.1 Material Properties

The transport packages consist of four materials:

* Stainless Steel, 300 Series (SS300)
" Tungsten Alloy or Carbon Steel
" LAST-A-FOAM FR-3700

* Air'

Each is described in the paragraphs that follow.

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B
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3.2 MATERIAL PROPERTIES AND COMPONENT SPECIFICATIONS 

The thermal properties of each material are provided in the following sections. The curve fit functions, 
which provide the property variations with temperature, are also provided. These property functions are 
used in all analyses, to update the material properties as the temperature changes. 

3.2.1 Material Properties 

The transport packages consist of four materials: 

• Stainless Steel, 300 Series (SS300) 

• Tungsten Alloy or Carbon Steel 

• LAST -A-FOAM FR-3700-

• Air' 

Each is described in the paragraphs that follow. 
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3.2.1.1 Stainless Steel, 300 Series (SS300)

Table 3-5 lists the thermophysical properties of Type 304 Stainless Steel (SS304), as they apply to the

transport packages.

Table 3-5. Type 304 Stainless Steel (SS304) Thermophysical Properties - All Models

Temperature Diffusivity Specific Heat Condutity,
(°C) cX (m 2/hr) Cp (KJ/kg-°C)

21.1 0.0140 0.477 1 8 8  )
37.8 0.0141 0.479 15G06

93.3 0.0145 0.498 16.10 K,
148.9 0.0149 0.510 )16.96

204.4 0.0153 0.528• \\18.60\

260.0 0.0158 0.535 18.86

315.6 0.0162 /9.542\ ) ,19.56

371.1 0.0166 0.552 /20.42

426.7 0.0171 0.554 21.11

482.2 0.0176 / 0.560 -,_ 21.98

537.8 0.0180 N 0.569 22.85

593.3 0.0184 .1 0.574__-/ 23.54

648.9 0.018p9 0575 24.23

704.4 0i 0193/ 0.58, 25.10.

760.0 </0.0197\ '0.587 25.79

815.6 0-0201 0.591 26.48

Specific Heat, Cp (Btu/lb-0 F)

Gp(T) = K(T (/~T) (p)

lc (T) KB 1.120 * 1.0-1 + 3.504 * 10 5 T - 1.080 * 10 8T2

Conscti 5ity1" K (B+0/hr-in-4f6

K(T) 6 6.851 * 10-1 + 4.544 * 104 T - 4.126 * 108-T 2

Density, p(lb/in3)

p,,> 0.29

Note: Refer also to Appendix 3.5.5, "Material Properties Correlation between the Equations Provided
in the Test and the LIBRA Input File."

3-14 AOS Radioactive Material Transport Packaging System Safety Analysis Report
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3.2.1.1 Stainless Steel, 300 Series (55300) 

Table 3-5 lists the thermophysical properties of Type 304 Stainless Steel (SS304), as they apply to the 
transport packages. 

Table 3-5. Type 304 Stainle,ss Steel (55304) Thermophysical Properties - All Models 

Temperature Diffusivity Specific Heat 
(OC) a (m2/hr) Cp (KJ/kg-~C) 

21.1 0.0140 0.477 

37.8 0.0141 0.479 

93.3 0.0145 0.498 

148.9 0.0149 

204.4 0.0153 

260.0 0.0158 

315.6 0.0162 

371.1 0.0166 

426.7 0.0171 

482.2 0.0176 21.98 

537.8 0.0180 22.85 

593.3 23.54 

648.9 24.23 

704.4 25.10, 

760.0 25.79 

815.6 26.48 

Note: Refer also to Appendix 3.5.5, "Material Properties Correlation between the Equations Provided 
in the Test and the LIBRA Input File." 

3-14 AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

• 

'. 

• 



3.2.1.2 Tungsten Alloy

Table 3-6 lists the thermophysical properties of tungsten alloy, as they apply to the transport packages.

Table 3-6. Tungsten Alloy Thermophysical Properties - All Models

Density, p (lb/in 3 )

p = 0.654

Specific Heat, Cp (Btu/Ib-°F)

Cp(T) = 3.631 * 1.0-2 + 8.017 * 1

Conductivity, K (Btu/hr-in-°F)

K(T) = 3.673 + 4.028 * 0TO -4

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B
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3.2.1.2 Tungsten Alloy 

Table 3-6 lists the thermophysical properties of tungsten alloy, as they apply to the transport packages. 

Table 3-6. Tungsten Alloy Thermophysical Properties - All Models 

Temperature 
(OC) 

25 

97 

206 

316 

Density, p (lb/in3) 

p 

Density 
p(g/cc) 

18.11 

0.654 

Diffusivity 
a (cm2/sec) 

0.2742 

0.2700 

0.2624 

0.2553 

/ 

Specific Heat 
Cp (J/kg-K) 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
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3.2.1.3 Carbon Steel

Table 3-7 lists the thermophysical properties of carbon steel SA1 05, as they apply to the Model AOS-1 OOB
and AOS-165B transport packages. Figure 3-2 illustrates the relationship between conductivity and
temperature for the carbon steel material.

Table 3-7. Carbon Steel Properties

3-16 AOS Radioactive Material Transport Packaging System Safety Analysis Report
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3.2.1.3 Carbon Steel 

Table 3-7 lists the thermophysical properties of carbon steel SA 105, as they apply to the Model AOS-1 OOB 
and AOS-165B transport packages. Figure 3-2 illustrates the relationship between conductivity and 
temperature for the carbon steel material. 

Table 3-7. Carbon Steel Properties 

Temperature 
(OC) 

Conductivity 
(W/m-OC) 

Thermal Diffusivity 
(m2/hr) 

Material: SA-105, Carbon Steel Forging 

21.1 

37.8 

65.6 

93.3 

121.1 

148.9 

204.4 

260.0 

315.6 

343.3 

371.1 

398.9 

426.7 

454.4 

482.2 

3-16 

60.75 0.06457 

60.06 

59.02 

58.15 

56.94 

55.90 

53.48 0.5167 

51.06 0.5351 

0.5537 

0.5646 

0.5780 

0.5929 

0.6078 

0.03112 0.6262 

0.02945 0.6483 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
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Density = 7,832.8 kg/m3

= 0.283 Ib/in 3

The conductivity property as a function of temperature is defined as:

K = 3.003 - 1.027E-3 T - 1.249E-7 T2

where:

K

T

= Conductivity - Btu/hr-in-°F

= Temperature - OF

The specific heat property as a function of temperature is defined

Cp = 0.1009 + 4.847E-5 T + 9.493E-9 T2/1

S 0 100 200 300 400 500 600 700 800 900 1000

Temperature, F

Figure 3-2. Carbon Steel Conductivity (- 0.5% Carbon) - Model AOS-100B

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Density = 7,832.8 kg/m3 

0.283 Ib/in3 

The conductivity property as a function of temperature is defined as: 

K 3.003 - 1.027E-3 T - 1.249E-7 T2 

where: 

K Conductivity - Btu/hr-in-oF 0 
T = Temperature - of 

The specific heat property as a function of temperature is defined as: 

Cp 0.1009 + 4.847E-5 T + 9.493E-9 T2 

where: 

Cp = Specific heat - Btu/lb-oF 

T = Temperature OF 

3.50 0 

-~l1dU~iVity 
~ Y:\l. 

~ 
/'-. 49E-07 2 - 1.02 E-03x + 3.002E+ :)0 

0 
/~ ~ > ~ ~ 0 \ ~ >-

\ '\) :; r----, 
~ ~ 

0 r-.. / ~ 

\ / 'V 

0 
( 

I~\ 1\) 

:~ " Iv . 

3.00 

2.50 

> 
0/ 

o 100 200 300 400 500 600 700 800 900 1000 

Temperature, F 

Figure 3-2. Carbon Steel Conductivity (- 0.5% Carbon) - Model AOS-100B 
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3.2.1.4 LAST-A-FOAM FR-3700

Table 3-8 lists the thermophysical properties of each General Plastics LAST-A-FOAM type used within the
FR-3700 family. Table 3-9 lists the foam density used for each transport package model.

Justification for the use of these properties is presented in Appendix 3.5.10, "Justification for Use of
LAST-A-FOAM 3700 Thermal Properties."

Table 3-8. LAST-A-FOAM Thermophysical Properties - All Models

Table 3-9. Transport Package Foam Density - All Models

II
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3.2.1.4 LAST -A-FOAM FR-3700 

Table 3-8 lists the thermophysical properties of each General Plastics LAST-A-FOAM type used within the 
FR-3700 family. Table 3-9 lists the foam density used for each transport package model. 

Justification for the use of these properties is presented in Appendix 3.5.10, "Justification for Use of 
LAST-A-FOAM 3700 Thermal Properties." 

Table 3-8. LAST-A-FOAM Thermophysical Properties - .AII Models 

Density Conductivity 
LAST -A-FOAM (kg/m3) (W/m-°C) 

FR-3710 160.18 0.0402 

FR-3712 192.22 

FR-3718 288.32 

FR-3720 320.36 

Table 3-9. Transport Package Foam Density - All Moue,s; 

Model 

AOS-025 

AOS-050 

. AOS-100 

AOS-165 

3-18 

192.22 

288.32 
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3.2.1.5 Air

Table 3-10 lists the thermophysical properties of air, as they apply to the transport packages.

Table 3-10. Air Thermophysical Properties - All Models

Temperature Dynamic Prandtl

Density Viscosity Specific Heat Conductivity &NJi.mber

Cpkg/m 3) p 1 10 (N-sec/m 2) Cp (KJ/kg-K) K 1 1 (W/m-K) (

27 80.6 1.1614 184.6 1.007 26.3 /

77 170.6 0,9950 208.2 1.009 30.0'\, /0.700

127 260.6 0.8711 230.1 1.014 /3138 "690

177 350.6 0.7740 250.7 1.021 37.3\ 6\ 06

227 440.6 0.6964 270.1 1.030 A \40.7 \0.684ý

277 530.6 0.6329 288.4 1.040/ 43.9\ \ 0.683

327 620.6 0.5804 305.8 1.,051 \46.9 ) , 0.685

377 710.6 0.5356 322.5 /1.0'3 419-7 0.690

427 800.6 0.4975 338.8 1i.075 52.4_,-' 0.695

477 890.6 0.4643 354.6 "1'.087--- 54.9 0.702

527 980.6 0.4354 369.8 < ... 1..

577 1,070.6 0.4097 384.3 1.iji10- 59.6 0.716

627 1,160.6 0.3868 398. 6 i12'11, 62.0 0.720

677 1,250.6 0.3666 -4-1i -A. 3 ) .1 311/ 64.3 0.723

727 1,340.6 0.3482 <\42/414 11•1 66.7 0.726

Note: The temperature unityused-in the following equations is OF,

Density, p(lb/in3)

,(T) = 4.684 * i0;5 - 7.150* 10 8T + 5.869 * 10 1 1T 2 - 1.834 * 10- 14T3

Specific Heat, C-\ Btu/lb-OF)

/ Cj(,i 0.2402 - 1.401 * 10-6T + 3.995 * 10-8T2 - 1.570 * 10-11T 3

Conductivity K-.(Btu/hr-in- 0F)

\ K('T) = 1.110 *10-3+2.083* 10 6 T- 3.956 *10-
10 T2

Prandtl Number, Pr

Pr(T) = 0.7232 - 1.954 * 10-4T + 2.820 * 10-7T 2 - 1.002 * 10 1 °T3

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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3.2.1.5 Air 

Table 3-10 lists the thermophysical properties of air, as they apply to the transport packages. 

Table 3-10. Air Thermophysical Properties - All Models 

Temperature Dynamic 
Density Viscosity Specific Heat conductiVity~randti 

Cp (KJ/kg-K) K ~ 10-3 (Wim-l'. .. ""'. """:---1 

1.007 26.3 / ' . >''7) 
°c OF p(kg/m3) I.l ~ 10-7 (N-sec/m2) 

27 80.6 1.1614 184.6 

77 170.6 0:9950 208.2 1.009 30.0\ V.7pO 
I 

127 260.6 0.8711 230.1 1.014 

177 350.6 0.7740 250.7 1.021 ~ 37.3 ~ 1"'- 0:686,. 
227 440.6 0.6964 270.1 1.030 A 

277 530.6 0.6329 288.4 1.040/ I~ .9", 1\ 
327 620.6 0.5804 305.8 !"Op' .~ ~ 46.9 1 . 11 0.685 

377 710.6 0.5356 322.5 

427 800.6 0.4975 338.8 .1 .. 0:75 ~ V 
477 890.6 0.4643 354.6 A . 1:9B?-:---- 54.9 

527 980.6 0.4354 

577 1,070.6 0.4097 ~ "'" .. 1 ~ ---IJ 59.6 

627 1,160.6 0.3868 62.0 

677 1,250.6 64.3 

66.7 

Nol.: The temperatU~d~~;;;:::iS oF. 

Density, p(lb/in
3

) \ V ~ 
« p(-C:~ 4\\4. '\,' - 7,150 • 1 O-aT + 5.869 • 10-

11
T' - 1.834 • 10-

14
T

3 

Specific Heat; 6p (BtU/lb~ V 
GC~~402 - 1.401 • 10-'T + 3.995 • 1Q-'T' -1.570 • 10-11T' 

cOnd~K'(Btu/hr-in-OF) 
~~~ 1.110 • 10-3 + 2.083 • w'T -3.956 • 1Q-1"T' 

Prandtl Number, Pr 

Pr(T) = 0.7232 - 1.954 * 1O-4T + 2.820 * 1O-7T2 - 1.002 * 1O-1~3 
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3.2.2 Component Technical Specifications

I

The component material within the transport package, considered to be temperature-sensitive, is the
elastomeric material used in the port plug O-Rings. The elastomeric material is a silicone-based compound
(Parker Silicon, 51224-70 compound, or equivalent), with a recommended temperature limit of 2320C
(4500F).

Other package materials used are stainless steel and tungsten alloy. The melting points of these materials
are 1,4300C (2,6060F) and 3,3700C (6,0980F),' respectively. All temperatures resulting from-Normal and
Hypothetical Accident thermal conditions are well below these temperature limits; therefore, melting of
these metals will not occur.
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3.2.2 Component Technical Specifications 

The component material within the transport package, considered to be temperature-sensitive, is the 
elastomeric material used in the port plug a-Rings. The elastomeric material is a silicone-based compound 
(Parker Silicon, 51224-70 compound, or equivalent), with a recommended temperature limit of 232°C 
(450°F). 

Other package materials used are stainless steel and tungsten alloy. The melting points of these materials 
are 1 ,430°C (2,606°F) and 3,370°C (6,098°F), respectively. All temperatures resulting from-Normal and 
Hypothetical Accident thermal conditions are well below these temperature limits; therefore, m~lting of 
these metals will not occur. 
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3.3 THERMAL EVALUATION UNDER NORMAL CONDITIONS OF TRANSPORT

Figure 3-3 illustrates the LIBRA Finite Element model of the Model AOS-100 transport package, which
consists of 8,368 nodes and 7,820 elements. This model is used for all Normal conditions of transport, and
includes the cask and impact limiter structures. The encapsulated tungsten alloy shielding material
is included in the cask model. Because an axisymmetric (2D) solution is used, only a cross-section of the
package must be modeled. The model includes both conductive two-node axial and four-node
quadrilateral elements. Also, the boundary two-node element type is used. Air is represented to account
not only for temperature variation, but also for different heat transfer modes. The mode of heat transfer
across an air space varies, depending upon whether the air space is:

" Enclosed or open
* Vertically or horizontally oriented

•. Impact Limiter (2 pl)

Lid

Tungsten (3 pl)

Plug shell

Outer shell

Cavity shell

End plate I

Figure 3-3. Thermal Finite Element Model - Normal Conditions of Transport
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3.3 THERMAL EVALUATION UNDER NORMAL CONDITIONS OF TRANSPORT 

• Figure 3-3 illustrates the LIBRA Finite Element model of the Model AOS-100 transport package, which 
consists of 8,368 nodes and 7,820 elements. This model is used for all Normal conditions of transport, and 
includes the cask and impact limiter structures. The encapsulated tungsten alloy shielding material 
is included in the cask model. Because an axisymmetric (20) solution is used, only a cross-section of the 
package must be modeled. The model includes both conductive two-node axial and four-node 
quadrilateral elements. Also, the boundary two-node element type is used. Air is represented to account 
not only for temperature variation, but also for different heat transfer modes. The mode of heat transfer 
across an air space varies, depending upon whether the air space is: 

• 

• 

• Enclosed or open 

• Vertically or horizontally oriented 

Impact Limiter (2 pi) 

Lid ------+ 

Tungsten (3 pi) 

Plug shell 

.,..,..:----- Outer shell 

Cavity shell -...:.---+ 

End plate 

Figure 3-3. Thermal Finite Element Model - Normal Conditions of Transport 
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3.3.1 Analytical Model

The thick stainless steel outside shell, which comprises the bulk of the cask, defines the outside
dimensions of the cask. The cask cavity is defined by the cavity shell, which is secured to the outside shell.
The cavity shell defines the surface of the cask cavity. The plug shell is secured by the cask lid and cavity
shell. Four-node quadrilateral conduction elements are used to model the outside shell, cavity shell, and
plug shell. Also, the end plate and lid are modeled with four-node quadrilateral conduction elements.

The side tungsten alloy shielding is encapsulated by the outside and cavity shells. The-vertical wall
between the tungsten alloy and outside shell is packed with stainless steel wool, and between the tungsten
alloy and cavity shell, an air gap exists. At the top and bottom horizontal surfaces, existing-gaps with the.... / 1, . I
cavity shell are filled with stainless steel shim plates. Two-node conduction elements are used in the model
for the surface contact resistance and conduction through the stainless steel wool.

The bottom tungsten alloy shielding is encapsulated by the cavity shell and end plate. The top andbottom
horizontal surfaces have zero gaps, and heat transfer across these interfaces by a low-pressure, surface-
contact resistance. The gap between the shielding vertical side wall,and the cavity shell is packed with
stainless steel wool. The top tungsten alloy shielding is completely encapsulated.by the plug shell. In a
manner similar to the bottom shielding, the shielding top and bottom horizontal surfaces have zero gaps,
and heat transfer through these interfaces by a low-pressure, surfac~econtactresisteance!A gap between
the vertical side wall and plug shell is packed with stainless steel wool. Two-node conduction elements are- .I I N• 7
used in the model for the surface contact resistance and conduction through-the-stainless steel wool. All

zero-gap surface thermal contact resistances, 1/hC4use a\value of-0:03-hr-in 2 -F/Btu (Reference [3.10]).
Packed steel wool conductive and density thermal properties are assumed to be approximately 10% that
of the SS304 material, and its specific heat is approximated to that ofair..

K = 0.068 Btulhr-in-°F

Cp = 0.24 Btu/lbo

Density -- 0.029 lb/in3

Several interface surfaces have aiý'gaps. Airgaps are modeled with two-node conduction elements, with
conduction and radiation properties. The six,(6)-air gaps are located between the:

1. Outside shell, and upper section of theýcavity shell and lid.

2. Cavity shell and plug1s lower section.

3. Cavity she~ll an.dplugshell upper section.

4. Plug'seell top h,,orizontaI surface and lid.

5. Outside shell corner and side, impact limiter.

6.•"Cty sh'ell and tungsten alloy.

All air gaps are vertical, with the exception of air gap No. 4, which is horizontal. (Refer to
Paragraph 3.3.1.2.)
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The thick stainless steel outside shell, which comprises the bulk of the cask,· defines the outside • 
dimensions of the cask. The cask cavity is defined by the cavity shell, which is secured to the outside shell. 
The cavity shell defines the surface of the cask cavity. The plug shell is secured by the cask lid and cavity 
shell. Four-node quadrilateral condL!ction elements are used to model the outside shell, cavity shell, and 
plug shell. Also, the end plate and lid are modeled with four-node quadrilateral conduction elements. 

The side tungsten alloy shielding is encapsulated by the outside and cavity shells. The-vertical wall . 
between the tungsten alloy and outside shell is packed with stainless steel wool, and betwten the tJngsten 
alloy and cavity shell, an air gap exists. At the top and bottom horizontal surfaces, exi~ting~gaps with the 
cavity shell are filled with stainless steel shim plates. Two-node conduction element~re u~ed iri t/rhOdel 
for the surface contact resistance and conduction through the stainless steel wool. ~ "J (,' 

The bottom tungsten alloy shielding is encapsulated by the cavity shell and~';;;ate. The top and~ottom 
horizontal surfaces have zero gaps, and heat transfer across these interfaces~y a i6wfr~sure, sudace­
contact resistance. The gap between the shielding vertical side wallrand the cavity shell is 'packed with 
stainless steel wool. The top tungsten alloy shielding is completely' en'dapsulated'by the~PIU9 ~hell. In a 
manner similar to the bottom shielding, the shielding top and bott~m horiz6r:ltal surf~ces Have zero gaps, 
and heat transfer through these interfaces by a low-pressure(s:Urfac)~contad-resis(ance! A gap between 
the vertical side wall and plug shell is packed with stainles~teel wool. Two-node condu6tion elements are 

.. used in the model for the surface contact resistance and bondJction throCgh-the-stainless steel wool. All 

zero-gap surface thermal contact resistances, 1/hc0[se a\ valu;o.f-0:03-br-in2-oF/Btu (Reference [3.10]). 

Packed steel wool conductive and density therm'l propirties are assum
7
edt6 be approximately 10% that 

of the SS304 material, and its specific heat is apprcicimated to th~f-air.. 

K = 0.068 Bt"~F ~ • 

Cp 02~/IQ 
Density = 0.029 Ibi'in3 . 

Several interface sUrf~rr-gap~r,gaps are modeled with two-node conduction elements, with 
conduction and radiati6\ properties. Th'esix_(6}·~r gaps are located between the: 

1. outs;/st.l~ and uppe>~.:.?/.t-!IJ/caVity shell and lid. 

2. Cavity shell ar:ld PIU~\SheIiIOwer section. 

\ ~ ~ \ \ . 
3. Cavity. shell~ plug sReli upper section. 

~S~II ~ hOriZ~~rtace and lid. 

5. ~ide~ell ~r.n~d side, impact limiter. 

~ ~~/. ' 
6. Gavlty shell and tungsten alloy. 

All air ~s).re vertical, with the exception of air gap No.4, which is horizontal. (Refer to 
Paragraph 3.3.1.2.) 
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The impact limiter structure is a doughnut-shaped axisymmetric (2D) structure. Its stainless steel outside
shell is modeled with two-node conduction elements. The interior is filled with General Plastics
LAST-A-FOAM material and modeled with four-node quadrilateral elements.

Other surface interfaces, between cask components, are assembled with zero gap and are modeled with
two-node conduction elements that have pressure surface-contact resistance properties of 0.03 hr-in 2°F/
Btu (Reference [3.10]).

The decay heat of the cask contents is introduced in the model by two-node convective boui
along the cask cavity wall. In the model, it is assumed that the load is uniformly distributed
cavity surface.

Convective boundary elements define the convective and radiative properties at the interfai
I impact limiter outside surface and the regulatory environments. Another convective surfac/ \.

the side of the cask's outside shell, between the upper and lower impact limiter structures
convective and radiative properties, these boundary two-node elements have the"capat
required solar heat flux loads.

Figure 3-4 illustrates all thermal model components and interfaces.
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The impact limiter structure is a doughnut-shaped axisymmetric (2D) structure. Its stainless steel outside 
shell is modeled with two-node conduction elements. The interior is filled with General Plastics 
LAST-A-FOAM material and modeled with four-node quadrilateral elements. 

Other surface interfaces, between cask components, are assembled with zero gap and are modeled with 
two-node conduction elements that have pressure surface-contact resistance properties of 0.03 hr-in2°FI 
Btu (Reference [3.10]). 

The decay heat of the cask contents is introduced in the model by two-node convective boundary-elements 
along the cask cavity wall. In the model, it is assumed that the load is uniformly distrib. u.teaover t~\ntire 
cavity surface. . / n ) 
Convective boundary elements define the convective and radiative properties at the~nterface)jetween the 
impact limiter outside surface and the regulatory environments. Another convec::tive surface is lotated·on 
the side of the cask's outside shell, between the upper and lower impact limiter )tructJres. In ~dition to 
convective and radiative properties, these boundary two-node elements I1-ave th~c::apaBility to include 
required solar heat flux loads. V 
Figure 3-4 illustrates all thermal model components and interfaces. 
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0.0" Gap

Packed
SS Wool

Air Gap .

Shimmed........

(2 pl) Air Gap

(2 p1)

Packed
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0.0" Gap (2 po)

Figure 3-4. Expanded View of Thermal Model Defining Component InterfacesI
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3.3.1.1 Heat Flux Property Set

Convective boundary elements, located in the model's cask cavity, define the prescribed heat flux due to
decay heat. The maximum heat load for the Model AOS-1 00 transport package is 400W. As discussed in
Subsection 3.3.1, this load is applied as a uniform surface heat flux to the entire cavity surface area. Its
value is calculated as follows:

Q (400)
q A - (2)[(0.0838)2 +(0.0838)(O.508)]

= 1,283.69 W/m 2

The justification for this approach is presented in Appendix 3.5.9, "Ji
Distributed Decay Heat throughout Cask Cavity."'

3.3.1.2 Enclosed Air Space Property Sets

Six element property sets represent the previously described enclosed ai

For convective heat transfer in an enclosed vertical ai,'spae, Gehart43

Nu = 0.18 4"-r (H/S)(- 1 9) For <G

Nu = 0.065 HIS)("1/ 9) Fo 105 < G

where:

the following:

<2 * 105

r< 11 * 106

Nu

I Gr upon S

d space

)rmly
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3.3.1.1 Heat Flux Property Set 

Convective boundary elements, located in the model's cask cavity, define the prescribed heat flux due to 
decay heat. The maximum heat load for the Model AOS-1 00 transport package is 400W. As discussed in 
Subsection 3.3.1, this load is applied as a uniform surface heat flux to the entire cavity surface area. Its 
value is calculated as follows: 

q 
Q 
A 

(400) 

(2n")[(0.0838)2 + (0.0838)(0.508)] 

1,283.69 W/m2 

The justification for this approach is presented in Appendix 3.5.9, 
Distributed Decay Heat throughout Cask Cavity." 

3.3.1.2 Enclosed Air Space Property Sets ~ 

Six element property sets represent the previously described enclosed air spaces. 

For convective heat transfer in an enclosed vertical afr'spa1ce, G~l5hart-[3.5] provides the following: 

Nu 0.18 VOr (HIS)(-119) '\j Fo~2.lOS 

where: 

Nu 0.065 VOr (HI~ Fo1as < Gr< 11 • 10' 

Nu 

Gr 

~ILNumber 

\~rJ5hOf ~base~ upon S 

DistY.acr~'~osed space 

H~9ht o~nclosed space 

V 
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For Gr less than 2,000, the process is simple conduction, Nu = 1.0. The Grashof Number is defined
as follows:

Gr = p 2g/'S 3AT - gS 3AT
2 TV 2

where:

p

AT

V

T

The above corre
a curved surface

D
L- 4

where:

Density, kg/m3

Acceleration of gravity (9.8 m/s 2)

Coefficient of the thermal expansion (0C) =

Dynamic viscosity (kg/m-s)

Absolute tei

lation between Nuland Gr applies-to-an air space enclosed between plates. In general,
S/.-

can be considered flat without significant error, if according to Gebhart [3.6]:

35

= Diameter

Height'

Grashof Number, based upon height

iir-gaps 1, 2, 3, 5, and 6, with a temperature of 300'K (26.850C; 80.330F), and a AT =

These values indicate the correlation applicable to the vertical air gap geometries.
Table)
5.60C
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For Gr less than 2,000, the process is simple conduction, Nu = 1.0. The Grashof Number is defined 
as follows: 

Gr = 
p2gj3S311T 

= 
gS311T 

? 

Tv 2 Ir 

where: 

p = Density, kg/m3 Q 
g Acceleration of gravity (9.B m/s2) 

Coefficient of the thermal expansion (0C) = !~or ideal'gases 
. \ /T 

. /1 ~ 
I1T Temperature difference across enclosure (0C) 

f1 = Dynamic viscosity (kg/mN 

v = Kinematic viscosity (m2/S)~ 

j3 

T = Absolute temperature (OK) ).. ~ 

The above correlation between NU~ ~~Iies-to,a,,-~space enclosed between plates. In general, 
a curved surface can be consider~d flat with6ut significant er.ror, if according to Gebhart [3.6]: 

D 35 
->--
L - VOrL 

where: 

D = Dia\eter~ 

L ~H'hv' 
~ > Grasho! Number, based upon height 

I Table 0,,11 lists air-gaps 1, 2, 3, 5, and 6, with a temperature of 3000 K (26.B5°C; BO.33°F), and a I1T = 
, 5.6°C (42'~~ These values indicate the correlation applicable to the vertical air gap geometries. 
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Table 3-11. Correlation Applicable to Vertical Air Gap Geometries - Model AOS-165a

Air Gap D
(m)

L
(m)Air

A

rGap (mm

1 0.3

2 0.4

3 1.3

5 5.1

6 0.1

)
0.70 0.30

0.27 0.05

0.46 0.22

1.17 0.42

0.34 0.91

a. Values used in Table 3-11 are for the Model AOS- 165 transport package. Results.
that simple conduction should be adequate for this geometry.

The convective heat transfer in an enclosed horizontal air space ,De6ds u
upper and lower plates. From Gebhart [3.7], when the upper pte's tempera
plate's temperature, the process is simple conduction:

Nu = 1.0

From Gebhart [3.7], when the lower plate's temperature isihe than the up

Nu = 1.0 GrQ2 0.

Nu = 0.195 2, _ Gr<4 *0 5

ires of the

plate's temperature, then:

Nu 4 * 105 < Gr

Properties are surface temperatures.

IRegions of en( a'ps, from 0.1 to 5.1 mm (0.005 to 0.200 in.). As a result, in all
ires less than 7000C (1,2920 F). Therefore, the heat transfer

process
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Tabie 3-11. Correlation Applicable to Vertical Air Gap Geometries - Model AOS-16Sa 

Air Gap 0 L 
Air Gap (mm) (m) (m) 

1 0.3 0.70 0.30 

2 0.4 0.27 0.05 

3 1.3 0.46 0.22 

5 5.1 1.17 0.42 

6 0.1 0.34 

a. Values used in Table 3-11 are for the Model AOS-165 transport package. Results. 
that simple conduction should be adequate for this geometry. 

The convective heat transfer in an enclosed horizontal air SPclce,(d 
upper and lower plates. From Gebh'art [3.7], when the upper 
plate's temperature, the process is simple conduction: 

Nu = 1.0 

From Gebhart [3.7], when the lower plate's 

Nu = 1.0 ~ 

Nu = 

D 35 
->--'-
L - VGr

L 

2.10 ~ 0.52 

plate's temperature, then: 

Properties are evalua,..::'·' ""~'0!~~~ surtace temperatures. 

Regions of en~sed ai~ "'i>:aps, from 0.1 to 5.1 mm (0.005 to 0.200 in.). As a result, in all 
cases, ~r i.~&1~~\~~han 2,. . .••. ~' peratures less than 700°C (1 ,292°F). Therefore, the heat transfer 

process Is11~~~tctld~ 

\ ." 
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After Nu is known, the convective heat transfer coefficient, hc, can be determined by the following
expression in both cases, vertical and horizontal air spaces:

-C Nu*k

S

where:

k = Thermal conductivity (W/m-°C)

S = Distance across the space (m)

For radiative heat transfer:

hr = '(l2+T 2 + •T + T 2 )

where:

TT2= Temperatures on either side of

0- = 5.669 * 10 8 (W/m 2-K4 )

F = Gray body shape factor

The gray body shape factor, F, is defineda/as follows-:-

A,

F + r---'p->il\ 1 ;

where:

I

of larger surface

-V Emissivities

= Shape factor
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After Nu is known, the convective heat transfer coefficient, he' can be determined by the following 
expression in both cases, vertical and horizontal air spaces: 

. where: 

k 

S 

= 

= 

Nu*k 

S 

Thermal conductivity (W/m-°C) 

Distance across the space (m) 

For radiative heat transfer: 

O"F(I~2 + T/ XI; + T2) 

where: 

Temperatures on either side of aiUe (OK) 

= 

F = GraYbodYShap~ 
The gray body shape factor, F, is (dG'~ 

F (N, AI (\" J)1 
&'B'A;-l-&, ~~ F" 

where: 2 
Area of smaller surface 
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The shape factor, F, is a geometric function of the system. When body A is completely enclosed by body

A2 and A, , it cannot see itself, as is the case here, F12 = 1.0 (Reference [3.8]).

From Reference [3.9], for oxidized SS304, .61 = 62 = 0.52 and assuming A1 = A2 , then:

F = 0.351

for all six material sets.

The finite element model represents these air spaces with conductive elements. Th(
k are as follows: <

h to

k = h*S

where:

k = Conduction

h = Convective

S = Distance across the air

In general, the effective conductivity across the e
as previously discussed, a convective mode-.
temperatures. Therefore, ka can be as follows:

ka = (k + hr) * S

or

ka (hc+ 1rr)• .S

Table 3-12 lists the thermal roperties usec'in

ion plus radiation. However,
the Gr and/or the plates'

the analysis as a function of temperature, for each AOS
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The shape factor, F, is a geometric function of the system. When body A is completely enclosed by body 

A2 and A, ' it cannot see itself, as is the case here, F12 = 1.0 (Reference [3.8]). 

From Reference [3.9], for oxidized 88304, &, = &2 = 0.52 and assuming A, = A2 , then: 

F 0.351 

for all six material sets. . ~ 
The finite element model represents these air spaces with conductive elements. The/convefsioris from h to 
k are as follows: V 

k = h*8 

where: 

k Conduction 

h = Convective 

8 = Distance across the air space 

In general, the effective conductivity across the ai(pace, Ka, is due to conduction plus radiation. However, 
as previously discussed, a convective mode can"-arise, dedendinQ-liPon the Gr and/or the plates' 
temperatures. Therefore, ka can be as foll6ws: ~. ~ 

ka = (k+hr»S/ () _ V 
or 

ka = ~hil~ . 

Table 3-12 lists the thermal\pmperties usea'in the analysis as a function of temperature, for each A08 
\ \ ) 

Transport Packaging 8ystem ~odel. 
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Table 3-12. Thermal Properties Used in Analysis as Function of Temperature - All Models

Effective Conductivity (Btu/hr-in-°F), Including Radiation

S
Model Air Gap (in.) k(T)a

•1 0.0018 1.11 5E-3 + 2.072E-6T - 2.940E-1 0T2

2 0.0024 1.1 16E-3 + 2.069E-6T - 2.601 E-10T 2

3 0.0076 1.131E-3+2.037E-6T+3.353E-11T
2

AOS-025 4 0.0047 1.123E3 + 2.055E-6T - 1.302E-IOT 2

5 0.0303 1. 197E-3 + i.899E-6T + 1.315Et-9T 2

6 0.0008 1.1 12E-3 + 2.078E-6T - 3.505E-iOT2/

1 0.0040 1.121E-3+ 2.059E-6T - .698E-10T2

2 0.0050 1.124E-3+ 2.053E-6T- 1 133E-1OT2

3 0.0150 1.1 53E-3 + 1.992E-6T/+ 4.51\4E1T 2\ /
AOS-050

4 0.0090 1.135E-3 + 2.028E-6T, 1.126E-0T2

5 0.0610 1.285E-3 + 1.712!E-6T + 3.049E-9T2

6 0.0020 ,1.115E-3 + 2.07\1 E-6T,. 2•827E.f0TE--
,, 1 0.0070 1.130E-ý'+ 2'2.04iE-6T [::4.1ET 2

11 -3 \+2N.0412E-:6T -+351.-1/

2 0.0100 /X.138E3\+ 2.022ET + .691 E-1 0T 2

3 0.0300/ /1-1-916E-3 +1.900E,-6T '+ 1298E-9T2

AOS-100 / / < N

4 0.0\190 \1;,164E-3 + 1 .967E-6zT + 6.773E-1 0T 2
N $

5 0.121'0\ 1.458lE-3-+-4.3j46E-6T + 6.437E-9T 2

6 0.0030 \1 i1.18Eb•-3+ 2.065E-6T - 2.262E-1 0T2

1 0.0120o 1.096E,-3+ 2.455E-6T - 5.362E-10T 2 + 3.974E-13T 3

2 '091 60 1. i103E-3 + 2.497E-6T - 4.437E-1 0T2 
+ 4.645E-13T 3

3 \0/0500/- /1.158E-3 + 2.859E-6T + 3.425E-1OT 2 + 1.035E-12T3

AOS-5 \4\ 0.0310 1.127E-3 + 2.657E-6t - 9.688E-11T 2 + 7.160E-13T3

\5 0.2&00 8.659-4 + 6.990E-6T + 3.992E-10T 2 + 4.927E-12T2

6 > 0.0050 1.684F-3 + 7.550E-7T + 7.256E-9T2

Temperature unit is . F.
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Table 3-12. Thermal Properties Used in Analysis as Function of Temperature - All Models 

Effective Conductivity (Btu/hr-in-OF), Including Radiation 

S 
Model Air Gap (in.) 

1 0.0018 1.115E-3 + 2.072E-6T - 2.940E-1 OT2 

2 0.0024 1.116E-3 + 2.069E-6T - 2.601 E-1 OT2 

3 0.0076 1.131 E-3 + 2.037E-6T + 3.353E-11 T2 
AOS-025 

4 0.0047 1.123E-3 + 2.055E-6T - 1.302E-1 OT2 /,( )') 
5 0.0303 1.197E-3 + 1.899E-6T + 1.315E-9T2 A ~. ,>(;/ 
6 0.0008 1.112E-3 + 2.078E-6T _ 3.505E-1 OT~/ .' ~ "'(.' c •. ,'"" 

1 0.0040 1.121 E-3 + 2.059E-6T - 1.698~-1 OT2 ~ ~~ ...... / 

2 0.0050 1.124E-3 + 2.053E-6T - 1 )<33E\OI2 ~ \ v 

3 0.0150 

4 0.0090 
AOS-050 

1.153E-3 + 1.992E-6J14:51~E- to-f2"" ) ) 
1.135E-3 + 2.028E:6T ~ 1.126E;tQT2 • '--..-/ / 

I I " 

5 0.0610 1.285E-3 + 1.71dE-6T ~ 3.049E-9T~ 
I '--

6 0.0020 

2 

3 
AOS-100 / ( / v------... v 

0.0~90 ~)64E-3 + 1.967E-§T + 6.773E-10T2 4 

1( 0.0120,-- 1l>96E.3+ 2.455E-6T - 5.362E-10T2 + 3.974E-13T3 
;:--.... ............ '/ 

2 \ \ '0:9>160 1)03E-3 + 2.497E-6T - 4.437E-10T2 + 4.645E-13T3 

/ ~ 3 \ \)'0590~ ~ .158E-3 + 2.859E-6T + 3.425E-1 OT2 + 1.035E-12T3 

AOS-165' / 

\

" "4" \ 0.0f10 1.127E-3 -+- 2.657E-6T - 9.688E-11T2 + 7.160E-13T3 

~ \.~ 5 ~ \ 9.2~lOO 8.659E-4 + 6.990E-6T + 3.992E-10T2 + 4.927E-12T2 

/. _ ~\ \~ '> 0.0050 1.684E-3+7.550E-7T+7.256E-9T2 
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3.3.1.3 Boundary Property Sets

Transport packages are transported in a horizontal position, with the center axis of the package aligned in
the direction of travel. Eleven (11) material property sets surround the cask assembly. These sets link the
transport package with the external environment. Each set contains the film coefficient, ambient

I temperature, and solar heat flux values.

These eleven (11) material property sets define the cask thermal boundary. Each set specifies the free
convective coefficient, ambient temperature and solar heat flux value for a portion of thexcassk boundary.
Free convective coefficients are determined in accordance with empirical equations given in
Reference [3.4]. In general, convection coefficients are determined by finding the Nusselff Number! and
then solving for h from the equation:

Nu h h*L/k

where:

h = Convective film coefficient

L Characteristic length

k = Air conductive coefficient

Nuber,,e, in the cask analyses for theThe empirical formulations used to determine t~he NussettNmbr usedi h akaaye o h

vertical and horizontal surfaces are presented in Paragraph 3.3.1%3.1 and Paragraph 3.3.1.3.2.
Convective film coefficient values are/dep6n-dent )upon thepla hape, size, and orientation. The film

temperature is assumed as the apverage</etween te-transpott package surface and required regulatory

ambient temperatures. The film coefficiefit is then evaluated with air properties defined at the film
temperature. The transport package horizontal\surfaoes-are curved; however, lengths are relatively short
compared to its radius. Therefore, it is assumed that these plates are flat and horizontal. For all models,
Table 3-13 (Normal conditions o"ftransport) and Table 3-14 (Fire conditions of transport) list, and
Figure 3-5 illustrates,\the assumed orientatnionshape, and size of the cask assembly's eleven (11)
external surfaces. (Refer als to T1able 3-15 and Table 3-16.)
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3.3.1.3 Boundary Property Sets 

Transport packages are transported in a horizontal position, with the center axis of the package aligned in 
the direction of travel. Eleven (11) material property sets surround the cask assembly. These sets link the 
transport package with the external environment. Each set contains the film coefficient, ambient 
temperature, and solar heat flux values. 

These eleven (11) material property sets define the cask thermal boundary. Each set specifies the free 
convective coefficient, ambient temperature and solar heat flux value for a portion of t~ca8kB'-oundary. 
Free convective coefficients are determined in accordance with empirical e~uations giv~n in 
Reference [3.4]. In general, convection coefficients are determined by finding the N~ssel(N;jmber.l and 
then solving for h from the equation: V 

Nu = h * L/ k 

where: 

h Convective film coefficient 

L = Characteristic length 

k = Air conductive coefficient 

The empirical formulations used to deter~e~e NusseltNu~[Jsed' in the cask analyses for the 
vertical and horizontal surfaces are presented in parag"raph 3.3.1',.3.1 and Paragraph 3.3.1.3.2 . 

Convective film coefficient values ar~ependent ~pon ~'Plat>shape, size, and orientation. The film 
temperature is assumed as the avtrage<betwken {nelransRoYpackage surface and required regulatory 
ambient temperatures. The film 'coeffici~l is then evaluclled with air properties defined at the film 
temperature. The transport package horizonta:~-es-Ir'e curved; however, lengths are relatively short 
compared to its radius. 1herefore, it is )ssumed t~t these plates are flat and horizontal. For all models, 
Table 3-13 (Normal c6ndition?oktransPo~ and Table 3-14 (Fire conditions of transport) list, and 
Figure 3-5 illustrates,\the assumed ~ier:ltatior.l(shape, and size of the cask assembly's eleven (11) 

\ \ "- "-.. 
external surfaces. (Refer also~able 3-15 and Table 3-16.) 
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Table 3-13. Cask Assembly External Surface Orientation and Size,
Normal Conditions of Transport - All Models

Length Width
Model Surface Orientation (m) (m)

1 Bottom Horizontal 0.091 0.091

2 Vertical 0.051 .0.030

AOS-025 3 Bottom Horizontal 0.099 0. 102'\

(Transported 4 Vertical 0.343 >0A1 45
Vertical) 9 Top Horizontal 0.099 002 /

10 Vertical 0.051 0.030
11 Top Horizontal 0.091 0.09\

1 Bottom Horizontal 0.183\ \0.1 83

2 Vertical "'0.102 0.06 4

3 Bottom Horizontal 0.190 )80.196
4 Vertical f 0-290 0.282

AOS-050 5 Top Horizontal 0.234 0.109

(Transported 6 Vep.ical \ 0.178 0.099
Vertical) 7 Bottom/ Hor.iotal 0.234;, 0.109.

8 \ertical 0.290 0.282

9 orpzontal . 0.198 0.196

10 / .: •rtical > 0.102 0.064

11 H/o orizontal \/ 0.183 0.183

1 " Vertical 0.360 0.360

2 Bottom n0izo/ntal 0.203 0.127

3"3 ý5ertical 0.406 0.406

4 \TvOp/Horizontal 0.584 0.457

AOS-100 \ \5 > Vertical 0.457 0.229

(Transported "' !6' / Top Horizontal 0.406 0.356
Horizontal) 7 Vertical 0.457 0.229

\ 8 , Top Horizontal 0.584 0.457

Vertical 0.406 0.406

10 Bottom Horizontal 0.203 0.127

11 Vertical 0.360 0.360
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Table 3-13. Cask Assembly External Surface Orientation and Size, 
Normal Conditions of Transport - All Models 

Length 
Model Surface Orientation (m) 

1 Bottom Horizontal 0.091 

2 Vertical 0.051 

AOS-025 3 Bottom Horizontal 0.099 

(Transported 4 Vertical 0.343 
Vertical) 

9 Top Horizontal 0.099 < 
10 Vertical 0.051 A 

/ 

~ 11 Top Horizontal 0.09~ 

1 Bottom Horizontal . 0.183 "" 
" 

2 Vertical / '0~02 "" 3 Bottom Horizontal / I "" 
0.198 

"-
4 Vertical /1 ~,299~ 

Top Horizont~' 1 ' , 

AOS-050 5 0.234 
I "- / 

(Transported \ ,~ 0.178 --6 Vertical 
/" 

Vertical) / ~ I " -7 Bottom Horizontal 0.2~~/ , " 
8 

~' " 

Vertical ~.f96 
9 / ./TQp~\,oriioC'tal . \. 0.198 

10 / ~ ;V~rtical "'" > 0.102 

/ ( 
\ ",.,.} 

"'- / 11 jT 9p J,;Jorizoo@' 0.183 

1 

"" 
'-/ Vertical / 0.360 

-------
2 

"" 
B~ttom HOriz6ntai 0.203 , 

/ ............... 3 "- V~rtical 0.406 .......... " 
" 

~4 ~ "-Top/Horizontal 0.584 
v 

AOS-100 \ \'5) '/ Vertical 0.457 
A' \ '6 ~ / Top Horizontal 0.406 (Transpor:tea 

Horizoh'tal) ~ 
\ 7 ( Vertical 0.457 

~~ "" \8) 
Top Horizontal 0.584 

. "" \9 Vertical 0.406 

""/ 10 Bottom Horizontal 0.203 

\ 11 Vertical ' 0.360 

Width 
(m) 

0.091 

,0.030 -
/0:.102~ 

/ /0;\45 ) 
' ."" ~A 02, / "" ",' 

o.o~o 
~' 0.'091"-

"" 
'0,183/ 

\ ' " 0.06~ 

I ) 0.196 

J 0.282 

/ 0.109 

0.099 

0.109 

0.282 

0.196 

0.064 

0.183 

0.360 

0.127 

0.406 

0.457 

0.229 

0.356 

0.229 

0.457 

0.406 

0.127 

0.360 
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Table 3-13. Cask Assembly External Surface Orientation and Size,
Normal Conditions of Transport - All Models (Continued)

AOS-165
(Transported
Horizontal)
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Table 3-13. Cask Assembly External Surface Orientation and Size, 
Normal Conditions of Transport - All Models (Continued) 

Length 
Model Surface Orientation (m) 

Vertical 0.597 

2 Bottom Horizontal 0.340 

3 Vertical 0.660 

4 Top Horizontal 0.958 

AOS·165 5 Vertical 0.775 

(Transported 6 Top Horizontal 
Horizontal) 7 Vertical 

8 Top Horizontal 

9 Vertical 

10 Bottom Horizontal 

11 Vertical 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
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Width 
(m) 

0.597 

0.208 

0.597 
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Table 3-14. Cask Assembly External Surface Orientation and Size,
Fire Conditions of Transport - All Models

Length Width
Model Surface Orientation (m) (m)

1 Bottom Horizontal 0.091 0.091

2 Vertical 0.051 0.030

AOS-025 3 Bottom Horizontal 0.091 0.084
Fire Model 4 Vertical 0.294 -0.-130

(Transported
Vertical) 9 Top Horizontal 0.109 .0'('91

10 Vertical 0.051 0.010'

11 Top Horizontal 0.09\1 0.09\1\

1 Bottom Horizontal 0.183 "0.183

2 Vertical "0.104 0.0'6 4

3 Bottom Horizontal 0.180 0.165

4 Vertical \0.300 0.259

AOS-050 5 Top Horizontal 0'2,1,8 0.079Fire Model
FireModtel 6 Vejtical 0.178 0.102

(Transported / 0.7
Vertical) 7 Bottom Honzontal 0E218;;;, 0.079

8 Vertical - ,_0.256 0.196

9 / TopHorlzontal K 0.191 0.180

10 Vertical 0.104 0.020

11 < /Top H1orizontal 0.183 0.183

1 ,_Vertical 0.360 0.360

2 Bottom Horizontal 0.200 0.130

Vertical 0.360 0.330

-,4 \TvOp/Horizontal 0.520 0.500

AOS-100 \ \6, Vertical 0.440 0.160
FirensModel \ 6 / Top Horizontal 0.410 0.360

(Transported
Horizdontal) 7 Vertical 0.440 0.160

\ 8 Top Horizontal 0.520 0.290

'ý9' Vertical 0.360 0.380

10 Bottom Horizontal 0.200 0.040

11 Vertical 0.360 0.360

0
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Table 3-14. Cask Assembly External Surface Orientation and Size, 
Fire Conditions of Transport - All Models 

Model 

AOS-025 
Fire Model 

(Transported 
Vertical) 

AOS-050 
Fire Model 

(Transported 
Vertical) 

AOS-100 

Surface 

2 

3 

4 

9 

10 

11 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Orientation 

Bottom Horizontal 

Vertical 

Bottom Horizontal 

Vertical 

Top Horizontal 

Vertical 

Top Horizontal. 

Bottom Horizontal 

Vertical 

Length 
(m) 

0.091 

0.051 

0.091 

0.294 

0.109 

Width 
(m) 

0.091 

0.030 ---
. /0.084\ 

0.051 A "" O.O~O 
0.09{ . "'" "'" 0.091", 

/ '0~ 04 "'" \ 0.064 

Bottom Horizontal/I "'" 0.180, ) 0.165 

Vertical/I ~.300 ~ / 0.259 

Top Horizont~1 
I 

0.079 

Vertical \ 
/ " 
~ 0.178---- 0.102 

Bottorr) Horiiorital 02-1"8"'7 
,,"-I / 

0.079 

0.196 

0.180 

/ ~ V~rtical.~ > 0.104 0.020 

11 / <: ;Top Horizont.e.1 '" / 0.183 0.183 

V' ..-iertical / 0.360 0.360 

2 B~ttom HOriz6ntai 0.200 0.130 
" 

/ ~.......... " "V~rtical 0.360 0.330 

\ \ 5) > Vertical 0.440 0.160 

(TransRorted / ~ 
Fire Mo~el~ \ '6/ ~ / Top Horizontal 0.410 0.360 

Horizi)'ntal) \ 7 ( Vertical 0.440 0.160 

:<~ ~r.:::~-~-\7\-~-~-)-----+--B-:-::-~-:-~-;-~-:-:-~-I -r-----~-:;-~-~-----+-----~-:-~-~----~ 
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Table 3-14. Cask Assembly External Surface Orientation and Size,
Fire Conditions of Transport - All Models (Continued)
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Table 3-14. Cask Assembly External Surface Orientation and Size, 
Fire Conditions of Transport - All Models (Continued) 

Length 
Model Surface Orientation (m) 

Vertical 0.597 

2 Bottom Horizontal 0.340 

3 Vertical 0.597 

4 Top Horizontal 

AOS-165 5 Vertical 
Fire Model 

6 Top Horizontal 
(Transported 
Horizontal) 7 Vertical 

8 Top Horizontal 

9 Vertical 

10 Bottom Horizontal 

11 Vertical 
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Width 
(m) 

0.597 

0.208 

0.597 
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4

Figure 3-5. Cask Assembly External Surface Identification
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Figure 3-5. Cask Assembly External Surface Identification 
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In- addition to convection, the cask surface interacts radiatively with its surroundings. The radiative heat
transfer coefficient, hr, is calculated using the equations provided in Paragraph 3.3.1.2. Regulatory
environments place the transport package in an outside environment. Therefore, in evaluating the
equation for the gray body shape factor, it is assumed that A1 is negligible compared with A2 , and F12 = 1.
The impact limiter outside surface is oxidized SS304, and the surface emissivity is 0.52. The cask's
outside surface is polished, and an emissivity of 0.20 is used.

The effective film coefficient, h (Btu/hr-in 2-OF), is as follows:

h = hc + hr

The three (3) regulatory required ambient temperatures are 37.80C
-400C (-40'F). Convective properties, including radiation, used in the anal,
have a form:

h(T) o a+ ajT+ a2T 2 +a3T 3

where:

h(T) = Btu/hr-in 2-°F

T = Surface tempe

Table 3-15 (Normal conditions of trar
polynomial coefficients used in the e
external surface, for each AOS Transp(

.rature -OF,

7on'ditions of transport) define the
of each ambient temperature and
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In addition to convection, the cask surface interacts radiatively with its surroundings. The radiative heat 
transfer coefficient, hp is calculated using the equations provided in Paragraph 3.3.1.2. Regulatory 

environments place the transport package in an outside environment. Therefore, in evaluating the 
equation for the gray body shape factor, it is assumed that A1 is negligible compared with A2, and F12 = 1. 

The impact limiter outside surface is oxidized SS304, and the surface emissivity is 0.52. The cask's 
outside surface is polished, and an emissivity of 0.20 is used. 

The effective film coefficient, h (Btu/hr-in2-OF), is as follows: 

h hc+hr Q 
The three (3) regulatory required ambient temperatures are 37.8°C (100°F), -28.9°C (-29/F), and 
-40°C (-40°F). Convective properties, including radiation, used in the analysis/a?-a fun"ttion of temperature 

have a form: N 
h(T) = ao + a1 T + a2 T2 + a3 T3 

where: 

h(T) = 

T Surface temperature _OF 

Table 3-15 (Normal conditions of transport)-and Table 3-16 ~onaitions of transport) define the 
polynomial coefficients used in the equi~lent 2onv~tive pro~erty of each ambient temperature and 

)' \" "-extemal surtace, for each AOS Transpo0ag;ng systemvet 
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I Table 3-15. Polynomial Coefficients Used in Equivalent Convective Property of Ambient
Temperature and External Surface, Normal Conditions of Transport - All Models

Ambient Temperature Polynomial Coefficient

Model 0C °F Surface a0  a, a2

1 9.438E-3 6.940E-6 2.288E-8

2 1.254E-2 1.139E-5 2..1'05E-8

3 9.438E-3 6.940E2 6' ,-2.288E•-8

37.78 100 4 9.438E-3 6.940E-6 2.288E'-8

9 1.420E-2 7 1&434E-5 1 .965E-8

10 1.254E-2 / 1.1\39E-5\ 2.i05E-8
11 1.420E-2 \1.434E>-5\ \1.965E-'-8

1 8.9201E-3\ 7.'161 E-6 \ .024E-8

,1.'286E-2 \ 1.077E-5 1.860E-8
3 18.920-E-3 \7161'E-6 / 2.024E-8

AOS-025 -28.89 -20 4 8.920E-3\ 7.161E;,6 2.024E-8

9\.. [1.519E-2 '1-.315E-3 1.730E-8/10\ 1.286C-2- 1.077E-5 1.860E-8
\11 1.51Q.92 // 1.315E-3 1.730E-8

b1 '.931E-3 7.069E-6 1.986E-8

2 1.304E-2 1.048E-5 1.829E-8

43 ."_ 8\931 E-3 7.069E-6 1.986E-8
-40 -40 4 X 8.931 E-3 7.069E-6 1.986E-8-04 / _ . "_

9- 1.567E-2 1.286E-5 1.696E-8

\10 1.304E-2 1.048E-5 1.829E-8

1 .567E-2 1 .286E-5 1.696E-8
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Table 3-15. Polynomial Coefficients Used in Equivalent Convective Property of Ambient 
Temperature and External Surface, Normal Conditions of Transport - All Models 

Model 

AOS-025 

3-38 

Ambient Temperature Polynomial Coefficient 

37.7S 

-2S.S9 

-40 

Surface 

9.43SE-3 6.940E-6 2.2SSE-S 

2 1.254E-2 1.139E-5 / /' 2.105t=-S 

3 9.43SE-3 

100 4 9.43SE-3 

9 1.420E-2 

10 1.254E-2 < / 1.139E-5" 2. f05E-S ,," " 
11 

~ , \ ~ / S.9?0E-3, 7.l~1 E-6 2.024E-S 

2 1.2S6E-2" 1.0T7E-5 1 1.S60E-S A" , I J 

3 / / IS.920E~ "'-7..,1..61'E-6 / 2.024E-S 

-20 2.024E-S 

~, \ l1-22 9E-2 '--r:3"'15E-3 1.730E-S 

1.860E-8 

1.730E-S 

8.931 E-3- 7.069E-6 1.986E-S 
\. 

1.04SE-5 1.S29E-S 

7.069E-6 1.9S6E-S 
(

) [3 _____ "-vS~931 E-3 

-40 4 '7 S.931 E-3 
/ 

. 7.069E-6 . 1.9S6E-S 

1.567E-2 1.2S6E-5 1.696E-S 

1.304E-2 1.04SE-5 1.S29E-S 

1.567E-2 1.2S6E-5 1.696E-S 
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Table 3-15. Polynomial Coefficients Used in Equivalent Convective Property of Ambient
Temperature and External Surface, Normal Conditions of Transport - All Models (Continued)

Ambient Temperature Polynomial Coefficient

Model °C °F Surface a0 a, - a 2

1<

1 8.715E-3 5.909E-6 2.332E-8

37.78 100

2 1. 119E-2 9.418E-6 2.186E-8

3 8.715E-3 5.909E-6 2.3'32E-8
4 9.807E-3 7.488E;6' ,2.4Er

5 1.313E-2 1.263'E-5 2'.2040E'-8

6 7.320E-3 /8.1 0E~z 6.,487E-9

7 8.715&-3 7 5.9'09E-6\ 2;332E-8

8 9.807E-3 \7.4818E'-6\ \2.241iE't8

9 1 .2571-2\ 1'1,7'8E-5\ ;077E-8

10 1.1,19E-2 9.418E-6 2.186E-8

11 1 1.257'E72 \1.1'85-sj 2.077E-8
+ 4 - ~ -4

1 ( J7.975E-3" 6.408E;6' 2.059E-8

AOS-050 -28.89 -20/"

2 1 1.116E-2 '9:1'66E-6 1.933E-8

/3• : ".9 - -6.408E-6 2.059E-8

\4 94:i85E&-3: 7.393E-6 2.014E-8

5\, ,ý.377E-2 1.182E-5 1.795E-8

)6 '8.236E-3 7.135E-6 5.691E-9

/) -•_ \ý7*.975E-3 6.408E-6 2.059E-8
8 9.185E-3 7.393E-6 2.014E-8

9-1/ 1.322E-2 1.130E-5 1.821E-8

\10 1.119E-2 9.166E-6 1.933E-8

V...
\!/11 1.322E-2 1.130E-5 1.821 E-8

-40

1 8.330E-3 6.690E-6

-40

2 1.126E-2 8.987E-6 1.896E-8

3 8.330E-3 6.690E-6 2.003E-8

4 9.207E-3 7.299E-6 1.975E-8

5 1.402E-2 1.143E-5 1.768E-8

6 8.454E-3 6.845E-6 5.624E-9

7 8.330E-3 6.690E-6 2.003E-8

8 9.207E-3 7.299E-6 1.975E-8

9 1.324E-2 1.081 E-5 1.798E-8

10 1.126E-2 8.987E-6 1.896E-8

2.003E-8

11 1.324E-2 1.081 E-5 1.798E-8
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Table 3-15. Polynomial Coefficients Used in Equivalent Convective Property of Ambient 
Temperature and External Surface, Normal Conditions of Transport - All Models (Continued) 

Ambient Temperature Polynomial, Coefficient 

Model °C OF Surface ao a1 a2 

1 8.715E-3 5.909E-6 2.332E-8 

2 1.119E-2 9.418E-6 2.186E-8 

3 8.715E-3 5.909E-6 / (>2:332E-8 
t.',:X,/::s,5P·~;i.,"",:\ 

4 9.807E-3 
/ 

7.488E)~, ' ;~~2~iEr8 
5 1.313E-2 1.263E\5'~<" 2'.04bE-8 ", ' ,\. /"','" ,,/ 

" ' ¥ '. >',/ 

37.78 100 6 7.320E-3 /8,nOE~ , " 6}87E-9 

7 8.715Ec3 /' 5:'9Q9,E-6 ~ I " 
< ,2;332E-8 < ,'. ,~ ..... 

8 9.807E-3 ~.488E::6 ~2:241~!.8 
, " ,,', : /, 

9 1,25782 " \ 2:07?E-8 
/,' " 

1.1'Z8E-5 
'" ' /"", ," 

1 10 A 1 . 1'~~,1;:;2 ,.," "- 9.418E-6 2.186E-8 
I 

11 ,,/ \1.2571:'E' ,.', , 

1 ( 17.975E-3~ 
2 \ ' l1.116E-2 /, ,,' ---

/.3~\': "7;;975&3--
,',0 ,:,\.,<,0':~!;; .. *;,""',,, -

~";/' fF1:S5E>3 
.',iI'" ,', , --- / 

~5~, 
, I -

-20/ 

i 'l.377E-2 

AOS-050 -28.89 ,"" J6 ~ 'S.236E-3 

<: " / 

)[7 _____ 'v7~975E-3 
• '" Y':, -

/' 9.185E-3 8' ,:.', / 

\ 9~ 1.322E-2 

C ~ ""10 1.119E-2 

,,/11 1.322E-2 

\ > ~~ 1 8.330E-3 

" 

( 
2 1.126E-2 

3 8.330E-3 

~ 
4 9.207E-3 

~ 
5 1.402E-2 

I~O 
-40 6 8.454E-3 

~ 
7 8.330E-3 

8 9.207E-3 

> . 9 1.324E-2 

10 1.126E-2 

11 1.324E-2 
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"1,:.1J,8~-5 J ' 2.077E-8 
!'- ",< f."""j'."\ ,'~:, / 

6':'408E;;6 
, " 'r 

2.059E-8 

"--9~H36 E-6 1.933E-8 

"/6.408E-6 2.059E-8 
/ 

7.393E-6 2.014E-8 

1.182E-5 1.795E-8 

7.135E-6 5.691E-9 

6.408E-6 2.059E-8 

7.393E-6 2.014E-8 

1.130E-5 1.821 E-8 

9.166E-6 1.933E-8 

1.130E-5 1.821 E-8 

6.690E-6 2.003E-8 

8.987E-6 1.896E-8 

6.690E-6 2.003E-8 

7.299E-6 1.975E-8 

1.143E-5 1.768E-8 

6.845E-6 5.624E-9 

6.690E-6 2.003E-8 

7.299E-6 1.975E-8 

1.081 E-5 1.798E-8 

8.987E-6 1.896E-8 

1.081 E-5 1.798E-8 
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Table 3-15. Polynomial Coefficients Used in Equivalent Convective Property of Ambient
Temperature and External Surface, Normal Conditions of Transport - All Models (Continued)

Ambient Temperature Polynomial Coefficient

Model °C I F Surface a0 a, I a 2

1 9.141E-3 6.264E-6 2.323E-8

37.78 100

2 9.141 E-3 6.264E-6 2.323E-8

3 9.141E-3 6.264E-6 / 2,.23E-8

4 1.093E-2 9.279E;6/' 86,-8

5 9.141E-3 6.264E-6 2'.323E-8

6 8.395E-3 /9\959E-\6 5.634E-9

7 9.141E-3 7 6.264E-6\ 2.323E-8

8 1.093E-2 \9.2791E>6\ \2.i86E8•8

9 9.14,1'E-3\ 6.264E-161 '.323E-8

10 91i41E-3, 6.264E-6 2.323E-8.1 N.:

11 / 9.141"E 3 \6.264E6 / 2.323E-8
4 *I-7 WY -.

1 ( 8.264E-3\ 6.672E;-6 2.046E-8

AOS-100 -28.89
-20S

2 '8.264E-3 '6-67'2E-6 2.046E-8

/3 \ 8.ý64E--ý ý- 6.672E-6 2.046E-8

\4 . 1..98.. / 1.012E-5 1.744E-8

,.027E-2 2.872E-8 2.246E-8

6 9.689E-3 8.641E-6 4.912E-9

) 7_ \ 1./027E-2 2.872E-6 2.246E-8

8 X 1.198E-2 1.012E-5 1.744E-8

'9-1/ 8.264E-3 6.672E-6 2.046E-8

\10 8.264E-3 6.672E-6 2.046E-8

\ /11 8.264E-3 6.672E-6 2.046E-8
Wi t~j 1-

-40

1 8.826E-3 5.616E-6 2.132E-8

-40

2 8.826E-3 5.616E-6 2.132E-8

3 8.826E-3 5.616E-6 2.132E-8

4 1.227E-2 1.002E-5 1.686E-8

5 1.053E-2 2.881 E-6 2.171E-8

6 1.065E-2 6.986E-6 5.460E-9

7 1.053E-2 2.881 E-6 2.171E-8

8 1.227E-2 1.002E-5 1.686E-8

9 8.826E-3 5.616E-6 2.132E-8

10 8.826E-3 5.616E-6 2.132E-8

11 8.826E-3 5.616E-6 2.132E-8
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Table 3-15. Polynomial Coefficients Used in Equivalent Convective Property of Ambient 
Temperature and External Surface, NormalConditions of Transport - All Models (Continued) 

Model 

AOS-100 

( 
~ 

~ 

3-40 

Ambient Temperature Polynomial Coefficient 

°C 

37.78 

-28.89 

C 
\ 

~ :;0 
> 

OF Surface ao a1 a2 

1 9.141E-3 6.264E-6 2.323E-8 

2 9.141E-3 6.264E-6 2.323E-8 

3 9.141E-3 6.264E-6 / /' ,'2:323E-8 
,4"'i:~;*,,\':'M<;t·, -:'" 

4 1.093E-2 
/ 

9.279E}~,. 0'~tr~~J~r8 
5 9.141E-3 6.264E"6' " ....... " 

I.:;<~'~':,'"· J 

2:323E-8 
/'.>'h~:&:r '/ 

" 4-,,> ,',"" ',';', ~,,'f-,,"1' 

100 6 8.395E-3 /9,,959E~. ,; 5:.634E-9 
.J,", "/ 

7 9.141E-3 / 
6,26i E-6 "". '2f323E-8 < . "".' . ..''';1.: ,~, 

8 1.093E-2 ~:?79E-:6, "" 2:\§~;r~~8 
9 9.11r~3" 6~264E-6 \ 

::-;.,,/ 
2.323E-8 

" 
9.~41E-3 "- " j 10 6.264E-6. 2.323E-8 

A " " /. "/ 

11 // 19.141E~ "-6.264E~6 / 2.323E-8 

1 ( i8.264E-3 "" 
.• J. / 

6.67296 2.046E-8 

2 \ '8.264E-3 ---6:672E-6 2.046E-8 or, ----
/3 ""\ 8. 264 E:3--

<.j . ,,":, .: ,/~~ .' , 
/6.672E-6 2.046E-8 

""4 
" •. j1':-1:g's-t2' / / 

1.012E-5 1.744E-8 

-20/ 
~5"" 

I . -
2.872E-6 2.246E-8 ~ .027E-2 

" 
, )6 "" 

.' 9.689E-3 8.641 E-6 4.912E-9 

<: / 

) t.7____.. "y{027E-2 2.872E-6 2.246E-8 

8 / '7 1.198E-2 1.012E-5 1.744E-8 

\ 9-../ 8.264E-3 6.672E-6 2.046E-8 

~ 
""10 8.264E-3 6.672E-6 2.046E-8 

,,/11 , 
8.264E-3 6.672E-6 2.046E-8 

> ---..... 1 8.826E-3 5.616E-6 2.132E-8 . ~ 

2 8.826E-3 5.616E-6 2.132E-8 

3 8.826E-3 5.616E-6 2.132E-8 

4 1.227E-2 1.002E-5 1.686E-8 

5 1.053E-2 2.881 E-6 2.171E-8 

-40 6 1.065E-2 6.986E-6 5.460E-9 

7 1.053E-2 2.881 E-6 2.171 E-8 

8 1.227E-2 1.002E-5 1.686E-8 

9 8.826E-3 5.616E-6 2.132E-8 

10 8.826E-3 5.616E-6 2.132E-8 

11 8.826E-3 5.616E-6 2.132E-8 
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Table 3-15. Polynomial Coefficients Used in Equivalent Convective Property of Ambient
Temperature and External Surface, Normal Conditions of Transport - All Models (Continued)

Ambient Temperature Polynomial Coefficient

Model °C I _ F Surface a0 I a, I a 2

1 8.842E-3 5.958E-6 2.332E-8

37.78 100

2 8.460E-3 5.531 E-6 2.348E-8

3 1.017E-2 6.810OE-6 214-
4 1.095E-2 1.076E;5' , 8

58.840E-3 1.29-E5~ ~',1.823"E-8
6 7.614E-3 /1 5E 83-

7 8.840E-3 2 169E-5\ 183-

8 1.095E-2 \1.O76\5\ \2`059Et-8

9 1.01.76'2\ 6.8,10E-6\ Ž\14ý4E8

10 8.460E-3 \ 5. 531 \E-6. 2.348E-8
A4 - I _ _ __ _

11 / 8.84iE, ., , 59 E6'/ 2.332E-8

1 l 9.960E-3\ 9 1.520E-8

AOS-1 65 -28.89
-20

/2 1,7.648E-3 '6:076E-6 2.075E-8

3 • )9;.612E -3 ... 1.181E-5 1.531E-8

\4 j..-.. 99.-2//' 9.857E-6 1.803E-8

5\ i028E-2- 6.960E-6 2.01 OE-8

\ 1.9g19e-2 8.825E-6 3.944E-9

) -: \,16028E-2 6.960E-6 2.010E-8

8 7 1.199E-2 9.857E-6 1.803E-8

10 9.612E-3 1.181E-5 1.531 E-8
\107.648E-3 6.076E-6 2.075E-8

11l 9.960E-3 1.079E-5 1.520E-8
§4 t - + + 4

1 9.990E-3 1.144E-5 1.421 E-8

-40 -40

2 7.602E-3 6.066E-6 2.034E-8

3 1.003E-2 1.015E-5 1.645E-8

4 1.233E-2 9.411 E-6 1.775E-8

5 1.031 E-2 7.737E-6 1.896E-8

6 1.070E-2 8.232E-6 3.962E-9

7 1.031 E-2 7.737E-6 1.896E-8

8 1.233E-2 9.411E-6 1.775E-8

9 1.003E-2 1.015E-5 1.645E-8

10 7.602E-3 6.066E-6 2.034E-8

11 9.990E-3 1.144E-5 1.421 E-8
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Table 3-15. Polynomial Coefficients Used in Equivalent Convective Property of Ambient 
Temperature and External Surface, Normal Conditions of Transport - All Models (Continued) 

Ambient Temperature Polynomial Coefficient 

Model Surface 

8.842E-3 5.958E-6 . 2.332E-8 

2 8.460E-3 5.531 E-6 2.348E-8 

3 1.017E-2 6.81.0E-6 /' ;';:?;;,11.;4.!=-8 

4 1.095E-2 

5 8.840E-3 

37.78 , 100 6 7.614E-3 

7 

8 

9 

10 

11 

1.520E-8 

2.075E-8 

1.531 E-8 

1.803E-8 

AOS-165 -28.89 

. /~ 5~'" .,,~.028E-2 - 6.960E-6 

-20/. . .', "':.~ 6 ~ ",'LD) 9E-2 8.825E-6 

(

, ..... } "'J . /. t-:7~ V1.028E-2 

.... :": "'!f";' ; / 1.199E-2 

2.010E-8 

3.944E-9 

6.960E-6 2.010E-8 

9.857E-6 1.803E-8 

\ 9---./ 9.612E-3 1.181E-5 1.531 E-8 

~~ r~~~-~~~-~---'~-:-::-:~-:-~3_3-4~_~_:~-~:-:-~:--4---~-:~-:~-:-~:--~ \ >" "I-' ----+----+----+---------1 
9.990E-3 1.144E-5 1.421 E-8 

2 7.602E-3 6.066E-6 2.034E-8 

3 1.003E-2 1.015E-5 1.645E-8 

4 1.233E-2 9.411 E-6 1.775E-8 

5 1.031 E-2 7.737E-6 1.896E-8 

-40 6 1.070E-2 8.232E-6 3.962E-9 

7 1.031 E-2 7.737E-6 1.896E-8 

8 1.233E-2 9.411 E-6 1.775E-8 

9 1.003E-2 1.015E-5 1.645E-8 

10 7.602E-3 6.066E-6 2.034E-8 

11 9.990E-3 1.144E-5 1.421 E-8 
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Table 3-16. Polynomial Coefficients Used in Equivalent Convective Property of Ambient
Temperature and External Surface, Fire Conditions of Transport - All Models

Ambient Temperature Polynomial Coefficient

Model °C °F Surface a0  a, a2

1 9.624E-3 7.201 E-6 2.277E-8

2 1.255E-2 1.139E-5 ,2..106E-8

3 9.624E-3 7.201 E-6 2.277E-8

AOS-025 37.78 100 4 9.624E-3 7.201 E6 62 27,7E-8

9 1.420E-2 1.434Ei5 \\/•,1.965E-8

10 1.255E-2 /1_9E"_-5 2,106E-8
11 1.420E-2 1:434E-5 .5&

1 8.848E-3 "6. 11O'E-6\ "23231ý-8

2 1.1,1AE-2 9.37",1\E-6 N 2.1"88E-8

3 //8.848E-3 6.110E6-6 .. 2.323E-8

4 19.968E-3\ 6.641 E-6 2.321E-8

5 1.337E-2 1 -. 465'E- 1.906E-8

AOS-050 37.78 100 /6\ "7:'3-1-9E-3 8.112E-6 6.484E-9

K 7 N 8.848E-3 76.11OE-6 2.323E-8

N8 P.968E-3-,• 6.641E-6 2.321E-8

9 '1'h271 E-2 1.201 E-5 2.067E-8
I

- 110 \\ 1),116E-2 9.371E-6 2.188E-8

,/ .11 .'.271E-2 1.201E-5 2.067E-8
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Table 3-16. Polynomial Coefficients Used in Equivalent Convective Property of Ambient 
Temperature and External Surface, Fire Conditions of Transport - All Models 

Model 

AOS-025 

AOS-050 

3-42 

Ambient Temperature Polynomial Coefficient 

°C 

37.78 

37.78 

OF Surface 

1 . 9.624E-3 7.201 E-6 2.277E-8 

2 1.255E-2 1.139E-5 .---2..1J?6E-8 

3 9.624E-3 

100 4 9.624E-3 

9 1.420E-2 
/, ' /" I 

1.434{=~.5·.'. Y1.96;;E-8 

10 1.255E-2 

11 . ," "'"' '" 1.420E-2 ',,' 1:4~.1:~-5 ",.1.~E35~-8 

1 

2 1.JABE-~ 9j'7'W-6" \ 2.188E-8 

3 /i8.848,f-3 "" 6.11 O~~~').) 2.323E-8 

5 \ !1.337E-2" '-. 1.4~E(5 1.906E-8 

100 /6", \ '7:3l9E~ 8.112E-6 6.484E-9 

< 7 "'-la.848E"3 '7 6.11 OE-6 2.323E-8 

"8 9.968E-3'/ 6.641 E-6 2.321 E-8 
_" I 

1.201 E-5 2.067E-8 

9.371 E-6 2.188E-8 

1.201 E-5 2.067E-8 
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Table 3-16. Polynomial Coefficients Used in Equivalent Convective Property of Ambient
Temperature and External Surface, Fire Conditions of Transport - All Models (Continued)

Ambient Temperature Polynomial Coefficient

Model oC I °F Surface a0  a, a2

1 9.326E-3 6.712E-6 2.299E-8

2 9.326E-3 6.712E-6 2.299E-8

3 9.326E-3 6.712E-6 _2.299E-8

4 1.094E-2 9.294E;6 ,2..185EL8

5 9.326E-3 6.71-2E-6 2 1 .299E8•

AOS-100 37.78 100 6 8.395E-3 /9.959E6 5.634E-9

7 9.326E-3 ' 6.7)2E- 6 22•99E-8

8 1.094E-2 .294•E6 \2 185E' 8
9 9.326r3 6,E 6 . , 299E-8

10 9.916E-3 7.736\E-6 2.252E-8
__ _ _ _ _ _ A i~

11 ! 9.326E-,3 \6.712LE-E6 2.299E-8

1 :'.842E-3 5.964E;6' 2.331 E-8

2 \ 8.460E-3 5-531 E-6 2.348E-8

/3 : • [::ý •4•7 -... 5.964E-6 2.331 E-8
"\4__ 01-b.095E•-2 • , 1.073E-5 2.061E-8

5\ k.273E-3 1.430E-5 1.667E-8

AOS-165 37.78 100 , ý6 7.'614E-3 1.196E-5 3.583E-9

) - \ \8/273E-3 1.430E-5 1.667E-8

8 A7 1.063E-2 1.191E-5 1.955E-8

•, 9"•9 ;/ 9.926E-3 5.561 E-6 2.274E-8

10 9.315E-3 6.817E-6 2.293E-8

/11 8.842E-3 5.964E-6 2.331 E-8

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Table 3-16. Polynomial Coefficients Used in Equivalent Convective Property of Ambient 
Temperature and External Surface, Fire Conditions of Transport - All Models (Continued) 

Ambient Temperature Polynomial Coefficient 

Model, °C OF Surface 

9.326E-3 6.712E-6 2.299E-8 

2 9.326E-3 6.712E-6 2.299E-8 

3 9.326E-3 

4 1.094E-2 

AOS-100 37.78 100 

7 

8 

9 

10 

11 

2.331 E-8 

2.348E-8 

/~,';;~ 7;';-f;:V;.<-' _5_.9~6_4E_-6_-+-_2_.3_3_1_E-_8---i 
_

/' L .460E-3 '""5:531E-6 

'. ~. -.....:.c /" 1.013E-5 

AOS-165 37.78 

I---~:::'::' /70, 5~,~,;.",J::;~.273E-3 - 1.430E-5 

100 " " " .. ~~',~ ,~6 "'\C:;,'~?~:~) 4E-3 1.196E-5 

, () ;'t7~ '('8~273E-3 1.430E-5 

, ". ..,~;,r:">}> 1.063E-2 1.191E-5 

'\ 9'-.7 9.926E-3 5.561 E-6 

""10 9.315E-3 6.817E-6 

,,/11 8.842E-3 5.964E-6 

"'''''''v·'·'''''' 
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2.061 E-8 

1.667E-8 

3.583E-9 

1.667E-8 

1.955E-8 

2.274E-8 

2.293E-8 

2.331 E-8 
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3.3.1.3.1 Vertical Surface

The Nusselt Number used for convection from a vertical surface under laminar flow, 104 < Ra < 109 ,
is determined from Reference [3.4], Equation 9.27:

Nu = 0.68 + A/B

A = 0.670 * Ra1/4

B = [1 + (0.492 / Pr)9/16 ]4/9

where:

Pr = Prandtl Number

The Nusselt Number for turbulent flow, F

Nu = {0.825 + A/B}2

A = 0.387 * Ra1/6

B = [1 + (0.492 / Pr:

where:

r

Ra

a > 1U0, is determined'frore, e ]REution 9.26:

9/16]8/27

eOr

'iion from a horizontal, upper surface under laminar flow,
•,ce [3.4], Equation 9.30:

la > 109, is determined from Reference [3.4], Equation 9.31:

n from a horizontal, lower surface, 105 < Ra < 1010, is determined

3.3.1.3.2 Hori

The Nusselt Numl
104 < Ra < 109. is d

5 * Ra1/3

The I
from Equation 9.32:

Nu 0.27 * Ra1/4
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3.3.1.3.1 Vertical Surface 

The Nusselt Number used for convection from a vertical surface under laminar flow, 104 < Ra < 109, • 

is determined from Reference [3.4], Equation 9.27: 

Nu = 0.68 + AlB 

A 0.670 * Ra 1/4 

B = [1 + (0.492/ Pr)9/16]4/9 

where: 

Pr = Prandtl Number 

The Nusselt Number for turbulent flow, Ra > 10", is detennined'fr~~, E,ation 9.26: 

Nu = {0.825 + AlB}2· ~ 

A 0.387 * Ra 1/6 

B = [1 + (0.492/ Pr)9/16}8/27 

where: Ra = RaYleigh~ • 

3.3.1.3.2 HorizonfulSUl:f~ 
The Nusselt Numbe~usel\'for) ~iO!7 from a horizontal, upper surtace under laminar flow, 
104 < Ra < 109

, is deter\ed\tom Ref~ce [3.4], Equation 9.30: 

t~54'R~ 
The'I\IUS~~er for tU~I~.!t:ow, Ra > 10', is determined from Ref~rence [3.4], Equation 9.31: 

~~ =~o.15'Ra'/3 
The Nusse~ber used for convection from a horizontal, lower surface, 105 < Ra < 1010, is determined 
from R~erenc~[3.4], Equation 9.32: . 
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3.3.1.3.3 Horizontal Cylinder

The Nusselt Number used for convection from a horizontal cylinder with Ra < 1012 is determined from
Reference [3.4], Equation 9.34:

Nu = {0.60 + A/B}2

A = 0.387 * Ra1/6

B = [1 + (0.559 / Pr)9/1 6]812 7

where:

Pr = Prandtl Number

3.3.1.3.4 Solar Heat Load

Table 3-17 defines the solar heat applied to the cask's
37.80C (100 0F). In the evaluation, the solar load is app
12-hour period.

Table 3-17. Solar Heat Application to Cask Qutsde SLiI

: temperature of
il solution, for a

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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3.3.1.3.3 Horizontal Cylinder 

The Nusselt Number used for convection from a horizontal cylinder with Ra < 1012 is determined from 
Reference [3.4], Equation 9.34: 

Nu {0.50 + AlB}2 

A 0.387 * Ra 1/6 

B [1 + (0.559/ Pr)9/16]8/27 

where: 

Pr Prandtl Number 

3.3.1.3.4 Solar Heat Load 

Table 3-17 defines the solar heat applied to the cask's 
37.8°C (100°F). In the evaluation, the solar load is appl 
12-hour period. 

Flat surfaces transported hn,i,n,nt",llh,./ 

• Base 

Flat surfaces not Tr""'''n'''''~rt n,r.lYl,'nnt .. 

Curved surface 

urface~,;~i{h::aQ:,;~mw-ent temperature of 
a steady-s~alytical solution, for a 
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3.3.1.3.5 Cask Boundary Surfaces at 1,475°F Environment

During the 30-minute fire condition, the ambient air is 1,4750F. Using the relationship provided in
Paragraph 3.3.1.1 for convection due to radiation, the surface convective coefficient is:

hr = S* F* (T1
2 +1,9352) * (T1 + 1,935)

where:

S = Stefan-Boltzmann constant = 1.1 944E-1 1 Btu/hr-in 2-_R4

F = Gray body shape factor, using emissivity value of 0.9 an
= 0.7347

T = Surface temperature, OR

Then:

hr = 0.87753E-1 1 * (T1 +1,3*T\ 19,9352 1 +1,33

A convective heat transfer is also present during thefire condition:

hc = 10 w/m 2 _oc (0.01223 Btu/hr~n2 _oF)

convection during the fire condition

defined as a function

ht = -* T 2

where:

T =
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3.3.1.3.5 Cask Boundary Surfaces at 1,475°F Environment 

During the 30-minute fire condition, the ambient air is 1,475°F. Using the relationship provided in 
Paragraph 3.3.1.1 for convection due to radiation, the surface convective coefficient is: 

hr 

where: 

S 

F 

T1 

Then: 

= 

= 

Stefan-Boltzmann constant = 1.1944E-11 Btu/hr-in2-oR4 o 
Gray body shape factor, using emissivity value of 0.9 and aosNorptiVity = 0.8 
0.7347 

Surface temperature, OR . 

h, = D.87753E-11 • (T, 3 + 1,935 • T ,2 \452 
• T 1 + 1,9353) 

A convective heat transfer is also present during <'fire~~rditiO::~ 
he = 10 w/m2_oC (0.01223 Btu/nr~OF) l~ 

Combining the effects of both radiation/~tion, t0vtal surface convection during the fire condition 

defined as a function of temperat~.i( () ~ 

ht = 9.722~-2+~E-5~+~."8*T2 

where: ~ ~) 

T = surt\)mperatur~, OF 
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3.3.2 Normal Conditions of Transport Results -
Models AOS-100A and AOS-100A-S

Table 3-18 lists the tables and figures in this subsection that present the Model AOS-100A and
AOS-1 00A-S transport package results under Normal conditions of transport, for Load Cases 101 through
106. Each table provides a list of temperatures at each monitoring node. Also listed are the maximum
temperatures within each transport package component.

Table 3-19 lists the temperature monitoring points (nodes) for the Model AOS-100 ()
transport packages, under Normal and Hypothetical Accident (Fire) conditions of trans

illustrates the location of each node on the transport packages, under Normal conditions.<

Note: Results for the Model AOS-1OOB transport package are provided in Subsection 3.3
Results for the Model AOS-025, AOS-050, and AOS- 165 transport packageslare"provided
in Appendix 3.5.

Table 3-18. Normal Conditions of Transport Results - Models AOS-100A and AOS,10OA,

d A-S)
6re 3-6

Load
Case Description RslsAReuMsie Cask Model

Figure 3-8101 1 00°F Ambient, Maximum Decay Heat Tablt 3-20

102
1 00°F Ambient, Maximum Decay Heat,
Maximum Insolation /Tablle 3-21L- Figure 3-9 Figure 3-10

-20'F Ambient, Zero Decay Heat, T-
103 ZrInoainTable 3-22 Figure 3-1113 Zero Insolation _•i

-40'F Ambient, Zero Decay Heat-"
104 Zero Insolation Table 3r23 Figure 3-12

105 -40'F Ambient, MaximumD6cayýHeat)' j--Table 3-2-4/ Figure 3-13 Figure 3-14

106 -20°F Ambient, MaximumýDecay Heat ' Table ?-25 Figure 3-15 Figure 3-16
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3.3.2 Normal Conditions of Transport Results -
Models AOS-100A and AOS-100A-S 

Table 3-18 lists the tables and figures in this subsection that present the Model AOS-100A and 
AOS-1 OOA-S transport package results under Normal conditions of transport, for Load Cases 101 through 
106. Each table provides a list of temperatures at each monitoring node. Also listed are the maximum 
temperatures within each transport package component. 

Table 3-19 lists the temperature monitoring points (nodes) for the Model AOS-100 
transport packages, under Normal and Hypothetical Accident (Fire) conditions of 
illustrates the location of each node on the transport packages, under Normal 

Note: Results for the Model AOS-100B transport package are provided in ::iubSI9ctl'an 
Results for the Model AOS-025, AOS-050, and AOS-165 transport Dac:ka("1esra 
in Appendix 3.5. 

Table 3-18. Normal Conditions of Transport Results - Models 

Load 
Case 

101 

102 

103 

104 

105 

106 

Description 

100°F Ambient, Maximum Decay Heat 

100°F Ambient, Maximum Decay Heat, 
Maximum Insolation 

-20°F Ambient, Zero Decay Heat, 
Zero Insolation 

-40°F Ambient, Zero Decay H 
Zero Insolation 

-40°F Ambient, Maximu 

-20~F Ambient, Maximu 

Figure 3-12 

Figure 3-13 

Figure 3-15 
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Figure 3-8 

Figure 3-10 

Figure 3-14 

Figure 3-16 
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Table 3-19. Temperature Monitoring Points, All Conditions of Transport - Model AOS-100

LIBRA Model Nodal Number

Nodal Location Normal Conditions Fire Conditions

1 5001 5001

2 4532 4532

3 4227 4227

4 4752 4752"

5 4838 ,4838

6 4995 "\4995

7 3309 3309 K,
8 3419 3\419

9 678 678\

10 2537 \2537 '\

11 1888 /1 )888)

12 583 " 583/

13 3001 \3o0o1
14 3148 \ 3148

15 7533 7533
16 .. _.737•7\ 7377

17 737,1 7371

18 6942 6942

19,. 6267 - 6267

20 ,-•1.62-1 Z_ 6121
21 • 6001 6001

22 956-1 15481

23 \ \ -•\-9'950 16630

24 10014 16694

25\ 10781 18111

,.26 9091 1153

2, / 8463 9785

28\ 8462 9571

-\29 8197 8197

3\'-,0 9711 15451

\31 9821 15961

/32 10158 17022

33 10605 17743

34 9102 11051

35 8578 9900

36 8225 8673

37 8001 8225

3-48 AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. BI

< 

Table 3-19. Temperature Monitoring Points, All Conditions of Transport - Model AOS-100 

LIBRA Model Nodal Number 

Nodal Location Normal Conditions Fire Conditions 

1 5001 5001 

2 4532 4532 

3 4227 4227 ~ 
4 4752 4752/ \ / 

5 4838 /4838 ( ') ) 
6 4995 ~995 V / 
7 3309 

/ """ 330~ < 
8 3419 

"" 
"3~ 19 """ 

""" """ 
, """/ 9 678 A 678\ 

10 2537 (' 
/ 

""" 
""'2537 \ 

11 1888 /1 "" """ 
)888 ) 

12 583 / I 
""" 
~ 5831 

/ 

13 3001 \ I ~3001 
14 31~8~ \ '----

------
3148 

/ "'J / 15 75~3 7533 
~ 

"- I .~ 16 ~377", 7377 

/ " 17 737\1 

""" "'" 
7371 

/ 
I 

""" 
/ 18 /\ 694,2 6942 

19 / ~/626~v 6267 , 
20 

""" 
(61-2-1. __ / 6121 

""" 
"6001 

-
21 /"--... 6001 

"-

22 / -............ 

""" 
950'1 15481 ~ / 

23 \ ~ ~ "'-9950 16630 

24 \ \ /> / 10014 16694 
A ~ 

/ 25" \ / '-/ 
10781 18111 

<: ,,26 ~ \ \ 9091 1153 
"- / 

/'-.... 
.\ 21",-

""" 
\ / 8463 9785 

/ 

" 
""" 
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~ \ 28\ """ . '\V 8462 9571 

~ ~29 \ V 

""" ~o ) 

""" 
"""31'-/ 

""" /32 v 

33 

34 

35 

36 

37 

8197 8197 

9711 15451 

9821 15961 

10158 17022 

10605 17743 

9102 11051 

8578 9900 

8225 8673 

8001 8225 
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32

33

34

35

36

Figure 3-6. Selected Nodal Locations for Normal Conditions of Transport - Models AOS-100
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20 
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13 

32 
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11 
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27 
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~~ 
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35 

Figure 3-6. Selected Nodal Locations for Normal Conditions of Transport - Models AOS-100 
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Table 3-20. Load Case 101 - 100°F Ambient, Maximum Decay Heat -
Models AOS-1 OOA and AOS-1 OOA-S

Location

1
2
3
4

5
6
7

8

9
10

11

12
13
14

15
16
17
18

19

20
21

22

23
24
25
26
27
28
29

30

Node

5001

4532
4227

4752

4838
4995

3309
3419

678
2537
1888

583

3001
3148
7533
7377
7371

6942

6267

6121
6001
9501

9950
10014
10781

Temp (C)

92.33
88.39
90.11
86.61

82.67
82.39

83.22

82.39
82.61

80.67
78.67
80.78

82.94
82.00
85.11
85.67
83.61
83.72

83.61
83.8-

Temp (F)

198.20
191.10

194.20
187.90
180.80

180.30
181.80

180.30
180.70

177.20
173.60
177.40
181.130

S8'.00
37.94

38.78

38.78
37.94

38.00

38.78

1.41 .80

141.60
175.60
178.10
181.10
101.80
100.40
100.30

101.80

101.80
100.30
100.40

101.80
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Table 3-20. Load Case 101 - 100°F Ambient, Maximum Decay Heat -
Models AOS-100A and AOS-100A-S 

Location 
--------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Node 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 

6267 

Temp(C) Temp(F) 
------- -------

92.33 198.20 
88.39 191.10 
90.11 194.20 
86.61 187.90 
82.67 180.80 
82.39 180.30 
83.22 181.80 
82.39 180.30 
82.61 180.70 
80.67 177 .. 20 

. 78.67 173.60 
80.78 177.40 

82.94 181)-e 
82.00 17J.6e 
85.11 ~85.2e 

85.67 *6.2p 

83.61 182.50 
I 

:~: ~~ ~~J~ :~~0 
20 6121 83'8~;)j83'00 
21 6001 83~44 ~82.2b~ 
22 9501 (13),1-1 18-1.60/ 
23 9950 8L1Y 178':-0.0 
24 10014 7~94 17)7. 90 

25 10781 61'00~~41'80 
26 90~1 6~~9 141.60 
27 84'6 3 ~ 7 9 ~ 8 175 . 60 
28 $462 ~81.17 178.10 
29 !h97 ~ 82-:--8-3 181.10 
30 9~~1 ~ 38.~~ 101.80 
31~ 981~ 38(00 100.40 

\' 
32 10158 37.94 100.30 

3'4 910·2 38.78 101. 80 
3~\ ~57~ 37.94 100.30 
36~ 82~~~ 38.00 100.40 

v 

3,7 8001 

~ 
38.78 101.80 

0 
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Maximum Component Temperatures

Component

Outside Shell
Bottom Plate
Lid
Shell Cavity

Plug
Tungsten Alloy
LAST-A-FOAM

Node'l Node_2

101

3001
3233
4001

5001
6001
8001

2894

3232

3424
4998

5404
7656

10791

Node

606
3120
3233
4227

5001
7377
9501

MaxTemp(C) MaxTemp(F)

1.8090E+02
1. 8160E+02

8. 2722E+01
8.3111E+01

8. 3389E+01

9. 0111E+01

9. 2333E+01
8. 5667E+01

8.3111E+01

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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~aximum Component Temperatures 

Component Node~ 1 Node - 2 Node Max_Temp (C) 
--------- ------ ------ ----------

Outside Shell 101 2894 606 8.2722E+01 
Bottom Plate 3001 3232 3120 8.3111E+01 
Lid 3233 3424 3233 8.3389E+01 
Shell Cavity 4001 4998 4227 9.0111E+01 
Plug 5001 5404 5001 9.2333E+01 
Tungsten Alloy 6001 7656 7377 8.5667E+01 
LAST-A-FOAM 8001 10791 9501 8.3111E+01 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
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Max_Temp (F) 
----------

1.8090E+02 
1.8160E+02 
1 . 82 1.0·E+.0 2 

~~~~ir~~ 
1; 8l20E\02 

".' ."" / . 
1.81Ei'0E+02 
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99,820F ÷ 0Z

Figure 3-7. Load Case 101 - 100'F Ambient, Maximum Decay Heat, Entire Model -
Models AOS-100A and AOS-100A-S
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Figure 3-7. Load Case 101 -100°F Ambient, Maximum Decay Heat, Entire Model ­

Models AOS-100A and AOS-100A-S 
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Figure 3-8. Load Case 101 - 100*F Ambient, Maximum Decay Heat, Cask Model -

Models AOS-1E0A and AOS-100A-S
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1. 7973£ ... 02 
:1 8061£ ... 02 
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l 8324E·.,Z 

1. 94J2E+02 
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Figure 3-8. Load Case 101 - 100°F Ambient, Maximum Decay Heat, Cask Model­
Models AOS-100A and AOS-100A-S 
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Table 3-21. Load Case 102 - 100'F Ambient, Maximum Decay Heat, Maximum Insolation -
Models AOS-1 OOA and AOS-1 OOA-S

Location

1

2

3

4
5
6

7
8

9
10

11

12
13
14
15
16
17
18

19

20
21

22
23
24
25
26
27
28

29
30

Node

5001
4532

4227
4752

4838
4995

3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371

6942

6267

6121
6001

9501
9950

10014
10781

9091,

127.72
123.94
125.61
122.22

118.39
118.11

118.83
118.06

118.50
116.33
114.89

116.44
118.61
117.67

120.67
121.22
119.39
119.61

119.39

119.6-1-

Temp (C) Temp (F)

261.90
255.10
258.10
252.00

245.10

244.60

245 90
244 .50

245.30

241.40
238.80

241.60
245.5,0

240ý' 20
1/95.90

195.80
239.80
242.40

245.30
146.10
174.20

170.50

155.70
155.770

170.50

174.20
146.00

7Y. 00
76.94

68.72
68.72

76.94

79.00
63.333001
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Table 3-21. Load Case 102 -100°F Ambient, Maximum Decay Heat, Maximum Insolation­
Models AOS-100A and AOS-100A-S 

Location Node Temp(C) Temp (F) 
-------- ------- -------
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 
6267 

127.72 261. 90 
123.94 255.10 
125.61 258.10 
122.22 252.00 
118.39 245.10 
118.11 244.60 
118.83 245:90 
118.06 244.50 
118.50 245.30 
116.33 241.40 
114.89 238.80 
116.44 241.60 

118 . 61 245 ;-;5'e 
117.67 29.8e 
120.67 2/49. 2e 

119.61 Q47.30 
'" 119.39 246.90 

I 

~~~:~~ S:~~~:~b0 
20 6121 119/6~~247.30 
21 6001 11.9.11 246. 4~ 
22 9501 <'i8/7-~1 24'5.80/ 
23 9950 116. 70/ 242~.0 
24 10014 110.6'7 ~ 20 

25 10781 91'06~~95'90 
26 9091 ~1.00 195.80 
27 ~4't3~ 113'~'~4 239.80 
28 8462 ~16.89 242.40 

29 ~V7 ~ 11~5J 245.30 
30 97~1 ~ 637 39 146.10 

31~ 98~V19'00 174.20 
~; ~~015g 76.94 170.50 

\;3 :(0:605 68.72 155.70 
\ " ~4 910Q 68.72 155.70 

3~ ~57~> 76.94 170.50 
3~ 82Q5 79.00 174.20 

v 

3~~001 63.33 146.00 

0 
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Maximum Component Temperatures

Component

Outside Shell
Bottom Plate

Lid
Shell Cavity
Plug
Tungsten Alloy
LAST-A-FOAM

Node 1 Node 2

101

3001

3233

4001

5001
6001
8001

2894
3232

3424

4998
5404
7656

10791

Node

620
3120

3233
4227

5001
7377
9501

MaxTemp(C) MaxTemp(F)

2.4530E+02
2.4580E+02

1.1850E+02
1 . 1878E+02

1. 1900E+02
1. 2561E+02

1.2772E+02
1.2122E+02
1.1878E+02
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Maximum Component Temperatures 

Component Node 1 Node - 2 Node Max_Temp (C) 
--------- ------ ------ ----------

Outside Shell 101 2894 620 1.1850E+02 
Bottom plate 3001 3232 3120 1.1878E+02 
Lid 3233, 3424 3233 1.1900E+02 
Shell Cavity 4001 4998 4227 1.2561E+02 
Plug 5001 5404 5001 'l.2772E+02 
Tungsten Alloy 6001 7656 7377 1.2122E+02 
LAST-A-FOAM 8001 10791 9501 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
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Max_Temp (F) 
----------

2.4530E+02 
2.4580E+02 

2'4~9!1t~ 2.5'8170EiG2, 
<""wc,: 2;.6,f9'(}J"t;.~;2;: ' 

",,,/,."./ : "".<-'$!:, 

2'::;5,020EfI;,O'2;; 
'7:,I,!,:,;'I.'\. /'>';;;;, 
'2.45a~GEt92 
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Figure 3-9. Load Case 102 - 100°F Ambient, Maximum Decay Heat, Maximum Insolation,
Entire Model - Models AOS-100A and AOS-100A-S
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Figure 3-9. Load Case 102 - 100°F Ambient, Maximum Decay Heat, Maximum Insolation, 
Entire Model- Models AOS-100A and AOS-100A-S 
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Figure 3-10. Load Case 102 - 100*F Ambient, Maximum Decay Heat, Maximum Insolation,
Cask Model - Models AOS-100OA and AOS-100OA-S
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Figure 3-10. Load Case 102 -100°F Ambient, Maximum Decay Heat, Maximum Insolation, 
Cask Model - Models AOS-100A and AOS-100A-S 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

3-57 



Table 3-22. Load Case 103 - -20'F Ambient, Zero Decay Heat, Zero Insolation -
Models AOS-1 OOA and AOS-1 OOA-S

Location Node Temp (C) Temp (F)

1
2

3
4
5

6
7
8

9
10

12

13
14
15

16
17
18
19
20

21
22

23

24
25
26

27
28
29
30

5001
4532

4227
4752
4838

4995

3309
3419

678

2537

1888
583

3001
3148

7533
7377
7371

6942
6267

6121

6001
9501

9950
10014
10781

-28.89
-28.89

-28.89
-28.89
-28.89

-28.89

-28.89
-28.89

-28.89

-28.89
-28.89

/-28.89

-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89

-28 B.9-

-20.00
-20.00

-20.00
-20.00
-20.00

-20.00

-20.00
-20.00

-20.00

-20.00
-20.00
-20.00

-20. 0

"-28'. 89
-28.89
-28.89
-28.89

-28.89

-28.89

-28.89

0 . 00

-20.00
-20.00
-20.00
-20.00
-20.00

-20.00
-20.00
-20.00
-20.00

-20.00

-20.00

-20.00
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Table 3-22. Load Case 103 - -20°F Ambient, Zero Decay Heat, Zero Insolation­
Models AOS-100A and AOS-100A-S 

Location Node Temp (C) Temp (F) 
-------- ------- -------
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 
6267 
6121 

-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 

1-28.89 -20.00 
-28.89 -20.~0 

-28. 89 -~O(O:O 
-28.89 -\'20. Op 
-28.89 -20.00 

-28.89 ~20.00 

-28.89 -20.0p 

-28.89 ~-PO.Ob~ 

-28.8,9~20.00 /' , 
21 6001 -2,8. 89 ~O. 00""-

22 9501 <£28/8':1 -2'0,,00/ 
23 9950 -28.80/ -20.~0 

24 10014 - 2 ~8'9 - ~O . 00 

25 10781 -28. 89~'20. 00 
26 9091 -22.89 -20.00 

27 ~4'(3~-2~~ -20.00 

H ~~H \/ =~t~ =~U: 
<f31~ 98~~28~89 -20.00 

3; ""-10158 -28.89 -20.00 

33 ~'o'605 -28.89 -20.00 \ ~ 
~4 910~ -28.89 -20.00 
3~ 8578'" -28.89 -20.00 

~3~ 8'2'2v~/ -28.89 -20.00 
. 3,7V OOl -28.89 -20.00 
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Maximum Component Temperatures

Component Node_1 Node_2

Outside Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten Alloy

LAST-A-FOAM

101

3001
3233
4001
5001
6001
8001

2894

3232
3424
4998

5404
7656

10791

Node

101
3001
3233

4001
5001
6001
8001

MaxTemp(C) MaxTemp(F)

-2.OOOOE+01
-2.OOOOE+01

-2 .8889E+01

-2 .8889E+01

-2 .8889E+01

-2. 8889E+01
-2. 8889E+01
-2 .8889E+01

-2 .8889E+01
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Component 

Outside Shell 
Bottom Plate 
Lid 
Shell Cavity 
Plug 
Tungsten Alloy 
LAST-A-FOAM 

Maximum Component Temperatures 

101 
3001 
3233 
4001 
5001 
6001 
8001 

2894 
3232 
3424 
4998 
5404 
7656 

10791 

Node 

101 
3001 
3233 
4001 
5001 
6001 
8001 

-2.8889E+01 
-2.8889E+01 
-2.8889E+01 
-2.8889E+01 
-2.8889E+01 
-2.8889E+01 
-2.8889E+01 
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-2.0000E+01 
-2.0000E+01 

- 2 . 0 ~.9'0-E+-OD1 
-2.0·000E+01 
- 2(00 O.e:E+ 0 1 

(
2 .0600E~01 " / -2.00P·OE+0} 
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Figure 3-11. Load Case 103 - -20°F Ambient, Zero Decay Heat, Zero Insolation,
Entire Model - Models AOS-100A and AOS-100A-S
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Figure 3-11. Load Case 103 - -20°F Ambient, Zero Decay Heat, Zero Insolation, 

Entire Model- Models AOS-100A and AOS-100A-S 
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Table 3-23. Load Case 104- -40°F Ambient, Zero Decay Heat, Zero Insolation -
Models AOS-1 OOA and AOS-1 OOA-S

Location

1
2

3
4

5
6
7

8

9
10
11
12
13
14

15
16
17
18
19

20
21
22

23
24
25
26

27
28
29
30

Node

5001
4532

4227
4752

4838
4995
3309
3419

678
2537

1888

583
3001
3148

7533
7377
7371
6942
6267

6121
6001

9501

9950
10014
10781

Temp (C)

-40.00
-40.00

-40.00
-40.00

-40.00
-40.00
-40.00

-40.00
-40.00
-40.00

-40.00

-40.00
-40.00
-40.00

-40.00
-40.00
-40.00
-40.00
-40.00

-40.0.0-
-Anl nn

Temp (F)

-40.00

-40.00
-40. 00
-40. 00

-40.00
-40.00

-40.00
-40. 00
-40.00

-40.00

-40.00

-40.00
-40. 00

-4T'. 00
-40.00
-40.00

-40. 00

-40.00
-40.00
-40.00

/4 .0.00
-40.00
-40.00
-40.00
-40.00
-40.00

-40.00
-40.00
-40.00

-40.00

-40. 00
-40.00
-40.00
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Table 3-23. Load Case 1 04 - -40°F Ambient, Zero Decay Heat, Zero Insolation -
Models AOS-100A and AOS-100A-S 

Location 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 

Node 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

Temp(C) Temp (F) 

-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 

12 583 -40.00 -40.00 
13 3001 -40.00 -40.0,0 
14 3148 -40. 00 -~olo:o 
15 7533 -40.00 i40.op 

~~ ~~~~ =:~:~~ \:=~~:~b~ 
18 6942 -40.00 -V0'OO 
19 6267 -40.00 -40.00 

I 
20 6121 -40'00~40'00 
21 6001 -4,O~00 ~O. O~ 
22 9501 407 °0 -4'0.00/ 

23 9950 ~40' 00/ -40:-0.0 
24 10014 -4CGO'0 -~O. 00 

25 10781 -40'00~~0'00 
26 9091 -~O.OO -40.00 

27 ~4'i3 ~-4ci\.'Z0 -40.00 

~~ ~::~ ~ =~t~z·~ =:~: ~~ 
30 97\1 ~ -40.80 -40.00 

<f3'1~ 98~\{I40~00 -40.00 
3; ~10158 -40.00 -40.00 

"-
33 ~0'605 -40.00 -40.00 
\ "-
~4 910~ -40.00 -40.00 

3~ ~57~> -40.00 -40.00 
3~ 82'2v5 -40.00 -40.00 
30~001 -40.00 -40.00 
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Maximum Component Temperatures

0
Component

Outside Shell
Bottom Plate

Lid
Shell Cavity
Plug
Tungsten Alloy

LAST-A-FOAM

Node_1

101

3001
3233

4001

5001
6001

8001

Node_2

2894

3232
3424
4998

5404
7656

10791

Node

101

3001
3233
4001

5001
6001

8001

MaxTemp(C)

-4.OOOOE+01
-4.OOOOE+01
-4.OOOOE+01
-4.OOOOE+01

-4.OOOOE+01
-4.OOOOE+01
-4. OOOOE+01

MaxTemp(F)

-4.OOOOE+01
-4.OOOOE+01

-4. 0 0 O 01E--i 1
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Component 

Outside Shell 
Bottom Plate 
Lid 
Shell Cavi ty 
Plug 
TUngsten Alloy 
LAST-A-FOAM 

3-62 

Maximum Component Temperatures 

Node 1 

101 
3001 
3233 
4001 
5001 
6001 
8001 

2894 
3232 
3424 
4998 
5404 
7656 

10791 

() 

Node 

101 
3001 
3233 
4001 
5001 
6001 
8001 

-4.0000E+01 
. -4. 0000E+01 

-4.0000E+01 
-4.0000E+01 
-4.0000E+01 
-4.0000E+01 
-4.0000E+01 

-4.0000E+01 
-4.0000E+01 

C=~~~~;~D~ -4.0000Efl-01 
. " / -4.000'OE+Ol 
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Figure 3-12. Load Case 104- -40°F Ambient, Zero Decay Heat, Zero Insolation,
Entire Model - Models AOS-1 OOA and AOS-1 OOA-S
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Figure 3-12. Load Case 104 - -40°F Ambient, Zero Decay Heat, Zero Insolation, 

Entire Model - Models AOS-100A and AOS-100A-S 
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Table 3-24. Load Case 105- -40'F Ambient, Maximum Decay Heat -
Models AOS-1 OOA and AOS-1 OOA-S

Location Node Temp (C) Temp (F)

1

2

3
4
5
6

7

8
9

10
11

12
13
14

15
16
17
18
19

20
21
22
23
24
25

26

27
28
29

30

5001
4532

4227
4752

4838
4995
3309
3419

678
2537
1888

583
3001
3148

7533
7377
7371
6942
6267

6121
6001
9501
9950

10014
10781

14.68
10.58

12.16
8.47
4.14
3.89

4.74
3 .88

4.03
2.02

-0.34
2.17
4.46
3.45

6.97
7.58
5.08
5.19
5.06

5-. -9-

58.42
51. 04

53 .88
47.25
39.46
39.00

40.53
38.98
39.25

35.63
31.38
35.91
40.002

33'. 85
-1.13

-1.30

33.54
36.57

39.92
-37.95
-39.46
-39.66

-38.46
-38.47
-39.66
-39.46
-37.95

-39".70

-39.81
-39.14
-39.15
-39.81
-39.70
-38.868001

0
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Table 3-24. Load Case 105 - -40°F Ambient, Maximum Decay Heat -
Models AOS-100A and AOS-100A-S . 

Location Node Temp (C) Temp (F) 

3-64 

1 5001 
2 4532 
3 4227 
4 4752 
5 4838 
6 4995 
7 3309 
8 3419 
9 678 

10 2537 
11 1888 
12 
13 
14 

583 
3001 
3148 

-------

14.68 
10.58 
12.16 

8.47 
4.14 
3.89 
4.74 
3.88 
4.03 
2.02 

-0.34 
2.17 
4.46 
3.45 

-------

58.42 
51. 04 
53.88 
47.25 
39.46 
39.00 
40.53 
38.98 
39.25 
35.63 
31. 38 
35.91 
40.0-2 
381:2i1 
/ I 

15 7533 6.97 f4.5p 
16 7377 7.58 f5.6p 

17 7371 5.08 f1.14~ 
18 6942 5.19) 41.34 
19 6267 5.06 41.1p 

20 6121 5/4'9~1.8( 
21 6001· <4.97 40.95) 
22 9501 476'~1 4'0.42 
23 9950 ~. 4:y 36~/7 
24 10014 1\0'3 33.85 

25 10781 _18'41~1'13 
26 9091 -1.8.50 -1.30 

27 84't3~0.86 33.54 
28 (462 2.~ 36.57 
2 9 ~B 7 ~ 4 .4-0 39.92 
30 9~~1 ~ -38.8{ -37.95 

~3J.~ 98~0l39~70 -39.46 
3; ~10158 -39.81 -39.66 

33 ~'o'605 -39.14 -38.46 
\ "-
3'4 91 0,2 - 3 9 . 15 - 3 8 . 47 
3~ ~57~ -39.81 -39.66 
~ 82-2~~ -39.70 -39.46 

v 

3~~001 -38.86 -37.95 
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Maximum Component Temperatures

Component Node_1 Node_2

Outside Shell
Bottom Plate

Lid

Shell Cavity
Plug
Tungsten Alloy
LAST-A-FOAM

101

3001
3233

4001

5001
6001
8001

2894

3232
3424

4998
5404
7656

10791

Node

606
3120

3233

4227

5001
7377
9501

MaxTemp(C)

4. 1889E+00
4. 6611E+00
4. 9333E+00

1. 2156E+01

1. 4678E+01
7.5833E+00
4.6778E+00

MaxTemp(F)

3.9540E+01
4. 0390E+01
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Maximum Component Temperatures 
------------------------------

Component Node 1 Node - 2 Node Max_Temp (C) 
--------- ------ ------ ----------

Outside Shell 101 2894 606 4.1889E+00 
Bottom Plate 3001 3232 3120 4.661lE+00 
Lid 3233 3424 3233 4.9333E+00 
Shell. Cavity 4001 4998 4227 1.2156E+01 
Plug 5001 5404 5001 1.4678E+01 
Tungsten Alloy 6001 7656 7377 7.5833E+00 
LAST-A-FOAM 8001 10791 9501 4.6778E+00 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
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Max_Temp (F) 
----------

3.9540E+01 
4.0390E+01 
4 . 0 8 8.0-8+.0 1 AD 5.3'880E+01 /. ............ 
S.89-0E{01 
4 .. 56~Of+01 
4.042:9 TO} 
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Figure 3-13. Load Case 105 - -40°F Ambient, Maximum Decay Heat, Entire Model­
Models AOS-100A and AOS-100A-S 
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Figure 3-14. Load Case 105 - -40°F Ambient, Maximum Decay Heat, Cask Model ­
Models AOS-100A and AOS-100A-S 
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Table 3-25. Load Case 106 - -20'F Ambient, Maximum Decay Heat -
Models AOS-1 OOA and AOS-1 OOA-S

Location

1

2
3
4

5
6
7

8
9

10

11

12
13

14
15
16

17
18

19
20
21

22
23
24

25
26
27
28

29
30

Node

5001
4532
4227
4752

4838
4995

3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371

6942
6267

6121
6001
9501
9950

10014
10781

9091,

Temp (C)

27.63
23 .56
25.16

21.51
17.24
16.98

17 .82

16.97
17 .16

15. 13
12 .89

15.28
17 .54
16 .54
20.00
20.61
18 .19

18.32
18.17

18 .58-

Temp (F)

81.73
74.40
77.29
70.72
63.04

62.57
64.08

62.54
62.89
59.24
55.21
59.51
63. 5:8

577./39
21. 21

21.02
57.07
60.13

63.47
-17.74

-19.39
-19.63

-18.29
-18.30
-19.63

-19.39
-17.75

-2f8. 55

-28.68

-27.94
-27.94
-28.68

-28.55
-27 .643001
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Table 3-25. Load Case 106 - -20°F Ambient, Maximum Decay Heat -
Models AOS-100A and AOS-100A-S 

Location Node Temp (C) Temp(F) 

3-68 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 
11 
12 
13 
14 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 

-------

27.63 
23.56 
25.16 
21. 51 
17.24 
16.98 
17.82 
16.97 
17.16 
15.13 
12.89 
15.28 
17.54 
16.54 

-------

81.73 
74.40 
77.29 
70.72 
63.04 
62.57 
64.08 
62.54 
62.89 
59.24 
55.21 
59.51 
63.5',8 
6V.78 
/ I 

15 7533 20.00 \68.0p 
16 7377 20.61 69.09 

17 7371 18.19 P4'7~=:? 
18 6942 18.32 64.97 
19 6267 18.17 64.7~ 

20 6121 18'58~5'4~ 
21 6001 1.8-:06 64. 5~ 
22 9501 <}7/7-~) 6\3.96/ 
23 9950 15.51' 59':9.4 
24 10014 1~Y1 5J.39 

25 10781 -5'99~21'21 
26 9091 -6.10 21.02 
27 84'6'3 ~ 1~93 57.07 
28 ~462 ~15.63 ' 60.13 
29 ~~97 ~ 17':--4~ 63.47 
30 97~1 ~ -27.63 -17.74 

<f3l~ 98~012.8~55 -19.39 
3; ~10158 -28.68 -19.63 

~3 ~:i'o'~05 -27.94 -18.29 
3'4 9 1 0,2 - 2 7 . 9 4 -18 . 3 0 
3~ ~57~ -28.68 -19.63 
3~ 82'2v5 - 28 . 55 -19 . 3 9 
3~~001 -27.64 -17.75 
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Maximum Component Temperatures

Component

Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug
Tungsten Alloy
LAST-A-FOAM

Node_1 Node_2

101

3001
3233

4001
5001
6001

8001

2894
3232

3424
.4998

5404
7656

10791

Node

606
3120
3233

4227

5001
7377

9501

1 .7300E+01
1. 7744E+01

1. 8011E+01

2.5161E+01

2. 7628E+01
2 . 0606E+01

1. 7756E+01

6.3140E+01
6 .3940E+01
6.442,00E-+1.l

MaxTemp (C) MaxTemp(F)
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Maximum Component Temperatures 

Component Node - 1 Node - 2 Node Max_Temp (C) 
--------- ------ ------ ----------

Outside Shell 101 2894 606 1.7300E+01 
Bottom Plate 3001 3232 3120 1.7744E+01 

Lid 3233 3424 3233 1.8011E+01 

Shell Cavity 4001 4998 4227 2.5161E+01 

Plug 5001 5404 5001 2.7628E+01 
Tungsten Alloy 6001 7656 7377 2.0606E+01 
LAST-A-FOAM 8001 10791 9501 1.7756E+01 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
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Max_Temp (F) 
----------

6.3140E+01 
6.3940E+01 
6 . 44 2.0-B+,O 1 /D 7 ;?a.~B ~+Ol 
8 :t:)-0'E+Ol 
6 :9090E\01 ... ,." /. 
6:'3:1Q'0E4.in 
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Figure 3-15. Load Case 106 - -20°F Ambient, Maximum Decay Heat, Entire Model -
Models AOS-100A and AOS-100A-S 
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3.3.3 Normal Conditions of Transport Results - Model AOS-100B

Table 3-26 lists the tables and figures in this subsection that present the Model AOS-100B transport
package results under Normal conditions of transport, for Load Cases 101 through 106. Each table
provides a list of temperatures at each monitoring node. Also listed are the maximum temperatures within
each transport package component.

Table 3-19 lists the temperature monitoring points (nodes) for the Model AOS-100B transport package,
under Normal and Hypothetical Accident (Fire) conditions of transport. Figure 3-6 illustrates the-location of
each node on the transport package, under Normal conditions.

Note: Results for the Model AOS-1OOA and AOS-10OA-S transport packages are providekd\
in Subsection 3.3.2.
Results for the Model A OS-025, A OS-050, and AOS- 165 transport packag esire provided
in Appendix 3.5.

Table 3-26. Normal Conditions of Transport Results - Model AOS -10B

Load uAd U11V
Case Description ResultsLable E El Mode . Cask Model

1 0 00F Ambient, Maximum Decay Heat, I101 Carbon Steel Shielding Table 3-27 _ Fgure-3-17 Figure 3-18

100-F Ambient, Maximum Decay Heat, Ta \
102 Maximum Insolation, Carbon Steel Table 3-28 Figure 3-19 Figure 3-20

Shielding ___I/

103 T20aF Ambient, Zero Decay Hea T•abble 3-29 Figure 3-21 Figure 3-22Zero Insolation, Carbon SteelShielding
__/ Hea 2-40OF Ambient, Zero Deca/y Heat, /

104 Zero .Amien, Zero Dea Shilding Table-3-30 Figure 3-23 Figure 3-24Zero Insolation, Carbon Steel Shed/

-40OF Ambient, Maximum Decay Heat,
105 Carbon Steel Shielding Table 3-31 Figure 3-25 Figure 3-26

-0FAmbient, Maximum-Dcy, et al106 Tbe3-32 Figure 3-27 Figure 3-28
Carbon Steel Shielding _________________________
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3.3.3 Normal Conditions of Transport Results - Model AOS-100B 

Table 3-26 lists the tables and figures in this subsection that present the Model AOS-1 OOB transport 
package results under Normal conditions of transport, for Load Cases 101 through 106. Each table 
provides a list of temperatures at each monitoring node. Also listed are the maximum temperatures within 
each transport package component. 

Table 3-19 lists the temperature monitoring points (nodes) for the Model AOS-100B transport package, 
under Normal and Hypothetical Accident (Fire) conditions of transport. Figure 3-6 illustr7the-10cation of 

each node on the transport package, under Normal conditions. / .. ( , 

Note: Results for the Model AOS-1 OOA and AOS-1 OOA-S transport packages are<providt:) 
in Subsection 3.3.2. ~ 

. Results for the Model AOS-025, AOS-050, and AOS-165 transport vided 
in Appendix 3.5. 

Table 3-26. Normal Conditions of Transport Results - Model 

Load 
Case 

101 

102 

103 

104 

105 

106 

Description 

100°F Ambient, Maximum Decay Heat, 
Carbon Steel Shielding 

100°F Ambient, Maximum Decay Heat, 
Maximum Insolation, Carbon Steel 
Shielding 

-20°F Ambient, Zero Decay 
Zero Insolation, Carbon ;-"I-"r-",,-., 

Table 3-32 

Figure 3-21 

Figure 3-23 

Figure 3-25 

Figure 3-27 

Cask Model 

Figure 3-18 

Figure 3-20 

Figure 3-22 

Figure 3-24 

Figure 3-26 

Figure 3-28 

3-72 AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

• 

• 

• 



Table 3-27. Load Case 101 - 100°F Ambient, Maximum Decay Heat, Carbon Steel Shielding -
Model AOS-1 OOB

Location Node Temp(C) Temp(F)

1

2
3
4
5
6
7
8
9

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

33,

5001
4532

4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001
9501
9950

10014
10781

9091
8463
8462

92.50
88.67
90.28
86.78
82.67
82.44
83.22
82.44
82 .61
80. 67
78.67
80.83
82 .94
82 .00
85. 17
85.94
83 .67
83 .89
83 .67
84.11

83 .44
83 .17-

198.50
191.60
194.50
188.20
180.-80
180.40
181 .80
180.40
180.70

177.20
173.60
177.50
181.30
179.60
185 . 30

79.78 175.60
'81.17 178.10
82,.89 181.20
38.7,8 101.80

3-8.. 0 100.40
37.94' 100.30

101.80
38.78 101.80
37.94 100.30
38.00 100.40
38.78 101.80
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Table 3-27. Load Case 101 -100°F Ambient, Maximum Decay Heat, Carbon Steel Shielding­
Model AOS-100B 

Location 
--------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Node 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 
6267 
6121 
6001 

Temp (C) Temp (F) 
------- -------

92.50 198.50 
88.67 191.60 
90.28 194.50 
86.78 188.20 
82.67 180.80 
82.44 180.40 
83.22 181.80 
82.44 180.40 
82.61 180.70 
80.67 177.20 
78.67 173.60 
80.83 177.50 
82.94 181.30 
82.00 179.60 
85.17 185,,}P 
85 . 94 1 ~6 . 7 e 
83.67 ~82.60 

84.11 ~83.40 

" 83.44 182.20 
I 

~~: ~~ ~~\;~: ~~~ 
22 9501 83'1~;)J181'70 
23 9950 8~1 178.ob 

24 10014 <f9. 9.4 0,5.90) 
25 10781 6(.00) 14:0.1tG 
2 6 9 0 91 6 0'. 8·9 14"7' 6 0 

27 8463 '79"7~~75'60 
28 8462 81.17 178.10 
29 819~82'.89 181.20 

/ " 30 9711 38.~8 101.80 
31 ~\821 3'8,.-Q.9 100.40 
32 10158 37.~~ 100.30 

34 9102 38.78 101.80 
(35 8578 37.94 100.30 
\£6 . 8225 38.00 100.40 
Jv 80~1 38.78 101.80 
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Maximum Component Temperatures

Component

Outer Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A 7 FOAM

Node_1 Node_2

101

3001
3233
4001
5001
6001
8001

2894
3232
3424
4998
5404
7656

10791

Node

606
3120
3233
4227
5001
7377
9501

MaxTemp(C)

8 .2722E+01

8. 3111E+01
8. 3389E+01
9 0278E+01
9. 2500E+01
8. 5944E+01

8. 3167E+01

MaxTemp(F)

1.8090E+02
1.8160E+02

3-74 AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Component 
---------

Outer Shell 
Bottom Plate' 
Lid 
Shell Cavity 
Plug 
Tungsten 
LAST-A-;--FOAM 

3-74 

Maximum Component Temperatures 
------------------------------

Node 1 Node - 2 Node Max_Temp (C) Max_Temp (F) 
------ ------ -------- --------

101 2894 606 8.2722E+01 1.8090E+02 
3001 3232 3120 8.3111E+01 1.8160E+02 
3233 3424 3233 8.3389E+01 1.8210E+02 
4001 4998 4227 9.0278E+01 

-------... 
1.94-50E+0'2 

/ . 
5001 5404 5001 9.2500E+01 1/9850E+02 

/ ----6001 7656 7377 8.5944E+01 1. 8~'70Et02 
8001 10791 9501 8.3167E+01 1. 81'9~E+02 
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Figure 3-17. Load Case 101 - 100°F Ambient, Maximum Decay Heat, Carbon Steel
Shielding, Entire Model - Model AOS-1 OOB
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Figure 3-17. Load Case 101 -100°F Ambient, Maximum Decay Heat, Carbon Steel 
Shielding, Entire Model- Model AOS-100B 
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Figure 3-18. Load Case 101 -100°F Ambient, Maxim m Decay Heat, Carbon Steel 
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Table 3-28. Load Case 102 - 100°F Ambient, Maximum Decay Heat, Maximum Insolation, Carbon Steel
Shielding - Model AOS-100B

Location

2
3
4
5
6
7
8
9

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31
32,

Node Temp (C)

5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001
9501
9950

10014
10781

9091
8463

127.89
124.28
125.83
122.39
118.39
118.11
118.89
118.11
118.50
116.33
114.89
116.44
118.61
117.72
120.72
121.50
119.44
119.72
119.44
119.83
119.12-

Temp (F)

262.20
255.70
258.50
252.30
245.10
244.60
246.00
244.60
245.30
241.40
238.80
241.60
245.50
243 . 9'0

19ý 90
1995. 8.0

'239 . 80
242 .40
245 .40
146 .10
174.20
170.50
155.70
155.70,
170.50
174.20
146.00

,.76 /9 4
68.72
68.72
76.94
79.00
63.33
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Table 3-28. Load Case 102 - 100°F Ambient, Maximum Decay Heat, Maximum Insolation, Carbon Steel 
Shielding - Model AOS-100B 

Location 
--------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Node 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 
6267 
6121 

Temp(C) Temp(F) 
------- -------

127.89 262.20 
124.28 255.70 
125.83 258.50 
122.39 252.30 
118.39 245.10 
118.11 244.60 
118.89 246.00 
118.11 244.60 
118.50 245.30 
116.33 241. 40 
114.89 238.80 
116.44 241. 60 
118.61 245.50 
117.72 243/9;0 
120 . 72 2 ~9 . 3 e 
121. 50 2\'50. 7p 
119.44 247.00 

119.44 247.00 
"\J 

119.83 247.70 

119.72 \J2~7'5b~ 
I 

21 6001 119'1~;Ll246'50 
22 9501 1~8-:78 245. 8b) 
23 9950 Y16,83 ~2.30 
24 10014 <11«67) 24~~O 
25 10781 91'.0l,6 19'~~ 90 

26 9091 91'00~9'5'80 
27 8463 ~15.44 239.80 
28 8~6'~. 11:16,\89 242.40 
29 ~l97 ~8.~6 245.40 
30 9-7 11 V 6'3,.~. 146.10 
3 1 9 8,2 1 7 9 . ~o 1 7 4 . 2 0 

32N015'8((:J~!94 170.50 
3'3 10605 68.72 155.70 

(34 9102 68.72 155.70 
\ 5 ~ 8 5~ 8· 76 . 94 170 . 50 

Y6 ~~8225 79.00 174.20 
3,~ g~ 63 .33 146.00 
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Maximum Component Temperatures

Component

Outer Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Node_1 Node_2

101 2894
3001 3232
3233 3424
4001 4998
5001 5404
6001 7656
8001 10791

Node

622
3120
3233
4227
5001
7377
9501

MaxTemp(C)

1. 1850E+02
1. 1878E+02
1. 1906E+02
1.2583E+02
1.2789E+02
1. 2150E+02
1.1878E+02

Max_Temp(F)

2.4530E+02
2.4580E+02

2.4630E+02

0
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Component 

Outer Shell 
Bottom Plate 
Lid 
Shell Cavity 
Plug 
Tungsten 
LAST-A-FOAM 

3-78 

Maximum Component Temperatures 

101 
3001 
3233 
4001 
5001 
6001 
8001 

2894 
3232 
3424 
4998 
5404 
7656 

10791 

Node 

622 
3120 
3233 
4227 
5001 
7377 
9501 

1.1850E+02 
1.1878E+02 
1.1906E+02 
1.2583E+02 
1.2789E+02 
1.2150E+02 
1.1878E+02 

2.4530E+02 
2.4580E+02 
2.4630E+02 
2 . 58-50"E:;:C),2 

/ , 

~/622~+02 

2.59'70Et 02 
2.45'80E+02 

'V 
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Figure 3-19. Load Case 102 - 100°F Ambient, Maximum Decay Heat, Maximum Insolation, Carbon
Steel Shielding, Entire Model - Model AOS-100B
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Figure 3-19. Load Case 102 -100°F Ambient, Maximum Decay Heat, Maximum Insolation, Carbon 
Steel Shielding, Entire Model - Model AOS-1008 
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<£CTOR ~ 
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Figure 3-20. Load Case 102 - 100°F Ambient, Maximum Decay Heat, Maximum Insolation, Carbon 
Steel Shielding, Cask Model- Model AOS-100B 
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Table 3-29. Load Case 103 - -20°F Ambient, Zero Decay Heat, Zero Insolation, Carbon Steel Shielding -
Model AOS-100B

Location Node Temp (C)

1
2
3
4
5
6
7
8
9

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32,

5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001
9501
9950

10014
10781

9091
8463
8 4&2

-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.89
-28.8-9-

Temp (F)

-20.00
-20.00
-20.00
-20.00
-20.00
-20.00
-20.00
-20.00
-20.00
-20.00
-20.00
-20.00
-20.00
-20. 0.0

-2-0-00-20.00
-20.00

-20.00
-20.00
-20.00
-20.00
-20.00
-20.00
-20.00
-20.00
-20.00
-20.00

-28.89
-28.89
-28.89
-28.89
-28.89
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Table 3-29. Load Case 103 - -20°F Ambient, Zero Decay Heat, Zero Insolation, Carbon Steel Shielding -
Model AOS-100B 

Location 
--------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Node 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 

Temp (C) Temp (F) 
------- -------

-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 
-28.89 -20.00 

-20/0jO 
-5-o.0e 
-'\20.0e 
-20.00 

-28.89 
-28.89 
-28.89 
-28.89 

6267 -28.89 ~O.OO 

6121 -28.89 -20.00 

-28.89 ~PO'Ob~ 
I 

21 6001 -28'8S~20'00 /, l 
22 9501 -5-8.89 -20.00> 
23 9950 <-'28,89 -2,0.00 
24 10014 -2~(89) -2~Q,.0 
25 10781 -28,.~.9 -2'0" 00 

26 9091 _28'890-2~'00 
27 8463 -28.89 -20.00 
28 8~)J~ -2'8',,89 -20.00 
29 g197 ~8.88 -20.00 
30 1~11 \/ -2'8,.~ -20.00 
3 1 9 8,2 1 - 2 8 . 8 9' - 2 0 . 0 0 

32N015'8v~.g,7s9 -20.00 
~3 10605 -28.89 -20.00 

(34 9102 -28.89 -20.00 
\5 85-I.8 . -28.89 -20.00 

]6 8225 -28.89 -20.00 
3_'Z\, 8~ -28.89 -20.00 
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Maximum Component Temperatures

0
Component

Outer Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Node_1

101

3001
3233
4001
5001
6001
8001

Node_2

2894
3232
3424
4998
5404
7656

10791

Node

101

3001
3233
4001
5001
6001
8001

MaxTemp(C)

-2.8889E+01
-2.8889E+01
-2.8889E+01
-2.8889E+01
-2.8889E+01
-2.8889E+01
-2.8889E+01

Max_Temp(F)

-2.0000E+01

-2.0000E+01

-2.OOOOE+01

4
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Component 
---------

Outer Shell 
Bottom Plate 
Lid 
Shell Cavity 
Plug 
Tungsten 
LAST-A-FOAM 

3-82 . 

Maximum Component Temperatures 
------------------------------

Node 1 -
------

101 
3001 
3233 
4001 
5001 
6001 
8001 

Node - 2 Node Max_Temp (C) Max_Temp (F) 
------ -------- --------

2894 101 -2.8889E+Ol -2.0000E+Ol 
3232 3001 -2.8889E+Ol -2.0000E+Ol 
3424 3233 -2.8889E+Ol -2.0000E+Ol 

~ 

4998 4001 -2.8889E+Ol -2. ~OOOE+O'l 
5404 5001 -2.8889E+Ol -~.!000~+01 
7656 6001 -2.8889E+Ol -'2.00·00Etl-Ol 

10791 8001 -2.8889E+Ol -2.0b-00E~01 
'-./ 
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Figure 3-21. Load Case 103 - -20°F Ambient, Zero Decay Heat, Zero Insolation, Carbon Steel
Shielding, Entire Model - Model AOS-100B
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Figure 3-21. Load Case 1 03 - -20°F Ambient, Zero Decay Heat, Zero Insolation, Carbon Steel 
Shielding, Entire Model - Model AOS-100B 
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Figure 3-22. Load Case 103 - -20°F Ambient, Zero Decay H~at, Zero Insolation, Carbon Steel 
Shielding, Cask MoSlel- Model AOS-100B 
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Table 3-30. Load Case 104- -40°F Ambient, Zero Decay Heat, Zero Insolation, Carbon Steel Shielding -
Model AOS-100B

Location

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Node

5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001
9501
9950

10014
10781

9091
8463

Temp (C)

-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40. 00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.0.0-

Temp (F)

-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40. 0'0
-4 000

-40'0 00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00
-40.00

-40.00
-40.00
-40.00
-40.00
-40.00

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Table 3-30. Load Case 104 - -40°F Ambient, Zero Decay Heat, Zero Insolation, Carbon Steel Shielding­
Model AOS-100B 

Location 
--------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

Node Temp(C) Temp (F) 
------- -------

5001 -40.00 -40.00 
4532 -40.00 -40.00 
4227 -40.00 -40.00 
4752 -40.00 -40.00 
4838 -40.00 -40.00 
4995 -40.00 -40.00 
3309 -40.00 -40.00 
3419 -40.00 -40.00 

678 -40.00 -40.00 
2537 -40.00 -40.00 
1888 -40.00 -40.00 

583 -40.00 -40.00 
3001-40.00 -40.00 
3 14 8 - 4 0 . 0 0 - 4 0/0;0 
7533 -40.00 -}0.0p 
7377 -40.00 -\40.0 p 
7371 -40.00 -40.02 

6942 -40.00 -fO'OO~ 
6267 -40.00 ~O.OO 

6121 -40.00 -40.00 
I 

6001 -40'0'O~40'00 
9501 -40(00 -40.ob> 
9950 40.00 -4.0.00 

10014 . <4~(00) -4~Q,Q 
1 0 7 81 - 4 0'.,9.0. - 4}", 0 0 

8463 -40.00 -40.00 
9091 -40'00~40'00 

28 8~6'2 -40,.00 -40.00 ~" 
. 29 ~'197 -40 :0.0 -40.00 
30 9(711 V -4-e,.-Q.? -40.00 
31 9821 -40.0a -40.00 

32N101\8(5","4Q-/oO -40.00 
3'3 10605 -40.00 -40.00 

(34 9102 -40.00 -40.00 
~5 . 85I8 -40.00 -40.00 
~6 8225 -40.00 -40.00 
3~ 8~ -40.00 -40.00 
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Maximum Component Temperatures

Component

Outside Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Node_1

101

3001
3233
4001
5001
6001
8001

Node_2

2894
3232
3424
4998
5404
7656

10791

Node

101

3001
3233
4001
5001
6001
8001

MaxTemp(C)

-4.OOOOE+01

-4.OOOOE+01
-4.OOOOE+01
-4.OOOOE+01

-4.OOOOE+01
-4.OOOOE+01
-4.OOOOE+01

MaxTemp(F)

-4.OOOOE+01
-4.OOOOE+01

37-86

I
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Component 

Outside Shell 
Bottom Plate 
Lid 
Shell Cavi ty 
Plug 
Tungsten 
LAST-A-FOAM 

3~86 

Maximum Component Temperatures 

101 
3001 
3233 
4001 
5001 
6001 
8001 

2894 
3232 
3424 
4998 
5404 
7656 

10791 

Node 

101 
3001 
3233 
4001 
5001 
6001 
8001 

Max_Temp (C) 

-4.0000E+01 
-4.0000E+01 
-4.0000E+01 
-4.0000E+01 
-4.0000E+01 
-4.0000E+01 
-4.0000E+01 

-4.0000E+01 
-4.0000E+01 
-4.0000E+01 ------4.00·OOE+O'l 

/ 
-4/0000E+01 
-{.OP·00EJ01 
-4.00·00E+01 

'J 
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Figure 3-23. Load Case 104 - -40°F Ambient, Zero Decay Heat, Zero Insolation, Carbon Steel

Shielding, Entire Model - Model AOS-100B
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Figure 3-23. Load Case 104 - -40°F Ambient, Zero Decay Heat, Zero Insolation, Carbon Steel 
Shielding, Entire Model- Model AOS-100B 
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Figure 3-24. Load Case 104 - -40'F. A bient, Zero Dc ay Heat, Zero Insolation, Carbon Steel
Shieling,$ C'ask Model - Mode AOS-100B
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Figure 3-24. Load Case 104 - -400 Ambient, Zero Decay Heat, Zero Insolation, Carbon Steel 

Shielding, Cask Model- Model AOS-100B 
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Table 3-31. Load Case 105- -40'F Ambient, Maximum Decay Heat, Carbon Steel Shielding -

Model AOS-100B

Location Node

1
2
3
4
5
6
7
8
9

10

11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32,,

5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001
9501
9950

10014
10781

9091
8463

Temp (C)

14.82
10.80
12.28
8.61
4.16
3.91
4.77
3.89
4.02

2 .02

-0.35
2 .18
4.48

3 .46
7 .03
7.78

5.15

5.29

5.12

5.66

5 .01-

Temp (F)

58.68
51.44
54.11
47.49
39.48
39.03
40.58
39.01
39.24
35.64
31.37
35.92
40.06

- 1-:% 13/130

33.55
36.58
39.95

-37.95
-39.46
-39.66
-38.46
-38.47
-39.66
-39.46
-37.95

-39.14
-39.15
-39.81
-39.70
-38.86
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Table 3-31. Load Case 105 - -40°F Ambient, Maximum Decay Heat, Carbon Steel Shielding -
Model AOS-100B 

Location Node 
--------

1 5001 
2 4532 
3 4227 
4 4752 
5 4838 
6 4995 
7 3309 
8 3419 
9 678 

10 2537 
11 1888 
12 583 
13 3001 

Temp (e) 

14.82 
10.80 
12.28 

8.61 
4.16 
3.91 
4.77 
3.89 
4.02 
2.02 

-0.35 
2.18 

Temp (F) 

58.68 
51. 44 
54.11 
47.49 
39.48 
39.03 
40.58 
39.01 
39.24 
35.64 
31. 37 
35.92 

4.48 40.06 
14 3148 3.46 38.28 
15 7533 7.03 4/.6!5 
16 7377 7.78 e6.0~ . 

~~ ~~:~ ~:H Sj~~j~~ 
20 6121 5.66 42.1~~ 
21 6001 . 5/:0'1~41.0~ . 
22 9501 4.70 40.4~~ 

23 9950 2 . 43) 3.6 . 3 8/ 
24 10014 r.03. 33\1t6 
25 10781 -18'.J.0 -9' 13 

26 9091 -18'5~J1'30 
27 8463 0.86 33.55 
28 8~8~ 2,.54 36.58 
2 9 ~'19 7 ~ 4 ~2 39 . 95 
3 0 9(711 - 3'8,,~ - 37 . 95 
31 98,21 -39.78' -39.46 

~3 10605 -39.14 -38.46 
(34 9102 -39.15 -38.47 
~5 85{8 -39.81 -39.66 

16 8225 -39.70 -39.46 
3.:z\,. 8~ -38.86 -37.95 
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Maximum Component Temperatures

Component

Outside Shell
Bottom Plate
Lid
Shell-Cavity
Plug
Tungsten
LAST-A-FOAM

Node_1

101
3001
3233
4001
5001
6001
8001

Node_2

2894
3232
3424
4998
5404
7656

10791

Node

606
3120
3233
4227
5001
7377
9501

MaxTemp(C) MaxTemp(F)

3.9520E+01
4.0430E-i01

4. 1778E+00
4.6833E+00
4. 9611E+00
1. 2283E+01
1. 4822E+01
7.7833E+00
4.7000E+00

. 3-90 AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Component 
------~--

Outside Shell 
Bottom Plate 
Lid 
Shell Cavity 
Plug 
Tungsten 
LAST-A-FOAM 

,3-90 

Maximum Component Temperatures 
------------------------------

Node 1 Node - 2 Node Max_Temp (C) Max_Temp (F) 
------ ------ -------- --------

101 2894 606 4.1778E+00 3.9520E+01 
3001 3232 3120 4.6833E+00 4.0430E+01 
3233 3424 3233 4.9611E+00 4.0930E+01 
4001 4998 4227 1.2283E+01 5 . 4 1'1i5E":;:Q" . 

/ 
5001 5404 5001 1.4822E+01 5/8680E+01 
6001 7656' 7377 7.7833E+00 '1.6p'loEr01 
8001 10791 9501 4.7000E+00 4.04'60E+01 

"J 
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Figure 3-25. Load Case 105 - -40°F Ambient, Maximum Decay Heat, Carbon Steel Shielding,
Entire Model - Model AOS-100B

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B

3-91

• 

• 

• 

) £(T'f' 1 
nru '39&S!::!E.,pi 
ItH'i S S€"79£~("1 

-3 96S9E-~1 
E.;1.47E ·,1,,'I1. 

2G3SE"Ol 
9.lZ~ · (l1 

S£llf ~01 

Z-'9$-ol 
asa"'£:-Ol 
S(\"7S( '.(\1. 

.t.SSc.."'E · 01. 
c&.~Eo.OO 

4 5383£: -<" 
1 \t .... Z62£ .. OO 

.2 4~:£ -(lC 

5 9973E "'>O 
S SH\(l£-(lO 
1 31'ZZE--Ol 
16534£ -01 
2,'\.."'14F.E>,"Il 

Z 3559£·01 

I
~=:~~ 
;:. ~lf'>\)l 
4 .1..1.1E£-l'\l 

4 46~1£ -Ol 

4 S.l43E .. (l1 

5 .L655C ~('1 

$ SJ.h7E"01. 
S 8h7qc · ,~.l 

Figure 3-25. Load Case 105 - -40°F Ambient, Maximum Decay Heat, Carbon Steel Shielding, 
Entire Model- Model AOS-100B 
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Figure 3-26. Load Case 105 - - ay Heat, Carbon Steel Shielding,
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Figure 3-26. Load Case 105 - -40°F Ambient, Maximum 0 cay Heat, Carbon Steel Shielding, 
Cask Model - Model AOS-1008 
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Table 3-32. Load Case 106- -20'F Ambient, Maximum Decay Heat, Carbon Steel Shielding -
Model AOS-100B

Location

1
2
3
4
5
6
7
8
9

10

11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Node

5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371

6942
6267
6121
6001
9501
9950

10014
10781

9091

Temp (C)

27 .77
23 .79
25.29
21.65
17.26
17.00
17 .84
16.98
17 .16

15.13
12 .89
15.28
17.56
16.56
20.06
20.82
18.27
18 .42
18.24
18.74
18 0-

Temp (F)

81.99
74.82
77.52

70.97
63.06
62.60

64.12
62.57
62.89
59.24
55.21
59.51
63.61

61..8ý0

8

2"1- 21
2'1. 03

"/57.08
60.14
63.49

-17.74
-19.39
-19.63
-18.29
-18.30
-19.63
-19.39
-17.75

,•-28-6 8
-27.94
-27.94
-28.68
-28.55
-27.64
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Table 3-32. Load Case 106 - -20°F Ambient, Maximum Decay Heat, Carbon Steel Shielding -
Model AOS-100B 

Location Node Temp(C) Temp (F) 
-------- ------- -------

1 5001 27.77 81. 99 
2 4532 23.79 74.82 
3 4227 25.29 77.52 
4 4752 21. 65 70.97 
5 4838 17.26 63.06 
6 4995 17.00 62.60 
7 3309 17.84 64.12 
8 3419 16.98 62.57 
9 678 17.16 62.89 

10 2537 15.13 59.24 
11 1888 12.89 55.21 
12 583 15.28 59.51 
13 3001 17.56 63.61 
14 3 14 8 16 . 5 6 61/8;0 
15 7533 20.06 ~68.1e 
16 7377 20.82 69.4p 
17 7371 18.27 64.88 

18 6942 18.42 65.1~~ 
19 6267 18.24 k4.83 
20 6121 18.74 65.7~ 

21 6001 18.09 64.56 
22 9501 

23 9950 <15.53 5.9.95 
24 10014 1~12) 57\.~:t 
25 10781 -5'.j,9 2"921 

26 9091 -6.0~2"1.03 

~~ ~;~,~ ~,:~~ ~~:~! 
29 ~'197 ~17 :'4,9 63.49 
30 9\1 11 - 2 7'.~ -17 . 74 
31 9821 -28.5S -19.39 

3'3 10605 -27.94 -18.29 
(34 9102 -27.94 -18.30 
\05 ~ 85~8 -28.68 -19.63 
~6 ~~8225 -28.55 -19.39 
3~ 8~ -27.64 -17.75 
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Maximum Component Temperatures

Component

Outside Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Node_1

101
3001
3233
4001
5001
6001
8001

Node_2

2894
3232
3424
4998
5404
7656

10791

Node

606
3120
3233
4227
5001
7377
9501

MaxTemp(C)

1.7289E+01
1. 7767E+01
1. 8039E+01
2. 5289E+01
2 . 7772E+01

2.0817E+01
1. 7778E+01

MaxTemp(F)

6.3120E+01
6 .3980E+01

0
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Component 

Outside Shell 
Bottom Plate 
Lid 
Shell Cavi ty 
Plug 
Tungsten 
LAST-A-FOAM 

3-94 

Maximum Component Temperatures 

101 
3001 
3233 
4001 
5001 
6001 
8001 

2894-
3232 
3424 
4998 
5404 
7656 

10791 

Node 

606 
3120 
3233 
4227 
5001 
7377 
9501 

1.7289E+01 
1.7767E+01 
1.8039E+01 
2.5289E+01 
2.7772E+01 
2.0817E+01 
1.7778E+01 

6.3120E+01 
6.3980E+01 
6.4470E+01 

------7.75'20E+O", 
/ 

8 /1990E+01 
/ ---... 
6. 9~'70Et01 
6.40'00E+01 

'J 
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Figure 3-27. Load Case 106 - -20°F Ambient, Maximum Decay Heat, Carbon Steel Shielding,
Entire Model - Model AOS-100B
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Figure 3-27. Load Case 106 - -20°F Ambient, Maximum Decay Heat, Carbon Steel Shielding, 
Ent ire Model - Model AOS-100B 
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Figure 3-28. Load Case 106 - Heat, Carbon Steel Shielding,
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3.4 THERMAL EVALUATION UNDER HYPOTHETICAL ACCIDENT
CONDITIONS OF TRANSPORT

I After two free drops - one from a height of 914.4 cm (30 ft.), and another from a height of 121.92 cm (4 ft.)
onto a cylindrical punch - the package must be exposed to a fire transient. The thermal test consists of
exposure of the entire package, for not less than 30 minutes, to a radiation environment of 8000C
(1,475°F) with an emissivity coefficient of at least 0.9. The surface absorptivity of the package is taken as
0.8, and the convective heat coefficient is in the range of 5 to 10 w/m 2 -°C [3.11]. The transient is then
continued, until maximum temperature values within the cask are obtained.

The package's thermal performance during the fire transient is evaluated, using the finite elerfient program
LIBRA. In this evaluation, the properties are updated every time step, by the m'aterial',fu nction/vithin
the LIBRA Code. This function contains expressions relating element properties to temperature.Thermal
properties, as well as density and heat capacitance, are periodically updated./Th'e LIBRA program allows
the user to select the time-marching scheme. In this analysis, the backward difference scheme is selected.

Figure 3-29 (a revised model of Figure 3-3, "Thermal Finite Element Model\- Normal Conditions of
Transport," which represents Normal conditions of transport) illustrates the LIBRA\Finite Element model
used for the Model AOS-100 transport package, for Fire conditions of transport, which includes the cask

/\ / /
and impact limiter structures. Thermal models used for the fire event include reduced impact limiters that
account for deformations from head-on, side, and corner 9-mi (30-ft.) drops applied/simultaneously. In

I X. 7
contrast, the Model AOS-165 transport package's geometry ILas a 14.22 cm-(5:6 in.) reduction due to
head-on drop, and a 28.96 cm (11.4 in.) reduction/d&e to the corner-drops applied to the upper impact
limiter. A 10.41 cm (4.1 in.) reduction due to the<side drop is applied to both'the upper and lower impact
limiters. General Plastics LAST-A-FOAM properties\are adjusteadto-the reduced volume. The cask is not
altered for this event. For the other geometrie-',the reduced impact limiter effects are linearly scaled by
their cask size. The encapsulated tungsten alloy shielding~materia•lis included in the cask model. Because
an axisymmetric (2D) solution is used, on~lyacrossisection\of th/-Package must be modeled. The model
includes both conductive two-node axial and four-quadrilateral elements. Also, the boundary two-node
element type is used. Air is represented to account not only/for temperature variation, but also for different
heat transfer modes. The mode of heat transfer across-an air space varies, depending upon whether the
air space is:

• Enclosed or\oeen
• Vertically or horizontally oriented
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I 3.4 THERMAL EVALUATION UNDER HYPOTHETICAL ACCIDENT 
CONDITIONS OF TRANSPORT 

Atter two free drops - one from a height of 914.4 cm (30 ft.), and another from a height of 121.92 cm (4 ft.) 
onto a cylindrical punch - the package must be exposed to a fire transient. The thermal test consists of 
exposure of the entire package, for not less than 30 minutes, to a radiation environment of 800°C 
(1 ,475°F) with an emissivity coefficient of at least 0.9. The surface absorptivity of the package is taken as 
0.8, and the convective heat coefficient is in the range of 5 to 10 w/m2_oC [3.11]. The transient is then 
continued, until maximum temperature values within the cask are obtained. / ~ 
The package's thermal performance during the fire transient is evaluated, using the fir.tite element program 
LIBRA. In this evaluation, the properties are updated every time step, by the ~teria("fundtion)Vithin 
the LIBRA Code. This function contains expressions relating element properties to"temper~re/Thermal 
properties, as well as density and heat capacitance, are periodically updated(TI1e LlBR~program allows 
the user to select the time-marching scheme. In this analysis, the backwarldifferen2e~heme is ~Iected. 
Figure 3-29 (a revised model of Figure 3-3, 'Thermal Finite Eleme~ MO~I~ Normal ~r:1,giti~ns of 
Transport," which represents Normal conditions of transport) illust~tes tbe LlBRA'finite~Element model 
used for the Model AOS-100 transport package, for Fire conditio~'Rf tra~Rort, which includes the cask 
and impact limiter structures. Thermal models used for the fife ~vent ir:1c1ude 'fedu<::~d im6act limiters that 
account for deformations from head-on, side, and corne(9-m\ (30-tt.)"dr.ges applied/s'imultaneously. In 
contrast, the Model AOS-165 transport package's geometry ~ a 14.22 crn-(5:61n.) reduction due to 
head-on drop, and a 28.96 cm (11.4 in.) reduction/cfue td\ the corner-drQps applied to the upper impact 
limiter. A 10.41 cm (4.1 in.) reduction due to the<(jde d?op, is applied to b<illYthe upper and lower impact 
limiters. General Plastics LAST-A-FOAM properti~,are adjuste'd'to-the reduced volume. The cask is' not 
altered for this event. For the other geometri~t~e )educed i~pact li';:;;fter effects are linearly scaled by 
their cask size. The encapsulated tungst6n alloy shieldin'g'materi~I'is included in the cask model. Because 
an axisymmetric (2D) solution is used; onlya'crosslsectio~0f the"Package must be modeled. The model 
includes both conductive two-nod( aXia~d) four~drilate?a( elements. Also, the boundary two-node 
element type is used. Air is repres)f.lted to account not onlyAbr temperature variation, but also for different 
heat transfer modes. The mode of h~t:\)tranSf~ ~S-ah air space varies, depending upon whether the 
air space is: . 

• Enclosed o\open~ 
• Vertically or horizd~oriented 
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Figure 3-29. Thermal Finite Element Model - Fire Conditions of Transport
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3.4.1 Initial Conditions

The initial condition for the fire event is the Normal condition of transport - 38 0C (100°F) ambient
temperature - with maximum decay heat and solar load. The analytical model used in the evaluation is the
same as the one used to evaluate the Normal condition, with the section representing the impact limiter
modified to represent the deformed geometry of this structure because of the free-drop condition.

3.4.2 Fire Test Conditions

As discussed in Subsection 3.4.1, the fire condition analysis began from the 38°C (-1 mbient

temperature, with maximum decay heat and solar load solution. At time zero, an ambient temperature
of 8000C (1,475°F) is applied to the model. This ambient temperature is maintained for)0.5/hours.
At this time, the ambient condition is reversed to the initial condition. The nalysis conti des until

five (5) hours elapse.

3.4.3 Maximum Pressures and Temperatures
The maximum pressures are reported in Table 3-3, "MaximumCask Cavity Prsure Due to Normal

Cas Cait Pr\ I sueDetoNra

Conditions of Transport - All Models." The maximum temperatures are reported in Table 3-4, "Transport
Package Temperature Summary - All Models." Temperature tables and contours plots of the Fire
condition follows.

3.4.4 Maximum Thermal Stresses

Thermal stresses resulting from temperature gradients and differential thermal expansion for the
Model AOS-100 transport package are provided in Chapter 2, Table 2-26 through Table 2-31 for Normal
conditions of transport, and Table 2-66 through LTable\2-71 fOri Hypothetical Accident conditions of
transport. K7
Thermal stresses for the other models are provided in the Chapter 2 appendices, by model.

3.4.5 Hypothet ical Accident Conditions for Fissile Material Packages
for Air Transport

Note: Notiapplicable. Fuel' i tan authorized content for the AOS Transport Packaging System.
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3.4.1 Initial Conditions 

The initial condition for the fire event is the Normal condition of transport - 38°C (100°F) ambient 
temperature - with maximum decay heat and solar load. The analytical model used in the evaluation is the 
same as the one used to evaluate the Normal condition, with the section representing the impact limiter 
modified to represent the deformed geometry of this structure because of the free-drop condition. 

3.4.2 Fire Test Conditions ~ 

As discussed in Subsection 3.4.1, the fire condition analysis began from the 38°C (100°F) ambient 
temperature, with maximum decay heat and solar load solution. At time zero, a~~bierltfempe~kture 
of 800°C (1,475°F) is applied to the model. This ambient temperature is mair:Jtained"'fW)O.~hours. 
At this time, the ambient condition is reversed to the initial condition. The~an~Iy,NSiS continoe.s until 
five (5) hours elapse. < ~ 
3.4.3 . Maximum Pressures and Temperatures 6.~ 
The maximum pressures are reported In Table 3-3, "MaXimum Cask Cavity Pressure Due to Normal 
Conditions of Transport ...: All Models." The maximum tempera:fLre~are rep~rted inJable'3-4, "Transport 

/ I " "---./ / . Package Temperature Summary - All Models." Temperature tables~nd contour~plots of the Fire 

condition follows. /'... . \ L ~ 
3.4.4 Maximum Thermal Stresses < .. ~ .~ .. -----z. 
Thermal stresses resulting from temperature gradients and differential thermal expansion for the 
Model AOS-1 00 transport package are pro~ir:1 ChaRter 2, table 2-26 through Table 2-31 for Normal 
conditions of transport, and Ta

Z
ble2-tB through )Tabi~2~1 f~ Hypothetical Accident conditions of 

transport. 0 ~ V 
Thermal stresses for the other moaels are provided in the Cl:1apter 2 appendices, by model. 

3.4.5 HypothelicarAccide~o".nd __ ~ ____ )issile Material Packages 
for Air Tr~sport ~ V . 

Note: Not apRlicable. Fue/~an author:ized content for the AOS Transport Packaging System. 
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3.4.6 Hypothetical Accident Conditions of Transport Results -
Models AOS-1 OOA and AOS-1 00A-S

Table 3-33 lists the tables and figures in this subsection that present the Model AOS-100A and
AOS-100A-S transport package results under Hypothetical Accident conditions of transport, for Loal
Cases 111 through 116. Each table provides a list of temperatures at each monitoring node. Also listed are
the maximum temperatures within each transport package component.

Table 3-34 lists the temperature monitoring points (nodes) for the Model AOS-1t00 (A,-B7-and A-S)
transport package, under. Normal and Hypothetical Accident (Fire) conditions of transport. Figure 3-30
illustrates the location of each node on the transport package, under Fire conditions.

Note: Results for the Model AOS-100OB transport package are provided in Subsection 3.4. 7.
Results for the Model A 05-025, AOS-050, and AO0S-165 transport packageslare"provided
in Appendix 3.5.

Table 3-33. Hypothetical Accident Conditions of Transport Re sults,-
Models AOS-100A and AOS-100A-S

Load Tem-lperaturfe
Case Description Results Table Adsus Time Cask Model

Fire at 30 Minutes, I
111 1,475°F Ambient, Table 3-35\ Figure-3-31.. Figure 3-32 Figure 3-33

Maximum Decay Heat

Fire at 60 Minutes, 10ooF,
112 Maximum Decay Heat, Table 3-36\ Figure 3-34 Figure 3-35

Maximum Insolation

Fire at 90 Minutes, 100F' )
113 Maximum Decay Heat, / 'Table 3=37--. Figure 3-36 Figure 3-37

Maximum Insolation

Fire at 120 Minutes, 100°F,
114 Maximum Decay Heat, Table 3-38 Figure 3-38 Figure 3-39

Maximum Insdlation

Fire at 150UMinutes, 100°F,115 Maximum e Tae 339 Figure 3-40 Figure 3-41115 Maimu Dcay Hteat-. . 3-
Maximum Insolation\

/Fire at 180 Minutes, I OOoF "
116 Maximum.Decay\Heat, Table 3-40 Figure 3-42 Figure 3-43

Maximum Insolatibn \
\\ •
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3.4.6 Hypothetical Accident Conditions of Transport Results -
Models AOS-100A and AOS-100A-S 

Table 3-33 lists the tables and figures in this subsection that present the Model AOS-100A and 
AOS-100A-S transport package results under Hypothetical Accident conditions of transport, for Load 
Cases 111 through 116. Each table provides a list of temperatures at each monitoring node. Also listed are 
the maximum temperatures within each transport package component. 

Table 3-34 lists the temperature monitoring points (nodes) for the Model AOS-100 
transport package, under Normal and Hypothetical Accident (Fire) conditions of tr!llnc:rll"\rt 

A-S) 
3-30 

illustrates the location of each node on the transport package, under Fire conditions. 

Note: Results for the Model AOS-1 008 transport package are provided in ~uj')sectlc)(.J 
Results for the Model AOS-025, AOS-050, and AOS-165 transport paC:Ka(':}eS'a 
in Appendix 3.5. 

Table 3-33. Hypothetical Accident Conditions of Transport 
Models AOS-100A and AOS-100A-S 

Load 
Case Description 

Fire at 30 Minutes, 
111 1 ,475°F Ambient, 

Maximum Decay Heat 

Fire at 60 Minutes, 100°F, 
112 Maximum Decay Heat, 

Maximum Insolation 

Fire at 90 Minutes, 100°F, 
113 Maximum Decay Heat, 

Maximum Insolation 

Fire at 120 Minutes, 100°F, 
114 Maximum 

115 

116 

Results Table 

Table 3-40 

Figure 3-34 

Figure 3-36 

Figure 3-38 

Figure 3-40 

Figure 3-42 

Cask Model 

Figure 3-33 

Figure 3-35 

Figure 3-37 

Figure 3-39 

Figure 3-41 

Figure 3-43 
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Table 3-34. Temperature Monitoring Points, All Conditions of Transport - Model AOS-100

LIBRA Model Nodal Number

Nodal Location Normal Conditions Fire Conditions

1 5001 5001

2 4532 4532

3 4227 4227,

4 4752 475'2

5 4838 /4838 ") )
6 4995

7 3309 33,099 .
8 3419 3419\

9 678 /6'78

10 2537 2537,

11 1888 A)18688
12 583 . 5/83

13 3001 \ _ ,3001

14 3.1'48\. 3148

15 §7533 ':. 7533

16 7337,7 •;• - - - 7377

17 7\371 7371
18 y942 6942
19 ". 6267

20 -62•1 6121

21 \- 6001 6001

22 ' /9.501 15481

23 \ " 9950 16630

24 \ \ 10014 16694

S25 / 10781 18111

'.,26 9091 1153

,'•2. \ \ / 8463 9785

28 • 8462 9571
<2 \ 8197 8197

\ 30 9711 15451

\ 3> '/ 9821 15961

/32 10158 17022

33 10605 17743

34 9102 11051

35 8578 9900

36 8225 8673

37 8001 8225
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I Table 3-34. Temperature Monitoring Points, All Conditions of Transport - Model AOS-100 

< 

LIBRA Model Nodal Number 

Nodal Location Normal Conditions Fire Conditions 

1 5001 5001 

2 4532 4532 

3 4227 4227~ 

4 4752 
/" .\ 47,52< 

/"'';'<>0:; 

5 4838 /48~8/ ') ) ,."., ..... 

6 4995 ~'49!~f5~' / : .~\ ~, . 

7 3309 /~ 
", . '. < 3309 

'\. : 

8 3419 

"'" 
.... "'3419~ ~ 

9 678 ~ 
"-

~/ /, 67:8 
" "'\ :\ 

10 2537 (: ~ "'" 2?:3
7\ 

11 1888 /1 ~ ~ ) 1~M' 
12 583 / I "". '----"" / 

~83 

13 3001 \ 1 ~3001 
14 ;H48, \ '--------

-----
3148 

15 0 533 "J' / 7533 -
" '""< \. I -----J 16 731~ 7377 

~ ; , 
17 / '7.371 "",".: ' "" \ " 

7371 

18 / /"\ . ;§942 ~ / 6942 

19 ( \./ ,~v 6267 

'" 
.. 

" ," '", 

/ 20 ~6J~ 6121 

~ ~6001 
-

21 /'--.. 6001 

/ ~ ~ 
"-

22 9501 15481 
......... / 

23 \ ~ ~ V 9950 16630 

24 \ \) / 10014 16694 
A ~ 

/ "- \ - / 'J 
25 10781 18111 

" " 

<- ",. 26~ \ \ 9091 1153 

./"-.. \ \27 
\ '-. .~ \ / 8463 9785 

/ ~\ 28\~ ")V 8462 9571 

"- ~ .~2.9.\ V 8197 8197 

~ ~~6 ) 9711 15451 

~ ~3:;V 9821 15961 

~/32 10158 17022 
- 33 10605 17743 

34 9102 11051 

35 8578 9900 

36 8225 8673 

37 8001 8225 
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Table 3-35. Load Case 111 - Fire at 30 Minutes, 1,4750F Ambient, Maximum Decay Heat -
Models AOS-100A and AOS-100A-S

Location

1
2
3
4
5
6
7
8
9

10

11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32,

Node

5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001

15481
16630
16694
18111
11531

9785

Temp (C)

128.22
145.72
127.50

128.78
129.28
118.89
118.28
117.83

179.22
161.50
425.89
158.67
118.28
118.22
120.61
121.39
138.89
152 .94
138.39
120.56

Temp (F)

262.80
294..30
261.50
263.80
264.70
246.00
244.90
244.10
354.60
322.70
798.60
317.60
244.90
244.8

6,17.78 11 .00
1.24.06 255.30

118,.78 245.80
118.1\7 244.70
79'3,.89 1461.00
799.44' 1471.00
79ý.11 1465.00

797.78 1468.00
798.89 1470.00
797.78 1468.00
798.89 1470.00
795.56 1464.00
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Table 3-35. Load Case 111 - Fire at 30 Minutes, 1 ,475°F Ambient, Maximum Decay Heat -
Models AOS-100A and AOS-100A-S 

Location 
--------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Node 
----

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 
6267 
6121 
6001 

15481 

Temp(C) Temp (F) 
------- -------

128.22 262.80 
145.72 294 .. 30 
127.50 261.50 
128.78 263.80 
129.28 264.70 
118.89 246.00 
118.28 244.90 
117.83 244.10 
179.22 354.60 
161.50 322.70 
425.89 798.60 
158.67 317.60 
118.28 244.90 
118.22 244/8p 
120.61 2~9.1p 

121.39 2\50.5 p 
138.89 282.00 

152.94 ~3P7'3bv 
138.39 281.10 

:-J 

120.56 249.00 

118~2 244.80 
119.6~;)J247.4b . / ~ > 23 16630 1"18.1.7 244.70 

24 16694 (122(17) 25:l\-~8 
25 18111 618'.J/3 114}" 00 

26 11531 617.78l),~44.00 

~: :~;N~,~j ~:H: 
30 1~~51 \/ 79'3,.~. 1461.00 
31 159,61 799 )4' 1471 . 00 

3~ 17.02\2\)],9-0,11 1465.00 
3'~ ",,17743 ,797.78 1468.00 

(34 1~051 798.89 1470.00 
\'5 99~0· 797.78 1468.00 
~6 8673 '798.89 1470.00 

3~ 8~ 795.56 1464.00 
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Maximum Component Temperatures

Component

Outside Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten Alloy
LAST-A-FOAM

Node_1

101
3001
3233
4001
5001
6001
8001

Node_2

2894
3232
3424
4998
5404
7656

18126

Node

1888
3120
3233
4531
5012
6938

15913

MaxTemp(C)

4. 2589E+02
1. 1872E+02
1. 1850E+02
1. 4611E+02
1. 2856E+02
1.6006E+02
7 .9944E+02

MaxTemp(F)

7.9860E+02
2.4570E+02

1 3-104
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Component 

Outside Shell 
Bottom Plate 
Lid 
Shell Cavi ty 
Plug 
Tungsten Alloy 
LAST-A-FOAM 

I 3-104 

Maximum Component Temperatures 

Node 1 

101 
3001 
3233 
4001 
5001 
6001 
8001 

2894 
3232 
3424 
4998 
5404 
7656 

18126 

Node 

1888 
3120 
3233 
4531 
5012 
6938 

15913 

4.2589E+02 
1.1872E+02 
1.1850E+02 
1.4611E+02 
1.2856E+02 
1.6006E+02 
7.9944E+02 

7.9860E+02 
2.4570E+02 
2.4530E+02 
~ 

2.95'00E+0'2 
/' " 

~/63~+92 
3.2 G-lOE-;r02 
;< )' 

1A7..;LOE+03. .... :'v' .. 
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Figure 3-31. Load Case 111 - Fire at 30 Minutes, 1,4750 F Ambient, Maximum Decay Heat,
Temperature versus Time - Models AOS-1 OOA and AOS-1 OOA-S
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Figure 3-31. Load Case 111 - Fire at 30 Minutes, 1 ,475°F Ambient, Maximum Decay Heat, 
Temperature versus Time - Models AOS-100A and AOS-100A-S 
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MIN Ii' IO -0

P1,I 14712E'08ý

L EiItOE ý2

1 9624E~-02
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Figure 3-32. Load Case 111 - Fire at 3 Minutes, 1,4750F Ambient, Maximum Decay Heat,
Entire Model - Models AOS-100A and AOS-100A-S
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VECTOR i 
MIN 1. 51i0E "'02 
'·1AX 1. 4 712E ... 03 

1 51..1.0£-02 

i 982'1E-02 

2 45391:+02 
2 9253[+02 

3 3968E+02 

3 8682E+02 

'+ 3397E-02 

4 8iliE+02 

5 2826£-02 

5 7540E+02 

6 2255E+02 

6 6970E+02 
7 i684E+02 

7 6399E-02 

8 ili3E-02 
8 5828E.02 

9 05'+2E+02 
9 5257£'02 
9 9971£-02 

i 0469[-03 
i 0940£+03 

i 1.4i1E-03 

1.:1.883E +03 

i 2354E+03 

1. 2826£-03 
1. 3297E-03 

1. 3769E-03 

1. 4240£'03 
1. 4712E+03 

L 

Monitoring Points(4pl) 

Figure 3-32. Load Case 111 - Fire at 30 Minutes, 1 ,475°F Ambient, Maximum Decay Heat, 
Entire Model- Model~AOS-100A and AOS-100A-S 
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UECTOP .L 
IIDl 2 441.1.E"02 
ItA) 7 98S8E·02 

2 44.Ll£·"'2 
2 6391£·02 
2 8372£"02 
'3 1l352E·02 
3 2332E··02 

3 4312E·02 
3 6293E-(,(, 

3 8273E-02 
4 0253E·02 
4 2223E-'-;2 
4 421.4E-02 
4 61.94E-02 
4 81.74E .. 02 
5 01.54E-02 
5 21.35E .. 02 

5 'H1SE-02 
5 6095E'02 
5 8075E'02 
6 0056E-02 
6 2036E--02 
6 40l£E-02 

6 5996E·")2 
6 7977E-02 

6 9957E-02 
7 1937E·02 
7 391.7£ .. 02 
7 5898E-02 

7 7878£"02 

7 9858E''''2 

L, 

Figure 3-33. Load Case 111 - Fire at 30 Minutes, 1 ,475°F Ambient, Maximum Decay Heat, 
Cask Model - Models AOS-100A and AOS-100A-S 
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Table 3-36. Load Case 112 - Fire at 60 Minutes, 100'F, Maximum Decay Heat, Maximum Insolation -
Models AOS-100A and AOS-100A-S

Location

1

2
3
4
5
6
7
8
9

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Node

5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001

15481
16630
16694
18111
11531

Temp (C)

142.50
202.78
151.22
159.17
159.11
132.94
120.72
125.39
217.39
172.94
245.06
171.61
123.83

129.89
129.22
131.28

182.83

203.94
181.06
136.44
133.17

Temp (F)

288.50
397.00
304.20
318.50
318.40
271.30
249.30
257.70
423.30
343.30
473.10
340.90
254.90
265 .8'0

ý35"4- 80
348.10
'284 . 00

274.60
253.80
316.10
323.30
321.70
313.50
299.00
307.40
320.90
302.50

/1-6,0/94
156.39
148.33
153.00
160.50
150.28

I 3-108
AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Table 3-36. Load Case 112 - Fire at 60 Minutes, 100°F, Maximum Decay Heat, Maximum Insolation­
Models AOS-100A and AOS-100A-S 

Location Node Temp (C) Temp (F) 
-------- ------- -------

I 3-108 

1 5001 142.50 288.50 
2 4532 202.78 397.00 
3 4227 151. 22 304.20 
4 4752 159.17 318.50 
5 4838 159.11 318.40 
6 4995 132.94 271.30 0 7 3309 120.72 249.30 
8 3419 125.39 257.70 
9 678 217.39 423.30 

10 2537 172.94 343.30 
11 1888 245.06 473.10 
12 583 171.61 340.90 
13 3001 123.83 254.90 
14 3148 129.89 265),8;0 
15 7533 129.22 2}4.6e 
16 7377 131.28 2\68.3e 
17 7371 182.83 361.1p 
18 6942 203.94 399.10~ 
19 6267 181.06 ~~7.90 
20 6121 136.44 277.60 
21 6001 
22 15481 1~Q.50 ~48.90> 
23 16630 «:/33.7.2 27,2.70 
2 4 16 6 9 4 13 8(3 3) 2 8 :i\-Q,Q 
25 18111 1 7 ~'.Jd 3 5Z 80 

26 11531 175.6~~48.10 

~~ ~~~,~ ~'~,3~ ~~::~~ 
29 ~'197 ~23. 2·2 253.80 
30 15~51 \) 15'':k.g~ 316.10 
3 1 15 9,61 16 1. 8 T 3 2 3 . 3 0 

3~ 1702\2({1'6.Q,/9'4 321.70 
3'~ ",,17743 156.39 313.50 

(34 1~051 148.33 299.00 
~5 99~0 153.00 307.40 
3\ 8673 160.50 320.90 
3-7\, 8~ 150.28 302.50 
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Maximum Component Temperatures

Component

Outside Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Node_1

101

3001
3233
4001
5001
6001
8001

Node_2

2894
3232
3424
4998
5404
7656

18126

Node

1885
3120
3233
4532
5001
6949

17671

MaxTemp(C)

2. 4650E+02
1. 7606E+02
1 .7456E+02

2. 0794E+02
1. 8389E+02
2. 0761E+02
3 .2656E+02

MaxTemp(F)

4.7570E+02

3.4890E+02

3.4620E+02

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Component' 

Outside Shell 
Bottom Plate 
Lid 
Shell Cavi ty 
Plug 
Tungsten 
LAST-A-FOAM 

Maximum Component Temperatures 

101 
3001 
3233 
4001 
5001 
6001 
8001 

2894 
3232 
342'4 
4998 
5404 
7656 

18126 

Node 

1885 
3120 
3233 
4532 
5001 
6949 

17671 

2.4650E+02 
1.7606E+02 
1.7456E+02 
2.0794E+02 
1.8389E+02 
2.0761E+02 
3.2656E+02 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

4.7570E+02 
3.4890E+02 
3.4620E+02 
4 . 0 6,:3QE-;:O'2 

/ 
3/6300E+02 

1;)..0('70Et 02 
6.19'80E+02 

v 
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Figure 3-34. Load Case 112 - Fire at 60 Minutes, 100*F, Maximum Decay Heat,
Maximum Insolation, Entire Model - Models AOS-1 O0A and AOS-100OA-S
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'JECTOR 1 
MIN 1 6809E-02 
~lAx 5 .L'381£ +02 

:l 6809E-02 
1. 8U23E-02 

2 0036E-02 
2 :L649E-02 

2 3<.'6..'"'£-02 
2 4876E-1)2 

2 6489E-1)2 

281.02E"02 
2 9715E-02 
3 1329£-02 
3 2S42E"02 
3 455SE-02 

3 61.58E-02 
3 7782E.02 
3 939SE'-02 
.. l.OO8E.02 
'I 2621£-02 
4 423SE+02 
4 5848E-02 
4 7461£-02 
4 9074E'02 
S 0688£--02 
5 230l.E-02 

5 39:1.4E-02 
5 5S26E-02 
5 7:1.41£-02 
5 8754E-()2 

6 036";'E-02 

6 1981E-ti.'2 

L . 

Figure 3-34. Load Case 112 - Fire at 60 Minutes, 100°F, Maximum Decay Heat, 
Maximum Insolation, Entire Model- Models AOS-100A and AOS-100A-S 

I 3-110 AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

• 

• 

• 



-UE= TjF- 1

Ilw 14

G TS- 9E •2

z -7:2E -102

E:-C@E 02

Figure 3-35. Load Case 112 - Fire at 60 Minutes, 1000F, Maximum Decay Heat,
Maximum Insolation, Cask Model - Models AOS-1 O0A and AOS-100OA-S
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'.ECTOP .1. 
11D1 
f lAX 

2 4933E-02 
4 ?S6S"€-032 

2 4933E·Q02 

2 S74.lE-02 

2 6549E"02 
:;: 7357E-02 

281.66E>02 

2 8974E-02 

2 9782E .. 02 

3 CS9.lE·02 

3 1.399£-02 

S 220-:'E"02 

3 301.6E"'02 

3 3824E"'~l2 

:; 4632E ... 2 

3 54'+1£"'02 

3 6249E-02 

S 7057E--02 

3 7865E-02 

3 8574E--02 

3 9482E-032 
4 0290E-,;2 

4 .1.(\99£-02 

4 i907E-02 

4 27.1.5E-02 
4 3524E~2 

4 4332E<-02 

4 51.40E-02 

4 5949E-02 

4 6757E-02 

4 7565E-O:;: 

L. 

Figure 3-35. Load Case 112 - Fire at 60 Minutes, 100°F, Maximum Decay Heat, 
Maximum Insolation, Cask Model - Models AOS-100A and AOS-100A-S 
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Table 3-37. Load Case 113- Fire at 90 Minutes, 100'F, Maximum Decay Heat, Maximum Insolation -
Models AOS-100A and AOS-100A-S

Location

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30
31

Node

5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001

15481
16630
16694
18111
11531

9785
9571

Temp (C)

159.56
207.94
170.89
173 .00

170.89
149 .00

131.17
139.61
208.28
173 .50

211.22
172 .67

138.83
145. 56
144.17
146.61
190.28
204.44
188.78
154 .50
150.7,8-

130.67

Temp (F)

319.20
406.30
339.60
343.40
339.60
300.20
268.10

283.30
406.90
344.30
412.20
342.80
281.90
294 .4 -O

2973 80
2,93. 00
-302.80
300.80
280.20
225.70
234.20
237.50
227.50
216.80
226.80
235.70
214.60

,i-I4/17
108..61
102.67
108.22
113.17
101.44

I 3-112

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, AOS-1 00, and AOS-165 Transport Packages, Rev. B

Table 3-37. Load Case 113 - Fire at 90 Minutes, 100°F, Maximum Decay Heat, Maximum Insolation­
Models AOS-100A and AOS-100A-S 

Location Node Temp(C) Temp(F) 

I 3-112 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 
6267 
6121 

159.56 
207.94 
170.89 
173.00 
170.89 
149.00 
131.17 
139.61 
208.28 
173.50 
211.22 
172.67 
13 8.83 
145.56 
144.17 
146.61 
190.28 

319.20 
406.30 
339.60 
343.40 
339.60 
300.20 
268.10 
283.30 
406.90 
344.30 
412.20' 
342.80 
281. 90 

294/QjO 
2v:. 5e 
2\'95. ge 
374.5p 

188.78 3J1.80 
154.50 310.10 

I 

204.44 ~4PO'00~ 

21 6001 150.28;Lj303.40 
22 15481 13Q~67 267.2b 
23 1663 0 ~ 8 . 5.0 2'9.9 . 3 0 > 
24 16694' (14«(61) 30~tQ 
2 5 18111 147'.-Si?f 2 97 8 0 

26 11531 145. 0l)~9'3' 00 
27 9785 ~50.44 302.80 
28 9§7~ 14'9,\.33 300.80 
29 ~197 ~7.8S 280.20 
30 1~~51 \) 10'7'.~ 225.70 
3 1 15 9,6 1 112 . ~3' 2 3 4 . 2 0 

3~ 1702\2\fH~(17 237.50 
3~ ~17743 108.61 227.50 

(34 1~051' 102.67 216.80 
\5'~ 99~0 108.22 226.80 
~6 ~8673 113.17 235.70 
3,~ 8~ 101.44 214. 60 
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Maximum Component Temperatures

Component

Outside Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Node_1 Node_2

101

3001
3233
4001
5001
6001
8001

2894
3232
3424
4998
5404
7656

18126

Node

1885
3120
3233
4532
5001
6949

17671

Max_Temp(C) Max_Temp(F)

4.7570E+02
3.4890E+02

2.4650E+02
1. 7606E+02
1.7456E+02
2. 0794E+02
1. 8389E+02
2. 0761E+02
3 .2656E+02
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Maximum Component Temperatures 
------------------------------

Component Node - 1 Node_ 2 Node Max_Temp (C) 
--------- ------ ------ --------

Outside Shell 101 2894 1885 2.4650E+02 
Bottom plate 3001 3232 3120 1.7606E+02 
Lid 3233 3424 3233 1.7456E+02 
Shell Cavity 4001 4998 4532 2.0794E+02 
Plug 5001 5404 5001 1.8389E+02 
Tungsten 6001 7656 6949 2.0761E+02 
LAST-A-FOAM 8001 18126 17671 3.2656E+02 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

Max_Temp (F) 
--------

4.7570E+02 
3.4890E+02 
3.4620E+02 
4 . 06'30E:;:C)'2 / . 

3/6300E+02 
'. ~ ':--. 

Il ; 0 5'7 0 E\t- 0 2 
6. i~'80E~02 

v 
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Figure 3-36. Load Case 113 - Fire at 90 Minutes, 1 00'F, Maximum Decay Heat,
Maximum Insolation, Entire Model - Models AOS-100A and AOS-100A-S
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U:CTOP 2 
/-lI N 'L 71364£ .-02 
/left 4 559c'E - 02 

i 7864E-02 
i 8854( -02 
i 9844E-()2 

2 003Sr"~)2 

2 1.825E-02 

2 2815E "02 
2 3805(- 02 
2 4795E-02 

2 5786E-02 
2 5776E -02 

2 7756E-02 

2 8756E- 02 

2 9747E-02 

3 0737E "'02 
3 i 727E-02 
3 271-7["02 
3 3707E··02 

3 4698E-02 

3 5688E -02 

3 8678E-"Z 
3 7668E"'~2 
a 86S9£ .. 02 

3 964'3£-02 
4 063'3£-02 

4 1.829E-02 
4 2618E -02 
4 36i 0E-02 

4 4600E-"'2 
4 5590E-02 

L 

Figure 3-36. Load Case 113 - Fire at 90 Minutes, 100°F, Maximum Decay Heat, 
Maximum Insolation, Entire Model- Models AOS-100A and AOS-100A-S 
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Figure 3-37. Load Case 113 - Fire at 90 Minutes, 100TF, Maximum Decay Heat,
Maximum Insolation, Cask Model - Models AOS-100OA and AOS-100OA-S
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U€CTOR 2 
HIll 
m 

2 6908Er0L 
4 1..689E ... i~2 

2 6800E-02 

2 7339£.-02 

2 78,1£-02 
2 8402E--02 

2 8934E,02 
2 9465E+02 

2 9997EH,):' 

3 0528£ .. 02 

3 1.050E'02 
=: 1591£ ... 1)2 

3 2123£ +1:'2 

3 2ES4E"02 

3 31.8SE-02 
3 3717E+0:-
S l.248E ... 02 

3 4780E-02 
3 53J...l£ .. t)2 

3 5843E'02 
3: 6374E+02 

3 S906E"02 
3 7437E"02 
;: 79S9E,0:! 

, 8500E'02 

3 9031£'02 
3 '1563£·02 
4 0094E ... 02 

4 0626E+02 

4 1.157E-02 
4 1689E~02 

L, 

Figure 3-37. Load Case 113 - Fire at 90 Minutes, 100°F, Maximum Decay Heat, 
Maximum Insolation, Cask Model- Models AOS-100A and AOS-100A-S 
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Table 3-38. Load Case 114 - Fire at 120 Minutes, 1000F, Maximum Decay Heat, Maximum Insolation -
Models AOS-100A and AOS-100A-S

Location Node Temp(C) Temp(F)

1 5001 170.06 338.10
2 4532 201.83 395.30
3 4227 179.06 354.3*0
4 4752 177.67 351.80

5 4838 174.89 346.80
6 4995 159.56 319.20

7 3309 144.50 292.10

8 3419 151.89 305.40
9 678 198.61 389.50
10 2537 174.33 345.80
11 1888 195.44 383.80
12 583 173.78 344.80
13 3001 153.17 307.70
14 3148 157.33 315 2'0
15 7533 156.44 313<60
16 7377 158.50 3/7 30

17 7371 188.39 3\71.1'0
18 6942 197.56 \387.60
19 6267 187.56 369.60
20 6121 165.39 329.70
21 6001 162 5.0 324.50
22 15481 143<89 291.00
23 16630 1/58.0.6 31,6.50
24 16694 15,76 393 315\3
25 18111 137\j 1 279-70
26 11531 1,35.782 376.40
27 9785 1\58.06 316.50
28 9571 58,. 89 318.00
29 \8197 152.2,8 306.10
30 15451 889-. _4o4. 193.00
31 15961 96.06 204.90

32 17022 -98 .44 209.20
3"3 17743 92.72 198.90
34 11051 88.61 191.50

ý3-5 99\00 94.06 201.30
36 8 '97.61 207.70

.7\\\8225\\ 84.83 184.70
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Table 3-38. Load Case 114 - Fire at 120 Minutes, 100°F, Maximum Decay Heat, Maximum Insolation­
Models AOS-100A and AOS-100A-S 

Location Node Temp(C) Temp (F) 
-------- ------- -------

I 3-116 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 
6267 
6121 

170.06 ,338.10 
201.83 395.30 
179.06 354.30 
177.67 351.80 
174.89 346.80 
159.56 319.20 
144.50 292.10 
151. 89 305.40 
198.61 389.50 
174.33 345.80 
195.44 383.80 
173.78 344.80 
153.17 307.70 
157 . 33 3 15,/2;0 
15 6 . 44 3).3 . 6 e 
158.50 3\~7.30 
188.39 371.1p 

187.56 369.60 
~ 

165.39 329.70 
I 

197.56 ~3F'60~ 

15481 143~89 291.ob 
6001 162. 5'0;Lj324. 50 

/ "> 2 3 16 6 3 0 1'5 8 . 0,6 3 1,6 . 5 0 

24 16694 <15«(39) 31S\~Q 
25 18111 13 7'.§1 27} .... 70 

26 11531 135'70~76'40 
27 9785 b58.06 316.50 
28 9~7'~ 158,\.89 318.00 
29 8'197 ~52. 2,8 306.10 
30 1~~51 V 8'9,;~ 193.00 
31 159,61 96. Of 204.90 

3~' 1702\2v9~(44 209.20 
~~ ~17743 92.72 198.90 

(34 1~051 88.61 191.50 
\a5 ~ 99~0 94.06 201.30 
3\ \~867'3 97.61 207.70 
3i\. 8~ 84.83 184.70 
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Maximum Component Temperatures

Component

Outside Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Node_1 Node_2

101
3001
3233
4001
5001
6001
8001

2894
3232
3424
4998
5404
7656

18126

Node

1885
3120
3233
4532
5001
6949

17671

MaxTemp(C)

2.4650E+02

1.7606E+02
1.7456E+02
2.0794E+02

1.8389E+02
2. 0761E+02
3.2656E+02

MaxTemp(F)

4.7570E+02
3.4890E+02
3.4620E+02
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Maximum Component Temp~ratures 

Component Node - 1 Node - 2 Node Max_Temp (C) 
--------- ------ ------ --------

Outside Shell 101 2894 1885 2.4650E+02 
Bottom Plate 3001 3232 3120 1.7606E+02 
Lid 3233 3424 3233 1.7456E+02 
Shell Cavity 4001 4998 4532 2.0794E+02 
Plug 5001 5404 5001 1.8389E+02 
Tungsten 6001 7656 6949 2.0761E+02 
LAST-A-FOAM 8001 18126 17671 3.2656E+02 
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Max_Temp (F) 
--------

4.7570E+02 
3.4890E+02 
3.4620E+02 
~ 

4.06'3.0E+0'2 
/:. '~;:,~>:", 

3/6300£+02 
.'.'::~0 .. ' 

1:1.0Z5'70Et 02 
6.19'80E+02 
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Table 3-39. Load Case 115 - Fire at 150 Minutes,
Models AOS-1 OOA and AOS-1 OOA-S

100 0F, Maximum Decay Heat, Maximum Insolation -

Location

1
2
3
4
5
6
7
8
9

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31
32,

Node

5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148.
7533
7377
7371
6942
6267
6121
6001

15481
16630
16694
18111
11531

9785

Temp (C)

176.39
195 .72
182.50
179 .44
176.33
166.06
155.44
160. 67
191.28
174. 61
186.17
174 .50
163.00
165.00
164 .83

166.44
185.44
191.39
185. 17
171.50
169.444-

154-<89

Temp (F)

349.50
384.30
360.50
355.00
349.40
330.90
311.80
321.20
376.30
346.30
367.10
346.10
325.40

-31.72 26'9.10

Ž63.28 325.90
-65,.06 329.10
-62.2,8 324.10

6177.-20
88.78' 191.80

,91/11 196.00
85.61 186.10
82.67 180.80
87.83 190.10
90.67 195.20
77.28 171.10
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Table 3-39. Load Case 115 - Fire at 150 Minutes, 100°F, Maximum Decay Heat, Maximum Insolation­
Models AOS-100A and AOS-100A-S 

Location Node Temp(C) Temp(F) 

I 3-120 

1 5001 
2 4532 
3 4227 
4 4752 
5 4838 
6 4995 
7 3309 
8 3419 
9 678 ' 

10 2537 
11 1888 
12 
13 
14 
15 
16 
17 
18 
19 

583 
3001 
3148. 
7533 
7377 
7371 
6942 
6267 

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

176.39 349.50 
195.72 384.30 
182.50 360.50 
179.44 355.00 
176.33 349.40 
166.06 330.90 
155.44 311.80 
160.67 321.20 
191.28 376.30 
174.61 346.30 
186.17 367.10 
174.50 346.10 
163.00 325.40 
165.00 329/Q,0 
16 4 . 83 3 ~8 . 7 e 
166.44 3\31.6p 
185.44 365 80 

185.17 ~65.30 
~ 

191.39 ~3V6:5b~ 
20 6121 171.50 340.70 
21 6001 169.44 337.ob 

22 15481 \~4-:89;Lj,10' 8b> 
2 3 16 6 3 0 164 . 1 ~ 3 2,7 . 4 0 
24 16694 <162(50) 324':,~Q 
25 18111 133'.,90 27} 40 

26 11531 131'7~~69'10 
27 9785 ~63.28 325.90 
28 9~7~ 165,\06 329.10 
29 ~197 ~62. 2,8 324.10 
3 0 15~ 51 8'0,.~ 177 . 20 
3 1 15 9,61 8 8 . ~8' 191 . 8 0 

:;n 17743 85.61 186.10 
(34 1~051 82.67 180.80 
~5 99~0 87.83 190.10 
3\ 867'3 90.67 195.20 
3,7\. 8~ 77 . 28 171 . 10 
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Maximum Component Temperatures

Component Node_1 Node_2

Outside Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

101
3001
3233
4001
5001
6001
8001

2894
3232
3424
4998
5404
7656

18126

Node

1885
3120
3233
4532
5001
6949

17671

MaxTemp(C) MaxTemp(F)

4.7570E+02
3.4890E+02

2.4650E+02
1.7606E+02
1.7456E+02
2.0794E+02
1.8389E+02
2. 0761E+02
3.2656E+02

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B
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Component 

Outside Shell 
Bottom Plate 
Lid 
Shell Cavity 
Plug 
Tungsten 
LAST-A-FOAM 

Maximum Component Temperatures 

101 
3001 
3233 
4001 
5001 
6001 
8001 

2894 
3232 
3424 
4998 
5404 
7656 

18126 

Node 

1885 
3120 
3233 
4532 
5001 
6949 

17671 

2.4650E+02 
1.7606E+02 
1.7456E+02 
2.0794E+02 
1.8389E+02 
2.0761E+02 
3.2656E+02 
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3.4890E+02 
3.4620E+02 
4 . 0 6-3()E:;:Q'2 / . 
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Figure 3-40. Load Case 115 - Fire at 150 Minutes, 100°F, Maximum Decay Heat, 

Maximum Insolation, Entire Model- Models AOS-100A and AOS-100A-S 
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Figure 3-41. Load Case 115 - Fire at 150 Minutes, 100°F, Maximum Decay Heat, 

Maximum Insolation, Cask Model- Models AOS-100A and AOS-100A-S 
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Table 3-40. Load Case 116- Fire at 180 Minutes, 1 00°F, Maximum Decay Heat, Maximum Insolation -

Models AOS-100A and AOS-100A-S

Location

1

2
3
4
5
6
7
8
9

10

11
12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30
31

Node

5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001

15481
16630
16694
18111
11531

9785
9571

Temp (C)

180.17
191. 06
183 .89
180.17
176.72
170.06
163 .11
166.39
186.06
174.44
180.00
174. 67
169.06
169 .72
170.17
171.44
182 .94

186.72
182 .94
174.89
173 .3-9-

Temp (F)

356.30
375.90
363.00
356.30
350.10

338.10

325.60
331.50
366.90
346.00
356.00
346.40
336.30
337 .5'0

T66; 60
2X65. 10
'332 . 10
336.10
335.30
168.40
184.90
188.90
179.20
175.30
184.20
188.70
163.70

81.78
79.61
84.56
87.06

73.17
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Table 3-40. Load Case 116 - Fire at 180 Minutes, 100°F, Maximum Decay Heat, Maximum Insolation -
Models AOS-100A and AOS-100A-S 

Location Node Temp(C) Temp(F) 
-------- \ ------- -------

I 3-124 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 
6267 
6121 

180.17 356.30 
191. 06 375.90 
183.89 363.00 
180.17 356.30 
176.72 350.10 
170.06 338.10 
163.11 325.60 
166.39 331.50 
186.06 366.90 
174.44 346.00 
180.00 356.00 
174.67 346.40 
169.06 336.30 
169.72 337 /~O 
170.17 338 30 
171.44 310:6b 
182.94 3~1.3b 

182.94 361.30 
'J 

174.89 346.80 
I 

186.72 ~3F8'lb0 

21 6001 173'3~;Lt344'10 
22 15481 162~61 324.7b 

23 1663 0 Ji 7 . 89 3'3.4 . 2 0 > 
24 16694 <16(5(78) 330\i,Q 
2 5 18111 13 0'.J,3 . 2 6'~" 6 0 

26 11531 129'5~~05'10 
27 9785 ~66.72 332.10 
28 9?-7'~ 1~8'~4 33.6.10 
29 ~197 ~8.5D 335.30 
3 0 1~~51 \) 7'S-. .J..!} 168.40 
3 1 15 9,61 8 4 },:4' 184 . 9 0 

3~ 1702\2\f8,z,.17 188.90 
~~ ~17743 81.78 179.20 

(34 1~051 79.61 175.30 
~5 ~ 99~0 84.56 184.20 
3\ \~867'3 . 87.06 188.70 
3,~ 8~ 73 .17 163 .70 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

• 

• 

• 



Maximum Component Temperatures

Component

Outside Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Node_1

101

3001
3233
4001
5001
6001
8001

Node_2

2894
3232
3424
4998
5404
7656

18126

Node

1885
3120
3233
4532
5001
6949

17671

Max_Temp(C)

2.4650E+02
1.7606E+02
1.7456E+02
2.0794E+02

1.8389E+02
2.0761E+02
3.2656E+02

MaxTemp(F)

4.7570E+02
3.4890E+02
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Maximum Component Temperatures 
------------------------------

Component Node 1 Node - 2 Node Max_Temp (C) 
--------- ------ ------ --------

Outside Shell 101 2894 1885 2.4650E+02 
Bottom Plate 3001 3232 3120 1.7606E+02 
Lid 3233 3424 3233 1.7456E+02 
Shell Cavity 4001 4998 4532 2.0794E+02 
Plug 5001 5404 5001 1.8389E+02 
Tungsten ·6001 7656 6949 2.0761E+02 
LAST-A-FOAM 8001 18126 17671 3.2656E+02 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
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Max_Temp (F) 
--------

4.7570E+02 
3.4890E+02 
3.4620E+02 
4 . 0 6-3-oE:;:(l'2 / ... 

3 !'6300E+02 
.--... 

~. 0(i'70Et02 
6.19·80E+02 

V 
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Figure 3-42. Load Case 116 - Fire at 180 Minutes, 1000F, Maximum Decay Heat,
Maximum Insolation, Entire Model - Models AOS-100A and AOS-100A-S
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Figure 3-42. Load Case 116 - Fire at 180 Minutes, 100°F, Maximum Decay Heat, 
Maximum Insolation, Entire Model- Models AOS-100A and AOS-100A-S 
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3.4.7 Hypothetical Accident Conditions of Transport Results -
Models AOS-1 00B

Table 3-41 lists the tables and figures in this subsection that present the Model AOS-100B transport
package with carbon shielding results under Hypothetical Accident conditions of transport, for Load Cases
111 through 116. Each table provides a list of temperatures at each monitoring node. Also listed are the
maximum temperatures within each transport package component.

Table 3-34 lists the temperature monitoring points (nodes) for the Model AOS-100 (A,-B-and A-S)
transport package, under Normal and Hypothetical Accident (Fire) conditions of transport. Figure 3-30
illustrates the location of each node on the transport package, under Fire conditions.

Notes: Results for the Model AOS-100A and AOS- OOA-S transport packages are provided
in Subsection 3.4.6.
Results for the Model AOS-025, AOS-050, and AOS- 165 transport'packages are provide
in Appendix 3.5.

Table 3-41. Hypothetical Accident Conditions of Transport Results -

Model AOS-1001B, with Carbon Shielding /I( \
Load fperature"1 I

Case Description Results Table versus Time el Cask Model

Fire at 30 Minutes, 1,475 0F
Ambient, Maximum Decay Table Figure 3-44 Figure 3-45 Figure 3-46
Heat plus Solar, Carbon
Steel Shielding

Fire at 60 Minutes, 100'F,'
Maximum Decay Heat plus112 Solar, Maximum Insolation, Table 3-43 Figure 3-47 Figure 3-48

Carbon Steel Shielding _ _

Fire at 90 Minutes, 100°F, \ a

113 Maximum Decay Heat plus Table 3-44 Figure 3-49 Figure 3-50Solar, Maximumrlnsolation,
Carbon Steel Shielding_ _

Fire at 120 Minute"s.'-1,00OF

114 Maxmum Decay Heat plus Table 3-45 Figure 3-51 Figure 3-52
Solar, Maximum lnsola•ion, g

/Carbon\Steel Shielding

Fire at 15'0,Minutes, 10,\F,

11.5 \Maximum Decay Heat plus Table 3-46 Figure 3-53 Figure 3-54
SolairIaximumr\nsolation,
--Carbon\SteeShielding

Fire at 180 Minutes, 1000F,
Maximum Decay Heat plus1,16 1SlrMaxmmIsoain Table 3-47 -Figure 3-55 Figure 3-56S olar,;-Maximum Insolation,

C6arbon Steel Shielding
\~ /

0

0
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3.4.7 Hypothetical Accident Conditions of Transport Results -
Models AOS-1008 

Table 3-41 lists the tables and figures in this subsection that present the Model AOS-100B transport 
package with carbon shielding results under Hypothetical Accident conditions of transport, for Load Cases 
111 through 116. Each table provides a list of temperatures at each monitoring node. Also listed are the 
maximum temperatures within each transport package component. 

Table 3-34 lists the temperature monitoring points (nodes) for the Model AOS-100 (A,/8-;--and A-S) 
transport package, under Normal and Hypothetical Accident (Fire) conditions of trans{ort. Fig~e 3-30 

. illustrates the location of each node on the transport package, under Fire condition( o~ 

Notes: Results for the Model AOS-100A and AOS-100A-S transport p~ided 

in Subsection 3.4.6. _ .~ 
Results for the Model AOS-025, AOS-050, and AOS-165 are p~v;ded> 
in Appendix 3.5. V 

Table 3-41. Hypothetical Accident Conditions of Transport Resu 
Model AOS-1008, with Carbon Shielding 

Load 
Case 

111 

112 

113 

114 

I 3-128 

Description 

Fire at 30 Minutes, 1,475°F 
Ambient, Maximum Decay 
Heat plus Solar, Carbon 
Steel Shielding 

Fire at 60 Minutes, 100°F, 
Maximum Decay Heat plus 
Solar, Maximum I 
Carbon Steel Shielding 

100°F, 
Heat plus 

m Insolation, 
Shielding 

Table 3-46 

Table 3-47 

Cask Model 

Figure 3-46 

Figure 3-47 Figure 3-48 

Figure 3-49 Figure 3-50 

Figure 3-51 Figure 3-52 

Figure 3-53 Figure 3-54 

Figure 3-55 Figure 3-56 
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Table 3-42. Load Case 111 - Fire at 30 Minutes, 1,4750F Ambient, Maximum Decay Heat plus Solar,
Carbon Steel Shielding - Model AOS-100B

Temperatures @ 0.500 hr

Location

1

2
3
4
5
6
7
8
9

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Node

5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001

15481
16630
16694
18111
11 5,341

Temp (C)

128.06
141.39
126.94
126.89
128.17
118 .83
118.28
117 .83
178.11

161.50
425.83
158.67
118.22
118.22
120.44
121.39
134.00
148.28
133.6-l-

Temp (F)

262.50
286.50
260.50
260.40
262.70
245.90
244.90
244. 10
352.60
322.70
798.50
317.9,0

/7-9,/89
799.44
796.11
797.78
798.89
797.78
798.89
795.56

2 44-- 70
2,5'1 . 90

'r145. 00
1144.00
255.30
245.80
244.60

1461.00
1471.00
1465.00
1468.00
1470.0,0
1468.00
1470.00
1464.00:225
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Table 3-42. Load Case 111 - Fire at 30 Minutes, 1 ,475°F Ambient, Maximum Decay Heat plus Solar, 
Carbon Steel Shielding - Model AOS-100B 

Temperatures 

Location 
--------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

@ 0.500 

Node 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 
6267 

hr 

Temp(C) Temp(F) 
------- -------

128.06 262.50 
141. 39 286.50 
126.94 260.50 
126.89 260.40 
128.17 262.70 
118.83 245.90 
118.28 244.90 
117.83 244.10 
178.11 352.60 
161.50 322.70 
425.83 798.50 
158.67 317/'10 
118 . 22 2 Z4 . 8 e 
118.22 2

1
44.8? 

120.44 2f8.8p 

148.28 298.90 
I 

~~!:~~ ~~s~:~~~ 
13 3. 6'1;)J27 2.50 /: I 

20 6121 1~Q.22 248.40> 
21 6001 Y19.22 ~6.60 
22 15481 <11~(22) 244\1tG 
2 3 16 6 3 0 118'.J7I 2 4}' 7 0 

24 16694 122.1S ~~1.90 
25 18111 6~8.33 1'145.00 
26 11 ~:3'~617'\.78 1144. 00 
2 7 9'7 8 5 12 4 . 0,6 2 5 5 . 3 0 

\ 

28 \571'\) 1r8,.~ 245.80 
29 81(7 118l)? 244.60 

3~ 1545\1\/,9,1.89 1461.00 
~~ ~15961 799.44 1471.00 

(32 1~022 796.11 1465.00 

\33 ~T7~3 797.78 1468.00 
3\ 1105'1) 798.89 1470.00 
3,:\ 9-(00 797.78 1468.00 
36 86'7,:3 798.89 1470.00 
3~~225 795.56 1464.00 
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Maximum Component Temperatures

0
Component

Outside Shell
Bottom Plate,
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Node_1

101

3001
3233
4001
5001
6001
8001

Node_2

2894
3232
3424
4998
5404
7656

18126

Node

1888
3120
3233
4536
5001
6938

15913

MaxTemp(C)

4.2583E+02
1. 1856E+02
1 . 1850E+02

1 . 4156E+02

1.2806E+02
1.5839E+02
7.9944E+02

MaxTemp(F)

7.9850E+02
2.4540E+02

2.4530E+02
2 . 8680E+0'2

1 3-130
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Component 

Outside Shell 
Bottom Plate, 
Lid 
Shell Cavi ty 
Plug 
Tungsten 
LAST-A-FOAM 

I 3-130 

Maximum Component Temperatures 

101 
3001 
3233 
4001 
5001 
6001 
8001 

2894 
3232 
3424 
4998 
5404 
7656 

18126 

Node 

1888 
3120 
3233 
4536 
5001 
6938 

15913 

Max_Temp (C) 

4.2583E+02 
1.1856E+02 
1.1850E+02 
1.4156E+02 
1.2806E+02 
1.5839E+02 
7.9944E+02 

7.9850E+02 
2.4540E+02 
2.4530E+02 ......---.-. 
2 . t;,6'~0;E+0'2 
2/6250Ef02 
'/. , . ----- " 

3.1Z-10Et02. 
1.4nOE+03 

'J 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

• 

• 

• 



10 -1 B , ý ~

I-,

ii

Time, 1,

Figure 3-44. Carbon Steel Shielding, 5-Hour Thermal Transient, Fire at 30 Minutes, 1,475°F Ambient,
4.5-Hour Cool Down at 1 00°F Ambient with Solar Heat, 400W Maximum Decay Heat Present

throughout Transient - Model AOS-100B

Figure 3-44 illustrates the Temperature Time history for four (4) monitoring points:

1. Cask Cavity wall at center.

2. Seal Area.

3. Outside Shell at Outside Center.

4. Upper Impact Limiter at Upper Corner.
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Figure 3-44. Carbon Steel Shielding, 5-Hour Thermal Transient, Fire at 30 Minutes, 1 ,475°F Ambient, 
4.5-Hour Cool Down at 100°F Ambient with Solar Heat, 400W Maximum Decay Heat Present 

throughout Transient - Model AOS-100B 

Figure 3-44 illustrates the Temperature Time history for four (4) monitoring points: 

1. Cask Cavity wall at center. 

2. Seal Area. 

3. Outside Shell at Outside Center. 

4. Upper Impact Limiter at Upper Corner. 
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Figure 3-45. Load Case 111 - Fire at 30 Minutes, 1,475OF ,ent, Mamum Decay Heat plus Solar,
Carbon Steel Shielding, Entire Model- Model AOS-100B
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""OOR 1 
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Figure 3-45. Load Case 111 - Fire at 30 Minutes, 1 ,475°F Ambient, Maximum Decay Heat plus Solar, 

Carbon Steel Shielding, Entire Model- Model AOS-100B 
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Figure 3-46. Load Case 1 11 - Fire at 30 Minutes, 1 ,4750F Ambient, Maximum Decay Heat plus Solar,
Carbon Steel Shielding, Cask Model - Model AOS-100OB
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Figure 3-46. Load Case 111 - Fire at 30 Minutes, 1 ,475°F Ambient, Maximum Decay Heat plus Solar, 
Carbon Steel Shielding, Cask Model - Model AOS-100B 
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Table 3-43. Load Case 112 - Fire at 60 Minutes, 100°F, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding - Model'AOS-100B

Location

*1

.2

3
4
5
6
7
8
9

10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31

Node

5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001

15481
16630
16694
18111
11531

9785
95,71

Temp (C)

139.22
195.83
146. 11
152 .72
154.94
131.72
120.28
124.89
214.56
172 .06

244.11
170.78
122.39
129.33
126.17
128.50
173.11
198.56
171.39
132.67
129.0.6-

Temp (F)

282.60
384.50
295.00
306.90
310.90
269.10
248.50
256.80
418.20
341.70
471.40
339.40
252.30
264 .8'0

3 5"430
3 .50
'283.70
274.10
251.50
316.10
323.30
321.70
313.40
299.00
307.40
320.90
302.50

/1-6,0/9 4
156.33
148.33
153.00
160.50
150.28
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Table 3-43. Load Case 112 - Fire at 60 Minutes, 100°F, Maximum Decay Heat plus Solar, 
Maximum Insolation, Carbon Steel Shielding - Model'AOS-100B 

Location Node Temp(C) Temp(F) 
-------- ------- -------

I 3-134 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 
6267 
6121 

139.22 282.60 
195.83 384.50 
146.11 295.00 
152.72 306.90 
154.94 310.90 
131.72 269.10 
120.28, 248.50 
124.89 256.80 
214.56 418.20 
172.06 341. 70 
244.11 471.40 
170.78 339.40 
122.39 252.30 
129.33 264/8jO 
126.17 2i9.1e 
128.50 2\63.3 e 
173.11 343 60 

132.67 270.80 
I 

~~~:~~ ~~~h~:~~~ 
21 6001 129.0,6;Jj264.30 
22 15481 1~Q~06 ~48.1b> 
23 16630 1"33.44 27,2.20 

24 16694 <13~(11) 28~€,Q 
2 5 18111 ' 1 7 9'\!),6 3 5~ 3 0 

26 11531 175 . 2 0~4'7 .50 
27 9785 ' ~39.83 283.70 
28 9~7~ 13\,.50 274.10 
29 8'197 ~21:94 251. 50 
30 1~~51 \) 15'7'.~ 316.10 
3 1 15 9,61 161 . 83' 3 2 3 . 3 0 

3 ~ 17 02\2({'l'6,Q,A' 4 321. 70 
x~ ~17743 156.33 313.40 

(34 1~051 148.33 299.00 
\95 ~ 99~0 153.00 307.40 
3\ \~867'3 160.50 320.90 
3,7\ 8~ 150.28 302.50 
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Maximum Component Temperatures

Component Node_1 Node_2

Outside Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

101
3001
3233
4001
5001
6001
8001

2894
3232
3424
4998
5404
7656

18126

Node

1885
3120
3233
4532
5001
6949

17671

MaxTemp(C) Max_Temp(F)

4.7380E+02
3.4440E+02

2.4544E+02
1.7356E+02
1. 7217E+02
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Maximum Component Temperatures 

Component Node 1 Node - 2 Node Max_Temp (C) 
--------- ------ ------ --------

Outside Shell 101 2894 1885 2.4544E+02 
Bottom Plate 3001 3232 3120 1.7356E+02 
Lid 3233 3424 3233 1.7217E+02 
Shell Cavity 4001 4998 4532 2.0533E+02 
Plug 5001 5404 5001 1.8156E+02 
Tungsten 6001 7656 6949 2.0433E+02 
LAST-A-FOAM 8001 18126 17671 3.2656E+02 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
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Max_Temp (F) 
--------

4.7380E+02 
3.4440E+02 
3.4190E+02 ----4 . 9,.:I(~ P E:f 0'2 
~(?'8~PE+02' 
',9,:9;SOE\t- 02 
:« )" 

6,,<19:80E+02 ',v 
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Figure 3-47. Load Case 112 - Fire at 60 Minutes, 100°F, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding, Entire Model - Model AOS-100B
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Figure 3-47. Load Case 112 - Fire at 60 Minutes, 100°F, Maximum Decay Heat plus Solar, 
Maximum Insolation, Carbon Steel Shielding, Entire Model- Model AOS-100B 
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Figure 3-48. Load Case 112- Fire at 90 Minutes, 100°F, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding, Cask Model - Model AOS-100B
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Figure 3-48. Load Case 112 - Fire at 90 Minutes, 100°F, Maximum Decay Heat plus Solar, 
Maximum Insolation, Carbon Steel Shielding, Cask Model- Model AOS-100B 
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Table 3-44. Load Case 113 - Fire at 90 Minutes, 100'F, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding - Model AOS-100B

Location Node Temp(C) Temp(F)

1 5001 154.39 309..90
2 4532 205.33 401.60

3 4227 165.11 329.20

4 4752 167.28 333.10

5 4838 166.78 332.20
6 4995 146.61 295.:90

7 3309 129.28 264.70
8 3419 137.94 280.30

9 678 206.33 403.40
10 2537 171.56 340.80
11 1888. 209.28 408.70

12 583 170.78 339.40

13 3001 135.28 275.50

14 3148 143.67 290.6' 10

15 7533 138.44 28<2'0

16 7377 141.50 2'86 .70

17 7371 183.78 3\62.88

18 6942 202.39 396.30
19 6267 182.11 359.80ý
20 6121 149.39 300.90
21 6001 144.8-9 292.80
22 15481 128<89 264.00

23 16630 147. 44 •29,7.40>
24 16694 14 8.677 29\9 60

25 18111 146,7_2 296 -0
26 11531 144.06 2917.30

27 9785 1,49.44 301.00
28 951 148..11 298.60

29 8197 134.5.0 274.10

30 15ý51 107-.,61 225.70
31 159\61 112.3/3' 234.20
32 1702o2 -14/!17 237.50

333 17743 108.56 227.40

434 1.1051 102.61 216.70
-35 \\)9900 108.22 226.80
3\6 8673 113.17 235.70

37 8225> 101.44 214.60
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Table 3-44. Load Case 113 - Fire at 90 Minutes, 100°F, Maximum Decay Heat plus Solar, 
Maximum Insolation, Carbon Steel Shielding - Model AOS-100B 

Location 
--------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Node 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 
6267 
6121 

Temp(C) Temp(F) 
------- -------

154.39 309.90 
205.33 401.60 
165.11 329.20 
167.28 333.10 
166.78 332.20 
146.61 295 :90 
129.28 264.70 
137.94 280.30 
206.33 403.40 
171.56 340.80 
209.28 408.70 
170.78 339.40 
135.28 275.50 
143. 67 290/~0 
13 8 . 44 2 ~J: . 2 e 
141. 50 2\'86. 7e 
183.78 362.8p 

182.11 359.80 
'J 

149.39 300.90 
I 

202.39 ~3(6.30~ 

21 6001 144.8~;Lj292.80 
22 15481 128~89 264.ob 
23 16630 Y(7.44 ~9J.40:> 
24 16694 <14~(67) 29~€-Q 
25 18111 146'.~ 29J~ 10 

26 11531 144.0D~91.30 
27 9785 ~49.44 301.00 
28 9~7~ 148,\11 298.60 
29 ff197 ~4.5D 274.10 
30 1~~51 \/ 10O:k~ 225.70 
3 1 15 9,6 1 . 112. ~3' 2 3 4 . 2 0 

3~ 1702\2((H~(17 237.50· 
3~ ~17743 108.56 227.40 

(34 11051 102.61 216.70 
~5 ~ q9~0 108.22 226.80 
3\ \~86T3 113.17 235.70 
3.:z\ 8~ 101.44 214.60 

0 
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Maximum Component Temperatures

Component

Outside Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Node_1 Node_2

101
3001
3233
4001
5001
6001
8001

2894
3232
3424
4998
5404
7656

18126

Node

1885
3120
3233
4532
5001
6949

17671

MaxTemp(C)

2.4544E+02

1. 7356E+02
1. 7217E+02
2 .0533E+02
1. 8156E+02
2.0433E+02
3 .2656E+02

Max_Temp(F)

4.7380E+02
3.4440E+02

3. 4190E+02

I AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Maximum Component Temperatures 

Component Node - 1 Node - 2 Node Max_Temp (C) 
--------- ------ ------ --------

Outside Shell 101 2894 1885 2.4544E+02 
Bottom Plate 3001 3232 3120 1.7356E+02 
Lid 3233 3424 3233 1.7217E+02 
Shell Cavity 4001 4998 4532 2.0533E+02 
Plug 5001 5404 5001 1.8156E+02 
Tungsten 6001 7656 6949 2.0433E+02 
LAST-A-FOAM 8001 18126 17671 3.2656E+02 

I· AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

Max_Temp (F) 
--------

4.7380E+02 
3.4440E+02 
3.4190E+02 
~ 

4 . ~](?~i}1±0'2 
3/5880E.+'02 /; ···:;.;:.::;v -. 

. ~('80Et02 
6.1.9:80E+'o2 -.' ;-v .... -

"} 
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Figure 3-49. Load Case 113 - Fire at 90 Minutes, 100TF, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding, Entire Model - Model AOS-100B
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Figure 3-49. Load Case 113 - Fire at 90 Minutes, 100°F, Maximum Decay Heat plus Solar, 
Maximum Insolation, Carbon Steel Shielding, Entire Model- Model AOS-100B 
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Figure 3-50. Load Case 113 - Fire at 90 Minutes, 1000F, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding, Cask Model - Model AOS-100B
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Figure 3-50. Load Case 113 - Fire at 90 Minutes, 100°F, Maximum Decay Heat plus Solar, 
Maximum Insolation, Carbon Steel Shielding, Cask Model- Model AOS-100B 
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Table 3-45. Load Case 114 - Fire at 120 Minutes, 1000F, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding - Model AOS-100B

Location

1

2
3
4
5
6
7.

8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Node

5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001

15481
16630
16694
18111
11531

9785
9571"

Temp (C)

164 .83

201 .00
174.39
173 .06
171.39
156.61
141.28
149.33
197.33
171.94
193.44
171.33
148.78
154.44
150.11
152.89

184.17
196.78
183.11

160.72
156.8-

1 4,083

Temp (F)

328.70
393.80
345.90
343.50
340.50
313.90
286.30
300.80
387.20
341.50
380.20
340.40
299.80
310 . 00

277-50

3;174.00
'313 .10
314.10
298.40
193.00

204.90
209.20
198.80
191.40
201.30
207.70
184.70

9,8/44
92.67
88.56
94.06
97.61
84.83
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Table 3-45. Load Case 114 - Fire at 120 Minutes, 100°F, Maximum Decay Heat plus Solar, 
Maximum Insolation, Carbon Steel Shielding - Model AOS-100B 

Location Node Temp (C) Temp (F) 

I 3-142 

1 
2 
3 
4 
5 
6 

7. 
8 
9 

10 
11 
12 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 

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

164.83 328.70 
201.00 393.80 
174.39 345.90 
173.06 343.50 
171.39 340.50 
156.61 313.90 
141.28 286.30 
149.33 300.80 
197.33 387.20 
171.94 341. 50 
193.44 380.20 
171.33 340.40 

13 3001 148.78 299.80 
14 3148 154.44 310/,0;0 
15 7533 150.11 39-2 . 2e 
16 7 3 7 7 152 . 8 9 3\(07 . 2 e 
17 7371 184.17 _ 363.52 

~: ~~:~ ~~~: ~~ ~~$~: ~~~ 
20 6121 160.72 321.3p~ 
21 6001 156.89;Jj314.40 
22 15481 1~0~83 ~85.5b> 
23 16630 Y56.22 3b3.20 

24 16694 <15«72) 312\t0 
25 18111 136'.J-9 27,/.'50 

26 11531 134'44~~74'00 
27 9785 b56.17 313.10 
28 9~7~ 156',,72 314.10 
29 8'197 ~48. 0,0 298.40 
30 1~~51 \) 8·9,.~ 193.00 
31 159f1 96.00 204.90 

3~ 1702\2\/. 94~4 209.20-
J-~ ",17743 92.67 198.80 

(34 1~051 88.56 191.40 
\ 5 9 9~ 0 94 . 06 201. 30 
3\ 867'3 97.61 207.70 
3,'Z\ 8~ 84.83 184.70 

Q 
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Maximum Component Temperatures

Component

Outside Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

Node_1 Node_2

101
3001
3233
4001
5001
6001
8001

2894
3232
3424
4998
5404
7656

18126

Node

1885
3120
3233
4532
5001
6949

17671

Max_Temp(C) MaxTemp(F)

4.7380E+02
3.4440E+02

2.4544E+02

1.7356E+02
1. 7217E+02
2.0533E+02
1. 8156E+02
2.0433E+02
3.2656E+02

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Maximum Component Temperatures 

Component Node - 1 Node - 2 Node Max_Temp (C) 
--------- ------ ------ --------

Outside Shell 101 2894 1885 2.4544E+02 
Bottom Plate 3001 3232 3120 1.7356E+02 
Lid 3233 3424 3233 1.7217E+02 
Shell Cavity 4001 4998 4532 2.0533E+02 
Plug 5001 5404 5001 1.8156E+02 
Tungsten 6001 7656 6949 2.0433E+02 
LAST-A-FOAM 8001 18126 17671 3.2656E+02 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

Max_Temp (F) 
--------

4.7380E+02 
3.4440E+02 
3.4190E+02 
~ 

4. OJt80~tQ:2 

~/{ 8~]lf,it~· 
3: 99'80E+02 ......• '( ). 
6·{:f9·80E+02 

, ', .. "-/, " . 
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Figure 3-51. Load Case 114 - Fire at 120 Minutes, 100TF, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding, Entire Model - Model AOS-100B
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Figure 3-51. Load Case 114 - Fire at 120 Minutes, 100°F, Maximum Decay Heat plus Solar, 
Maximum Insolation, Carbon Steel Shielding, Entire Model- Model AOS-100B 
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Figure 3-52. Load Case 114 - Fire at 120 Minutes, 1000F, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding, Cask Model - Model AOS-100B
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Figure 3-52. Load Case 114 - Fire at 120 Minutes, 100°F, Maximum Decay Heat plus Solar, 
Maximum Insolation, Carbon Steel Shielding, Cask Model- Model AOS-100B 
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Table 3-46. Load Case 115- Fire at 150 Minutes, 1000F, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding - Model AOS-100B

Location

2
3
4
5
6
7
8
9

10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31
32,

Node

5001
4532
4227
4752
4838
4995
3309
3419

678
2537
1888

583
3001
3148
7533
7377
7371
6942
6267
6121
6001

15481
16630
16694
18111
11531
9785
95,71

Temp (C)

171.61
195.33
178.72
175.72
173 .22
163 .00
151. 61
157.56
190.22
172 .22
184.33
171.89
158.61
161.78
158.94
161.22
182.39
190.83
181.89
167.50
164. 61-

Temp (F)

340.90
383.60
353.70
348.30
343.80
325.40
304.90
315.60
374.40
342.00
363.80
341.40
317.50
323 . 2,0

26'9- 00
2/-,66.60
321. 60
324.30
316.40
177.20
191.80
196.00
186.00
180.70
190.10

195.20
171.10

85.56
82.61
87.83
90.67
77.28
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Table 3-46. Load Case 115 - Fire at 150 Minutes, 100°F, Maximum Decay Heat plus Solar, 
Maximum Insolation, Carbon Steel Shielding - Model AOS-100B 

Location 
--------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Node 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 
6267 

Temp(e) 
-------

171.61 
195.33 
178.72 
175.72 
173.22 
163.00 
151. 61 
157.56 
190.22 
172.22 
184.33 
171.89 
158.61 
161.78 
158.94 
161.22 
182.39 

Temp(F) 
-------

340.90 
383.60 
353.70 
348.30 
343.80 
325.40 
304.90 
315.60 
374.40 
342.00 
363.80 
341. 40 
317.50 

323/2;0 
3~8 .1e 
3'\22.2e 
360.3p 

181.89 359.40 
" 

190.83 ~3V5'50~ 
20 6121 167.50 333.5p 

21 6001 164.6~0j328.30 
22 15481 15~7 304.1b 
23 1663 0 d 1. 7.8 3'2,3 . 20> 

24 16694 <16~(33) 320\€,0 
25 18111 131\.j?l 26}" 00 

26 11531 130'3~~66'60 
27 9785 ~60.89 321.60' 
28 9~7~' 162',39 324.30 
29 8'197 ~58. 0·0 316.40 
30 1 ~~ 51 \) 8·0,.~ 177 . 20 
3 1 15 9,61 8 8 . ~8' 191 . 8 0 

3~ 1702\2v9'~(11 196.00 
3'~ "",17743 85.56 186.00 

(34 1~051 82.61 180.70 
\5 ~ 99~0 87.83 190.10 
~6 ~867] 90.67 195.20 
3,~ 8~ 77.28 171.10 

0 
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Maximum Component Temperatures

Component Node_1 Node_2

Outside Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

101
3001
3233
4001
5001
6001
8001

2894
3232
3424
4998
5404
7656

18126

Node

1885
3120
3233
4532
5001
6949

17671

Max_Temp(C)

2.4544E+02
1.7356E+02
1. 7217E+02
2.0533E+02

MaxTemp(F)

4.7380E+02
3.4440E+02

3.4190E+02

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B

3-147

• 

• 

• 

Maximum Component Temperatures 

Component Node 1 Node - 2 Node Max_Temp (C) 
--------- ------ ------ --------

Outside Shell 101 2894 1885 2.4544E+02 
Bottom plate 3001 3232 3120 1.7356E+02 
Lid 3233 3424 3233 1.7217E+02 
Shell Cavity 4001 4998 4532 2.0533E+02 
Plug 5001 5404 5001 1.8156E+02 
Tungsten 6001 7656 6949 2.0433E+02 
LAST-A-FOAM 8001 18126 17671 3.2656E+02 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-02S, AOS-OSO, AOS-100, and AOS-16S Transport Packages, Rev. B 

Max_Temp (F) 
--------

4.7380E+02 
3.4440E+02 
3.4190E+02 
~ 

4. ~?p~+O'2 
3 /5 8'i3QcE+ 0 2' 
/"'~,"" 
3:99'80 E\i-(),2 ,.',J,,;< )., .. 
6.'19'80E:i:02 .. ; · ...... v· 
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Figure 3-53. Load Case 115 - Fire at 150 Minutes, 100*1F, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding, Entire Model - Model AOS-100B
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Figure 3-53. Load Case 115 - Fire at 150 Minutes, 100°F, Maximum Decay Heat plus Solar, 
Maximum Insolation, Carbon Steel Shielding, Entire Model- Model AOS-100B 

I 3-148 AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

• 

• 

• 



Figure 3-54. Load Case 115 - Fire at 150 Minutes, 100*F, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding, Entire Cask - Model AOS-1 00B
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Figure 3-54. Load Case 115 - Fire at 150 Minutes, 100°F, Maximum Decay Heat plus Solar, 
Maximum Insolation, Carbon Steel Shielding, Entire Cask - Model AOS-100B 
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Table 3-47. Load Case 116 - Fire at 180 Minutes, 1000F, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding - Model AOS-100B

Location Node Temp(C) Temp(F)

1 5001 175.94 348.70
2 4532 190.61 375.10
3 4227 180.78 357.40
4 4752 176.94 350.50

5 4838 173.94 345.10
6 4995 167.00 332.60
7 3309 159.22 318.60
8 3419 163.17 325.70
9 678 184.94 364.90

10 2537 172.11 341.80
11 1888 178.39 353.10
12 583 172.11 341.80
13 3001 1-65.06 329.10
14 3148 166.50 331 7Y0

15 7533 165.06 329. 10
16 7377 166.89 3132.440
17 7371 180.44 3156.80
18 6942 186.06 366.90

19 6267 180.33 356.610
20 6121 171.39 340.50
21 6001 169.2.8 336.70
22 15481 158<78 317.80
23 16630 1/65.3.3 32,9.60
24 16694 163'f44j1 32 6. ,
25 18111 129\ý0,6 264- 30
26 11531 128.11 2,62.60
27 9785 1\64.11 327.40
28 9 571 166,.06 33090
29 \8197 164.5,0 328.10

30 1451 75,.18 168.40
.31 159\61 9. 8 9.4' .184.90
3,2 17022 87/17 188.90
233 7743 81.72 179.10

34 11051 79.56 175.20
35 9900 84.56 184.20

36 867'3 87.06 188.70
83-7 25 73.17 163.70
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Table 3-47. Load Case 116 - Fire at 180 Minutes, 100°F, Maximum Decay Heat plus Solar, 
Maximum Insolation, Carbon Steel Shielding - Model AOS-100B 

Location Node Temp(C) Temp(F) 
-------- -------

I 3-150 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 
6267 
6121 

175.94 
190.61 
180.78 
176.94 
173.94 
167.00 
159.22 
163.17 
184.94 
172.11 
178.39 
172.11 

348.70 
375.10 
357.40 
350.50 
345.10 
332.60 
318.60 
325.70 
364.90 
341.80 
353.10 
341.80 

105.06 329.10 

166 . 50 331
1

/P 
165.06 33-9.1e 
166.89 3(32. 4p 
180.44 3156.8p 

180.33 356.60 
" 171.39 340.50 

I 

186.06 ~3\F6.90~ 

21 6001 169.2.8

0
]336.70 

22 15481 158(78 317.8b 
23 16630 Y(5. 3.3 32.9.60> 

24 16694 (16(":44) 326':-~O 
25 18111 129'.Sl6 2 6~ 3 0 

26 11531 128.11~3-S2'60 
27 9785 ~64.11 327.40 
28 9~7'~ 166,\.06 330.90 
29 ~~97 ~4.5D 328.10 
30 1\451 \) 7'S-.J.!} 168.40 
31 159,61 84.?4' 184.90 

3~ 1702\2((82-/17 188.90 
3'~ ",,17 7 4 3 81. 7 2 1 7 9 . 1 0 

(34 1~051 79.56 175.20 
\35 ~ 99~0 84.56 184.20 
3\ \""'867'3 87.06 188.70 
3,'Z\, 8~ 73.17 163.70 

0 
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Maximum Component Temperatures

Component Node_1 Node_2

Outside'Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

101
3001
3233
4001
5001
6001
8001

2894
3232
3424
4998
5404
7656

18126

Node

1885
3120
3233
4532
5001
6949

17671

Max_Temp(C) MaxTemp(F)

4.7380E+02
3.4440E+02

2.4544E+02
1.7356E+02
1. 7217E+02
2.0533E+02
1. 8156E+02
2.0433E+02
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Maximum Component Temperatures 

Component Node - 1 Node - 2 Node Max_Temp (C) 
--------- ------ ------ --------

Outside'Shell 101 2894 1885 2.4544E+02 
Bottom Plate 3001 3232 3120 1.7356E+02 
Lid 3233 3424 3233 1.7217E+02 
Shell Cavity 4001 4998 4532 2.0533E+02 
Plug 5001 5404 5001 1.8156E+02 
Tungsten 6001 7656 6949 2.0433E+02 
LAST-A-FOAM 8001 18126 17671 3.2656E+02 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
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Max_Temp (F) 
--------

4.7380E+02 
3.4440E+02 
3.4190E+02 -------.. 
4. 9rJt6.R~+0'2 
3 /588 OE;t 02 
/.'.', :~., :,"", 
3 ;9,9'80Ew02 
'" <', '( ) , 

" 6;19'80E,+02 
"'''I 'v' 
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Figure 3-55. Load Case 116 - Fire at 180 Minutes, 100°F, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding, Entire Model - Model AOS-100B
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Figure 3-55. Load Case 116 - Fire at 180 Minutes, 100°F, Maximum Decay Heat plus Solar, 
Maximum Insolation, Carbon Steel Shielding, Entire Model - Model AOS-1008 
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Figure 3-56. Load Case 116 - Fire at 180 Minutes, 1000F, Maximum Decay Heat plus Solar,
Maximum Insolation, Carbon Steel Shielding, Entire Cask - Model AOS-100B
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Figure 3-56. Load Case 116 - Fire at 180 Minutes, 100°F, Maximum Decay Heat plus Solar, 

Maximum Insolation, Carbon Steel Shielding, Entire Cask - Model ADS-l00B 
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3.5 APPENDIX

This appendix presents the following information:

0 Normal Conditions of Transport Results

* Hypothetical Accident Conditions of Transport Results
* LIBRA Finite Element Program Heat Transfer Module

* Tungsten Alloy versus Carbon Steel Materials Comparison

* Material Properties Correlation between the Equations
Provided in the Test and the LIBRA Input File

* Description of LIBRA Files and Post-Processors: AOS Safety Analysis R(

• Properties of Materials References

Data CDs

* Justification for Use of Uniformly Distributed Decay Heat throughoutCas

* Justification for Use of LAST-A-FOAM 3700 Thermal Properties
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• Normal Conditions of Transport Results 

• Hypothetical Accident Conditions of Transport Results 

• LIBRA Finite Element Program Heat Transfer Module 

• Tungsten Alloy versus Carbon Steel Materials Comparison 

• Material Properties Correlation between the Equations 
Provided in the Test and the LIBRA Input File 

• Description of LIBRA Files and Post-Processors: AOS Safety Analysis Report 0 
• Properties of Materials References ~ , 

• Data CDs A~ ~ 
• Justification for Use of Uniformly Distributed Decay Heat throughout Cask ~avity 
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3.5.1 Normal Conditions of Transport Results

This appendix presents the following:

" Normal Conditions of Transport Results - Model AOS-025
* Normal Conditions of Transport Results - Model AOS-050

" Normal Conditions of Transport Results - Model AOS-165

0
I 3-156
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• Normal Conditions of Transport Results - Model AOS-025 

• Normal Conditions of Transport Results - Model AOS-050 

• Normal Conditi.ons of Transport Results - Model AOS-165 

o 
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3.5.1.1 Normal Conditions of Transport Results - Model AOS-025

Table 3-48 lists the tables and figures in this appendix that present the Model AOS-025 transport package
results under Normal conditions of transport, for Load Cases 101 through 106. Each table provides a list of
temperatures at each monitoring node. Also listed are the maximum temperatures within each transport
package component.

Table 3-49 lists the temperature monitoring points (nodes) for the Model AOS-025 transport package,
under Normal and Hypothetical Accident (Fire) conditions of transport. Figure 3-57 illustrates the location
of each node on the transport package, under Normal conditions.

Table 3-48. Normal Conditions of Transport Results - Model AOS-025
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3.5.1.1 Normal Conditions of Transport Results - Model AOS-025 

Table 3-48 lists the tables and figures in this appendix that present the Model AOS-025 transport package 
results under Normal conditions of transport, for Load Cases 101 through 106. Each table provides a list of 
temperatures at each monitoring node. Also listed are the maximum temperatures within each transport 
package component. 

Table 3-49 lists the temperature monitoring points (nodes) for the Model AOS-025 transport package, 
under Normal and Hypothetical Accident (Fire) conditions of transport. Figure 3-57 illust 
of each node on the transport package, under Normal conditions. 

Table 3-48. Normal Conditions of Transport Results - Model AOS-025 

Load 
Case 

101 

102 

103 

104 

105 

106 

Description 

100°F Ambient, Maximum Decay Heat 

100°F Ambient, Maximum Decay Heat, 
Maximum Insolation 

-20°F Ambient, Zero Decay Heat, 
Zero Insolation 

-40°F Ambient, Zero Decay Heat, 
Zero Insolation 

-40°F Ambient, Maximum Decay Heat 

Results Table 

Table 3-50 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
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Figure 3-65 

Figure 3-67 
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I Table 3-49. Temperature Monitoring Points, All Conditions of Transport - Model AOS-025

LIBRA Model Nodal Number

Nodal Location Normal Conditions Fire Conditions

1 5001 5001

2 4532 4532

3 4227 4227-

4 4752 4725'

5 4838 /48ý8/" )
6 4995 4995\•/

7 3309 3309

8 3419 \3419\

9 678 /678

10 2537 2537'

11 1888 ) 1888'

12 583 583

13 3001 ,3001

14 3<48\ ' 3148

15 K\7533 N 7533

16 • 737\7 7377

17 ' 7\ 3 7 1  7371

18 /6b 942 6942

19 6267"6267
20 •-6-.612.1 6121

21 \6001 6001

22 '9501 11481

23 \ • -• 9950 12630

24 \ \7 10014 12694

'25 " 10781 13804

26 9091 10926

\'7\ \8463 9791

28\ "7 8462 9577

\ » "%29\ \/ 8197 8197

\ ' ,30 2 9711 11451

\ 3i' 9821 11961

/32 10158 13022

33 10605 13551

34 9102 10673

35 8578 9906

36 8225 8673

37 8001 8225
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I Table 3-49. Temperature Monitoring Points, All Conditions of Transport - Model AOS-025 

LIBRA Model Nodal Number 

Nodal Location Normal Conditions Fire Conditions 

1 5001 5001 

2 4532 4532 

3 4227 4227~ 
/ 

\ 4 4752 47,52 
/, 

5 , 4838 /~8~f~ ') ) 
6 4995 ""'4995V / 

/"'" " <. 7 3309 3309 
" 

8 3419 ~ ~419"" 

"'" "'" 
"-

""'/ 9 678 /, 678 
\ 

10 2537 ( 

"'" 
"" 2537\ 

11 1888 /1 
"'" "'" 

) 188~' 

/ I 
"" 

"----.-/ / 

12 583 ~83 

13 3001 \ I ~3001 
14 91'48, \ '------- -----

3148 

15 <z533 "J / 7533 
~ , 
I ---J 16 ~ 73?:f 7377 

17 / '~371"'" 

"'" 
7371 

/ I 

"'" 
/ 18 /\ q942 6942 

19 <: ,,/ ~v 6267 

20 

"" 
~6J~ / 6121 

"'" "'" 6001 
-

21 ~ 
6001 

/ ~ 

"'" 
, 

11481 22 9501 
'- / 

23 \ ~ ~ V 9950 12630 

24 \ \) / 10014 12694 
A ~ 

/ 2~ \ 
~ 

/ '-/ 
10781 13804 

/ 

\ 
26 "'" 

\ \ 9091 10926 
~ 

/'... \ \'Zl 
\ , 

"'" 
\/ 8463 9791 

/ 
< 
" 
"'" 
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~ \ 28,,,,,, '>V 8462 9577 

~ ~29\ V 

"" ~30 ) 

"'" 
""'3~ 

"" /32 v 

33 

34 

35 

36 

37 
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9821 11961 

10158 13022 
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9102 10673 
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Figure 3-57. Selected Nodal Locations for Normal Conditions of Transport - Model AOS-025
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Figure 3-57. Selected Nodal Locations for Normal Conditions of Transport - Model AOS-025 
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Table 3-50. Load Case 101 - 100°F Ambient, Maximum Decay Heat - Model AOS-025

Location Node Temp(C) Temp(F)

1 5001 60.83 141.50
2 4532 60.11 140.20
3 4227 60.33 140.60
4 4752 60.00 140.00

5 4838 59.56 139.20
6 4995 59.44 139.00
7 3309 59.44 139.00

8 3419 59.39 138.90
9 678 59.56 139.20

10 2537 59.39 138.90
11 1888 59.17 138.50
12 583 59.11 138.40

13 3001 59.17 138.50
14 3148 59.17 138 50

15 7533 59.72 139<510
16 7377 59.78 1(39.60
17 7371 59.67 1139.404
18 6942 59.67 139.40

19 6267 59.56 1 39.20 0
20 6121 59.44 139.0o0
21 6001 59.399 138.90

22 9501 5,9.33 138.80
23 9950 59',•)00 13'8.20

24 10014 58.83 137.9-0
25 10781585113

26 9091 57.00 1'34.60

27 8463 58.44 137.20

28 P4'62 5 8.7 2 137.70
29 8197 59.11. 138.40

30 9711 38.,8-3 101.90

31 9821 38.39 101.10
3.2 1015ý 38.61 101.50

33 10605 40.94 105.70
34 9,102 43.11 109.60

3\5 857"8 38.94 102.10

36 8225 38.67 101.60
37 8001 39.11 102.40
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Table 3-50. Load Case 101 - 100°F Ambient, Maximum Decay Heat - Model AOS-025 

Location Node Temp (C) Temp(F) 
-------- ------- -------

1 5001 60.83 141.50 
2 4532 60.11 140.20 
3 4227 60.33 140.60 
4 4752 60.00 140.00 
5 4838 59.56 139.20 
6 4995 59.44 139.00 

Q 7 3309 59.44 139.00 
8 3419 59.39 138.90 
9 678 59.56 139.20 

10 2537 59.39 138.90 
11 1888 59.17 138.50 
12 583 59.11 138.40 
13 3001 59.17 138.50 
14 3148 59 . 17 13 8 j;5e 
15 7533 59.72 1~9.5e 

16 7377 59.78 ~39.6e 

17 7371 59 . 67 Ib 9 . 40 

18 6942 59.67 I p9.4b 
19 6267 59.56 lj9.20 
20 6121 59.44 139.00 
21 6001 
22 9501 5·9.33 U8.8~ 
23 995 0 <J 9 .,O~) 1)'8 . 20/ 
24 10014 5 (. 8 zr 137':9'0 
25 10781 58~0 IV30 
26 9091 57.00

Y
¥34.60 

27 8463 58.44 137.20 
28 ~4i2~ 5~Z2 137.70 
29 8197 ~59.11 138.40 
3 0 . ~v 11 38:-82 101. 90 

3a 101~~ 38.61 101.50 
~3 ~0605 40.94 105.70 
\34 ~9~02 43.11 109.60 

\ "-
3\5 8 5 7'8 3 8 . 9 4 1 0 2 . 1 0 

3J~\ 8~ 2 5"'- 3 8 . 67 1 0 1. 6 0 
37'\ 80'0)/ 3 9 . 11 102 . 40 
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Maximum Component Temperatures

Component Node_1 Node_2

Outside Shell
Bottom Plate

Lid
Shell Cavity

Plug
Tungsten Alloy
LAST-A-FOAM

101

3001
3233

4001
5001
6001
8001

2894

3232
3424

4998

5404
7656

11692

Node

706
3120

3233
4227

5001
7377

9501

Max_Temp(C) Max_Temp(F)

1.3930E+02

1.3870E+02

5.9611E+01

5. 9278E+01
5. 9444E+01

6. 0333E+01

6. 0833E+01
5. 9778E+01

5 . 9333E+01
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• Maximum Component Temperatures 

Component Node - 1 Node 2 Node Max_Temp (C) Max_Temp (F) 
--------- ------ ------ ---------- ----------

Outside Shell 101 2894 706 5.9611E+01 1.3930E+02 
Bottom Plate 3001 3232 3120 5.9278E+01 1.3870E+02 
Lid 3233 3424 3233 5.9444E+01 1 . 3 9 70:~~+.0 2 
Shell Cavity 4001 4998 4227 6.0333E+01 

1.4'0& O~+:V Plug 5001 5404 5001 6.0833E+01 Jl'415,65+ 02 
. '. / . 

Tungsten Alloy 6001 7656 7377 5.9778E+01 1.3960Efl-02 " /" LAST-A-FOAM 8001 11692 9501 1.388'QE+02 

• 

• 
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Figure 3-58. Load Case 101 - 100°F Ambient, Maximum Decay Heat, Entire Model - Model AOS-025
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Figure 3-59. Load Case 101 - 100°F Ambient, Maximum Decay Heat, Cask Model - Model AOS-025 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

3-163 



Table 3-51. Load Case 102- 100'F Ambient, Maximum Decay Heat, Maximum Insolation -

Model AOS-025

Location

2

3
4

5

6
7
8

9
10
11
12
13
14
15
16

17
18
19

20
21
22
23
24
25
26
27
28

29

Node

5001
4532

4227
4752

4838
4995

3309
3419

678

2537
1888

583
3001
3148

7533
7377
7371

6942
6267

6121
6001
9501

9950
10014
10781

Temp (C)

99.28

98.56

98.72

98.50
98.06
98.00

98.00
98.00
98.00

97.94
97.67
97.50
97.39
97.44

98.28
98.33
98.17
98.11

98.00

97 .,8-

Temp (F)

210.70
209.40
209.70

209.30

208.50
208.40

208.40
208.40
208.40

208.30
207.80
207.50
207.3 0

20 7'. 60
2,07.00

204.20
206.00
206.50

207.00
188.90

186.40

186 .20

180.00
180.20

144.90
114.00
112.30

85".78

85.67
82.22
82.33

62.72

45.56
44.61001

1 3-164

AOS Radioactive Material Transport Packaging System Safety Analysis Report
for Model AOS-025, AOS-050, AOS-1 00, and AOS-165 Transport Packages, Rev. B

Table 3-51. Load Case 102 - 100°F Ambient, Maximum Decay Heat, Maximum Insolation -
Model AOS-025 ' 

Location Node Temp(C) Temp(F) 

I 3-164 

1 

2 
3 
4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

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

5001 99.28 210.70 
4532 98.56 209.40 
4227 98.72 209.70 
4752 98.50 209.30. 
4838 98.06 208.50 
4995 98.00 208.40 

, 3309 98.00 208.40 
3419 98.00 208.40 

678 98.00 208.40 
2537 97.94 208.30 
1888 97.67 207.80 

583 97.50 207.50 

3001 97.39 207)P 
3148 97.44 2~.4e 
7533 98.28 ~08.90 

7377 98.33' 2\09. op 

~~~~ ~::~~ ~~$~:~~~ 
6267 98.00 208.40~ 
6121 97 . 8'3~208 .lb 
6001 9?~72 207.9~ 

9950 9~. 72 207':9.0 
10014 97),% 2Ov. 60 

/ 

9501 <j77 9y'4 2'0'8 .30/ 

25 10781 97. 22y 2'07 . 00 
26 9091 9.5.67 204.20 
27 ~4'6'3 ~ 9~67 206.00 
28 8462 ~96.~ 206.50 

29 ~'97 ~ 9~2'3- 207.00 
30~ 97~1 ~ 87/Y7 188.90 
3~ 98~ 85.78 186.40 

\ 
32 10158 85.67 186.20 

180.00 
~4 910~ 82.33 180.20 

35\ ~7~> 62.72 144.90 
3~ 82~~ 45.56 114.00 
3~~001 44.61 112.30 

0 

AOS Radioactive Material Transport Packaging System Safety 'Analysis Report 
for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport Packages, Rev. B 

• 

• 

• 



Maximum Component Temperatures

Component Node_1 Node_2

Outside Shell
Bottom Plate
Lid

Shell Cavity

Plug
Tungsten Alloy

LAST-A-FOAM

101
3001
3233

4001

5001
6001
8001

2894

3232
3424

4998
5404
7656

11692

Node

720

3103
3233

4227

5001
7377

9501

Max_Temp(C) Max_Temp(F)

9.8111E+01

9. 7500E+01
9.8056E+01
9 .8722E+01

9. 9278E+01
9.8333E+01
9. 7944E+01

2.0860E+02

2.0750E+02

2. 08500E-02

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Component 

Outside Shell 
Bottom Plate 
Lid 
Shell Cavity 
Plug 
Tungsten Alloy 
LAST-A-FOAM 

Maximum Component Temperatures 

101 
3001 
3233 
4001 
5001 
6001 
8001 

2894 
3232 
3424 
4998 
5404 
7656 

11692 

Node 

720 
3103 
3233 
4227 
5001 
7377 
9501 

9.8111E+01 
9.7500E+01 
9.8056E+01 

9.8722E+01 
9.9278E+01 
9.8333E+01 
9.7944E+01 

l AOS Radioactive Material Transport Packaging System Safety Analysis Report 
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Max_Temp (F) 

2.0860E+02 
2.0750E+02 
2 . 0 8 5,0-E+.0 2 

2. 0'970E+0~ 
2, (107-0E+02 
2.0§00Elr02 " / 2.083'0E+02 
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Figure 3-60. Load Case 102 - 100°F Ambient, Maximum Decay Heat, Maximum Insolation,
Entire Model - Model AOS-025
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Figure 3-60. Load Case 102 - 100°F Ambient, Maximum Decay Heat, Maximum Insolation, 
Entire Model - Model AOS-025 
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Figure 3-61. Load Case 102 - 100°F Ambient, Maximum Decay Heat, Maximum Insolation,
Cask Model - Model AOS-025
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Figure 3-61. Load Case 102 - 100°F Ambient, Maximum Decay Heat, Maximum Insolation, 
Cask Model - Model AOS-025 
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Table 3-52. Load Case 103 - -20'F Ambient, Zero Decay Heat, Zero Insolation - Model AOS-025

Location Node Temp(C) Temp(F)

1 5001 -28.89 -20.00

2 4532 -28.89 -20.00

3 4227 -28.89 -20.00
4 4752 -28.89 -20.00

5 4838 -28.89 -20.00
6 4995 -28.89 -20.00

7 3309 -28.89 -20.00

8 3419 -28.89 -20.00

9 678 -28.89 -20.00

10 2537 -28.89 -20.00

11 1888 -28.89 -20.00
12 583 -28.89 -20 .00

13 3001 -28.89 -20.00

14 3148 -28.89 -20 0,0

15 7533 -28.89 -20<010

16 7377 -28.89 -20.00

17 7371 -28.89 -120.00

18 6942 -28.89 2-'0 .00

19 6267 -28.89 -"-2 0.00 7

20 6121 -28.89 -20.00
21 6001 -28 89 \-20.00

2 U

22 9501 -2,8.89 -20.0o0
23 9950 '28.',89 -2'0. 0 02 0-24 10014 -28•8.89 -20.00

25 10781 -28>ý89 -20.00

26 9091 -28.89 -20.00

27 8463 -2:8.89 -20.00

28 84'6 -28 9 -20.00

29 8197 --28..89 -20.00
30 9711 -28. 89 -20.00

31 98.21 -28.89 -20.00

3,//\ l0 8- 2 8 .89 -20.00

33 10605 -28.89 -20.00
<34 9,102 -28.89 -20.00

3 -5 857,8 -28.89 -20.00

36 8225> -28.89 -20.00
37 8\Qo -28.89 -20.00

0
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Table 3-52. Load Case 103 - -20°F Ambient, Zero Decay Heat, Zero Insolation - Model AOS-025 

Location Node Temp(C) Temp (F) 
-------- ------- -------

I 3-168 

1 5001 -28.89 -20.00 
2 4532 -28.89 -20.00 
3 4227 -28.89 -20.00 
4 4752 -28.89 -20.00 
5 4838 -28.89 -20.00 
6 4995 -28.89 -20.00 
7 3309 -28.89 -20.00 
8 3419 -28.89 -20.00 
9 678 -28.89 -20.00 

10 2537 -28.89 -20.00 
,11 1888 -28.89 -20.00 
12 583 -28.89 -20\.00 
13 3001 -28.89 -20.00 
14 3 14 8 - 2 8 . 8 9 - 2 0/,0\0 
15 7533 -28. 89 -~O. 0e 
16 7377 -28.89 -\'20.0p 
17 7371 -28.89 20 00 

~~' ~~:~ =~:::: ~=J~:~~ 
20 6121 -28.89 ,-20. op----J 
21 6001 -28/8,9~20.00 
22 9501 -2·8.89 ,<0. O~ 
23 9950 <L2 8/,8':') - 2'0,,00/ 
24 10014 -28.8~ -20.OD 
25 10781 -28'\89 -~O.OO 
26 9091 -28.89):'20.00 
27 8463 -~8.89 -20.00 

28 ,§.-d2~28\~ -20.00 
29 8197 -·28.89 -20.00 

\ , ' 

30 9v11 -28.87 -20.00 

3~ 101~8 -28.89 -20.00 
~3 \0605 -28.89 -20.00 
\34 9~02 -28.89 -20.00 

\ "-
315 8 5 7'8 - 2 8 . 8 9 - 2 0 . 0 0 
3~ 8~25"" -28.89 -20.00 
37 80-0)./ -28.89 -20.00 
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Maximum Component Temperatures

Component Node_1 Node_2

Outside Shell
Bottom Plate
Lid
Shell Cavity
Plug
Tungsten
LAST-A-FOAM

101
3001
3233
4001
5001
6001
8001

2894
3232
3424
4998
5404
7656

11692

Node

101
3001
3233
4001
5001
6001
8001

MaxTemp(C) Max_Temp(F)

-2.OOOOE+01
-2.OOOOE+01

-2. 8889E+01
-2. 8889E+01
-2. 8889E+01
-2 .8889E+01

-2 .8889E+01

-2 .8889E+01

-2 .8889E+01

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Maximum Component Temperatures 

Component Node - 1 Node - 2 Node Max_Temp (C) 
--------- ------ ------ --------

Outside Shell 101 2894 101 -2.8889E+01 
Bottom Plate 3001 3232 3001 -2.8889E+01 
Lid 3233 3424 3233 -2.8889E+01 
Shell Cavity 4001 4998 4001 -2.8889E+01 
Plug 5001 5404 5001 -2.8889E+01 
Tungsten 6001 7656 6001 -2.8889E+01 
LAST-A-FOAM 8001 11692 8001 -2.8889E+01 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
for Model AOS-02S, AOS-OSO, AOS-100, and AOS-16S Transport Packages, Rev. B 

Max_Temp (F) 
--------

-2.0000E+01 
-2.0000E+01 
-2.0000E+01 
~ 

-2.0000E+0'1 /", . 

- ~:'O ob~+ 0 1 
-'2.0p'00Et 01 
-2,OO'OOE+01 , 'V 
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Figure 3-62. Load Case 103 - -20OF Ambient, Zero Decay Heat, Zero Insolation,
Entire Model - Model AOS-025
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Figure 3-62. Load Case 103 - -20°F Ambient, Zero Decay Heat, Zero Insolation, 
Entire Model - Model AOS-02S 
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Table 3-53. Load Case 104- -40°F Ambient, Zero Decay Heat, Zero Insolation - Model AOS-025

Location Node Temp(C) Temp(F)

1 5001 -40.00 -40.00
2 4532 -40.00 -40.00
3 4227 -40.00 -40.00
4 4752 -40.00 -40.00
5 4838 -40.00 -40.00
6 4995 -40.00 -40.00
7 3309 -40.00 -40.00
8 3419 -40.00 -40.00
9 678 -40.00 -40.00

10 2537 -40.00 -40.00
11 1888 -40.00 -40.00
12 583 -40.00 -40.00
13 3001 -40.00 -40.00
14 3148 -40.00 -40 0-0

15 7533 -40.00 -40<0o0

16 7377 -40.00 -4o.00
17 7371 -40.00 -140.00
18 6942 -40.00 -40.00

19 6267 -.40.00 '-40.0 020 6121 -40.00 -40.00
21 6001 -40 00 -40.00

22 9501 -4 ,0.00 -40.00
23 9950 /4 0 0,0 -"'.00O
24 10014 -40.00 ' - -- -40.8,0
25 10781 -408 -40.00
26 9091 -40.0 <0.00

27 8463 -4,,0.00 -40.00
28 8462 40\•o0 -40.00

29 8197 -40.00 -40.00
30 9VI1 -40. 00 -40.00
31 9821 -40 00 -40.00

32\\ 101 8 -40.00 -40.00
3 10605 -40.00 -40.00

3--4 9,102 -40.00 -40.00
3\5 857'8 -40.00 -40.00
36 8225 -40.00 -40.00

37 8-01 40.00 -40.00
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Table 3-53. Load Case 104 - -40°F Ambient, Zero Decay Heat, Zero Insolation - Model AOS-025 

Location 

1 
2 

3 
4 

5 

6 

7 

8 
9 

10 
11 

12 

Node 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 

Temp (C) Temp(F) 

-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 
-40.00 -40.00 

13 3001 -40.00 -40.00 
14 3 14 8 - 4 0 . 0 0 - 4 O/,0iO 
15 7533 -40.00 -,}o.oe 
16 7377 -40.00 -\~o.op 

17 7371 -40.00 40 00 

~: ~~:~ =:~:~~ ~1~:~bo 
20 6121 -40.00 -40.00 

I 
21 6001 -40/00~40'00 
22 9501 -40.00 ~O.O~ 
23 9950 «L40/(:J~) -4'0",00/ 
24 10014 -40.0.:1 -40.0-0 
25 10781 -40~(:J0 -40.00 

26 9091 -40'00~~0'00 
27 8463 -40.00 -40.00 

28 ~d2~40\,\0 -40.00 
29 8197 -40.00 -40.00 

\ ~ 
30 9\11 -40.0J -40.00 

3~ 101~8 -40.00 -40.00 
~3 ,0605 -40.00 -40.00 
~4 9~02 -40.00 -40.00 

15 85\8 -40.00 -40.00 
3~ 8~25"" -40.00 -40.00 
37 80-0./ -40.00 -40.00 
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Maximum Component Temperatures

Component

Outside Shell
Bottom Plate

Lid

Shell Cavity
Plug
Tungsten Alloy

LAST-A-FOAM

Node_1

101

3001
3233

4001
5001
6001
8001

Node_2

2894
3232
3424

4998
5404
7656

11692

Node

101
3001

3233

4001
5001

6001
8001

MaxTemp(C)

-4.0000OE+01
-4.OOOOE+01
-4.OOOOE+01

-4.OOOOE+01
-4.OOOOE+01
-4.OOOOE+01

-4.OOOOE+01

Max_Temp(F)

-4.OOOOE+01
-4.OOOOE+01

I 3-172

AOS Radioactive Material Transport Packaging System Safety Analysis Report
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Component 

Outside Shell 
Bottom Plate 
Lid 
Shell Cavity 
Plug 
Tungsten Alloy 
LAST-A-FOAM 

I 3-172 

Maximum Component Temperatures 

101 
3001 
3233 
4001 
5001 
6001 
8001 

2894 
3232 
3424 
4998 
5404 
7656 

11692 

Node 

101 
3001 
3233 
4001 
5001 
6001 
8001 

-4.0000E+01 
-4.0000E+01 
-4.0000E+01 
-4.0000E+01 
-4.0000E+01 
-4.0000E+01 
-4.0000E+01 

-4.0000E+01 
-4.0000E+01 

- 4 . 0 ~>tO-E+_OD1 
-4.0·000E+01 
-tY."000.ElE+01 

C4.0600E\01 " / -4.000'OE+0J: 
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for Model AOS-025, AOS-050, AOS-100, and AOS-165 Transport'Packages, Rev. B 

• 

• 

• 



1111 -14 C',' E4

-4 X'
I q '}OX'E-C•Ii

-4 i'LE0

1 -4 NE 
1

-ol

[01

Figure 3-63. Load Case 104 - -40OF Ambient, Zero Decay Heat, Zero Insolation,
Entire Model - Model AOS-025
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Figure 3-63. Load Case 104 - -40°F Ambient, Zero Decay Heat, Zero Insolation, 
Entire Model - Model AOS-025 
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Table 3-54. Load Case 105- -40'F Ambient, Maximum Decay Heat - Model AOS-025

Location

1
2
3
4
5
6
7

8
9

10

11

12
13

14
15
16
17
18
19
20
21
22
23
24

25
26

27
28
29
30
31

Node

5001,
4532
4227
4752

4838
4995
3309

3419
678

2537

1888

583
3001

3148
7533
7377
7371

6942
6267
6121

6001
9501

9950
10014

10781
9091

8463-

Temp (C)

-14.82

-15.55
-15.34
-15.70
-16.25
-16.33
-16.39

-16.42
-16.22
-16.43

-16.59

-16.66
-16.62

-16.67
-16.01
-15.94
-16.10
-16.11
-16.20
-16.31
-16 3-7
-1. AQ

Temp (F)

5.33
4.01
4.39
3 .74
2 .75

2.60

2.50

2 .44
2.81

2 .42

2.14

2 .00
2 .09

2.010

O0. 45
/-2 .62

0.41

1.14
1.92

-37.83

-38.71
-38.20
-33.13
-28.97

-37.28
-37.99

-36.99

-39.00
-36.18
-33.87
-38.49

-38.88

-38.33
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Table 3-54. Load Case 105 - -40°F Ambient, Maximum Decay Heat - Model AOS-025 

Location Node Temp (C) Temp (F) 

I 3-174 

1 5001, 
2 4532 
3 4227 
4 4752 
5 4838 
6 4995 
7 3309 
8 3419 
9 678 

10 2537 
11 1888 
12 
13 

14 
15 

583 
3001 
3148 
7533 

-------

-14.82 
-15.55 
-15.34 
-15 .. 70 
-16.25 
-16.33 
-16.39 
-16.42 
-16.22 
-16.43 
-16.59 
-16.66 
-16.62 
-16.67 
-16.01 

-------

5.33 
4.01 
4.39 
3.74 
2.75 
2.60 
2.50 
2.44 
2.81 
2.42 
2.14 
2.00 
2.09 

2;P10 
3.1.9 

I 
16 7377 -15.94 3.3p 
17 7371 -16.10 3.0Q 

18 6942 -16.11 3.0b 
19 6267 -16.20 .. 2.8; 
20 6121 -16.31 2.6( 

21 6001 -16/3-"l~.54 . 
22 9501 -1-6.48 ·2.3~ 
23 9950 <~6 .,8·~) i. 65/ 
24 10014 -11: 1,r . 1'::1t8 
25 10781 -1 ~3 .• 0.45 
26 9091 -19.23

Y
2.62 

27 8463~ -h7. 55 0.41 
28 84152 ~1~14 1.14 
29 {197 ~6.71 1.92 
30 ~v11 -3~7J -37.83 

3~ 101~8 -39.00 -38.20 
/33 \060~ -36.18 -33.13 
\;4 9~02 -33.87 -28.97 
h 85\8 - 3 8 . 49 - 37 . 28 

34\ 8-2 25) -38.88 -37.99 
37 80·0)~ -38.33 -36.99 
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Maximum Component Temperatures

Component

Outside Shell
Bottom Plate
Lid

Shell Cavity
Plug
Tungsten Alloy
LAST-A-FOAM

Node_1 Node_2

101
3001

3233
4001

5001
6001
8001

2894
3232
3424
4998

5404
7656

11692

Node

718

3120
3233

4227

5001
7377
9501

MaxTemp(C)

-1.6176E+01
-1.6531E+01
-1.6324E+01

-1.5341E+01

-1.4819E+0l

-1.5943E+01

-1.6481E+01

MaxTemp(F)

2.8840E+00
2.2450E+00
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Maximum Component Temperatures 
------------------------------

Component Node 1 Node 2 Node Max_Temp (C) 
--------- ------ ------ ----------

Outside Shell 101 2894 718 -1.6176E+01 
Bottom Plate 3001 3232 3120 -1.6531E+01 
Lid 3233 3424 3233 -1.6324E+01 
Shell Cavity 4001 4998 4227 -1.5341E+01 
Plug 5001 5404 5001 -1.4819E+Ol 
Tungsten Alloy 6001 7656 7377 -1.5943E+01 
LAST-A-FOAM 8001 11692 9501 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
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Max_Temp (F) 
----------

2.8840E+00 
2.2450E+00 

2'6')-OB+~ 
4.3'860E+00 
S(3260-E+00 

. / \ 
3.3020E;r00 " / 2.334'GE+OO 
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Figure 3-64.
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Figure 3-64. Load Case 105 - -40°F Ambient, Maximum Decay Heat, Entire Model - Model AOS-025 
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Figure 3-65. Load Case 105 - -40'F Ambient, Maximum Decay Heat, Cask Model - Model AOS-025
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Table 3-55. Load Case 106 - -20'F Ambient, Maximum Decay Heat - Model AOS-025

Location Node Temp (C) Temp(F) W

1 5001 -3.99 24.82

2 4532 -4.71 23.52

3 4227 -4.51 23.89

4 4752 -4.86 23.26

5 4838 -5.40 22.28

6 4995 -5.48 22.14

7 3309 -5.53 22.04

8 3419 -5.57 21.98

9 678 -5.37 22.34

10 2537 -5.58 21.96

11 1888 -5.74 21.67
12 583 -5.81 21.55

13 3001 -5.76 21.63

14 3148 -5.81 21.5'4

15 7533 -5.16 22.7'1

16 7377 -5.1022.8
17 7371 -5.25 22.55

18 6942 -5.26 ý22.53

19 6267 -5.35 22.37

20 6121 -5.46 22.1

21 6001 -5 52- 22.07

22 9501 -5 62 21.88

23 9950 5 .,99 2"1.21

24 10014 -6.24) 20.7,6

25 10781 -6 ,6' 2007
\/

26 9091 -8.30 17.06

27 8463 -6.66 20.01

28 8462 -6.27 20.71
29 8197 9 5 8 21.46

30 9711 -27.69 -17.84
31 9821 228 17 -18.71
3,2 1018 T-27.89 -18.21

33 10605 -25.12ý -13.21

3;-4 9'102 -22.82 -9.08

3\5 857'8 -27.40 -17.32

36 \8225 -27.79 -18.03

37 80\0P -27.25 -17.05
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Table 3-55. Load Case 106 - -20°F Ambient, Maximum Decay Heat - Model AOS-025 

Location 
--------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 

14 
15 
16 
17 
18 

Node 

5001 
4532 
4227 
4752 
4838 
4995 
3309 
3419 

678 
2537 
1888 

583 
3001 
3148 
7533 
7377 
7371 
6942 

Temp (C) 
-------

-3.99 
-4.71 
-4.51 
-4.86 
-5.40 
-5.48 
-5.53 
-5.57 
-5.37 
-5.58 
-5.74 
-5.81 
':"'5.76 
-5.81 
-5.16 
-5.10 
-5.25 
-5.26 

Temp (F) 
-------

24.82 
23.52 
23.89 
23.26 
22.28 
22.14 
22.04 
21. 98 
22.34 , 
21. 96 
21. 67 
21.55 
21. 63 
21. 5',4 
22(711 
/ I 

\
22.8p 
22.55 

f2.5~ 
19 6267 -5.35 22.3~~ 

~~ :m =~~~~~Hl 
- 23 9950 -5/9'9) 2'1.",21/ 

24 10014 -6.24 20.~6 

25 10781 -6:-6~. ~O. 07 

26 9091 -8.30~17.06 
27 8463 ~6.66 20.01 
28 8~2~ -~27 20.71 

29 ~197 ~~86V 21.46 
30 9vll -27.62 -17.84 

3~ 101~8 -27.89 -18.21 
/33 \0605 -25.12 1 -13.21 
\34 9~02 -22.82 -9.08 

J5 85\8 - 27 . 40 -1 7 . 32 
3~ 8~25"" -27.79 -18.03 
37 80-0/ - 2 7 . 25 -1 7 . 05 

0 
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Maximum Component Temperatures

Component Node_1 Node_2

Outside Shell

Bottom Plate
Lid

Shell Cavity
Plug
Tungsten Alloy
LAST-A-FOAM

101
3001

3233
4001

5001
6001
8001

2894
3232

3424

4998
5404
7656

11692

Node

720
3120

3233
4227

5001
7377
9501

Max_Temp(C) Max_Temp(F)

-5.3222E+00

-5.6778E+00
-5.4722E+00

-4.5056E+00

-3.9889E+00
-5.1000E+00

-5.6222E+00

2.2420E+01

2. 1780E+01

2 . 210U0-+-01
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Maximum Component Temperatures 

Component Node - 1 Node - 2 Node Max_Temp (C) 
--------- ------ ------ ----------

Outside Shell 101 2894 720 -5.3222E+00 
Bottom Plate 3001 3232 3120 -5.6778E+00 
Lid 3233 3424 3233 -5.4722E+00 
Shell Cavity 4001 4998 4227 -4:5056E+00 
Plug 5001 5404 5001 -3.9889E+00 
Tungsten Alloy 6001 7656 7377 -5.1000E+00 
LAST-A-FOAM 8001 11692 9501 -5.6222E+00 

AOS Radioactive Material Transport Packaging System Safety Analysis Report 
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Max_Temp (F) 
----------

2.2420E+01 
2.1780E+01 
2 . 2 15.0-E+.0 1 /D 2.3:89QE+01 / .. , 
2 . 4.82·(1·E+ 01 
,~;:,i{2 0 E\ b 1 

.' '" > '" / • 

2. J,8B'0E+Ol 
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Figure 3-66. Load Case 106 - -20OF Ambient, Maximum Decay Heat, Entire Model - Model AOS-025
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Figure 3-66. Load Case 106 - -20°F Ambient, Maximum Decay Heat, Entire Model - Model AOS-025 
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3.5.1.2 Normal Conditions of Transport Results - Model AOS-050

Table 3-56 lists the tables and figures in this appendix that present the Model AOS-050 transport package
results under Normal conditions of transport, for Load Cases 101 through 106. Each table provides a list of

temperatures at each monitoring node. Also listed are the maximum temperatures within each transport
package component.

Table 3-57 lists the temperature monitoring points (nodes) for the Model AOS-050 transport package,

under Normal and Hypothetical Accident (Fire) conditions of transport. Figure 3-68 illustrates the location
of each node on the transport package, under Normal conditions.

Table 3-56. Normal Conditions of Transport Results - Model AOS-050

I

1 3-182
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3.5.1.2 Normal Conditions of Transport Results - Model AOS-050 

Table 3-56 lists the tables and figures in this appendix that present the Model AOS-050 transport package 
results under Normal conditions of transport, for Load Cases 101 through 106. Each table provides a list of 
temperatures at each monitoring node. Also listed are the maximum temperatures within each transport 
package component. 

Table 3-57 lists the temperature monitoring points (nodes) for the Model AOS-050 transport package, 
under Normal and Hypothetical Accident (Fire) conditions of transport. Figure 3-68 ill ,,,,tr·,,,t",,,, 
of each node on the transport package, under Normal conditions. 

Table 3-56. Normal Conditions of Transport Results - Model AOS-050 

Load 
Case 

101 

102 

103 

104 

105 

106 

I 3-182 

Description 

100°F Ambient, Maximum Decay Heat 

100°F Ambient, Maximum Decay Heat, 
Maximum Insolation 

-20°F Ambient, Zero Decay Heat, 
Zero Insolation 

-40°F Ambient, Zero Decay Heat, 
Zero Insolation 

-40°F Ambient, Maximum Decay Heat 

Results Table 

Table 3-58 

Figure 3-76 

Figure 3-78 
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Table 3-57. Temperature Monitoring Points, All Conditions of Transport - Model AOS-050

W LIBRA Model Nodal Number

Nodal Location Normal Conditions Fire Conditions

1 5001 5001

2 4532 4532

3 4227

4 4752 47,52

5 4838 /48 '/" )
6 4995 . 4995" \/

7 3309 , 33099

8 3419 ,\3419\
9 678 678

10 2537 2537'

11 1888 /1 ") 188

12 583 , 583

13 3001 3001

I 14 33148

15 K\75ý3 7533

16 737'i . 7377

* 17 >,371 7371

18 -'642 6942

19 62•7 *"' 6267

I 20 (-~-6-621 6121

21 \6001 6001

I 22 ,9501 15481

23 .. 9950 16630

24 7 10014 16694

"25. / - 10781 17804

2K 6- 9091 11128

S• 8463 9785

X 28x 8462 9571

, 29X 8197 8197

I30) 9711 15451

7 37- 9821 15961

/ 32 10158 17022

I33 10605 17551

34 9102 10798.

35 8578 9900

36 8225 8673

37 8001 8225
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Table 3-57. Temperature Monitoring Points, All Conditions of Transport - Model AOS-050 

LIBRA Model Nodal Number 

Nodal Location Normal Conditions Fire Conditions 

1 5001 5001 

2 4532 4532 

3 4227 4227~ 

4 4752 47,52'; ,', \ 
/ ,,< l ,'-, 

5 4838 /4~~~/ ") } 
6 4995 ~'4995V / 

/"" 
"-

<-7 3309 33~9 

8 3419 ~' ,,,,,3419,, 

"" 678 

"" 
"-

""/ 9 /, 678 , 
10 2537 /. "" "" 2537\ 
11 1888 /1 ~ "" 

) 188~1 

/ 1 "" 
'----'" / 

12 583 ~83 

13 3001 \ ,; , 1 ~3001 
14 9:11~" L;",'~ ~ 3148 

<!5:33' ~"" ' " / 15 7533 
, \ t.u..; ~ 

16 
~ 

i31.1 ',';; ;: 
1 ----J 7377 

17 / ,,',"lx371 "(C!; '\", 7371 

18 / /\ "~942 "'("/ 6942 

19 <: \/"/~V ,6267. 
<' • " ;~, " •• _",:1'~:): c".,! '. ~.'", < 

6267 

'" 
.. "~.~,,, 

/ 20 , C--6.1.g2 6121 

"'" 
"" 6001 

. 
21 /'--... 6001 

) / ~ 

"'" 
"-

22 9501 15481 
'-- / 

\ ~ 
. 
~ V 9950 23 16630 

24 \ \) / 10014 16694 
A ~ 

/ "- \ - / '-/ 
25 10781 17804 

"- , 

\ .~26,"" \ \ 9091 11128 

, /'---. 
\ '\27' ',,' ,"" 

\ '" "'. \ / 8463 9785 

/ ~ \ 28~"'" \~ 8462 9571 

'" 
'~ ~:2~\ V 8197 8197 

~ ~~30 ) 9711 15451 

"'" 
""'31V' 9821 15961 

"'" 
/32 10158 17022 

y 

33 10605 17551 

34 9102 10798 ' 

35 8578 9900 

36 8225 8673 

37 8001 8225 
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31

Figure 3-68. Selected Nodal Locations for Normal Conditions of Transport - Model AOS-050
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Figure 3-68. Selected Nodal Locations for Normal Conditions of Transport - Model AOS-050 
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